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if mistakes could be 
credited toward formal 
degrees, my walls would 

be filled with diplomas 
instead of animal mounts. 
Mistakes are part of the 
dues we pay for living a full 
life. Although they can be 
painful at times, a lifetime 
of mistakes indicates that 
we’ve lived life to the fullest 
and have accumulated a 
collection of valuable experiences. We cannot simply step 
into a world of unknowns and expect to make accurate, 
perfectly judged decisions. The legendary Alabama head 
football coach Paul “Bear” Bryant had a simple yet effec-
tive strategy for dealing with a mistake: Admit it, learn 
from it, and don’t repeat it.

Of course, none of us want to admit that we make 
mistakes. But it happens to all of us, and if we’re honest 
with ourselves and others, we can get a head start on 
repairing the damages. Admitting a mistake gives us the 
opportunity to correct it, while denying a mistake or 
trying to cover it up only makes the situation worse. His-
tory has taught us that nothing good comes from trying 
to cover up a mistake.

Our blunders and bloopers are a natural part of life and 
learning, and life is nothing if not a trial and error process. 
Sometimes, the best way to learn how to do something 
right is to do it the wrong way first. Eventually, though, we 
need to learn from our mistakes—we can’t continue to do 
things the wrong way and conclude that they aren’t work-
ing. Mistakes often expose our feelings, weaknesses, or lack 
of preparation, and the embarrassment that comes with 
making a mistake can make it difficult to step back, look 
at the situation objectively, and determine what we need to 
do differently the next time around. We must commit to 
being big enough to admit our mistakes, strong enough to 
correct them, and smart enough to learn from them.

Mistakes that occur at the dental office are a source 
of irritation, of course, but they can also be a golden op-
portunity to promote personal and professional growth. 
In addition to correcting mistakes on an individual 
level, it might be worthwhile to meet on a monthly 
or quarterly basis to review some of the mistakes that 
everyone has made—including the dentist. By discuss-
ing those mistakes, as well as what was learned from 
them, the entire staff can become more knowledgeable 
about how to handle situations that are bound to come 
up again. Learning from others’ mistakes can save us 
time, frustration, and even money. Admitting to our 
mistakes opens us up to correcting them and moving 
forward; correcting our mistakes makes us all stronger 
in the long run.

Someone once said, “There is nothing wrong with 
making mistakes, just don’t respond with encores.” I’ve 
lost track of the number of times that I made a mistake, 
recognized how stupid it was, and then turned around 
and repeated the same mistake! Repeated blunders are 
the fruit of habit. We must break through the cycle of 
recurring mistakes, and we must create healthier habitual 
behavior that revolves around making the most of a 
situation. When you feel yourself beginning to enter the 
path of a familiar mistake, interrupt your journey and 
redirect your efforts. 

“When you make a mistake, don’t look back at it long. 
Take the reason of the thing into your mind, and then 
look forward. Mistakes are lessons of wisdom. The past 
cannot be changed. The future is yet in your power.”

Hugh White, U.S. politician (1773–1840)

Roger D. Winland, DDS, MS, MAGD
Editor

Make no mistake(s)

editorial
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Bevacizumab (Avastin, Genentech, Inc.) belongs to 
a class of drugs known as anti-angiogenic agents 
that are used with increasing frequency in treating 

cancer. Bevacizumab is indicated for the treatment of 
metastatic colorectal cancer and metastatic, nonsqua-
mous, non-small cell lung cancer. 

Angiogenesis in tumor cells involves the formation 
and growth of new blood vessels, which helps tumor 
growth. Bevacizumab acts to block angiogenesis 
through inhibition of cell proliferation and vessel 
sprouting, as well as by decreasing circulating vascular 
endothelial growth factor (VEGF) levels.1 This action 
is similar to the anti-angiogenic action of the bisphos-
phonates.1 Literature reports on patients receiving 
bevacizumab who developed osteonecrosis of the jaw 
(ONJ) are described below.

A case of ONJ associated with bevacizumab exposure 
was reported in a letter to the editor in 2008 by Greuter 
et al.1 A 63-year-old woman was treated for breast 
cancer. Bone scans were normal, and the patient had 
never taken bisphosphonates. While being treated 
with liposomal doxorubicin and bevacizumab, the 
patient experienced left-sided maxillary pain after one 
month of therapy. A tooth infection was diagnosed 
and teeth No. 25 and 26 were extracted. One month 
later, a mouth-antrum fistula was surgically revised and 
occluded. Soon afterward, the patient suffered from a 
trigeminal neuralgia. Imaging showed maxillary sinusitis 
and signs of ONJ. The jaw lesion was extirpated and 
the sinus was drained. Histology verified the clinical 
diagnosis of ONJ, and an infiltration from the cancer 
was excluded. At a three-month follow-up, the patient 
remained free of lesions and symptoms. 

The authors stated that this was the third published 
case of ONJ associated with bevacizumab therapy. The 
doxorubicin that the patient was taking is an anthracy-
cline antineoplastic agent that has been on the market 
for many years and has never been known for causing 
ONJ. The authors suspected that bevacizumab, which 
hampers wound healing and possibly bone remodeling, 
was the causative agent in this case. 

The other two published cases were included in a 
report by Estilo et al.2

A 51-year-old woman with a history of infiltrating 
ductal carcinoma of the right breast was diagnosed in 
late 2001 and treated with mastectomy in 2002. She 
subsequently underwent treatment with chemotherapy, 
doxorubicin, cyclophosphamide, and letrozole for various 
cycles over a three-year period. In 2006, she underwent 
additional chemotherapy, capecitabine therapy, and radia-
tion. In late December 2006, she was started on bevaci-
zumab at a dose of 15 mg/kg every three weeks for a total 
of eight doses, the last of which was given in May 2007. 

Six weeks after receiving the last dose of bevacizumab, 
the patient presented with a two-month history of 
complaints of lower jaw discomfort and protruding bone 
in the lower jaw. Examination revealed an area of bone 
exposure in the left posterior lingual mandible, approxi-
mately 1 mm x 1 mm in diameter. The area appeared 
necrotic. The surrounding tissue showed no evidence of 
infection. The exposed bone was smoothed with a bone 
file and the patient was prescribed a 0.12% chlorhexi-
dine oral rinse. The bevacizumab and capecitabine 
were discontinued. The area of exposed bone resolved 
within a few weeks, and the overlying mucosa appeared 
normal. However, at that time, a new area of exposed 
bone appeared, this time in the right posterior lingual 
mandible, measuring 1 mm x 1 mm in area. Histol-
ogy showed devitalized necrotic bone with a scalloped 
“moth-eaten” appearance. Bacterial colonies occupied the 
demineralized areas. 

The other case was a 33-year-old woman with a history 
of glioblastoma multiforme diagnosed in November 
2006. She underwent surgery, followed by treatment 
with radiation therapy and temozolomide from Decem-
ber 2006 through January 2007. The patient started 
bevacizumab therapy in February 2007, receiving a 
dose of 10 mg/kg every two weeks. Thirteen weeks later, 
she was referred to the dental clinic for evaluation of a 
two-week history of spontaneous mucosal breakdown 
overlying her right mandible. The patient complained 
of gingival pain. On examination, a 1 cm x 2 cm 

Bevacizumab (Avastin): An anti-angiogenic 
drug associated with osteonecrosis of the jaw
richard L. wynn, Phd 

Pharmacology
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dehiscence was noted at the junction of the unattached/
attached gingiva in the mucobuccal fold overlying the 
mandibular right first and second premolars and first 
molars. Exposed necrotic bone was visible through the 
dehiscence, extending inferiorly and posteriorly. There 
was no evidence of infection. Otherwise, the oral mucosa 
appeared healthy, with intact dentition. The patient con-
tinued to receive bevacizumab biweekly. In August 2007, 
she returned with a small mucosal defect posterior to the 
original lesion. There was soft tissue dehiscence with no 
evidence of exposed bone. 

The authors commented that the clinical features of 
bone exposure in the two cases were compatible with 
ONJ in patients exposed to bisphosphonate therapy, 
even though these two patients had no history of 
bisphosphonate use. The authors suggested that bevaci-
zumab contributed to the oral mucosal breakdown with 
exposed necrotic mandibular bone. The anti-angiogenic 
property of bevacizumab could compromise microvessel 
integrity in the jaw and lead to subclinical compromise 
of the osteon. Trauma from toothbrushing or chewing 
also could increase the demand on this compromised 
bone to repair itself, resulting in localized bone necrosis, 
periosteal death, and eventual exposed necrotic bone.2 

 Estilo et al went on to explain that angiogenesis is a 
critical step in tumor growth, invasion, and metastasis.2 
VEGF is a family of cytokines that exert important 
functions in tumor angiogenesis. VEGF is overexpressed 
in various human tumors, and overexpression of VEGF 
is associated with tumor progression. VEGF is also 
essential for osteogenic differentiation and bone forma-
tion. Therefore, bevacizumab, used as a VEGF inhibitor 
to suppress tumor progression, could also suppress the 
osteogenic differentiation and bone formation. This 
could result in failure to repair bone trauma.

In the two patients described, some additional factors 
that might have contributed to the development of 
ONJ were the advanced cancer and chemotherapy. The 
authors cautioned that clinicians involved in the care of 
patients treated with bevacizumab should be aware of the 
potential complication of ONJ.2

Anti-angiogenic agents and the risk of ONJ
Christodoulou et al reported that a combination of 
bisphosphonates and anti-angiogenic factors induces 
ONJ more frequently than bisphosphonates alone.3 
Their introduction to the report stated that anti-angio-
genic agents could add to the risk of ONJ, especially 
when used in combination with bisphosphonates. The 
purpose of their study was to do a retrospective review 
of data of patients receiving bisphosphonates with or 

without anti-angiogenic factors for osseous metastases 
from various tumors between June 2007 and June 2008.3 

Among 116 patients being treated for various 
malignancies, 25 received concurrent treatment with 
anti-angiogenic agents at some point. Twenty-two were 
taking bevacizumab, two were taking a drug called 
sunitinib, and one was taking a drug called sorafenib. 
The median duration to exposure to bisphosphonates 
was 28.5 months for the 25 patients taking the anti-
angiogenic drugs and 24 months for those not taking 
any anti-angiogenic drugs. There were no significant 
differences between the two groups regarding treatment 
duration with the bisphosphonate. 

Of the 25 patients receiving concurrent treatment 
with bisphosphonates and the anti-angiogenic drug, four 
developed ONJ (16% incidence). Of the 91 patients 
receiving bisphosphonates without anti-angiogenic fac-
tors, only one developed ONJ (1.1% incidence). This 
difference was statistically significant. 

In this study, the diagnosis of ONJ was made 
according to the clinical diagnoses made by dentists 
specializing in treating cancer patients and consisted 
of pain in the jaw with exposed, necrotic bone, some 
with purulent discharge. The authors commented that 
bisphosphonates have also been reported to possess 
anti-angiogenic acivity, particulary zoledronic acid 
(Zometa), a widely popular bisphosphonate used as an 
adjunct agent in cancer treatment. 

Data from prospective clinical trials 
Guarneri et al conducted a study to determine the 
incidence of ONJ in a large population of patients with 
locally recurrent or metastatic breast cancer treated 
with bevacizumab in prospective clinical trials, and to 
assess whether administration of bevacizumab (with 
or without bisphosphonate exposure) increases the 
risk of ONJ.4 Data from three trials were reviewed. 
Trial one, known as AVADO, involved patients who 
were randomized to three weekly doses of docetaxel 
in combination with placebo or bevacizumab (7.5 or 
15 mg/kg every three weeks).5 Trial two, known as 
RIBBON-1, consisted of two independently powered 
cohorts, with chemotherapy selected by the investigator 
before randomization to either placebo or bevacizumab 
(15 mg/kg every three weeks).6 The third study, known 
as ATHENA, was a large single-arm study with the pri-
mary objective of assessing the safety of bevacizumab 
in combination with standard first-line chemotherapy 
in the general oncology practice setting.4 To determine 
the incidence of ONJ, each of the trial databases 
was searched for the terms “osteonecrosis” and 

www.agd.org      General Dentistry      November/December 2011      411



“osteonecrosis of the jaw.” The identified cases of ONJ 
were reviewed by medically qualified personnel. The 
incidence of ONJ was determined and statistical tests 
were used to compare the incidence of ONJ in patients 
receiving bevacizumab versus placebo and in patients 
with versus without bisphosphonate exposure. 

Results 
The incidence of ONJ in the population receiving beva-
cizumab with no bisphosphonate exposure in the first 
two trials was 0.2% (2/1,076); in bevacizumab with 
bisphosphonate exposure, it was 0.9% (2/233). Combin-
ing the results of the two trials, the overall incidence of 
ONJ among patients receiving bevacizumab-containing 
therapy in the first two trials with and without bisphos-
phonate exposure was 0.3% (4 of 1,309 cases). None 
of the 650 patients in the placebo groups experienced 
ONJ. Statistically, there was no difference between 
these two incidences (0.3% and 0%, respectively). In 
the third study (ATHENA), the overall incidence of 
ONJ in patients receiving bevacizumab-containing 
regimens was 0.4% (10 of 2,251 cases). All 10 of the 
reported cases in the ATHENA study were in patients 
treated with bisphosphonates. The 10 cases occurred 
in 425 patients taking bevacizumab with previous 
exposure to bisphosphonates. There were no cases of 
ONJ in the 1,826 patients taking bevacizumab with no 
exposure to bisphosphonates. 

Summary
The incidence of ONJ in the population taking bevaci-
zumab that had previous exposure to bisphosphonates 
was 0.9–2.4%. The incidence of ONJ in the population 
taking bevacizumab that had no previous exposure to 
bisphosphonates was 0.0–0.2%. The authors commented 
that the 0.9–2.4% incidence in patients exposed to 
bisphosphonates is within the 1–6% range reported for 
bisphosphonates alone in previous studies.7,8

In a published invited commentary on this study, Van 
Poznak said, “It is reassuring to see that bevacizumab 
does not appear to significantly increase the risk of ONJ 
in patients with locally recurrent or metastatic breast 
cancer treated with chemotherapy, with or without 
bisphosphonates.”9

Dental management to reduce the risk of ONJ
According to Greuter et al, “If more cases of bevaci-
zumab-associated ONJ are reported, special dental 
management (jaw x-ray, optimal dental health, and good 
oral hygiene) should become standard before patients 
start bevacizumab.”1 

The importance of special dental management to 
reduce the risk of ONJ in patients taking bevacizumab 
was shown in a recent report by Francini et al.10 They 
looked at cancer patients on zoledronic acid and chemo-
therapy combined with bevacizumab who underwent a 
dental examination before starting treatment and found 
that none of the patients developed ONJ. 

Their study included 59 patients with either breast 
cancer or non-small cell lung cancer who received  
4 mg zoledronic acid IV every four weeks and 15 mg/kg 
bevacizumab every three weeks. The median time of 
receiving zoledronic acid was 18 months, and the median 
time of receiving bevacizumab was 16 months. All subjects 
received a dental examination and panoramic x-rays before 
starting treatment; this continued every three months 
until the patient died or was lost to follow-up. If needed, 
patients received periodontal disease treatment and under-
went tooth extraction before they received any drug. 

None of the patients required dentoalveolar surgery 
while undergoing cancer treatment. After a median 
follow-up period of 19.7 months, none of the par-
ticipants developed ONJ. The conclusion was that a 
bisphosphonate combined with an anti-angiogenic drug 
did not predispose to ONJ in participants with cancer 
that metastasized to the bone who underwent a baseline 
dental examination and preventive dental measures. 

Indications for bevacizumab (Avastin) approved 
by the FDA 
The FDA-approved indication for the use of bevaci-
zumab (Avastin) is as follows: “Treatment of metastatic 
colorectal cancer; treatment of unresectable, locally 
advanced, recurrent or metastatic nonsquamous, non-
small cell lung cancer; treatment of metastatic HER-2 
negative breast cancer (who have not received chemo-
therapy for metastatic disease); treatment of progressive 
glioblastoma; treatment of metastatic renal cell cancer 
(not an approved use in Canada).

“Note: For the treatment of metastatic breast cancer, 
effectiveness is based on improvement in progression-free 
survival; not indicated for the treatment of breast cancer 
with metastatic disease that has progressed following 
anthracycline and taxane treatment. For the treatment of 
glioblastoma, effectiveness is based on improvement in 
objective response rate.”11

Unlabeled/investigational uses of bevacizumab
These uses include treatment of recurrent ovarian cancer, 
recurrent cervical cancer, soft tissue sarcomas (angiosar-
coma or hemangiopericytoma/solitary fibrous tumor), 
and age-related macular degeneration (AMD).
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Bonded porcelain laminate veneers were introduced 
to dentistry in the early 1980s, although veneers 
were used as early as 1903.1 Land’s drawings in 

Dental Cosmos are not unlike the preparations we do 
today. The veneers of 100 years ago were cemented 
rather than bonded, but the idea of creating more 
esthetic smiles was much the same.

This column will review a completed case, highlight-
ing a few common problems that occur when placing 
veneers and showing how they were resolved. Dealing 
with enamel hypocalcification, constructing provisional 
restorations, and isolation will be discussed.

Case report
A 17-year-old girl presented with two bonded direct 
composite resin restorations on teeth No. 8 and 9 
(Fig. 1 and 2) and a chief complaint of enamel hypocal-
cification. A comprehensive examination was completed, 
including mounted diagnostic models, photographs, 
radiographs, periodontal charting, a TMJ examination, 
and clinical charting. The patient’s father, a radiolo-
gist, wanted to limit treatment to a minimum but also 
wanted to improve the esthetics of his daughter’s teeth. 

During the consultation visit, at-home bleaching, 
crowns, and porcelain veneers were discussed and 

Clinical tips for porcelain veneer cases  
with enamel hypocalcification
Bruce w. Small, dMd, Magd

Fig. 1. preoperative view of the patient. Fig. 2. preoperative retracted view of maxillary anterior teeth. Fig. 3. shade check prior to bleaching.

Fig. 4. preoperative view following bleaching for three weeks. Fig. 5. Veneer preparations on teeth No. 8 and 9.

Restorative Dentistry
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explained in detail. Advantages and disadvantages of 
each procedure and previous case examples were shown. 
It was decided to attempt bleaching the patient’s teeth, 
which in the author’s experience has made enamel 
hypocalcifications less noticeable. Ten percent carbamide 
peroxide at-home bleaching was done three hours a 
day for three weeks, and the teeth lightened noticeably 
(Fig. 3 and 4). At this point, one option was to place 
veneers on four or six anterior teeth, but the patient 
decided to proceed with two porcelain veneers and leave 
the remaining teeth alone. 

Preparation and impression
Conservative preparations were made on teeth No. 8 and 
9 (Fig. 5), and impressions were taken following place-
ment of retraction cord. An isolation device (OptraGate, 
Ivoclar Vivadent Inc.) was used to help with the cord 
packing, and an impression was taken using a polyvinyl 
siloxane material and stock tray (Fig. 6). This method of 
isolation allows the operator to visualize and access the 
operating field by keeping the lips and cheeks retracted.

Provisional restorations
The provisional restorations were made using a clear 
stent made from .020 coping material (Fig. 7). After the 
preparations were etched on the incisal edge only and 
a dentin bonding agent was placed on the entire facial 
surface and incisal edge, a bis-acryl material was placed 
on the inside of the stent and then placed over the teeth. 
When voids occurred, flowable composite was added, 
cured, and finished (Fig. 8). Excess flash of the provi-
sional material can be removed by using an appropriate 
instrument such as an explorer or modified periodontal 
scaler or curette (Fig. 9). After complete curing, the 
material can be finished using carbides, diamonds, and 
sandpaper disks (Fig. 10). 

Final restorations
The shade was chosen by concentrating primarily on 
the body shade of the adjacent lateral incisors with 
small maverick white stains. The veneers were seated 
and bonded in the usual manner, the margins were fin-
ished, and the occlusion was checked. The final result 

Fig. 7. Clear stent in place used for provisional restorations.

Fig. 8. Void in provisional 

being repaired with flowable 

composite.

Fig. 9. Flash of excess provisional 

material being removed with 

modified scaler. Fig. 10. Completed provisional composite veneers.

Fig. 6. impression tray with optragate in place.
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showed an adequate blend of shade without overdoing 
the white stains (Fig. 11–14)

Discussion
At times, anterior esthetic cases with grayish teeth 
and white enamel hypocalcifications can be very 
difficult to match shades when doing any dentistry. 
The case presented here shows that bleaching the teeth 
can minimize the difference between the white spots 
and the body shade of the other teeth. Combining 
this approach with an accurate shade selection and a 
competent laboratory will allow a chance for reason- 
able success.
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Fig. 11. anterior retracted view of completed final restorations. Fig. 12. lingual view of completed restorations.

Fig. 14. View of patient with completed final restorations.Fig. 13. Close-up of patient’s smile.
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more than three years ago, this column featured 
an update on electric handpieces. Since that 
time, three significant innovations have occurred 

in the handpiece arena. The purpose of this column is to 
give clinicians previews of these innovations along with 
recommendations on which, if any, should be considered 
when purchasing decisions are made.

Air-powered handpieces
High-speed air turbine handpieces have ruled the North 
American market for many years, and, for the most part, 
they have performed satisfactorily, even though it is 
well-known that they lose torque when the bur hits the 
tooth. This power loss led to the emergence of electric 
handpieces, which are the standard in Europe and are 
beginning to take hold in other areas of the world. 

But a new type of air-powered handpiece may change 
some minds when it comes to the superiority of electrics. 
The Midwest Stylus ATC (Dentsply Professional) looks 
and feels like the air-powered handpiece you might be 
using already, which means that its learning curve is 
essentially flat. Don’t be fooled by appearances, though: 
The real advantage of the ATC over conventional air-
powered handpieces is its coupler and control box. This 
is where the ATC (adaptive torque control) comes from. 

As explained by the manufacturer, a sensor in the 
coupler tells the control box that you are about to cut 
through, for example, a nonprecious metal coping to 
remove a crown and that you need more power. The 
control box, which is referred to as an electronic “brain,” 
increases the air pressure to give the handpiece the turbo 
boost necessary to cut through the hard metal. For light 
cutting tasks, the opposite effect is supposed to occur, that 
is, adequate torque at low speeds. In addition, the turbine 
has been redesigned to handle the higher air pressures. 

Okay, this all sounds good, but does it perform as 
advertised? According to a recent evaluation by REAL-
ITY, the answer is yes, but with a significant qualifier. 
The REALITY evaluation confirmed that the 21 watts of 
power produced by the ATC doesn’t falter when heavy 
pressure is applied, and while the handpiece doesn’t 

possess the unbridled power of an electric, its perfor-
mance was impressive nonetheless. What’s more, all of 
this power is produced by a handpiece that weighs only 
3.3 oz, which is average for air-powered versions. 

So what is the significant qualifier? In a word, it is 
installation. Since the technology built into this hand-
piece is cutting-edge, the installation process is quite 
new for most technicians. At least three REALITY 
evaluators noted that the installation was anything but 
smooth, requiring several repeat visits to get it right. 
Even then, two evaluators continued to have problems 
with the handpiece. 

Therefore, while the Midwest Stylus ATC is a terrific 
handpiece and earned five stars from REALITY, be abso-
lutely certain that the technician installing it knows what 
he or she is doing. (I speak from personal experience on 
this as well. When my evaluation unit was installed, the 
technician was obviously struggling with it. I called Mid-
west directly and had their experts guide the technician. 
The result? The handpiece worked flawlessly.)

Electric handpieces
As noted previously, electric handpieces are the standard 
in Europe and are beginning to take hold in other areas 
of the world. Their tremendous and constant torque 
allows clinicians to cut teeth smoothly and reliably. 
However, electric handpieces have been significantly 
heavier and larger than their air-powered brethren, not 
to mention commanding a hefty premium price.  

The COMFORTdrive 200 XDR (KaVo Dental) 
could be a game-changer for those who have been strad-
dling the fence. The first thing you will notice is the 
handpiece itself: It looks like a conventional air-powered 
version, since the electric motor has been miniatur-
ized and is built into its back end. This means that the 
handpiece is considerably smaller and lighter, weighing 
approximately 4.8 oz—still not in air-powered territory, 
but it is the lightest electric handpiece on the market 
that REALITY has tested. 

On the other hand, smaller and lighter are not 
necessarily advantages if performance suffers. But don’t 

Latest innovations in air and  
electric handpieces
Michael B. Miller, ddS

Dental Materials
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worry—this is one powerful handpiece, with the motor 
stated to produce 30 watts of power. It also allows you 
to cut from 30,000–200,000 rpm. However, this speed 
regulation is not via the control box like it is for other 
electrics, where you can set a specific speed. This also 
means it can be used only as a high-speed handpiece, 
whereas other electrics, with interchangeable heads and 
angles, can be used at high and low speeds.

In other words, to get the small size and weight, you 
have to be willing to give up some of the benefits of 
the full-function electrics, including setting a specific 
speed. However, the simplicity of this model allows for 
an uncomplicated installation—simply connect it to a 
handpiece air line and you are ready to roll.

If you have held off looking for an electric handpiece 
because of size, weight, and complexity issues, you should 
at least add the COMFORTdrive to your shopping list.

Disposable handpieces
What happens if your favorite high-speed air turbine 
handpiece has a maintenance issue or is firmly ensconced 
in the autoclave when you really need it? You will prob-
ably grab for another handpiece that may or may not be 
in prime working condition. Another option would be 
to use a brand-new handpiece that comes in a sealed and 
sterile bag and never requires lubrication, cleaning, or 
autoclaving. That’s because the handpiece is disposable—
use it once and throw it away. 

That’s the idea behind the Azenic DHP (Azenic, Inc.). 
It is being marketed as fast, strong, lightweight, precise, 
ergonomic, and reliable, which are pretty heady claims 
for a plastic handpiece. I was amazed to discover that 
I agreed with nearly all of them…as long as you keep 
in mind that this instrument is, indeed, plastic and is 
meant to be disposable. 

In the first place, the DHP looks like a conventional 
air-powered handpiece, and a pretty cool one at that, 
with a metallic silver-like ABS molded plastic cladding 
and a textured finish that keeps it from slipping in your 
hand even when it’s wet. Its dimensions are within 
normal parameters, but you would be hard-pressed to 
find a handpiece weighing less than the 0.6 oz of the 
DHP. Contrast that with conventional handpieces that 
typically weigh about 3.3 oz, and you can appreciate why 
it feels feather-light in your hand. 

The DHP attaches to your dental unit’s tubing in 
one of two ways, either directly or with the optional 
adaptor module. When using the adaptor, you can take 
advantage of the fiber-optic rod running through the 
handpiece, as the adaptor has an onboard light source, 
which we measured at approximately 1,800 Lux. That 

amount of illumination is on the low end of what most 
handpieces produce, but it’s adequate for a disposable 
handpiece. The adaptor looks like a conventional 
coupler, but you have to attach the handpiece through 
a screw-like attachment—there is no typical snap-on/
snap-off like you get with a conventional coupler. The 
adaptor also adds approximately 1.1 in. (2.75 cm) to the 
length of the handpiece.

The one-port water spray is adequate and the fact 
that it has no chip air allows it to be used for surgical 
and root sectioning without the potential for causing 
an air embolism. 

The procedures for inserting and changing burs are 
also a throwback to a simpler era before the advent of 
pushbutton chucks. With the DHP, you insert a bur into 
the chuck and then apply pressure by pushing the end 
of the bur against the small concavity on the back end 
of the violet plastic cap that you remove from the back 
of the handpiece before connecting it to your delivery 
system. To remove the bur, you are told to simply grab 
it with your fingers and pull it out or to insert the thin 
metal rod in the aforementioned cap in the hole in the 
back of the DHP and push the bur out. I found pulling 
the bur to be an exercise in futility, so pushing it out is 
definitely the method of choice.

I was impressed with the DHP’s 20 watts of cutting 
power. It performs better than I expected, especially 
since it is being promoted as a complement, not a 
replacement, for conventional handpieces. On the 
other hand, make sure you don your earplugs—the 
REALITY noise test found that the DHP produced 
92.6 dBA, which is approximately 20 dBA higher than 
most conventional handpieces.

At $23 each, the cost of these disposable handpieces 
could add up pretty quickly, so using them judiciously 
would be a wise move. Nevertheless, for those times 
when you need a reliable backup or when you perform 
outreach services, the DHP could be one less item to 
worry about. 
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to paraphrase author 
Susan Sontag, “Exis-
tence is no more than 

the precarious attainment 
of relevance in an intensely 
mobile amalgam of past, 
present, and future.” 

Having recently assumed 
the position of President 
of the American Academy 
of Cosmetic Dentistry 
(AACD), relevance—and 
existence, for that matter—is on my mind. Remaining 
relevant is the key to growth, satisfaction, and delivering 
professional achievement, especially as it relates to the 
associations that serve dentistry.

That’s exactly why I’m so energized about the 
AACD’s trajectory. I’m encouraged by statements from 
new AACD members like this one, who, when asked 
why she joined the AACD, said, “I have been practic-
ing cosmetic dentistry for more than 30 years. I would 
like to be affiliated with a world-renowned organization 
that reflects my beliefs in professionalism, excellence, 
and education.”

And this one: “I own a very progressive high-tech labo-
ratory, and I am looking to advance the skills of my tech-
nical team and also stay up to date with the ways in which 
we can better serve our current and future patients.”

Finally, I was especially gratified to hear this from a 
recent dental school graduate: “After attending my first 
AACD conference, my eyes were opened to a whole new 
world of dentistry whose surface is barely scratched while 
in school. I was intrigued by the level of work that was 
on display by this year’s Accredited members and real-
ized that this is certainly the level of care that I wish to 
achieve some day.”

Even so, we have to ask ourselves, how can we con-
tinue to build on the best of the past—learning from the 
legacy and examples of former leaders—while constantly 
evolving to stay relevant and meaningful to the next gen-
eration of cosmetic dentists and laboratory technicians?

The relevance of open doors
The American Board of Cosmetic Dentistry® (ABCD), 
the credentialing authority of the AACD, recently opened 

Accreditation to any dentist or laboratory technician 
willing to accept the challenge to pursue the highest 
standards, thus underscoring the AACD’s dedication to 
inclusiveness and standards of excellence. This decision 
represented a visionary and historic change for the AACD 
and was arrived at only after long and careful deliberation.

The concept of Accreditation is unique in that success 
is solely dependent upon demonstration of knowledge 
and excellence in cosmetic dentistry in a three-step sys-
tem: a written examination, a clinical case examination, 
and an oral examination. 

By opening the door for non-members of the AACD 
to pursue Accreditation, the ABCD acknowledges and 
promotes Accreditation as a significant achievement—
not only within the confines of the AACD but within 
the scope of the dental profession. In addition, the 
ABCD believes that the credential is unbiased—compe-
tency and quality are judged independent of alignment 
with a particular organization—and obtainable for all 
those willing to meet the standard. It’s a service to the 
public, not merely a self-serving benefit of membership.

The relevance of continuing education
The AACD’s “brand” of continuing dental education 
is based on a foundation of experiential, hands-on, 
and collaborative learning. For instance, the AACD’s 
Annual Scientific Session brings together dentists, lab 
techs, and team members in an environment that fosters 
more efficient communications. In addition to the An-
nual Scientific Session, we’re busy adding regional and 
international programming to reach dental profession-
als where they live. Our peer-reviewed clinical journal, 
the Journal of Cosmetic Dentistry, now features a fresh, 
contemporary design, tests for earning CE credits, and a 
credible editorial review board, making it an even more 
frequently referenced publication. 

The relevance of giving back 
The AACD Charitable Foundation’s Give Back a Smile 
program helps to rebuild the lives and dignity of survi-
vors of domestic violence through compassionate cos-
metic dental services. Our program volunteers not only 
restore smiles, they are privileged to restore lives. And 
giving back helps to differentiate them in their commu-
nities by standing for something noble and meaningful.

AACD: More relevant than ever 

Guest editorial
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The relevance of listening to our members
We continue to ask our members what they want from 
the AACD, and we’ve used that input to prioritize our 
activities and our offerings. We recently introduced a 
robust e-learning program to our benefits portfolio, 
and we’re leveraging technology to help our members 
grow their practices. We’ve improved our website and its 
searchability so that more prospective patients can locate 
an AACD dentist near them. In addition, we now offer 
smartphone and iPad apps for our Annual Scientific 
Session and digital readers for the Journal of Cosmetic 
Dentistry. And “My AACD” online communities put the 

power of social networking in the hands of our mem-
bers, helping them connect with, support, and encourage 
one another. 

Is the AACD relevant to the world of general den-
tistry? I believe it is, but that’s a question you’ll have to 
answer for yourself. In closing, I wanted to share this 
response from a new member, who, when asked why he 
joined the AACD, simply stated, “It’s about time, don’t 
you think?”

John K. Sullivan, DDS, AAACD
President, American Academy of Cosmetic Dentistry
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Finishing and polishing criteria for minimally 
invasive composite restorations
Brian LeSage, ddS, Fagd, FaaCd

Compared to earlier generations 
of direct restorative materials, 
today’s composite resins pro-

vide improved strength, resistance 
to wear, and esthetics, and have 
revolutionized the concept of mini-
mally invasive dental treatment.1 
One of the most versatile materials, 
composites can be used for direct 
restorations, build-ups, cementation, 
diagnostic mock-ups, gingival stabili-
zation, provisionals, and prototypes.2 
Composites are available in many 
forms, including hybrid, microfill, 
and nanofilled/nanohybrid formula-
tions, and the materials have evolved, 
with the science behind them solving 
many of the problems experienced 
with materials of the past.1

Earlier generations of composite 
materials presented challenges, such 
as polymerization shrinkage and the 
potential for marginal leakage result-
ing in the development of secondary 
caries.3 The benefits of newer formu-
lations also eliminate many prob-
lems associated with amalgam.4,5 
Historically, amalgams could result 
in cusp fractures, increased rates 
of secondary caries, and potential 
toxicity from mercury.4,5 Using 

composites for direct restorations 
helps to minimize some of these 
risks and eliminates those associated 
with mercury in amalgam.4,5

Further, the newer composite 
formulations demonstrate high pol-
ishability for maintenance over the 
life of the restoration. In addition 
to contributing to esthetic value 
and appearance, optimal surface 
polishability has been proven to 
reduce staining and plaque accu-
mulation while minimizing wear.3,6 
Studies have shown that improper 
finishing and polishing can lead 
to gingival irritation, recurrent 
caries, abrasiveness, and tactile 
perception.6,7 Therefore, to obtain 
the added benefits that composite 
restorations can provide, clinicians 
must understand the importance 
of proper finishing and polishing 
techniques and how to incorporate 
them into everyday practice. 

Finishing and polishing 
composites
By definition, finishing is gross 
contouring or reduction to obtain 
the required anatomy for a restora-
tion, while polishing refers to the 

reduction in roughness and scratches 
typically created by finishing instru-
ments.6,7 Properly finishing and pol-
ishing composite restorations offers 
many benefits that ultimately lead 
to a predictable, long-lasting, and 
highly esthetic result.6,7 Regardless of 
the cavity class or location, a smooth 
surface finish is clinically necessary 
because the presence of surface 
irregularities from poor finishing 
and polishing can lead to staining, 
plaque retention, gingival irritation, 
recurrent caries, abrasiveness, wear 
kinetics, and tactile perception by 
the patient.6,7 

For example, in the oral environ-
ment, bacterial survival depends 
on the ability of bacteria to attach 
to hard surfaces like teeth, filling 
materials, dental implants, and 
prostheses.8 Clinical studies have 
demonstrated that surface roughness 
greatly impacts the initial adhesion 
and retention of microorganisms 
on hard surfaces; surfaces that are 
rougher typically retain more plaque 
than those that are smoother.8 
Additionally, it has been suggested 
that the threshold surface rough-
ness where no further reduction 

to achieve the benefits that composite restorations can provide, it 
is incumbent on dentists to understand the importance of proper 
finishing and polishing techniques and how to incorporate them 
appropriately into everyday practice. a smooth surface finish is 
clinically necessary because the presence of surface irregularities 
from poor finishing and polishing can lead to staining, plaque 
retention, gingival irritation, recurrent caries, abrasiveness, wear 
kinetics, and tactile perception by the patient. However, finishing 
and polishing procedures for direct composite restorations are 

technique- and material-sensitive. this article describes the 
proper composite material placement considerations, as well as 
finishing and polishing techniques and materials, for providing 
highly esthetic, long-lasting restorations. By incorporating such 
protocol into their everyday practices, dentists can increase the 
long-term esthetic and plaque-resistant predictability of direct 
composite restorations.
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in bacterial accumulation can be 
obtained is 0.2 µ.9 However, surface 
roughness above this threshold has 
been correlated with an increase in 
plaque retention, as well as the inci-
dence of secondary caries, gingival 
irritation, and loss of esthetics due to 
discoloration.8,9 In cases of patients 
with poor oral hygiene, these issues 
often are exacerbated and can lead 
to the onset of subclinical or clinical 
gingival inflammation.8

Proper finishing and polishing 
also reduces the incidence of wear 
and marginal breakdown as well 
as preventing the buildup and 
retention of plaque and promoting 
the oral health of the soft tissues 
surrounding the restorations.9,10 
Studies have shown that unpolished 
restorations demonstrate increased 
incidences of friction and, therefore, 
increased wear of opposing enamel 
on occlusal contact areas.11,12 Con-
tributing to this wear, improper 
finishing and polishing could cause 
topographical changes and can 
introduce subsurface microfractures 
in the composite.13-15 For example, 
when finishing composite restora-
tions, carbide-laminated burs 
and regular grit diamonds do not 
produce the marginal integrity that 
fine, extra-fine, and ultra-fine finish-
ing diamonds do; coarse diamonds 
can remove excess composite mate-
rial and could result in composite 
surface crazing or cracking.14,16

The manner in which direct 
restorations are finished and 
polished also affects patient com-
fort.6 An improperly finished and 
polished surface remains rough 
and negatively affects the patient’s 
tactile perception of a restoration.6 
Research has shown that a change 
in surface roughness of only 0.3 µm 
can be detected by the patient with 
the tip of the tongue.6 Therefore, 
to ensure patient comfort with the 
restoration, the surface should be 

smooth and feel as natural as the 
surrounding dentition.6

Overall, proper finishing and 
polishing allows clinicians to 
achieve proper marginal adaptation 
of the restorations and maintain 
natural surface luster and contours 
necessary to mimic the surrounding 
dentition.13 However, finishing and 
polishing procedures are technique- 
and material-sensitive. Just as 
classes of composite materials dem-
onstrate different esthetic qualities 
and tensile strengths, polishability 
and maintainability in the long-
term can vary, based on inherent 
particles and filler size.7,17

Research has demonstrated that 
composite filler size and the systems 
used to finish and polish restora-
tions influence surface roughness 
and staining. Study results indicate 
that composites polished with 
finishing systems from the same 
manufacturer exhibit less surface 
roughness and staining.17 Hybrid 
composite resins—which contain 
matrix and filler particles of varying 
hardness, as well as a combination 
of large and small particles—achieve 
a smooth, flat surface when finished 
with 12- or 30-fluted carbide 
burs.18,19 Using diamond burs could 
lead to crazing, composite loss, and 
surface irregularities that can affect 
a restoration’s wear resistance.16,18 
Polishing hybrid composite restora-
tions is best accomplished with 
aluminum oxide polishing pastes.18 
Microhybrid composites achieve the 
smoothest surface when polished 
with silicone polishing systems.7

Microfill composites can suffer 
fractures and other damage when 
finished with carbide burs. Micro-
filled composites are more appro-
priately finished with wet finishing 
diamonds.18 Restorations created 
with these composites are ideally 
polished with 1 µm grit aluminum 
oxide polishing pastes.18

The literature indicates that 
nanofilled composites have been 
successfully polished using respec-
tive combinations consisting of 
40 µm diamonds, 42 µm silicon 
carbide polishers, 6 µm silicon car-
bide polishers, and polishing paste.20 
Additional research suggests that 
diamond polishing points, diamond 
paste, and urethane-backed alumi-
num oxide disks also produce clini-
cally acceptable levels of smoothness 
during the polishing process.21

Composites
Adhesively bonded composite 
restorations demonstrate esthetically 
acceptable results that conserve 
sound tooth structure and offer the 
potential for tooth reinforcement. 
The least invasive and most predict-
able restoration of teeth to normal 
form and function, tooth-colored 
composites provide patients and 
dentists with cost-effective and long-
lasting solutions for a variety of indi-
cations. There are, however, certain 
criteria that composites must meet.

In general, composites should 
mirror natural tooth structure in 
color and translucency, withstand 
function in high stress-bearing 
areas over time, have seamless or 
undetectable margins, and allow 
for a polish that can be maintained 
over the life of the restoration. 
Now available in a variety of 
formulations for different indica-
tions, today’s composites provide 
many added benefits, specifically in 
finishing and polishing, compared 
to the conventional materials of the 
past. For example, hybrid or micro-
hybrid composites—universally 
referred to as microhybrids—are 
heavy-loaded materials that dem-
onstrate high strength and opacity 
similar to that of natural dentin 
and enamel.22,23 Additionally, 
microhybrids are less likely to 
chip or fracture because they 
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demonstrate excellent strength and 
the ability to withstand functional 
stresses.22,23 Microhybrids blend 
with the natural dentition to create 
an esthetic restoration, allowing the 
practitioner to mimic dentin and 
enamel morphology.22,23 

An issue with this class of 
composite materials, however, 
is their inability to maintain a 
polish; they tend to lose surface 
gloss over time and are less stain-
resistant than other generations of 
composite.17,22-24 Filler particles in 
microhybrids have been shown to 
“pluck out” during the polishing 
process and normal lifespan in the 
oral cavity, and, as a result, restora-
tions can lose gloss or luster over 
time.24 Studies have demonstrated 
that although it might not be as 
easy to maintain a polish as it is for 
other classes of composites, hybrids 
tend to be resistant to surface 
microfractures during finishing, 
for reasons that are believed to be 
directly related to the presence of 
inorganic fillers and their ability to 
absorb energy.17,25

In comparison, microfill compos-
ites demonstrate high polishability 
that lasts for the long term.22,23 
Many authors have gone so far as 
to deem the smoothness achieved 
with microfill composite materials 
as “permanent.”25 A direct effect 
of the inclusion of colloidal silica 
particles in the polymer matrix, 
small fillers and a resin-rich surface 
promote an excellent and main-
tainable polish.26 Additionally, 
microfills demonstrate a higher 
resistance to wear and abrasion 
and a translucency that is similar 
to that of natural enamel.22,23 
This class of composites lacks the 
strength required in functional 
areas and often translucency is too 
great.22,23 Despite its high polish-
ability, this class of composites 
demonstrates a higher susceptibil-
ity to stain than newer generations 
of composite.17

The newest class of composite 
materials, nanofills have the 
potential to maintain greater 
strength, long-term polishability, 
and stain resistance.17,27,28 Studies 

have illustrated that nanofilled 
materials exhibit the lowest 
incidences of roughness and wear 
after finishing and polishing and 
on recall when compared to other 
classes of dental composites.29 This 
class of composites demonstrates 
the smoothest polished surface and 
lowest surface roughness, regard-
less of the polishing system used.7 
Additionally, with a greater resis-
tance to wear, nanofilled materials 
offer the most ideal mechanical 
and optical properties.27,28 Further, 
nanofilled composites display 
opacity similar to that of natural 
enamel and dentin, with translu-
cency similar to that of enamel.27,28 
Demonstrating high strength, 
nanofilled composites also are 
less likely to chip in high-stress 
areas.27,28 The only true disadvan-
tage to nanofilled composites is the 
lack of in vivo long-term studies, 
because the material science is 
relatively new.27-29 

Composite placement 
considerations to enhance  
the finishing and  
polishing processes
Using a typodont with denture 
teeth (Premium teeth, Heraeus 
Kulzer, Inc.), the following proto-
col demonstrates proper material 
placement considerations and 
finishing and polishing techniques 
and materials for providing highly 
esthetic, long-lasting restorations 
for teeth No. 7 and 8 (Fig. 1). By 
incorporating such protocol into 
everyday practice, dentists can 
increase the long-term esthetic and 
plaque-resistant predictability of 
direct composite restorations.

After developing a proper 
treatment plan, including iden-
tification of patients for whom 
composite restorations would be 
contraindicated (for example, those 
who have occlusal issues or bite 

Fig. 1. slightly underexposed before showing 

the depth of color, chroma, and translucency.

Fig. 2. putty matrix trimmed to the facial incisal 

line angle, shown here on tooth No. 8 using a 

customized typodont.

Fig. 3. putty matrix with first increment of the 

3-D characterized build-up showing lingual 

enamel increment. (Note that the preparation 

to the free gingival margin and removal of the 

incisal edge in this case was performed for 

teaching purposes only. rarely would teeth 

need to be prepared this aggressively.)

Cosmetic Dentistry Finishing and polishing criteria for minimally invasive composite restorations
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their fingernails), selection of 
the proper composite class, and 
evaluation of the patient’s existing 
dentition, utilize the proper tools 
and protocols to ensure the best 
results. This involves taking steps 
during the placement process that 
will lead to the least amount of 
adjustment to the restoration once 
the composite has been built up. 
For example, polyvinyl siloxane 
matrixes provide placement limits 
in terms of volume of composite 
material three-dimensionally and 
can be used as adjuncts to help 
maintain the proper incisal length 
and edge thickness (Fig. 2 and 
3).30,31 By doing so, finishing and 
polishing will be predictable and 
much simpler (Fig. 4–6).

Reduction guides
When creating direct resin restora-
tions, preparation is of the utmost 
importance (Fig. 7). Overly aggres-
sive preparation for the sake of 
esthetics often leads to unnecessary 
loss of tooth structure.32 Although 
necessary in some extreme cases, this 
loss of tooth structure typically can 
be avoided with the use of a reduc-
tion guide.32 Further, reduction 
guides have proven useful in con-
trolling midlines in cases requiring 
diastema closure and when complex 
bonding is required.32

Proper handling
Whether the composite material is 
placed on the facial surface, inter-
proximally, or around the gingival 
tissues, the manner in which the 
composite is handled can greatly 
affect the appearance of a restora-
tion. To handle composites properly, 
ensure that no air voids are present 
in the increments being placed. 
Further, placing smaller increments 
predictably, instead of placing bulk 
quantities of material at once, helps 
to ensure proper control of the 
material. Sensitivity can be elimi-
nated by completely curing each 
composite increment and allowing 
the restorations to reach their full 
photocure potential.

Undetectable margins
To create undetectable margins 
in the esthetic zone that are not 
only esthetic but also resistant to 
leakage, a starburst bevel should be 
used, followed by etching beyond 
the bevel.32-35 The outer layer of 
composite must be rolled while 
wearing clean gloves to improve 
sculptability and prevent voids. The 
material should then be placed, 
supercured, and allowed to “relax” 
for at least five minutes to allow the 
material to settle.33-35

Next, the margin should be 
addressed and finished back 

between where the etch-and-bevel 
ends. To ensure the best results, 
rubber wheels and polishers should 
not be used on the margins, 
because the rubber tends to become 
easily embedded in this area.13,35,36

Finishing and polishing 
technique considerations
Once the composite has been placed, 
a proper finishing and polishing pro-
tocol ensures a quality restoration. By 
understanding the following caveats 
of composite finishing and polishing, 
a predictable and long-lasting result 
can be achieved without concern for 
recurrent issues and further removal 
of healthy tooth structure.37

Gross contour (anterior 
restorations)
To properly finish composite 
after successful layering and 3-D 
anatomical construction (using an 

Fig. 4. Completed 3-D layer achieved to 

full contour using Bisco aelite composite 

system (all-purpose Body & aelite 

enamel esthetic).

Fig. 5. articulating paper aids with and 

confirms correct outline form, line angles, and 

axial inclination when establishing primary and 

secondary anatomy.

Fig. 6. Using the detailed finishing and 

polishing sequence results in the correct color, 

translucency, luster, and polish.

Fig. 7. Before image of tooth No. 7 demonstrat-

ing the starburst bevel in the rare instance 

where preparation might be required to allow 

for an undetectable restoration.
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incisal putty matrix), the restora-
tion should be evaluated for similar 
harmony and balanced width and 
length across the central incisors, as 
well as to balance with the laterals 
and canines. The flap door facial 
matrix often proves useful in ensur-
ing that a proper facial contour has 
been achieved.

Removal of excess materials and 
recontouring is performed first. 
To that end, a variety of finish-
ing devices have been proposed, 
including coated abrasive disks, 
carbide burs and stones, fine dia-
mond burs, and resin- or silicone-
impregnated burs.7,14 

Gross contours can be established 
using a red-stripped diamond 
(8863-012, UCLA Anterior 
Aesthetic Restorative Kit, Bras-
seler USA), coarse discs, and a 

yellow-stripped diamond (863EF-
012) (Fig. 8 and 9). Note that 
research indicates the lowest inci-
dence of defective margins occurs 
when all three types of finishing 
diamonds (fine, extra-fine, and 
ultra-fine) are used.14

Texture and anatomy
Texture must be imparted on 
the restoration and the tertiary 
anatomy must be fine-tuned 
to impart realism. Texture can 
be placed using a multitude of 
armamentarium, including gross 
coarse diamonds (for example, 
No. 6856L-020, UCLA Anterior 
Aesthetic Restorative Kit) (Fig. 10), 
No. 557 cross-cut burs, and rubber 
points and wheels used both 
vertically and horizontally, prefer-
ably and most easily with electric 

handpieces (for example, NSK elec-
tric handpieces, Brasseler USA).

Again, to simplify this process, 
the matrix should be used and 
the composite should be layered 
carefully to ensure accurate and 
precise placement.1 At this stage, 
the line angles will become more 
well-defined and the clinician 
should have a logical, sequential, 
and predictable method of finishing 
and polishing which ultimately will 
lead to a restoration surface that 
will accept and reflect light.12 Fur-
ther, the surface should not display 
voids, defects, stains, or pits.

Prior to finalizing and mirroring 
the natural dentition in luster, 
coarse and medium discs are used 
which, in many cases, will lessen 
any of the initial texture placed in 
the restoration (Fig. 11 and 12). A 
well-polished material can be the 
outcome, so the texture can be reap-
plied to play into realism.

Polishing
Achieving the appropriate luster 
and polish on a composite restora-
tion is crucial because it contributes 
to factors other than esthetics. A 
proper polish that lasts for the long 
term reduces the adhesion of bac-
teria and plaque to the restoration 
and prevents marginal leakage. 

Fig. 11. a coarse disc (Bisco Composite Disc system) is used 

to establish transition line angles and incisal edge planes.

Fig. 12. a medium disc is used to 

initiate finishing protocol.

Cosmetic Dentistry Finishing and polishing criteria for minimally invasive composite restorations
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Fig. 8. a red-stripped, flame-shaped, fine 

diamond is used to establish outline form 

and facial planes.

Fig. 9. a yellow-stripped, flame-shaped, 

extra-fine diamond further develops the  

proper contours.

Fig. 10. a green-stripped, coarse diamond is used with 

very light pressure and an electric handpiece to place 

texture in a prepolished direct composite restoration.



Additionally, when polished 
correctly, composite restorations 
demonstrate improved resistance to 
staining. The life of the restoration 
also will be extended by eliminat-
ing the need for early removal 
purely for esthetic purposes.

To complete polishing of esthetic 
direct composite restorations, a 
system from the same manufac-
turer that incorporates polishing 
paste, points, cups, and wheels and 
silicone brushes is recommended.17 
The use of assorted polishing 
instruments has been shown to 
produce variations in surface 
roughness after polishing.7 To 
obtain the final luster and polish, a 
goat-hair chamois brush (Brasseler 
USA) or a regular chamois brush 
with polish paste should be used. 
When using goat-hair chamois 
brushes, they should be wet and 
well-coated with polishing paste 
(Enamelize, Cosmedent, Inc.) with 
firm pressure initially, then used 
dry with adequate polishing paste 
at high speed to complete restora-
tion polishing (Fig. 13). Again, 
run the brush vertically and hori-
zontally. During this process, fine 
or medium discs again might be 
needed, after which the goat-hair 
brush is used to finalize the polish-
ing protocol (Fig. 14).

Verify occlusion
The final step in any direct compos-
ite restoration, occlusion should be 
verified one last time after finishing 
and polishing.

Case report
A 29-year-old woman came to 
the clinic unhappy with the 
space between teeth No. 8 and 9 
(Fig. 15 and 16). With no removal 
of tooth structure and only an addi-
tive direct technique, composite 
restorations were placed to close the 
diastema (Fig. 17). Using a matrix, 

a nanohybrid universal composite 
(Venus Diamond, Heraeus Kulzer, 
Inc.) was placed according to a 3-D 
characterization layering technique 
and the finishing and polishing 
protocol described in detail above 
was followed. The final restorations 
mirrored each other and the sur-
rounding dentition enhanced the 
patient’s smile (Fig. 18).

Summary
In the case described above, the cli-
nician was able to restore function 
and esthetics by following place-
ment and finishing and polishing 
protocols noted here. By doing so, 
the risk for recurrent issues such as 
secondary caries, gingival inflam-
mation, staining, plaque buildup, 
and marginal leakage, among 

Fig. 13. a goat-hair brush with composite 

polishing paste is used to achieve 

appropriate luster.

Fig. 14. 3-D characterized composite, mirroring 

and emulating the denture tooth (Heraeus 

Kulzer, inc.) in contour, color, and luster.

Fig. 15. preoperative view showing the 

patient’s diastema.

Fig. 16. retracted preoperative view showing 

the diastema and incisal edge wear.

Fig. 17. Close-up view showing maverick 

coloring and polychromicity built into the 

restoration using the nanohybrid composite.

Fig. 18. View of the restorations the day 

after completion, showing an improved 

esthetic result.

www.agd.org      General Dentistry      Special Cosmetic Dentistry Section      427



other factors, was greatly reduced. 
Further, by precisely planning the 
case prior to completing any prepa-
ration or placement, the clinician 
was ensured a more predictable, 
esthetic, and much simpler restor-
ative solution. When addressing 
a case such as the one presented 
here, remember the keys to suc-
cess—observation, strategic control, 
careful selection, and manipulation 
of the desired material during 
placement, finishing, and polish-
ing—for achieving a long-lasting 
and desirable composite restoration.

By adhering to the requirements 
of the specific composite and resto-
ration, the ideal contour, finishing, 
polish, and luster were achieved in 
the restorative result. Incorporating 
an appropriate polishing sequence 
and system based on the materials 
used can enable dentists to provide 
patients with composite restorations 
that demonstrate predictable long-
term esthetics, plaque and stain 
resistance, and function.
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Subject Code 780
The 15 questions for this exercise are based on the 
article “Finishing and polishing criteria for minimally 
invasive composite restorations” on pages 422-428. 
This exercise was developed by Thomas C. Johnson, 
DMD, MAGD, in association with the General Dentistry 
Self-Instruction committee.

Reading the article and successfully completing the 
exercise will enable you to:
•	understand	the	advantages	of	current	composite	 

resin formulations;
•	understand	the	importance	of	proper	finishing	 

and polishing;
•	learn	a	technique	for	tooth	preparation	and	the	

handling and placement of composite resins; and
•	learn	a	technique	for	finishing	and	polishing	 

composite resins.

 1. Which of the following could be a result  
of improper finishing and polishing?

A. Increased tactile awareness

B. Reduced wear kinetics

C. Reduced abrasiveness

D. Increased rate of recurrent caries

 2. What is meant by the term finishing?
A. The last step in the protocol of creating  

a smooth surface

B. Gross contouring or reduction

C. Reduction in roughness and scratches

D. Use of aluminum oxide pastes

 3. What is the threshold surface roughness where  
no further reduction in bacterial accumulation  
can be obtained?

A. 0.75 microns

B. 0.50 microns

C. 0.20 microns

D. 0.10 microns

 4. What can cause sub-surface micro-cracks, crazing, 
and cracking of the composite surface?

A. Dry polishing

B. Using the wrong polishing paste

C. Trying to accomplish gross reduction  

with fine diamonds

D. Use of carbide laminated burs or  

coarse diamonds

 5. What is the smallest difference in surface 
roughness that can be detected by a patient’s 
tongue?

A. 0.10 µm

B. 0.20 µm

C. 0.30 µm

D. 0.40 µm

 6. Which of the following is true regarding  
different brands and classes of composite 
restorative materials?

A. Hybrid composite resins are best finished  

with wet finishing diamonds.

B. Finishing systems from the same 

manufacturer achieve a smoother surface 

and less staining.

C. Microfill composite resins are best finished 

with 12 or 30 fluted carbide burs.

D. Microfill composites should not be polished 

with aluminum oxide pastes.

 7. Which of the following is true of microhybrid 
composite resins?

A. Less strength with functional stresses

B. High level of translucency

C. Less resistant to surface micro-cracks

D. Loses surface gloss and is less stain-resistant

 8. Which of the following is true of microfilled 
composite resins?

A. Maintains surface gloss, yet stains easily

B. Less resistance to wear and abrasion

C. High strength with functional stresses

D. Opacity similar to that of dentin and enamel
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 9. Which of the following is true of nanofilled 
composite resins?

A. Less strength with functional stresses

B. Translucency is too great

C. Less resistant to surface micro-cracks

D. Maintains surface gloss and is stain-resistant

 10. Which of the following is true regarding finishing 
and polishing nanofilled composite resins?

A. They are best finished with wet finishing 

diamonds.

B. They finish well regardless of the system used.

C. They are best finished with 12 or 30 fluted 

carbide burs.

D. They should not be polished with aluminum 

oxide pastes.

 11. Minimizing adjustments after composite placement 
makes finishing and polishing simpler and more 
predictable. Tooth reduction guides and a matrix 
providing placement limits facilitate this goal.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

 12. Creation of an undetectable margin involves all 
but which of the following?

A. Use of a sunburst bevel in preparation design

B. Etching and bonding to extend beyond  

the bevel

C. Rolling the composite prior to placement

D. Super-curing the composite and allowing it  

to “relax” for at least five minutes

 13. Which of the following produces the lowest 
incidence of defective margins?

A. Goat-hair chamois brush

B. Coated abrasive discs

C. Cross-cut regular fissure burs

D. Fine, extra-fine, and ultra-fine diamonds

 14. Which of the following is included in the 
armamentarium for creating texture and anatomy?

A. Flap door matrix

B. Goat-hair chamois brush

C. Aluminum oxide polishing paste

D. Diamond polishing paste

 15. A system from the same manufacturer that 
incorporates polishing paste, points, cups, 
wheels, and silicone brushes is recommended for 
esthetic direct composite restorations. The use 
of an assortment of polishing instruments has 
been shown to produce less variation in surface 
roughness after polishing.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

Instructions are on page 431.
Answer form is on page 511.
Answers for this exercise must be received by October 31, 2012. 
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3 mm can save your case:  
Making beauty function
Steve ratcliff, ddS, MS n Lee ann Brady, dMd

When restoring anterior 
teeth, the parameters of 
smile design are well-

understood and have been described 
in both the dental and medical 
literature.1,2 Occlusion, however, 
remains a controversial topic, 
sometimes heatedly so, most likely 
because the differing philosophies 
all provide some degree of success. 
With success comes confidence and 
the certainty of being “right.” Yet 
breaking restorations, abnormal 
wear, muscle pain, loose teeth, and 
lost implants all have been impli-
cated as part of occlusal disease.3,4 

Indiscriminately altering the 
shape of teeth for the sake of 
improving esthetics brings well-
known sequelae, especially in those 
patients who have parafunction or 
a history of bruxism. Understand-
ing some of the basics of anterior 
guidance as well as the anterior and 
posterior anatomy of teeth lends 
confidence that esthetic restorations 
are also stable, functional, and can 
last for reasonable periods of time. 
This article examines three anatomic 
areas of teeth relative to occlusal 
principles: marginal ridges, interin-
cisal angulation, and incisal tables.

The accepted thinking in restor-
ative dentistry advocates bilateral 

canine guidance with immediate 
and complete posterior disclusion 
as the therapeutic norm. There is 
substantial support in the literature 
for using this widely accepted occlu-
sal scheme, based mostly on muscle 
activity of the large elevator and to 
a certain degree the lateral pterygoid 
muscles.5-7 However, after examin-
ing the dentition for naturally 
occurring bilateral canine guidance, 
the reported incidence ranges from 
2.3–12.7%.8 Epidemiologically, that 
range of occurrence makes bilateral 
canine guidance abnormal. Should 
dentists strive to achieve it in every 
restorative case?

While the parameter of bilateral 
canine guidance is important in 
most restorative cases, some nuances 
exist that should be taken into con-
sideration to give restorative cases the 
optimal chance for survival. Dawson 
has described the need for “freedom 
in centric,” and other occlusal 
disciplines discuss long centric and 
freedom from centric.9 While the 
definitions are diffuse, patients 
frequently need to have the palatal 
surfaces of anterior teeth relieved 
after they have been restored to avoid 
feeling as though they are hitting 
their front teeth harder than the back 
teeth. The need for this freedom 

often manifests as fremitus when 
patients tap their teeth, or report 
that their front teeth “hit hard” or 
feel “high,” or when they complain 
of bumping their front teeth when 
eating. Most often, occlusal reshap-
ing occurs with patients lying back; 
when they sit up, they frequently will 
feel heavier anterior contact (Fig. 1).

Lightening occlusal contacts 
on anterior teeth so that they are 
lighter than posterior teeth when 
the teeth are touching removes 
contacts that are on inclines. For 
immediate canine disclusion to 
occur, the maxillary and mandibular 
canines must be in intimate contact 
at the onset of lateral movement. 

Understanding esthetic design is not enough if restorations are to 
withstand the forces of function. Dentists also must understand 
the relationships of incisal tables, the interincisal angle, disclusion 
forces, and the implications of changing those parameters 
when restoring the anterior dentition. While canine-protected 
occlusion is often a goal, it may not always be appropriate 

or attainable. this article describes the details of creating a 
functional anterior design that will not only be beautiful but will 
have the best chance of withstanding parafunctional activity and 
abnormal force.
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Fig. 1. postural freedom, or freedom in centric.
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Another way to describe it is when 
the canines are touching when the 
teeth are together and do not lose 
contact until another tooth gets in 
the way or the lateral movement 
exceeds the length of the canines, 
and that during that movement, no 
back teeth touch. 

If freedom in centric is required 
and the anterior teeth are slightly out 
of contact in maximal intercuspal 
position (MIP), then when lateral 
movement begins, posterior teeth 
will be in contact until the canines 
are engaged. In other words, the 
mandibular posterior cusps slide 
against the maxillary marginal ridges 
for 0.5–1.0 mm until they engage 
the canines. The anatomy of healthy 
marginal ridges demonstrates a 

mesiodistal dimension of approxi-
mately 1.0 mm and a buccolingual 
dimension of 1.0–3.0 mm (Fig. 2).

The first millimeter that can “save” 
cases utilizes the natural anatomy 
of the marginal ridge. Observing 
the marginal ridges shows a natural 
flat area for the opposing cusp to 
slide against until the canines or 
appropriate discluding teeth engage 
and separate the posterior teeth. The 
red circle represents the mark made 
in the MIP and the green circle 
around that mark is the distance 
the opposing cusp slides before the 
canines engage (Fig. 3–5). 

If that flat area is not built into 
the case or occlusal organization, 
the danger is in creating incline 
contacts or locking up the bite. The 

anterior freedom remains, but now 
the posterior teeth are prohibited 
from functioning smoothly, with 
the result being fremitus or func-
tional mobility. It is not by chance 
that the maxillary first premolars 
are the most common virgin teeth 
to fracture. They frequently have 
a marginal ridge that is short and 
narrow, resulting in steep inclines 
and a wedging effect when the 
mandibular tooth comes into con-
tact and compressive force such as 
clenching is applied (Fig. 6).

Occasionally, it is not possible to 
couple the canines, so guidance must 
begin on premolars, or, in the case 
of bruxers or to protect anterior por-
celain, the choice is made to create 
group function. Group function is 

Fig. 2. Natural marginal ridges are landing areas for opposing cusps and anatomic 

pathways for them.
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Fig. 3. marginal ridges can be engaged in lateral 

movements.

Fig. 4. green mark showing initiation of 

lateral movement on the marginal ridge 

of a premolar.

Fig. 5. the red circle denotes the centric stop; the 

green halo is the slight lateral stroke before the 

canine is engaged.

Fig. 6. Fractured first premolar. Note the 

remants of steep inclines instead of a wide 

marginal ridge.

1-3 mm

1 mm



particularly advisable in patients with 
bruxism, since the force exerted on 
individual canines is up to 10 times 
greater than with a group function.9

Group function also has been 
described as progressive engagement, 
or a sharing of anterior guidance 
that gradually moves from the poste-
rior teeth to the canines (Fig. 7). As 
the mandible progresses through the 
excursive movement, the first tooth 
to engage is a molar or premolar; as 
the movement continues, the ante-
rior guidance moves forward to the 
next tooth and leaves the previous 
tooth. The process continues until 
the canine is reached.

Group function shares the load 
of the movement and prevents iso-
lated shear stress on a single tooth. 

Indications for group function are 
chronic nocturnal bruxing, single 
implants in the canine position, 
structurally weak canines, canine 
pontics in long-span fixed partial 
dentures, and chronic joint pain on 
the working side.

The second millimeter requiring 
attention is the interincisal angle, or 
the angle of disclusion. The steep-
ness of this angle can be compared 
to walking up a hill: the steeper the 
hill, the more work required to get 
to the top; the steeper the interinci-
sal angle, the more work required to 
move into excursion. 

When the angle is too steep and 
the patient is a bruxer and engages 
in parafunction, the teeth or res-
torations can break, wear, loosen, 

or move over time. Weinberg and 
Kruger demonstrated that a 10 
degree increase in the intercuspal 
angle resulted in a 35% increase in 
force, while a 20 degree increase 
resulted in double the force in 
excursive movements.9

The result of canines being 
lengthened without consideration 
for the patient’s chewing stroke or 
the envelope of function can be 
seen in cosmetic cases when canines 
are designed with a more youthful 
appearance. The laws of physics note 
that generating movement requires 
more force than maintaining that 
movement. Moving into excur-
sion with steep interincisal angles 
generates significant force and, if the 
angles are too steep, could prevent 
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Fig. 7. progressive engagement of excursive movements beginning on the 

second premolar, then transferring to the first premolar, and finally, the canine.

Fig. 8. Veneer placed to lengthen a canine subsequent to wear from 

parafunction.

Fig. 9. patient clenches and begins lateral movement, causing the contact 

to open as a result of functional mobility. Fig. 10. the interincisal angle.



the patient from moving past the 
canines and result in a “locked-up” 
bite. These patients often are the 
ones who, when asked to move 
right or left, will exhibit functional 
mobility of teeth. 

Figure 8 shows a veneer that was 
placed to lengthen a worn canine. 
When asked to move into excursion, 
the patient was unable to move more 
than 1.0–2.0 mm because she was 
locked. She developed both muscle 
soreness, from pushing against her 
anterior teeth, and functional mobil-
ity (Fig. 9). If steeper incisal angles 
create more force during excursive 
movements, then keeping the angle 
of disclusion as flat as possible while 
avoiding excursive interferences 
keeps the muscle activity necessary to 
move into excursion to a minimum. 
(Fig. 10 and 11). Changing the angle 
of disclusion could be as straightfor-
ward as flattening the palatal surface 
of the incisal third of the maxillary 
canines (Fig. 12) or the facial surface 
of the mandibular canines.

The third millimeter is the incisal 
form of the anterior teeth. The 
term incisal table is applicable, 
because creating a smooth anterior 
guidance requires flat, well-refined 
surfaces that can glide against 
each other. As teeth erupt, the 

mamelons abrade away and the 
form of the incisal table takes 
shape. The shape of the incisal table 
is relevant if the patient is engaging 
in parafunctional activity and cre-
ating wear patterns. In the presence 
of wear and parafunction, refining 
incisal tables lowers the friction 
generated when they rub together 
and could slow the rate of wear.

Understanding the morphology 
of the incisal table is critical to creat-
ing smooth anterior guidance. The 
incisal table has three components: 
the pitch, or flat part of the table; the 
leading edge that is a functional edge; 
and the trailing edge that is engaged 
during parafunction. The leading 
edge is the facialincisal line angle of 
the mandibular anterior teeth and 
the linguoincisal line angle of the 

maxillary anterior teeth. The trailing 
edge is the linguoincisal line angle 
of the mandibular anterior teeth 
and the facialincisal line angle of the 
maxillary anterior teeth (Fig. 13).

Leading edges are defined as func-
tional because they move against the 
opposing surfaces during the closure 
path of chewing, swallowing, and 
speech. Trailing edges contact only 
during parafunctional activity, such 
as edge-to-edge or extreme excursive 
movements that occur during 
bruxing. The pitch of the incisal 
table should be angled slightly so 
that it mirrors the incisal table of 
the opposing anterior tooth and it 
should be flat enough so that the 
surfaces can slide against each other 
with a minimal amount of resistance 
(Fig. 14 and 15).
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Fig. 11. opening the incisal third of the maxil-

lary canine can flatten the interincisal angle.

Fig. 12. the area of the canine 

to be altered to “flatten” the 

anterior guidance. Fig. 13. the pitch and bevel of the incisal table.

Fig. 14. incisal table relationships. Fig. 15. a well-defined incisal table.

1-2 mm

protrusive Functional parafunctional



Observing wear in anterior teeth 
often shows that the leading and 
trailing edges have worn into knife-
edges and could have splintering 
or small chips missing from those 
edges. The sharper and thinner the 
edges become, the more susceptible 
they are to breaking (Fig. 16).

Incisal tables can be refined by 
reshaping and polishing or by replac-
ing them with composite or indirect 
restorations. The incisal table should 
be broad enough to match the 
opposing tooth, and the leading 
and trailing edges should become 
a highly polished bevel. When the 
incisal tables contact one another 
in a protrusive state, they should 
match and be able to glide in lateral 

directions smoothly. This is especially 
important in patients who parafunc-
tion only in an anterior-posterior 
direction or in end-to-end bruxers.

Whether working on the natural 
dentition or ceramics, the final 
refinements can be done with 
rubber wheels. The final bevel is 
very narrow and barely percep-
tible, yet this minor nuance can 
significantly reduce resistance when 
anterior teeth are moving against 
one another (Fig. 17).

The final result of occlusal design 
should be well-refined anterior 
guidance that allows smooth 
movement of the mandible with-
out undue restriction. When the 
anterior teeth touch, they should 

do so with minimal resistance in 
protrusive, lateral, radiolateral, and 
crossover positions. 

Crossover can be defined as the 
position of teeth when the trailing 
edges pass over each other in any of 
the excursive movements. Smooth 
surfaces are created as a defense 
against parafunction, which is an 
inside-out movement that differs 
from the chewing stroke, which 
begins in the opposite direction 
of outside-in. When parafunction 
occurs, the teeth are in the maxi-
mum intercuspal position and move 
outside to excursive positions. Chew-
ing begins with the patient opening 
his or her mouth, moving toward a 
lateral border position, and sliding 
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Fig. 16. Wear on incisal tables and incisal line angles of anterior teeth. 

Note that chipping is present. Fig. 17. Highly polished bevel of the labioincisal line angle.

Fig. 18. protrusive movement showing 

mirroring of the incisal tables.

Fig. 19. lateral movement on the incisal 

tables.

Fig. 20. Canines moving into canine rise; flat 

anterior guidance is demonstrated by the 

anterior teeth almost touching. 



the jaw inside to finish by swallowing 
in the maximum intercuspal posi-
tion. There is very little tooth contact 
during chewing. Smooth excursive 
movement when the teeth are touch-
ing reduces both muscle activity and 
force on the teeth. 

Crossover is a parafunctional posi-
tion that occurs in both protrusive 
and lateral excursive movements 
(Fig. 18–21). In the end-to-end 
position, the leading edge of an 
anterior tooth moves past the trail-
ing edge of the opposing tooth and 
“crosses over” so that the trailing 
edges are more nearly in contact. 
Patients with bruxism will move into 
that position and then pull back into 
the maximal intercuspal position. 
Failing to adjust the trailing edges 
so that they are smooth can result 
in catches and resistance as the 
mandible moves from outside-in and 
can result in chips, cracks, broken 
porcelain, or muscle pain (Fig. 22).

Summary
The nuances of occlusion can 
be challenging and, if avoided, 
frustrating for both the clinician 
and patient. A thorough diagnosis 
and understanding of creating 
smooth anterior guidance and ante-
rior movements will help to protect 
the patient’s teeth and investment 
in restorative dentistry.
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Fig. 22. Crossover interference. Note that the mandibular lateral incisor 

catches against the maxillary canine and allows the patient to “push” or 

“pull” against the opposing tooth.

Fig. 21. Crossover interference, with the maxillary central incisor picking 

up the mandibular central incisor on the contralateral side.



438      November/December 2011      General Dentistry      www.agd.org

Subject Code 780
The 15 questions for this exercise are based on the article 
“3 mm can save your case: Making beauty function” on 
pages 432-437. This exercise was developed by Steven E. 
Holbrook, DMD, MAGD, in association with the General 
Dentistry Self-Instruction committee.

Reading the article and successfully completing the 
exercise will enable you to:
•	recognize	that	esthetic	changes	in	the	form	of	anterior	

teeth that can affect function;
•	identify	how	controlling	marginal	ridges,	interincisal	

angulation, and the incisal table can enhance the 
stability of anterior restorations;

•	differentiate	between	canine	guidance	and	group	
function; and

•	understand	that	by	applying	basic	principles	of	
occlusion to the anatomy of anterior and posterior 
teeth, the stability, longevity, and function of cosmetic 
reconstructions can be optimized.

 1. Bilateral canine guidance is the therapeutic norm 
in restorative dentistry. Naturally occurring bilateral 
canine guidance has a reported incidence of 

A. 2.3–12.7%.

B. 24.2–37.8%.

C. 67.5–79.7%.

D. 85.4–97.6%.

 2. Patients with recently restored anterior teeth who 
need freedom in centric could exhibit or report all 
but which of the following?

A. Fremitus when tapping teeth together

B. Heavier contact on anterior teeth  

when reclined

C. Anterior teeth that hit harder than  

posterior teeth 

D. Anterior teeth that bump when eating

 3. Group function might be more advisable in 
bruxers, since the force exerted on the canines only 
is up to ____ times greater than the force exerted 
in group function.

A. two

B. six

C. ten

D. twenty

 4. Indications for group function include all but 
which of the following?

A. Single implants in the canine position

B. Structurally weak canines

C. Canine pontics in long-span fixed partial 

dentures

D. Chronic joint pain on the non-working side

 5. When freedom in centric is required, the posterior 
teeth will be in contact until the canines or 
appropriate discluding teeth are engaged. If a 
flat area on the marginal ridges of the maxillary 
posterior teeth is not created, all but which of the 
following could occur?

A. Loss of anterior freedom

B. A locked-up bite

C. Functional mobility

D. Tooth fracture

 6. Weinberg and Kruger showed that a 10 degree 
increase in intercuspal angle resulted in a ____ 
percent increase in force in excursive movements.

A. 20

B. 35

C. 50

D. 75

 7. To minimize muscle activity needed to perform 
excursive movements, the angle of disclusion of 
the anterior teeth should be

A. as steep as possible while avoiding excursive 

interferences.

B. as flat as possible while allowing maximum 

muscle activity.

C. as steep as possible while allowing maximum 

muscle activity.

D. as flat as possible while avoiding excursive 

interferences.

Exercise No. 292

Cosmetic Dentistry
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 8. The leading edge of the incisal table is  
composed of 

A. the linguoincisal line angle of the mandibular 

anteriors and the facialincisal line angle of 

the maxillary anteriors.

B. the facialincisal line angle of the mandibular 

anteriors and the facialincisal line angle of 

the maxillary anteriors.

C. the facialincisal line angle of the mandibular 

anteriors and the linguoincisal line angle of 

the maxillary anteriors.

D. the linguoincisal line angle of the mandibular 

anteriors and the linguoincisal line angle of 

the maxillary anteriors.

 9. The leading edge of the incisal table is engaged  
in function. The trailing edge of the incisal table  
is engaged in parafunction.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

 10. The pitch of the incisal table should be angled 
slightly to mirror the opposing anterior tooth.  
The pitch should be flat enough so that the 
surfaces can slide against each other with a 
maximal amount of resistance. 

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

 11. Crossover can be defined as the position of the 
teeth when the

A. trailing edges pass each other in the  

chewing stroke.

B. leading edges pass each other in any 

excursive movement.

C. trailing edges pass each other in any 

excursive movement.

D. leading edges pass each other in the  

chewing stroke.

 12. As a patient with bruxism pulls the mandible back 
from a crossover position, chips and cracks can 
occur in anterior restorations if the clinician fails  
to do what?

A. Smooth the trailing edges 

B. Smooth the leading edges 

C. Smooth the bevel in the pitch

D. Smooth the angle of disclusion

 13. What is the most accurate definition of chewing?
A. An outside-in movement that begins in the 

maximum intercuspal position 

B. An inside-out movement that begins in the 

maximum intercuspal position

C. An outside-in movement that ends in the 

maximum intercuspal position

D. An inside-out movement that ends in the 

maximum intercuspal position

 14. Trailing edges contact opposing surfaces during 
which of the following movements?

A. Bruxing

B. Swallowing

C. Chewing

D. Speech 

 15. For what reason is the maxillary first premolar the 
most common virgin tooth to fracture? 

A. The lack of a bevel on the leading edge  

of the buccal cusp

B. A predominance of group function in  

natural dentitions

C. The presence of a short and narrow  

marginal ridge

D. The presence of bilateral canine guidance

Instructions are on page 431.
Answer form is on page 511.
Answers for this exercise must be received by October 31, 2012. 



Maximizing esthetic results on  
zirconia-based restorations
Yi-Yuan Chang, BS, MdS

Ceramic restorative materials 
such as feldspathic porcelain 
(for example, VM7 [Vident] 

and Vintage MP [Shofu Dental 
Corporation]), glass ceramics (for 
example, e.max [Ivoclar Vivadent 
Inc.]), and aluminum oxides (for 
example, Procera AllCeram alumina 
[Nobel Biocare USA]) all have 
inherent advantages to translucency 
and are favored for matching the 
optical property of natural dentition 
(Fig. 1). However, the strength of 
those ceramics has limited their 
clinical applications to low occlusal 
force and short-span frameworks.2 

Zirconium oxides (zirconia) 
provide superior physical and 
mechanical properties.3 Integrated 
with CAD/CAM technology, they 
are indicated for long-span bridges 
and custom implant abutments 
(Fig. 2). Moderate amounts of 
translucency will block medium to 
heavily discolored tooth substructure 
(Fig. 3). It seems that zirconia is an 
ideal all-ceramic choice for a variety 
of clinical applications. However, 
porcelain chipping and opaqueness 
are common issues of zirconia resto-
rations.4 The bond strength between 
the coping and veneering porcelain 

is a questionable issue of its surface 
smoothness. With proper procedures 
and techniques, it is the author’s 
opinion that these issues can be 
reduced significantly. This article will 
further explore other factors affecting 
the longevity and esthetics on zirco-
nia restorations, such as preparation 
design, preparation modification 
using reduction copings, commu-
nication between dentist and dental 
technician, and the artistic process of 
making all-ceramic restorations.

There are a number of updates 
on tooth preparation design for 
zirconia restorations as compared 

With a flexural strength of approximately 900–1,100 mpa, 
zirconium oxide is one of the toughest all-ceramic materials avail-
able in dentistry.1 it can be used to fabricate both single-unit and 
long-span bridge frameworks. a moderate level of translucency 
makes it suitable for esthetically demanding clinical cases, such 
as restoring maxillary anterior teeth. a variety of well-designed 

porcelain veneering systems allow technicians to apply their 
artistic skills to create natural, lifelike restorations. a good balance 
of strength, precision, and translucency allows zirconia-based 
restorations to accommodate a variety of clinical situations.
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Fig. 1. Natural dentition (left) contains many 

characteristics, for example, translucency, 

mamelon and halo effects, decalcification, and 

multicolor zones. a properly layered all-ceramic 

crown can create the optical illusion of being 

close to natural dentition.

Fig. 2. a five-unit zirconia framework. the surfaces were carefully polished with a diamond-

impregnated rubber wheel. 



to conventional porcelain-fused-
to-metal (PFM) restorations. To 
accurately scan the geometry of 
the preparations, the dentist must 
create a minimum 3–4 degree 
taper on both the mesial and distal 
vertical walls (Fig. 4).5 The restora-
tion also requires deep chamfer 
or shoulder margin designs for 
strength.6 Lastly, smooth and 
round preparation surfaces are 
recommended to minimize inter-
nal stress, as force will concentrate 
on sharp edges and line angles 
(Fig. 5). When minor modifica-
tions and/or additional reductions 
are needed, reduction copings can 
be fabricated in the laboratory to 
serve as an alternative instead of 
recreating the preparation and 
retaking a new impression. The 
dentist can use the reduction 
coping as a preparation guide 
to reduce tooth structure in the 
patient’s mouth at the cementation 
appointment (Fig. 6–8).

A commonly held belief states 
that less reduction is needed for 
zirconia restorations. The opacity 
and thickness of the coping are 
two reasons that this concept does 
not apply to zirconia-based restora-
tions. Although moderately trans-
lucent, zirconia is just opacious 
enough that it needs a medium 
thickness of veneering porcelain to 
create depth. The average coping 
thickness is 0.4–0.5 mm, so 
1.3–1.5 mm of facial reduction is 
needed to consistently recreate a 
desired, life-like porcelain quality 
that mimics natural dentition. 
Underpreparation will result in 
opacious restorations. 

Improperly designed copings, 
especially insufficient support of 
veneering porcelain, cause porcelain 
chipping.7 Zirconia copings must be 
built up and out when large amounts 
of tooth structure are removed or 
missing (Fig. 9). Failure to do so will 

allow an excessive amount of force 
overload on the veneering porcelain 
and eventually could cause it to frac-
ture. It is the technician’s responsibil-
ity to envision the negative space and 
build up the coping material when 
support is needed. This can be done 
with computer software in a virtual 
environment or physically waxed up 
on a working cast and then scanned 
into a computer. 

Surface finishing will maximize the 
bond strength of zirconia copings. 
Milling with an industrial CAD/
CAM machine leaves various bur 
marks on the surfaces of copings, 
which reduces their strength. Manual 
polishing and finishing the outer 
surfaces using diamond-impregnated 
rubber wheels (Meister SC-51, 
Noritake Dental Supply Co., Ltd.) 
will remove the bur marks and create 
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Fig. 3. medium level discoloration needing to be blocked out. two zirconia restorations were placed 

to provide a close shade match, both close-up (left) and at a conversational distance (right). 

Fig. 4. ideally, the preparation includes a circumferential 

shoulder or chamfer with a horizontal angle of at least 

5 degrees. the vertical preparation angle should be 

at least 3–4 degrees. the inside angle of the shoulder 

preparation must be given a rounded contour.

Fig. 5. sharp incisal occlusal edges 

should be avoided. sharp line angles 

should be rounded over. Depending on 

the CaD/Cam system, the recommended 

rounding radius should be 0.4 mm. 



a more homogenous, denser surface 
at the microscopic level.8 Abrasive 
treatment of that surface should 
begin with light sandblasting with 50 
µm aluminum oxides at 20 psi; this 
will remove the necessary amount of 
surface energy and increase the bond 
between the coping surface and 
veneering porcelain. An additional 
step recommended to maximize the 
bond is the application of a thin 
layer of bonding agent, followed 
by firing in a porcelain oven at 
1,000°C. Normal porcelain buildup 
procedures will follow.

Shade communication between 
dentists and laboratory techni-
cians is a challenge in esthetically 

demanding cases, especially those 
involving maxillary anteriors. 
Natural dentition has a wide color 
range and is not completely covered 
by any single shade guide system 
available today.9 For this reason, the 
manual shade-taking process can be 
challenging. The results are greatly 
affected by the experience of the 
shade taker, the tools utilized, and 
the lighting conditions where the 
shade taking is taken place. Com-
puterized shade-taking devices, 
such as Easy Shade (Vident), are 
a helpful aid chairside, as they 
effectively reduce environmental 
variables such as lighting conditions 
and human error. 

Photography is a great tool for 
recording the shade and com-
municating it between dentist 
and technician. Traditionally, the 
dentist will write down shade pre-
scriptions on a laboratory slip and 
send it to the laboratory. However, 
prescriptions often do not precisely 
describe the characteristics of 
natural teeth and can easily be 
misinterpreted by the reader. Accu-
rately captured images will resolve 
this issue. A digital SLR camera 
is recommended, coupled with a 
100–105 mm macro lens and a 
dual or ring flash (Canon MT24-
EX, Canon U.S.A., Inc.). 

White balance is one of the key 
factors for making accurate color 
images. As the predominant light 
source for dental photography is 
flash light, white balance can be 
pre-set to match the color tem-
perature of the flash, whether it is 
on the camera or on the external 
flash light. The other key factor 
is proper exposure. A properly 
chosen light metering system will 
produce an accurate exposure. 
Spot metering or a center-weighted 
meter is recommended for digital 
SLR cameras. 
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Fig. 6. the reduction coping is made on the 

original preparation with pattern resin (gC 

america inc.). 

Fig. 7. the reduction coping is modified to 

create desired space on the working cast in 

the dental laboratory. the technician then 

fabricates the final restoration on the modified 

preparation. Both the reduction coping and the 

restoration will be sent back to the dentist.

Fig. 8. the original preparation will be modified 

using the reduction coping as a guide. reduction 

copings work well when additional reduction is 

needed on the incisal half of the preparation. this 

technique is insufficient when the gingival half of 

the preparation needs to be modified.

Fig. 9. Due to implant placement, an excessive amount of labial space needs to be filled on tooth 

No. 8 (left). a custom-designed zirconia implant abutment, extended labially to fill the space, 

provides support for veneer porcelain (right).



A minimum of two images are 
recommended to best demonstrate 
crucial shade information to the 
technician. One image contains 
the closest matched shade tab(s) 
placed at the same vertical plane of 
natural teeth, while the other image 
is a close-up shot of the existing 
dentition with a contraster, which 
separates the oral background from 
the teeth, generating a tighter focus 
on the natural dentition. Both 
images should be taken with the lips 
retracted. Images can be emailed 
to the laboratory if downsized to 
an emailable file size (1.0 MB or 
smaller is recommended). The JPG 
file format generates a small file size 
and provides a good color tone. 
Adobe Photoshop and Light Room 
are two software programs for 
downsizing images. 

A try-in process can be added 
to the treatment plan to ensure 
that subjective esthetic matters 
such as smile design and shade are 
communicated accurately with 

the patient. The author often uses 
a colored wax-up and test crown 
to preview a smile and a custom-
designed shade for the patient at the 
try-in stage before final restorations 
are completed. A properly layered 
colored wax-up can mimic shades 
of the natural dentition, which can 
be reinforced with a resin frame-
work so that it is strong enough 
to be tried in the patient’s mouth 
(Fig. 10). The patient can evaluate 
this 3-D prototype of the final 
restoration in his or her mouth and 
provide feedback (Fig. 11). Neces-
sary changes can be made with ease 
at chairside, as wax can be added 
or subtracted easily. The technician 
will then use the modified wax-up 
as a 3-D index to build porcelain, 
minimizing guesswork. 

Dental porcelain has optical 
properties that are close to those of 
natural dentition. Properly layered 
porcelain crowns can blend very 
well with natural teeth; however, 
sophisticated build-up techniques, 

various porcelain powders, and years 
of experience are needed to achieve 
lifelike results. Limited reduction 
makes it challenging to create multi-
layered porcelain crowns. For this 
reason, shade matching is one of 
the most difficult tasks in dentistry. 
Large restorative cases involving 
multiple teeth are not as challenging 
as a single-tooth replacement, espe-
cially in the anterior esthetic zone. 

The author often uses a test crown 
as a custom shade guide (Fig. 12). 
The test crown is fabricated in 
exactly the same manner as the final 
restoration, using the exact same 
materials. Doing so will allow the 
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Fig. 11. Because every person’s smile is unique, a try-in that allows verification of the designed smile 

with the patient is valuable.

Fig. 12. in a shade-matching case such as the 

one shown here, a test crown will allow the 

technician to verify the porcelain recipe and 

layering methods. if modifications are needed, 

they can be made with the final restorations. 

Fig. 10. Veneer preparations make wax-up try-in more challenging, as the wax-up is often too thin and fragile. a resin framework can be made that is both 

thin and strong. a colored wax-up is then layered to the top to create desired form and color (middle). 



laboratory technician to verify the 
shade before completing the entire 
case. If the shade is mismatched 
on the test crown, necessary 
modifications can be made on the 
final restoration(s). The key is to 
document the differences with 
photographs at a try-in stage and 
send them to the technician, who 
can use them to make needed shade 
modifications on the final restora-
tions. Although using a test crown 
requires an additional appointment, 
its use reduces remakes due to shade 
mismatching, saving both labora-
tory time and chair time.

Porcelain buildup is arguably the 
most artistic element in the restor-
ative process. Some of the com-
monly seen characteristics of natural 
dentition are multi-chromatic 
zones, mamelons, translucency, halo 
effects, crack line(s), and surface 
textures (Fig. 13 and 14).10 All of 
these characteristics can be created 
with the skeleton porcelain buildup 
technique, using multiple porcelain 
powders.11 Surface textures will be 
added onto surfaces by grinding 
with the proper burs (Fig. 15). 

Dental porcelain powders are 
designed in different opacities, 
chroma, and hues. An artful, pre-
cisely controlled blend of these pow-
ders in various layers will result in a 
ceramic crown with an optical illu-
sion close to natural teeth. However, 
this technique remains an art form, 
and it is a challenge to achieve the 
desired optical illusion using man-
made materials in limited thickness. 
Understanding the process will 
allow dentists to develop an eye for 
quality restorations and an apprecia-
tion of the technician’s skill. 

The layering procedures of 
preparing a multilayered zirconia 
crown are described and illustrated 
below (Fig. 16): a thin wash 
layer of highly fluorescent liner 
porcelain; followed by opacious 
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Fig. 16. the skeleton buildup technique (courtesy of ed mclaren, DDs).

Fig. 13. some of the often-seen characteristics of natural dentition are displayed.

Fig. 14. surfaces of natural dentition often are not completely 

smooth. this surface unevenness can be seen when light hits 

the tooth at the right angle. Without this unevenness, surfaces 

of restorations sometimes look overly smooth.

Fig. 15. properly placed surface 

textures that mimic those of 

natural dentition. 

Higher chroma
Natural teeth are not monochromatic. Usually, 
there are one or more slightly higher chroma 
zones (richer presence of color) in natural teeth.

Crack line
The enamel might be cracked for numerous 
reasons. as a result, the human eye will perceive 
one or several white lines in natural teeth.

mamelon
The mamelons appear as one or several 
higher chroma stripes, buried deep under-
neath the enamel. For this reason, mamelons 
are often ignored by the human eye.

decalcification
decalcification is usually introduced by 
nature as a white color spot or spots.

translucency
Natural teeth are not opaque. There is 
always a certain degree of translucency.

Halo
a band-like optical phenomenon appears at 
the very end of natural teeth.

Step 1: 
Effect liner

Step 2: 
Base dentin

Step 3: 
dentin

Step 4: 
Incisal frame

Step 5: 
Mamelon effects

Step 6: 
Skin liner

Step 7: 
Correction bake

Step 8: Contouring 
and surface texture

Step 9: 
Surface stain

Step 10:  
glaze



dentin; followed by translucent 
dentin; followed by incisal frame, a 
highly translucent layer serving as 
the canvas for creating mamelons; 
followed by various mamelon 
powders to create finger-shaped 
internal effects; followed by enamel 
porcelain; followed by contouring 
and surface texturing; followed by 
surface colorants; followed by a 
glazed final result.

Summary
Zirconium oxide is inherently 
strong. With sufficient space, a 
properly designed preparation and 
coping, and layered porcelain, 
zirconia-based restorations can 
provide esthetics in various clinical 
conditions. The challenge remains 
for dentists to familiarize themselves 
with and adapt to new concepts and 
techniques required for handling 
zirconia-based restorations to ensure 
long-term success. 

Meanwhile, technicians are 
responsible for executing the esthet-
ics portion of treatment planning. 
Using the available space and 
properly layering the porcelain 
will create an optical illusion 
that appears to be lifelike. When 
combined with natural shape and 
form, zirconia-based restorations 

can closely and consistently match 
natural teeth and create esthetic 
smiles at a conversational distance.
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Subject Code 780
The 15 questions for this exercise are based on the 
article “Maximizing esthetic results on zirconia-based 
restorations” on pages 440-445. This exercise was 
developed by Merlin P. Ohmer, DDS, FAGD, in association 
with the General Dentistry Self-Instruction committee.

After reading the article and completing the exercise, you 
will better understand:
•	principles	of	esthetics	using	zirconia;
•	the	properties	of	zirconia;	and
•	how	to	opitimally	use	zirconia.

 1.  What is the flexural strength of zirconium oxide?
A. 750–850 mPa

B. 900–1,100 mPa

C. 1,200–1,300 mPa

D. 1,400–1,500 mPa

 2. Due to its toughness, zirconia is ideal for single 
unit restorations. This property makes it unusable 
in multiple-unit partial dentures.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

 3. Which of the following ceramics is the  
least translucent?

A. Zirconia

B. Glass

C. Feldspathic porcelain

D. Aluminum oxide

 4. Which of the following ceramics is the strongest?
A. Zirconia

B. Glass

C. Feldspathic porcelain

D. Aluminum oxide

 5. All of the following can be negative characteristics 
of zirconia except one. Which is the exception?

A. Bond strength to veneering porcelain

B. Strength of the coping

C. Chipping of the edges

D. Opaqueness of the materials

 6. All but which of the following are ideal 
characteristics of a preparation for a zirconia 
crown?

A. Three to four degrees of taper mesially  

and distally

B. Smooth surface of preparation

C. Deep champher

D. Sharp and precise line angles

 7. Less reduction is required for zirconia  
restorations. Under preparation will result  
in opacious restorations.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true.

D. Both statements are false.

 8. Chipping of zirconia restorations is caused  
by overload and is reduced by all but which  
of the following?

A. Insufficient support of veneering porcelain

B. Proper design of the coping

C. Proper occlusion adjustment

D. Elimination of negative space

 9. What should be used to polish zirconia  
copings after milling?

A. Diamond burs

B. Carbide burs

C. Diamond rubber wheels

D. Sandblasting with 50 µm aluminum oxide

 10. Bond strength of porcelain to coping is improved 
by all but which of the following?

A. Using a bonding agent on the coping

B. Firing the coping to 1,000ºF

C. Sandblasting the coping

D. Polishing the coping

 11. Which of the following is the most accurate means 
of relaying shade information to the lab?

A. Using multiple shade guides

B. Allowing the dental laboratory to decide

C. Allowing the dental assistant to take  

the shade

D. Using a computerized shade guide

Exercise No. 293

Cosmetic Dentistry
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 12. How can proper anterior esthetics be  
best enhanced?

A. Using a colored wax-up and test crown

B. Using the proper shade guide

C. Fabricating the final restoration and  

then staining it

D. Properly educating the patient

 13. What are the most challenging esthetic 
restorations?

A. Anterior fixed partial dentures

B. Anterior single crowns

C. Anterior multiple crowns

D. Anterior fixed partial dentures that cross  

the midline

 14. Once a good and accurate shade is determined, 
how is the porcelain build-up made?

A. One shade of the chosen porcelain 

B. Reverse stacked porcelain technique 

C. Multiple shades of porcelain

D.	 With	cast	porcelain

 15. Dental porcelains are made with all but which of 
the following characteristics?

A. Chroma

B. Hue

C. Opacity

D. Contrast

Instructions are on page 431.
Answer form is on page 511.
Answers for this exercise must be received by October 31, 2012. 



Successful strategies for matching one or 
two indirect restorations to natural dentition
Michael r. Sesemann, ddS

achieving natural esthetics by 
harmoniously matching the 
shape and color of a single 

anterior restoration is perhaps one of 
the greatest challenges in restorative 
dentistry.1 The advent of lifelike 
restorative materials has made it pos-
sible to supply an indirect restora-
tion that provides optical properties 
that mimic those of natural teeth.2 
However, the dentist and laboratory 
technician must work synergistically 
to identify significant details of the 
adjacent natural dentition to create 
an artificial unit that will blend per-
fectly with its native neighbors.

Not too long ago, when a 
patient presented with a single 
anterior tooth problem requiring a 
restorative solution, the suggested 
treatment plan would have included 
the restoration of an adjacent 
natural tooth or teeth so that all of 
the anterior teeth in an arch would 
have matching optical properties. 
Restoring all of the maxillary inci-
sors when only one tooth was the 
problem was not unheard of, and 
the inclusion of a perfectly healthy 
contralateral central incisor to help 
disguise the restoration of another 
central incisor by itself was all 
too common. One of the greatest 

benefits of the lifelike materials 
currently available is the ability to 
implement a much more conserva-
tive treatment plan for the health 
benefit of patients.

Having improved materials is only 
one of the important components of 
success. A successful protocol begins 
with an accurate examination and 
diagnosis for a full accounting of 
the problem. After that, elements of 
smile design, dental anatomy, color, 
characterization, material selection 
and dentist/laboratory communica-
tion must be analyzed and applied 
with a high level of efficiency and 
effectiveness for the restoration to 
fulfill esthetic objectives.

Examination, diagnosis,  
and treatment plan
The value of a comprehensive 
examination and data collection is 
well-established and accepted.3 If 
a patient has a multitude of issues, 
data collection will include a full set 
of radiographs and a photographic 
survey with impressions and a bite 
registration for providing mounted 
study models for analysis. When a 
patient needs only one restoration, 
there is a tendency for the clini-
cian to believe that the usual data 

collection can be scaled back and 
that the restorative team should be 
able to get by with less. However, 
clinical experience has convinced 
the author that doing so compro-
mises the team’s ability to have all 
of the data needed to match one 
or two restorations to the patient’s 
natural dentition.

Whether a patient needs one 
restoration or a full-mouth reha-
bilitation, complete data collection 
with a full series of initial images is 
extremely important.4 The images 
should be taken in a timely manner 
with an effort made to keep the 
teeth hydrated between frames so 
that desiccation does not cause a 
perceptual distortion from how the 
dentition normally appears. A black 
background for 1:1 close-up images 
will help individual tooth charac-
teristics stand out, such as areas of 
translucence, hypocalcifications, 
and maverick colors (Fig. 1). A dual 
flash attachment also prevents light 
reflection from obscuring the image. 

The exposure of the image must 
be perfect and should never be over-
exposed, because all of the tooth’s 
characteristics will be concealed in 
an overly bright image (Fig. 2). In 
fact, intentionally underexposed 

one of the most difficult and noble undertakings of a dental 
restorative team is to provide an indirect restoration for a compro-
mised tooth surrounded by otherwise healthy, natural dentition. 
matching one or two indirect dental restorations to adjacent 
healthy teeth is a herculean task for both the dentist and laboratory 
technician. the team must be knowledgeable of the natural 
dentition’s characteristics to best mimic and recreate those same 

characteristics in a man-made restoration. Knowledge of principles 
in smile design, dental anatomy, color, characterization, material 
selection, doctor-technician communication, and clinical acumen are 
necessary to achieve a successful outcome when matching one or 
two indirect restorations to natural dentition. 
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images can help the ceramist see 
distinguishing characteristics that 
do not appear with images with 
normal exposure. When taking this 
shot with a shade guide included 
for laboratory communication, it is 
beneficial to have the images of the 
teeth in the arch taken from an angle 
on either side and above and below 
the “straight on” perspective (Fig. 3).

Smile design 
When restoring a single tooth in 
the maxillary arch, smile design 
principles may or may not come 
into play. There certainly are 
healthy smiles considered esthetic 
without being consistent with a 
“default application” of smile design 
principles. This is particularly true 

when the tooth being restored is a 
lateral incisor, where bilateral differ-
ences between contralateral partners 
lend an aura of naturalness.5 Not 
providing contralateral symmetry 
can be pertinent when it is not 
desirable to copy certain character-
istics of wear, chipping, or cracks; 
however, if the tooth being restored 
is a central incisor, more often the 

objective is to provide a mirror 
image of the contralateral natural 
incisor in terms of its shape, shade, 
and character.

Smile design principles routinely 
in play are evident in bilateral 
spatial considerations, especially 
between the central incisors. 
Whether the tooth to be restored 
lends itself the capability to mimic 

www.agd.org      General Dentistry      Special Cosmetic Dentistry Section      449

Fig. 1. a close-up image taken at 1:1 magnification with proper exposure 

and a dual flash apparatus.

Fig. 2. an image of the patient in Figure 1 taken with a ring flash that is 

overexposed does not show dental characterizations.

Fig. 3. this underexposed image, taken from 

a side perspective, shows a shade guide with 

a tooth to be replicated that exhibits diffuse 

whitish hypocalcifications.

Fig. 4. study casts of a proposed restora-

tion for tooth No. 9 illustrate a perceived 

difference in width to the contralateral 

central incisor.

Fig. 5. occlusal view illustrating the difference in 

anatomy. tooth No. 9 is a restoration whose line 

angles have been carried far into the interproximal 

contact area, and the facial profile is convex.

Fig. 6. occlusal view of a wax-up showing that the 

restoration can match the contralateral tooth if 

the line angles and facial contour are replicated.

Fig. 7. straight-on image with millimeter 

ruler showing the duplicate widths of the 

tooth and proposed restoration.



the contralateral incisor in terms of 
its spatial presence is of paramount 
importance. Considerations of 
height/width proportionality are 
primary. The use of a diagnostic 
wax-up can help to determine 
whether a mirror image of the 
contralateral central incisor is pos-
sible. This is particularly helpful 
when anatomic differences, such as 
aberrantly positioned line angles of 
a previous restoration, can create the 
perception that the width is greater 
than it actually is (Fig. 4–7).

Dentitions have a great deal of 
consistency among the teeth in an 
arch when the incisal corners of 
unworn teeth are analyzed and the 
incisal embrasures are categorized. 
For maxillary incisors, the respec-
tive incisal corners of a given tooth 
(mesial to distal) can be categorized 
as square/square, square/round, or 
round/round. When lined up next 
to each other, incisal embrasures 
should become progressively larger 
when proceeding distally, with the 
central/central incisal embrasure 
being the smallest and the lateral 
incisor/canine being the largest of 
the anterior sextet (Fig. 8). 

Commensurately, the size of the 
incisal embrasure affects the length 
of the interproximal contact. As the 
contacts are analyzed, they can be 
related to the length of the central 

incisor as described by Morley and 
Eubank as the “50:40:30 Rule,” with 
the interproximal contact decreasing 
in length the further distal one goes.6 

Management of the periorestor-
ative interface is paramount for 
controlling height issues.7 Though 
the symmetry need not be ideal for 
all cases, a pleasing gingival archi-
tecture can and should be a goal of 
treatment, and extreme differences 
should be corrected. Periodontal 
procedures, including gingivoplasty 
and/or crown lengthening, are 
necessary sometimes to increase the 
clinical crown height of the restored 
tooth or its contralateral partner.8 
Orthodontic extrusion or intrusion 
also can be considered for manipu-
lating the tooth’s relationship in 
the arch to shorten or lengthen the 
clinical crown height as desired.9

Dental anatomy
Fabricating a restoration that 
matches the shape of the adjacent 
dentition is a vital requirement.  
Controlling line angle placement, 
embrasure development (cervi-
cal, facial, and incisal), contours, 
and deflecting/reflecting surfaces 
are key to mimicking adjacent 
anatomy. A space for a restoration 
unequally matched contralaterally 
can be given that appearance by 
varying the position of the line 

angles and controlling the reflec-
tive/deflective surfaces.

The cervical embrasures are the 
primary area of importance in 
initiating interproximal emergence 
profiles and line angle development. 
An interesting presentation occurs 
with the maxillary lateral incisor: 
Most of the time, the mesial line 
angle of the maxillary lateral incisor 
is located toward the median facial 
aspect of the tooth at the gingival 
crest, allowing for a distinctive 
“opening” of the mesial cervical 
embrasure. This differs from the 
line angles of the central incisors.

When restoring a maxillary cen-
tral incisor, it is extremely important 
to provide symmetry between the 
midline and the mesial line angles of 
the contralateral central incisors. 

The line angles must be equidis-
tant to the midline and diagonally 
similar to provide symmetrical 
balance (Fig. 9). The midline will 
appear canted if the line angles are at 
a different angle or distance from the 
midline, even if the midline is per-
fectly aligned with the mid-sagittal 
of the face. The positioning of the 
mesial line angles of two adjacent 
central incisors at the patient’s mid-
line might be the most important 18 
mm2 in the maxillary arch, from an 
esthetic perspective. Also, the line 
angles of a tooth have a defining 
relationship to the reflective and 
deflective areas. The facial surface 
area between the mesial and distal 
line angles of a tooth is the reflective 
surface. The area of the tooth from 
the line angle to the interproximal 
contact is the deflective area. If there 
are differences in the reflective/
deflective surfaces of contralateral 
teeth, they will appear dissimilar. 

Reflective and deflective surfaces 
play a role in the perceived width 
of a single tooth.10 Moving the line 
angles closer to the interproximal 
contact can make a tooth appear 
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Fig. 8. incisal embrasures of the anterior 

sextant should get progressively larger the 

further they are located from the midline.

Fig. 9. the mesial line angles of the central inci-

sors frame the most important 18 mm2 in anterior 

smile design. Bilateral symmetry is critical.



wider, because its reflective surface 
is broader. Conversely, bringing the 
line angles more medial can narrow 
the reflective surface, increasing the 
area of the deflective surfaces and 
therefore making the tooth appear 
narrower. There are times when 
intentional control of these inter-
dependent anatomic details can be 
used by the restorative team to make 
restorations appear to be wider or 
narrower. In a different context, 
changing the line angles of a faulty 
restoration can make it match a 
contralateral natural tooth perfectly.

The contour of the facial surface 
of a maxillary incisor can be convex, 
flat, or concave (Fig. 10). When the 
facial contour is related to the varia-
tions of incisal corners, restorations 
can have completely different “atti-
tudes” in their presentation (Fig. 11). 
For example, for a bold look, a 
restoration could exhibit square/
square corners and a concave profile. 
For a softer appearance, round/
round corners with a convex facial 

surface would be the best choice. Of 
the nine different variations that can 
occur when the three facial contours 
are combined with the three dif-
ferent incisal corner variations, the 
one most often seen and utilized is 
the combination of square/round 
corners and a flat facial contour. 

Color
Most dentists practice analyzing 
color in the 3-D modalities of hue, 
chroma, and value.11,12 However, 

a fourth dimension is particularly 
important in achieving success. The 
optical properties of opacity must 
be duplicated for a restoration to 
mimic a natural tooth accurately. 
In addition to being a primary ele-
ment of how a restoration appears, 
controlling the opacity is critical 
to blocking out underlying tooth 
structure, particularly if there is an 
unwanted discoloration, so that it 
does not influence the restoration’s 
final “shade” (Fig. 12–14).
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Fig. 10. perspective of three 

generalized facial tooth contours for 

the maxillary incisors.

Fig. 11. illustrations of the three 

incisal corner presentations of maxillary 

incisors.

Concave

Flat

Convex

Square- 
Square

Square- 
round

round- 
round

Fig. 12. Before image of a discolored tooth No. 9 and diastema.

Fig. 13. image showing the different preparation types 

for a cored restoration (tooth No. 9) versus thinner, more 

translucent porcelain restorations.

Fig. 14. after image demonstrating the significant laboratory expertise necessary to match a cored 

restoration to a thin veneer.



The dental team must be fully 
aware that if a core is provided, 
the restoration will have to provide 
100% of the optical appearance of 
the restoration. When a core is not 
needed and the stump shade of the 
prepared tooth is normal, the team 
can utilize a more translucent porce-
lain that works in conjunction with 
underlying healthy tooth structure 
to mimic the optical properties of 
natural teeth. Combining two dif-
ferent types of restorations to look 
alike while side by side requires 
extreme skill and expertise on the 
part of the laboratory technician and 
diligent communication between 
the dental office and the laboratory.

Characterization
Incisal translucency, the incisal 
halo, hypocalcifications (white and 
discolored), maverick colors, and 
anatomic irregularities all play a role 
in the characterization of a restora-
tion.13,14 The inclusion of charac-
terizations in a restoration helps it 
to blend sublimely with its natural 
neighbors, while an absence of 
proper characterizations spotlights 
the restoration as an imposter.

Translucency must be incor-
porated into the varied optics of 
the tooth to duplicate the gradual 

thinning and ultimate elimination 
of dentin in the incisal third of the 
tooth. Of particular importance 
is identification of the nature and 
degree of the incisal translucency 
and definition of the amount of the 
incisal halo (the whitish line at the 
incisal edge). Patients also will have 
different incisocervical lengths of 
translucency, and the nature of the 
translucency can range from clear to 
smoke to frost. The lobes of dentin 
seen through the incisal enamel can 
appear in a variety of ways, includ-
ing a tri-lobed appearance. In other 
presentations, the main lobes can be 
divided further into smaller entities, 
giving the dentin component an 
appearance similar to the tines on a 
comb. There also could be a gradual 
thinning of the dentin, yielding 
little detail beyond a simple fade. 

For a vast majority of the time, 
less is more when incorporating 
characterizations into a restoration. 
Hypocalcifications can vary from a 
diffuse “netting” to deeper blotching 
with varying intensities. Maverick 
colors of brown, amber, or orange 
may be present, or seen only during 
a magnified examination. However 
microscopic their size, the presence 
of maverick colors contributes to the 
tooth’s overall appearance. 

There are times when maverick 
colors can become dominant in 
their appearance, such as in a case 
of matching a central incisor in a 
tetracycline-affected dentition. Hues 
of grey, violet, amber, and brown 
become primary instead of secondary 
because of their dominance. In cases 
like these, communication with the 
laboratory technician must include 
details such as duplicate custom 
provisionals, with one of these being 
photographed on the patient and 
sent with the case to the dental labo-
ratory for the ceramist to see exactly 
what was in the image (Fig. 15–18). 

Material selection
There has never been a greater range 
of material choices available for 
the practitioner and the laboratory 
technician/ceramist. This is both a 
blessing and a curse, because find-
ing the perfect material requires 
the restorative team to eliminate 
potential materials through their 
knowledge of each product’s char-
acteristics, attributes, and potential 
shortcomings. At times, the choice 
of material might simply reflect 
what the restorative team does 
best—it is the product with which 
the team is most familiar and believe 
they do their most predictable work. 
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Fig. 15. a patient with a tetracycline-stained dentition in need of a single 

central incisor restoration.

Fig. 16. a digital grey card allows the technician to correct an image to 

neutral grey with a variety of software options.



However, the patient is best served 
when the team is accomplished in 
multiple material applications and 
can choose the material that is best 
for the case.

The range of materials can include 
feldspathic, leucite-reinforced, and 
lithium disilicate porcelain, along 
with zirconia and porcelain-fused-
to-metal (PFM) options. Due to the 
intricacies of the esthetics needed 
in the anterior region, the restora-
tion likely will include ceramic 
layering so that finite esthetics and 
characteristics can be built into the 
appearance. Notable differentiat-
ing factors for the restorative team 
would include the restoration’s 
thickness upon completion and 
the color and shade of the prepared 
tooth that will reside underneath 
the restoration.15 

At one end of the spectrum, 
where conservative preparation 
and normal tooth stump shade 
are factors, feldspathic, leucite-
reinforced, and lithium disilicate 
porcelain can work. At the other 
end of the spectrum, where a 
conventional preparation is made 
and/or the shade of the underlying 
tooth needs to be prevented from 
showing through, a cored product 
like lithium disilicate or a zirconia 

would be the best choice. In addi-
tion, PFM restorations can work to 
block out a darkened tooth; how-
ever, the expertise of the laboratory 
ceramist and the chosen final shade 
must be taken into consideration. A 
laboratory technician must possess 
considerable expertise to make a 
PFM mimic the optical characteris-
tics of a natural tooth. When 100% 
block-out is warranted and the final 
shade of the restoration is darker 
than an A3 value, it might actually 
work to the technician’s advantage 
to build off a darker core of metal 
than from a zirconia product that is 
inherently bright, even with color 
modification.

Dentist-laboratory technician 
communication
In addition to the dentist/laboratory 
technician team being a collabora-
tive partner in material selection, 
there are communication needs 
to minimize errant attempts at 
fabricating the restoration. Protocol 
requirements include adequate 
preparation for the type of mate-
rial chosen, accurate impressions, 
good photography of the patient’s 
initial conditions, shade images, and 
provisional models that illustrate an 
approximate final result.  

As stated earlier, it can be 
beneficial to control the exposure 
of shade images so that they are 
not overexposed and, sometimes, 
to provide underexposed images. 
The images should be in an RAW 
format to provide the fullest tonal 
spectrum possible. An important 
addition when taking shade images 
is the use of a digital grey card. 
With a “neutral grey” hue in one 
or all of the images, the ceramist 
has the opportunity to correct the 
temperature and tint of the image 
with iPhoto (Mac) or Adobe Photo-
shop (Mac or PC) on the monitor 
to calibrate the entire tonal range 
of the image to the known neutral 
grey tone included (Fig. 16). This 
can make the image seen at the 
laboratory more closely approxi-
mate what the teeth and gingiva 
look like in the operatory.

Clinical acumen
As stated earlier, it remains a key 
challenge to achieve natural esthet-
ics by harmoniously matching 
the shape and color of a single 
anterior restoration. This challenge 
requires the restorative team to be 
fully cognizant of nature and the 
patient’s presenting conditions to 
fabricate a restoration that appears 
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Fig. 17. a shade tab image for the laboratory includes a custom-made acrylic veneer to 

enable the technician to have a replica of the one shown in the image.

Fig. 18. post-treatment image of the crown restoration of 

tooth No. 9.



similar to natural teeth. To match 
one or two restorations successfully 
to natural dentition, the restorative 
team must pay more attention to 
detail than when fabricating a row 
of restorations where everything is 
made to match. To do otherwise is 
setting up the team and the patient 
for frustration, failure, or both.

Case report
A 19-year-old woman in excellent 
health came to the dental office 
seeking to have a restoration for 
tooth No. 9 replaced (Fig. 19 and 
20). Reportedly, the crown had been 
in service for only three months. 
Clinically, there was a great shade 
disparity between the crown and the 
adjacent natural teeth; however, the 
crown was closer to the shade of the 

mandibular teeth, raising suspicion 
of localized, unsupervised bleaching 
of the upper arch after the prior 
dentist had seated the restoration 
(Fig. 21). The patient denied that 
any such actions had taken place 
and maintained that the crown’s cur-
rent appearance was similar to how 
it appeared the day it was seated.

A complete examination and 
data collection revealed the current 
crown to be a full-coverage crown. 
There seemed to be more of a 
potential space for a restoration on 
tooth No. 9, especially in width, 
than was present on the contralat-
eral natural central incisor (Fig. 22). 
A diagnostic wax-up revealed that a 
new restoration indeed could mimic 
the contralateral central tooth per-
fectly (Fig. 4–7). 

Both the maxillary and man-
dibular dentitions were bleached 
under supervision to control the 
outcome and to more closely align 
the value (brightness) of the upper 
and lower arches. The tooth was 
prepared for a full crown and 
supporting data were collected 
and sent to the dental laboratory 
for restoration fabrication. At the 
try-in for the first attempt, further 
photographic images were taken 
and sent to the laboratory with 
the crown so that characteriza-
tion could be completed (Fig. 
23). At the second try-in, the 
esthetic objectives of the doctor, 
laboratory technician, and patient 
were realized and the crown was 
bonded utilizing a three-step 
etch and rinse bonding system 
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Fig. 19. a young patient seeking a conservative treatment 

option to replace an unpleasant restoration on tooth No. 9. Fig. 20. 1:2 magnification view of the patient’s natural smile.

Fig. 21. 1:2 magnification of the patient’s upper and 

lower arches.

Fig. 22. 1:1 magnification of patient’s maxillary incisors, revealing anatomic differences 

between the defective restoration and the contralateral natural incisor.



(Optibond FL, Kerr Corporation) 
and a photocure-only resin cement 
(Variolink, Ivoclar Vivadent Inc.). 
Three weeks after cementation, the 
patient returned for the restoration 
to be checked and photographed 
(Fig. 24–26).

Summary
One of the greatest benefits the 
dental profession can provide 
patients is the ability to restore a 
single tooth to match an otherwise 
healthy and esthetic dentition. The 
chances of a successful outcome 
for these challenging cases can 
be improved by approaching the 
case with a complete knowledge 
of anatomical considerations and 
a predetermined protocol to maxi-
mize efforts. 
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Fig. 23. First try-in attempt of the restoration. New images were obtained to allow the 

laboratory technician to more definitively customize the restoration.

Fig. 24. Facial view of the patient’s new smile three weeks 

after bonding of the restoration.

Fig. 25. 1:2 magnification of patient’s natural smile.

Fig. 26. 1:1 magnification of the new crown, exhibiting hypocalcifications, 

maverick colors, translucencies, and anatomic detailing. 
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Oral involvement of chronic graft- 
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Chronic graft-versus-host 
disease (cGVHD) is a major 
complication in patients with 

allogeneic hematopoietic stem cell 
transplantation (HSCT); it can 
affect many organs.1 Oral mani-
festations of cGVHD are common 
and can present as oral mucosal 
lesions, salivary gland dysfunction, 
or reduction of mouth opening 
due to cutaneous sclerosis.1-4 Oral 
pain, xerostomia, and dysphagia 
are symptoms that have been 
related to oral manifestations of 
cGVHD.5,6 Although several stud-
ies have reported the prevalence 
of oral involvement of cGVHD, 
few have reported details on the 
different types and the severity 
of the different manifestations of 
mouth condition, according to the 
NIH.7-10 Furthermore, few studies 

have been published regarding the 
prevalence of oral manifestations of 
cGVHD in Brazil.2,4

Oral mucosal lesions of cGVHD 
are similar to those of oral lichen 
planus, both clinically and micro-
scopically, but they can present 
a more aggressive clinical course 
and be more refractory to treat-
ment. Clinical features can present 
as lichenoid, hyperkeratotic, 
pseudomembranous, atrophic, 
edematous, erythematous, or 
ulcerative lesions.8,11 Salivary gland 
dysfunction related to cGVHD can 
result in xerostomia and superficial 
mucoceles.12-14 Patients who develop 
cGVHD could have a reduction in 
salivary flow rates (SFR), as well as 
alterations in the sialochemistry.15 
Scleroderma is characterized by 
cutaneous sclerosis but also can 

involve oral tissues. An increased 
deposition of collagen can occur in 
patients with cGVHD and lead to 
a reduction in mouth opening, lim-
ited tongue movement, and odyno-
phagia.4,6 According to NIH criteria, 
oral manifestations of cGVHD 
can be classified as diagnostic 
(lichen-type features, hyperkeratotic 
plaques, restriction of the mouth 
opening from sclerosis), distinctive 
(xerostomia, mucocele, mucosal 
atrophy, pseudomembranes, ulcers), 
and common (gingivitis, mucositis, 
erythema, pain).1

The purpose of this study was to 
evaluate the frequency and severity 
of oral manifestations in patients 
with cGVHD in two hematologic 
centers in Brazil. Oral manifesta-
tions were described in accordance 
with NIH criteria.

oral manifestations are common in patients who are diagnosed 
with chronic graft-versus-host-disease (cgVHD). these manifesta-
tions can present as oral mucosal lesions, salivary gland dysfunction, 
or reduction of the mouth opening due to cutaneous sclerosis. 
although several studies have reported the prevalence of oral 
involvement in cgVHD, few have reported details of different 
types and severity of oral lesions of cgVHD, according to the NiH. 
Furthermore, the authors are aware of only one published study 
concerning oral manifestations of cgVHD in Brazil. the purpose 
of this study was to evaluate the prevalence and severity of oral 
involvement of cgVHD. 

oral evaluation of hematopoietic stem cell transplant (HsCt) 
recipients was conducted on 22 patients (12 men and 10 women) 
from December 2007 to may 2009. the following categories 

were assessed: age, gender, underlying disease, time postHsCt, 
history of gVHD, therapy for gVHD, oral lesions, xerostomia, 
resting salivary flow rate, and mouth opening. oral lesions were 
classified according to NiH criteria, and the results were submitted 
to a descriptive analysis. according to the NiH, patients presented 
diagnostic (40.9%), distinctive (31.9%), and common (9.1%) 
features of oral cgVHD. oral involvement of cgVHD was identified 
in 81.8% of patients, 68.2% as mucosal lesions and 59.1% as 
salivary gland dysfunction. reduced mouth opening was observed 
in 12 patients (80%), with one case associated with cutaneous 
sclerosis. oral involvement was frequent in these patients; for 
many, it was the first clinical manifestation of cgVHD.
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Materials and methods
A cross-sectional oral evaluation 
of allogeneic HSCT recipients was 
conducted at Clementino Fraga 
Filho University Hospital, Univer-
sidade Federal do Rio de Janeiro, 
and at the Center for Hematology 

and Hemotherapy, University of 
Campinas, from December 2007 
to January 2011. The study was 
approved by the institutions’ ethics 
committees and all patients signed 
an informed consent form.

Age, gender, underlying disease, 
time postHSCT, history of GVHD, 
and therapy for GVHD were col-
lected from medical records. A 
clinical evaluation was performed 
to assess oral mucosa alterations. 
Xerostomia, measurement of resting 
salivary function rate (SFR), and 
maximum range of mouth opening 
(RMO) were assessed, as were type, 
site, severity, and pain associated 
with oral lesions.

Oral lesions were diagnosed 
according to clinical aspects 
and histological examination. 
Lesions were classified and graded 
according to NIH criteria for oral 
cGVHD.1,16,17 Examinations were 
performed by one of three investi-
gator specialists in oral medicine. 
Oral examinations were conducted 
using an LED at the University 
Hospital before the physician 
appointment. Symptoms related to 
oral lesions were evaluated through 

a visual analogue scale (VAS). Pain 
was recorded when the patient 
reported symptoms greater than 
zero on the VAS.

Moisture perception also was 
measured through a VAS. To 
eliminate eventual cases of dry 
mouth, xerostomia was considered 
in cases measuring ≥2.0 cm on 
the VAS. Resting SFR was used 
to assess salivary function; saliva 
was collected under standardized 
conditions.18 Measurement of SFR 
was performed between 9 am and 
11 am, and no food, drink, smok-
ing, or hygiene were allowed for 
120 minutes prior to this measure-
ment. Patients were instructed to 
eliminate the accumulated saliva 
periodically into a cup, and a 
graded syringe was used to quantify 
the saliva. Only the liquid compo-
nent (not the foam) of the saliva 
was measured. SFRs ≥0.3 mL/
minute were considered normal.19 

RMO was defined as the vertical 
distance between the maxillary 
and mandibular central incisors 
when the mouth was opened 
completely. This measurement was 
performed using a calibrated caliper. 

Chart 1. Flow chart of the inclusion criteria for the  

37 patients included in this study.

37 patients 
included in 
the study

52 patients following 
allogeneic HSCT

17 with no  
history of gVHd

Seven with history of 
acute gVHd

Nine patients for whom oral lesions were 
the first diagnostic feature of cgVHd

28 with cgVHd

oral examination
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Table 1. Clinical and demographic 

characteristics of patients 

diagnosed with cGVHD (N = 37).

Variables n %

gender

male 20 54.1

Female 17 45.9

age (years) mean: 42.47 
median: 43.00 
range: 18–64 

Underlying disease

acute myeloid 
leukemia

15 40.5

Chronic myeloid 
leukemia

15 40.5

myelodysplasia 2 5.4

acute lymphoid 
leukemia

1 2.7

Non-Hodgkin 
lymphoma

1 2.7

Hodgkin lymphoma 1 2.7

aplastic anemia 1 2.7

multiple myeloma 1 2.7

Time postHSCT 
(days)

mean: 1,087.14 
median: 921.00 
range: 159–4,136

cgVHd prophylaxis

None 19 51.4

prednisone 6 16.2

Cyclosporine and 
prednisone

5 13.5

Cyclosporine, 
prednisone, and 
mycophenolate

4 10.8

Cyclosporine 2 5.4

prednisone and 
mycophenolate

1 2.7



RMOs <35 mm were considered 
reduced.20 Results were submitted to 
a descriptive analysis.

Results
A total of 52 allogeneic HSCT 
recipients (25 men [48.1%] and 27 
women [51.9%]) were examined. 
Seven patients had been diagnosed 
previously with acute GVHD, 
28 with cGVHD, and 17 had no 
diagnosis of GVHD. Nine patients 
(17.3%) presented oral lesions as 
the first diagnostic manifestation of 
cGVHD. After the oral evaluation, 
37 patients were diagnosed with 
cGVHD (Chart 1). Clinical and 
demographic characteristics of the 
37 patients included in the study are 
summarized in Table 1.

According to NIH classification, 
89.2% of the patients presented 
at least one oral manifestation of 
cGVHD. Patients were classified 
as showing diagnostic features of 
cGVHD in 23 cases (62.2%), while 
10 patients (27%) had distinctive 

oral manifestations of cGVHD. 
Oral lesions of cGVHD were 
observed in 30 cases (81.1%), 
affecting mainly the buccal mucosa, 
gingiva, and tongue. The preva-
lence of oral features of cGVHD 
according to NIH classification is 
presented in Table 2. Anatomic sites 
for oral lesions are shown in Table 3.

The median NIH score for the 
grading of oral lesions was 4.0  
(range = 0–12) among the 37 
patients studied. With respect to the 
grading of each clinical presentation, 
the following lesion median scores 
were noted: lichenoid, 1.0 (range = 
0–3); erythema, 1.0 (range = 0–3); 
ulcers, 0.0 (range = 0–6); and muco-
celes, 0.0 (range = 0–3). The median 
score for pain from oral lesions on 
VAS was 1.7 cm (range = 0–8 cm).

No cases of mucositis were identi-
fied. According to NIH criteria, 
mucositis is classified as a common 
oral manifestation of cGVHD. The 
patients studied were in a stage of 
late disease, with the most recent 
case being 159 days postHSCT, 
when mucositis is not anticipated. 
Additionally, gingivitis is considered 
a common feature by the NIH 
criteria. Patients in the present study 

were not submitted to periodontal 
evaluation with probing, because 
the study was not designed to evalu-
ate the prevalence of inflammatory 
periodontal disease.

Salivary gland involvement was 
identified in 26 (70.3%) of the stud-
ied patients: 22 patients (59.5%) 
had xerostomia, 20 (55.6%) had 
reduced SFR, and 10 (27.0%) 
developed mucoceles. Median and 
mean values for xerostomia were, 
respectively, 3.0 cm and 3.81 cm on 
the VAS (range = 0–10 cm). Median 
and mean SFR were 0.24 mL/min 
and 0.32 mL/min, respectively 
(range = 0–0.92 mL/min).

Due to the delayed acquisition of 
the proper device to measure RMO, 
mouth opening was measured in 
only 17 patients. The median  
RMO observed in this study was 
32.5 mm (range = 21–46 mm). 
Reduced RMO was observed in 
13 patients (76.5%); however, only 
two cases (5.4%) were associated 
with cutaneous sclerosis (Table 2). 
No TMJ disorders were observed in 
these patients.

Discussion
The present study sought to analyze 
the prevalence of the different types 
of oral manifestations of cGVHD 
in accordance with the NIH clas-
sification for oral manifestation 
of cGVHD.1 Oral involvement of 
cGVHD was present in 89.2% of 
the cases, and it was the first mani-
festation of cGVHD for 17.3% of 
the patients. These results are similar 
to those reported elsewhere in the 
literature, where oral involvement in 
cases of cGVHD has been reported 
to occur in more than 70% of the 
cases, affecting both the oral mucosa 
and/or the salivary glands.3-5 

Although several studies have ana-
lyzed the prevalence of oral involve-
ment by cGVHD, no study has 
refined the findings by the anatomic 
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Table 3. Prevalence of anatomic 

sites most commonly involved 

with oral lesions of cGVHD.

oral anatomic site n %

Buccal mucosa 24 64.9

gingiva 23 62.2

tongue 21 56.8

Hard palate 12 32.4

lips 11 29.7

labial mucosa 10 27.0

soft palate 6 16.2

Floor of the mouth 3 8.1

Table 2. Prevalence of oral 

features of cGVHD according  

to NIH criteria.

Variables n %

diagnostic features

Hyperkeratotic plaques 15 40.5

lichen-type features 12 32.4

rmo from sclerosis 2 5.4

distinctive features

mucosal atrophy 22 59.5

Xerostomia 22 59.5

Ulcers 14 37.8

mucocele 10 27.0

pseudomembranes 2 5.4

Common features

erythema 20 54.1

pain 17 47.2



sites and the types and severity of 
the clinical presentation of cGVHD 
in the oral mucosa. 

The most common clinical 
presentations of oral lesions in 
the present study were atrophy, 
erythema, hyperkeratosis, ulcers, 
and lichenoid lesions. This result is 
similar to those considered by pre-
vious studies as the main oral clini-
cal manifestations of cGVHD.4,16 

Interestingly, even in the presence 
of ulcers, atrophy, and erythema, 
pain scores as noted using a VAS 
were low. These findings could be 
explained by the fact that most of 
the patients were considered to 
have late-stage disease at the time 
of the oral examination, with no 
activity of cGVHD and in a cica-
tricial disease stage.

Even though the patients in the 
present study were in a cicatricial 
stage of cGVHD, a high prevalence 
of pain was observed. Since the NIH 
criteria do not define a threshold for 
pain, in this study, pain was consid-
ered a symptom when the patient 
reported symptoms greater than zero 
on the VAS. Therefore, the results 
expressed in the present study reflect 
pain or sensitivity to food or spices 
as reported by the patients, which 
explains the high prevalence.

The oral mucosa sites most com-
monly involved with lesions in the 
studied population were similar to 
those in previous reports, with a 
high prevalence of oral lesions on the 
buccal mucosa and on the tongue.4,16 
Gingival lesions associated with 
cGVHD also were observed 
frequently in the present study 
(62.2%). These lesions could have 
subtle clinical manifestations and 
can be misdiagnosed easily if investi-
gators are not specifically trained to 
look for them. Moreover, a possible 
overlap of cGVHD-related gingival 
lesions and periodontal disease could 
complicate this diagnosis.

Regarding NIH criteria, xerosto-
mia and mucoceles are classified as 
distinctive oral manifestations of 
cGVHD.1 Therefore, when patients 
have mucoceles or symptoms 
of xerostomia, the diagnosis of 
cGVHD requires confirmation by 
pertinent biopsy, laboratory tests, 
or imaging techniques in the same 
or other organs. All patients that 
had symptoms of xerostomia in 
the present study had already been 
confirmed for cGVHD. Therefore, 
the results presented here can be 
considered as an accurate clinical 
estimate of the prevalence of salivary 
gland involvement with cGVHD.

Salivary gland involvement also 
has been described as subjective 
and objective measurements in 
the current study. Salivary gland 
involvement was identified in 
70.3% of the patients as xerostomia 
(59.5%), reduced SFR (55.6%), or 
mucoceles (27%). Xerostomia can 
be defined as the symptom of dry 
mouth, which can be associated 
with the objective evidence of sali-
vary gland dysfunction.21 The NIH 
criteria consider xerostomia to be a 
oral manifestation of cGVHD, but 
not reduced SFR.1 SFR is a more 
objective measure of salivary gland 
dysfunction compared to xerosto-
mia. Additionally, many patients 
with reduced SFR do not complain 
of xerostomia; patients may not feel 
the sensation of dry mouth until 
there is a 40–50% reduction in 
resting SFR.22

Cutaneous sclerosis due to 
cGVHD has been described as 
“...indurated, thickened skin caused 
by deep and diffuse sclerosis over a 
wide area.”1 Cutaneous sclerosis has 
been reported in 15.5% of patients 
with cGVHD in one longitudinal 
study.23 Complaints of RMO related 
to cutaneous sclerosis have been 
reported in 5–23% of cases; how-
ever, to the authors’ knowledge, no 

study has measured RMO in these 
patients.4,24 In the present study, 
only two (5.4%) of the patients had 
a reduction in RMO, possibly asso-
ciated with cutaneous sclerosis. 

There are two possible reasons for 
a reduction in RMO in cGVHD 
not related to cutaneous sclerosis. 
First, patients with oral lesions 
could experience a reduction in 
RMO due to pain associated with 
these lesions. Second, a reduction 
in RMO could manifest earlier 
in the disease life cycle compared 
to cutaneous sclerosis. Indeed, 
the present study observed a high 
prevalence of reduced RMO 
(76.5%), but only two cases were 
associated with cutaneous sclerosis 
(5.4%). Further research is required 
to analyze the relationship of 
cGVHD with RMO not associated 
with cutaneous sclerosis.

The NIH criteria have not defined 
which RMO would be considered a 
diagnostic feature for cGVHD. Var-
ious thresholds for the diagnosis of 
trismus have been proposed.20,25 The 
parameter used in this study was the 
same as that proposed for head and 
neck oncology patients.20 Further 
research is warranted in order to 
define precise limits for RMO in 
which it could be considered as a 
diagnostic feature of cGVHD.

The present study is important to 
provide evidence of the prevalence, 
anatomical sites, and severity of the 
oral mucosal lesions of cGVHD, as 
well as to refine diagnostic criteria 
with regard to RMO and salivary 
gland involvement. It is important 
for dental professionals to be aware 
of the clinical characteristics of oral 
lesions in patients submitted to 
allogeneic HSCT, which could help 
to establish an early diagnosis of 
cGVHD. Future studies are required 
to provide objective thresholds to 
evaluate SFR, xerostomia, and RMO 
as they relate to cGVHD.
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Conclusion
The current study found that oral 
involvement by cGVHD was pres-
ent in the majority of the studied 
patients and was the first clinical 
manifestation of the disease for 
many of the patients. Oral mucosa 
and salivary glands are frequently 
involved with cGVHD.
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Subject Code 750
The 15 questions for this exercise are based on the article 
“Oral involvement of chronic graft-versus-host disease in 
hematopoietic stem cell transplant recipients” on pages 
458-462. This exercise was developed by Merlin P. Ohmer, 
DDS, FAGD, in association with the General Dentistry 
Self-Instruction committee.

Reading the article and successfully completing the 
exercise will enable you to:
•	understand	the	oral	complications	of	chronic	graft-

versus-host disease (cGVHD);
•	recognize	the	oral	issues	related	to	cGVHD;	and
•	recognize	the	prevelance	of	cGVHD	in	transplant	

patients.

 1. Oral manifestations of chronic graft-versus-host 
disease (cGVHD) include all of the following except 
one. Which is the exception?

A. Mucosal lesions

B. Salivary gland dysfunction

C. Interproximal decay

D. Cutaneous sclerosis

 2. Oral involvement was present in what percentage 
of patients with cGVHD?

A. 45.5

B. 54.5

C. 68.2

D. 81.8

 3. Oral mucosal lesions of cGVHD are similar to  
those of

A. erethema multiforme.

B. lichen planus.

C. pemphigus vulgaris.

D. cicitricial pemphegoid.

 4. cGVHD oral lesions can present as all but which  
of the following?

A. Atrophic

B. Hypertrophic

C. Hyperkeratotic

D. Erythematous

 5. Patients with cGVHD could experience limitation  
in mouth opening due to

A. decreased nerve activity.

B. increased collagen deposition.

C. muscle atrophy.

D. TMJ ankylosis.

 6. Which type of transplant had the patients in  
the study received?

A. Stem cell

B. Organ

C. Cornea

D. Bone

 7. What percentage of patients in the study had at 
least one oral manifestation of cGVHD?

A. 17.3

B. 27.0

C. 81.1

D. 89.2

 8. How many cases of mucositis were identified in the 
study?

A. 0

B. 10

C. 23

D. 37

 9. How many patients in the study had salivary  
gland involvement?

A. 0

B. 20

C. 22

D. 26

 10. How many patients in the study had TMJ 
disorders? 

A. 0

B. 2

C. 13

D. 17
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 11. A high presence of pain was noticed in  
which stage of cGVHD?

A. Early

B. Late

C. Middle

D. Cicatricial

 12. In cGVHD, where were lesions most  
commonly located?

A. Buccal mucosa

B. Palatal mucosa

C. Peritonsillar area

D. Gingival sulcus

 13. All of the following are diagnostic features of 
cGVHD except one. Which is the exception?

A. Chronic joint pain

B. Lichen-type features

C. Hyperkeratotic plaques

D. Restriction of mouth opening

 14. The NIH considers xerostomia as an oral 
manifestation of cGVHD. Xerostomia occurs 
whenever there is salivary disease.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

 15. Cutaneous sclerosis is a common symptom of 
cGVHD. Most patients with cutaneous sclerosis 
report a reduction in mouth opening.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

Instructions are on page 431.
Answer form is on page 512.
Answers for this exercise must be received by October 31, 2012. 
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Effects of a paste-free prophylaxis polishing 
cup and various prophylaxis polishing pastes 
on tooth enamel and restorative materials
david a. Covey, ddS, MS n Caren Barnes, MS n Hidehiko watanabe, ddS, MS n william w. Johnson, ddS, MS

surface polishing of teeth and 
dental restorations is an inte-
gral part of a wide variety of 

dental procedures, from the removal 
of stains and plaque during dental 
hygiene prophylaxis to the finishing 
and polishing of dental restorations. 
As an element of an oral prophy-
laxis, surface polishing produces 
smooth surfaces on the teeth and 
restorations, thereby reducing the 
adherence of oral accretions such as 
dental biofilm (plaque) and extrinsic 
stains.1 As an element of finishing 
and polishing dental restorations, 
surface polishing provides smooth 
restorative surfaces. Emphasis 
should be placed on the correct 
polishing of esthetic restorative 
materials once the restorations are 
completed, with the initial finishing 
and polishing performed by the 
dentist. From that time on, restora-
tions should be polished only with 
polishing agents recommended by 
the material’s manufacturer. If that 

information is not available, the 
clinician should select a polishing 
agent that is suitable for that specific 
material or use an abrasive-free 
cleaning agent.2 

Dental prophylaxis agents can 
be classified as either nonabrasive 
or abrasive. Nonabrasive cleaning 
agents do not abrade the surfaces of 
teeth or restorative materials. Clean-
ing agents have flat, round particles 
that still produce a high luster.1 
The most readily available cleaning 
agent is made of feldspar. Feldspar 
particles are composed of alkali, a 
compound of sodium, potassium, 
and calcium aluminosilicates. This 
cleaning agent is formulated into 
a powder and can be mixed with a 
neutral sodium fluoride solution or 
water to apply as a paste. 

Abrasive prophylaxis polishing 
agents are available in two basic 
forms: dry powders, also referred to 
as flours, which must be mixed with 
a liquid (water, fluoride solution, 

or mouthrinse), and commercially 
prepared polishing pastes, which 
are available in bulk or individual 
unit doses. Dry powders or flours 
are graded in order of increasing 
fineness: F, FF, and FFF.3 Powders 
or flours applied to the dentition 
without wetting agents can create 
excessive heat. For this reason, the 
use of dry abrasives or powder on a 
dry polishing cup is contraindicated 
due to the potential for thermal 
injury to natural teeth.1,4

The particle grit size of commer-
cially prepared polishing pastes is 
graded from fine to coarse, based on 
standard sieves through which the 
particles pass. The types of abrasive 
particles used in polishing pastes 
vary among the commercial varieties 
and from one grit size to another, 
yet there is no industry standard 
to specifically define these terms or 
determine a consistently sized abra-
sive particle. The physical properties 
of an abrasive particle—hardness, 

the application of cleaning and polishing agents to a patient’s 
dentition is a routine part of many dental practices. this study 
measured the surface roughness and surface gloss of tooth 
enamel, composite resin, and dental porcelain restorative materials 
when exposed to a paste-free prophylaxis polishing cup as well 
as a conventional prophylaxis polishing paste. samples of human 
tooth enamel, a composite resin restorative material, and dental 
porcelain were prepared by a series of polishing papers to produce 
a flat smooth surface. the baseline average surface roughness (ra) 
was measured using a contact stylus profilometer, and the surface 
gloss was measured with a glossmeter. the test samples were 
subjected to a standardized polishing routine using a paste-free 

prophylaxis polishing cup and a fine- or coarse-particle prophylaxis 
paste. post-treatment surface roughness and gloss measurements 
were compared using a paired t statistical test. 

the conventional prophylaxis pastes increased surface rough-
ness and decreased the gloss of the composite resin and tooth 
enamel test groups. the paste-free cups did not significantly 
affect the surface roughness of the enamel or the restorative 
materials. Dental porcelain surface roughness essentially was not 
affected by the application of paste-free cups and the fine and 
coarse pastes. 

received: December 3, 2010
accepted: February 23, 2011

Dental Materials

466      November/December 2011      General Dentistry      www.agd.org

Cde
2 HOURS
CREDIT



size, and shape—are important to 
the rate of polishing. To be effective, 
abrasive particles must be harder 
than the surface or material being 
polished; additionally, the applica-
tion method, including pressure 
and speed, will affect the rate of 
substrate surface removal. 

Commercially prepared pro-
phylaxis polishing pastes combine 
abrasives with a binder, humectants, 
a coloring agent, preservatives, 
and flavoring agents. The types 
of abrasive particles used in com-
mercial prophylaxis polishing paste 
include flour of pumice, aluminum 
oxide (alumina), silicon carbide, alu-
minum silicate, silicon dioxide, car-
bide compounds, garnet, feldspar, 
zirconium silicate, zirconium oxide, 
boron, and calcium carbonate; other 
abrasive particles include emery, 
perlite, and silica.1,4-6 Collectively, 
these abrasive agents have a Mohs 
hardness number of 3.0–9.3.1,4 
Pumice and glycerin are the most 
commonly used ingredients in com-
mercially prepared polishing pastes. 

As of this writing, the U.S. Food 
and Drug Administration (FDA) 
does not regulate polishing pastes. 
The FDA does not recognize or des-
ignate any oral prophylaxis paste as 
containing a drug, and therapeutic 
additives are recognized by the FDA 
only as secondary components.7 

Many clinicians will use a single, 
coarse grit prophylaxis paste to 
polish tooth structure and dental 
restorations during routine hygiene 
procedures. A survey of published 
sales indicates that coarse grit is the 
leading seller of polishing paste; 
80% of polishing paste sales are 
coarse grit and 10% are medium 
grit.8 It has been suggested that 
using the coarsest polishing paste 
available will remove the heaviest 
amounts of stain as well as the 
lightest amounts, thus saving time, 
hence the preference for coarse grit 

polishing paste. However, the use 
of coarse grit polishing paste can 
cause dentin hypersensitivity, tooth 
structure wear, and rough tooth 
and restoration surfaces; it also can 
accelerate staining and the reten-
tion of dental plaque and calculus. 
Coarse grit paste should be followed 
by the use of medium grit paste, 
and the final polish should be done 
using fine grit paste.1,4,6,9,10 A new 
device has been introduced recently 
that is unique to the polishing arma-
mentarium: a disposable prophylaxis 
angle with an abrasive-impregnated 
rubber prophylaxis polishing cup.

The study of the effects of pro-
phylaxis polishing agents typically 
involves investigating the effects of 
the polishing agent on tooth enamel 
and/or various restorative materials; 
therefore, it was the purpose of this 
study to investigate the effects of 
this abrasive-impregnated rubber 
prophylaxis polishing cup on surface 
roughness and gloss of two dental 
restorative materials (dental porcelain 
and composite resin) and human 
tooth enamel. For comparative 
purposes, this study also included 
an investigation of the effects of two 
grits of traditional prophylaxis pol-
ishing paste on enamel, composite 
resin, and dental porcelain.

Materials and methods
Composite resin samples were 
formed in a Dalrin mold that was 
lubricated with a Teflon aerosol 
spray. The composite resin material 
(Filtek Supreme, 3M ESPE) was 
packed into the mold form, which 
was 10 mm in diameter and 2.0 mm 
deep. A glass microscope slide was 
compressed onto the composite 
resin to create a smooth, flat surface. 
The specimens were polymerized 
for 40 seconds using a curing light 
(COE Lunarta, GC America Inc.).

Dental porcelain samples were pre-
pared from OPC 3G porcelain shade 

tabs of amorphous glass overlay por-
celain (Pentron Ceramics, Inc.). The 
disc-shaped porcelain tabs are 1.0 
cm in diameter and 2.0 mm thick. 
The composite resin and porcelain 
specimens were wet-polished using 
a series of aluminum carbide grit 
papers (600, 800, and 1200 grit) to 
produce a smooth, uniform surface. 

Enamel specimens were prepared 
by removing sections of tooth enamel 
from extracted human third molars 
using a water-cooled, slow-speed, 
diamond rotary saw. The enamel 
sections were approximately 1.0 cm 
in diameter and 3.0 mm thick. The 
enamel surfaces of the specimens 
were flattened using a series of 
aluminum carbide grit papers (600, 
800, and 1200 grit) mounted on a 
rotating polishing wheel, resulting 
in a flat, polished enamel surface at 
least 5.0 mm in size. 

Specimens were stored in distilled 
water at 37°C prior to testing. A 
total of 63 experimental specimens 
were fabricated. Seven disk-shaped 
samples of the two dental materials 
and seven human tooth enamel 
specimens were fabricated for each 
of the three polishing methods used 
in this study.

The dental restorative materials and 
the enamel specimens were exposed 
to three simulated dental prophylaxis 
polishing treatments. The polishing 
treatments utilized were a fine-grit 
prophylaxis polishing paste (Nupro 
fine grit, Dentsply International), a 
coarse-grit prophylaxis polishing paste 
(Nupro coarse grit, Dentsply Interna-
tional), and an abrasive-impregnated 
rubber prophylaxis polishing cup 
(Sunstar Americas, Inc.). 

Each specimen was treated with 
the polishing agent (prophy paste 
or polishing cup) for 30 seconds at 
a speed of approximately 900 rpm, 
using a low-speed dental handpiece. 
The polishing pastes were applied 
using a standard, soft-webbed 
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rubber cup and disposable prophy-
laxis angle (Young Dental). The 
samples were cleared of abrasive 
residue using a distilled water rinse.

The surface roughness and gloss 
of each specimen were measured 
prior to and after polishing 
treatment. The surface rough-
ness profiles of the samples were 
measured using a contact profilom-
eter (Surfscan SJ-400, Mitutoyo 
America). A probe tip with a 2.0 
µm radius was applied with a force 

of 0.75 mN along five 0.25 mm 
sampling lengths, which yielded a 
total evaluation length of 1.25 mm. 
The specimen’s surface roughness 
was defined by the arithmetic mean 
of the magnitude of the deviation 
of the profile from the mean line 
measured within the sampling 
length (Ra). Three measurements 
were recorded from each specimen, 
and the average of the Ra values 
was recorded as the specimen’s 
surface roughness. 

The surface gloss of the samples 
was recorded using a gloss meter 
(Betagloss Small Area Gloss Meter, 
Beta Industries) using the DIN 
16537 standard. Surface gloss values 
range from a gloss meter reading 
of 0.0 (totally diffuse, or matte) to 
10.0 (totally specular, or glossy). 
Three measurements were recorded 
and averaged for each specimen. 

Statistical analysis
The recorded data were used to 
calculate the mean and standard 
deviation (SD) for each group. A 
paired t-test with statistical signifi-
cance set at a P value of 0.05 was 
used to compare roughness and 
gloss of the baseline and treated 
composite resin, dental porcelain, 
and tooth enamel surfaces. Sta-
tistical analysis was done using 
GraphPad Prism software, version 
5.02 (GraphPad Software Inc.). 

Results
The mean surface roughness and gloss 
values for the composite resin, porce-
lain, and tooth enamel experimental 
groups obtained before and after 
the various simulated prophylaxis 
polishing methods are summarized in 
Tables 1 and 2 and Charts 1 and 2. 

Composite resin surfaces treated 
with fine or coarse prophylaxis paste 
exhibited significant increases in 
surface roughness as measured by 
Ra values (P < 0.001), as well as a 
decrease in surface gloss (P < 0.001, 
P < 0.002). Prophylaxis polishing 
cup treatment of the composite resin 
samples did not result in significant 
changes in surface roughness 
(P = 0.167) or gloss (P = 0.170).

The surface roughness of the 
porcelain samples was not altered 
by any of the polishing methods. 
Polishing with coarse prophylaxis 
paste did affect the porcelain 
surface gloss (P = 0.022). Tooth 
enamel treated with fine or coarse 

Chart 1. Surface roughness test results.

Chart 2. Surface gloss test results.
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prophylaxis paste resulted in an 
increase in surface roughness (P = 
0.004, P = 0.026) and a decrease in 
surface gloss (P = 0.003, P = 0.013). 
Tooth enamel exposed to the 
paste-free polishing cup treatment 
did not exhibit significant changes 
in surface roughness. However, 
the surface gloss values of tooth 
enamel polished with polishing 
cups were statistically lower than 
baseline values.

Discussion
Composite resin restorations will 
exhibit the smoothest surface when 
polymerized while in direct contact 
with a polyester matrix (Mylar). 
This surface layer is resin-rich and 
softer than the underlying com-
posite. Contouring and finishing 
the restoration to obtain the proper 
dental anatomy necessitates removal 
of this surface. Numerous polish-
ing devices, including abrasive 
compounds bonded to dental burs, 
elastomeric or rubber polishing 
devices, and abrasive pastes, are 
applied to composite resin restora-
tions to establish a smooth, glossy 
surface. In the present study, the 
composite resin material was pol-
ished in a manner to simulate the 
surface finish obtained with a series 
of medium, fine, and superfine alu-
minum oxide polishing disks.11,12

The surface of a composite resin 
restoration in an oral environment 
will be exposed to erosive pH 
solutions found in foods, as well 
as abrasives contained in denti-
frices and prophylaxis pastes; this 
exposure results in a roughening 
of the restoration’s surface. In vivo 
and in vitro studies have found 
that prophylaxis tooth-cleaning 
procedures with commercially 
available abrasive paste will increase 
the surface roughness and decrease 
the gloss of polymer-based dental 
restorative materials.11-17

Jefferies and McCabe et al 
describe the process of abrasive wear 
as the mechanism most responsible 
for changing the surface of restor-
ative dental material or tooth struc-
ture.5,18 Abrasive wear can occur as 
a two- or three-body mechanism. 
In a two-body mode, the abrasive 
is attached to a polishing applica-
tor, such as a dental bur, disk, or 
micropolisher, and applied directly 

to the specimen surface. Three-body 
wear occurs when unbound particles 
(such as polishing and prophylaxis 
paste) are placed in the interface 
between the specimen surface and 
the polishing device. 

The surface topography of pol-
ished composite resin is influenced 
by the hardness, size, and distribu-
tion of the composite resin’s filler 
particles, the composition of the 

Table 1. Surface roughness for three materials and three polishing methods. 

Material

Mean surface roughness (Sd) (in µm) Paired t-test

Polishing method Pretreatment Post-treatment P value

Composite 
resin

Fine paste 0.074 (0.003) 0.196 (0.03) 0.001*

Coarse paste 0.073 (0.008) 0.218 (0.046) 0.001*

polishing cup 0.072 (0.003) 0.075 (0.004) 0.167

porcelain Fine paste 0.084 (0.003) 0.085 (0.009) 0.700

Coarse paste 0.082 (0.004) 0.074 (0.005) 0.062

polishing cup 0.081 (0.003) 0.078 (0.004) 0.181

enamel Fine paste 0.086 (0.006) 0.106 (0.007) 0.004*

Course paste 0.088 (0.005) 0.104 (0.011) 0.026*

polishing cup 0.088 (0.007) 0.092 (0.004) 0.296

*statistically significant (p < 0.05).

Table 2. Surface gloss for three materials and three polishing methods.

Material

dIN 16537 gloss units (Sd) Paired t-test

Polishing method Pretreatment Post-treatment P value

Composite 
resin

Fine paste 9.36 (0.096) 6.43 (0.251) 0.001*

Coarse paste 9.38 (0.103) 7.19 (1.146) 0.002*

polishing cup 9.34 (0.062) 9.24 (0.126) 0.170

porcelain Fine paste 9.51(0.113) 9.49 (0.061) 0.446

Coarse paste 9.44 (0.036) 9.33 (0.088) 0.022*

polishing cup 9.42 (0.105) 9.47 (0.047) 0.270

enamel Fine paste 9.72 (0.078) 9.18 (0.253) 0.003*

Coarse paste 9.64 (0.101) 9.03 (0.431) 0.013*

polishing cup 9.77 (0.061) 9.54 (0.053) 0.001*

*statistically significant (p < 0.05).
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resin matrix, and the hardness and 
shape of the abrasive polishing 
agent.5,15 Previous studies have 
suggested that a three-body wear 
mechanism is responsible for the 
roughening effect found when 
prophylaxis pastes are applied to 
composite resin materials.17,19 When 
exposed to prophylaxis agents, the 
surfaces of composite resin dental 
materials become roughened by 
abrasive wear due to selective 
removal of the relatively soft resin 
matrix; this results in the subsequent 
exposure of filler particles.17,20 A 
four- to six-fold increase in surface 
roughness, as measured by Ra values, 
has been observed when prophylaxis 
paste is applied to conventional 
and microfilled composite mate-
rial.15 Warren et al studied the 
effects of fine, medium, and coarse 
pumice-particle prophylaxis pastes 
and a perlite-based prophylaxis 
paste on a microhybrid composite, 
a polyacid-modified composite resin, 
and a resin-modified glass ionomer 
cement. All types of prophylaxis 
paste caused increases in surface 
roughness in all tested materials.14 

The extent of the surface rough-
ness will depend on the hardness, 
size, and shape of the abrasive 
particles and the composition of the 
organic matrix and filler particles 
of the composite resin restoration.5 
The prophylaxis paste and cup used 
in this study contain particles of 
pumice, a mineral with a Mohs 
hardness number of 6, whereas 
composite resins have a Mohs hard-
ness number of approximately 5–7.

In the present study, the applica-
tion of a coarse particle (74–177 
µm) and fine particle (1–45 µm) 
pumice-based prophylaxis paste 
onto a nanofilled composite resin 
resulted in a significant increase 
in surface roughness. However, 
the prophylaxis polishing cup 
embedded with pumice did 

not cause significant roughen-
ing of the composite resin. The 
prophylaxis polishing cup uses a 
two-body wear mechanism and 
functions in a manner similar to 
polishers used during the fabrication 
of composite resin restorations. 
In vitro studies have shown that 
using diamond-embedded rubber/
polymer micro-polishers (Po-Go, 
Dentsply Caulk) can produce 
surfaces approaching the surface 
smoothness of composites polymer-
ized against polyester films.21-23

To maintain a highly polished, uni-
form surface, the embedded abrasive 
polisher particles must have sufficient 
hardness to abrade filler particles as 
well as the composite resin matrix. 
The composite resin used in the 
present study is composed of 0.6 
µm-sized clusters of loosely bound, 
zirconia-silica nanosized particles 
combined with nonagglomerated 
silica nanoparticles (20 µm) in a Bis-
GMA matrix.20,24 Unlike composite 
materials with larger filler particles, 
filler particles in the matrix as well 
as the particles of the nanoclusters 
are removed individually during 
exposure to abrasion.12,20,25 Surface 
smoothness is maintained, as selec-
tive loss of matrix material around 
large filler particles and their subse-
quent loss are avoided. 

The effect of the prophylaxis 
polishing cup on other classifica-
tions of composite resins is not 
easily predicted. Previous research 
has indicated that while composite 
resin filler particle size is one influ-
encing factor, the polishing system 
itself consitutes the major factor in 
determining surface roughness.26,27 
Other studies have reported that 
a single polishing system can 
produce different surface roughness 
values, depending on the clas-
sification types of composite resin 
tested.28 Lack of similar surface 
effects has been observed when a 

single polishing system is applied 
to a single classification type, such 
as nanofilled or flowable composite 
resins.20,21,29 Additional research 
is needed to determine the effect 
prophylaxis polishing cups will 
have of the surface on polymeric 
esthetic dental materials.

The visual appearance, such as 
shade and gloss, of tooth enamel and 
composite resin restorative materials 
is affected by the degree of surface 
roughness. Stanford et al found that 
composite resins that have been 
polished appear lighter, whiter, and 
less glossy than composite resins 
prepared under a polyester film 
surface.30 Shade alterations are due 
predominately to changes in value 
(lightness), while hue and chroma 
are not significantly altered.31-33

The effect of abrasives on the 
gloss values of composite resin has 
been studied previously. Gloss is the 
shiny surface appearance created 
when reflected light is equal and 
opposite to the angle of incidence 
of an illuminating source.34,35 This 
specular light is affected by the 
surface topography of the object. 
Composite resin formed against 
polyester strips will exhibit higher 
gloss levels compared to composite 
resin materials that have been 
exposed to finishing and polish-
ing.31,36-39 Surface imperfections 
cause scattering of the specular 
light. Studies have shown that the 
surface roughness (Ra) of composite 
resin materials is inversely related 
to observed gloss. An increase in Ra 
values results in decreased specular 
intensity or gloss; this relationship 
has been described by both linear 
and nonlinear equations.35,40-42

Simulated toothbrushing and 
generalized three-body wear 
studies have reported that the 
composition of the composite resin 
material influences gloss reten-
tion. Nanofilled and microfilled 
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materials maintained higher gloss 
than microhybrids and hybrids.24,43 
These studies use dentifrices and a 
slurry of polymethylmethacrylate 
beads as third-body particles. In 
the present study, the pumice 
particles used in prophylaxis 
paste were harder and larger than 
abrasives used in wear tests, result-
ing in a visually dull surface and 
a decrease of 40% of the original 
baseline gloss value. The effect of 
prophylaxis paste on other types of 
composite resin materials has not 
been widely studied.

Porcelain restorations can require 
adjustment during clinical proce-
dures that result in the removal of 
dental fabricated glazed surfaces. 
Porcelain restorative materials 
have Mohs hardness values in the 
6–7 range. The use of abrasives 
with high Mohs values, such as alu-
minum oxide (9) and diamond (10), 
can produce surfaces with surface 
roughness values comparable to 
that of glazed porcelain. Numerous 
studies have investigated the effect 
of two- and three-body polishing 
methods on porcelain restorative 
materials. However, few studies 
have evaluated the effects of oral 
care cleaning with dentifrices or a 
periodic-use prophylaxis cleaning 
paste on porcelain restorations.44,45 
In the present study, the application 
of pumice-based prophylaxis paste 
and prophylaxis polishing cups did 
not result in a significant change 
in surface roughness. Simulated 
toothbrushing studies of porcelain 
have reported similar results.45

Increases in surface rough-
ness alter the color and gloss of 
porcelain restorations in a manner 
similar to that observed with 
composite resin restorations.46,47 In 
the present study, the application 
of coarse prophylaxis paste resulted 
in a statistically significant decrease 
in the gloss values of the porcelain 

surface. However, the treated sur-
face represented a 98.8% retention 
of the baseline value. It is unlikely 
that the modification in the gloss 
of the treated surface would be 
clinically significant. Clinicians 
find it difficult to subjectively 
discern minor differences in the 
surface gloss of highly polished 
dental restorations.48

The main purpose of prophylaxis 
paste is the removal of soft plaque, 
deposits, and extrinsic staining from 
the surface of enamel and dentin. 
Pumice-based prophylaxis paste is 
reported to be the most widely used; 
its popularity is due to its clean-
ing ability.4 In the present study, 
both the fine and coarse grit pastes 
produced an increase in surface 
roughness of the highly polished 
baseline enamel. Similar studies that 
evaluated the effect of prophylaxis 
paste and dentifrices on polished 
enamel have reported an increase 
in surface roughness; however, 
the surface structure of “intact” 
enamel is marked by irregularities, 
including perikmata furrows, pits, 
mineral deposits, and scratches.49,50 
Contact profilometer surface 
roughness values for unpolished 
human tooth enamel range from 
0.85–1.63 µm.51,52 

Studies of human and bovine 
enamel reveal that prophylaxis 
pastes do not result in significant 
changes in surface roughness when 
applied to intact enamel.15,53-55 
Other studies have found that the 
application of prophylaxis paste 
can result in a reduction of surface 
irregularities and smoothing of the 
enamel’s surface features.54-56 In 
vivo microscopy studies reveal that 
polishing-induced scratches on the 
enamel surface diminish over time 
and are resolved approximately 
three to five weeks after polishing.57 
This smoothing effect could be 
due to the patient’s application of 

dentifrices during toothbrushing.57 
Similar results are reported when 
pumice-polished tooth enamel is 
subjected to simulated toothbrush-
ing in vitro.58

The prophylaxis paste and prophy-
laxis polishing cup-induced rough-
ening of the enamel specimens in 
the present study was sufficient to 
cause a reduction in gloss; how-
ever, gloss retention was still high 
relative to baseline values. Gloss 
values for intact unpolished and 
polished tooth enamel have not 
been studied. 

Conclusion
Under the limitations of this study, 
the effect of prophylaxis polishing 
methods on the surface of compos-
ite resin, dental ceramic, and tooth 
enamel was material-dependent. 
Surface roughness and gloss of 
composite resin was significantly 
affected by the application of 
prophylaxis paste. Dental porcelain 
surfaces were not significantly 
altered by prophylaxis paste. Pro-
phylaxis paste caused an increase in 
surface roughness and a decrease in 
gloss when applied to tooth enamel. 
The paste-free prophylaxis polishing 
cup tested had little, if any, effect 
on the surface roughness and gloss 
of composite resin, dental ceramic, 
or tooth enamel. 

Author information
Drs. Covey, Watanabe, and 
Johnson are associate professors, 
Department of Adult Restorative 
Dentistry, University of Nebraska 
Medical Center College of 
Dentistry in Lincoln, where 
Ms. Barnes is a professor, 
Department of Dental Hygiene.

References
 1. Barnes Cm. the science of polishing. Dimen 

Dent Hygiene 2009;7(11):18-22.
 2. Barnes Cm. polishing esthetic restorative mate-

rials. Dimen Dent Hygiene 2010;8(1):24-28.

www.agd.org      General Dentistry      November/December 2011      471



 3. Kramer industries, inc. typical screen analyses of 
grades—pumice. available at www.kramer 
industriesonline.com/blasting-media/pumice.
htm. accessed august 31, 2011.

 4. Wilkins em. Clinical practice of the dental hy-
gienist, ed. 10. philadelphia: lippincott Williams 
and Wilkins;2009:727-740.

 5. Jefferies sr. abrasive finishing and polishing in 
restorative dentistry: a state-of-the-art review. 
Dent Clin North am 2007;51(2):379-397.

 6. Daniel sJ, Harfst sa, Wilder rs. mosby’s cases, 
concepts, and competencies, ed. 2. st. louis: 
mosby elsevier;2008:600-622.

 7. U.s. Food and Drug administration. Jurisdic-
tional update: Dental prophylaxis pastes with 
drug components. available at: www.fda.gov/ 
Combinationproducts/Jurisdictionalinformation/
Jurisdictional Updates/ucm106560.htm. ac-
cessed october 20, 2009.

 8. strategic Data marketing. Dental products mar-
ket share study report. available at: www.sdm-
data.com. accessed october 1, 2009. 

 9. Barnes Cm. protocol for polishing. Dimen Dent 
Hygiene 2004;2(6):26-32.

 10. gladwin m, Bagby m. Clinical aspects of dental 
materials, theory, practice and cases, ed. 2. phil-
adelphia: lippincott Williams and Wilkins;2004: 
203-214.

 11. Neme al, Wagner WC, pink Fe, Fraizer KB. the 
effect of prophylactic polishing pastes and 
toothbrushing on the surface roughness of resin 
composite materials in vitro. oper Dent 2003; 
28(6):808-815.

 12. ergucu Z, turkun ls. surface roughness of novel 
resin composites polished with one-step sys-
tems. oper Dent 2007;32(2):185-192.

 13. schmidlin pr, sener B, lutz F. Cleaning and pol-
ishing efficacy of abrasive-bristle brushes and a 
prophylaxis paste on resin composite material in 
vitro. Quintessence int 2002;33(9):691-699.

 14. Warren Dp, Colescott tD, Henson Ha, powers 
Jm. effects of four prophylaxis pastes on surface 
roughness of a composite, a hybrid ionomer, 
and a compomer restorative material. J esthet 
restor Dent 2002;14(4):245-251.

 15. roulet JF, roulet-mehrens tK. the surface 
roughness of restorative materials and dental 
tissues after polishing with prophylaxis and 
polishing pastes. J periodontol 1982;53(4): 
257-266.

 16. Wu ss, yap aU, Chelvan s, tan es. effect of pro-
phylaxis regimens on surface roughness of glass 
ionomer cements. oper Dent 2005;30(2):180-
184.

 17. yap aU, Wu ss, Chelvan s, tan es. effect of hy-
giene maintenance procedures on surface 
roughness of composite restoratives. oper Dent 
2005;30(1):99-104.

 18. mcCabe JF, molyvda s, rolland sl, rusby s, 
Carrick te. two- and three-body wear of den-
tal restorative materials. int Dent J 2002;52(5): 
406-416.

 19. Neme al, Frazier KB, roeder lB, Debner tl. ef-
fect of prophylactic polishing protocols on the 
surface roughness of esthetic restorative materi-
als. oper Dent 2002;27(1):50-58.

 20. Janus J, Fauxpoint g, arntz y, pelletier H, etienne 
o. surface roughness and morphology of three 
nanocomposites after two different polishing 
treatments by a multitechnique approach. Dent 
mater 2010;26(5):416-425. epub 2010 Jan 25.

 21. ozel e, Korkmaz y, attar N, Karabulut e. effect 
of one-step polishing systems on surface rough-
ness of different flowable restorative materials. 
Dent mater J 2008;27(6):755-764.

 22. turkun l, turkun m. the effect of one-step pol-
ishing system on the surface roughness of three 
esthetic resin composite materials. oper Dent 
2004;29(2):203-211.

 23. Korkmaz y, ozel e, attar N, aksoy g. the influ-
ence of one-step polishing systems on the sur-
face roughness and microhardness of nano- 
composites. oper Dent 2008:33(1):44-50.

 24. mitra sB, Wu D, Holmes BN. an application of 
nanotechnology in advanced dental materials. J 
am Dent assoc 2003;134(10):1382-1390.

 25. ergucu Z, turkun ls, aladag a. Color stability of 
nanocomposites polished with one-step sys-
tems. oper Dent 2008;33(4):413-420.

 26. lu H, roeder l, powers Jm. effect of polishing 
systems on the surface roughness of micro- 
hybrid composites. J esthet restor Dent 2003; 
15(5):297-304.

 27. setcos JC, tarim B, suzuki s. surface finish pro-
duced on resin composites by new polishing 
system. Quintessence int 1999;30(3):169-173.

 28. yap aUJ, yap sH, teo CK, Ng JJ. Comparison of 
surface finish of new aesthetic restorative mate-
rials. oper Dent 2004;29(1):100-104.

 29. Jung m, eichelberger K, Klimek J. surface geom-
etry of four nanofiller and one hybrid composite 
after one-step and multiple-step polishing. oper 
Dent 2007;32(4):347-355.

 30. stanford WB, Fan pl, Wozniak Wt, stanford JW. 
effect of finishing on color and gloss of compos-
ites with different fillers. J am Dent assoc 1985; 
110(2):211-213.

 31. lee yK, lim Bs, Kim CW. effect of surface con-
ditions on the color of dental resin composites. 
J Biomed mater res 2002;63(5):657-663.

 32. Choi ms, lee yK, lim Bs, rhee sH, yang HC. 
Changes in surface characteristics of dental res-
in composites after polishing. J mater sci mater 
med 2005;16(4):347-353.

 33. Chung KH. effects of finishing and polishing 
procedures on the surface texture of resin com-
posites. Dent mater 1994;10(5):325-330.

 34. smith KB. measuring the perception of glossy 
surfaces. pigment resin tech 1999;28(4):217-
222.

 35. o’Brien WJ, Johnston Wm, Fanian F, lambert s. 
the surface roughness and gloss of composites. 
J Dent res 1984;63(5):685-688.

 36. Kameyama a, Nakazawa t, Haruyama a, Har-
uyama C, Hosaka m, Hirai y. influence of finish-
ing/polishing procedures on the surface texture 
of two resin composites. open Dent J 2008;2: 
56-60. epub 2008 mar 12.

 37. silikas N, Kavvadia K, eliades g, Watts D. sur-
face characterization of modern resin compos-
ites: a multi-technique approach. am J Dent 
2005;18(2):95-100.

 38. paravina rD, roeder l, lu H, Vogel K, powers 
Jm. effect of finishing and polishing procedures 
on surface roughness, gloss and color of resin-
based composites. am J Dent 2004;17(4):262-
266.

 39. Da Costa J, Ferracane J, paravina rD, mazur rF, 
roeder l. the effect of different polishing sys-
tems on surface roughness and gloss of various 
resin composites. J esthet restor Dent 2007; 
19(4):214-226.

 40. Heintze sD, Forjanic m, rousson V. surface 
roughness and gloss of dental materials as a 
function of force and polishing time in vitro. 
Dent mater 2006;22(2):146-165. epub 2005 
aug 9.

 41. lu H, roeder l, lei l, powers Jm. effect of sur-
face roughness on stain resistance of dental res-
in composites. J esther restor Dent 2005;17(2): 
102-109.

 42. Ferracane J, Khajotia s, smart K, Ferracane l. 
Correlating surface gloss and roughness for 
abraded commercial composites. Dent mater 
2009;25(5):e19.

 43. lee yK, lu H, oguri m, powers Jm. Changes in 
gloss after generalized wear of composite res-
ins. J prosthet Dent 2005;94(4):370-376.

 44. Bollen Cm, lambrechts p, Quirynen m. Compari-
son of surface roughness of oral hard materials 
to the threshold surface roughness for bacterial 
plaque retention: a review of the literature. 
Dent mater 1997;13(4):258-269.

 45. Heintze s, Forjanic m, ohmiti K, rousson V. sur-
face deterioration of dental materials after sim-
ulated toothbrushing in relation to brushing 
time and load. Dent mat 2010;26(4):306-319.

 46. sarac D, sarac s, Kulunk s, Ural C, Kulunk t. the 
effect of polishing techniques on the surface 
roughness and color change of composite res-
ins. J prosthet Dent 2006;96(1):33-40.

 47. obregon a, goodkind rJ, schwabacher WB. ef-
fects of opaque and porcelain surface texture 
on the color of ceramometal restorations. J 
prosthet Dent 1981;46(3):330-340.

 48. Barucci-pfister N, gohring tN. subjective and 
objective perceptions of specular gloss and sur-
face roughness of esthetic resin composites be-
fore and after artificial aging. am J Dent 2009; 
22(2):102-110.

 49. lutz F, sener B, imfeld t, Barbakow F, schupbach 
p. Comparison of the efficacy of prophylaxis 
pastes with conventional abrasives or a new 
self-adjusting abrasive. Quintessence int 1993; 
24(3):193-201.

 50. Worschech CC, rodrigues Ja, martins lr, am-
brosano gm. in vitro evaluation of human den-
tal enamel surface roughened bleached with 
35% carbamide peroxide and submitted to 
abrasive dentifrice brushing. pesqui odontol 
Bras 2003;17(4):342-348.

 51. mathias J, Kavitha s, mahalaxmi s. a compari-
son of surface roughness after microabrasion of 
enamel with and without using Cpp-aCp: an in 
vitro study. J Conserv Dent 2009;12(1):22-25.

 52. Cobankara FK, Unlu N, altinoz HC, ozer F. effect 
of home bleaching agents on the roughness 
and surface morphology of human enamel and 
dentine. int Dent J 2004;54(4):211-218.

Dental Materials Effects of a paste-free prophylaxis polishing cup and pastes on enamel and restorative materials

472      November/December 2011      General Dentistry      www.agd.org



 53. Castanho gm. arana-Chavez Ve, Fava m. 
roughness of human enamel surface submitted 
to different prophylaxis methods. J Clin pediatr 
Dent 2008;32(4):299-304.

 54. salami D, luz ma. effect of prophylactic treat-
ments on the superficial roughness of dental 
tissues and two esthetic restorative materials. 
pesqui odontol Bras 2003;17(1):63-68. epub 
2003 aug 5.

 55. gerbo lr, lacefield Wr, Barnes Cm, russell 
Cm. enamel roughness after air-powder polish-
ing. am J Dent 1993;6(2):96-98.

 56. Winston ae, Charig a, patel V, mcHale Wa, mal-
erman r. effect of prophy pastes on surface of 
tooth enamel. abstract No. 0966. iaDr/aaDr/
CaDr 83rd general session, Baltimore;2005.

 57. Christensen rp, Bangerter VW. immediate and 
long-term in vivo effects of polishing on enam-
el and dentin. J prosthet Dent 1987;57(2):150-
160.

 58. Heintze sD, Forjanic m. surface roughness of 
different dental materials before and after simu-
lated toothbrushing in vitro. oper Dent 2005; 
30(5):617-626.

Manufacturers
Beta industries, Carlstadt, NJ 
800.272.7336, www.betascreen.com
Dentsply Caulk, milford, De 
800.532.2855, www.caulk.com
Dentsply international, york, pa 
800.877.0020, www.dentsply.com
gC america inc., alsip, il 
800.323.7063, www.gcamerica.com
graphpad software inc., la Jolla, Ca 
858.454.5577, www.graphpad.com
mitutoyo america, aurora, il 
888.648.8869, www.mitutoyo.com
pentron Ceramics, inc., somerset, NJ 
800.496.9500, www.pentronceramics.com
sunstar americas, inc., Chicago, il 
888.777.3101, www.gumbrand.com
young Dental, earth City, mo 
800.325.1881, www.youngdental.com
3m espe, st. paul, mN 
800.634.2249, solutions.3m.com

www.agd.org      General Dentistry      November/December 2011      473



474      November/December 2011      General Dentistry      www.agd.org

Subject Code 017
The 15 questions for this exercise are based on the article 
“Effects of a paste-free prophylaxis polishing cup and 
various prophylaxis polishing pastes on tooth enamel and 
restorative materials” on pages 466-473. This exercise was 
developed by Daniel S. Geare, DMD, in association with 
the General Dentistry Self-Instruction committee.

Reading the article and successfully completing the 
exercises will enable you to:
•	understand	the	composition	of	different	types	 

of prophylaxis pastes;
•	understand	how	the	composition	of	prophylaxis	pastes	

affect the surfaces of enamel and restorations; and
•	understand	the	effects	of	the	abrasive-impregnated	

rubber prophylaxis polishing cup.

 1. Surface polishing of teeth and dental restorations 
accomplishes all but which of the following?

A. Removal of stains

B. Finishing of dental restorations

C.	 Weakening	the	enamel

D. Creating smooth surfaces

 2. Most dental cleaning agents contain
A. feldspar.

B. diatomaceous earth.

C. bismuth.

D. baking soda.

 3. Two types of polishing agents are dry powders  
and commercially prepared polishing pastes. 
Higher abrasiveness of polishing pastes can result 
in greater risk of overheating the tooth.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

 4. To be effective, abrasive particles must  
be ___________ than the surface or material  
being polished.

A. softer

B. wetter

C. harder

D. smoother

 5. The ingredients of prophylaxis paste include all but 
which of the following?

A. Binder

B. Preservatives

C.	 Wetting	agent

D. Chelating agent

 6. Abrasive particles included in prophylaxis paste 
include all but which of the following?

A. Aluminum oxide

B. Calcium carbonate

C. Ferric oxide

D. Zirconium silicate

 7. The use of prophylaxis paste can actually increase 
staining and plaque retention. For this reason, 
final polishing should be done with fine grit paste.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

 8. Prophylaxis polishing can increase the  
surface roughness on all but which of the 
following surfaces?

A. Composite resin

B. Porcelain

C. Enamel

D. Root surfaces

 9. How much does the surface roughness of 
conventional and microfilled composite increase 
when polished with prophylaxis paste?

A. Seven to nine times

B. Four to six times

C. Two to three times

D. Zero to one times

 10. Which of the following particle sizes (in µm) would 
be considered coarse?

A. 1–43

B. 35–63

C. 74–123

D. 190–193
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 11. Shade alterations due to polishing primarily affect
A. value.

B. hue.

C. chroma.

D. saturation.

 12. Which materials have the highest specular 
intensity?

A. Nanofilled

B. Microhybrid 

C. Hybrids 

D. Glass ionomer 

 13. Surface roughness is increased with coarse or fine 
grit prophylaxis paste on highly polished intact 
enamel. Application of prophylaxis paste can 
reduce surface irregularities of enamel surfaces.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

 14. What is the primary purpose of prophylaxis paste? 
A. Remove plaque and stain

B. Polish smooth surfaces

C. Deliver extrinsic fluoride

D. Improve cleansability

 15. Prophylaxis paste caused an increase in surface 
roughness. The paste-free prophylaxis polishing 
cup had a similar effect.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true.

D. Both statements are false.

Instructions are on page 431.
Answer form is on page 512.
Answers for this exercise must be received by October 31, 2012. 



Correlation of awareness and practice  
of working postures with prevalence  
of musculoskeletal disorders among  
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Dentistry is a specialized field 
in which dentists work long 
hours in a seated, static 

position. The practice of dentistry 
requires repetitive motions of the 
fingers and wrists as well as pro-
longed awkward postures. Precise 
motor skills with intense hand-eye 
coordination are required to perform 
routine dental procedures like cavity 
preparation, restorations, scaling, 
and extractions. Lack of knowledge 
regarding the proper working 
posture in addition to busy clinical 
schedules, time constraints, and 
unexpected procedural challenges 
can cause stress. Clinicians often 
neglect proper posture and ergonom-
ics during dental procedures, leading 
to musculoskeletal pain. While the 
occasional backache or neckache 
is not cause for alarm, if regularly 
occurring pain or discomfort is 
ignored, the cumulative physiological 

damage can lead to an injury or even 
a career-ending disability. 

A number of investigations have 
suggested a causal link between the 
ergonomics of dental care delivery 
and numerous musculoskeletal prob-
lems.1-6 Studies reveal that dentists 
experience more neck, shoulder, and 
back pain than practitioners in other 
occupations.7,8 Though these studies 
have noted the prevalence of muscu-
loskeletal disorders (MSDs) in den-
tistry, there are no reports that analyze 
dental practioners’ awareness levels 
of the postures involved in delivering 
dental procedures. Further, no exist-
ing reports have used a structured 
questionnaire format to address the 
interrelationship between practices of 
working postures with the presence 
of pain in different body parts. 

The aims of the current study 
were to assess the prevalence and 
distribution of neck, back, shoulder, 

and wrist problems among dentists; 
analyze the awareness level of prac-
titioners regarding the correctness of 
various postures involved in carrying 
out dental procedures; and estimate 
whether any correlation exists 
between correct/incorrect posture 
and the occurrence of MSDs. Neck, 
back, shoulder, and wrist pain was 
specifically targeted in this study 
because they are involved most 
closely with the postures required to 
carry out dental procedures.

Materials and methods
Study population
A cross-sectional study was designed 
wherein 500 dentists were selected 
randomly from a list of members of 
the Indian Dental Association (IDA) 
in the state of Madhya Pradesh. Par-
ticipants were provided with a ques-
tionnaire and feedback was collected. 
At least three years of clinical work 

over the last 20 years, a great many innovations have been 
introduced that are designed to reduce laborious activities; 
however, an unexpected consequence of these developments is a 
trend toward a sedentary lifestyle and prolonged static postures 
that are accompanied by musculoskeletal disorders (msDs). msDs 
have become a major issue of concern because the afflictions 
can be severe enough to disable professional careers. although 
clinical dentistry is a field with immense potential for msDs, only 
a few studies have investigated this issue.

the present study was carried out addressing prevalence and 
awareness level of msDs among 500 dental professionals from 

Central india. also, the interrelationship between practices 
of working postures with occurrence of pain in different body 
parts were assessed using a structured questionnaire format. 
the results were statistically significant, and indicated that 
the prevalence of msDs is high and that there is a dire need to 
enhance awareness regarding correct working postures. this 
study encompassed all factors that can be addressed as causes 
for msDs among dentists. 
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experience was the sole requirement 
to participate in the study. 

Study design and  
data collection
The first question in the question-
naire asked whether the subject had 
suffered from pain in the shoulder, 
back, neck, or wrist. Questions 
2–11 focused on the sitting postures 
employed by clinicians to carry 
out their work and their aware-
ness of the correct position of the 
shoulders, back, neck, upper arm, 
and forearm; maintainance of a 
neutral position; positioning of the 
patient in relation to the operator; 
instrument carriage; glove selection; 
and any hand exercises performed 
by the clinician after each procedure 
(Fig. 1). Prior to distribution, 
the questionnaire was tested for 
comprehensibility and relevance 
among 20 dentists. The document 
was distributed by the authors to 
each participant between December 
2009 and March 2010. 

Practitioners were allowed to select 
more than one option, as some 
questions allowed for more than 
one answer. However, if a subject 
selected an option for one question 
but did not select the same option 
for a similar question, this was con-
sidered as a wrong response in the 
statistical analysis, suggesting that 
the practitioner was not completely 
aware of the objectives. The ques-
tionnaire included the respondent’s 
name (optional), qualifications, clin-
ical experience, age, gender, level of 
education, duration of employment, 
general health status, and occurrence 
of musculoskeletal complaints. The 
next step in the study was to provide 
the right answers to each question 
with suitable explanations for their 
future reference, with the aim of 
helping the clinician to correct his 
or her ergonomics. The authors also 
spent time with each participant, 

making him or her aware of the 
proper ergonomic postures while 
working on patients. 

Results and observations
A total of 500 dentists were 
evaluated for musculoskeletal pain. 
Dentists included in the study popu-
lation were residents of the major 

cities of Madhya Pradesh, including 
Bhopal, Indore, Gwalior, and Jabal-
pur. The sample consisted of 338 
male and 162 female dentists; 308 of 
the participants (61%) were general 
dentists and 192 were specialists, 
including orthodontists, oral and 
maxillofacial surgeons, endodontists, 
periodontists, prosthodontists, and 

1. Have you suffered  
from any of the 
following symptoms?

a. pain in the shoulders
b. pain in the back
c. pain in the neck
d. pain in the wrist

2. Posture of neck a. Head tilt 0–15 degrees 
b. Head tilt 0–30 degrees
c. as comfortable to reach treatment area

3. Posture of back a. adjusted according to the reach
b. trunk flexion of 0–20 degrees (bending of spine)
c. trunk flexion of 0–40 degrees

4. Position of  
shoulders

a. shoulders hunched forward
b. shoulders lifted toward ear
c. shoulder in horizontal line

5. Upper arm position a. elbows held above waist level
b. more than 20 degrees of elbow abduction
c. elbows at waist level, held slightly away from body

6. Forearm position a. raised or lowered by pivoting elbow joint
b. parallel to the floor
c. raised or lowered without pivoting elbow joint

7. Maintain neutral 
position?

a. yes
b. No
c. adjusted according to the need

8. Holding of  
instruments

a. C-shaped (index finger and thumb form a “C”)
b. U-shaped (index finger and thumb are curved inward  

toward the handle)
c. grasp that allows finger pads to contact the handle  

and allows for precise control of the instrument  

9.  gloves used a. loose fit across palm and wrist 
b. gloves that fit across the palm and wrist 
c. the index finger of the opposite hand slips easily under  

the wrist area of the gloved hand

10. Preferred hand  
exercise after  
procedure

a. Full grip (flexor muscle)
b. Finger extension (extensor muscle)
c. putting the hand in ice for relaxation
d. all fingers spread (extensor and abductor muscles)

11. Position of the  
patient in relation  
to the operator

a. patient’s open mouth below the point of the operator’s elbow
b. patient’s open mouth above the point of the operator’s elbow
c. patient’s open mouth at the point of the operator’s elbow

Fig. 1. Questionnaire form.
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pediatric dentists. A total of 149 
subjects had less than five years of 
experience, 257 had 5–10 years of 
experience, and 94 had more than 
10 years of experience. On average, 
the dentists worked approximately 
40 hours per week. 

Data were sorted based on the 
noted presence or absence of neck, 
back, shoulder, and wrist pain 
(Tables 1–3). Further, correct or 
incorrect postures that corresponded 
to specific problems were tabulated 
(Tables 4–7). Right answers were 
taken for correct practice of postures 
and wrong answers for improper 
practice. The tables were statistically 
analyzed using SPSS software pack-
age, version 10.

Prevalence and distribution  
of MSDs
As observed in Table 1, 454 of 500 
dentists (91%) suffered from one 
or more MSDs. Back and neck 
pain had the highest incidence 
(32% each), followed by shoulder 
pain (21%). Wrist pain showed the 
lowest incidence (6%).

Awareness/practice of 
ergonomic postures
Table 2 represents the level of 
awareness of various ergonomic 
postures among study participants. 

It is evident that more than 50% 
of the dentists did not practice 
most of the ergonomic postures in 
a correct way (shown as incorrect 
practice of postures), implying a 
poor level of awareness.

An interesting analysis in this 
study was the evaluation of the 
ergonomic postures of subjects 
who indicated no pain. Table 3 

represents the level of awareness 
among dentists who did not suffer 
from any MSDs. More than 65% of 
these dentists practiced most of the 
postures in a correct way, indicat-
ing a significantly higher degree of 
awareness. Yet more than 50% of 
these subjects were unaware of the 
preferred hand exercises to be per-
formed following dental procedures.
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Table 1. Prevalence of MSDs 

affecting dental professionals.

Location  
of pain

No. of dentists suffering 
from pain (percentage)

Neck  160 (32)

Back  159 (32)

shoulder  104 (21)

Wrist  31 (6)

None  46 (9)

total  500 (100)

Table 2. Correct/incorrect postures practiced by respondent dentists.

Ergonomic posture
Correct practice 

(percentage)
Incorrect practice 

(percentage)

Neutral position 129 (26) 371 (74)

Upper arm position 136 (27) 364 (73)

gloves used 181 (36) 319 (64)

position of the patient in relation to the operator 187 (37) 313 (63)

Neck posture 190 (38) 310 (62)

preferred hand exercise after procedure 205 (41) 295 (59)

Back posture 206 (41) 294 (59)

Forearm position 268 (54) 232 (46)

shoulder posture 370 (74) 130 (26)

instrument hold 387 (77) 113 (23)

Table 3. Number of respondents reporting no pain.

No pain 
reported Question

Correct practice  
(percentage)

Incorrect practice  
(percentage)

46 (9%) instrument hold 46 (100)  0

Neutral position 45 (98)  1 (2)

gloves used 44 (96)  2 (4)

Forearm position 42 (91)  4 (9)

position of the patient in relation  
to the operator

39 (85)  7 (15)

shoulder posture 38 (83)  8 (17)

Upper arm position 34 (74)  12 (26)

Back posture 32 (70)  14 (30)

Neck posture 30 (65)  16 (35)

preferred hand exercise after procedure 19 (41)  27 (59)



Correlation of correct/ 
incorrect working postures 
with symptoms
Data were sorted based on the pres-
ence or absence of four key types of 
MSDs: neck, back, shoulder, and 
wrist issues.

Neck
Of 160 dentists who suffered neck 
pain, 102 were found to be practic-
ing with their neck positioned 
incorrectly (chi-square = 11.097 
with 1 degree of freedom); 97 did 
not maintain a neutral position (chi-
square = 46.626 with 1 degree of 
freedom); and 122 did not practice 
correct operator position in relation 
to the patient (chi-square = 54.280 
with 1 degree of freedom) (Table 4). 
The incorrect posture practices had 
a significant correlation to neck pain 
(P < 0.0001). It also was observed 
that a significant number of the 46 
dentists who did not suffer neck 
pain exhibited proper knowledge of 
the aforementioned postures. 

Back
Of 159 dentists who indicated 
a concern with their back, 112 
positioned their back improperly 
(chi-square = 22.448 with 1 degree 
of freedom); 97 did not maintain 
a neutral position (chi-square = 
47.162 with 1 degree of freedom); 
and 122 did not follow correct 
operator position in relation to the 
patient (chi-square = 50.622 with 1 
degree of freedom) (Table 5). The 
incorrect practice of postures had a 
significant correlation with back pain 
(P = 0.0001). A significant number 
of the 46 dentists who did not suffer 
back pain exhibited correct knowl-
edge of the aforementioned postures.

Shoulder
Of 104 dentists who suffered 
shoulder pain, 72 did not practice 
correct positioning of the upper 

arm (chi-square = 22.374 with 
1 degree of freedom) (Table 6). 
The incorrect posture practice 
had a significant correlation 
with shoulder pain (P = 0.0001). 
However, incorrect positioning of 
the shoulders (noted in 36 of 104 

dentists who suffered shoulder 
pain) indicated no correlation with 
shoulder pain (chi-square = 3.771 
with 1 degree of freedom) (Table 
6) and no statistical significance 
was observed (P = 0.052). Correct 
positioning of the upper arm and 

Table 5. MSDs affecting dental professionals for back pain (chi-square test).

Ergonomic posture
Presence of 
back pain Total

Correct 
practice

Incorrect 
practice p value 

Back position yes 159 47 112 0.0001*

No 46 32 14

maintenance of  
neutral position

yes 159 62 97 0.0001*

No 46 45 1

position of patient in 
relation to operator

yes 159 37 122 0.0001*

No 46 39 7
*statistically significant. 

Table 6. MSDs affecting dental professionals for shoulder pain  

(chi-square test).

Ergonomic posture
Presence of 

shoulder pain Total
Correct  
practice

Incorrect 
practice p value

Upper arm position yes 104 32 72 0.0001*

No 46 34 12

shoulder position yes 104 68 36 0.052*

No 46 38 8
*statistically significant. 
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Table 4. MSDs affecting dental professionals for neck pain (chi-square test).

Ergonomic posture
Presence of  
neck pain Total

Correct  
practice

Incorrect  
practice p value

Neck position yes 160 58 102 0.0001*

No 46 30 16

maintenance of  
neutral position

yes 160 63 97 0.0001*

No 46 45 1

position of patient in 
relation to operator

yes 160 38 122 0.0001*

No 46 39 7
*statistically significant.



shoulder correlated with a non-
prevalence of pain (Table 6) that 
was statistically significant.

Wrist
Donning gloves incorrectly showed 
a significant correlation (P = 0.0001) 
with presence of wrist pain (chi-
square = 35.260 with 1 degree of 
freedom) (Table 7). Performing 
hand exercises following dental pro-
cedures showed no correlation with 
the presence or absence of wrist pain 
(chi-square = 7.593 with 1 degree 
of freedom) (Table 7), and statisti-
cal significance was not achieved 
(P = 0.006).

Positioning the forearm correctly 
showed a correlation with the 
presence or absence of wrist pain 
(chi-square = 6.851 with 1 degree of 
freedom) (Table 7); there also was 
statistical significance (P = 0.009). 
Further, the method of holding 
instruments was interrelated with 
the presence or absence of wrist pain 
(chi-square = 7.150 with 1 degree of 
freedom) (Table 7), and statistical sig-
nificance was observed (P = 0.007).  

Discussion
Not only have recent technological 
advancements made life easier, they 

also have reduced laborious efforts, 
both on domestic and professional 
fronts. As a result of reduced 
physical movements and prolonged 
static postures (PSPs), the present 
generation has succumbed to MSDs, 
which has led to the development of 
ergonomic science. Dental profes-
sionals are, in fact, at a higher risk 
for MSDs given the great amount 
of time spent in PSPs during dental 
procedures. Although the evolution 
from standing to sitting dentistry has 
changed the pattern of MSDs, it has 
not eradicated them.9 Some studies 
have reported back, neck, and shoul-
der pain among dentists despite the 
use of ergonomic equipment.10-12 

The present survey represents an 
effort to evaluate the prevalence 
of MSDs and level of awareness 
among dentists regarding ergo-
nomic postures, and to correlate 
postures to specific body pain. The 
rate of occurrence of one or more 
MSDs among participants was 
alarmingly high (91%). A similar 
study by Rising et al reported a 
higher prevalence of body pain 
(71%) among dentists; the authors 
find this statistic to be highly sig-
nificant and believe that it warrants 
the urgent need for precautionary 

measures.13 Earlier surveys have also 
reported a similar degree of preva-
lence of MSDs.9,14

Back and neck pain appear to 
be the most prevalent; this finding 
reflects the results of other, similar 
studies.6,15-17 Relatively speaking, 
shoulder pain was less prevalent, 
at 21% of respondents, compared 
to wrist pain (6%). In contrast, 
Milerad and Ekenvall reported 
a higher incidence of shoulder 
pain (51%).18 A 1997 survey by 
the American Dental Association 
reported that 9.2% of dentists had 
been diagnosed by a physician as 
having an upper extremity MSD; 
of this group, 20% required surgery 
and more than 40% had to reduce 
their workload.19 Certain studies 
have established specific correlations 
between age/gender and MSDs.13,20 
The present study could find no cor-
relation between prevalence of MSDs 
and individual characteristics of the 
respondents, such as age, gender, 
qualification, duration of clinical 
practice, and general health status.

In the present study, fewer than 
50% of the respondents indicated 
awareness regarding ergonomic 
postures, implying that less than 
half of dentists lack this awareness. 
Interestingly, among dentists who 
did not suffer any MSDs, more than 
70% exhibited a greater awareness 
level regarding ergonomic postures. 
It also can be noted that both 
groups exhibited high degrees of 
awareness with respect to proper 
methods of instrument usage and 
carriage, regardless of whether they 
suffered from MSDs. This could 
be attributed to the fact that the 
method of holding an instrument is 
emphasized more during dentistry 
training. However, the possibility of 
MSDs in the case of a lack of aware-
ness cannot be ruled out. Thus, it 
can be concluded that the lack of 
awareness of ergonomic postures 
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Table 7. MSDs affecting dental professionals for wrist pain (chi-square test).

Ergonomic posture
Presence of  
wrist pain Total

Correct 
practice

Incorrect 
practice p value 

gloves used yes 31 9 22 0.001*

No 46 44 2

preference of  
hand exercise

yes 31 3 28 0.006

No 46 19 27

Forearm position yes 31 20 11 0.009*

No 46 42 4

Holding instruments yes 31 25 6 0.007*

No 46 46 0
*statistically significant.



could be a contributory factor for 
MSDs. At the time the present 
study was conducted, no other 
reports were available comparing 
awareness levels with the occurrence 
of MSDs among dentists. 

Musculoskeletal pain has been 
attributed to various risk factors, 
including PSPs, repetitive move-
ments, suboptimal lighting, poor 
positioning, genetic predisposition, 
mental stress, physical condition-
ing, and age.9 Seated hygienists 
and periodontists are predisposed 
to neck, shoulder, and wrist pain 
largely due to PSPs combined with 
forceful, repetitive movements 
inherent to the job. On the other 
hand, general practitioners tend to 
be more susceptible to lower back 
and neck injuries.9 Even with the 
best ergonomic equipment, opera-
tors find themselves in sustained 
awkward postures, which consist of 
forward bending and repeated rota-
tion of the head, neck, and trunk 
to one side. Also, continuous work 
in front of and below the operator’s 
eye level can lead to a forward-
leaning head and rounded shoulder 
posture. Over the course of time, 
imbalances develop between the 
muscles that stabilize and those that 
move, and the overworked muscles 
suffer ischemia that can present as 
clinical manifestations of pain.

Neck
There have been reports correlating 
improper positioning of the patient 
in relation to the operator, neck 
position, and maintenance of neutral 
position as contributory factors to 
neck pain.14,21 The present survey also 
witnessed a statistically significant 
correlation between improper pos-
ture assumptions and the presence of 
neck pain. It has been reported that 
most dentists and hygienists operate 
with a forward head posture of at 
least 30 degrees for 85% of their 

time in the operatory.22 The preva-
lence of neck pain among dentists 
hovers at approximately 70%.23

Back
Improper positioning of the patient 
in relation to the operator, back 
position, and neutral position main-
tenance have been found to contrib-
ute to back pain.14,21,24,25 The present 
survey also reported a statistically 
strong correlation between incor-
rect practices of aforementioned 
postures and the prevalence of back 
pain. These findings are supported 
by similar studies.6,15 Maintenance 
of a neutral position implies that the 
operator sits with his or her forearm 
and thighs parallel to the floor, back 
erect, and the hip at a 90 degree 
angle, while adjusting the chair 
height to allow his or her heels to 
rest completely on the floor. Neutral 
position is the ideal positioning of 
the body while performing work 
activities; it is associated with a 
decreased risk of musculoskeletal 
injury. It is believed that the more a 
joint deviates from the neutral posi-
tion, the greater the risk of injury.24 

The first component in avoiding 
fatigue and injury is proper posi-
tioning of the patient in relation to 
the seated clinician. While working, 
the clinician must be able to gain 
access to the patient’s mouth and 
the dental unit without excessive 
bending or stretching or holding his 
or her elbows above waist level.24 
To achieve this ergonomic posture, 
the patient’s open mouth should 
be positioned below the point of 
the operator’s elbow. The operator’s 
head should be tilted from 0–15 
degrees (the line from eyes to the 
treatment area is vertical); this 
complies with the ideal posture of 
neck and trunk flexion from 0–20 
degrees (bending of spine) and 
creates the ideal posture for the 
back.24 MSDs often are the direct 

result of failure by dentists to main-
tain these postures in their daily 
work. Unsurprisingly, research indi-
cates that more than 80% of dental 
professionals complain of pain in 
their upper body and back.21 

Shoulder
Incorrect positioning of the shoulder 
and upper arm has been determined 
to be a causative factor of shoulder 
pain.24,25 Incorrect positioning of the 
upper arm results from holding the 
elbow above waist level; this leads to 
holding the upper arm away from 
the body, resulting in fatigue and 
painful inflammation of the muscle 
tendons in the shoulder region, clin-
ically termed rotator cuff tendonitis 
(symptoms include severe pain and 
impaired function of the shoulder 
joint).24 Hunching the shoulders 
forward or lifting them toward the 
ear are improper positions; keeping 
the shoulders up or elbows out and/
or elevated during all-day treatment 
of patients will eventually contribute 
to damaging shoulder and neck 
strain. Clinicians generally focus on 
patient needs, ignoring the signals 
from their own bodies. Keeping the 
shoulders in a horizontal line implies 
proper shoulder positioning, while 
holding the elbows at waist level, 
slightly away from the body, implies 
proper upper arm positioning.

The present survey reported a sta-
tistically strong correlation between 
improper upper arm positioning and 
the prevalence of shoulder pain, but 
failed to exhibit a similar positive 
correlation between improper shoul-
der positions and shoulder pain. 
However, there is still a link (albeit 
a weakly positive one) between the 
knowledge of proper positioning 
and the absence of pain (Table 6). A 
study by Alexopoulos et al arrived 
at similar conclusions, that strenu-
ous shoulder and hand movements 
contribute to shoulder pain.2 
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Wrist
Repetitive forceful pinching or grip-
ping, a sustained non-neutral posi-
tion, use of vibrating tools, and an 
improper method of donning gloves 
are risk factors for the develop-
ment of wrist tendonitis and carpal 
tunnel syndrome.26-29 Carpal tunnel 
syndrome is a form of peripheral 
neuropathy resulting from compres-
sion or vascular insufficiency of the 
median nerve at the carpal tunnel 
of the wrist. Possible causes include 
cumulative trauma, overuse injury, 
physiologic disorders, or structural 
changes. In dentistry, it can result 
from flexion or overextension of 
the wrist (symptoms include pain, 
numbness, or a “pins and needles” 
sensation in the thumb, index, and 
middle fingers and on the radial side 
of the hand and/or wrist).

Forearm position plays a signifi-
cant role in wrist pain.25 Bending 
the hand up, down, or from side to 
side at the wrist as well as holding 
the smallest finger one full span 
away from the hand (as is almost 
always the case in instrumentation) 
leads to ulnar nerve entrapment 
(symptoms include numbness, tin-
gling, and/or loss of strength in the 
lower arm or wrist).23 Holding the 
lower arm consistently away from 
the body (as is done when using 
ultrasonic scalers, micromotor/
airotor handpieces, and photocuring 
guns) causes compression of the 
median nerve between the two heads 
of the pronator teres muscle, leading 
to the clinical entity termed pronator 
syndrome (symptoms are similar to 
those of carpal tunnel syndrome).24 

The correct forearm position 
entails maintaining the forearm 
parallel to the floor and raising and 
lowering the forearm (as needed) 
by pivoting the elbow joint. The 
wrist should be straight and in the 
same horizontal plane as the fore-
arm. Further, holding instruments 

correctly (using a modified pen 
grasp or a palm and thumb grasp) 
is supposed to prevent wrist pain.30 
The present survey could not 
determine the damaging effects of 
improper forearm positioning and 
inappropriate instrument holding 
on the wrist, yet knowledge of 
proper postures and an absence of 
corresponding pain were found to 
be statistically significant (Table 7). 

Proper glove fit is important to 
avoid muscle strain during instru-
mentation. Surgical glove-induced 
injury is a type of MSD caused by 
improperly fitting gloves (symptoms 
include tingling, numbness, or pain 
in the wrist, hand, and/or fingers).29 
This disorder is caused by wearing 
gloves that are too tight or by wear-
ing ambidextrous gloves. Gloves 
that fit tightly across the palm and/
or wrist can cause muscle strain 
during instrumentation. It is best to 
wear right- and left-fitted gloves that 
are loose-fitting across the palm and 
wrist. The index finger of the oppo-
site hand should slip easily under 
the wrist area of a gloved hand.29 

Hand exercises after dental pro-
cedures are among the least-known 
ergonomic techniques for dental 
professionals. Well-controlled 
muscles have improved control 
and endurance, allowing for free 
wrist movement, and reduce the 
likelihood of injury. Hand exercises 
could help dentists to develop 
and maintain muscle strength for 
instrumentation. These exercises 
use power putty, a silicone rubber 
material that resists both squeezing 
and stretching forces. A full grip (to 
exercise the flexor muscle), finger 
extension (for the extensor muscle), 
and spreading of all fingers (for the 
extensor and abductor muscles) can 
be performed no more than 10–20 
minutes after the last clinical session. 
While exercising, the hands should 
be maintained at waist level.29 

The respondents’ lack of aware-
ness in the present survey regarding 
proper gloving and hand exercises 
following dental procedures was 
remarkable. The correlation of 
donning gloves incorrectly with 
prevalence of wrist pain was found to 
be statistically significant (Table 7). 
Though the correlation between lack 
of hand exercise and wrist pain was 
statistically insignificant (Table 7), 
a positive correlation could not 
be completely denied. No reports 
have been published indicating that 
proper gloving techniques and hand 
exercises after dental procedures are 
causal/preventive measures of MSDs. 

Ways to improve posture
Numerous strategies have been 
proposed to prevent the multifacto-
rial problem of dental operators 
developing MSDs.14 These consist 
of postural awareness techniques, 
positioning strategies, and periodic 
breaks and strengthening exercises. 
Postural techniques include main-
taining a low back curve when 
sitting (this prevents low back pain), 
use of magnification, and proper 
adjustment of the operator chair. 

Magnification helps to improve the 
ergonomic posture. When operating 
without magnification, the head and 
neck tend to be held in an unbal-
anced forward position. In this pos-
ture, the vertebrae cannot properly 
support the spine, causing shoulder-
stabilizing muscles to fatigue quickly. 
Other muscles compensate to stabi-
lize the neck and shoulder, making 
them tight and painful and leading 
to tension neck syndrome (TNS).22 
Properly designed magnification 
systems can enhance the operator’s 
working posture.22 

Studies have revealed that an 
increase in operator pain could be 
due to longer work periods without 
breaks, due in part to the use of 
four-handed dentistry techniques.4,6 
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To prevent injury to muscles and 
other tissues, the operator should 
allow for rest periods to replenish 
and nourish the stressed structures. 
Directional stretches should be per-
formed regularly throughout the day, 
both in and out of the operator set-
ting. Specific strengthening exercises 
for the trunk and shoulder girdle 
enhance the health and integrity of 
the spinal column and optimize the 
function of the arms and hands.

Conclusion
The results of the present study 
revealed an alarming prevalence of 
91% of MSDs among the respon-
dent dentists, with the neck and 
back reported as the areas of great-
est pain. Also, improper postures 
are routinely practiced by dentists 
while working long hours in PSPs. 
To effectively prevent MSDs in 
dentistry, prevention strategies and 
ergonomic techniques must address 
the postural and positioning dif-
ficulties as well as the detrimental 
physiological changes. Education 
and additional research also are 
needed to promote an understand-
ing of the complexity of the prob-
lem and to address its multifactorial 
nature. Future studies should 
include longitudinal reports of body 
pain in clinicians, as well as the 
interplay between mechanical ergo-
nomic factors and mental stress. 
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Subject Code 550
The 15 questions for this exercise are based on the 
article “Correlation of awareness and practice of 
working postures with prevalence of musculoskeletal 
disorders among dental professionals” on pages 
476-483. This exercise was developed by Gustav E. Gates, 
DDS, MAGD, in association with the General Dentistry 
Self-Instruction committee.

Reading the article and successfully completing the 
exercise will enable you to:
•	increase	your	awareness	of	the	prevalence	and	

distribution of musculoskeletal disorders (MSDs)  
among dental professionals;

•	recognize	the	causes	of	MSDs;	and
•	identify	changes	that	dentists	can	make	to	reduce	MSDs.

 1. This study evaluated MSDs in all but which of  
the following areas of the body?

A. Neck

B. Hip

C. Shoulder

D. Back 

 2. Neutral position—the ideal positioning of the body 
to decrease the risk of musculoskeletal injury—
includes all but which of the following? 

A. Forearms parallel to the floor

B. Head tilted 20 degrees to the floor

C. Heels resting flat on the floor

D. Thighs parallel to the floor

 3. What percentage of the 500 dentists in this study 
suffered from MSDs?

A. 27

B. 56

C. 72

D. 91

 4. How many dentists in this study had back  
or shoulder pain?

A. 32

B. 159

C. 263

D. 335

 5. Wrist problems showed the lowest incidence  
at 6%. Shoulder pain had the highest incidence  
at 32%.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

 6. The most common mistake dentists made 
regarding incorrect posture was not using the

A. upper arm position.

B. neutral position.

C. position of back.

D. position of shoulder.

 7. What percentage of the dentists who had  
no MSDs practiced most of the ergonomic  
postures in a correct way?

A. 55

B. 65

C. 75

D. 85

 8. The position of the patient in the chair was the 
most important factor in dentists having no 
problems with MSDs. This was followed by the 
correct posture in holding instruments. 

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

 9. How many dentists in this study had neck  
problems caused by incorrect position of the 
patient in relation to the operator?

A. 111

B. 122

C. 134

D. 160

 10. Of the dentists who experienced no MSDs,  
which technique did they practice correctly?

A. Gloves used

B. Holding of instrument

C. Position of back

D. Foreman position

Exercise No. 296
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 11. Musculoskeletal pain has been attributed  
to various risk factors, including all but which  
of the following?

A. Repetitive movements

B. Genetic predisposition

C. Prolonged static postures

D. Duration of practice

 12. Neck pain in dentists and hygienists can be 
attributed to operating with a forward head 
position of at least ___ degrees for ___ % of their 
time in the operatory.

A. 10, 65

B. 20, 75

C. 25, 95

D. 30, 85

 13. Prevalence of back problems was attributed to all 
but which of the following incorrect postures?

A. Improper positioning of the patient

B. Position of the back

C. Neck tilted forward

D. Maintenance of a neutral position

 14. Only general dentists were included in this study. 
One hundred participants had more than  
10 years of experience.

A. Both statements are true.

B. The first statement is true; the second is false.

C. The first statement is false; the second is true. 

D. Both statements are false.

 15. Correct hand exercises include all but which  
of the following?

A. Exercising for 10 minutes before the  

clinical session

B. Holding hands at waist level

C. Grasping a silicone rubber material ball

D. Spreading all the fingers with a full grip

Instructions are on page 431.
Answer form is on page 512.
Answers for this exercise must be received by October 31, 2012. 



The role of volume of multi-surface 
restorations in posterior teeth:  
Treatment options
Charles Janus, ddS, MS, MS n Izzat Sbeih, ddS n al M. Best, Phd

Dentists routinely encounter 
patients whose teeth contain 
large restorations that need to 

be replaced for a variety of reaons.1,2 
The treatment choice for tooth 
restoration can be influenced by 
many factors, including the existing 
oral conditions, extent of new dis-
ease, and the patient’s desires and 
resources.2 Although the likelihood 
of “catastrophic” fracture is low, the 
replacement restoration can be large 
enough to predispose the remaining 
tooth structure to fracture during 
function, and a full-coverage crown 
is often recommended to reduce 
this possibility.2-6 However, there is 
a considerable lack of consensus as 
to when a restoration’s size is suf-
ficient to warrant crown placement, 
for reasons that include the fact that 
bonded restorations are sufficient 
to prevent tooth fracture, variation 
in reasons for crown placement, 

or difficulty in estimating the size 
of the existing restoration.7-10 Even 
demographic factors, such as the 
dentist’s gender, graduation year, 
and practice location can influence 
treatment decisions.11

Although indicators such as 
parafunctional habits, occlusal 
wear, and tooth morphology are 
not significant predictors of risk for 
fracture, two other indicators have 
a strong association with the risk of 
fracture: the presence of an existing 
fracture line in the remaining tooth 
structure, and the coronal volume of 
the restoration as compared to that 
of the remaining tooth.12 

A 2003 in vitro investigation 
explored a method of estimating 
the restoration’s volume in rela-
tionship to the coronal tooth struc-
ture. Using melamine typodont 
teeth, the exact volume of restor-
ative material was calculated for 

various cavity preparations and 
then compared to an estimated 
volume calculated from tracings of 
occlusal and bitewing radiographic 
images of the restored teeth. These 
tracings and subsequent calcula-
tions yielded an estimate of the 
restoration’s volume proportion 
(VP) that, when compared to the 
true VP, yielded a significantly 
high correlation of 0.97.13

The ability to estimate the restora-
tion’s size and compare it to the accu-
mulated wisdom of the profession 
through a survey of treatment choices 
by many dentists could provide a 
more quantitative strategy for indicat-
ing a full-coverage crown. Therefore, 
the present study sought to poll the 
restorative choices of dentists for 
specific teeth and investigate pos-
sible correlations of these choices to 
both the VP and other demographic 
information about the dentists, such 

teeth containing large defective restorations are frequently 
indicated to receive crowns to prevent catastrophic fracture. 
there is a considerable lack of consensus as to when the size of 
an existing restoration needing retreatment is sufficiently large to 
warrant a crown. in addition, the treating dentist’s gender, age, 
and location also have been found to influence this decision. an 
in vitro method was developed to estimate a restoration’s volume 
proportion (Vp). this study validates and investigates correlations 
between the restoration’s Vp, the decision to indicate a crown, and 
the responding dentist’s demographic information. 

the coronal portions of occlusal view and bitewing radiographic 
images of restored posterior teeth were traced to yield four surface 
areas used in estimating the restoration’s Vp. an online survey of 15 
patients, including intraoral and radiographic images of defective 

restorations, was created. Dentists were invited to select treatment 
for each patient’s tooth, with options including replacing the restora-
tion only or indicating a crown. analysis was accomplished using 
repeated-measures logistic regression. of the 300 respondents, 17% 
were female and 14% were from outside the U.s. the relation-
ship between a responding dentist indicating a crown and the 
restoration’s Vp, the tooth type (molar or premolar), and nationality 
(U.s. or foreign dentist) were all deemed statistically significant. 
Crowns were indicated for molars significantly more often than for 
premolars, with a significant Vp interaction. the final model of tooth, 
Vp, nationality, and the interaction of tooth and Vp was used to 
generate mean predicted proportions for indicating a crown. 
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as year of graduation, gender, office 
location, and practice type.

Materials and methods
To acquire examples of posterior teeth 
containing restorations of various 
sizes, patients were chosen who had 
conventional restorations and current 
bitewing radiographs. A bitewing 
radiograph and occlusal-view digital 
photograph were taken of each 
patient’s tooth. Each analog radio-
graph was photographed to create 
a digital image. All intraoral digital 
photography and digital images of 
each radiograph were taken with a 
20D digital camera with a 100 mm 
macro lens (Canon U.S.A., Inc.).

The following method was used to 
estimate the VP: First, the restoration 
outline and coronal portion of the 
tooth were traced on each occlusal 
view and radiographic digital image 
using image tracing software by 
UTHSCSA Image Tool for Win-
dows, version 3.0, from the Univer-
sity of Texas Health Science Center 
San Antonio. The accuracy of the 
image tracing software was confirmed 
by multiple tracings of the same area 
yielding numbers that varied by less 
than 2% from the mean. 

Next, four individual surface 
areas were traced for each tooth: 
the surface area of the restoration 
in both the occlusal and bitewing 
radiograph views, and the surface 
area of the coronal portion of the 
tooth in both the occlusal and 
bitewing radiograph views. The 
same investigator completed all 
tracings and each area was traced 
three times, with the average of the 
three tracings used in the calcula-
tions to estimate VP. When tracing 
an endodontically treated tooth, 
pulpal and radicular spaces were 
not included. When the CEJ was 
not visible, the apical extent of the 
restoration was taken as the apical 
landmark. If a sedative base was 
visible in the radiographic image, it 
was included in the tracing as part 
of the restoration. 

Finally, the surface area of the 
restoration was divided by the sur-
face area of the coronal portion of 
the tooth for each view, and these 
two numbers were multiplied to 
calculate the overall estimate of VP 
for each tooth. Charts 1 and 2 list 
the VP estimates for each premolar 
and molar tooth in addition to the 
images used in the survey.

The online survey was created 
using the Inquisite Web Survey 
System, version 6.5 (Inquisite 
Inc.). The survey contained 15 
cases and included intraoral and 
radiographic images of each tooth. 
Respondents were given the 
following instructions: 

In each of the following 15 cases, a 
tooth and the problem are described 
in the accompanying text. After 
reading the description and viewing 
the photograph and bitewing radio-
graph, choose from the drop-down 
menu the treatment you would 
recommend assuming a patient who 
has optimum health, no clinical 
symptoms, ideal occlusion, no para-
functional habits, good home care, 
and sufficient resources to afford 
any treatment you propose.

Each case was accompanied with 
a brief description, including the 
patient’s age and gender, the tooth 
needing retreatment, and the fol-
lowing clarification: “Although this 
will include the complete removal of 
the existing restoration, you expect 
very little extension of the cavity 
preparation.” The respondent was 

Chart 1. Calculated VP values for each premolar case, including tooth and radiographic images.

Tooth VP Image

First  
premolar

0.079

First  
premolar

0.162

second  
premolar

0.205

Tooth VP Image

second  
premolar

0.270

First  
premolar

0.312

First  
premolar

0.345
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then asked to select one of the fol-
lowing treatment options: 
•	Replace	the	restoration	with	

amalgam
•	Replace	the	restoration	with	

composite resin
•	Replace	the	restoration	with	a	

metal inlay or onlay
•	Replace	the	restoration	with	a	

nonmetal (resin or ceramic) inlay 
or onlay

•	Replace	the	restoration	and	place	
an all-metal crown

•	Replace	the	restoration	and	place	a	
porcelain-fused-to-metal crown

•	Replace	the	restoration	and	 
place an aluminum or zirconium 
oxide crown

•	Replace	the	restoration	and	 
place a Lucite-reinforced crown

•	Other	(specify)
The concluding portion of the 

survey asked responding dentists 
to disclose information about 

themselves, including their year 
of graduation from dental school, 
gender, zip code, formal post-
doctorate training, and specific 
practice type. 

A link to the survey was provided 
to representatives of Dentaltown.
com, Inc. (Towniecentral.com, 
L.L.C.), an online publishing 
company with national and inter-
national subscribers. The survey 
was advertised and subscribers were 
invited to participate. 

The data set preparation and 
analysis were accomplished using 
SAS software (SAS 9.1 and JMP 
7.0, SAS Institute, Inc.). All analy-
sis took into account that multiple 
cases were presented to each indi-
vidual surveyed. The significance 
of factors related to the choice of 
crown versus restoration was tested 
using repeated-measures logistic 
regression (PROC GENMOD with 

an exchangeable correlation GEE 
structure, SAS Institute, Inc.).

Results
A total of 300 dentists responded 
to the survey; 285 respondents 
reported providing fixed prostho-
dontic care. Overall, 14% of the 
respondents were from outside 
the U.S. and represented 13 other 
countries: Canada, Australia, Brazil, 
Ireland, New Zealand, the United 
Kingdom, Argentina, the Bahamas, 
Israel, Malaysia, Norway, Peru, 
and Serbia. Approximately 17% 
of respondents were female, with a 
similar distribution in the United 
States and foreign countries. 

Chart 3 illustrates the distribu-
tion of the years of graduation, 
which ranged from 1923 to 2008. 
The overwhelming majority of 
respondents were private praction-
ers in either solo (58%) or group 

Chart 2. Calculated VP values for each molar case, including tooth and radiographic images.

Tooth VP Image

First  
molar

0.086

First  
molar

0.096

second  
molar

0.098

First  
molar

0.225

second  
molar

0.272

Tooth VP Image

second  
molar

0.353

First  
molar

0.387

second  
molar

0.417

First  
molar

0.590
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practice (35%); the remainder of 
respondents reported their setting 
as Dental Education, Hospital-
based Practice, Military, Dental 
Company, Other, or Retired. Most 
of the respondents reported general 
dentistry as their primary practice 
discipline (93%); the remainder 
responded with Prosthodontics, 
Endodontics, Oral Surgery, Pedo-
dontics, Periodontics, or Other.

The number of responding 
dentists indicating a crown or a 
restoration versus the VP for all 15 
cases is illustrated in Chart 4 for 
premolars and in Chart 5 for molars. 

Preliminary analysis using 
repeated-measures logistic regres-
sion revealed a significant relation-
ship between whether a respondent 
indicated a full crown, the tooth’s 
VP, and the tooth type (molar or 
premolar) (P < 0.0001). Addition-
ally, crowns were indicated for 
molars significantly more frequently 
than for premolars (P < 0.0001), 
and the interaction between VP 
and tooth type was found to be 
significant (P < 0.0001). 

The initial model was then used 
to test other variables. The national-
ity of respondents was found to 

be significant; that is, dentists 
practicing in the U.S. indicated 
crowns significantly more often 
than dentists practicing outside the 
U.S. (P = 0.0008). Male dentists 
indicated crown restorations slightly 
more frequently than female den-
tists; however, the difference was 
not significant (P = 0.6345). The 
respondent’s decade of graduation 
also was insignificant in the decision 
to place a crown (P = 0.3285). Solo 
practioners indicated crowns more 

often when compared to all other 
respondents grouped together; this 
finding was significant (P = 0.047) 
but became insignificant when 
adjusted for VP, gender, tooth type, 
and nationality (P = 0.0555). The 
score statistics for the final model 
appear in Table 1.

Using the final model with the 
independent variables of tooth, 
VP, nationality, and the interaction 
of tooth and VP, mean predicted 
proportions of U.S. and non-U.S. 

Chart 3. Distribution of responding dentists’ dental school graduation year.

Chart 4. Distribution of responding dentists’ decision to place  

a crown or a restoration versus VP (premolars only)
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dentists treating molars and premo-
lars compared to the tooth’s VP were 
generated and are shown in Chart 6.

Discussion
The results of this study indicate a 
significant relationship between the 
size of the existing restoration and 
the percentage of dentists who rec-
ommend a full crown. That said, as 
seen in Charts 3 and 4, some dentists 
still recommend crowns on teeth 
with very small VPs, while other 
dentists recommend a restoration 
only on teeth with large VPs. This 
variation in treatment recommenda-
tions suggests an experienced-based 
decision process that could result 
from a number of reasons, including 
difficulty in clearly estimating the 
size of the existing restoration and 
assessing the consequent risk of 
the remaining tooth fracturing if a 
crown is not placed.

Crowns were indicated for molars 
significantly more often than for 
premolars. This finding suggests that 

Table 1. Score statistics for Type 3 GEE analysis.

Source df Chi-square P value

Nationality (U.s. or non-U.s.) 1 11.32 0.0008

tooth (molar or premolar) 1 78.23 <0.0001

Chart 5. Distribution of responding dentists’ decision to place  

a crown or a restoration versus VP (molars only)

Chart. 6. Mean predicated proportions of responding dentists indicating crowns on teeth,  

displayed by U.S. versus non-U.S. respondents treating molars or premolars, versus VP.

300

250

200

150

100

50

0
 0.086 0.096 0.098 0.225 0.272 0.353 0.387 0.417 0.590

rVp

N
um

be
r o

f r
es

po
nd

en
ts

Crown restoration

Restorative Dentistry The role of volume of multi-surface restorations in posterior teeth

490      November/December 2011      General Dentistry      www.agd.org

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0
 0.1 0. 2 0. 3 0. 4 0. 5 0.6

rVp

pr
op

or
tio

n 
of

 d
en

tis
ts

Non-U.s. dentist premolars
Non-U.s. dentist molars
U.s. dentist premolars
U.s. dentist molars



molars might sustain more extensive 
damage than premolars and, due 
to their position in the arch, are 
subject to greater occlusal forces 
during function, thus requiring the 
additional protection afforded by a 
complete crown.

While factors such as dental his-
tory, parafuctional habits, and antici-
pated occlusal forces could influence 
the choice between placing a large 
restoration or placing a full-coverage 
crown, the results of this study sup-
port the possibility of developing 
a more quantitative tool to assess a 
tooth and restoration and therefore 
providing a more evidence-based 
method to judge when a crown is 
genuinely indicated. Not only would 
this help with individual teeth 
needing restoration, it also would be 
extremely beneficial when assessing 
teeth to serve as potential abut-
ments and the subsequent increase 
in functional load. With additional 
research, it may be possible to 
develop a decision tree of variables 
to offer both dentists and patients 
greater certainty and confidence in 
making this treatment choice.

Conclusion
Respondents to this survey indi-
cated crown restorations on molars 
significantly more often than on 

premolars. Respondents outside 
the U.S. indicated crowns signifi-
cantly less frequently than those in 
the U.S. The VP of the existing 
defective restoration was highly 
significant in the dentist’s decision 
between simply replacing the resto-
ration and adding the placement of 
a full-coverage crown. 
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Head and neck cancer in two American 
presidents: Case reports 
Mea a. weinberg, dMd, MSd, rPh n Beverly wang, Md, MSc

only two U.S. presidents have 
ever been diagnosed with 
oral or oropharyngeal cancer: 

Ulysses S. Grant and Grover Cleve-
land, and only Grant died of the dis-
ease. In fact, Americans first became 
aware of the dangers of smoking and 
drinking when Grant was diagnosed 
in 1884. This article discusses the 
different oral tumors, treatments, 
and outcomes for both presidents.  

General Ulysses S. Grant
Ulysses S. Grant (aka Hiram 
Ulysses Grant; the “S” is alleged to 
stand for “Simpson,” his mother’s 
maiden name) was born in Point 
Pleasant, Ohio, on April 27, 
1822, and served as the 18th U.S. 
president from March 4, 1869 to 
March 4, 1877.  

In 1848, Grant married Julia T. 
Dent in St. Louis, Missouri. As 
a first lieutenant in the infantry 
during the Mexican War, he was 
transferred to California and 
Oregon. Supposedly because he was 
lonely and sad without his wife and 
family, he began drinking. In 1854, 
he resigned his commission because 
of rumors of drunkenness while on 
duty and moved back to St. Louis.1 

It should be noted that in the 
early 19th century, daily alcohol 

consumption in the U.S. was not 
unusual and actually was consid-
ered to be a standard, “normal” 
habit.  People believed alcohol 
“washed down food that was often 
poorly cooked, greasy, salty, and 
sometimes rancid.”2  

On June 2, 1884, in Long 
Branch, New Jersey, at the age of 62, 
Grant complained of a sore throat 
and facial pain on the right side 
when he bit into a peach. Weeks 
later, he continued to have these 
symptoms, which included dryness 
in the throat.3,4  Dr. J.M. DaCosta 
examined Grant and found a mass 
at the base of the tongue. However, 
Grant did not go to his personal 
physician, Dr. Fordyce Barker, until 
October. At this time, Grant’s right 
submandibular lymph node was 
palpable and referred pain to the 
right ear. He was referred to John 
H. Douglas, MD, a New York oto-
laryngologist.5 By December 1884, 
the condition had worsened. 

Grant had started smoking cigars 
at a very early age; later in life, he 
admitted to smoking up to 12 cigars 
a day.6 After winning the Battle 
of Donelsen, he was given 10,000 
Cuban cigars; some were given away, 
but he ended up smoking many him-
self. There are accounts that Grant 

actually may have been a pipe smoker 
prior to the capture of Fort Donel-
son.7 According to Douglas, Grant’s 
smoking most likely was the primary 
risk factor for the cancer, rather than 
alcohol consumption, which he did 
not believe was excessive.6  

Grant and his family moved to 
Mount McGregor, near Saratoga 
Springs, New York, in June 1885. 
This is where he finished his memoirs 
and subsequently died on July 23, 
1885, 13.5 months after his diagnosis.  

Diagnosis
Grant's lesion was initially diagnosed 
by Douglas in October 1884, based 
solely on clinical findings without 
biopsy. Upon initial examination, 
Douglas described the lesion of 
the right tonsillar fossa as follows: 

I found the velum inflamed, of a 
dark, deep congestive hue, a scaly 
squamous inflammation strongly 
suggestive of serious epithelial 
trouble…when palpated, was found 
to be swollen, and hard at the base, 
and to the right side.6,8 

Palliative treatment was recom-
mended.8,9 By December 1884, the 
cancer had spread to the posterior 
pillar of the fauces, tonsillar space, 
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and soft palate, making eating 
difficult. The base of the anterior 
pillar was perforated, and the 
right side of the base of the tongue 
was indurated.8,9

On February 18, 1885, Dr. 
Douglas (in New York) performed 
an incisional biopsy; pathology 
findings were reported by Dr. 
George R. Elliott.10 The biopsy was 
examined under a microscope that, 
at the time, was not commonly 
used. The diagnosis was “epithe-
lioma of the squamous variety.”10 
Microscopic examination at this 
time was considered a novice tech-
nique and not yet widely used.11 

The histopathologic slides from 
the original biopsy (right base of 
the tongue) were reexamined in July 
2000 by the Armed Forces Institute 
of Pathology.12 The new description 
of the tissue emphasized the pat-
tern of cell growth as an irregular 
interconnected trabecular growth 
as compared to a lobular, cell nest 
pattern of growth as described by 
Dr. Elliott. Additionally, the more 
recent observations indicated a 
significantly pronounced mitotic 
rate and presence of atypical mito-
ses. Both observations verify the 
malignancy of the tumor, classified 
as squamous cell carcinoma poorly 
differentiated by modern pathology.

According to edition six of the 
tumor, node, and metastasis (TNM) 
classification and staging of head and 
neck cancers, Grant’s tumor would 
be classified as T1N1 (T1: tumor 2.0 
cm or less; N1: metastasis in a single 
ipsilateral regional lymph node, 3.0 
cm or less in greatest dimension), or 
Stage III.13 As the tumor spread, it 
would be classified as Stage IV.13  

Treatment  
There were not many treatment 
options for oral and oropharyngeal 
cancer in the 1800s.  Radiation 
and chemotherapy did not exist, 

and surgical removal of the tumor 
consisted of splitting the angle of 
the mandible and subsequent resec-
tion of the entire tongue, most of 
the soft palate, and the ulcerated 
fauces and glands under the right 
angle of the mandible.8 Dr. George 
F. Shrady, a surgeon, summarized 
the operation that would have taken 
place; however, this surgical option 
was not chosen because it most 
likely would have incapacitated 
Grant and reduced his quality of 
life from the severe shock of the 
surgery, prompting Shrady to write 
that “in the best interests of the dis-
tinguished patient the surgeons did 
not feel inclined to recommend the 
procedure.”9 For this reason, Grant 
received only palliative treatment. 

Grant was in terrible pain, espe-
cially when he swallowed. Eating 
was very difficult, even with a soft 
diet. After the clinical diagnosis was 
made, Grant was treated by smoking 
cessation, reducing his smoking to 
three cigars per day; he even stopped 
smoking for a time. Eventually, topi-
cal application of 4% cocaine hypo-
chlorite solution did not anesthetize 
the area adequately, and topical anti-
septic iodoform powder was used.11 
Additionally, different gargles were 
used, including salt water, diluted 
carbolic acid, and permanganate of 
potash and yeast.11 Today, carbolic 
acid is recognized as a toxic irritant 
and anesthetic, while permanganate 
of potash is referred to as potassium 
potash crystals, a toxic disinfectant 
and antiseptic. 

Grant’s greatest fear was that he 
would choke on his own salivary 
secretions.3 His secretions were 
removed continuously with swabs 
and expectoration. He had con-
tinuous attacks of choking and on 
March 30, 1885, he had a severe 
attack and became very weak. Digi-
talis was judged ineffective, so injec-
tions of brandy were administered 

as a cardiac stimulant.4,9 In fact, Dr. 
Barker was the first physician in 
the U.S. to administer medications 
by hypodermic injection.3 Grant 
almost died from a hemorrhage in 
his throat on April 7, 1885.9 To help 
with his insomnia, Grant was given 
codeine, morphine, sodium bro-
mide (used as a sedative in the late 
19th and early 20th centuries), and 
chloral (a sedative/hypnotic agent 
that becomes chloral hydrate upon 
reacting with water).6 

Modern treatment
The only treatment option at the 
time of Grant’s diagnosis was 
surgery because radiation had not 
yet been discovered. But as previ-
ously discussed, surgery was not 
conducted because of Grant’s posi-
tion in society and the risk of sig-
nificant morbidity with the loss of 
a major organ function, including 
swallowing and speech.14 Today’s 
treatment for Grant’s SCC of the 
base of the tongue/tonsil/posterior 
pharyngeal wall/soft palate (initial 
Stage III) depends on the stage of 
involvement and overall time of 
treatment.14 Today, update manage-
ment for T1N1 SCC/base of tongue 
remains surgery.15,16 

Other approaches include radia-
tion therapy, excision of primary 
tumor with or without unilateral 
neck dissection with adjunctive 
postoperative radiation therapy, 
or radiation therapy plus systemic 
chemotherapy, or radiation therapy 
followed by brachytherapy implan-
tation or chemoradiation.17-20 Posi-
tive results have been obtained by 
external beam irradiation followed 
by an interstitial implant boost and 
by external beam irradiation alone.17 

The survival rate of patients with 
SCC of the base of the tongue 
depends on the tumor’s stage.21 
Today, the tumor-specific, five-year 
survival rate for T1N1 lesions, which 
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Grant had, is 80% with improved 
survival with early-stage disease.18 

Today, reconstruction of the base-
of-tongue defect after transhyoid 
resection is challenging to recover 
tongue mobility for speech and 
swallowing (challenging depending 
on the portion of tongue removed), 
to maintain the airway, and to 
prevent functional morbidity.  
Reconstruction is not necessary 
after transoral resection. Surgical 
reconstruction of the tongue base 
is accomplished by either primary 
closure of the residual tongue base 
to the lingual surface of the epiglot-
tis or using skin grafts from various 
parts of the body, depending on the 
size of the defect.22 Use of the radial 
forearm free flap in patients with 
large base-of-tongue lesions can 
lead to good functional speech and 
swallowing results.23 

President Grover Cleveland
Stephen Grover Cleveland was 
born on March 18, 1837, in 
Caldwell, New Jersey. He was 
the only president to serve two 

nonconsecutive terms (22nd presi-
dent in 1884 and 24th president in 
1892). Cleveland was married in 
the White House in 1886.24

During the economic crisis of 
1893, Cleveland discovered an 
ulceration on the left side of his 
hard palate. His physician, Major 
Robert M. O’Reilly, clinically 
described the ulceration extending 
from the molars to approximately 
8.0 mm from the midline of the 
hard palate and with cauliflower 
granulations with crater edges.25,26 
The lesion measured 2.0–3.0 cm.27 
On June 19, 1893, a scraping of 
the lesion was performed and the 
sample was sent anonymously for 
histological evaluation to the Army 
Medical Museum in Washington, 
DC.11 The results reported an “epi-
thelial low grade malignancy.”3,11,26 
Today, the tumor is in a jar at the 
Mutter Museum College of Physi-
cians of Philadelphia (Fig. 1). Since 
the 1893 biopsy, several other diag-
noses have been made, including 
keratocarcinoma and, most recently, 
verrucous carcinoma.28 

Surgery 
The only treatment option available 
was surgical removal. The surgical 
team consisted of Joseph Bryant, 
MD, the surgeon; W.W. Keen, 
MD, from Jefferson Medical Col-
lege in Philadelphia, who assisted 
Dr. Bryant with the surgery;  
Dr. Ferdinard Hasbrouck, a dentist 
from New York, who administered 
the anesthesia and performed tooth 
extractions; and Robert O’Reilly, 
J.F. Erdmann (Bryant’s assistant), 
and Dr. Edward Janeway, a New 
York physician. The surgery took 
place on July 1, 1893, in New York 
City on the yacht Oneida, owned 
by Cleveland’s friend Elias C. 
Benedict. The trip started in the 
East River and ended at Buzzards 
Bay, Massachusetts. The operation 
was performed in secrecy because 
during a time of the financial crisis 
in America (the Panic of 1893), it 
was important for public percep-
tion that the president not be seen 
as “weak.”26 It must be noted that 
no special care was given for infec-
tion control at that time. 

Fig. 1. president Cleveland’s 

tumor preserved in a jar in the 

mutter museum, College of physi-

cians of philadelphia. (Courtesy 

of the College of physicians of 

philadelphia.)
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Fig. 2. Dental casts of Cleveland’s maxilla: left: initial defect after surgery in 1893. right: Healing of defect, four 

years later. (Courtesy of the malloch rare Book room of the New york academy of medicine library.)



Drs. Hasbrouck and O’Reilly 
administered a combination of 
nitrous oxide and ether and applied 
topical cocaine to the surgical 
site.25,26 Surgical details were 
described in a book by Dr. Keen in 
1917.29 Surgically, the two premolars 
were extracted and intrasulcular 
incisions were made. Bleeding was 
stopped by pressure, hot water, 
and electrocautery.30 A left-sided 
transoral partial maxillectomy was 
performed, including one-third of 
the hard palate, up to one-third of 
an inch from the midline, extending 
from the first premolar to beyond 
the third molar (by the tuberos-
ity).25,27 The tumor had extended 
around the roots of the molars and 
into the antrum.25,27 A small part of 
the soft palate was excised exposing 
the antrum.3,24 No lymph nodes 
were involved. The palatal osseous 
defect was packed with iodoform 
gauze.3,24 The operation lasted 84 
minutes, with a total blood loss of 
6.0 oz.30 One half grain of morphine 
was administered to the patient.30 

Due to the large osseous defect on 
the palate (2.5 in. long and 13/16 
in. wide), the president required an 
obturator to assist him in eating and 
talking (Fig. 2).25 Prosthodontist 
Dr. Kasson C. Gibson fabricated 
a vulcanized rubber prosthesis.3,30 
A second surgery was performed to 
remove suspicious tissue, followed by 
recuperation at Cleveland’s summer 
home at Buzzards Bay, MA.25 

During the surgery, new instru-
ments were used for the first time 
in the U.S. Cheek retractors from 
Paris (specifically, a Luer cheek 
retractor) enabled the surgeon to 
perform the surgery intraorally 
without external incisions (Fig. 
3).26,29 Other instruments utilized 
included a mirror-fortified electric 
light and an electrocautery.8 Cleve-
land healed without consequences 
and lived for another 15 years.  

Diagnosis
Cleveland’s tumor was a well-
differentiated form of SCC with 
a low metastatic potential and a 
more positive prognosis compared 
to Grant’s tumor. The definitive 
diagnosis remains controversial; 
however, in 1980, Brooks et al con-
cluded that the diagnosis was most 
likely verrucous carcinoma.8,27 

In 1948, Ackerman first described 
a verrucous carcinoma as an 
unusual and indolent form of oral 
SCC, which actually might be the 
modern diagnosis of Cleveland’s 
tumor.28,31 Today, Cleveland’s 
tumor would be classified as T1N0. 
Verrucous carcinoma is a relatively 
rare low-grade variant of well-dif-
ferentiated SCC, with an incidence 
of 2.0–4.0%, being more common 
in the larynx and cervix.8,27 It has 
an 18% frequency of occurrence 
on the palate.32 Microscopically, 
the lesion is composed of highly 
differentiated squamous cells, with 
thickened surface keratinizing 
epithelium and penetrates into the 
subepithelial connective tissue.33 
Medina et al documented a 82% 
local control after surgery and a 
five-year survival rate of 74%.34,35

Modern treatment 
Controversy exists as to whether 
Cleveland was overtreated because 
the tumor was thought to be 
malignant at the time, but it 
was concluded that the surgery 
likely saved his life.36 Verrucous 
carcinoma is treated the same 
way today as it was in the 1800s, 
with surgical excision. Adjuvant 
radiotherapy can be added for 
larger lesions. Radiation therapy 
is given to unresectable tumors, 
to positive margins (the distance 
between the tumor and the edge 
of the tissue) after surgery, or if 
the patient refuses surgery. After 
surgical resection of the maxilla, 

the method of reconstruction may 
or may not be different from that 
given to Cleveland, depending on 
the size of the osseous defect.37 

Today, a palatal osseous defect 
after resection can be grafted with 
bone and a membrane placed under 
the flap with subsequent placement 
of dental implants; however, pri-
mary closure of the wound might 
not be attainable with a defect as 
large (2.5 in long) as Cleveland’s, 
leading to suboptimal palatal 
bone contours that could make 
prosthetic rehabilitation difficult 
(for example, placement of dental 
implants). An obturator would 
likely be the best treatment option 
for a final prosthesis to improve the 
patient’s quality of life.37 

Discussion
Undoubtedly, the risk factors for 
Grant’s SCC were excessive alcohol 
consumption and smoking. One 
of the earliest publications relat-
ing smoking, in particular cigar 
smoking, to head and neck cancer 

Fig. 3. instruments (luer cheek retractor and 

dental mirror) used during Cleveland’s surgery. 

(Courtesy of the College of physicians of 

philadelphia.)
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appeared in 1915.38 The earliest 
reference specifically tracing 
alcohol as an etiological factor 
in head and neck cancer was 
Wynder et al in 1957: 

Alcohol has often been mentioned 
as a factor in the development of 
mouth cancer, but to our knowledge 
no adequate investigations with 
both study and control groups 
have been made to determine this 
particular point.39 

Additionally, with changing 
sexual behaviors, there has been 
an increasing trend for the human 
papillomavirus (HPV) to be linked 
to the development of SCC/base 
of tongue and tonsils, especially in 
men.40-43 HPV might actually be a 
cofactor with tobacco or a contribu-
tor in initiating malignancy.44 A 
recent study found HPV-16 present 
in 72 of 100 oropharyngeal cancer 
patients.45 HPV+ tumors are non-
keratinizing and could have a better 
prognosis than the classical keratin-
izing SCC.42 Today, mortality in 
SCC of the oropharynx most often 
is due to failure to control localized 
disease. For this reason, aggressive 
management of the primary tumor 
and any cervical adenopathy with 
radiotherapy, surgery, or both is the 
usual protocol.46

President Cleveland smoked 
cigars and used chewing tobacco 
(snuff), which likely played a major 
role in the development of ver-
rucous carcinoma.31 The incidences 
of tobacco chewing, smoking, and 
alcohol intake are 77%, 42%, and 
10%, respectively.47 HPV also has 
been suggested as an etiology in 
both laryngeal and oral cavity ver-
rucous carcinoma.35,48,49 

The 2010 evidence-based clinical 
recommendations from the Ameri-
can Dental Association Council 
on Scientific Affairs pertaining to 

screening for oral SCCs suggest 
that clinicians continue to perform 
routine visual and tactile oral exami-
nations in all patients, but especially 
in individuals who use tobacco and 
consume alcohol heavily. This cor-
responds to five or more drinks on 
a single occasion (generally within 
two hours or so) for men or four 
or more drinks on a single occasion 
for women.50,51 In addition to oral 
screening, it also is important to 
include a complete social history, 
oral examination, and oral cancer 
risk assessment.50

Summary
Two U.S. presidents have been 
afflicted with head and neck cancer. 
The general public first became 
aware of smoking and alcohol 
consumption as risk factors for head 
and neck cancer during General 
Grant’s time; additional risk factors 
have since been acknowledged.
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Evaluation of four cementation strategies  
on the push-out bond strength between  
fiber post and root dentin
Cesar dalmolin Bergoli, ddS, MSd n Marina amaral, ddS, MSd n Carolina Ceolin druck 
Luiz Felipe Valandro, MSd, Phd 

a key moment for dentistry was 
the advent of acid condition-
ing and dentin hybridization, 

which provided the ability for 
more conservative procedures with 
minimal intervention.1 Another 
important moment for conservative 
dentistry occurred when Duret 
et al introduced fiber-reinforced 
composite posts.2 

The use of prefabricated fiber 
posts for the restoration of end-
odontically treated teeth is a treat-
ment option that preserves dental 
structure, reduces the risk of root 
fractures, and increases the coronal 
retention of restorative materials.3,4 
Clinical studies have demonstrated 
a higher percentage of success 
for teeth restored with reinforced 
composite resin posts than with 
other post systems.5,6 However, post 
decementation remains the most 
frequently cited clinical failure; 
therefore, many cementation strate-
gies have been tested recently in 
vitro to develop better luting agents 
and restorative techniques.6-12

Three-step total-etch-and-rinse 
adhesive systems have demonstrated 
favorable results as a post cementa-
tion strategy; however, this strategy 
requires a wet dentin substrate and 
is very difficult to control inside the 
root space.8,10,12 Some authors have 
found better results for post cemen-
tation with two-step, self-adhesive 
systems than with the etch-and-rinse 
strategies.13 This strategy does not 
require rinsing, further simplifying 
the procedure. On the other hand, 
the low demineralization potential 
of some adhesive systems in the 
presence of a smear layer could rep-
resent a decrease in bond strength.14

Self-adhesive cements are being 
studied in depth, especially because 
they do not require any procedures 
prior to cement application, reduc-
ing the technique’s sensitivity.8-11,13 
Studies have found higher push-
out bond strength values for post 
cementation with the self-adhesive 
cement RelyX U100 (3M ESPE), 
compared to conventional luting 
strategies.8-10 These results could 

be associated with the favorable 
mechanical properties and the adhe-
sion mechanism of this cement.15-17 

A recent study indicated that 
self-adhesive cements have a low 
demineralization potential, leaving 
them to interact superficially with 
root dentin.9 Therefore, acid etch-
ing prior to the application of a 
self-adhesive cement could remove 
the smear layer and increase the 
wettability and surface energy of the 
root dentin, improving the bond 
strength values.18,19

Therefore, taking into account 
the clinical approach for simplify-
ing procedures, the present study 
aimed to evaluate the effect of four 
post cementation strategies on 
push-out bond strength values. The 
null hypotheses tested were that 
the various cementation strategies 
would generate similar push-out 
bond strength values, and that acid 
etching prior to application of a self-
adhesive cement would not improve 
the push-out bond strength values 
between the cement and root dentin.

this trial used push-out testing to evaluate four different fiber 
post cementation strategies. specimens of bovine mandibular 
teeth were randomly allocated into four groups according to 
cementation strategies (n = 10): scotchBond multipurpose and 
relyX arC (group 1); adhese and multilink automix (group 
2); phosphoric acid and relyX U100 (group 3); and relyX U100 
(group 4). Four slices from each specimen (2.0 mm thick) were 
obtained for the push-out test. all slices were analyzed for failure 
mode after testing. 

a one-way aNoVa showed differences between the groups 
(p = 0.002). a tukey test indicated that group 1 had the highest 
bond strength values (13.96 ± 6.41 mpa). groups 2 (6.58 ± 2.14 
mpa), 3 (5.85 ± 2.57 mpa), and 4 (8.19 ± 2.28 mpa) had similar 
bond strengths, but all of them were lower than group 1. a three-
step total etching adhesive system, associated with a conventional 
resin cement, might be a good alternative for fiber post cementation.
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Materials and methods
Forty single-rooted bovine man-
dibular incisors were selected and 
standardized to a length of 16 mm 
by sectioning the crown and cervical 
root portions. The coronal diameters 
of the canals were measured using 
a digital caliper (Starrett 727, The 
L.S. Starrett Co.), and specimens 
with root canals presenting diam-
eters larger than the diameter of the 
glass fiber post (2.0 mm, Whitepost 
DC No. 3, FGM) were discarded 
and replaced by specimens that met 
this requirement.

The root canals were prepared to 
a length of 12 mm using the prepa-
ration burs of the double-tapered 
glass fiber post system (Whitepost 
DC No. 3). The specimens were 
randomly divided into four groups 
according to the cementation 
strategy (Table 1). To ensure 
randomization, all specimens were 
numbered and four numerical 
sequences of 10 numbers were 
generated using Random Alloca-
tion software. The apical portions 
of all specimens were embedded 
with a chemically cured acrylic 
resin (Dencrilay, Dencril Produtos 
Odontologicos) in a plastic matrix 
using the technique described in 
2009 by Amaral et al.8

Prior to cementation, all fiber 
posts were silanized according to 
the manufacturer’s instructions 
(Prosil, FGM) and cemented as 
described in Table 1. A core buildup 
was not carried out, so specimens 
were stored in direct contact with 
37°C water for seven days before 
push-out testing. All laboratory 
procedures were performed by one 
previously trained operator.

Push-out bond strength test
The specimens were sectioned using 
a LabCut machine (Extec Corp.). 
The first cervical slice (approxi-
mately 1.0 mm) was discarded and 

four other sections per specimen 
(2.0 mm ± 0.4 mm) were obtained.

Each slice was positioned on 
a metallic device with a central 
opening (Ø = 3.0 mm) larger than 
the canal diameter, and force was 
applied directly on the fiber post in 
an apical/coronal direction. 

The test was performed in a 
universal testing machine (EMIC 
Ltd.) at a speed of 1 mm/minute. 
The bond strength (σ) in MPa was 
obtained using the formula σ = F/A, 
where F = load for specimen rupture 
(N) and A = adhered area (mm2). 
The adhered area (A) was calculated 
as described by Valandro et al.20 The 
push-out test was conducted using 
a calibrated and blinded operator 
to avoid biased results. Specimens 
with cohesive fracture of the fiber 
post or dentin were excluded from 
the study because they did not cor-
respond to the real push-out bond 
strength, thereby avoiding misinter-
pretation of the results.

Failure analysis
The type of failure was observed 
under a light microscope up to 200x 
magnification (Olympus America). 
Failures were classified as A1 (adhe-
sive between dentin and cement), 
A2 (adhesive between post and 
cement), C1 (cohesive in cement), 
C2 (cohesive in post), C3 (cohesive 
in dentin), or M (adhesive failure 
associated with cohesive failure). 
Representative specimens were 
selected for analysis in a scanning 
electron microscope (JSM-6360 
SEM, JEOL USA, Inc.). 

Statistical analysis
Ten bond strength values from each 
group (n = 10) were used for statisti-
cal analysis (one-way ANOVA and a 
Tukey test, a = 0.05).

Results
No disk specimens were lost during 
sectioning. After push-out testing, 
29 disk specimens were discarded 

Table 1. Testing groups and cementation approaches.

group adhesive system Luting cement Procedures

1 three-step etch and rinse, self-cure 
(scotchBond multipurpose, 3m espe)

Conventional resin cement 
(relyX arC, 3m espe)

a,b,c,d,e,f

2 self-etching, two-step  
self-cure (adhese DC activator,  
ivoclar Vivadent inc.)

Conventional resin cement 
(multilink automix, ivoclar 
Vivadent inc.)

g,c,d,e,f

3 None self-adhesive resin cement 
(relyX U100, 3m espe)

a,b,c,e,f

4 None self-adhesive resin cement 
(relyX U100, 3m espe)

e,f

a – etching the root dentin with 37% phosphoric acid for 20 seconds.  
the tip of syringe reached whole post space into the root canal.

b – Washing with 10 ml of distilled water with a disposable syringe.

c – removing the excess water/adhesive with No. 80 paper points.

d – application of multi-step scotchBond multipurpose plus adhesive system  
(activator, primer, and catalyst, 3m espe), using microbrushes (Cavibrush, Fgm)

e – mixing the two cement pastes and applying them in the root canal with the  
Centrix system (Centrix, inc.) using acudose points and the post.

f – removing the excess cement and photocuring for 40 seconds (radii-cal, sDi North america).

g – application of self-etching adhesive adhese primer + (adhese Bond + adhese acitvator).
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because they demonstrated cohesive 
fractures of the fiber post and 10 
disks were discarded because they 
showed cohesive dentin fractures 
(Table 2). Three specimens from 
Group 1 were discarded because all 
disk specimens indicated cohesive 
post fractures. One-way ANOVA 
testing revealed that the factor 
“cement strategy” was statistically 
significant (P = 0.0002). A Tukey 
test highlighted differences among 
the experimental groups (Table 3). 
Adhesive failures between cement 
and dentin (Fig. 1) were predomi-
nant in Groups 2–4, while cohesive 
post failure (Fig. 2) was predomi-
nant in Group 1 (Table 2). 

Discussion
The first hypothesis of the study was 
not accepted, because the strategy 
associating a three-step, total-etch 
adhesive system with a conventional, 
dual-cure resin cement had higher 
push-out bond strength values than 
the other strategies. These results 
were obtained with the push-out test 
which, in accordance with Goracci 
et al, has advantages for the evalua-
tion of bond strengths between the 
fiber post and root dentin compared 
to the microtensile test.21

Some aspects could diminish bond 
strength values between a fiber post 
and root dentin. Bouillaguet et al 
demonstrated that the high C-factor 
of the root space (closed cavity) can 
reduce the bond strength when com-
pared to an open cavity.22 Mallmann 
et al, in comparing different adhesive 
systems, noted that a photocured 
adhesive system generated lower 
bond strength values compared to 
a chemically cured adhesive.23 To 
control these factors, all strategies 
evaluated in the current study used 
chemically cured adhesive systems 
and were submitted to the same 
cavity design. Therefore, the differ-
ences observed between the groups 
are related to the cement properties 
and the ability of root dentin to 
create favorable patterns of hybrid-
ization with the adhesive systems. 

Other studies have found better 
bond strength values for cementa-
tion strategies with total etch 
adhesive systems.8,10,12 The low pH 
of phosphoric acid is responsible for 
etching the root dentin, removing 
the smear layer, and exposing the 
dentinal tubules.9-14 Studies have 
indicated that this strategy gener-
ates better smear layer removal, 
adhesive penetration, and hybrid 

layer formation than strategies with 
two-step self-adhesive systems.18 The 
more favorable results demonstrated 
by Group 1 also could be associated 
with the positive mechanical proper-
ties of RelyX ARC, such as flexural 
resistance and elastic modulus.15,16

The low push-out bond strength 
values found with the two-step self-
adhesive system is in accordance with 
previous studies.8-12 This result could 
be related to the inability of the 
adhesive to completely remove the 
smear layer, generating poor dentin 
demineralization and adhesive pene-
tration.9,14 This likely occurs due to a 
reaction between the acid monomers 
and the smear layer, which neutral-
izes the adhesive acidity.24 In 2010, 
Skupien et al tested the micromor-
phological effects of five adhesive 
systems, including AdheSE.25 
According to those authors, AdheSE 
did not remove the smear layer, nor 
did it create a uniform hybrid layer. 

Studies have demonstrated 
favorable results of self-adhesive 
cements compared to other fiber 
post cementation strategies.8-10 These 
results could be associated with the 
positive values of flexural resistance 
and elastic modulus of the cement 
and the adhesion mechanism of the 

Fig. 1. adhesive failure between cement and dentin (group 4). Fig. 2. Cohesive post failure (group 1).
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cement, which generates a strong 
union between the acidic monomers 
and the cement matrix, with a chem-
ical interaction between the cement 
and hydroxyapatite in dentin.16,17 
However, studies have shown that 
self-adhesive cement cannot consis-
tently dissolve the smear layer, affect-
ing the ability of cement to penetrate 
into the root canal walls and creat-
ing gaps in the bonded interface.9,11 
This factor can be associated with 
the lowest push-out bond strength 
values found with self-adhesive 
cement compared to the three-step 
etch-and-rinse strategy.

For the adhesive factor of 
self-adhesive cement to be satis-
factory, an interaction with the 
hydroxyapatite at the dentin surface 
is required.17 Etching the dentin 
with phosphoric acid removes 
the smear layer and the dentin 
inorganic fillers affecting the 
chemical adhesion mechanism of 
self-adhesive cements.14 

The failure analysis indicated a 
higher number of adhesive failures 
between cement and root dentin. 
These results are in accordance with 
the principal failure type observed 
in clinical studies, confirming that 
this interface is the most critical in 
the system. Group 1 was the only 
group that demonstrated a higher 
number of cohesive post failures. 
In accordance with Bitter et al, the 
bond strength to both dentin and 
post was greater than the stability 
of the post itself.9 

Conclusion
The cementation strategy of asso-
ciating a three-step etch-and-rinse 
adhesive system with a dual-cure 
resin cement could be a viable 
alternative for post cementation. 
Also, acid etching prior to applica-
tion of a self-adhesive cement 
negatively affects push-out bond 
strength values.
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Intraoral chemical burn from use  
of 3% hydrogen peroxide
arash M. rostami, ddS n John K. Brooks, ddS

a diverse array of professional 
dental health care products is 
employed for plaque control, 

caries prevention, promotion of 
wound healing following trauma or 
oral surgery, oral lesion resolution, 
halitosis, denture retention, and 
xerostomia. Lack of mucosal damage 
and unwarranted systemic side 
effects are paramount to the use of 
any of these intraoral preparations. 

Various dental restorative and 
endodontic products and materials 
have been implicated with oral soft 
tissue chemical burns; these include 
hydrochloric and hydrofluoric acid 
etchant agents, tooth whitening 
agents, dentin bonding agents, 
cavity varnish, denture cleansers, 
calcium hydroxide, formocresol, 
silver nitrate, phenol, and sodium 
hypochlorite.1,2 Use of topical tooth-
ache formulations, detergent-based 
and “tartar control” toothpastes, and 
excessive alcohol-based mouthwashes 
can lead to oral sloughing.3-6 Oral 
soft tissue burns from exothermic 
reactions have occurred following 
the use of dental interim restorative 
materials and denture base liners.7,8

Oral mucosal ulcerations have 
also been reported with chewing 
cinnamon-flavored foodstuffs 
or chewing gum and the topical 

application of crushed garlic when 
used as a homeopathic remedy for 
toothache relief.9,10 Furthermore, 
oral chemical injury can be attrib-
uted to direct contact with aspirin 
and alendronate.11,12 Illicit use of 
the recreational drugs cocaine and 
amphetamines has been associ-
ated with chemical burns of the 
mouth and upper airway.2,13 Severe 
chemical burns to the oral mucosa, 
consequent to accidental or self-
destructive behavior, have been 
reported with the intake of lye, 
sulfuric acid, gasoline, and battery 
acid.2,14 Other lookalike lesions 
that resemble chemically induced 
ulcerations are traumatic ulcers, 
factitious injuries (for example, 
fingernail scratches), and morsicatio 
(a chronic habit of biting the oral 
mucosa). Thermal burns attributed 
to cooking utensils and foodstuffs 
can mimic chemical burns.14

Occasionally, case reports have 
documented adverse intraoral 
sequelae from self-administered 
agents, such as over-the-counter 
(OTC) 3% hydrogen peroxide.15-19 
Direct tissue contact, particularly 
with prolonged exposure, can pro-
duce sloughing or chemical burns, 
leading to coagulative necrosis to 
the mucosal lining of the oral cavity, 

esophagus, pharynx, and stomach, 
often accompanied by pain. To 
extend the knowledge of the 
deleterious effects of 3% hydrogen 
peroxide, this article provides the 
clinical outcome of extended oral 
contact with this seemingly innocu-
ous irrigant.

Case report
A 30-year-old man sought urgent 
care at a dental office for what he 
termed an oral “infection” of one 
week. The patient reported experi-
encing discomfort under his tongue 
shortly after ingesting seafood. The 
etiology was unclear, although the 
patient believed it to be an allergic 
reaction to the seafood. For relief, 
the patient admitted rinsing his 
mouth with OTC 3% hydrogen 
peroxide and Listerine mouthwash 
(Johnson & Johnson Healthcare 
Products Division of McNeil-PPC, 
Inc.) along with retaining these solu-
tions in his mouth for periods of two 
minutes or longer. He also applied 
cotton swabs saturated with hydro-
gen peroxide to the region and to 
the left buccal mucosa. The patient 
had recently undergone a physical 
assessment for his employment with 
no significant findings, and he was 
not taking any medications.

injudicious use of over-the-counter 3% hydrogen peroxide, a 
relatively potent oxidative agent, can result in a chemical burn to 
the oral mucosa. this article describes a patient who rinsed with 
3% hydrogen peroxide for periods of more than two minutes as 
a self-prescribed remedy for oral discomfort following seafood 
ingestion. subsequently, the patient experienced pain and 

extensive chemical burns of the sublingual and buccal mucosa 
and gingiva. in addition, the buccal mucosa underwent necrosis. 
prolonged oral mucosal contact with 3% hydrogen peroxide is 
ill-advised.
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The clinical examination was 
significant for moderate to severe 
swelling of the lower left lip. 
Intraorally, extensive sloughing was 
evident sublingually (Fig. 1) and the 
left buccal mucosa demonstrated 
a chemical burn with significant 
necrosis (Fig. 2). Mild erythema was 
also noted on the labial gingiva of 
the mandibular left canine and left 
lateral incisor. The patient was afe-
brile and without lymphadenopathy, 
and there was no Nikolsky sign.

The patient was advised to dis-
continue using hydrogen peroxide 
and switch to saline rinses. At a 
one-week follow-up appointment, 
significant clinical improvement 
was seen (Fig. 3). Although the 
patient chose not to be seen again 
for further evaluation, he was 
reached by telephone and indicated 
amelioration of the lip swelling and 
continued reduction in oral pain.

Discussion
Three percent hydrogen peroxide is 
a household product that is often 
used for bleaching and disinfection 
and as an antiseptic cleanser. There 
appears to be an assumed belief in 
the general population that OTC 
health care products can be used 
safely and without fear of toxicity.20 

In light of recent economic condi-
tions and lack of access to medical 
care, patients are resorting to a 
greater reliance on readily available 
and usually inexpensive medica-
ments. As a consequence, there 
has been a reported increase of 
untoward side effects resulting from 
misuse of these products.21 Histori-
cally, patients have self-administered 
3% hydrogen peroxide for oral use 
as a mouthwash for halitosis or 
gingivitis, treatment of dental infec-
tion or aphthous ulceration, and for 
relief of mouth pain.15-19 

Chemically, hydrogen peroxide 
is regarded as an oxidizing agent 
and can be cytotoxic, even in 
diluted concentrations as low as 
1%.22 Soft tissue damage can result 
from corrosive injury, oxygen gas 
formation, and lipid peroxidation.23 
Typical hydrogen peroxide-induced 
oral mucosal lesions appear as a 
whitish epithelial sloughing with 
focal areas of erythema, ulceration, 
and necrosis. 

A review of a recent Material 
safety data sheet on 3% hydro-
gen peroxide indicated that 
“Large oral doses may cause irrita-
tion and blistering to the mouth, 
throat, and abdomen. May also 

cause abdominal pain, vomiting, 
and diarrhea.”24 

Ingestion of 35% hydrogen per-
oxide can lead to serious medical 
complications, including perma-
nent neurological impairment, 
hemorrhagic gastritis, tachycardia, 
laryngospasm, respiratory arrest, 
gas emboli, convulsions, cerebral 
infarction, coma, and even death.23

The acquisition of a comprehen-
sive medical and dental history is 
a requisite for rendering the diag-
nosis of lesions with an undefined 
etiology. The patient must provide 
a complete inventory of all oral 
hygiene products, homeopathic 
regimens, and current prescription 
and OTC medications. Moreover, 
an extensive list of pathologic disor-
ders may be similar in appearance 
to hydrogen peroxide-induced oral 
lesions and should include necrotiz-
ing ulcerative gingivitis, primary 
herpetic gingivostomatitis, ery-
thema multiforme, candidiasis, leu-
koedema, leukoplakia, hereditary 
benign intraepithelial dyskeratosis, 
white sponge nevus, pachyonychia 
congenita, dyskeratosis congenita, 
pemphigus, paraneoplastic pemphi-
gus, mucous membrane pemphi-
goid, bullous pemphigoid, lichen 
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Fig. 1. sloughing of the sublingual mucosa 

attributed to 3% hydrogen peroxide misuse.

Fig. 2. Chemical necrosis and sloughing of the 

buccal mucosa. interdental papilla of the canine 

and lateral incisor exhibited mild erythema.

Fig. 3. one-week follow-up demonstrates 

significant clinical improvement.



planus, aphthous ulcers, systemic 
lupus erythematosus, chronic ulcer-
ative stomatitis, graft-versus-host 
disease, traumatic ulcers, factitious 
injuries (for example, fingernail 
scratches), and morsicatio (a chronic 
habit of biting the oral mucosa). 

Painful oral chemical burns can be 
managed with the application of top-
ical anesthetic agents, such as 20% 
benzocaine gel, either alone or mixed 
with a methylcellulose adhesive, 
warm saline rinses, swishing with a 
50:50 mixture of diphenhydramine 
liquid and magnesium hydroxide, 
or viscous xylocaine. Also, affected 
patients should be urged to maintain 
a soft, bland diet and re-examined 
weekly until oral healing is complete. 
Systemic analgesics may be needed 
for severe burns. Rarely, antibiotics 
may be necessary with the onset of 
secondary infection, submucosal 
necrosis, or bone exposure.16

Summary
Patients should be informed about 
the caustic properties of 3% hydro-
gen peroxide and told that it is not 
intended for prolonged contact 
with oral tissues. If 3% hydrogen 
peroxide is to be used as an oral 
irrigant, a 50% dilution with water 
is recommended, and the site 
should be flushed immediately with 
water or saline. When suspected 
oral hydrogen peroxide chemical 
burns exhibit an atypical presenta-
tion or persist without clinical 

improvement, a histopathologic 
assessment should be performed. 
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isolated gingival enlargement
douglas d. damm, ddS 
(Case courtesy of dr. Neal Lemmerman, west Chester, oH)

A 47-year-old woman presented with an asymptomatic 
enlargement of the alveolar ridge facial to the maxil-
lary right premolar and first molar (Fig. 1). Panoramic 
and periapical radiographs were within normal limits. 
Periodontal probing and tooth vitality testing dis-
covered no associated inflammatory focus. Palpation 
revealed a firm soft tissue mass. An excisional biopsy 
was performed (Fig. 2).

Which of the following is the most appropriate diagnosis?

a. Neurilemoma

B. Neurofibroma

C. peripheral odontogenic fibroma

D. peripheral odontogenic myxoma 

Diagnosis is on page 509.

Fig. 1. mirror view of an asymptomatic enlargement of the alveolar ridge 

facial to the maxillary right premolar and first molar.

Fig. 2. Hypercellular fibrous connective tissue containing numerous spindle-

shaped and wavy mesodermal cells arranged in a swirling pattern.

oral Diagnosis
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A 17-year-old girl presented with extreme enlargement 
of her lower lip, which had arisen the previous day. 
Two days earlier, all four of her third molars had been 
surgically removed under IV sedation with midazolam 
and fentanyl. Lidocaine with epinephrine provided 

the local anesthesia. Oxycodone/acetaminophen was 
prescribed for postoperative pain. A review of the 
medical history revealed that the patient was under 
a cardiologist’s care, which included a prescription 
for lisinopril.

Which of the following is the most  

likely diagnosis?

a. angioedema related to an aCe inhibitor

B. Cheilitis granulomatosa

C. Hereditary angioedema

D. melkersson rosenthal syndrome

Diagnosis is on page 509.

Postoperative lip swelling
 (Case courtesy of dr. Ted raybould, Lexington, KY) 
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Fig. 1. extreme enlargement of the lower lip.



isolated gingival enlargement
Diagnosis:
B. Neurofibroma. 
The histopathologic specimen revealed a mass of hyper-
cellular fibrous connective tissue containing numerous 
spindle-shaped and wavy mesodermal cells arranged in 
a swirling pattern. Upon immunoperoxidase evaluation, 
the spindle cells were reactive with the neural marker, 
S-100 protein. 

Although most neurofibromas are isolated and not 
associated with a syndrome, the possibility of neurofibro-
matosis should be considered. Local surgical excision is 
appropriate therapy, and recurrences are rare. Malignant 
transformation of isolated neurofibromas is possible but 
extremely uncommon.
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Postoperative lip swelling
Diagnosis:
A. Angioedema related to an ACE inhibitor. 
Since this association was documented recently in 
General Dentistry, the case should have been straight-
forward. Still, the definitive diagnosis of patients with 
angioedema can be challenging. Three major causes are 
seen: The most widely known pattern occurs secondary 
to allergic reactions with histamine release. Less- 
publicized triggers include inhibition of bradykinin 

degradation by ACE inhibitors and activation of the 
complement pathway. Angioedema secondary to activa-
tion of complement can be hereditary or acquired by a 
variety of pathoses, such as lymphoproliferative diseases 
or autoimmune disorders.

In patients who have angioedema related to ACE 
inhibitors or complement activation, the triggering 
event frequently is local physical manipulation, such as a 
dental procedure. The attack can occur after many years 
of uncomplicated use of an ACE inhibitor. In individu-
als with hereditary angioedema, the attacks triggered 
by a dental procedure can be delayed, with reports of 
patients dying in their sleep two days after a dental 
surgical procedure.

In contrast to attacks related to an allergy, angioedema 
secondary to use of an ACE inhibitor is not IgE-medi-
ated and does not respond to antihistamines, epineph-
rine, or corticosteroids. Affected patients must be kept 
under close observation until the soft tissue swellings 
begin to recede. If the airway becomes compromised, it 
must be maintained mechanically.
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Diametral tensile strength of four  
composite resin core materials with  
and without centered fiber dowels
Cornel H. driessen, BChd, BChd (Hons), MSc, Phd n donatta Y-J. Ji, ddS n amin S. rizkalla, Phd, PEng 

gildo C. Santos Jr., ddS, MSc, Phd

the clinical procedure to restore 
lost structure for endodontically 
treated teeth, using a directly 

placed composite resin as core mate-
rial to retain a fixed prosthesis, such 
as a crown, has emerged as the treat-
ment method of choice since the 
early 1990s.1,2 Clinicians also have 
advocated the use of prefabricated 
dowels to provide retention for the 
core material as an alternative to 
laboratory-fabricated cast dowels 
and cores.1,3,4 The intraradicular 
cementation of fiber dowels as part 
of a chairside foundation for crown 
placement for an endodontically 
treated tooth has been shown to be 
more successful in many situations 
when compared to the cast-metal 
dowel and core method.5,6 

The primary disadvantage of cast 
dowels is the high modulus of elas-
ticity of the metal, which exceeds 
the modulus of elasticity of the 
dentin by a factor of 8–15. This dif-
ference results in a high incidence 
of root fracture due to a high-stress 
concentration at the tooth/dowel 
interface. Moreover, cast dowels 
require additional clinical visits and 
more extensive removal of dental 
structure, and they can stain the 

adjacent root area.6 A similar stain-
ing problem can occur when using 
prefabricated metal alloy dowels.7,8 
Clinical treatment using restorative 
materials that can imitate or 
simulate the physical properties of 
tooth structure appears to be the 
preferred approach.3,6,9-11

The chairside method of direct 
replacement of lost coronal tooth 
structure can be easier to perform 
and involves less time and cost 
when compared to conventional 
indirect restorations.1,3,7,10,12 
Material selection and material 
handling can be a challenge for 
the clinician. Three factors must 
be considered in clinical treatment 
of endodontically treated teeth 
and research protocols for core 
foundation: the type of composite 
resin used as a core material; the 
fiber dowel, if needed; and the 
type of tooth structure involved. 
The primary issue is the bond-
ing integrity between materials 
and between material and tooth 
structure.13-17 Recent research 
has made material selection more 
complex by demonstrating that the 
use of dowels for core retention in 
endodontically treated teeth does 

not increase the tensile strength 
compared to tooth restoration with 
core material only.2,16,18,19

There have been a number of pub-
lished studies with varying results 
that cannot be compared because 
of differences among the methods 
involved in the evaluation of 
chairside core foundation systems. 
For example, although it has been 
shown that some surface-treated 
titanium alloy and zirconium 
oxide dowels increased diametral 
tensile strength (DTS) values, other 
research has demonstrated the 
opposite, that there is no significant 
effect on DTS values.13,14,20 Apart 
from the differences among test-
ing methods, some manufacturers 
recommend surface treatment of 
dowels, with subsequent changes 
on the physico-chemical nature 
to create stronger bonds.3 The 
interface integrity between the 
fiber dowel and composite resin 
core material can be weakened if 
the dowel surface is not treated to 
increase bond strength.14,15,21-24

The purpose of this study was 
to evaluate the DTS values of four 
composite resin core foundation 
materials with and without their 

this study evaluated the diametral tensile strength of composite 
resin core materials with and without fiber dowels. eight groups 
were established (n = 20), four with composite resins and four with 
fiber dowels. samples were tested using a universal testing machine 
and evaluated using scanning electron microscopy. one-way 

aNoVa and a tukey B-rank order test (p = 0.05) indicated that 
the tensile values of two of the four composite resins decreased 
significantly when their matching fiber dowels were introduced. 
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corresponding fiber dowels, and to 
evaluate, using scanning electron 
microscopy (SEM), the type of 
failure that occurs at the interface 
of fiber dowel and composite resin. 
The null hypothesis was that there 
is no difference in DTS values 
between composite resin core mate-
rials with and without fiber dowels. 

Materials and methods
Eight groups (n = 20) of disc-
shaped samples measuring 5.0 
mm x 2.6 mm were prepared. The 
first four groups were prepared 
using four different composite 
resin materials (Core Paste XP, 
PermaFlo DC, StarFill 2B, and 
ParaCore Automix) (Table 1). The 
other four groups were fabricated 
by adding to the center of each 

composite resin sample the cor-
responding recommended fiber 
dowel (Core-Post, UniCore Post, 
IcePost, and ParaPost Fiber Lux) 
(Table 1). A syringe with an inter-
nal diameter (Ø) of 5.0 mm (BD) 
was used as a mold to fabricate the 
sample material rods. 

All materials were handled 
according to the manufacturers’ 
instructions. The composite resin 
rods were placed in a visible light-
polymerizing (VLP) chamber (Her-
aeus Kulzer, Inc.) at 1,600 mW/cm2 
for 60 seconds. For groups 5–8, a 
22 gauge multipurpose tip (Pat-
terson Dental/Dentaire Canada 
Inc.) was modified to centralize 
the fiber dowel prior to covering 
it with composite resin. For the 
purpose of standardization, groups 

5–8 contained dowels with diam-
eters closest to 1.2 mm Ø of their 
parallel shank. These groups were 
subjected to the same VLP process 
as groups 1–4 (Fig. 1). All polymer-
ized materials were marked for the 
proper identification, submerged in 
double-distilled, deionized water 
for 48 hours within syringes, and 
incubated at 37°C. 

The rods were sectioned while 
the material was in the syringes 
(five discs per syringe) using a 
slow-rotating, diamond wafer blade 
(Struers Minitom, Struers Inc.) 
with copious amounts of water to 
produce the 20 sample discs for 
each group (2.6 mm thick). Only 
discs that contained the parallel 
shank section of the dowels were 
used; additional filled syringes were 
needed to produce the necessary 
sample quantity for each group.

The sample discs were removed 
from the cut syringe mold sections 
and evaluated for quality under 
20x magnification using a stereo 
microscope (StereoZoom 7, Bausch 
& Lomb). Each sample was mea-
sured for thickness and diameter 
(±0.001) using a Starrett digital 
micrometer (The L.S. Starrett Co.) 
before being stored in deionized 
water for another 12 days prior to 
DTS testing. Cross-sectional area 
and thickness of each sample were 
noted before DTS testing. 

Table 1. Material names, abbreviated group identifications,  

and manufacturers.

group Brand name group abbreviation for study Manufacturer

1 Core paste Xp Xp Den-mat Holdings, llC

2 permaFlo DC pF Ultradent products, inc.

3 starFill 2B sF Danville materials

4 paraCore automix pC Coltene/Whaledent, inc.

5 Core-post XpC Den-mat Holdings, llC

6 UniCore post pFU Ultradent products, inc.

7 icepost sFi Danville materials

8 parapost Fiber lux pCF Coltene/Whaledent, inc.

Fig. 1. plunger application to ensure composite resin without voids around fiber dowel prior to visible 

light polymerization.

Fig. 2. Disc sample mounted in the testing 

device assembled for Dts testing.
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Disc-shaped samples were placed 
into a testing device (Bencor Multi-
T, Danville Materials) to allow for 
easy repeatable handling of delicate 
specimens assembled in compres-
sion mode (Fig. 2). DTS testing 
was conducted using a universal 
testing machine (Model 3345, 
Instron Corp.) at a crosshead speed 
of 1.0 mm/minute (at 50% humid-
ity and 22°C) until failure. DTS 
for each sample was calculated 
using the following equation: 
 2P
	 σx	=	
 πDT

where σx	is DTS (MPa), P is the 
force (N), D is the specimen 
diameter (mm), and T is the speci-
men thickness (mm).25

Statistical analysis of the data was 
conducted using one-way ANOVA 
and Tukey-B rank order tests at 
P = 0.05. Fractured samples were 
retained in identified containers and 
SEM observation was performed 
to determine whether the failure 
was cohesive or adhesive. The frag-
ments were placed on holders with 
the aid of adhesive double-faced 
ribbon (Shintron, Shinto Paint Co., 

Ltd.) and coated with a thin film of 
platinum (6 µm thick). The samples 
then were placed in a scanning 
electron microscope (Model S-2500, 
Hitachi High Technologies America, 
Inc.) with voltage of acceleration 
of 10 kV, and images of the frag-
ments with fractured surfaces were 
observed under 50X magnification.

Results  
The DTS values for all materials 
tested are displayed in Chart 1. A 
Tukey rank order test separated 
the eight different materials into 
five levels at P < 0.05. The DTS 
value for PCF was significantly 
reduced from that for PC by 54% 
(P < 0.05). The DTS value for SFI 

Chart 1. Mean DTS values and standard deviations (MPa)  

shown for all groups. Solid lines indicate groups that are  

not significantly different (P ≥ 0.05).

Fig. 4. adhesion/cohesion failure (50x magnification).

Fig. 3. Cohesive failure illustrating some fiber particles torn from the 

dowel surface (50x magnification).
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was significantly reduced from 
that for SF by 46%. There was no 
significant difference between the 
DTS value for PF and that for PFU 
(P > 0.05). Similarly, the DTS value 
for XP was not significantly differ-
ent from that for XPC (P > 0.05), 
which suggests stronger interfacial 
bonds between cores and dowels of 
these two groups. 

With respect to the SEM image 
findings, PCF and SFI had images 
that demonstrated cohesive failures 
(Fig. 3), while PFU and XPC dem-
onstrated mixed failure (Fig. 4). 

Discussion
This in vitro study was designed to 
evaluate the mechanical properties 
of composite resin materials when 
combined with fiber dowels. The 
diametral compression test is an 
alternative to direct tensile testing 
suitable for brittle materials.9,25 The 
tensile stress was generated at the 
circular area of these disk samples, 
resulting in tension at the dowel/
resin interface. 

Thermal cycling was not applied 
to the samples. According to 
Purton et al, thermal cycling 
should be afforded less emphasis 
in tests on the retention of root 
canal dowels cemented with resin 
cements.19 In another study inves-
tigating the effects of pretreatment 
on bond strength between resin 
cements and various dowels, includ-
ing prefabricated glass fiber dowels 
and an IPN post (Stick Tech), it 
was found that thermal cycling had 
no significant influence.15 

The results for two of the resin 
fiber dowels did not support the 
null hypothesis. This could be 
attributed to a weak interfacial 
bond between the resin and the 
dowel. This result is in line with 
other recent studies in which the 
fiber dowel acts as a weakening 
factor, resulting in the reduction 

of the mechanical properties of 
composite resin core foundation 
materials.8,9,14,19 The outcomes of 
numerous studies have emphasized 
the importance of a proper bond 
integrity between the composite 
resin and the fiber dowel.13,18,21,23,26 

The prominent reduction in 
DTS value for the composite resin 
materials used with PC (54.08 
MPa) and PCF (25.04 MPa) could 
be explained by the fact that the 
manufacturer’s instructions do not 
suggest the use of surface treat-
ment to the fiber dowel prior to the 
addition of composite resin. This 
could explain the early failures 
and lowered DTS values observed. 
Similar results were obtained from 
samples of SF (52.18 MPa) and SFI 
(28.27 MPa), although Prelude 
adhesive was suggested for applica-
tion as a surface adhesive prior to 
bonding the composite resin to the 
fiber dowel. In both cases, the DTS 
values of the composite/dowel com-
bination were significantly lower 
than those of their core materials 
(P < 0.05). The results of the cur-
rent investigation are in line with 
similar recent studies.3,4,14,26

It is worth noting that the DTS 
values of the other two composite 
resins were not affected when their 
fiber dowels (PFU and XPC) were 
introduced; this could indicate 
a stronger interfacial bond. The 
authors were not able to find any 
studies to support these findings.

Conclusion
Within the limitation of this 
study, the PFU group exhibited 
a significantly higher DTS value 
among the four fiber dowel systems 
(P < 0.05). The DTS values of 
two of the four composite resins 
decreased significantly when their 
matching fiber dowels were intro-
duced (P < 0.05); SEM analysis 
showed cohesive failure at the resin 

core/dowel interfaces. There was no 
significant reduction in DTS values 
for the other two composite resins 
(P > 0.05); SEM analysis demon-
strated mixed failure. 
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Sodium hypochlorite, chlorhexidine 
gluconate, and commercial denture cleansers 
as disinfecting agents against Candida 
albicans: An in vitro comparison study
afaf a. dahlan, BdS, MSd n Carl w. Haveman, ddS, MS n gordon ramage, BSc, Phd 

Jose L. Lopez-ribot, Pharmd, Phd n Spencer w. redding, dMd, MEd

oral candidiasis frequently 
results from Candida cell 
overgrowth, usually due to a 

decrease in the bacterial population; 
however, corticosteroid hormones, 
diabetes mellitus, anticancer agents, 
immunosuppressive drugs, viral 
infections, and poor oral hygiene 
in patients who wear dentures 
can frequently induce it.1 There is 
growing evidence that C. albicans 
biofilms play an essential role in the 
development of denture stomatitis.2 
A recent study found that the 
incidence of Candida species in 
denture wearers was 66.7%.3 The 
same study also found that the 
occurrence rate of oral candidiasis 
was higher in patients with dentures 
than in patients without dentures. 
Other studies have reported denture 
stomatitis in 11–67% of otherwise 
healthy denture wearers.2 

C. albicans infections of the oral 
cavity are typified predominantly 
by biofilms. A biofilm is defined 
as a matrix-enclosed population of 
cells adherent to inert or biological 
surfaces, interfaces, and/or each 
other. It is characterized by the 
progression from the initial focal 
attachment of individual cells to a 
solid substratum to microcolonies 
and then to a complex, three-
dimensional structure.4 One of the 
consequences of biofilm growth is 
the markedly enhanced resistance 
to antimicrobial agents.5 Therefore, 
there are inherent problems associ-
ated with the treatment of denture 
stomatitis and chronic atrophic 
candidiasis by conventional anti-
fungal agents. To complement 
conventional antifungal therapy, 
strategies targeted at killing and 
removing C. albicans biofilms from 

dentures should be examined as 
appropriate adjunctive care.

Denture stomatitis is commonly 
treated with antifungal agents, 
administered either topically or 
systemically. Dentures can be used 
as carriers for topical antifungal 
agents, allowing longer contact time 
with the infected mucosa. Studies 
involving this treatment approach 
have been aimed at determining the 
beneficial effect on the patient’s soft 
tissue and not on the denture itself. 
It is important to disinfect the den-
tures before and during treatment 
directed at the patient’s soft tissue 
infection in order to prevent the 
dentures from acting as a continued 
source of reinfection.6 Mechanical 
cleaning using denture brushes 
and paste is an effective method to 
clean dentures, but not to disinfect 
them. This method can remove 

When treating patients who have candidiasis, removable dental 
appliances in active use should be treated as well. the authors 
aimed to determine, in vitro, the lowest concentration of sodium 
hypochlorite that would eliminate Candida albicans biofilm, as well 
as the effectiveness of additional products against C. albicans. 
strains of C. albicans formed biofilms on microtiter plates. sodium 
hypochlorite was added in dilutions (1:1 to 1:512) and peridex was 
added in concentrations of 25%, 50%, and 100%. the plates 
were incubated for 30 minutes. one tablet each of efferdent, 
polident for partials, and polident for Dentures was dissolved 
in 200 ml of sterile water and added to additional groups of 
plates. one group was incubated for 30 minutes; the other was 

incubated for 18 hours. an Xtt spectrophotometric reduction 
assay measured biofilm metabolic activity. 

Biofilm activity decreased 100% for all strains exposed to 
sodium hypochlorite for 30 minutes in concentrations of 1:32 or 
stronger. Biofilm activity decreased 100% for most strains when 
treated with 50% or 100% peridex for 30 minutes and polident for 
Dentures for 18 hours. From these results, it appears appropriate 
for providers to recommend a solution of two teaspoons of sodium 
hypochlorite in one cup of water (1:25) for 30 minutes to treat 
dentures contaminated with C. albicans.
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plaque microorganisms; however, 
irregularities present in denture sur-
faces harbor bacteria and fungi not 
removed by regular brushing. 

A variety of agents, in the form of 
soaking solutions, have been studied 
to determine their effectiveness 
in eliminating fungal organisms 
from dentures.7,8 These include 
full-strength and dilute solutions 
of sodium hypochlorite (NaOCl), 
antiseptic mouthwashes such as Lis-
terine and Peridex, glutaraldehyde, 
vinegar, sodium perborate, and 
commercial denture cleansers such 
as Polident and Efferdent. 

It has been known for some time 
that chlorhexidine has a broad 
spectrum of antimicrobial activity, 
including C. albicans and other 
common non-albicans yeast species, 
and that pretreatment of denture 
acrylic with chlorhexidine gluconate 
significantly reduces the subsequent 
adherence of C. albicans.8,9 Sodium 
hypochlorite, commonly known as 
bleach, is readily available in most 
homes, is inexpensive, has a broad 
spectrum of activity, and requires 
only a short period of time to be 
effective as a disinfectant.7 

The use of sodium hypochlorite as 
an overnight soak has been shown to 
eliminate denture plaque.10 Rodri-
guez et al suggested immersion in 
sodium hypochlorite for 30 minutes 
as the most effective method for the 
disinfection of acrylic resin prosthe-
ses.11 However, soaking appliances 
in full-strength Clorox (5.25% 
NaOCl) has not been recommended 
due to the potential bleaching effect 
on the denture base, the corrosive 
effect of the chlorine ion on the 
metal components of removable 
partial dentures and some types 
of complete overdentures, and the 
unpleasant odor and taste imparted 
to the appliances.

A recent study reported the effec-
tiveness of disinfectant solutions 

(1% sodium hypochlorite, 2% 
chlorhexidine digluconate, 2% glu-
taraldehyde, 100% vinegar, and a 
commercial denture cleanser) in the 
disinfection of cold-cured acrylic 
resin specimens contaminated in 
vitro by C. albicans, Streptococcus 
mutans, S. aureus, Escherichia coli, 
or Bacillus subtilis.7 The results 
showed that 1% sodium hypochlo-
rite, 2% glutaraldehyde, and 2% 
chlorhexidine digluconate were 
most effective. Vinegar demon-
strated some degree of effectiveness 
against C. albicans; however, for 
this organism, there was no signifi-
cant difference between the com-
mercial denture cleanser (sodium 
perborate-based) and the control 
(no treatment).7 

Investigators also have found 
microwave energy to be an effec-
tive method of removing fungal 
organisms from dentures.10,12,13 
However, this treatment method is 
not without significant limitations. 
First, there is not a recommended 
standard concerning time and 
power settings. Second, dentures 
can undergo dimensional changes; 
further, this method cannot be 
used on dentures with metal com-
ponents, such as frameworks, pins 
on porcelain teeth, and metallic 
overdenture attachments.

The research goal of the present 
study was to develop a simple, inex-
pensive, and effective protocol using 
low-cost, readily available agents to 
eliminate fungal organisms from 
dental appliances with or without 
metal components that also can be 
easily accomplished by patients in 
their home. The specific aims of 
this in vitro study were to deter-
mine the lowest concentration of 
sodium hypochlorite that effectively 
eliminates C. albicans biofilms 
and to determine the effectiveness 
of 0.12% chlorhexidine gluconate 
(Peridex) as well as over-the-counter 

(OTC) denture cleansers (Polident 
for Partials, Polident for Dentures, 
and Efferdent) at eliminating C. 
albicans biofilms.

Materials and methods
C. albicans is a morphologically 
variable organism; as a result, total 
viable counts do not accurately 
reflect the number of viable cells, 
making quantification of disinfec-
tant activity inaccurate. A 96-well 
microtiter plate method for C. 
albicans biofilm formation, coupled 
with a colorimetric XTT (2,3-bis(2-
methoxy-4-nitro-5-sulfo-phenyl)-
2H-tetrazolium-5-carboxanilide) 
metabolic assay (or microtiter assay) 
was used in this study.11 This meth-
odology allows simple, inexpensive, 
rapid, and accurate testing of the 
in vitro susceptibility of C. albicans 
biofilms to antifungal agents. This 
assay is reliant on the mitochondrial 
dehydrogenises of the live cells to 
convert an XTT tetrazolium salt 
into a reduced formazan-colored 
product that can be measured 
spectrophotometrically. This 
method minimizes handling, can 
be reproduced, and facilitated the 
goal of this study to test different 
disinfectant agents. It is nondestruc-
tive and does not require subsequent 
culture of cells. XTT absorbance 
readings are proportional to the 
cellular density of the biofilm. The 
microtiter plate reader determines 
the absorbance reading, which 
is compatible with the 96-well 
microtiter platform.14

C. albicans-type strains 3153A 
and SC5314 and C. albicans strains 
6455 and 6309 isolated from 
patients with denture stomatitis 
were used in the present study. 
These isolates were stored on BBL 
Sabouraud dextrose slopes (BD) 
at 70°C. C. albicans was grown 
in yeast peptone dextrose (YPD) 
medium (1% w/v yeast extract, 
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2% w/v peptone, 2% w/v dextrose 
[United States Biological]). Batches 
of this medium (20 mL) were inocu-
lated from YPD agar plates contain-
ing freshly grown C. albicans and 
incubated overnight in an orbital 
shaker (100 rpm) at 30°C until the 
cells had reached a stationary phase 
of growth. Cells were harvested and 
washed in sterile phosphate buffered 
saline (PBS = 10 mM phosphate 
buffer, 2.7 mM potassium chlo-
ride, 137 mM sodium chloride, 
pH 7.4 [Sigma-Aldrich]). Cells 
were resuspended in RPMI-1640 
supplemented with L-glutamine 
and buffered with morpholinepro-
panesulfonic acid (MOPS, Angus 
Chemical) to a cellular density 
equivalent to 5.0 x 106 cells/mL 
using a Bright Line hemocytometer 
(Hausser Scientific Company). 

Biofilms were formed on com-
mercially available, presterilized, 
polystyrene, flat-bottomed, 96-well 
microtiter plates (Corning Life 
Sciences). Biofilms were formed 
by pipetting 100 µL of standard-
ized cell suspensions (1 x 106 cells/
mL) into selected wells of the 
microtiter plate and incubating 
them for 48 hours at 37°C. Four 
isolates were grown on each plate 
so that Clorox (5.25% NaOCl; The 
Clorox Company) and Peridex (3M 
ESPE) had four replicates of each 
strain/plate; Polident for Dentures 

(GlaxoSmithKline), Polident for 
Partials (GlaxoSmithKline), and 
Efferdent (Prestige Brands, Inc.) had 
four replicates for each disinfectant/
plate after 30 minutes of treatment; 
and Polident for Partials, Polident 
for Dentures, and Efferdent had 
four replicates for each disinfectant/
plate after overnight treatment (18 
continuous hours for the conve-
nience of the primary investigator). 

Following biofilm formation, 
the medium was aspirated, and 
nonadherent cells were removed by 
thoroughly washing the biofilms 
three times in sterile PBS. Residual 
PBS was removed by blotting with 
paper towels prior to the addition of 
disinfecting agents. 

Sodium hypochlorite approxi-
mately 5.25% (Clorox) was added 
to the biofilms in serially double-
diluted concentrations, up to 1/512 
concentration of the original stock. 
The plate then was incubated for 
30 minutes at room temperature. 
Peridex (0.12% chlorhexidine) was 
added to biofilms at three concen-
trations (25%, 50%, and 100%). 
The plate then was incubated for 
30 minutes at room temperature. 
Efferdent, Polident for Dentures, 
and Polident for Partials tablets 
were dissolved in 200 mL of sterile 
water. The solutions were both 
added without any further dilution, 
and duplicate plates were incubated 

for either 30 minutes or overnight. 
Suitable positive and negative con-
trols were included in all cases. 

Biofilms were washed three times 
in sterile PBS to remove nonadher-
ent cells and cells detached by the 
disinfectants. XTT (Sigma-Aldrich)
then was added to each well of 
the 96-well plate to measure the 
metabolic activity of the biofilms 
following disinfectant challenge. The 
disinfectants were deemed effective 
if sterility was achieved (a 100% 
decrease in metabolic activity com-
pared to the control).

A quantitative measure of biofilm 
formation was calculated using an 
XTT reduction assay, as described 
by Tellier et al.15 Briefly, XTT was 
prepared in a saturated solution 
at 0.5 g/L in lactated Ringer’s 
solution. This solution was filter-
sterilized through a 0.22 µm-pore 
size filter (Corning Life Sciences), 
aliquoted, and stored at -70°C. 
Prior to each assay, an aliquot 
of stock XTT was thawed, and 
menadione (10 mM prepared in 
acetone [Sigma-Aldrich]) was added 
to a final concentration of 1.0 mM. 
One aliquot of XTT was added to 
each prewashed biofilm as well as 
to control wells to measure back-
ground XTT levels. The plates were 
incubated in the dark for one hour 
at 37°C. A colorimetric change of 
the XTT, a direct reflection of the 
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Table 1. Clorox dilutions, 30-minute treatment.

Candida strain 1:1 1:2 1:4 1:8 1:16 1:32 1:64 1:128 1:256 1:512

6309 0 0 0 0 0 0 1 29 49 47

6455 0 0 0 0 0 0 0 0 1.6 29

3153a 0 0 0 0 0 0 0 1.5 25 38

sC5314 0 0 0 0 0 0 9 23 50 61

Note: Values are expressed as percent metabolic activity of cells within biofilms, determined by absorbance readings for Xtt assays, as compared to control (untreated) 
wells that were considered 100%.



metabolic activity of the biofilm, 
was measured in a microtiter plate 
reader at 490 nm. Before dispens-
ing the test solution onto the plate, 
biofilms were washed three times 
with sterile PBS. 

Biofilm formation in a 96-well 
microtiter plate was chosen to facili-
tate the serial dilution of NaOCl 
and to make it possible to use the 
XTT reduction assay method. A 
study by Webb et al has shown 
that adhesion of Candida species 
to polystyrene (the material with 
which the 96-well plates are made) 
was correlated with adhesion to 
acrylic (I = 0.73, P = 0.017).10

Results
The presence of C. albicans was 
evaluated spectophotometrically by 
the change of absorbance (Sigma-
Aldrich) and by direct microscopy. 
All colorimetric readings were 
compared to the positive control 
group. An absorbance average was 
calculated and presented as a per-
centage (Tables 1–3).

A sodium hypochlorite dilution 
of up to 1:32 resulted in 100% 
decrease in absorbance; this repre-
sents a 100% decrease in metabolic 
activity (cell viability). Strains 6455 
and 3153A also demonstrated a 
100% decrease in absorbance when 
treated by a concentration of 1:64 
sodium hypochlorite; however, this 
was not true for strains 6309 and 
SC5314 (Table 1).

A Peridex concentration of 25% 
was not effective against any of the 
strains of C. albicans; however, Peri-
dex concentrations of both 50% and 
100% resulted in a 100% decrease 
in absorbance of all strains of C. 
albicans except SC5314. Peridex 
was not able to remove the biofilm 
for that strain at full strength after a 
30-minute application (Table 2).

Thirty-minute applications of 
Efferdent, Polident for Dentures, 

and Polident for Partials were not 
completely effective against any of 
the C. albicans strains; however, over-
night (18 continuous hours) applica-
tions resulted in partial effectiveness 
for each product, with Polident for 
Dentures indicating a 100% decrease 
in absorbance in all strains except 
SC5314. Efferdent and Polident for 
Partials were effective only on strains 
6455 and 3153A (Table 3).

Discussion
Four strains of C. albicans were 
chosen to form the biofilms in the 
present study. Strain 6309, which 
makes a very adherent biofilm, 
and strain 6455, which makes a 
less-adherent biofilm, were used to 
compare results with the previous 
type strains, 3153A and SC5314.14  

A semiquantitative, colorimetric 
technique was used as described 
earlier to detect the viability of cells 
within biofilms after treatment with 
disinfectants. Results as determined 
by the microtiter plate reader 
coincided with what was seen under 
the light microscope. This method 
of determining the vulnerability 
of biofilm to the antimicrobial 
solution is both quick and easy. It 
is computer-based, so the need to 
blind the researcher is not necessary 
and intraexaminer reliability cannot 
be a source of error. 

Results obtained from the present 
study met the authors’ expectations 
that sodium hypochlorite would be 
a potent disinfectant. A very weak 
solution (dilution of 1:128, or 1 cc 
Clorox in 127 cc water) eradicated 

Table 2. Peridex concentrations, 30-minute treatment.

Candida strain 25% 50% 100%

6309 1.1 0 0

6455 4.2 0 0

3153a 1.4 0 0

sC5314 3.9 1.1 3.45

Note: Values are expressed as percent metabolic activity of cells within biofilms, determined by absorbance 
readings for Xtt assays, as compared to control (untreated) wells that were considered 100%.

Table 3. OTC/commercial denture cleansers: 30-minute and 18-hour 

treatments.

Candida strain

Efferdent Polident for dentures Polident for Partials

30 min 18 h 30 min 18 h 30 min 18 h

6309 53 26 17 0 42 2

6455 55 0 4.5 0 66 0

3153a 40 0 0.9 0 34 0

sC5314 75 3 16.8 1.6 59 3.4

Note: Values are expressed as percent metabolic activity of cells within biofilms, determined by absorbance 
readings for Xtt assays, as compared to control (untreated) wells that were considered 100%.
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strain 6455, which is logical, as it 
has the weakest adherence among 
all of the tested strains. A dilution 
of 1:64 (1 cc Clorox in 63 cc water) 
eradicated the typical clinical strain 
(3153A), while a dilution of 1:32 
showed a 100% decrease in the 
metabolic activity of all strains, 
including strain SC5314, which 
typically forms densely packed, 
highly filamentous biofilms.

Absorbance readings of biofilms 
treated with 50% and 100% Peridex 
for 30 minutes showed a 100% 
decrease in metabolic activity of all 
strains except SC5314. This finding 
supports the recommendation by 
multiple authors that a chlorhexidine 
solution be used as a denture disin-
fectant to control colonization of the 
surface by Candida organisms.6,16-18

When testing the antifungal 
activity of the OTC denture cleans-
ers Polident for Dentures, Polident 
for Partials, and Efferdent, one 
tablet of each product was dis-
solved in 200 mL of sterile water. 
The amount of water mimicked 
the amount that would be used by 
patients to ensure complete cover-
age of both the upper and lower 
dentures. A 30-minute treatment 
failed to produce 100% reduction 
in metabolic activity in any of the 
strains. Even after treatment for 18 
hours, only Polident for Dentures 
demonstrated effectiveness against 
most strains of organisms (see 
Table 3). These results were in 
agreement with those of Moore 
et al, who found that denture 
cleansers were not effective under 
the clinical conditions of their 
study for the removal and/or 
killing of any of three microorgan-
ism groups cultured (aerobes, 
anaerobes, and yeasts).19

Nakamoto et al also found that 
denture cleansers with and without 
proteolytic enzymes showed little 
yeast lytic ability.20 However, 

Jose et al, from their evaluation 
of four commercial denture 
cleansers, found that “denture 
cleansers exhibit effective anti-C. 
albicans biofilm activity, both in 
terms of removal and disinfection; 
however, residual biofilm retention 
that could lead to regrowth and 
denture colonization was observed. 
Therefore, alternative mechanical 
disruptive methods are required to 
enhance biofilm removal.”21

A potential problem of using 
sodium hypochlorite as a soaking 
solution is its bleaching effect on 
acrylic. This effect is more likely 
to result from a long soaking time, 
such as overnight. Shortening the 
soaking time to 30 minutes reduces 
the likelihood of this problem 
occurring, as does the use of a 
diluted solution of sodium hypo-
chlorite. One of the objectives of 
the present study was to determine 
the most dilute solution of sodium 
hypochlorite that would be effective 
against all of the tested strains of C. 
albicans. A 1:32 dilution of sodium 
hypochlorite met this objective.

The authors also wanted to pro-
vide simple instructions to patients 
that could be easily employed at 
home to disinfect removable appli-
ances contaminated with C. albi-
cans. Based on the outcomes of the 
present study, adding two teaspoons 
of Clorox to one cup of water 
(approximately a 1:25 dilution) and 
using it as a 30-minute soak should 
be as effective as a 1:32 dilution 
against C. albicans. The authors also 
can recommend using 50% strength 
Peridex (0.12% chlorhexidine) as a 
30-minute soak for appliances con-
taining metal. As a side note, Olsen 
reported that staining from the use 
of chlorhexidine could be removed 
with sodium hypochlorite.22

None of the OTC denture cleans-
ers tested were effective disinfection 

agents when used as a 30-minute 
soak; however, both Polident for 
Dentures and Polident for Partials 
can be expected to be effective when 
used as an 18-hour soak.

Conclusion
The primary purpose of this study 
was to determine the lowest concen-
tration of sodium hypochlorite that 
eliminates C. albicans biofilm, as 
well as the effectiveness of additional 
products against C. albicans. The 
authors also wanted to determine 
which of these solutions would be 
effective for a relatively short soak-
ing time of 30 minutes. 

Sodium hypochlorite in the form 
of Clorox diluted with water up to 
a concentration of 1:32 used as a 
30-minute soak was the most dilute 
antifungal agent that maintained 
complete efficacy; this was followed 
by a 50% solution of Peridex. Poli-
dent for Dentures and Polident for 
Partials also can be expected to be 
effective when used as an 18-hour 
soak. However, the authors concur 
with Jose et al in recommend-
ing that mechanical disruptive 
methods be used in conjunction 
with a soaking solution to enhance 
biofilm removal.21
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Diagnosis and treatment of dry mouth
Medha Singh, BdS, dMd, MS n rajinder Singh Tonk, Md

Dry mouth is seen most com-
monly in patients receiving 
radiation therapy for the 

treatment of cancer of the head 
and neck or in those who undergo 
surgical removal of the salivary glands 
due to salivary gland tumor or stones 
(sialolith). It also is seen as a frequent 
side effect of prescription and non-
prescription drugs, including drugs 
used to treat depression, anxiety, pain, 
allergies and colds (antihistamines 
and decongestants), epilepsy, hyper-
tension (diuretics), diarrhea, nausea, 
psychotic disorders, urinary inconti-
nence, asthma (certain bronchodila-
tors), and Parkinson disease, as well as 
muscle relaxants and sedatives.1

Dry mouth is seen in certain auto-
immune disorders such as Sjogren 
syndrome, rheumatoid arthritis, 
systemic lupus erythematosus, and 
scleroderma, as well as other medical 
conditions including HIV/AIDS, 
Alzheimer disease, diabetes, anemia, 
cystic fibrosis, hypertension, Par-
kinson disease, stroke, and mumps. 
Other factors that can affect saliva 
production and aggravate dry mouth 
include dehydration due to fever, 
excessive sweating, vomiting, diar-
rhea, smoking or chewing tobacco, 
and mouth breathing.1

Symptoms
The common symptoms of dry 
mouth include a sticky, dry feeling 

in the mouth and throat, frequent 
thirst, cracked corners of the mouth, 
and cracked lips. Dry mouth causes 
difficulty in swallowing, speaking, 
chewing, and wearing dentures; 
changes in taste; a burning or 
tingling sensation in the mouth, 
especially on the tongue; sores on 
the oral mucosa; fissured tongue or 
dry, red, raw tongue; and increased 
susceptibility to oral candidiasis. 
Dry mouth also results in rampant 
decalcification of enamel, cervical 
dental caries, and acid erosion, as 
well as increased accumulation of 
bacterial plaque, associated gingival 
inflammation, periodontal disease, 
and halitosis.1

Diagnosis
Patients should be questioned in 
greater detail about their dryness. 
Questions that focus on oral activi-
ties dependent on salivation, such 
as chewing and swallowing, help 
to identify patients with salivary 
hypofunction and further evaluation 
should be conducted to confirm 
diagnosis (Table 1).

Patients with dry mouth who 
respond positively to these questions 
are diagnosed as having salivary 
hypofunction and have a lower 
median flow rate than those who 
respond negatively.2 

Unstimulated and stimulated 
salivary function tests are used to 

determine the actual severity of 
xerostomia.3 Unstimulated salivary 
samples require that the patient 
have had nothing by mouth for at 
least 60 minutes. Oral activities 
such as toothbrushing or flossing 
are restricted for this time period. 
Unstimulated “whole” saliva 
includes the output of the major 
and minor salivary glands. When 
the test is performed, patients are 
instructed to sit upright and allow 
saliva to accumulate passively in the 
mouth without swallowing. Patients 
are instructed to spit the contents of 
the mouth into a receptacle at one-
minute intervals. A collection of at 

For effective management of dry mouth, early diagnosis and 
aggressive, symptom-based treatment are necessary to help 
alleviate much of the discomfort and to retard progression of the 
disorder. many effective strategies are available to help patients 
manage their symptoms. routine follow-up care with physicians 

and dentists is essential. With early intervention and proper 
individualized care, people with dry mouth should be able to lead 
full and comfortable lives.
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Table 1. Questions that can help 

to identify patients with salivary 

hypofunction.

•	 Do	you	sip	liquids	to	aid	in	
swallowing dry foods? 

•	 Does	your	mouth	feel	dry	when	
eating a meal? 

•	 Do	you	have	difficulties	swallowing	
any foods? 

•	 Does	the	amount	of	saliva	in	your	
mouth seem to be too little? 

•	 Does	your	nose	or	throat	feel	dry	 
and tickly? 

•	 Do	you	have	a	dry	cough,	hoarse-
ness, nosebleeds, and/or a decreased 
sense of taste or smell?



least five minutes is recommended. 
The volume collected can be deter-
mined directly when collected in 
a graduated cylinder or by weight 
(1 gram = 1 mL). An output of less 
than 0.1 mL per minute is widely 
accepted as being abnormally low.3

Stimulated saliva is collected fol-
lowing stimulation of the salivary 
glands, which is usually done by 
chewing plain or flavored gum or 
paraffin wax. Because the rate and 
vigor of chewing and the amount 
and type of flavoring can affect 
the flow rate, these factors must be 
standardized for reproducibility. 
Chewing an unflavored gum base 
or paraffin at a rate of 60 chews per 
minute is a common approach; a 
collection of at least two minutes is 
recommended. Salivary output below 
0.7 mL per minute is indicative of 
marked salivary hypofunction.3 

Lip biopsy involves performing a 
biopsy of minor salivary glands in 
the lower lip. The labial minor sali-
vary gland biopsy is considered the 
optimal sole diagnostic criterion for 
the salivary component of Sjogren 
syndrome. For Sjogren syndrome, 
the biopsy report should include a 
focal score of 1 or more.4

Serologic and laboratory tests are 
performed to detect autoimmune 
disorders that indicate salivary hypo-
function. A positive blood result for 
SSA (anti-Ro) and SSB (anti-La) 
antibodies is diagnostic for Sjogren 
syndrome; a positive blood result 
for antinuclear antigen (ANA) is 
diagnostic for systemic lupus; and a 
positive result for rheumatoid factor 
(RF) is diagnostic for rheumatoid 
arthritis.5 Such autoimmune disor-
ders have symptoms of joint pain 
in addition to dry eyes, so patients 
should be referred to a rheumatolo-
gist and an ophthalmologist. Pano-
ramic radiographs or CT scans are 
conducted to check for salivary gland 
stones or salivary gland tumors.2

Management
For effective management of dry 
mouth, early diagnosis and aggres-
sive, symptom-based treatment 
can help to alleviate much of the 
discomfort, retard the progression of 
the disorder, and promote comfort 
and productivity.6 

Xerostomia increases the vulner-
ability of tooth enamel. Patients 
with dry mouth are at high risk 
for dental caries, so an extra effort 
must be made to protect teeth from 
decalcification and dental caries. A 
comprehensive dental examination 
including bitewing radiographs 
should be performed annually to 
detect any new carious lesions. 
Patients with xerostomia require 
aggressive fluoride therapy in the 
form of professionally applied con-
centrated sodium fluoride varnishes 
and the daily use of a prescription-
strength fluoride toothpaste. Cal-
cium also has a remineralizing effect 
on dental enamel, so a calcium-
containing remineralizing oral rinse 
is recommended as well.2

Patients with dry mouth are also 
at high risk for periodontal disease. 
Dentists and dental hygienists 
should reinforce the importance of 
regular brushing and flossing. An 
electric toothbrush is recommended 
to most effectively remove plaque 
and prevent gingivitis.7 Patients 
should receive periodontal prophy-
laxis every three months, followed by 
an in-office application of fluoride 
varnish.8 Antibacterial rinses such as 
0.12% chlorhexidine are indicated 
to reduce gingivitis.2 Patients should 
be referred to a periodontist if they 
have early signs of periodontitis.

Oral candidiasis is frequently an 
issue for patients with Sjogren syn-
drome. Patients should be prescribed 
topical antifungal rinses or lozenges 
(with clotrimazole) for treatment of 
oral candidiasis. A systemic antifun-
gal medication, such as fluconazole, 

is recommended for recurrent oral 
candidiasis or when topical antifun-
gal agents are ineffective.2

Nonselective muscarinic receptor 
agonists, such as pilocarpine or 
civemiline, can be prescribed for 
patients to promote salivary func-
tion. These are parasympathomi-
metic drugs and act therapeutically 
at the muscarinic acetylcholine 
receptor M3 subtype and stimulate 
saliva production. Sialagogues 
should always be taken with food.9 
Patients who are unable to afford 
prescription medications or unable 
to tolerate them due to their side 
effects can use OTC products. 

The use of xylitol gum contain-
ing salivary stimulants can help to 
stimulate salivary flow for patients 
who have remaining functional 
salivary glands. Xylitol is an FDA-
approved therapeutic sweetener that 
helps to arrest dental caries due to 
its interference with the growth of 
cariogenic bacteria.2 

Xerostomia can cause the oral 
mucosa to become dry and sore. 
Oral lubricants such as vitamin E 
are effective in soothing irritated 
oral tissues. Patients are advised to 
break the vitamin E capsule and 
apply it topically to irritated oral 
tissues. Xerostomia also can cause 
the lips to become dry; to soothe 
them, regular use of topically 
applied oil-based balms or a vitamin 
E-containing balm is suggested.

Dry mouth sufferers should try 
to minimize any factors that could 
exacerbate their symptoms. Xero-
stomia has been reported as a side 
effect in approximately 80% of the 
most commonly prescribed medica-
tions, such as antihistamines and 
decongestants; this can compound 
the discomfort of patients who 
already have xerostomia from other 
causes. If possible, alternative, non-
xerostomic medications should be 
used as substitutes.10 The prevalence 
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of medication-induced xerostomia is 
particularly high in the elderly popu-
lation.10 More than 85% of people 
age 60 years and older are taking at 
least one prescription medication. 

Patients with xerostomia should be 
counseled to avoid products that can 
contribute to oral dryness or irrita-
tion, including alcohol, caffeine, and 
tooth-whitening products. Alcohol 
has a drying effect and should be 
avoided in beverages and in oral 
products such as mouthwashes. 
Caffeine is a mild diuretic that pro-
motes fluid loss and can worsen the 
symptoms of dry mouth. If possible, 
patients should avoid or limit items 
that contain significant amounts of 
caffeine, such as coffee, tea, and soft 
drinks. Tooth-whitening products 
also should be avoided, as they can 
irritate friable oral tissues. 

Patients who tend to breathe 
through their mouths should be 
encouraged to try to increase nasal 
breathing and to be examined by 
an otolaryngology specialist to 
determine if there are impediments 
to normal nasal breathing. The dry 
ambient air of most modern homes 
also can contribute to sensation 
of dryness. The use of a humidi-
fier, particularly at night, helps to 
address this concern.2

Patients are advised to minimize 
consumption of foods and beverages 
high in carbohydrates between 
meals, especially sticky foods such 

as cookies, bread, potato chips, 
gums, candies, and acidic bever-
ages (such as most carbonated and 
sports drinks) and citrus products, 
especially lemony ones. Frequent 
sips of small amounts of sugar-free 
fluids, especially water, can be help-
ful in diminishing the effects of oral 
dryness. Many patients keep a bottle 
of water handy to moisturize their 
oral tissues; however, excessive water 
sipping can actually reduce the oral 
mucosal film lining the mouth and 
worsen dry mouth symptoms.2

Summary
Early diagnosis and treatment of 
xerostomia are extremely important 
to prevent damage to the oral cavity. 
Many effective strategies are avail-
able to help patients with dry mouth 
manage their symptoms. Routine 
follow-up care with the physician 
and the dentist is essential. With 
early intervention and thorough, 
individualized care, people with 
xerostomia should be able to lead 
full and comfortable lives.
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The influence of different placement 
techniques on the microtensile bond  
strength of low-shrink silorane composite 
bonded to Class I cavities
J.S. almeida e Silva, ddS, MSc n Juliana Nunes rolla, ddS, MSc n Luiz Narciso Baratieri, ddS, MSc, Phd 
Sylvio Monteiro Jr., ddS, MSc, MSd, Phd

the use of methacrylate-based 
composite resin restorative 
materials has been widely 

accepted in dental practice.1,2 
However, improvements aiming to 
reduce the inherent polymerization 
shrinkage of the current materials 
are still necessary.3,4 Problems associ-
ated with polymerization shrinkage 
are common: imperfect marginal 
sealing (which can result in second-
ary caries), marginal staining, and 
postoperatory sensitivity.5 Poly-
merization shrinkage also can lead 
to cuspal displacement and even to 
cracks in healthy tooth structure.6

To minimize stress from polymer-
ization shrinkage, efforts have been 
directed toward improving place-
ment techniques, curing methods, 
and composite formulation.4 For 

methacrylate-based composites, the 
incremental layering technique, based 
on polymerizing composite layers 
less than 2.0 mm thick, has been 
considered the best way to minimize 
the effects of the polymerization 
shrinkage.7,8 As for the composite 
formulation, many attempts have 
been made over the past few years to 
change the composite nature.9-11

A novel oxirane-based composite, 
called silorane, has been synthesized 
from the reaction of oxiranes and 
siloxane molecules. It is based on 
using ring-opening polymerization 
of the silorane molecules instead 
of free radical polymerization 
of methacrylate monomers. The 
ring-opening polymerization of 
a silorane molecule is a cationic 
polymerization reaction in which 

no oxygen inhibition layer exists on 
the composite surface. It has been 
postulated that this new composite 
provides increased hydrophobic-
ity, improved biocompatibility 
compared to methacrylate-based 
composites, and decreased poly-
merization shrinkage (less than 1%, 
whereas most of methacrylate-based 
composites present 2–5% volumet-
ric shrinkage).12-16 The incremental 
placement technique minimizes 
the stress from polymerization 
shrinkage of methacrylate-based 
composites.4,7,8 On the other hand, 
manufacturers claim that there 
is no need for the incremental 
placement technique when the low-
shrink Filtek Silorane composite 
(3M ESPE) is used; therefore, bulk 
placement is recommended.2

the aim of this in vitro study was to evaluate the microtensile 
bond strength (µtBs) of a low-shrink silorane-based composite 
(Filtek silorane) and a methacrylate-based composite (Filtek 
Z250) to the bottom dentin of a Class i cavity using different 
placement techniques. twelve third molars were used. standard, 
box-type Class i cavities (6.0 x 4.0 x 2.5 mm) were prepared 
at the occlusal crown center, with the pulpal floor ending 
approximately at the midcoronal dentin. the teeth were then 
randomly divided into four groups, according to each placement 
technique: Zi—Filtek Z250 placed incrementally; ZB—Filtek 
Z250 placed in bulk; si—Filtek silorane placed incrementally; 
and sB—Filtek silorane placed in bulk. each restored third molar 
was subjected to microtensile bond testing after 24 hours of 
storage in distilled water at 37°C. after storage, each molar was 

longitudinally sectioned in both axes to obtain rectangular sticks 
with an approximate 0.49 mm2 cross-sectional area. Data were 
analyzed by one-way aNoVa followed by a tukey post hoc test 
(p ≤ 0.05). after debonding, the failure modes were analyzed 
using a stereomicroscope. 

the Zi group (72.6 mpa) showed the highest µtBs, followed by 
the ZB group (60.2 mpa), while the si (34.4 mpa) and sB (42.6 
mpa) groups demonstrated statistically significant lower bond 
strengths. the type of placement technique did not influence the 
µtBs of silorane-based composites to the bottom dentin of Class i 
cavities. the methacrylate-based composite showed superior 
performance, regardless of the placement technique.
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The aim of this current study was 
to evaluate the influence of differ-
ent placement techniques on the 
microtensile bond strength (µTBS) 
of low-shrink Filtek Silorane com-
posite bonded to the bottom dentin 
of Class I cavities.

Materials and methods
The materials used in the present 
study are listed in Table 1. Twelve 
human third molars were stored 
in distilled water at 4°C, with the 
storage medium renewed weekly, 
and used within three months 
of extraction. 

Standard, box-type, Class I cavities 
(6.0 x 4.0 x 2.5 mm) were prepared 
at the occlusal crown center with 
the pulpal floor ending approxi-
mately at the midcoronal dentin, 

using a high-speed handpiece with 
cylindrical high, medium, and fine 
grit diamond burs (KG Sorensen), 
respectively. The diamond bur was 
positioned perpendicularly to the 
long axis of the tooth to create a 
2.5 mm deep cavity. Such cavity 
depth standardization was achieved 
by leveling the upper portion of 
the diamond bur (4.0 mm long) 
with the tooth marginal ridges. The 
prepared teeth were then randomly 
assigned to one of four experimental 
groups (three molars per group): 
SB—Filtek Silorane placed in bulk; 
SI—Filtek Silorane placed incre-
mentally; ZI—Filtek Z250 placed 
incrementally; and ZB—Filtek Z250 
placed in bulk. All Filtek Silorane 
layers were less than 2.5 mm thick, 
and all materials were used according 

to the manufacturer’s instructions 
and subjected to bonding treatments 
outlined in Table 2.

Placement technique
After the bonding treatment, the 
placement technique applied for 
each experimental group was per-
formed as described below.

SB—Filtek Silorane shade A3 
composite was placed in bulk with 
<2.5 mm thick increments and 
photocured for 40 seconds using a 
halogen photocuring device (Elipar 
2500 curing light, 3M ESPE) at 
400mW/cm2. 

SI—Filtek Silorane shade A3 
composite was placed in five incre-
ments (<2.0 mm thick) without 
linking the opposing cavity internal 
walls. Each increment was pho-
tocured for 40 seconds using a 
halogen photocuring device (Elipar 
2500 curing light) at 400mW/cm2. 

ZI—Filtek Z250 shade A3 com-
posite was placed in five increments 
(<2.0 mm thick) without linking 
the opposing cavity internal walls. 
Each increment was photocured 
for 40 seconds using a halogen 
photocuring device (Elipar 2500 
curing light) at 400mW/cm2. 

ZB—Filtek Z250 shade A3 
composite was placed in bulk with 
<2.5 mm thick increment and 
photocured for 40 seconds using a 
halogen photocuring device (Elipar 
2500 curing light) at 400mW/cm2.

Microtensile bond  
strength testing
Each restored molar was subjected 
to microtensile bond testing after 
storage in distilled water at 37°C for 
24 hours. After storage, each molar 
was longitudinally sectioned along 
both axes to obtain rectangular 
sticks with a cross-sectional area of 
approximately 0.49 mm2. The sticks 
then were fixed to a Geraldelli jig 
using cyanocrilate glue applied to 

Table 1. Materials used in this study.

Materials Material composition

scotchbond  
multi-purpose 

etchant: 35% H3po4; primer: copolymer of polyalkenoic acid, Hema, water; 
resin: Hema, bis-gma

silorane system 
adhesive Bond

tegDma, phosphoric acid methacryloxyhexylesters, 1,6-hexanediol 
dimethacrylate bis-gma, UDma, bis-ema

Filtek Z250 Bis-gma, UDma, bis-ema

Filtek silorane 1,3,5,7-tetrakis(ethyl cyclohexane epoxy)-1,3,5,7-tetramethyl 
cyclotetrasiloxanemethyl-bis[2-(7-oxabicyclo[4.1.0]hept-3-yl)ethyl]phenyl

Bis-gma = bisphenol a-glycidyl dimethacrylate; tegDma = triethylene glycol dimethacrylate;  
UDma = urethane dimethacrylate; bis-ema = bisphenol a polyethylene glycol diether dimethacrylate; 
Hema = 2-hydroxyethilmethacrylate.

Table 2. Adhesives used in this study and their respective  

application techniques.

adhesive application technique

scotchbond 
multi-purpose

35% H3po4 acid etch (30 seconds for enamel and 15 seconds for dentin), 
rinse (30 seconds), air dry, primer (30 seconds), air dry, adhesive, photocure 
(20 seconds). 

silorane system 
adhesive Bond

primer (15 seconds), air dry, photocure (10 seconds), adhesive, air dry, 
photocure (10 seconds). 
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both extremities of each stick.17 The 
sticks were stressed in a universal 
testing machine (Instron 4444, 
Instron Corp.) at a crosshead speed 
of 0.5 mm/min until failure. The 
µTBS was expressed by the follow-
ing equation: MPa = N/mm2. 

The failure mode of each stick was 
analyzed under 40x magnification 
microscopy (Olympus America) 
after debonding. The failure mode 
was determined using an adaptation 
of the Hashimoto classification 
system.18 The failures were classified 
as adhesive (type A), resin cohesive 
(type B), dentin cohesive (type C), 
or mixed (adhesive failure with some 
dentin or resin cohesive involvement) 
(type D). The statistical analyses were 
conducted using ANOVA (P ≤ 0.05) 
and a post-hoc Tukey test.

Results
Microtensile bond strength
The overall bond strength values 
(MPa) and standard deviations (SDs) 
for the experimental groups are 
presented in Table 3. The ZI group 
demonstrated the highest µTBS 
mean value, followed by the ZB 
group, while the SI and SB groups 
indicated statistically lower µTBS 
mean values. The SI group exhibited 
the lowest µTBS mean value among 
all groups. One-way ANOVA and 
a post-hoc Tukey test revealed no 
significant correlation between place-
ment technique and µTBS; however, 
significant differences were exhibited 
regarding the type of restorative 
material used (P ≤ 0.05). 

Failure mode analysis
Chart 1 shows the proportional 
prevalence (percentage) of the failure 
patterns for all experimental groups. 
For the SB group, adhesive and 
mixed failures occurred in similar 
proportions. However, cohesive 
failure within composite was the pre-
dominant pattern for the SI group. 

Adhesive failure was the common 
and predominant pattern for both 
the ZB and ZI groups, with a greater 
prevalence in the former. 

Discussion
The polymerization of a composite 
material is accompanied by a volume 
reduction that produces contraction 
stress where the composite contacts 
the tooth. These stresses, in turn, 
can affect the tooth-composite 
interface.19 Presumably, a silorane 
composite stands as an alternative to 

overcome the polymerization shrink-
age stress inherent in methacrylate- 
based composites, and they are indi-
cated for posterior restorations due 
to their less than 1% polymerization 
shrinkage. Therefore, the manu-
facturer’s instructions recommend 
that silorane composites be placed 
in bulk, because there is no need 
for a special placement technique 
to minimize the polymerization 
shrinkage stress. 

Preliminary studies of Class I, 
box-type cavities have shown that 

Chart 1. Prevalence (percentage) of failure  

patterns for all experimental groups.

Table 3. µTBS for each group to Class I cavity bottom dentin.

group Placement technique MPa (Sd)

sB Bulk 42.9 (17.6)a

si incremental 34.4 (17.6)a

ZB Bulk 60.2 (24.3)b

Zi incremental 72.6 (27.0)b

Note: Different superscript letters indicate significantly different results.
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there is a correlation between 
polymerization shrinkage and bond 
strength.19,20 This in vitro study was 
designed to test the influence of 
placement technique on a silorane-
based composite in a clinical “worst 
case scenario”—Class I cavities—
to provide a high C-factor.19,20 Con-
sequently, the clinically relevant 
effect of polymerization stress could 
be assessed. 

Bond strength values decrease as 
the cavity’s C-factor increases.19,20 
This finding is commonly attributed 
to the polymerization shrinkage of 
composite resins; these resins trans-
fer stress to the tooth/restoration 
interface during setting. However, 
since silorane is a low-shrink com-
posite, it is unlikely that shrinkage 
stress is the cause of low bond 
strength values. 

However, even though the low-
shrinkage properties of silorane 
are desirable, they do not solve all 
of the adhesion problems.20 In the 
current study, the µTBS values of a 
silorane-based composite bonded to 
Class I, cavity-bottom dentin were 
significantly lower than the values 
achieved with a methacrylate-based 
composite, regardless of the place-
ment technique applied, showing 
that the inherent low-shrinkage 
property of silorane is not the 
ultimate factor that reduces bond 
strength and that the silorane system 
adhesive was not as effective as the 
traditional, methacrylate-based, 
three-step, etch-and-rinse adhesive. 

To provide an appropriate bond 
between silorane composite and 
tooth hard tissues, a dedicated 
adhesive was developed by the 
manufacturer. The silorane system 
adhesive is composed of a self-etch 
primer and an adhesive bonding 
agent. The silorane primer contains 
hydrophilic and etching monomers 
that bond to hydrated dentin, while 
the silorane bonding agent contains 

hydrophobic bifunctional mono-
mers that match the hydrophobic 
silorane resin. Both must be cured 
separately and should be considered 
as one-step systems and compared 
with one-step systems.21 

According to Duarte et al, the 
application of silorane primer on 
dentin produces intense intertubular 
decalcification, resulting in an 
exposed collagen network, while 
dentinal tubules remain blocked 
out by smear plugs.22,23 After the 
application and polymerization of 
the silorane bond coating resin, a 1.9 
µm hybrid layer with few resin tags 
is observed.21,23 In fact, it has been 
demonstrated that the hybrid layer 
thickness created with the silorane 
adhesive is thinner than that of etch-
and-rinse adhesives and equivalent to 
that of one-step, self-etch adhesives.21 
The results of the present study dem-
onstrate that a silorane-based com-
posite could not achieve µTBS values 
as high as those for a three-step, etch-
and-rinse adhesive associated with a 
methacrylate-based composite. This 
finding is logical, considering that 
one-step, self-etch adhesives generally 
perform very poorly with respect to 
immediate bond strength and short-
term bonding effectiveness.24,25

Santini and Miletic conducted a 
study using 2D, confocal, micro-
Raman spectroscopy.21 According 
to their results, both the silorane 
primer and bond showed distinctive 
spectra, indicating separately cured 
layers of primer and bond. Although 
the bond was placed on the cured 
primer surface prior to being cured 
itself, Raman spectra indicated an 
intervening zone of approximately 
1 µm of mixed spectral intensities 
associated with both the primer and 
bond; this can be attributed to an 
oxygen inhibition layer remaining 
at the cured primer surface. This 
intervening zone could have acted as 
a weak link in the silorane bonding 

system, thus causing lower µTBS 
values. With these results in mind, 
further research on more accurate 
fractography methods is necessary to 
assess whether failure occurs within 
the silorane adhesive system. 

Although there was no statistical 
difference in the present study, the 
incremental technique associated 
with the traditional, three-step, 
etch-and-rinse adhesive and 
methacrylate-based composite 
achieved the highest µTBS value, 
demonstrating the effectiveness of 
this procedure on minimizing the 
effects of polymerization shrinkage. 

As for the silorane-based compos-
ite, the SB group achieved higher 
bond strength values than the 
SI group. This indicates that the 
silorane-based composite should be 
placed in bulk, as recommended by 
the manufacturer, because bonding 
between successive layers depends 
on the reactivity of the material, 
since silorane composite systems 
are hydrophobic and no oxygen 
inhibition layer is present. Indeed, 
in the present study, the SI group 
failure mode analysis showed a 
high predominance of cohesive 
failures within the composite and 
the lowest µTBS values among all 
tested groups. 

Another important finding in 
the present study is that chemical 
reactivity between successive layers 
decays over time, as does the bond 
strength between them.2 As a result, 
the placement technique of the 
SI group did not take more than 
20 seconds from placement until 
curing of the subsequent increment. 

Although the bond strength of 
the silorane bonding agent was 
significantly lower than that of the 
methacrylate agent, this does not 
necessarily mean that the silorane 
system will not succeed clinically, 
because it might not require a 
very strong adhesive interface, 
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since the silorane-based interface 
is not exposed to the same degree 
of polymerization shrinkage stress 
as a methacrylate-based interface. 
Furthermore, evaluations regarding 
aspects such as marginal sealing, 
cuspal displacement, and in vivo 
longevity also are important in 
determining whether a composite is 
clinically effective. 

Conclusion
The type of placement technique 
did not influence the µTBS of 
a silorane-based composite to 
Class I, cavity-bottom dentin. 
The methacrylate-based composite 
demonstrated superior performance, 
regardless of placement technique. 
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Treatment of gingival recession in  
two surgical stages: Free gingival  
graft and connective tissue grafting
Paulo Sergio gomes Henriques, ddS, MSc, Phd n Marcelo Pereira Nunes, ddS n andre antonio Pelegrine, ddS, MSc, Phd

root coverage is an important 
aim of periodontal therapy. 
There is a growing demand 

for this procedure in patients who 
require an improvement in their 
esthetic appearance.1

Gingival recession occurs when 
the gingival margin is apical to the 
CEJ; it results in exposed root sur-
face and loss of both marginal tissue 
and attachment. The most frequent 
etiologic factors associated with 
gingival recession are inflamma-
tory periodontal disease, traumatic 
toothbrushing, inadequate attached 
gingival dimensions, and iatrogenic 
factors.2  Indications for root reces-
sion coverage are root sensitivity, 
root caries, difficulty in plaque 
control, an increase in the level of 
keratinized tissue, and undesirable 
esthetic results.2 Periodontal surgery 
to restore esthetics, comfort, and 
function is one of the most common 
surgeries in clinical practice.3 

A variety of surgical techniques 
have been developed to obtain root 
coverage. However, it has been 
determined that gingival recession 
can be treated successfully, regard-
less of the technique utilized.4 Free 
gingival grafting (FGG), connective 

tissue grafts (CTG), coronally 
advanced flaps (CAF), and a com-
bination of CTG, CAF, and guided 
tissue regeneration (GTR) have 
been introduced with a high degree 
of predictability in Miller Class I 
and II recession defects. A recent 
systematic review of the literature 
demonstrated that CTG, FGG, and 
CAF were effective in reducing gin-
gival recession, with concomitant 
improvements in attachment level.2 
Another systematic review dem-
onstrated that the CTG procedure 
optimizes results in root coverage 
and width of keratinized tissue.5

The aim of this case report was 
to evaluate the association of 
FGG and CTG performed in two 
different surgical stages to obtain 
root coverage.

Case report
The patient was a 31-year-old 
woman who was in good general 
health and did not smoke. She was 
taking no medications and had no 
contraindications for periodontal 
surgery. She had a history of 
periodontal disease, orthodontic 
therapy, and dental trauma in the 
central incisors. 

The clinical probing depth was 
2.0 mm, the recession level was 
8.0 mm, and the width of the 
keratinized tissue was 0 mm (Table 
1). Initial treatment consisted of 
oral hygiene instruction, dental 
adjustment, scaling with curettes, 
and professional cleaning using 
a rubber cup and a low-abrasive 
polishing paste. Surgical treatment 
of the recession defect was not 

this report describes a clinical case of severe miller Class ii gingival 
recession treated by two stages of surgery that combined a free 
gingival graft and connective tissue grafting. First, a free gingival 
graft (Fgg) was performed to obtain an adequate keratinized 
tissue level. three months later, a connective tissue graft (Ctg) 
was performed to obtain root coverage. the results indicated that 

the Fgg allows for a gain in the keratinized tissue level and the 
Ctg allows for root coverage with decreased recession level after 
16 months. therefore, for this type of specific gingival recession, 
the combination of Fgg and Ctg can be used.
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Table 1. Difference between baseline and 16-month measurements (in mm).

 Fgg CTg 

Parameter Baseline 16 months Baseline 16 months

probing depth 2 2 2 2

gingival recession 8 4 4 0

Keratinized tissue 0 4 4 8



scheduled until the patient dem-
onstrated an adequate standard of 
plaque control.

An FGG was performed to gain 
widened keratinized tissue. The 
FGG, which was introduced by 
Bjorn in 1963, is a highly predict-
able technique used to increase the 
width of keratinized gingiva.6-8

After three months, an increase in 
keratinized tissue was observed. For 
this reason, a second surgical pro-
cedure was performed, involving a 
CTG placed in an envelope recipient 
bed. The CTG was removed from 

the palate using the single-incision 
palatal harvest technique referred to 
by Lorenzana and Allen.9 The CTG 
was placed and secured through 
the envelope, covering the adjacent 
exposed root (Fig. 1–14). The FGG 
allows for a gain in the keratinized 
tissue level, while the CTG allows 
for root coverage with decreased 
recession level (Table 1). 

Discussion
The introduction of FGG to obtain 
widened keratinized tissue and 
root coverage was a substantial 

development in esthetic periodontal 
surgery. Furthermore, using Miller’s 
classification, knowledge of the 
marginal tissue recession etiology, 
risk factors, gingival biotypes, new 
approaches in surgical techniques, 
and the possible success of the root 
coverage resulted in increased per-
formance of these procedures.10

The results of this case report 
support the theory that root 
coverage with FGG and CTG 
could produce an increase in root 
coverage and keratinized tissue. 
The defect in the current case was 
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Fig. 1. preoperative aspect of the 

mandibular right central incisor. 

Note the absence of keratinized 

tissue.

Fig. 2. radiographic aspect show-

ing the presence of interproximal 

alveolar bone. Fig. 3. root planing with curettes.

Fig. 4. tetracycline being applied 

to the denuded root surface.

Fig. 5. Donor tissue was removed from the palatal area.

Fig. 6. after preparation of the 

recipient bed, an Fgg was placed 

and sutured.

Fig. 7. one week after placement 

of the Fgg.



classified as Miller Class II. Most 
of the soft tissue grafting tech-
niques described previously have 
treated exposed root surfaces with 
CTG and/or modified, coronally 
advanced flap techniques.4,11

In the current case, an FGG was 
performed to increase keratinized 
tissue, while a CTG procedure was 
used to achieve root coverage. This 
two-stage surgical treatment plan 
involved deep recession in a thin, 

periodontal biotype and the total 
absence of keratinized tissue around 
the tooth. Initially, an FGG, such 
as that described by Bjorn (1963), 
was used to compensate for the 
lack of keratinized tissue. Partial 
root coverage was obtained with 
the FGG but was considered 
insufficient. To provide complete 
root coverage, a second procedure, 
involving an envelope technique 
with CTG (considered the gold 
standard), was necessary.12

In deep Miller Class II recession 
defects, as shown in the current 
case, abrupt movement of the flap 
in a coronal position to ensure 
major blood nutrition could cause 
a change in the gingival line, 
with undesirable vestibule loss. 
Moreover, with the high level of 
keratinized tissue obtained, the 
tissue became thicker, facilitating 
soft tissue management with a 
subsequent surgery and reflect-
ing a higher success of the root 
coverage procedure.

It is important to note that both 
treatments (FGG and CTG) proved 
clinically successful with a high 
percentage of root coverage and 
keratinized tissue increase, and 
that the quantity and quality of the 

soft tissue surgery Treatment of gingival recession in two surgical stages
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Fig. 10. a partial thickness dissection was performed in the recipient bed.

Fig. 8. one month after 

placement of the Fgg.

Fig. 9. three months after 

the Fgg was placed, a Ctg 

was performed. an envelope 

technique was performed with a 

microsurgical blade.

Fig. 14. Complete root coverage was 

maintained at the 16-month follow-up.

Fig. 11. the connective tissue 

with underlying periosteum was 

carefully elevated and harvested 

from the palate. Fig. 12. immediately after positioning of the Ctg.

Fig. 13. Healing at one week after the Ctg. 



keratinized tissue could contribute 
to the long-term results of the root 
coverage. The current case includes 
issues of an absence of root sensitiv-
ity, patient oral hygiene compliance, 
and periodontal health. 

Summary
Based on this case report, deep 
Miller Class II recession defects can 
be treated successfully when FGG 
is combined with CTG. However, 
randomized clinical trials involving 
patients with Miller Class II gingival 
recession defects are needed to con-
firm these findings.
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Hybrid layer thickness and  
morphology: Influence of cavity  
preparation with air abrasion
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one of the greatest challenges 
faced by dentistry today is 
to obtain an ideal restorative 

material. Characteristics of such a 
material include biocompatibility, 
fluoride release and recharge, adhe-
sion to both enamel and dentin, 
esthetics, ease of use, and affordable 
cost. This quest has been facilitated 
by studies on enamel acid etchant 
development and studies on the 
hybrid layer development.1,2

The hybrid layer appears to play 
a critical role in adhesive dentistry. 
It has already been established that 
creating a high quality hybrid layer 
is very important, as it creates a bar-
rier against demineralization caused 
by cariogenic agents.3 Krejci et al 
have related that an adhesive system 
should promote a perfect marginal 
sealing, exhibit stability under 

the occlusal load, provide protec-
tion against secondary caries, and 
demonstrate marginal staining and 
post-treatment sensitivity.4 Accord-
ing to these authors, there is a close 
relationship between the hybrid 
layer morphology and obtaining an 
excellent marginal seal.4 Therefore, 
tests to evaluate an adhesive system 
should be carried out to evaluate 
the junction layer micromorphol-
ogy and the hybrid layer thickness. 
A substantial amount of research 
regarding morphology evaluation 
and the hybrid layer thickness is 
already available.5-9

Perdigao et al stated that the 
dentinal substrate type could 
influence the adhesion mechanism 
and hybrid layer formation.10 If 
this is true, the manner in which 
the adhesion substrate is prepared 

becomes critical; in other words, 
the preparation technique could 
influence the final restorative result. 
In studies evaluating preparation 
effectiveness, air abrasion has been 
compared favorably with conven-
tional preparation methods using 
a high-speed turbine handpiece. 
Von Fraunhofer et al compared 
microleakage of composite restora-
tions in teeth that were prepared 
conventionally with those prepared 
using air abrasion.11 They concluded 
that there was no significant statis-
tical difference between the groups, 
indicating that air abrasion had no 
significant influence on microleak-
age in adhesive filling procedures. 

Other authors have conducted 
similar studies with different air 
abrasion parameters, with similar 
results.12-17 Roeder et al compared 

Dentinal surfaces prepared with air abrasion have considerably 
different characteristics from those prepared with conventional 
instruments. Different hybrid layer morphology and thickness occur, 
which can result in differences in the quality of restorations placed 
on dentinal surfaces prepared with a diamond bur compared to 
surfaces prepared using air abrasion. the objective of this study 
was to compare the hybrid layer thickness and morphology formed 
utilizing scotchbond multi-purpose plus (sBmp) on dentin prepared 
with a diamond bur in a high-speed handpiece and on dentin 
prepared using air abrasion. Flat dentin surfaces obtained from five 
human teeth were prepared using each method, then treated with 
the dentin adhesive system according to manufacturer’s instruc-
tions. after a layer of composite was applied, specimens were 

sectioned, flattened, polished, and prepared for scanning electron 
microscopy. ten different measurements of hybrid layer thickness 
were obtained along the bonded surface in each specimen. 

sBmp produced a 3.43 ± 0.75 µm hybrid layer in dentin 
prepared with diamond bur. this hybrid layer was regular and 
found consistently. in the air abrasion group, sBmp produced 
a 4.94 ± 1.28 µm hybrid layer, which was regular and found 
consistently. statistical aNoVa (p ≤ 0.05) indicated that there was 
a statistically significant difference between the groups. these data 
indicate that the air abrasion, within the parameters used in this 
study, provides a thick hybrid layer formation. 
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the bond strengths of composite 
restorations in teeth prepared 
conventionally or with air abrasion, 
with 27 or 50 µm aluminium oxide 
particles.12 Pamir and Turkun also 
compared microleakage of compos-
ite restorations.16 In all of these stud-
ies, the use of air abrasion had no 
significant influence on the adhesive 
procedures. Another study evaluated 
the shear bond strength of glass-
ionomer cements to air-abraded 
dentinal; the outcomes indicated an 
improvement in shear bonding of 
Fuji IX (GC America Inc.) after air 
abrasion treatment.18

On the other hand, some studies 
have found that dentinal surfaces 
prepared with air abrasion present 
characteristics that are quite different 
from those prepared with conven-
tional rotary instruments.19-21 These 
studies also have shown that differ-
ent parameters will produce different 
tissue characteristics. The question 
then exists, how can it be possible to 
have similar adhesion results in dif-
ferent dentinal substrates?12-21

Based on this question, tests 
should be carried out to evaluate the 
junction layer micromorphology 
and the hybrid layer thickness to 
best evaluate an adhesive system. 
Krejci et al concluded that these 
tests also should evaluate a cavity 
preparation method.4

The objective of the present study 
was to compare the hybrid layers 
formed between an adhesive system 
and the dentin, developed using 
two different cavity preparation 
methods: a diamond bur in a high-
speed handpiece, used as a control, 
and air abrasion.

Materials and methods
Five recently extracted mandibular 
molars were selected for the pres-
ent study. All teeth were free from 
caries and previous restorations. The 
samples were cleaned with a perio-

dontal curette, then cleaned with a 
fine flour of pumice using a rubber 
cup in a low-speed handpiece for 
30 seconds. Samples were stored in 
distilled water at 37°C. The teeth 
were sectioned longitudinally in 
four parts by means of a mesiodistal 
cut and a faciolingual cut using a 
low-speed diamond saw (Isomet, 
Buehler) under a coolant water flow. 
After the initial sections were cut, 
the occlusal surface was removed by 
a horizontal cut with a low-speed 
diamond saw, 1.0 mm below the 
dentinoenamel junction. 

The fragments were randomly 
divided into the following groups:  
•	Group I—High-speed turbine 

(control; n = 5). One section 
from each tooth was separated in 
an individual container contain-
ing distilled water and assigned 
a group number (A1–A5). A 
No. 1013 diamond bur (KG 
Sorensen) in a high-speed hand-
piece (KaVo America Corpora-
tion) under abundant water spray 
was used on the flattened occlusal 
surface of each section. The sur-
face was prepared using random 
movements for 10 seconds to 
simulate the bottom of an occlu-
sal cavity. One diamond bur was 
used for each dentin section. 

•	 Group	II—Air	abrasion	
(n = 5). One section from each 
tooth was separated into an indi-
vidual container containing dis-
tilled water and assigned a group 
number (B1–B5). Throughout 
the study, the numbering of 
each section corresponded to the 
same section in each group; for 
example, the section numbered 
B1 in this group corresponds to 
A1 in the previous group, and 
so on. The Mach 4.1 air abrasion 
device (Kreativ, Inc.) was used to 
irradiate the previously flattened 
occlusal dentin sections. Air 
abrasion was applied by means of 

a 45 degree handpiece kept at a 
standardized distance, fixed with 
an orthodontic thread fastened 
to the handpiece. Scanning 
movements were carried out 
at random during 30 seconds, 
simulating the bottom of an 
occlusal cavity prepared with 
air abrasion, according to the 
parameters described in Table 1.

After all occlusal surfaces had been 
prepared with either the diamond 
bur or air abrasion, all sections were 
conditioned with 37% phosphoric 
acid (Ivoclar Vivadent Inc.) for 15 
seconds. The surfaces were rinsed 
with distilled water for 15 seconds, 
then gently dried with oil- and 
dust-free air for two seconds. Next, 
the Scotchbond Multi-Purpose Plus 
adhesive system (3M ESPE) was 
applied according to the manufac-
turer’s instructions, as follows: A thin 
layer of the primer was applied with 
the help of a brush, then left undis-
turbed on the conditioned surfaces 
for 30 seconds. Next, the solvent 
was removed from the surface with 
oil- and dust-free air jets for five sec-
onds, and a thin layer of the adhesive 
was applied. The adhesive layer was 
photocured for 20 seconds (intensity 
= 400 mW/cm2, evaluated by means 
of a radiometer every 10 uses). A 1.0 
mm thick, microhybrid composite 
layer (Fill Magic, Vigodent SA) in 
shade A1 with a unique increment 
was applied to all occlusal surfaces, 
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Table 1. Kreativ Mach 4.1 air 

abrasion parameters.

pressure 80 psi

particle size 27 µm

operation mode pulse

operation distance 5.0 mm

Coolant air spray



which were then photocured for 40 
seconds.7 

After the samples were stored for 
seven days in distilled water, a trans-
verse section was created 5.0 mm 
below the tooth/composite interface 
using a diamond saw (Isomet); next, 
the roots of the sections were sepa-

rated and the remaining portion was 
sectioned longitudinally through the 
middle of the composite using the 
same diamond saw under abundant 
water spray. Two sections were 
obtained, formed by enamel and 
dentin, the adhesive system, and the 
microhybrid composite. The two 

sections were hand-polished using 
wet, 600-grit silicon carbide paper 
(Saint-Gobain Abrasives, Inc.) and 
a felt wheel placed in a polishing 
device (Praxis, TDV Dental). An 
alumina polishing paste (AP-Paste 
SQ, Struers Inc.) with 0.5 µm 
particles was used until no grooves 
were observed with a 50x magnify-
ing glass. The sections again were 
conditioned in distilled water.

After seven days, one section of 
each previously formed pair was 
gently decalcified with 37% phos-
phoric acid for 10 seconds, rinsed 
with distilled water, then deprotein-
ized with 3% sodium hypochlorite 
for 60 seconds.7 Sections next 
were rinsed with distilled water, 
placed on aluminum stubs, and 
sputter-coated with gold (Edwards 
S150B, Edwards). 

The samples were evaluated under 
a LEO 1450VP scanning electron 
microscope (LEO Electron Micros-
copy Group). Microphotographs 
of the hybrid layers were taken at 
standard magnifications (3,000x). 
Ten measurements were taken 
of the hybrid layer thickness of 
each sample, six measurements in 
the outer part of the hybrid layer 
(three on each side) and four in the 
central part of the same layer. These 
measurements were carried out using 
LEO-32 software (version 3.0, LEO 
Electron Microscopy Group), which 
is a component of the scanning elec-
tron microscope. This software allows 
measurements of distance between 
two points on an image with a 2% 
error margin. Table 2 shows distribu-
tion of the samples in the two groups 
in relation to cavity preparation 
modes and hybrid layer thickness 
measurements.

Results
The data derived from the two 
groups are shown in Table 3 (Group 
I, diamond bur) and 4 (Group II, 
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Table 2. Sample distributions.

group Cavity preparation method Number of samples Number of measurements

i Diamond bur 5 50

ii air abrasion 5 50

total 10 100

Table 3. Hybrid layer thickness in Group I (diamond bur).

Sample

Hybrid layer thickness (µm)

1 2 3 4 5 6 7 8 9 10

a1 5.215 4.880 2.086 2.436 3.131 3.478 3.942 4.637 2.781 3.856

a2 2.552 3.538 2.544 2.300 3.410 4.635 2.604 3.710 3.345 4.023

a3 3.278 3.128 2.997 3.154 3.872 4.157 2.465 3.118 4.927 3.788

a4 2.665 3.600 3.477 3.015 3.245 3.592 3.592 4.404 4.410 3.824

a5 2.278 2.658 2.478 3.109 3.199 3.478 3.561 4.101 3.907 3.145

Note: measurements 1–3 and 8–10 were taken in the outer part of the hybrid layer (three on each side); 
measurements 4–7 were taken in the central part of the hybrid layer.

Table 4. Hybrid layer thickness in Group II (air abrasion).

Sample

Hybrid layer thickness (µm)

1 2 3 4 5 6 7 8 9 10

B1 4.958 5.105 5.231 4.887 4.913 5.158 5.357 6.156 6.281 6.007

B2 6.491 6.378 5.332 5.447 4.757 5.247 4.968 6.730 5.100 5.868

B3 4.635 4.869 3.942 5.928 4.641 5.220 6.154 6.292 7.491 6.811

B4 2.436 1.970 3.838 2.747 3.525 2.127 4.545 4.729 5.458 6.893

B5 3.978 2.557 2.646 3.955 4.913 3.422 5.146 5.689 4.734 5.432

Note: measurements 1–3 and 8–10 were taken in the outer part of the hybrid layer (three on each side); 
measurements 4–7 were taken in the central part of the hybrid layer.



air abrasion). The measurement data 
were statistically treated through the 
variance ANOVA using SPSS for 
Windows, version 5.0. The ANOVA 
(P ≤ 0.05) showed a significant sta-
tistical difference between the com-
bined effects of the two treatments. 
The Tukey and Student-Newman-
Keuls tests (P ≤ 0.05) separated the 
treatment into two homogenuous 
and distinct groups (Group I ≠ 
Group II). Table 4 shows the average 
results obtained in the two groups 
after statistical treatment. Figures 
1 and 2 illustrate the differences 
between the hybrid layer thickness 
and morphology. These figures were 
obtained from fragments of the same 
tooth (samples A1 and B1).

Discussion
The high-speed handpiece is the pri-
mary method for cavity preparation 
in dentistry. Alternative methods 
for cavity preparation, including 
air abrasion, still have drawbacks, 
and preparations have yet to be 
standardized. A number of authors 
have recommended techniques and 
noted advantages for the use of air 
abrasion, with an emphasis on a 
reduction in pain, noise, and pres-
sure, and have suggested the pos-

sible use of air abrasion in Class I–V 
direct restorations.22,23 However, no 
one has recommended the use of 
air abrasion in indirect restorations, 
which require more defined cavity 
preparations. It is because of this 
limitation that the high-speed tur-
bine remains the most commonly 
used method for cavity preparation. 

Studies comparing microleak-
age data for adhesive restorations, 
performed in cavities treated with 
different preparation methods, are 
abundant in the dental literature; in 
general, all of the studied methods 
have presented statistically similar 
results.11-13,24 Nonetheless, according 
to the descriptions by Krejci et al, 
tests that evaluate bonding forces 
only would be important for deter-
mining the quality of an adhesive 
system.4 However, these studies 
should not be used as the sole or 
primary parameters for the recom-
mendation of an adhesive system. 
According to these authors, a perfect 
marginal sealing would appear to be 
much more important; therefore, 
marginal adaptation tests would 
yield a greater clinical value.4 These 
authors believe that there is a close 
relationship between hybrid layer 
morphology and a perfect marginal 

sealing, and that tests to evaluate the 
hybrid layer micromorphology and 
the hybrid layer thickness should 
always be carried out when evaluat-
ing adhesive system qualities.

The hybrid layer is extremely 
dependent on the dentinal substrate 
over which it is produced.10 For this 
reason, the manner in which the 
dentin is prepared might be impor-
tant. An earlier study indicated that 
preparations completed with air 
abrasion demonstrate a thick smear 
layer and present closed dentinal 
tubules after preparation; this is 
quite similar to preparations carried 
out with diamond points.21

The current study followed the 
methodology used by Ferrari et 
al.6 The only exceptions to that 
study were in the dentinal substrate 
preparation method (diamond point 
and air abrasion) and the adhesive 
system used.7 

In the current study, the authors 
decided to use tooth fragments, cre-
ating two groups, always originating 
from the same tooth, according 
to descriptions noted. The aim of 
this approach was to standardize 
the dentinal substrate where the 
superficial treatment had been 
performed, so that comparisons 
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Fig. 2. portion of hybrid layer formed in sample B1. C = composite;  

a = adhesive; Hl = hybrid layer; t = adhesive tag; D = dentin.

Fig. 1. portion of hybrid layer formed in sample a1. C = composite;  

a = adhesive; Hl = hybrid layer; t = adhesive tag; D = dentin.
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could be conducted using the same 
dentin pattern. This is in contrast 
with many other studies, in which 
experiments are carried out in 
multiple teeth, which could lead 
to exhibition of different dentin 
characteristics.  

The average result analysis 
obtained in Group I (3.43 ± 0.74 
µm) showed similarities to exist-
ing literature.5,25-27 Those studies 
indicated, when using the adhesive 
system utilized in the current study, 
that the hybrid layer thickness 
average results varied between 
3.0 µm and 5.0 µm.

A simple comparison between the 
average results obtained in Groups 
I (3.4 ± 0.74 µm) and II (4.94 ± 
1.28 µm) demonstrates that air 
abrasion, within the parameters of 
the current study, allows for the 
formation of a thick hybrid layer 
when compared to the use of a dia-
mond bur in a high-speed turbine. 
Table 5 shows that the groups were 
statistically heterogeneous, with 
Group II demonstrating greater 
thickness than Group I. However, 
much more important than the 
comparison between the obtained 
measurements was the fact that, in 
the samples in Group II, the hybrid 
layers were regular and found 
consistently and measurement was 
obtained more easily than those in 
Group I.  

It was not possible to determine 
the cause of the results for Group II, 
either for the measurement results 
or their relation to the formation 

constancy. The authors believe 
that the obtained results could be 
related to the following explana-
tion from Barceleiro et al: 

In the place where there is a perpen-
dicular air abrasion incidence, no 
temperature increase would occur, 
promoting a less stressing alteration 
in the collagen fibers structure, 
when compared to the high-speed 
preparation (even under water cool-
ant), leading to a regular and thick 
hybrid layer formation.9

Results from the present study 
showed that an association between 
air abrasion and the adhesive system 
used allowed for the formation of a 
thick hybrid layer that could have a 
positive effect on bonding and sec-
ondary caries prevention, according 
to Nakabayashi and Saimi and Krejci 
et al.3,4 Additional studies are needed 
to include alterations in parameters 
used by the air abrasion device and 
in the adhesive system. Another 
suggestion would be to design stud-
ies that would try to explain the 
reasons for the differences found in 
the present study, repeating all of the 
parameters used here.

Conclusion
Through the analysis of results 
obtained in this in vitro study, it 
was possible to make the following 
conclusions:
•	 In	dentin	prepared	with	a	

diamond bur in a high-speed 
handpiece, the adhesive system 

produced hybrid layers with an 
average thickness of 3.43 ± 0.74 
µm, with a consistent and regular 
format in a continuous way. 

•	 In	dentin	prepared	with	air	
abrasion, the adhesive system 
produced hybrid layers with an 
average thickness of 4.94 ± 1.28 
µm, with a consistent and regular 
format in a continuous way. 

•	The	air	abrasion	preparation	
allowed for the formation of a 
thicker hybrid layer compared 
to the one formed after using 
a diamond bur in a high-speed 
handpiece.
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Severe oligodontia and dental anomalies in 
a child with a history of multiple natal teeth: 
An eight-year retrospective
raquel dos Santos Pinheiro, MSd, ddS n renata alves otero, MSd, ddS n Maristela Barbosa Portela, MSd, ddS, Phd 

gloria Fernanda Castro, MSd, ddS, Phd

Hypodontia, which is the 
agenesis of one or more 
teeth, is the most common 

dental developmental anomaly.1 It 
occurs in the permanent dentition 
in 3.5–6.5% of the population 
and is more prevalent in females.2,3 
Although tooth agenesis occasion-
ally is caused by environmental 
factors, it has a genetic base in the 
majority of cases.4 Many dental 
anomalies have been reported to 
be associated with tooth agenesis; 
these include small tooth size, 
peg-shaped teeth, and double 
tooth formation.5,6 Natal teeth 
are teeth that are present at birth, 
while neonatal teeth erupt during 
the first 30 days following birth. 
The presence of natal teeth in 
newborns is uncommon and the 

majority represent the early erup-
tion of normal primary teeth. The 
eruption of more than two natal 
teeth is considered rare.7

The correlation between these 
two alterations is rarely described 
in the literature. This article docu-
ments the case of a boy with severe 
hypodontia and shape anomalies in 
the permanent dentition associated 
with a history of 11 natal teeth. 

Case report
An 8-year-old boy came to the 
Department of Pediatric Dentistry, 
Federal University of Rio de Janeiro, 
with a severe case of hypodontia 
(absence of 22 permanent teeth) and 
shape anomalies in eight teeth (Fig. 1 
and Table 1). He was first brought to 
the clinic when he was 24 days old; 

at that time, his mother reported the 
presence of a rare condition of 11 
natal teeth. Examination at the ini-
tial visit showed three natal teeth on 
the maxillary and mandible ridges 
that were subsequently extracted 
due to their extreme mobility. The 
other teeth had been removed at 
birth by the obstetrician, again due 
to extreme mobility and the risk of 
aspiration during feeding.8 All teeth 
reflected standard primary dentition. 
A familial history of natal teeth, 
including the father and fraternal 
grandfather, was described, but the 
exact number of natal teeth in other 
family members was unknown. 

The parents were recommended 
to a geneticist; however, the 
karyotype did not indicate any 
abnormalities. The child attended 

this article reports the case of a boy born with 11 natal teeth 
who had many alterations in his permanent dentition. in this 
case, 22 teeth were missing and a shape anomaly was detected 
in eight teeth. the treatment consisted of prosthetic rehabilitation 

and follow-up of teeth eruption and jaw growth. 
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Table 1. Dental anomalies noted in the present case.

Tooth number Type of anomaly

2, 4, 6, 7, 10–13, 15, 18, 20–29, 31 absent

3, 5, 8, 14, 19, 30 anomaly of shape

9 anomaly of shape with  
dens invaginatus

Fig. 1. patient at age 5 years, 9 months.



the clinic monthly for review of 
the eruption of the other teeth. The 
right maxillary molar (with anom-
aly in shape and hypoplasia) and 
left maxillary canine appeared at 
23 months.  At that time, both pri-
mary canines and the primary left 
premolar erupted with hypoplastic 
characteristics in the mandibular 
arch. The primary maxillary left 
molar erupted at 33 months. At 
this time, an orthopantomograph 
was obtained and other abnormali-
ties and the absence of teeth from 
the permanent dentition were 
observed (Fig. 2). The permanent 
mandibular left premolar erupted 
at 43 months.

Treatment included reconstruc-
tion of the shape of the primary 
first premolar and prosthesis 
rehabilitation in an attempt to 
improve esthetics and function. 
The first prosthesis was created at 
31 months and modified a year 
later due to nonadaptation; it had 
broken because of jaw growth and 
tooth eruptions. This prosthesis was 
readapted as necessary until the 
patient was 8 years old, when the 
anomalous teeth in the region of 
the maxillary right premolars were 
extracted and no more teeth would 
erupt. At that time, a new remov-
able prosthesis was made (Fig. 3).  

This patient will be treated until 
the jaw finishes growing; at that 
point, treatment will be carried out 
with implants and further pros-
thetic rehabilitation.

Discussion       
Few studies in the current litera-
ture demonstrate associations of 
hypodontia, shape anomalies, and 
natal teeth. Lai and Seow described 
a rare congenital case of a healthy 
newborn and his mother, both of 
whom demonstrated multiple natal 
teeth and oligodontia. The baby had 
12 teeth at birth, while the mother’s 
dental records indicated that she 
had 16 teeth at birth.9 

In the present case, the patient 
had a family history of both natal 
teeth and hypodontia. Some 
syndrome may be present, but 
only a karyotype genetic test was 
performed. For a more accurate 
diagnosis, specific genetic tests 
would be required; it is hoped that 
these would recognize any potential 
genetic alterations. 

In cases of oligodontia in the 
anterior region, treatment must 
be well-planned, because it affects 
children’s self-esteem and sociabil-
ity. In the present case, the parents 
reported that the patient was very 
shy. da Silva et al observed that 

complaints were more frequent 
among children with missing 
anterior teeth; the same relationship 
was observed regarding satisfaction 
with prosthetic appliances by chil-
dren and the region of the missing 
teeth.10 After receiving the final 
prosthesis for this case, the patient 
was very happy, saying that now he 
could smile without embarrassment.

The patient will have to maintain 
close follow-up care to ensure that 
the prosthesis does not interfere 
with growth. The definitive treat-
ment will be concluded only when 
the patient finishes growing. Treat-
ment most likely will be multidisci-
plinary, involving specialists such as 
orthodontists, implantologists, and 
prosthodontists. 

Summary
This report describes a rare case of a 
child born with multiple natal teeth 
associated with dental anomalies. 
Definitive treatment for such a case 
has not yet been described in the 
scientific literature because these 
abnormalities were found in a child 
who had no systemic changes or 
known genetic markers.
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Fig. 2. orthopantomograph at age 2 years, 9 months. Fig. 3. New prosthesis that will be readjusted as the patient grows.
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