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On a Rainy Day in June
A whole lot of good was done by volunteers on a Mission of Mercy.

editorial

The day dawned rainy and cold. I arose at 3:30 
a.m. to get ready for the first Mission of Mercy 
(MoM) event in New York State. I had driven to Troy 
from Buffalo the evening before so I would be able to 
get to the event at my appointed time of 5 a.m. for 
orientation. I was a bit tired, but excited for what was 
to come. NYSDA and the New York State Dental 
Foundation sponsored the dental clinic over two 
days in mid-June to provide free care for people with 
significant dental disease who couldn’t afford to see 
a dentist. I had volunteered to take part, though I 
really didn’t know what to expect. And, as an ortho-
dontist, I wasn’t certain what I could do to help. 

The event was held in the sports complex at 
Hudson Valley Community College. When I arrived, 
it was still raining. I wondered if the rain would 
keep patients away. Entering the gym complex, I 
was met by volunteers, who checked me in and told 
me where I was to go. I signed up to work in radiol-
ogy, an area I knew quite well. I can still read an 
X-ray, and panorexes, which I use all the time in my 
practice, were to be taken on all patients coming for 
treatment. 

Since it was still early, I walked around to get 
the lay of the land. The ice rink at the complex had 
been converted to a volunteers lounge, with tables 
and chairs and food stations. Off to the side there 

was an area where volunteers could get a massage if 
needed—a nice touch, I thought. 

From there, I went to the radiology area, where 
there were four digital panorex machines and four 
portable NOMAD X-ray devices for taking periapi-
cal images. It was a rudimentary setup, but very 
functional.

Next, I toured the treatment area, located in 
the gymnasium. It was an amazing sight. There 
were about 80 to 90 chairs set up, ready for 
patients. This was no small undertaking, and I mar-
veled at the logistics required to achieve such an 
elaborate setup. Also located on the treatment floor 
was a triage area where patients would be seen to 
determine their level of need and the treatment 
they would receive. And there was another radiol-
ogy area with three NOMAD devices available to 
take any needed X-rays not taken in the prime radi-
ology area. 

Patients visiting the MoM were offered hygiene, 
restorative, periodontal, oral surgical and endodon-
tic treatments. There was a pediatric area for chil-
dren, a pharmacy and a patient education center. I 
was quite impressed by this dental “field hospital” 
and by the number of volunteers on hand to pro-
vide the care. I had had my doubts about attending, 
but this short tour disabused me of any reservations 
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quickly. I could sense the good that would 
occur here.

I went back to the radiology area to get 
briefed on my duties. It turned out I wasn’t the 
only orthodontist working there. I guess that’s 
the natural place to put us. At 6 a.m., our first 
patients arrived. Each panorex machine had two 
dental hygienists and one doctor assigned to it. 
One hygienist would position the patient in the 
machine and the other would take the X-ray. 
The X-ray was then brought up on the computer 
screen and the doctor would examine it to 
determine if additional pictures were needed. 

I screened about 75 X-rays that morning. 
I didn’t see anything too unusual, though I 
did get to diagnose a nasal polyp with the help 
of an oral surgeon. Mostly, however, it was 
count teeth, look at bone levels and determine 
if any periapical X-rays were needed. Since 
every patient was to receive a panorex, all 
patients requesting treatment went through 
radiology first. We worked as fast as we could, 
but, with the number of patients being seen, 
radiology became a bottleneck. We were the 
slow car holding up traffic. 

All the patients I interacted with were 
very appreciative of the care they were receiv-
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CORRECTION

In the article “Management of the Dental 
Patient on Anticoagulant Medication” 
(Agarwal, et al. June/July 2014: 29-32), it 
was incorrectly stated that “Warfarin is 
also known as coumarin.” It should have 
said that warfarin is also known as 
Coumadin. We regret the error.  
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ing. I was thanked constantly for being there to help them. No 
one seemed to think he or she was entitled to treatment. 

My shift finished at noon, and I went to see how things were 
going in the treatment area. The place was humming with activ-
ity. All stations were operating at full capacity, and much needed 
dental work was being provided. Again, I was struck by how grate-
ful the patients were to be receiving care—and how happy every-
one seemed to be. I never saw anyone who appeared upset or 
angry. Most surprising, these people actually were happy to see 
the dentist! This was a revelation to me. I guess I have become 
jaded over the years about our great profession. We’ve all heard 
derogatory dentist jokes, or endured hurtful statements by non-
dentists about how, while it’s nothing personal, they hate the 
dentist. Here were people who appeared to actually like being 
where they were. 

I left the clinic floor to get lunch in the volunteer lounge. 
Not seeing anyone I knew, I sat at an empty table. Soon, another 
gentleman joined me. He said he was from New York City, that 
he had accompanied his wife, a dentist, to the MoM, and was 
working as a patient escort. We talked about the event and he 
related how wonderful he thought it was to be helping people in 
need. I agreed with him. He asked me where I was from and I told 
him. He seemed impressed that I had come all the way from 
Buffalo to help out. I told him I was impressed that he would 

accompany his wife and stay on to help, taking patients from one 
area to another. He replied, if not him, then who? 

And that is what this MoM was all about. If not us, then 
who? Who would treat these patients? They were there because 
they couldn’t afford to see a dentist. They were the untreated who 
had fallen through the cracks and desperately needed care. Now, 
for two days in June in Troy, NY, they had an opportunity to 
receive needed care from dentists from all over New York State. 
Over 1,000 patients were treated during this MoM event, and 
they were treated with care and compassion. Many were relieved 
of pain for the first time in a long time. 

Unfortunately, this is only the tip of the iceberg. There are 
many other needy patients out there. There is a solution to this 
problem somewhere. We just need to find it.

I had to leave the MoM that Friday afternoon to return to 
Buffalo. However, when the next MoM is scheduled in New York 
State, wherever that might be, I plan to be there. And, I hope, I will 
be able to contribute both days. It felt good to be a part of this 
wonderful event. I heartily recommend you volunteer for the next 
MoM. It will be time well spent, for both you and the patients.

D.D.S.
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It is often said that a good defense wins more 
sporting events than any offense. The 2014 leg-
islative session has come to an end with NYSDA 
in need of a lot of good defense. Thanks to sev-
eral key early victories, the Association recorded 
another successful year. But we often don’t fo-
cus on the defensive side when tallying victories, 
though we should, as they are many and equally 
important.

There is the temptation to assume that every 
legislative session is the same and that dealing 
with developments is a matter of routine. This 
year proved to be quite different. As a result of a 
very strong behind-the-scenes push by Gov. An-
drew Cuomo for a major healthcare initiative to 
deal with prescription opioid abuse and heroin 
addiction, suddenly, in the very last week of the 
legislative session, a slew of healthcare-related 
bills were introduced and started to move rapidly 
through both the Senate and Assembly. 

While NYSDA supported most of these bills, 
that was definitely not the case with A.1124-A 
(Rosenthal) and A.9878 (Rosenthal) / S.7660 
(Hannon). This bill would have created a man-
datory three-hour continuing education course 
in opioid prescribing and pain management for 
healthcare professionals and would have made 
the course obligatory every two years—on top of 
the 60 hours already required of dentists. The bill 
was written only with physicians in mind, but it 
captured other professionals as well and defied 
the logic of the three-year licensing cycle—a ma-
jor technical problem with the bill. 

Introduced on May 23 in the Senate and on May 
27 in the Assembly, the bill passed the Senate 
within 10 days and was scheduled for a floor vote 
in the Assembly. Thanks to grassroots help from 
members of the New York County Dental Society 
living in Assembly sponsor Linda Rosenthal’s dis-
trict and a vigorous lobbying effort that included 
pointing out that the bill ignored the original I-
STOP legislation, which called for studying this 
issue and then providing well-considered recom-
mendations on continuing education needs, NYS-
DA was able to derail its rush to passage.

The history of the bill was also very odd. 
There were two identical versions of it in the 
Assembly. One, A.9878, had been appropriately 
referred to the Assembly Higher Education Com-
mittee, chaired by Assemblywoman Deborah 
Glick. That bill was going nowhere as Assembly-
woman Glick recognized it was deeply flawed. 
However, a second, identical version, A.1124-A, 
also sponsored by Assemblywoman Rosenthal, 
was simultaneously placed on the Assembly floor 
calendar for a vote. In addition, the Senate bill, 
S.7660, which was identical to A.9878 and had 
passed with remarkable speed and limited notice 
in the Senate, had been referred to the Assembly 
Health Committee instead of to the more logical 
Higher Education Committee, where A.9878 sat. 

It was quite clear that there was an effort 
underway to manipulate rapid passage in the As-
sembly without going through its Higher Educa-
tion Committee, which, it appeared, had been 
given a diversionary identical bill to create the 

ATTORNEY ON LAW

Keeping the Enemy at Bay
A Recap of the 2014 Legislative Session

NYSDA can look back with satisfaction on a year that went its way for the most part. 
But legislative victories are not achieved without a vigilant and astute defense. 

Lance Plunkett, J.D., LL.M.
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illusion that the committee was controlling its fate. However, As-
semblywoman Glick saw through this and was very helpful in 
arguing that the bill was flawed and should not be passed without 
proper vetting through the appropriate Assembly committee. In 
the end, strong lobbying efforts by NYSDA convinced Assembly-
man Richard Gottfried, chair of the Assembly Health Committee, 
that the bill was a mistake and should not be passed through his 
committee either. 

Although lobbying was intense right up to the Legislature’s 
adjournment, common sense and clear thinking prevailed in the 
Assembly. It should be noted that NYSDA has two representa-
tives on the I-STOP committee, which was established to study 
and make recommendations on continuing education concern-
ing pain management and overprescribing of opioid and other 
controlled substance pain relief drugs. They are Lawrence Duda of 
the Third District and Steven Tunick of New York County. Their 
good work should not have been ignored and bypassed by the 
Legislature. And in the end, it was not. 

More Misguided Measures
Other bills that tried to piggyback on the governor’s desire to 
deal publicly with prescription opioid abuse and heroin addic-
tion were: A.10111 (Rules at request of McDonald) / S.2949-A 
(Hannon), which would have required healthcare professionals 
to limit all Schedule II or III controlled drug prescriptions to no 
more than a 3- to 10-day supply; A.2335-C (Rodriguez) / S.7894 
(Carlucci), which would have required a healthcare professional 
in the Medicaid managed care program to first check with a pa-
tient’s managed care plan for authorization before issuing any 
prescription; and S.7918 (Boyle), which would have required 
healthcare professionals to conduct drug testing of patients be-
fore prescribing any narcotic drug. The latter bill died with no 
Assembly sponsor, although it had some life in the Senate with 
a Republican sponsor. The impracticality of drug testing patients 
before prescribing was, apparently, not a particularly appealing 
option to anyone. 

A.2335-C/S.7894, a broad attempt to insert managed care 
plans into professional prescribing judgments in order to save 
money in the Medicaid program, never got out of committee in 
either house of the Legislature. In lobbying against the measure, 
NYSDA suggested that, despite an elaborate 24-hour a day, seven 

Although lobbying was intense right 

up to the Legislature’s adjournment, 

common sense and clear thinking 

prevailed in the Assembly.
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days a week telephone call system requirement in the bill, per-
haps, if a dentist could not get through to the patient’s Medicaid 
managed care plan to authorize a prescription, then the patient 
should instead contact Sen. David Carlucci’s office directly. 

The third bill, limiting the quantity of Schedule II and III pre-
scriptions, did pass in the Senate, but was never going to pass in 
the Assembly because Assemblyman John McDonald, a licensed 
pharmacist, recognized the foolishness of quantity limitations for 
prescriptions and took control of sponsoring the bill to make sure 
it did not advance. 

A Less-than-Tasty Stew
Not all is as it seems when it comes to legislative proposals. And 
the motives and actions of legislators are not easily deciphered 
except by lobbying insiders. The quantity limitation bill, for ex-
ample, approved by the Senate was part of a series of bills that 
body passed and dumped on the Assembly to sort out as a pro-
gram for combatting prescription drug abuse and heroin addic-
tion. In some ways it was like creating a giant stew from which 
the reasonable, tasty parts needed to be extracted for final passage 
and the remainder discarded as bad ideas. This approach required 
constant lobbying and close monitoring in the final days of the 
session in case an unwholesome part of the stew started to ad-
vance—and there were many such parts as illustrated above.

Another last-minute bill that targeted dentistry was S.7915 
(O’Brien), a one-house measure that would have called for limit-
ing the ability to take dental X-rays to licensed dental assistants. 
Since there are only slightly more than 1,200 such licensed dental 
assistants in New York State, this ill-conceived bill would have 
crippled most dental practices in the state. Introduced by a lone 
Democratic senator, with no Assembly counterpart, the bill was 
doomed from the outset, but it represents a warped mode of 
thinking on this subject that will bear future watching, especially 
if the Senate switches to Democratic control next session (more 
on that below).

The Medicaid Conundrum
A NYSDA success that straddles both defense and offense came 
early on when it was decided to continue New York’s adult dental 
Medicaid program with no cuts to reimbursements in the State 
Budget. In fact, honoring a commitment made two years ago, 
funding for smoking cessation services by dentists in the Medic-
aid program finally became a reality this year. 

Often we hear from members that dental Medicaid reim-
bursements are so low that to take credit for preserving them is 
pointless. However, the alternative is zero reimbursement and 
the elimination of all adult dental services, an optional Medicaid 
benefit that many states have done away with. The current fis-
cal reality is that Medicaid is trying to control spending. Calls 
for more Medicaid spending and for pumping dollars into the 

system are doomed under current circumstances and would leave 
NYSDA a bystander to future Medicaid developments. 

Of course NYSDA wants more money for dental Medicaid 
services, but focusing on that alone will produce no such result. 
Even at the federal level, when early on there was a Democratic 
Congress and, by any standards, a liberal Democratic president, 
nobody was looking to pump more dollars into the Medicaid pro-
gram. Continuing to call for more dollars now when the political 
landscape has changed is not actually a legislative strategy—it is 
just a means to be left on the sidelines when other critical devel-
opments in the Medicaid program are being discussed. 

NYSDA’s Medicaid strategy is far more complex than sim-
ply calling for more dollars and has resulted in convincing the 
state to do things like pay for smoking cessation services. True, 
payments may not be what all members would like to see, but 
that isn’t a reality limited to just the Medicaid program. Every 
reimbursement decision is looked at through the prism of ulti-
mate cost savings. And lobbying strategies and arguments need 
to be tailored to getting money put where it will have beneficial 
long-term patient healthcare and cost effects. That’s how NYSDA 
is able to stay in the Medicaid arena and showcase the value of 
dentistry to the overall state healthcare strategy. 

NYSDA is also vigilant about the Medicaid program failing 
to create adequate access to services due to inadequate reimburse-
ments. But under the new Medicaid managed care system, there 
are no data to support that case. In fact, the New York State De-
partment of Health reports opposite data showing that patients 
are very satisfied with Medicaid managed care programs and that 
the program itself is performing splendidly. While this assess-
ment may be a bit too rosy, there isn’t evidence to contradict that 
view. And any lobbying effort depends upon hard data.

No Such Thing as a Simple Bill
Another legislative success with an interesting history was passage 
of a two-year extension to the restricted dental faculty license law. 
This law allows dental schools in New York State to more easily 
recruit faculty members with foreign dental educations by allow-
ing them to obtain licenses to practice that are restricted to their 
connection to the dental school (Section 6604-b of the New York 
State Education Law). The law has periodically been set to expire—
this time, on Feb. 1—but is now extended to Feb. 1, 2017. The bill 
passed was A.8660-A (Glick) / S.7183-A (Golden). The governor 
signed it into law on July 22, as Chapter 172 of the Laws of 2014. 

You would think such an innocuous-sounding bill would have 
smooth sailing, but not so. The Assembly passed very early in the 
session a version that would have extended the law for four years, 
until Feb. 1, 2019. However, that bill had no Senate counterpart at 
the time. When the Senate finally introduced the same bill, spon-
sored by Sen. Martin Golden, it languished in the Higher Educa-
tion Committee. The Senate then amended the bill down to just a 
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two-year extension, to Feb. 1, 2017. As a result, the Assembly had to 
recall its four-year extension bill and vote again, ultimately decid-
ing to agree to the Senate two-year extension version. 

The primary advocates for this bill were the Academic Dental 
Centers, who retain their own lobbyist. But the centers also asked 
for and received support and assistance from NYSDA. The history 
of this bill this year illustrates once again that even the simplest 
seeming item is never really so simple. 

Supporting the Dental Party
All manner of malpractice tort reform bills were defeated this 
year. All of these proposals would have been harmful to dentistry 
if passed. NYSDA spends considerable time monitoring trial lawyer 
bills, which have a tendency to start moving toward the end of the 
legislative session after lying dormant for months. One example is 
A.1002-A (Weinstein) / S.555-A (DeFrancisco), a seemingly innoc-
uous bill that would allow plaintiffs to recover damages directly from 
third-party defendants (defendants who the actual named defendant 
brings into the lawsuit as third-party participants). The current and 
longstanding rule of law is that a plaintiff cannot directly recover a 
damage award from a third-party defendant because the plaintiff did 
not actually sue that person. This bill would alter that longstanding 
rule to allow direct recovery against third-party defendants. 

While such a bill, at first glance, seems to be a harmless and well-
intended technical change, the reality is that it would place all 
malpractice defendants at odds with each other and compromise 
joint defense of malpractice cases. Fortunately, the Legislature 
saw the problem and did not pass the bill. However, this measure 
is one that is constantly being pushed by trial lawyer groups, so it 
is likely to reappear in future legislative sessions. 

Another bill that was defeated was A.5802 (Englebright), a bill 
that Assemblyman Steven Englebright repeatedly introduces to cre-
ate the profession of denturology. If allowed to pass, it would license 
people in a new profession for the sole purpose of making dentures. 
The bill never makes it out of the Assembly Higher Education Com-
mittee because it is a very bad idea that would take dental care in 
New York State backwards. Nevertheless, NYSDA keeps a watchful 
eye on it as it might one day spur other similarly bad bills. It should 
also be noted that the New York State Education Department has 
no interest in licensing a new profession in this area, especially one 
that would merely duplicate part of an existing profession, but with 
inferior education and training and no public need. 

Finally, a few words on the changing political picture in New 
York State alluded to earlier. For the last two legislative sessions, 
the Senate has had a Democratic majority, but it has remained in 
Republican control as a result of a power-sharing arrangement 
with a small group of Democrats known as the Independent 
Democratic Caucus (IDC). Recently, with Gov. Cuomo and New 
York City Mayor Bill de Blasio both working hard on a reconcilia-
tion, the IDC announced it was going to return to caucusing with 
the Senate Democrats, which will transfer control of the Senate 
to Democratic hands next year barring any unusual election re-
sults in November. 

NYSDA is well-positioned in either scenario for lobbying pur-
poses, but a unified Democratic control of all branches of govern-
ment does portend significant public policy changes going forward. 
NYSDA has never looked at government or based its lobbying strat-
egy on Democrats versus Republicans, but considers only whether a 
legislator is in the “dental party.” Consequently, the Association has 
forged excellent relationships with supportive legislators from all sides 
of the political spectrum because its aim is to promote dental policies 
that advance the health and welfare of the people of New York State. 
Legislators of many different political stripes support such wise policy 
and, thus, are members of the dental party rather than being pigeon-
holed as merely Republicans or Democrats. No other lobbying strategy 
would bear fruit. And the alternative would be like trying to time the 
stock market, an effort doomed to failure. p

The material contained in this column is informational only and does not 
constitute legal advice. For specific questions, dentists should contact their own 
attorney. An archive of previously published legal articles can be accessed in the 
members-only area of the NYSDA website, www.nysdental.org
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Success in private dental practice would probably be mea-
sured differently among practitioners. Financial success, patient 
and parental satisfaction with the way we manage our practices, 
the quality and consistency of our treatment outcomes, the qual-
ity of our working environment and staff assessment and percep-
tions of how well they are treated, satisfaction with our own 
professional and clinical development—do we feel we are acquir-
ing new insights and/or skills, thereby increasing our compe-
tency—and, lastly, our relationships with other dental colleagues 
are important elements contributing to what many of us might 
consider success in practice. And if for just a moment, we could 
all agree on the importance of the aforementioned factors, how 
well are academic institutions preparing tomorrow’s clinicians, 
researchers, educators and leaders in the dental profession for 
competency and overall success? Is the historical schism between 
the relevance of dental academic education and clinical practice 
widening or decreasing? 

Among the greatest challenges and advancements in academic 
instruction has been the introduction of critical thinking skills into 
the dental educational curriculum. Dental educators have seen the 
limitations of attempting to teach students “what to think” and in-
stead have shifted the educational emphasis onto “how to think.” Es-
tablishing an environment of sound and ethical scientific, research 
and clinical debate and dialogue is, in my opinion, one of the greatest 
achievements of modern dental education. Skills learned from this 
model (similar to the gymnasium system in Europe that prepares stu-
dents for higher education) prime dental students to manage the rig-
ors and challenges of private practice after graduation. 

In addition, the teaching model of individual case conferenc-
ing (open dialogue between students and faculty) and the intel-
ligent use of the Internet as a valuable educational resource help 
students develop the necessary skills for individual patient case 
diagnosis, treatment planning, ethical management of individual 
patients, and the need to address oral health issues in our respec-
tive communities. 

While evidence-based dentistry is a relatively new term for many 
seasoned dental practitioners, it is an essential and required tool 
in modern dental education. The EBD process underscores today’s 
teaching and will better prepare dental school graduates to assess 
current and future protocols, as well as materials and devices that 
are introduced to the dental profession, often with extravagant 
claims that are unsubstantiated by high-quality evidence and, all 
too frequently, have been disappointing in the clinical environ-
ment. It will also give the practicing clinician an opportunity to 
participate in this process as practice-based research networks 
(PBRN), which, although utilized in medicine for many years, are 
in their infancy in the dental profession. 

In the past, clinicians have always considered the dental 
student to be an individual in need of an extraordinary learning 
curve to help him or her transition from the academic environ-
ment to the clinical setting, or “real world” of dentistry. Current 
dental education has helped bridge this perceived disconnect be-
tween these two distinct environments. The academic environ-
ment has always been the real world of dentistry, no more or less 
than private clinical practice. 

Dentistry remains a “hot profession,” and admittance is high-
ly competitive. We are attracting the very best that colleges have to 
offer, and the profession can be assured that the current pool of 
talented predoctoral and postdoctoral students/residents will en-
sure a bright and successful future for the dental profession. 

So how are our dental schools doing in preparing the younger 
generation of dentists for the challenges of delivering high-quality oral 
healthcare to the public? I’d say quite well—very, very well, in fact. p

Dr. Moskowitz is clinical professor, Department of Or-
thodontics, New York University College of Dentistry, 
New York, NY, past president of the American Associa-
tion of Dental Editors and former editor of The New York 
State Dental Journal.
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A B S T R A C T :

The aim of this retrospective study was to assess dental 

patient, physician and dental student attitudes toward 

blood pressure and glycemic monitoring within a den-

tal school environment. The responses of these cohort 

groups were analyzed by using an Institutional Review 

Board-approved survey. Physicians and dental students 

viewed blood pressure monitoring positively, while pa-

tients were less enthusiastic. All three groups viewed 

measuring blood sugar on diabetic patients prior to 

dental surgery as important, but not on a routine basis.

According to the Centers for Disease Control, “About 1 in 3 U.S. 
adults—or 67 million people—has high blood pressure. Only about 
half (47%) of people with high blood pressure have their condition 
under control. Hypertension is the most common condition seen 
in primary care and leads to myocardial infarction, stroke, renal 
failure, and death if not detected early and treated appropriately.”1

As early as 1977, the Coordinating Committee of the Na-
tional High Blood Pressure Education Program identified a need 
for communication between all health professionals and patients 
regarding hypertension diagnosis and management.2

The American Dental Association has provided guidance on den-
tal patients and hypertension for many years.3 A seminal article 
in 2004 stated: “All health care providers, including dentists and 
members of the dental team, need to be involved in detection and 
management of this important public health problem. The den-
tist can play an important role in the detection and management 
of hypertension.”4

And in a review article published in 1997, Muzyka and Glick 
wrote: “Pre-procedural monitoring of blood pressure is recom-
mended for all patients and is especially important for those with 
a diagnosis of hypertension. Dental practitioners who find large 
variation from normal blood pressure ranges should report the 
results to the primary health care practitioner, and ask the pa-
tient if he or she is complying with the treatment protocol. Den-
tal practitioners should measure blood pressure at every visit for 
known hypertensive patients and at least once per year for all 
other patients without cardiovascular risk factors.”5

The American Diabetes Association found 25.8 million 
people in the United States have diabetes (8.3% of our popula-
tion). Of that number, 7 million are unaware they have dia-
betes. Further, 79 million people are pre-diabetic. In 2010, 1.9 
million new cases of diabetes were diagnosed in people aged 
20 years and older. In addition, 67% of adults above the age 
of 20 with self-reported diabetes had a blood pressure equal to 

Attitudes toward Monitoring Blood Pressure and 
Blood Sugar at a New York State Dental School
Jacqueline M. Tuthill, D.D.S.; Samantha J. Smith, D.D.S.; Michael N. Hatton, D.D.S., M.S.; 

Robert Dunford, M.S.
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or greater than 140/90 or used prescription medications for 
hypertension. The risk of developing heart disease or stroke is 
two- to four-times higher for diabetic patients than non-dia-
betic patients.6 Dental concerns for the diabetic patient have 
been articulated recently.7

 At the University at Buffalo School of Dental Medicine 
(UB-SDM), dental students monitor blood pressure (BP) and 
random capillary blood glucose/sugar (RBG). These values are 
obtained on all diabetic patients at every visit as a matter of 
school protocol. 

Our goals are as follows:
l To reduce medical risks of performing a dental procedure on 

any patient, whether medically compromised or not.
l To familiarize dental students with easily measured systemic 

health parameters so, in turn, they can use these techniques 
in their practices.

l If a medical emergency should happen during patient care, 
there are known starting parameters from which to formu-
late a differential diagnosis.

l To reduce the incidence of hypoglycemia and its attendant 
morbidity.

l To instill in dental students the concept that “taking good 
care” of their patients’ global health engenders mutual trust 
and confidence.
If measurements for BP or RBG are deemed unacceptable by 

our oral medicine faculty, the dental student will fax a letter to 
the patient’s physician. After an appropriate response from the 
physician, a decision is made on whether to treat the patient for 
elective care.

This study involved an anonymous, retrospective survey of 
patients, students and physicians collectively involved in our 
school’s care. We hypothesized that all three cohorts would view 
BP and RBG monitoring as having a positive impact on the pa-
tient’s global health. Although this rationale seems obvious, we 
found little data in the literature that measures these views in a 
dental school environment.

Methods
Subjects were selected based on a chart review using the patient 
database at UB-SDM (Table 1-1). Patients with a diagnosis of hy-
pertension and/or diabetes were identified. These charts were fur-
ther selected for evidence of written communication between the 
dental student and the patient’s physician. Approximately 2,300 
charts were reviewed. 

Dental students (105), patients (141) and physicians (124) 
were sent anonymous survey questions (Table 1-2). All returned 
questionnaires were de-identified. Responses were color coded to 
indicate whether the response was from a physician, student or 
patient. Responses from the three groups were analyzed by Pear-
son chi-square test, degrees of freedom (=2); Mini Tab statisti-

TABLE 1. 
Selection Criteria for Survey Participants, Survey Questions, 
Statistical Analysis 

1. Survey Participant Selection

Inclusion Criteria Exclusion Criteria

• Patient with hypertension and/
or diabetes

• Copy of fax sent to physician 
present in chart

• Diabetes and/or hypertension 
was not the primary reason for 
communication

• White coat syndrome

• Death 

• No documentation of  
communication 

2. Sample Survey Questions

Hypertension Diabetes

• In your opinion, does monitor-
ing blood pressure for patients 
at the dental school have 
a positive impact on your 
patient’s systemic health?

• In your opinion, is it the respon-
sibility of a dentist to measure 
blood pressure prior to dental 
treatment?

• In your opinion, does monitor-
ing blood glucose for diabetic 
patients at the dental school 
have a positive impact on your 
patient’s systemic health?

• In your opinion, is it the respon-
sibility of a dentist to measure 
blood glucose (on diabetic 
patients) prior to dental treat-
ment?

3. Statistical Analysis

• Pearson’s Chi Square Test

• Degrees of Freedom

• P-Value 

TABLE 2. 
Survey Questions Relating to Dental Responsibility of  
Measuring BP Prior to Treatment (Figure 1)

Physician Patient Dental Student

In your opinion, is it 
the dentist’s responsibil-
ity to measure blood 
pressure prior to dental 
treatment? 

A) No

B) Not Sure 

C) Yes

In your opinion, is it 
the dentist’s responsibil-
ity to measure blood 
pressure prior to dental 
treatment?

A) No

B) Not Sure 

C) Yes 

In your opinion, is it 
the dentist’s responsibil-
ity to measure blood 
pressure prior to dental 
treatment?

A) No

B) Not Sure 

C) Yes

Figure 1. Percent of cohort members who felt measuring BP was dental responsibility, or was 
not dental responsibility. Chi-square analysis, P-value < 0.05.
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cal software was used to obtain P values. Responses of “no” and 
“not sure” were considered negative answers, while responses of 
“yes” were considered supportive of the question asked. We used 
Chi-square analysis to determine if differences existed among re-
sponses from the three cohort groups. P-values < 0.05 were con-
sidered to be statistically significant.

Results
We received a 23.8% (n=25) response from dental students, 
44.7% (n=63) response from patients and 20% (n=25) response 
from physicians. Eighty percent of dental students, 61% of physi-
cians and 45% of patients believed measuring BP was a dental 
responsibility (Table 2, Figure 1). Eighty-eight percent of dental 
students, 80% of physicians and 50% of patients felt measuring 
BP prior to dental treatment had a positive impact on the pa-
tient’s well-being (Table 3, Figure 2).

RBG Measurement 
Fifty-two percent of dental students, 34% of patients and 13% 
of physicians felt that measuring RBG was a dental responsibil-
ity (Figure 3). Seventy-two percent of dental students, 40% of 
patients and 62% of physicians felt that obtaining RBG prior to 
dental treatment had a positive impact on patient health (Figure 
4). Ninety-two percent of physicians, 92% of dental students and 
65% of patients felt that taking RBG before dental surgery was 
important (Figure 5). 

Note: No statistical difference was seen in responses by cohort 
age, years in practice (physicians) or zip code.

Discussion
Monitoring BP was viewed as a dental responsibility by the ma-
jority of dental students surveyed (80%). Greenberg et al. found 
that 85.8% of dentists were willing to screen for hypertension, 
similar to our survey of dental students. Greenberg’s study also 
found that 76.6% of dentists were willing to screen for diabetes.8 
Another recent study by Barasch et al. found similar levels of sup-
port among dentists and patients for RBG screening.9 We found 
less support (52%) for RBG monitoring as a dental responsibility 
among our dental students. In contrast to Barasch’s study, only 
40% of our patients viewed routine RBG monitoring positively as 
being a dental responsibility. 

Our study also found a low percentage of physician enthu-
siasm (12%) for routine RBG monitoring. However, our written 
communications with physicians do not clearly state that preven-
tion of hypoglycemia is the major reason we measure blood sugar 
on all diabetic patients. Therefore, physician responses may have 
been more favorable if they knew this important factor. Our data 
does show wide support by physicians for the school to measure 
RBG prior to “dental surgery.” Perhaps the connotation of the 
word “surgery” in the question prompts this support.

TABLE 3. 
Survey Questions to Determie whether BP Measurement  
Prior to Dental Treatment has Positive Impact on Patient’s 
Global Health (Figure 2)

Physician Patient Dental Student

In your opinion, does 
measuring a patient’s blood 
pressure have a positive 
impact on the overall health 
of the dental patient? 

A) No

B) Not Sure 

C) Yes 

In your opinion, 
does measuring 
blood pressure have 
a positive impact on 
your overall health? 

A) No

B) Not Sure 

C) Yes 

In your opinion, does 
measuring a patient’s blood 
pressure have a positive 
impact on the overall health 
of the dental patient? 

A) No

B) Not Sure 

C) Yes 

TABLE 4. 
Survey Questions to Determine whether it is Dental  
Responsibility to Measure RBG on Diabetic Patients Prior  
to Dental Treatment (Figure 3)

Physician Patient Dental Student

In your opinion, is it 
the dentist’s responsi-
bility to measure a dia-
betic patient’s blood 
sugar prior to initiating 
dental treatment?

A) No

B) Not Sure 

C) Yes 

In your opinion, is it the 
dentist’s responsibility 
to measure a diabetic 
patient’s blood sugar 
prior to initiating dental 
treatment?

A) No

B) Not Sure 

C) Yes 

In your opinion, is it the 
dentist’s responsibility 
to measure a diabetic 
patient’s blood sugar 
prior to initiating dental 
treatment?

A) No

B) Not Sure 

C) Yes 

Figure 2. Percent of cohort members who felt measuring BP prior to dental treatment had 
positive impact. Chi-square analysis, P-value <0.05.

Figure 3. Percent of cohort members who believed measuring random RBG was dental 
responsibility. Chi-square analysis, P-value < 0.05. 
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If our patient’s blood sugar reading is below 80 mg/dL, we 
give the patient an oral sugar bolus (fruit juice) prior to com-
mencing the procedure. We again measure RBG after oral 
sugar administration. Students will also re-measure RBG if 
symptoms of hypoglycemia occur, or at the terminus of a 
lengthy dental procedure. Since UB-SDM initiated this pro-
tocol, we have had very few instances of hypoglycemia in our 
diabetic population.10

It is noted that most U.S. dentists are not required to mea-
sure BP on any patient, or obtain RBG measurements on their 
diabetic patients prior to local anesthesia administration. The 
lack of preoperative data regarding BP and RBG in dental pa-
tients can potentially make management of medical emergen-
cies more complicated.11 Administration of local anesthesia can 
potentiate a systemic vasoactive response. Yet, we cannot find 
literature mandating BP (or RBG) measurement prior to the 
administration of local anesthesia in dentistry. Barasch reports 
that measuring blood glucose levels does not seem widespread 
among dentists. And Malamed states, “heart rate/rhythm 
should be monitored as a routine part of all dental visits. Dental 
insurance carriers have reported that only 2% of general dentists 
record vital signs regularly. It is the standard of care within the 
medical profession to record vital signs prior to the injection of 
any drug.”12

Oral and maxillofacial surgeons are “required” to measure 
vital signs, as we found in the Parameters of Care for Oral and 
Maxillofacial Surgery.13 The Texas State Dental Practice Act states 
that dentists “should” measure vital signs, but is unclear as to 
how often, and what should be done if aberrancies are discov-
ered. No mention is made of RBG determination being required 
for diabetic patients in these documents. Determinations of BP 
and RBG on all dental patients are skills that dentists can easily 
learn and acquire. UB-SDM internal records indicate that routine 
monitoring of blood pressure and random blood glucose moni-
toring have greatly reduced the incidence of medical emergencies 
at our institution. 

Besides blood pressure and blood sugar monitoring, novel 
innovations in sialometric diagnosis are now commercially 
available.14 Dentists have a prime opportunity not only to 
monitor systemic disease, but also to screen for systemic dis-
eases through salivary analysis.15 Oral fluid testing includes 
HIV, H1N1, genomic analysis and many other bio-markers 
found in saliva.16 At the School of Dental Medicine at Buffalo, 
for example, we have screened over 950 dental school patients 
for HIV using a rapid, oral fluid-based test (Ora-Sure Technologies). 
We found that patients and dental students readily embrace 
oral fluid-based HIV screening, apart from their dental care. 
Based on our findings (publication in progress), it is our firm 
opinion that the dental profession should consider screening 
for systemic disease through new oral fluid-based technologies. 

TABLE 5. 
Survey Questions to Determine whether Measuring RBG  
prior to Dental Treatment has Positive Impact on Patient’s 
Health (Figure 4)

Physician Patient Dental Student

In your opinion, does 
measuring blood sugar 
on diabetic patients, 
prior to dental treatment, 
have a positive impact 
on your patient’s global 
health? 

A) No

B) Not Sure 

C) Yes 

In your opinion, does 
measuring blood sugar 
on diabetic patients, 
prior to dental treat-
ment, have a positive 
impact on your global 
health?

A) No

B) Not Sure 

C) Yes 

 In your opinion, does 
measuring blood sugar 
on diabetic patients, 
prior to dental treatment, 
have a positive impact 
on your patient’s global 
health?

A) No

B) Not Sure 

C) Yes 

TABLE 6. 
Survey Questions by Cohort Related to Importance of  
Measuring RBG Prior to Dental Surgery (Figure 5)

Physician Patient Dental Student

Do you think it is important 
to take a diabetic 
patient’s blood sugar 
before dental surgery?

A) No

B) Not Sure 

C) Yes 

Do you think it is important 
to take a diabetic 
patient’s blood sugar 
before dental surgery?

A) No

B) Not Sure 

C) Yes 

Do you think it is important 
to take a diabetic 
patient’s blood sugar 
before dental surgery?

A) No

B) Not Sure 

C) Yes 

Figure 4. Percent of cohort members who believed measuring RBG prior to dental treatment 
has a positive impact on their health. Chi-square analysis, P-value < 0.05. 

Figure 5. View of cohort members on importance of measuring RBG prior to dental surgery. 
Chi-square analysis, P-value < 0.05.



36   AUGUST/SEPTEMBER 2014 •  The New York State Dental Journal

Conclusions
Dental students and physicians view blood pressure monitoring 
as a dental responsibility favorably. Patients did not share as high 
an opinion, but almost half of our patients thought blood pres-
sure monitoring was beneficial to their health. Physicians were 
less enthusiastic about monitoring random blood glucose among 
their diabetic patients. 

We believe that blood pressure should be monitored on all 
dental patients. We also believe that random blood glucose should 
be measured on known diabetic patients prior to any dental pro-
cedure. It clearly makes for good practice from a risk management 
standpoint. Dental students, patients and physicians gain mutual 
trust and confidence through the profession’s efforts to monitor 
markers of systemic health among dental patients. p

Queries about this article can be sent to Dr. Hatton at hatton@buffalo.edu.
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A B S T R A C T

The granular cell tumor, a non-specific, slow grow-

ing nodule usually affecting the tongue, is best re-

garded as having a reactive/metabolic origin rather 

than a neoplastic one. Histogenetically, it is thought 

to develop from neural cells. Definitive diagnosis is 

only obtained after histologic examination of a tissue 

specimen.

The granular cell tumor (GCT), first described by Abrikossoff,1,2 is 
an uncommon lesion that has a special predilection for the oral 
cavity. Although it can develop in multiple locations, including 
the respiratory, gastrointestinal and urinary systems, 45% to 65% 
of these lesions occur in the head and neck area, while 70% of 
them are intraoral, usually involving the tongue.2-8 The GCT is 
a slow-growing, non-ulcerating nodule that is asymptomatic in 
its manifestations. It may be seen as solitary or multiple nodules 
with 10% to 25% of the nodules being reported as multiple in 
presentation.2,6,9,10 The GCT most commonly occurs in the fourth 
to sixth decades of life,3,7-10 and has a propensity to affect females 
in ratios of 2:1, or even 3:1.2,7,9,11-13

Intraorally, the GCT is a non-specific mass, usually less than 
3 cm in size, involving the dorsum of the tongue, with most near 

the midline.4,7,8,14 The growth is submucosal in nature, poorly cir-
cumscribed and painless, but very firm and fixed in its location 
when palpated. The overlying mucosal epithelium is intact, but 
tends to have a gray or yellow hue.2,4 

Skeletal muscle was originally implicated as the histogenetic 
origin of the GCT by Abrikossoff.1,2 However, this theory of origin 
is no longer accepted. Generally, it is now thought to originate 
from the Schwann cells of the neural sheath. Altered metabolism 
of Schwann cells represents the prevalent theory because immu-
nohistochemistry of the GCT cells demonstrate the biomarkers 
S-100, vimentin and the neuron-specific enolase (NSE), all of 
which are present in neural cells.4,6,7,9,10,14-17 Nevertheless, a neu-
roendocrine origin has also been suggested in view of the fact that 
NSE is a neuroendocrine marker.7,13,17,18 Although the GCT reacts 
to neural markers, no specific marker for GCT has been found.7,13

The GCT can be regarded as a local metabolic or reactive 
change rather than a true neoplasm.13,17,19 Histologically, the le-
sion is poorly circumscribed, with no apparent encapsulation. 
Nests and ribbons of large polygonal cells, with a granular eo-
sinophilic and abundant cytoplasm, are observed. The nuclei are 
small, dense and tend to be excentrically located. The cellular 
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groups are separated by fibrous septae, while the individual cell 
borders are indistinct.17 There is little mitotic activity. In approxi-
mately 50% of the GCTs, the overlying epithelium will demon-
strate a reactive pseudoepitheliomatous hyperplasia,2,3,6,7,10,15 a 
benign epithelial change that often is microscopically misinter-
preted as a squamous cell carcinoma. Malignancy of the GCT has 
been reported to occur in 1% to 3% of the total cases,2-4,19 but 
rarely in the oral cavity.

Laser excision has been suggested,2 but local surgical excision 
with a safety margin appears to be the most frequently advocated 
therapeutic approach. Of interest is the fact that 40% to 55% of 
the lesions that had been locally excised showed the excisions 
were inadequate, because tumor cells were present at the margins 
of the excised specimen.14,17 Regardless, follow-up of these cases 
revealed no recurrences. This observation would seem to indicate 
regression of the residual GCT cells, thus lending credence to the 
hypothesis that the GCT is not a true neoplasm and may indeed 
be a metabolic/reactive lesion.

Case Report
A 38-year-old Hispanic-American female was referred to the Co-
lumbia University College of Dental Medicine Oral and Maxil-
lofacial Surgery Clinic by her general dentist because of a small, 
flat, yellowish, circumscribed nodule on the dorsal anterior tip of 
the tongue (Figure 1).

A medical history indicated that the patient was in excellent 
health. She has occasionally used sedatives to facilitate sleep. The 
patient said she was unaware of the lesion until her dentist called 
it to her attention. Consequently, its duration was unknown. The 
patient denied traumatizing the tip of the tongue by biting or with 
a tongue-thrust habit. There was no subjective pain associated 
with the lesion.

Intraorally, the mucosal tissues were normal in appearance. 
At the anterior dorsal tip of the tongue, a yellow, circumscribed 
discoloration was noted. Measuring about 4 mm in diameter, it 
was found to be painless and firm when palpated. Only a slight 
elevation of the overlying intact mucosa was noted.

Excisional biopsy and histologic examination were per-
formed (Figure 2). Benign appearing stratified squamous epi-
thelium was present on the surface. Beneath the surface, large 
polygonal cells with abundant eosinophilic granular cytoplasm, 
arranged in sheets, were present. Mitotic activity and cellular 
atypism were not evident. The lesion’s cells were seen at the 
lateral and deep margins of the excised specimen. A diagnosis 
of GCT was made.

Discussion
Because the GCT is non-specific in appearance, it is rarely diag-
nosed clinically prior to surgical intervention. Excisional or inci-
sional biopsy is necessary to histologically identify the GCT. Most 
frequently, the GCT has been misdiagnosed as a traumatic (irrita-
tion) fibroma, lipoma or unspecified tumor.14 Diagnosis of these 
entities awaits the histologic examination.

The traumatic fibroma is a common oral cavity exophytic 
growth. It represents a reactive lesion caused by chronic trauma 
to oral mucosa. When located on the tongue, chronic irritation 
from repeated bites or a tongue-thrust habit against an irregular 
surface are assumed to initiate the overgrowth of fibrous connec-
tive tissue. A firm fibroblastic mass develops, while the overlying 
epithelium often becomes hyperkeratotic due to the chronic fric-
tion.20 Our patient denied any history of repetitive trauma, and 
hyperkeratosis was not present.

Lipomas are common benign asymptomatic neoplasms of 
mature adipose tissue. They are infrequently found in the oral 
cavity, but, occasionally, are located on the tongue.21 They are en-
capsulated and soft in consistency, in contrast to the GCT, which 
is not encapsulated and quite firm when palpated. Confusion in 
clinical diagnosis occurs because this neoplasm of fat cells has a 
yellowish clinical appearance similar to the GCT.

Figure 2. Microscopic view of excised specimen (magnification x100, H and E stain).

Figure 1. Clinical appearance of granular cell tumor at anterior tip of tongue.
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It is apparent that a successful, total removal of the GCT was not 
achieved in our case. Lesional cells were microscopically reported 
to be present at the margins of the excised tissue. If the GCT rep-
resented a true neoplasm, a second, wider surgical intervention 
would be required. However, the GCT probably is not representa-
tive of a neoplasm. As indicated, previous reports state that about 
one-half of the excised GCTs have lesional cells at the margins 
of the removed specimen. Yet, follow-up studies failed to reveal 
recurrences,14,17 probably because the GCT represents a reactive/
metabolic cellular proliferation rather than a true neoplasm. Fur-
ther substantiation of this theory can be derived from the fact 
that encapsulation, as seen in benign growths, is not observed. 
Although a small percentage of GCTs are malignant, recognition 
of their existence is best made when active mitosis, necrosis and 
cellular pleomorphism are noted. Our patient presented no such 
pattern. Nevertheless, the need for continued follow-up was im-
pressed upon our patient.

The pseudoepitheliomatous hyperplasia seen in 50% of GCTs 
was also not observed in our patient. Awareness of the existence 
of this tissue change is mandatory because there have been occa-
sions where this epithelial alteration has been falsely interpreted 
as a squamous cell carcinoma.

Conclusion
The GCT is thought to be a reactive/metabolic cellular growth 
rather than a true neoplasm. At the present time, it is gener-
ally accepted to originate from Schwann cells of the neural 
sheath. Definitive diagnosis awaits the microscopic study of 
the excised lesion. p

Queries about this article can be sent to Dr. Mandel at LM7@Columbia.edu.
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A B S T R A C T

In the years 2007 to 2011, faculty, pediatric dental 

residents and dental students lead by New York Uni-

versity College of Dentistry and Healthcare Inter-

national Reachout, Inc., traveled to the Hoolebury 

School, Saint Ann Parish, Jamaica, where they pro-

vided treatment to 172 children. The service project 

focused on dental health promotion, education and 

prevention. Although not a randomized controlled 

trial, the statistical evidence from records of treat-

ment received and the presence of decay strongly sug-

gests the positive benefit of repeat dental visits and 

the placement of sealants on permanent molars in 

these children.

Dental caries is the most common disease among children and 
greatly alters the quality of life.1 Caries prevention techniques 
have proved to be rewarding.2-4 Studies have shown that early in-
tervention with preventative treatment, such as pit and fissure 
sealants and fluoride, may help reduce the amount of childhood 
caries.5,6 Sealant and prevention programs appear to reach at-risk 

populations and to be cost-effective in comparison to alterna-
tives.7-10 

Since their introduction to dentistry in the 1960s, sealants 
have successfully protected the occlusal surfaces of teeth from 
decay-causing bacterial growth in children at all risk levels.11,12 

When properly placed, sealants may have a protection efficiency 
of close to 100%.13-15

In addition to sealants, fluoride varnish application has 
been an effective ally in lessening the prevalence of dental car-
ies.1 Biannual application of fluoride varnish can reduce decay 
by 38%.16 Fluoride varnish has the added benefits of requiring a 
simple, non-technique-sensitive application; causes little discom-
fort; and its prolonged exposure time1 allows maximum fluoride 
uptake into enamel.16,17 

Materials and Methods
In the years 2007 to 2011, New York University College of Den-
tistry and Healthcare International Reachout, Inc., participated 
in a service project on dental health promotion, education and 
prevention at the Hoolebury School, Saint Ann Parish, Jamaica. 
Faculty, pediatric dentistry residents and dental students com-
pleted oral healthcare screenings and provided dental care. Two 
students, or one student and a pediatric resident, performed each 
clinical exam. Random inter-rater reliability checks were incorpo-

Sequential Years of Dental Outreach to Jamaica
Gains toward Improved Caries Status of Children
Charles D. Larsen, D.M.D., M.S.; Michael D. Larsen, Ph.D.; Michelle Kim, D.D.S.; Esther Yang, D.D.S.; 

Noel Brown, D.D.S., M.P.H.; Ralph P. Cunningham, D.D.S.

caries prevention
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rated to ensure consistency in diagnosis. All work was checked by 
a general or pediatric dentistry faculty member.

Children received fluoride varnish, restorative dentistry and 
extractions as necessary, as well as oral hygiene instruction. Seal-
ants were applied to all permanent teeth that did not show signs 
of clinical decay; they were re-applied at each successive year in 
the program as indicated. Education in the classrooms was pro-
vided to the children enrolled in the school. Education and oral 
hygiene instruction were given to the teachers, the school nurse 
and the principal, as well as to interested parents.

Caregivers voluntarily brought their children to the clinic site 
in the school for this service. Consent to enlist their children 
into the school-based program was obtained from the children’s 
parents verbally and in writing to the school. Teachers from each 
classroom accompanied the children to the designated clinic area.

A chart review for secondary data analysis was approved 
(study number S12-01754) by the New York University School 
of Medicine Institutional Review Board. The purpose of this data 
analysis was to determine the caries prevalence in the target 
group, treatment needs and the level to which those needs were 
met in this service project. Children who returned for at least a 
second visit in years two through five were analyzed to see if there 
was a change in their decay rate and if prevention occurred in 
each successive year.

Decay status at the first visit was compared to decay status at the 
second visit using a paired binomial test of discordant pairs; it 
was not appropriate to test the proportions as two independent 
samples because the subjects were seen more than once. 

In order to conduct an analysis of the impact of repeated 
visits, a logistic mixed-effects model was fit to the data. The ran-
dom effects component addressed the fact that there was cor-
relation within subjects who were seen more than one time. The 
outcome measure was either general decay or decay in molars. 
Various time-varying predictors were considered as described be-
low. Statistical models were compared using Akaike’s Information 
Criterion (AIC), which is a model comparison tool that combines 
goodness of fit with a penalty for complexity; small values are pre-
ferred. The correct classification rate is the percent of visits (out 
of all patient encounters) that are correctly classified in terms of 
the presence of decay.

Results
Data from dental encounters were recorded for each child re-
ceiving care during any of the five visits. In total, 172 children 
received care at least once during the visits. The age of children 
in 2007 ranged from 4 to 10 (average 7.0) years old. By 2011, 
the ages ranged from 8 to 12 (average 10.1) years. On aver-
age, there were 2.71 visits per child. There tends to be less decay 
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when the first visit is earlier in life, but results are not statisti-
cally significant.

Effect of Treatment on Second Visit Decay
The hypotheses are that the percent of children with decay in 
general and in molars in particular will decrease upon the second 
visit. Table 1 reports the results of an exact binomial test of sym-
metry of proportions in discordant pairs. In this test, children 
with at least two visits were classified by decay status on the first 
and second visits. If the decay is decreased by visiting the dentist, 
then one would expect fewer children without decay at time one 
to develop decay at time two than the number of children with 
decay at time one who did not have decay at time two. Of the 71 
children with a first visit in 2007 and a second visit in 2008, five 
had a negative result (decay developed where it had not been be-
fore) and 21 had a positive result (decay in 2007 but no decay in 
2008). The p-value for testing, where positive or negative results 

are equally likely, is 0.0025, which is statistically significant. If all 
the children with a second visit are used, the p-value is 0.0090. 
Thus, there is a statistically significant reduction in the amount 
of decay in patients with two visits.

The comparison of decay in molars is not statistically signifi-
cant. Six patients had decay in molars on the second visit when 
they did not have any at the first visit, whereas nine patients had 
no decay in molars at the second visit when they had decay at 
the first visit. A majority of the discordant pairs (9 out of 15; 
p-value two-sided 0.61), therefore, are favorable. These numbers 
do not change if the age at first visit is 7 or older, 6 or older, or 
unrestricted. If the analysis is restricted to those who had sealant 
applied to at least one molar at the first visit, the results also do 
not change: five out of seven who had different results on the two 
visits had positive outcomes at the second visit (2-sided p-value is 
0.45). Thus, although results were favorable, the sample size was 
too small for findings to be statistically significant. 

The Impact of Repeated Visits
In order to conduct an analysis of the impact of repeat visits, 
a logistic, mixed-effects model was fit to the data. The outcome 
measure is either general decay or decay in molars. Various time-
varying predictors were considered. They are: 
1. Was there a previous visit? Yes or no. 
2. Number of previous visits.
3. Was there a previous sealant on a molar? Yes or no. 
4. Number of previous sealants on molars.
5. Age. 

Decay was indicated by a report of decay, an extraction or 
filling with glass ionomer cement (GIC). The number of seal-
ants was recorded as the number of visits on which sealants were 

TABLE 1.  
Number of Patients with Decay at First and Second Visit* 

Second Visit in 2008 Second Visit,  
Any Year

First visit in 
2007

No decay Yes decay First visit, 
any year

No 
decay

Yes 
decay

No decay 32 5 (7%) No decay 48 9 
(8%)

Yes decay 21 (30%) 13 Yes decay 25 (23%) 26

P-value 0.0025 0.0090

*Data are reported for patients with first visit in 2007 and second in 2008 
and for all patients who had second visit. Statistical test is exact binomial test 
(two-sided) of symmetry using discordant pairs. 
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placed; if needed, sealants were replaced after the first visit in 
which a sealant was placed. The previous sealant is 0 if there was 
no sealant at or before a given visit; it is 1 if a sealant was placed 
before the current visit. Forty-six children never had a sealant 
placed either because of existing decay or because they did not 
have permanent molars. Sealants were placed 1, 2, 3, 4 and 5 
times, respectively, on 52, 37, 22, 14 and 1 children/child. 

Table 2 reports results of fitting 12 statistical models. Models 
in the table are indexed by row (1, 2 or 3) and column (1, 2, 3 or 
4) in the table. Models in Row 1 use one predictor out of the first 
four listed above. In all cases, these variables are highly statisti-
cally significant. Ever having a previous visit, the number of previ-
ous visits, ever having a previous seal and the number of previous 
sealants are all predictive of less decay. Interpreting the exponent 
of the coefficients as odds ratios, the odds ratio for having de-
cay is 0.39, 0.70, 0.33 and 0.46 for children having a previous 
visit, having one previous visit, having a previous seal and having 
one previous seal, respectively. These odds ratios are statistically 
significantly less than one. In the table, p-values for coefficients 
other than the intercept are in bold if they are less than 0.05. 

Models in Row 2 add age to the previous predictors. The four 
previous variables remain statistically significant, with increased 
effect sizes in these models. Age is not a significant predictor when 
the other predictor is ever having a previous visit or ever having a 
seal. Age is near the 0.05 significance level when the other vari-
able is the number of previous visits or the number of previous 
sealants. The positive coefficients on age suggest that older chil-
dren are more likely to have decay in their teeth. 

Models in Row 3 include two of the previous predictors plus 
age. The four combinations include one from ever having a previ-
ous visit and number of previous visits and one from ever having 

a previous seal and number of previous sealants. All coefficients 
are negative, suggesting that these are predictive of fewer instanc-
es of decay, but not all coefficients are statistically significant in 
these combinations. This is likely due to sample size and the fact 
that these variables are positively associated with one another. In 
every model, at least one predictor is highly statistically signifi-
cant. Age is nearly or barely statistically significant in all models; 
the positive sign as before suggests that older children are more 
likely to have decay in their teeth. 

The AIC criterion value suggests a model with number of 
sealants on molars and age (Row 2, column 4) is the preferred 
model due to it having the lowest AIC value. A model with age 
alone as a predictor in the logistic mixed-effects model had an 
AIC value of 540 and a nonsignificant effect of age (coefficient 
-0.09, p-value of 0.319); it is not reported in the table. The cor-
rect classification rate (out of 464 patient encounters) is between 
85% and 87% for all models in Table 2. 

Models were fit with decay in molars as the outcome. Results 
are given in Table 3. Models using only a single predictor were 
not statistically significant, except when the single predictor was 
age. Of the 397 times there was no decay in molars, no decay was 
predicted 392 times (99%). Of the 66 times there was decay in 
molars, decay was predicted 44 times (67%). Overall, the correct 
classification rate is 94%. Adjusting for age, having sealants ever 
placed on molars and the number of molar sealants are highly 
statistically significant predictors of not having decay in molars. 
Adding additional variables did not improve the AIC value or oth-
erwise improve models. 

Discussion
Exact binomial tests of discordant pairs show statistically significant 



44   AUGUST/SEPTEMBER 2014 •  The New York State Dental Journal

improvement of decay status from a first to a second visit. In linear 
mixed-effects models with time-varying covariates, ever having a pre-
vious visit, the number of previous visits, ever having a previous seal 
and the number of previous sealants are all predictive of less decay. 
The four previous variables remain statistically significant with in-
creased effect sizes in models with age as a predictor. In linear, mixed-
effects models, adjusting for age, the predictors indicating that seal-
ants were ever placed on molars and the number of sealants on molars 
are highly statistically significant predictors of not having molar caries. 

A limitation of this study is that it was performed in one 
school in one population. Some children were lost to follow-up, 

possibly because they moved or were simply not at school on 
subsequent visits. No variables on household or family member 
characteristics and environment out of school are available. This 
was not a randomized comparison; all children available and with 
parental permission were treated. There is no systematic informa-
tion on dental care outside of the visits (except for a few noted 
fillings). This study is short term and does not consider the long-
term dental health of the subjects. More than one person evalu-
ated each child, and all work was check by a faculty member. But 
there likely was some variability by provider in diagnosing caries 
and in sealant proficiency.

TABLE 2.  
Logistic Regression Coefficients in Twelve Logistic Regression Mixed-effects Models to Predict Decay*  

Column 1 Column 2 Column 3 Column 4

Coef. p-value Coef. p-value Coef. p-value Coef. p-value

Row 1

Intercept -0.47 0.039 -0.27 0.378 -0.46 0.023 -0.03 0.900

Previous visit, yes or no (0-1) -0.93 <0.001

Visit number (1-5) -0.35 0.002

Ever seal molars (0-1) -1.12 <0.001

Seal number (0-5) -0.77 <0.001

AIC 545 548 541 533

% correct classify 0.87 0.86 0.86 0.86

 

Row 2

Intercept -1.44 0.081 -1.96 0.025 -1.73 0.029 -1.38 0.068

Previous visit, yes or no (0-1) -1.08 <0.001

Visit number (1-5) -0.57 <0.001

Ever seal molars (0-1) -1.35 <0.001

Seal number (0-5) -0.91 <0.001

Age 0.12 0.245 0.25 0.045 0.16 0.099 0.18 0.056

AIC 531 530 525 514; best model

% correct classify 0.87 0.86 0.86 0.86

 

Row 3

Intercept -1.77 0.027 -1.65 0.040 -2.11 0.012 -1.42 0.091

Previous visit, yes or no (0-1) -0.14 0.75 -0.35 0.304

Visit number (1-5) -0.24 0.200 -0.02 0.920

Ever seal molars (0-1) -1.25 0.007 -1.06 0.007

Seal number (0-5) -0.83 <0.001 -0.90 <0.001

Age 0.17 0.095 0.22 0.031 0.25 0.036 0.19 0.111

AIC 527 516 526 517

% correct classify 0.86 0.85 0.86 0.86

*Models are indexed by row (1, 2 or 3 predictor variables) and column (1, 2, 3 or 4). AIC criterion value suggests model with number of sealants on molars and 
age (row 2, column 4) is preferred. At least one co-efficient in each model is statistically significantly different from zero at 0.01 level. P-values for coefficients other 
than intercept are in bold if they are less than 0.05. 



The New York State Dental Journal  •  AUGUST/SEPTEMBER 2014   45

Additional positive benefits of the dental outreach can be noted. 
Educational outcomes were also seen in the teachers and school 
nurses. They now require the children to brush their teeth after the 
school lunch or snack time. This exercise did not occur before this 
study began. Over 100 NYU, Michigan State and Columbia Uni-
versity dental students rotated through the project. This experience 
was life changing, according to many of the participating students. 
Involvement in an outreach like this will promote continued service 
and care for children who are less fortunate with respect to econom-
ics and healthcare availability in the United States and abroad. 

Conclusions
The statistical evidence strongly indicates the positive benefit of den-
tal visits and of placing sealants on permanent molars in a primary 
school population that has poor access to regular dental care. p

The authors thank the Peekskill Rotary Club for subsidizing the costs of sup-
plies and lodging and the May Pen Rotary Club for subsidizing transportation, 
logistics and security in Jamaica, and all meals for the team. The authors 
also thank faculty, residents and students of the New York University College 
of Dentistry, Michigan State University College of Dentistry and Columbia 
University School of Dental Medicine for their participation in this project. 
Queries about this article and to request a supplemental report can be sent to 
Dr. Larsen at mlarsen@bsc.gwu.edu. 
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A B S T R A C T 

This paper reports on the development of a dentig-

erous cyst associated with a lower permanent incisor 

following intrusion of two lower primary incisors. 

The small root remnant of one of the traumatized 

primary incisors was associated with granulation tis-

sue, while the second incisor was discolored and sus-

pected of being non-vital. The associated permanent 

incisor and other adjacent incisors were apically and 

laterally dislocated from their natural site of erup-

tion. The conservative treatment included extraction 

of the involved primary discolored incisor, as well as 

the root remnant, followed by removal of the granu-

lation tissue. After 18 months of follow-up, the per-

manent incisors were erupting in normal position, 

without pathological signs of the dentigerous cyst. 

Following severe traumatic injury to a primary tooth, 

periodic radiographic follow-up, until eruption of the 

correspondent permanent tooth, is recommended.

Traumatic injuries to the primary incisor during the developmen-
tal stages of the corresponding permanent tooth may interfere 
with its future growth.1-2 The extent of the disturbances increases 
after severe traumatic injury, usually intrusion or avulsion. A 
rare consequence of traumatic injury to a primary tooth is de-
velopment of a dentigerous cyst in the corresponding permanent 
tooth.3 There have been only five papers with eight case reports of 
dentigerous cysts associated with previous traumatic injury to the 
primary dentition published in the English literature; all of these 
cysts were located in the maxillary upper incisor region.4-8

The etiology of dentigerous cyst remains unclear, and several 
theories have been proposed to explain its origin.9,12-15 One hy-
pothesis suggests that the inflammation of periapical tissue origi-
nating from a primary tooth with necrotic pulp might stimulate 
the accumulation of fluid between the reduced enamel epithe-
lium and the crown of the permanent tooth germ. 

Dentigerous cysts occasionally become extensive, since le-
sions are asymptomatic even when they reach considerable size. 
Therefore, the treatment is difficult, as the associated teeth are 
often impacted and displaced a substantial distance.9-11 Notwith-
standing, in case of infection, dentigerous cysts might become 
symptomatic.

The classic treatment employed for elimination of dentiger-
ous cyst includes decompression, enucleation and extraction of 
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the tooth or teeth embedded in the cyst.9,10,16-24 However, the 
criteria for selecting these treatment modalities are not clearly 
defined.16 A more conservative management is cyst marsupializa-
tion with careful follow-up, waiting for the spontaneous erup-
tion of the unerupted/impacted tooth. This modality has been 
performed with successful outcomes.10,16,19-20

Considering the fact that children have a much greater and 
quicker capacity for regeneration of bone than adults, and that 
teeth with open apices have a greater potential for eruption, large 
dentigerous cysts in children might be treated differently from 
those in adults. Conservative treatment with tooth preservation 
may be preferred in this age group.15,25-26

Case Report
A six and one-half-year-old girl was referred to our dental 
clinic for consultation due to delayed eruption of her man-
dibular incisors. Medical history revealed that at 18 months, 
the girl underwent intrusion of her lower right central and 
lateral primary incisors, which re-erupted several months later 
with gray crown discoloration. Six months later, the crown of 
the lower right incisor was exfoliated. Clinical evaluation re-
vealed granulation tissue associated with the root remnant of 
the lower right incisor and distal inclination of the discolored 
right central incisor, which was also slightly mobile. A slight 

loss of space and no eruption of any of the permanent incisors 
were noted. 

The panoramic radiograph (Figure 1) revealed a missing low-
er right lateral primary incisor. The lower right central permanent 
incisor was displaced apically with delayed root development and 
associated dentigerous cyst. The permanent lower right lateral 
and left central and lateral incisors were displaced laterally with 
delayed root development. The conservative treatment included 
extraction of the root remnant, curettage of the granulation tis-
sue associated with it and extraction of the discolored lower right 
central primary incisor. 

The treatment was performed after administration of local 
anesthesia under nitrous oxide analgesia. Clinical examination 
three months later revealed healthy gingiva with an erupting left 
central incisor. Panoramic examination (Figure 2) revealed that 
the right central incisor was erupting, and the adjacent incisors 
moved medially to their original location. A significant decrease 
in the size and radiolucency of the dentigerous cyst was noted. 
Partial arrest of root development was suspected. 

Clinical examination six months later revealed healthy gin-
giva with the erupted left central incisor (Figure 3). The adja-
cent incisors were also erupting. The panoramic view (Figure 4) 
showed complete healing of the dentigerous cyst and the adjacent 
incisors erupting into their proper positions. 

Figure 1. Panoramic view of patient at six years and five months showing missing 
lower right lateral primary incisor. Lower right central permanent incisor is displaced 
apically with delayed root development and associated with dentigerous cyst. Adja-
cent permanent lower incisors are displaced laterally with delayed root development.

Figure 2. Panoramic view of patient three months following extraction of primary lower 
right central and lateral incisors. Permanent lower right central incisor is erupting. Adjacent 
incisors moved medially to original location. Significant decrease in size and radiolucency 
of dentigerous cyst is noted. Partial arrest of root development is suspected. 

Figure 3. Clinical view nine months following extraction of primary lower right 
central and lateral incisors. Gingiva is healthy. Permanent lower left incisor erupted 
to oral cavity, and adjacent permanent incisors are almost erupting. 

Figure 4. Panoramic clinical view nine months following extraction of primary 
lower right central and lateral incisors. Complete healing of dentigerous cyst. 
Adjacent incisors are erupting to original location. 
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Discussion
This case describes a rare complication of intrusion of lower pri-
mary incisors and emphasizes the effectiveness of the conserva-
tive treatment option, followed by careful follow-up until erup-
tion of the corresponding permanent teeth.

A dentigerous cyst is defined as one that encloses the crown 
of an un-erupted tooth and is attached at the cemento-enamel 
junction.27 Histological examination usually shows a thin fibrous 
cyst wall lined by two to three layers of flat or cuboidal epithelial 
cells. Inflammatory cell infiltration of the cyst wall is common, 
and localized proliferation of the epithelial lining may occur in 
response. In such cases, an inflamed dentigerous cyst cannot be 
differentiated histologically from an inflammatory dental cyst. 

Dentigerous cysts most commonly occur in the second and 
third decades of life, although they can also be found in children 
and adolescents.28 These cysts account for more than 24% of jaw 
cysts. However, the incidence rate of dentigerous cysts involving 
the permanent central incisors is just 1.5%. Impaction of perma-
nent incisors due to a dentigerous cyst associated with primary 
tooth intrusion is even more infrequent. 

In the case presented here, inflammation around the apex 
of the traumatized primary incisors may have induced changes 
in the previously normal follicular epithelium of the successor 

tooth, leading to epithelial proliferation, cystic transformation 
and impaction of the associated permanent incisor.29 

Management options for such teeth include extraction of the 
primary tooth and further observation until the permanent inci-
sors erupt, surgical extraction of the impacted tooth followed by 
implant placement, surgical repositioning and orthodontic cor-
rection.30 Gondim et al. reported a case of a dentigerous cyst as-
sociated with the germ of a permanent maxillary central incisor 
that developed secondary to trauma to the predecessor primary 
incisor. The therapeutic approach included endodontic treatment 
of the primary tooth and marsupialization of the lesion. 

After 36 months of follow-up, the permanent incisor pre-
sented with normal physiologic conditions, absence of dental 
anomalies, and it had erupted in its correct position in the oral 
cavity.8 The researchers concluded that with proper case selection, 
marsupialization might be a good treatment option for conserva-
tive management of dentigerous cysts.

Children usually present with rapid wound healing and high 
tissue regenerative capacities. Therefore, as can be seen from this 
report, timely recognition and extraction of the primary tooth, 
followed by the observation period until the impacted permanent 
incisor erupts in the oral cavity, might be preferred over more 
aggressive treatment modalities. However, careful follow-up is a 
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major requirement in those cases. And if impacted permanent 
incisors fail to erupt, or the cyst fails to disappear, further inter-
vention is warranted. 

It is also noteworthy that when patients with injured 
primary teeth are treated, it is essential that parents be ad-
vised of the need for prolonged professional supervision until 
the eruption of the corresponding permanent tooth. Periodic 
evaluation should include radiographs at appropriate intervals 
to detect pathologic alterations, such as internal or external 
root resorption, pulp space calcification, periodontal ligament 
space changes, and alterations in surrounding alveolar bone, as 
well as to confirm undisturbed development of the underlying 
permanent teeth. Sometimes parental concerns regarding ra-
diation safety might influence proper diagnostic decisions for 
the dentist. 

Trauma to the deciduous teeth should not be overlooked, 
since it can result in development of pathology that could indi-
rectly affect the permanent successors, as seen in this case. Hence, 
periodic visits to the dentist enable early detection, diagnosis and 
treatment and, as consequence, avoid morbidity. p

Queries about this article can be sent to Dr. Ashkenazi at Malka.ashkenazi@gmail.com. 
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A B S T R A C T

A common clinical complication of root canal treat-

ment is fracture of an endodontic file. The risk of treat-

ment failure because of incomplete cleaning and shaping 

encourages the dentist to retrieve the fractured part. 

Several techniques have been offered to remove the 

fractured file, yet those techniques sacrifice sound den-

tin, which may lead to increased risk for perforations 

and root fractures. The aim of this article is to describe a 

clinical approach to accessing fractured files, depending 

on their location in the canal and stage of cleaning and 

shaping. This prudent approach may decrease complica-

tions from unnecessary dentin removal, while respect-

ing the biological aspects of cleaning the canals.
 

The fracture of endodontic instruments during root canal treat-
ment is a complication every endodontist may have to deal with. 
The reported frequency rate for fractured instruments varies from 
1% to 6% of cases.1 Therefore, the prudent clinician should take 
all means necessary to prevent fracture of an endodontic instru-
ment during root canal treatment. 

The NiTi endodontic instrument manufacturers market the myth 
that increased flexibility make their files less prone to fracture.2 
However, endodontic practice worldwide has, unfortunately, 
disproved such a bold statement. The incidence of NiTi instru-
ment fracture is about 5% even among highly skilled operators.3 
It has also been demonstrated that the torsional force necessary 
to cause fracture is similar for both NiTi and SS files—and in both 
clockwise and counterclockwise rotation.4 

Stainless steel instrument fracture can be prevented mostly by 
identifying metal fatigue signs and discarding the instruments;5 
however, NiTi instrument separations can happen without any 
sign of fatigue.6-8 Even the single use of rotary NiTi instruments 
doesn’t prevent the chance of fracture entirely.9  

Common reasons for fracture are flexural or torsional fatigue 
and metallurgic defects.7,9 Haikel et al. have shown that the ra-
dius of curvature was the most significant factor in determining 
the fatigue resistance of the files.10 The taper of files was also 
found to be significant in determining fracture time. As diameter 
increased, fracture time decreased.11

With the increasing popularity of new instruments, systems 
and surgical microscopes, clinicians are more inclined to attempt 
to remove retained fractured instruments. Even using a dental 
operating microscope has limitations. The visual reach of the 
microscope is limited to the straighter portion of the root canal 
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system.12 However, such clinical decisions must be based on bio-
logical and biomechanical considerations, not on manufacturers 
marketing new, untested products.

From a biological point of view, the most common cause of 
periapical lesions is intraradicular infection.11 A broken file itself 
does not induce inflammation. We often see teeth with a frac-
tured instrument inside canals that were treated long ago and 
have no clinical or radiologic signs of periapical inflammation 
(Figure 1). The impact of instrument fracture on the outcome 
of endodontic treatment depends mainly on the existence of an 
infected root canal and the stage of cleaning and shaping when 
the instrument fracture occurred.13

From a biomechanical point of view, direct access to the 
fractured instrument has been advised. This can be achieved by 
means of a modified Gates Glidden bur, use of ultrasonic equip-
ment and the additional use of special grip instruments, such as 
IRS, Massermann Kit, STN and others.14 The consequence of these 
procedures is the loss of remaining sound dentin,15 the amount 
of which is directly proportional to the strength of an endodonti-
cally treated tooth, and the possibility of perforation16 and pre-
disposition to vertical root fracture.17 It was demonstrated that 
vertical root fracture might account for up to 11% of endodontic 
failure.18 Thus, before sacrificing dentin while trying to remove 
the separated instrument, all treatment considerations should 
be taken into account (Figures 2a, b).16 Bypassing the fractured 
instrument fragment may permit proper instrumentation of the 
remaining apical portion of the canal to solve the problem of 
infection without sacrificing healthy dentin.19

Method
We created the following clinical algorithm for different situa-
tions with broken instruments.

Vital Pulp 
a. Instrument fractured in apical part of canal
Removal of a fractured file fragment should not be routinely at-
tempted. There is no risk of residual infection with preservation of 
healthy dentin.20 Agitation of NaOCl irrigation and obturation of 
the canal using the warm gutta-percha method is recommended.
b. Instrument fractured in middle part of canal
The best decision is to employ the bypass technique. 
c. Instrument fractured in coronal part of canal
Removal of a fractured instrument should be attempted, with 
minimal dentin removal (Figures 3a, b, c). 

Figure 3b. Separated file was removed by 
using IRS device (Dentsply).

Figure 1. Periapical radiograph of right 
first mandibular molar with separated file at 
mesial root. Patient had no symptoms.

Figure 2a. Periapical ra-
diograph of right first maxil-
lary molar with separated 
file at mesiobuccal root. 

Figure 2b. After removing 
separated file, residual 
dentin thickness was 
significantly reduced. 

Figure 3a. Periapical radiograph 
of right first maxillary molar with 
separated file at distobuccal root.

Figure 3c. Same tooth after separated 
file removal. 

The fracture of endodontic instruments 

during root canal treatment is a 

complication every endodontist may 

have to deal with. 
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Infected Case
In this instance, the possibility of a residual infection in the canal 
influences the situation.21 Therefore, the action to be taken will 
be decided first by the risk of infection and second by the location 
of the broken instrument.
a.  Instrument fractured after major cleaning and shaping—

canal is prepared to at least #30
1. Apical + middle parts of canal: Removal of fractured file frag-

ment should not be routinely attempted. Obturation up to 
the fragment is recommended. 

2. In coronal part of canal: Removal of fractured instrument 
should be attempted with minimal dentin removal.

b. Separation of instrument before significant instrumenta-
tion and irrigation have been performed 

1.  Since canal system is infected, extra effort should be taken to 
bypass the instrument. 

2.  If bypass was unsuccessful and direct access to fragment is 
possible, retrieval procedure may be recommended.

3.  If bypass of fragment beyond curvature of the canal is un-
successful, or attempts to remove fractured instrument have 
taken more than one hour and are ineffective, application of 

Ca(OH)2 for two to four weeks is recommended for disinfec-
tion. Follow-up is obligatory, and in case of post-treatment 
endodontic disease, apical surgery might be considered.

Summary
The proposed clinical procedures are based upon the understand-
ing of biological processes that are responsible for periapical le-
sions and tooth biomechanics. Our concern is that attempts to 
remove fractured instruments may risk the long-term success of 
the tooth by sacrificing sound dentin, which may lead to perfora-
tions and predispose the tooth to vertical root fracture. The cli-
nician should consider micro-biological and mechanical aspects, 
combined with knowledge of clinical and skill limitations, before 
attempting any procedures. p

Queries about this article can be sent to Dr. Keinan at iendo4u@gmail.com. 
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A B S T R A C T

Periodontally accelerated osteogenic orthodontics 

(PAOO) is a clinical procedure that combines selec-

tive alveolar corticotomy, particulate bone grafting 

and the application of orthodontic forces. PAOO can 

play an important role in the comprehensive treat-

ment of a patient’s occlusal and esthetic needs. This 

technique has been shown to increase alveolar bone 

thickness, decrease treatment time and enhance post-

treatment orthodontic stability. Contained in this re-

view is a discussion of the different aspects of PAOO 

and an assessment of its role in comprehensive treat-

ment planning for the orthodontic patient.

Malpositioned teeth are responsible for esthetic and occlusal ab-
errations in many adults. Malocclusions can be caused by several 
factors, including the spread of advanced periodontal disease, 
dental migrations towards areas of tooth loss and tooth move-
ment produced by traumatic occlusal problems. Traditional orth-
odontic movement is the result of periodontal ligament compres-
sion, which produces histologic and biomolecular modifications 

of the periodontal tissues that activate the dynamics of crestal 
bone resorption and apposition. Thus, orthodontic movement is 
considered a “periodontal phenomenon” because all periodontal 
tissues are involved.1 Over the last two decades, refinements of 
an attempt to engineer an “optimal response” of alveolar bone to 
applied “optimal force” has propelled both the periodontal and 
the orthodontic specialties directly into the field of surgical den-
tofacial orthopedics.2

The periodontally accelerated osteogenic orthodontics (PAOO) 
technique provides an increased net alveolar volume after orthodon-
tic treatment. It is a combination of a selective decortication-facili-
tated orthodontic technique and alveolar augmentation. With this 
technique, one is no longer at the mercy of the preexisting alveolar 
volume, and teeth can be moved two- to three-times further in a 
third to a quarter of the time required for traditional orthodontic 
therapy. It can be used to treat moderate-to-severe malocclusions in 
both adolescents and adults, and can reduce the need for extractions. 
Except for severe Class III skeletal dysplasia, PAOO can replace some 
orthognathic surgery. And because of the low morbidity, patients 11 
to 78 years old have been treated with marked biologic impunity.2

Historical Review
Heinrich Köle’s publication in 19593 set the stage for the sub-
sequent evolution of refined decortication-facilitated orthodon-
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tics. Köle believed that it was the continuity and thickness of the 
denser layer of cortical bone that offered the most resistance to 
tooth movement. He theorized that by disrupting the continuity 
of this cortical layer of bone, he was actually creating and moving 
segments of bone in which the teeth were embedded. The blocks 
of bone were outlined using vertical interradicular corticotomy 
cuts, both facially and lingually. These were joined 10 mm supra-
apically with an osteotomy cut through the entire thickness of 
the alveolus. From Köle’s work arose the term “bony block” to 
describe the suspected mode of movement following corticotomy 
surgery, a more morbid procedure than modern, refined modes 
of therapy.2

Gantes and coworkers in 1990 reported on corticotomy-
facilitated orthodontics in five adult patients in whom space 
closing was attempted with merely orthodontic forces.4 The 
mean treatment time for these patients was 14.8 months, 
with the distalization of the canines 
mostly completed in 7 months. The 
mean treatment time for the tradi-
tional orthodontic control group 
was 28.3 months.

The AOO/PAOO procedure was 
developed by Dr. Thomas and Dr. 
William Wilcko in 1995. This proce-
dure is also known as Wilckodontics.

The interpretation of the rapid 
tooth movement attributable to bony 
block movement prevailed in the re-
ported literature until 2001, when 
Wilcko and coworkers5 reported that 
in a surface computed tomographic 
(CT) scan evaluation of selectively 
decorticated patients, it was discov-
ered that the rapid tooth movement 
was not the result of bony block movement, but the result of 
a transient localized demineralization remineralization phenom-
enon in the bony alveolar housing consistent with the wound 
healing pattern of the regional acceleratory phenomenon (RAP), 
developed by Frost and Jee and described in the periodontal lit-
erature by Yaffe and coworkers.6 Wilcko and coworkers have also 
demonstrated that it is not the design of the selective alveolar 
decortication that is responsible for the rapid tooth movement7 
but, rather, the degree of tissue metabolic perturbation. 

Indications
1. Dehiscences and fenestrations over prominent root surfaces. 

PAOO not only prevents formation of new fenestrations and 
dehiscences, it can also correct existing ones. This can be at-
tributed to increased bone volume.

2. Anterior open bites and deviated midlines.

3. Crossbites and tooth size arch length discrepancies. Tradi-
tional orthodontics can satisfactorily address crowding up to 
5 mm. This can be extended to 10 mm to 12 mm if PAOO 
technique is utilized.

4. Conservative alternative to orthognathic surgery. Except for 
severe Class III skeletal dysplasia, PAOO can replace orthog-
nathic surgery and traditional decortication because of lower 
morbidity.

5. Where buccolingual width of alveolar ridge is less and extrac-
tion is contraindicated due to facial profile.

6. Moderate-to-severe malocclusions in both adolescents and 
adults.

The Surgical Technique8

Periodontal accelerated osteogenic orthodontics (PAOO) is a 
clinical procedure that combines selective alveolar corticotomy, 

particulate bone grafting and the ap-
plication of orthodontic forces. A 
corticotomy is defined as a surgical 
procedure whereby only the cortical 
bone is cut, perforated or mechani-
cally altered. The medullary bone is 
not changed.

Careful coordination between 
the surgeon and orthodontist is re-
quired for successful outcomes. It is 
suggested that the surgeon and ortho-
dontist be trained together in use of 
this technique to ensure a common 
basis of knowledge.

The surgical specialist must also 
evaluate the esthetic needs of the pa-
tient and incorporate these require-
ments into the surgical treatment 

plan. For example, if a patient presents with gingival recession 
in an area requiring corticotomy, a subepithelial connective tis-
sue graft can be placed in conjunction with the PAOO surgery. 
In some cases, anchorage must be established before the PAOO 
procedure is initiated. This is most commonly seen in Class II 
malocclusions requiring retraction.

The placement of orthodontic brackets and activation of 
the arch wires are typically done the week before the surgical 
aspect of PAOO is performed. However, bracketing can occur up 
to one to two weeks after surgery. If complex mucogingival pro-
cedures are combined with the PAOO surgery, the lack of fixed 
orthodontic appliances may enable easier flap manipulation and 
suturing. In all cases, initiation of orthodontic force should not 
be delayed more than two weeks after surgery. A longer delay will 
fail to take full advantage of the limited time in which the RAP 
is occurring.

The periodontally accelerated 

osteogenic orthodontics (PAOO) 

technique provides an increased net 

alveolar volume after orthodontic 

treatment. It is a combination of a 

selective decortication-facilitated 

orthodontic technique and  

alveolar augmentation. 
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Flap Design
The objectives of the flap design are to: 
1. Provide access to the alveolar bone wherein corticotomies are 

to be performed.
2. Provide for coverage of the particulate graft. 
3. Maintain the height and volume of the interdental tissues. 
4. Enhance the esthetic appearance of the gingival form where 

necessary.
The basic flap design is a combination of a full thickness flap 

in the most coronal aspect of the flap and a split-thickness dis-
section performed in the apical portions. The purpose of the split-
thickness dissection is to provide mobility of the flap so that it can 
be sutured with minimal tension. Mesial and distal extension of 
the flap beyond the corticotomy areas is suggested to reduce the 
need for vertical releasing incisions. The initial incision is carried 
out on both surfaces of the alveolus. Preservation of the inter-
dental gingival tissues is critical for a successful esthetic outcome 
(Figure 1).8

Retention of a palatal or lingual gingival collar of tissue, 
not reflected from the underlying alveolar bone, is frequently 
used to provide a collateral blood supply to the papillary tissue 
(Figure 2).8

Decortication
The purpose of the decortication is to initiate the RAP response 
and not to create movable bone segments. By using a No. 1 or 

No. 2 round bur in either a high-speed handpiece or dental im-
plant drill, decortications are made in the alveolar bone.8 Vertical 
corticotomy cuts are made between the roots using a diamond 
round bur (size 2), stopping just short of the alveolar crest (about 
3 mm). These cuts are connected beyond the apices of the teeth 
(when possible) with scalloped horizontal cuts.9 If the alveolar 
bone is of sufficient thickness, solitary perforations may be placed 
in the alveolar bone over the radicular surface (Figure 3). How-
ever, if this bone is estimated to be less than 1 mm to 2 mm in 
thickness, these perforations are omitted to ensure no damage 
occurs to the radicular surface. The corticotomies may also be 
achieved with a piezoelectric knife.8

Particulate Grafting
Grafting is done in most areas that have undergone corticotomies 
(Figure 4). The volume of the graft material used is dictated by 
the direction and amount of tooth movement predicted, the pre-
treatment thickness of the alveolar bone and the need for labial 
support by the alveolar bone. The most commonly used materi-
als are deproteinized bovine bone, autogenous bone, decalcified 
freeze-dried bone allograft, or a combination thereof. A typical 
volume of graft material used is 0.25 ml to 0.5 ml per tooth.8 The 
use of platelet rich plasma or calcium sulfate has been reported to 
increase the stability of the graft material. If there is any recession 
in the teeth, it can be treated at the same time with connective 
tissue graft or acellular dermal matrix allograft9 (Figure 5).8

Figure 1. Initial incision. Not carried through papilla. Figure 2. Palatal incision leaving collar of gingival 
tissue. Decreases likelihood of sloughing of interproximal 
tissue.

Figure 3. Decortication scheme.

Figure 4. Particulate bone graft layered over decorti-
cated alveolar bone.

Figure 5A. Pretreatment view of patient 
undergoing PAOO procedure, presenting with 
severe gingival recession on canine. 

B. Composite restoration removed and 
corticotomies performed. 

C. Subepithelial connective tissue graft 
placed under coronally advanced flap. 

D. Two-year postsurgical result.
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Closure Techniques and Patient Management
Primary closure of the gingival flaps without excessive tension and 
graft containment are the therapeutic endpoints of suturing. The su-
tures that approximate the tissues at the midline are placed first to 
ensure the proper alignment of the papillae. The remaining interprox-
imal sutures are placed next, followed by the closure of any vertical 
incisions. The sutures are usually left in place for one to two weeks.8

Antibiotics and pain medications are administered at the cli-
nician’s preference. However, long-term postoperative adminis-
tration of nonsteroidal anti-inflammatory agents is discouraged, 
because they may theoretically interfere with the regional accel-
eratory process. The application of icepacks to the affected areas 
also is suggested to decrease the severity of any possible postop-
erative swelling or edema.8

Two weeks postsurgery, accelerated orthodontic treatment 
can be resumed. The intervals for orthodontic adjustments aver-
aged two weeks, ranging from one to three weeks. During orth-
odontic treatment, the patient should be in three-month recall 
visits to the periodontist to assess oral hygiene and assure good 
periodontal health.9

Discussion
PAOO can play an important role in the comprehensive treat-
ment of a patient’s occlusal and esthetic needs. This technique 
has been shown to increase alveolar bone thickness, decrease 
treatment time and enhance post-treatment orthodontic stabil-
ity. PAOO is an extension of previously described techniques that 
surgically alter the alveolar bone to decrease treatment time. It 
differs from prior techniques by the additional step of alveolar 
bone grafting. It is this additional step that is believed to be re-
sponsible for the increased post-treatment alveolar bone width. 
Likewise, the additional alveolar bone width may be responsible 
for enhanced long-term orthodontic stability.8

It is suggested, based on modern scientific biological concepts 
and anatomical imaging innovations, that after the relatively thin 
alveolar housing over the labial and lingual root surfaces under-
goes demineralization, the collagenous soft tissue matrix of the 
bone remains and, consequently, can be readily transported with 
the root surfaces through “bone matrix transportation.” When 
retained in the desired position, the collagenous soft tissue matrix 
will remineralize with time.2

Selective alveolar decortication (SAD) facilitated orthodon-
tics is a physiologically driven process. An uninterrupted vascular 
supply to the operated areas is critical in maintaining the vitality 
of the hard and soft tissues. “Mobilization” of any outlined sin-
gle-tooth blocks of bone (luxation) is absolutely contraindicated 
and can lead to intrapulpal and intraosseous morbidity and will 
not increase the distance that the tooth can be moved.2 

Sebaoun and coworkers10 reported that selective alveolar de-
cortication injury resulted in an overwhelming activating stimu-

lus for both the catabolic process (resorption response) and the 
anabolic process (formation response) in the periodontium. This 
bone modeling behavior peaked at three weeks after decortica-
tion surgery, at which time the catabolic response (osteoclastic 
count) and anabolic response (apposition width and rate) were 
three-fold higher.

Selective alveolar decortications result in a transient osteope-
nia and increased tissue turnover, the degree of which is directly 
commensurate with the intensity and proximity of the surgical 
physiologic insult.2 This is a condition that favors tooth move-
ment with reduced root resorption.

As concerns stability, Ferguson states, “PAOO has contrib-
uted greater stability of orthodontic clinical outcomes and less 
relapse.” Summarizing, he says, “Immediate post-orthodontic 
treatment results following nonextraction therapy are statistically 
the same with or without PAOO. However, during retention, the 
clinical outcomes of PAOO patients improved and did not dem-
onstrate relapse.”2

Advantages of PAOO9

l	 Reduced treatment time to one-third that of conventional 
orthodontics.

l	 Less root resorption due to decreased resistance of cortical 
bone. 

l	 More bone support due to the addition of bone graft.
l	 History of relapse reported to be very low.
l	 Less need for extraoral appliances and headgear.
l	 Technique has its roots in orthodontic research and treatments.
l	 In the 10 years since PAOO was first applied, patient out-

comes were good.
l	 Can be used to expedite the rate of movement of individual 

teeth or dental segments, i.e., canine and incisor retraction.

Disadvantages of PAOO
l	 Extra surgical cost.
l	 Mildly invasive surgical procedure and, like all surgeries, has 

risks. Post-surgical crestal bone loss and recession may occur.
l	 Some pain and swelling is expected, as well as the possibility 

of infection.
l	 Not applicable to all cases. Proper case selection is neces-

sary to attain good result. Maxillary and mandibular arch 
decrowding with normal skeletal relationship and incisor re-
traction are main indications.

Conclusion
PAOO, an emerging technology, combines periodontal therapy 
with orthodontic therapy, enabling treatment time to be mini-
mized. Favorably positioned teeth, plus an enhanced muco-gingi-
val complex, facilitate ideal esthetic, restorative and reconstruc-
tive dental treatment. 
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It can be assumed that a decrease in the length of treatment would 
probably increase the likelihood that patients, especially adults, 
would elect to pursue orthodontic therapy when they would oth-
erwise decline treatment. Conversely, the introduction of a surgical 
phase to the orthodontic therapy may prevent a patient from con-
sidering PAOO as a treatment option. Only after careful consulta-
tion and communication with an orthodontic therapist, periodontal 
therapist, and oral and maxillofacial surgeon will the patient be able 
to understand the advantages and disadvantages of treatment

From an esthetic perspective, the PAOO technique addresses 
not only tooth alignment, but also facial features. As such, it is 
truly in vivo tissue engineering. With a combination of both in-
office periodontal surgery and orthodontic treatment, the esthet-
ics of the entire lower face can be addressed.

PAOO is a relatively new procedure; hence, controlled clinical 
and histological studies are needed to understand the biology of 
tooth movement with this procedure, the effect on teeth and bone, 
post-retention stability, the volume of mature bone formation, and 
the status of the periodontium and roots after treatment. 

PAOO serves as a reasonable and safe option for the growing 
demand for shortened treatment time of adult teeth movement 
in three dimensions. Further research is recommended for an in-

depth evaluation of the long-term stability claimed to be an ad-
vantage of this modality. p

Queries about this article can be sent to Dr. Lakshmi at lakshmi.p.menon83@
gmail.com.
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A B S T R A C T 

Fungi, especially Candida albicans, play an important 

role in persistent/secondary endodontic infections. 

There are several irrigants and medicaments in the 

field of endodontics. The purpose of this paper is to 

review the antifungal activity of sodium hypochlorite, 

chlorhexidine, MTAD, Tetraclean, EDTA, calcium hy-

droxide and MTA. 

Approximately 50,000 species of fungi are present in nature. 
Among these, more than 200 species cause diseases in vertebrates 
and human beings. Most of the pathogenic fungi fall into four 
groups as follows: Ascomycetes, Basidiomycetes, Zygomycetes and 
Deuteromycetes. The most frequently encountered species of op-
portunistic fungal pathogens are members of the genera Candida 
and Aspergillus, both belonging to the Deuteromycetes group.1

 The Candida species can induce a wide spectrum of infec-
tions in humans, ranging from superficial disease to life-threat-
ening disseminated mycoses.1 

Fungi constitute a small part of the oral microbiota. The larg-
est proportion of the fungal microbiota is made up of the Candida 
species. Candida albicans is the fungal species most commonly 
detected in the oral cavity of both healthy and medically compro-

mised individuals.2 The incidence of C. albicans in the oral cavity 
has been reported to be 30% to 45% in healthy adults3,4 and 95% 
in patients infected with human immunodeficiency virus.5 Stud-
ies using culturing, molecular genetic and in situ electron mi-
croscopy methods have demonstrated that fungi are not common 
members of the microbiota associated with primary endodontic 
infections.1,2 However, they seem to be more common in the root 
canals of root-filled teeth in which the treatment has failed.1,2

Virulence Factors 
C. albicans has several virulence factors. These factors include 
adaptability to a variety of environmental conditions, adhesion 
to a variety of surfaces, production of hydrolytic enzymes, mor-
phologic transition, biofilm formation, and evasion and immu-
nomodulation of the host defense.6 

Prevalence in Endodontic Infections
Primary Infections
Studies using culturing, molecular genetic methods and in situ elec-
tron microscopy have shown that fungi are not prevalent in primary 
endodontic infections. A study reported Candida species from 1 of 29 
samples from necrotic pulps.7 Another study using polymerase chain 
reaction (PCR) detected C. albicans in 5 of 24 root canal samples.8 
Saccharomyces cerevisiae was isolated from 1 of 26 root canals asso-

Antifungal Effects of Root Canal 
Irrigants and Medicaments 
An Update Review
Zahed Mohammadi, D.M.D., M.S.D.; Sousan Shalavi, D.M.D.

endodontics
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ciated with asymptomatic periradicular lesions.9,10 C. tropicalis was 
isolated from two, and S. cerevisiae was isolated from one of 27 pa-
tients with primary root canal infections. Using PCR, Siqueira et al.11 
detected fungi in one of 50 infected root canals. Sen et al.12 found 
yeasts heavily invading the root canals of 4 of 10 extracted teeth as-
sociated with periradicular lesions. 

Persistent and Secondary Infections
Fungi are common in the root canals of obturated teeth in which 
treatment has failed.1,2 A study found fungi in two of nine surgi-
cal block biopsy specimens from refractory periradicular lesions.13 
In another study, fungi were found in 47 of 692 cases of persistent 
endodontic infections, either in pure culture or along with bacte-
ria.14 Sundqvist et al.15 isolated C. albicans from 2 of 24 canals of 
teeth with failed endodontic treatment. Under similar conditions, 
Molander et al.16 found C. albicans in 3 of 68 samples of root-
filled teeth with periradicular lesions. Using the culture method, 
Pinheiro et al.17 found Candida species in 2 of 51 patients. Using 
polymerase chain reaction, Siqueira and Rôças18 detected C. albi-
cans in 2 of 22 patients. 

Taken together, all these reports lend support to the assertion 
that fungi can gain access to the root canals through contamina-

tion during endodontic therapy and can be involved in the etiol-
ogy of recalcitrant periradicular lesions. 

Antifungal Effect of Root Canal Irrigants and Medicaments
Sodium Hypochlorite
Sodium hypochlorite is the most common root canal irrigation 
solution.19 Coolidge20 recommended NaOCl as an endodontic ir-
rigant for the first time in 1919. NaOCl has a wide range of antimi-
crobial activity against both gram-positive and gram-negative bac-
teria, spores, fungi and viruses. Thus, sodium hypochlorite presents 
antimicrobial activity with action on bacterial essential enzymatic 
sites promoting irreversible inactivation originated by hydroxyl 
ions and chloramination action. Dissolution of organic tissue can 
be verified in the saponification reaction when sodium hypochlo-
rite degrades fatty acids and lipids, resulting in soap and glycerol.19

Besides having excellent antimicrobial activity, NaOCl pos-
sesses exceptional tissue-dissolving ability. Dentin and contents 
of the root canal system decrease the antimicrobial activity of 
NaOCl significantly. It seems that heating NaOCl increases its 
antimicrobial and tissue-dissolving abilities. NaOCl exerts dete-
riorative effects on mechanical properties and chemical compo-
sition of dentin. Effects of NaOCl on the strength of bonding 
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Siqueira et al.31 evaluated the effectiveness of CHX-zinc oxide in 
disinfecting root dentin in bovine teeth experimentally infected 
with C. albicans and found that the root canals were completely 
disinfected after one hour of exposure. 

EDTA
Ethylenediamine-tetraacetic acid was first introduced to end-
odontics by Nygaard-Ostby, who recommended the use of a 15% 
EDTA solution (pH 7.3) with the following composition: diso-
dium salt of EDTA (17 g), aqua dest (100mL) and 5M sodium 
hydroxide (9.25 mL). EDTA has six potential sites (four carboxyl 
groups and two amino groups) available to bond with a metal 
such as calcium.32 The structures of Ca–EDTA complexes, in 
which the calcium ion is effectively surrounded and isolated from 
the solvent, are highly stable. Due to its ability to form complexes 
with calcium ions, EDTA is commonly used to remove the smear 
layer in nonsurgical endodontic treatment.33

Sen et al.33 evaluated the antifungal effect of EDTA on Candida 
albicans and compared it to that of various disinfectants and common 
antifungal agents using the agar diffusion test and found that EDTA 
was more effective than other tested agents. EDTA demonstrated the 
highest antifungal activity in comparison with routine antifungal 
drugs and all other solutions. Ates et al.34 assessed antifungal effects 
of calcium-chelating or -binding agents on C. albicans and some con-
ventional antifungal agents, including EDTA, ethyleneglycol-tetraace-
tic acid (EGTA), sodium fluoride, titanium tetrafluoride, nystatin 
and ketoconazole. The findings showed that except for ketoconazole, 
EDTA had the highest antifungal and fungicidal activity. The efficacy 
of EDTA on C. albicans was confirmed by Turk et al. in another study. 
On the other hand, Ruff et al.24 showed that the efficacy of EDTA 
against C. albicans was significantly less than 6% sodium hypochlorite 
and 2% chlorhexidine. Chandra et al.35 found that, with and without 
adding clotrimazole, the antifungal activity of EDTA was significantly 
less than 5.25% NaOCl and 2% chlorhexidine. 

MTAD
BioPure MTAD (Dentsply, Tulsa Dental, Tulsa, OK) is a root canal 
irrigant that was introduced by Torabinejad et al.36 This solution 
is a mixture of 3% doxycycline, 4.25% citric acid and a detergent 
(0.5% polysorbate 80).36 Several studies have evaluated the effec-
tiveness of MTAD for disinfecting root canals. Torabinejad et al. 
have shown that MTAD is able to remove the smear layer36 and 
is effective against E. faecalis.37-39 Furthermore, substantivity of 
MTAD has been demonstrated for up to 28 days.40

There are limited studies on the antifungal activity of MTAD. 
Using a human tooth model, Ruff et al.24 found that the antifun-
gal activity of MTAD was significantly weaker than NaOCl and 
CHX. In another in vitro study, Arslan et al.41 evaluated the ef-
fect of Propolis, BioPure MTAD, 5% sodium hypochlorite and 2% 
chlorhexidine on C. albicans and found that all tested materials 

systems are still controversial. In addition, NaOCl has excellent 
haemostatic activity.19 

Studies have been conducted on the antifungal activity of 
NaOCl. According to Ferguson et al.,21 NaOCl was very effective 
against C. albicans, having a minimum inhibitory concentration 
(MIC) of less than 10 µgmL-1. 

 Sen et al.22 evaluated the antifungal properties of 1% NaOCl 
and 5% NaOCl against Candida albicans using cylindrical dentin 
tubes and found that C. albicans was more resistant in the presence 
of the smear layer than in the absence of the smear layer. When the 
smear layer was absent, NaOCl started to display antifungal activ-
ity after 30 minutes. Waltimo et al.23 evaluated the susceptibility of 
seven strains of C. albicans to NaOCl and found that both concen-
trations killed all yeast cells within 30 seconds. Ruff et al.24 found 
that 6% NaOCl was equally effective and statistically significantly 
superior to BioPure MTAD and 17% EDTA in antifungal activity. 
Radcliffe et al.25 demonstrated that four concentrations of NaOCl 
lowered CFU below the limit of detection after 10 seconds in the 
case of C. albicans. This finding was confirmed by Ayhan et al.26

Taken together, this may show that the antifungal activity of 
NaOCl is superior to other common irrigation solutions. 

Chlorhexidine
CHX is a synthetic cationic bisguanide that consists of two symmetric 
four-cholorophenyl rings and two bisguanide groups connected by a 
central hexamethylene chain.27 CHX is a positively charged hydropho-
bic and lipophilic molecule that interacts with phospholipids and lipo-
polysaccharides on the cell membrane of bacteria and then enters the 
cell through some type of active or passive transport mechanism.27 Its 
efficacy is due to the interaction of the positive charge of the molecule 
and the negatively charged phosphate groups on microbial cell walls, 
thereby altering the cells’ osmotic equilibrium. This increases the per-
meability of the cell wall, which allows the CHX molecule to penetrate 
into the bacteria. CHX is a base, and is stable as a salt.27

At low concentration (0.2%), low molecular weight substances, 
specifically potassium and phosphorous, will leak out of the cell. How-
ever, at higher concentrations (2%), CHX is a bactericidal, as precipita-
tion of the cytoplasmic contents occurs, which results in cell death.28

Sen et al.22 assessed the antifungal activity of 0.12% CHX 
against Candida albicans in a human tooth model. They reported 
that C. albicans was more resistant to CHX when the smear layer 
was present than when it was absent. Ferguson et al.21 showed 
that a minimum inhabitory concentration (MIC) of CHX to in-
hibit C. albicans was less than 0.63 µg/mL. According to Gomes 
et al.,29 2% CHX gel eliminated C. albicans after 15 seconds. Sena 
et al.30 revealed that the contact time of CHX for negative cultures 
of C. albicans was in the range of 30 to 1,800 seconds. Waltimo 
et al.23 evaluated the susceptibility of seven strains of C. albicans 
to 0.5 % CHX-acetate and showed that the complete killing of 
fungal cells occurred after five minutes. 
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The antimicrobial activity of Ca(OH)2 is related to the release 
of hydroxyl ions in an aqueous environment.44 Hydroxyl ions 
are highly oxidant-free radicals that show extreme reactiv-
ity with several biomolecules. This reactivity is high and in-
discriminate, so this free radical rarely diffuses away from 
sites of generation.45 The lethal effects of hydroxyl ions on 
bacterial cells are probably due to damage to the bacterial 
cytoplasmic membrane, protein denaturation and/or damage 
to the DNA.45

Although scientific evidence suggests that these three mecha-
nisms may occur, it is difficult to establish, in a chronological 
sense, which is the main mechanism involved in the death of 
bacterial cells after exposure to a strong base.45

Waltimo et al.46 reported that C. albicans cells were highly 
resistant to Ca(OH)2. Furthermore, they revealed that five Can-
dida species, including C. albicans, C. glabrata, C. guilliermondii, 
C. krusei, and C. tropicalis, were either equally high or had higher 
resistance to aqueous calcium hydroxide than did E. faecalis.47 Be-
cause C. albicans survives in a wide range of pH values, the alka-
linity of saturated Ca(OH)2 solution may not have any effect on 
C. albicans. In addition, Ca(OH)2 pastes may provide the Ca2+ 
ions necessary for the growth and morphogenesis of Candida. 

were effective. Mohammadi et al.40 revealed that the antifungal 
activity of MTAD was significantly weaker than NaOCl and CHX. 

Tetraclean
Tetraclean, (Ogna Laboratori Farmaceutici, Muggiò, Italy), like MTAD, 
is a mixture of an antibiotic, an acid and two detergents (pro-
pylene glycol and cetrimide).16 However, the concentration of 
the antibiotic, doxycycline (50 mg mL-1) and the type of deter-
gent (polypropylene glycol and cetrimide) differ from those of 
MTAD.16 There is only one study on the antifungal activity of 
Tetraclean. Mohammadi et al.42 showed there was no significant 
difference between the antifungal activity of MTAD and Tetra-
clean. Furthermore, they revealed that the antifungal activity of 
NaOCl was significantly greater than MTAD and Tetraclean. 

Calcium Hydroxide
Calcium hydroxide is a white, odorless powder with the chemical 
formula Ca(OH)2 and a molecular weight of 74.08. It has low 
solubility in water (around 1.2 gL-1 at 25˚ C), which decreases 
with a rise in temperature. It has been demonstrated that the dis-
sociation coefficient of Ca(OH)2 (0.17) controls the slow release 
of both calcium and hydroxyl ions.43
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These mechanisms may explain why Ca(OH)2 has been found to 
be ineffective against C. albicans.1

Siqueira et al.48 investigated the antifungal ability of several 
medicaments against C. albicans, C. glabrata, C. guilliermondii, C. 
parapsilosis and S. cerevisiae. They reported that whereas the paste 
of Ca(OH)2 in CPMC/glycerin had the most pronounced antifun-
gal effects, Ca(OH)2 in glycerin or chlorhexidine and chlorhexi-
dine in detergent also had antifungal activity, but at a lower level 
than the paste of Ca(OH)2 in CPMC/glycerin. In another study, 
Ferguson et al.21 demonstrated that aqueous Ca(OH)2 had no an-
tifungal activity when maintained in direct contact with C. albicans 
cells, whereas a combination of Ca(OH)2 and CPMC was an effec-
tive antifungal agent. Siqueira et al.49 evaluated the effectiveness of 
four intracanal medicaments in disinfecting the root dentin of bo-
vine teeth experimentally infected with C. albicans. Results showed 
that the specimens treated with Ca(OH)2/CPMC/glycerin paste 
or with chlorhexidine/zinc oxide paste were completely disinfected 
after one hour of exposure. Furthermore, Ca(OH)2 /glycerin paste 
only consistently eliminated C. albicans infection after seven days 
of exposure. However, Ca(OH)2 mixed with chlorhexidine was in-
effective in disinfecting dentin even after one week of exposure. 

In summary, fungi have occasionally been found in prima-
ry root canal infections, but they appear to occur more often in 
filled root canals of teeth in which treatment has failed. C. albi-
cans is by far the fungal species most commonly isolated from 
infected root canals. It seems that the combinations of Ca(OH)2 
with camphorated paramonochlorophenol or chlorhexidine have 
the potential to be used as effective intracanal medicaments for 
cases in which fungal infection is suspected.

MTA
MTA materials are a mixture of a refined Portland cement and bis-
muth oxide, and are reported to contain trace amounts of SiO2, 
CaO, MgO, K2SO4 and Na2SO4. The major component, Portland 
cement, is a mixture of dicalcium silicate, tricalcium silicate, trical-
cium aluminate, gypsum and tetracalcium aluminoferrate. Gypsum 
is an important determinant of setting time, as is tetracalcium alu-
minoferrate, although to a lesser extent. MTA products may contain 
approximately half the gypsum content of Portland cement, as well 
as smaller amounts of aluminum species, which provides a longer 
working time than Portland cement.50,51 The MTA product powder 
is mixed with supplied sterile water in a 3:1 powder/liquid ratio. It 
is recommended that a moist cotton pellet be placed temporarily in 
direct contact with the material and left until a follow-up appoint-
ment. Upon hydration, MTA materials form a colloidal gel that so-
lidifies to a hard structure in approximately three to four hours, with 
moisture from the surrounding tissues purportedly assisting the set-
ting reaction. Hydrated MTA products have an initial pH of 10.2, 
which rises to 12.5 three hours after mixing. The setting process is 
described as a hydration reaction of tricalcium silicate (3CaO·SiO2) 

and dicalcium silicate (2CaO·SiO2), which the latter is said to be 
responsible for the development of material strength.51,52

Investigations have been conducted on the antifungal activ-
ity of MTA. Al-Nazhan and Al-Judai53 showed that freshly mixed 
and 24-hour set GMTA have an antifungal effect on C. albicans. 
The antifungal effect of MTA might be due to its high pH or to 
substances that are released from MTA into the media.

Mohammadi et al.54 revealed that in the freshly mixed, as well 
as 24 hour-set white MTA cements, fungal growth was observed 
during a one-hour incubation, whereas by increasing the incuba-
tion time, no fungal growth was observed in 24 and 72 hours.

Tanomaru-Filho et al.55 reported antimicrobial activity of gray MTA, 
white Portland cement and original Portland cement on C. albicans.

Al-Hezaimi et al.56 evaluated the antifungal effect of WMTA 
on C. albicans and revealed that the concentration of MTA is a sig-
nificant factor in the antifungal effect of this material. Plates con-
taining a WMTA concentration of less than 25 mg/mL showed no 
antifungal effect. In contrast, plates containing a concentration of 
25 mg/mL showed antifungal activity at 1 and 24 hours, whereas a 
concentration of 50 mg/mL of WMTA was effective against C. albi-
cans during the whole study time. Another investigation compared 
the antifungal effect of GMTA and WMTA in different concentra-
tions on C. albicans.57 However, GMTA in concentrations lower 
than 25 mg/mL was significantly more effective against C. albicans 
than WMTA.57 The results for WMTA and GMTA in concentra-
tions of 25 mg/mL and 50 mg/mL were similar.

On the whole, although there is controversy regarding the 
antifungal activity of MTA, most conducted studies support its 
antifungal activity. p

Queries about this article can be sent to Dr. Mohammadi at zahed_moham-
madi@yahoo.com.
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