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Invitation to write articles and 
case presentations 


The Southern African Dental Technology Journal invites all dental technicians/technologists 
and dentists, who have original articles or case presentations to submit their work. The 
SADTJ is a peer review publication, and all original articles will be reviewed by our Associate 
Editors. Do not let this scare you off, you will receive constructive criticism and suggestions 
on how to improve your writing, should your article not be published the first time round.  

Length of Manuscripts:
Technical Article:  1500-2000 words and 15-20 photos or diagrams. These articles should be up-to-date •	

accounts of interesting and noteworthy developments in techniques. They should be case specific and engage 
the intermediate and advanced-level technologies as well as new techniques. Articles should give step by step 
information on how to do something, but also provide insight on the why and how of a particular technique or 
product. Please include a 10 question, multiple choice quiz, about the contents of the article, when submitting 
a technical article. All technical articles submitted to the journal must be written or co-written by a Certified 
Dental Technician, a foreign technician with a SADTC approval to work in South Africa, or a dentist.
Photo Technical Article (Case presentation): 1000 words maximum and 10-26 photos. These articles should be •	

up-to-date accounts of interesting and noteworthy developments in techniques.  This kind of article is usually a 
case presentation sharing tips or a quick technique with others. The photos should be accompanied by a written 
explanation (maximum 1000 words) of how the final results were accomplished.  
Research Article: 6000 words. Here the criteria of intelligibility and wider interest are strictly applied.•	

Review Articles: up to 6000 words long. These articles should be up-to-date surveys of important current •	

developments in dentistry.
News Articles: 250-700 words, photos optional. We are interested in all news-worthy events that involved or •	

impact dental technicians, or their laboratories. Please keep us up to date so we can share the news.  

Manuscripts and Photo Requirements:
Articles submitted should be in the proper format for scientific papers. •	

All submissions should be the original work of the author/s as noted.•	

Articles should be submitted in Microsoft Word.   •	

Images should be in JPEG format. It should have a resolution of no less than, 300dpi, should be uncompressed, •	

be of high quality and clarity and should have no copyright. You are not allowed to reproduce any images without 
the proper copyright releases. If the images are not your own, please make sure that you obtain the copyright 
release on the images before submitting it to the SADTJ, as this remains your responsibility.
The journal reserves the right to edit your article, for the sake of clarity.•	

Articles that have been submitted to the Journal of Dental Technology in Southern Africa, may not be submitted •	

to another publication for a period of four months.
Include a photograph of the authors as well as a short biography.•	

Include copies of the completed authors release form, conflict of interest and photo release forms with the •	

submission, of your article.
Include the cover page for your article.•	

Presentation of Content:
Use Arial or Times Roman as font.•	

Number each page clearly.•	

No footnotes will be allowed.•	

Keep your presentation clear and simple.•	

Tables, figures and images (including photographs), should be presented on a separate page at the end of the •	

document, separate from other documents.
All tables, figures and images must be clearly marked using Arabic numerals.•	

All manuscripts must be submitted in English. Remember to include all your contact details 
when submitting your work.  Make use of this invitation, and submit your work today, we 

look forward to hear from you. 
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Axel Grabowski

Editorial

JUNE 2013

Wow, it is hard to believe that we are in the middle of winter. It arrived 
late, but with vengeance.

Many regulations that will have a direct impact on our profession 
should have been promulgated late 2012 early 2013, but up to date 
this has not happened. One cannot however disregard this merely be-
cause the wheels of government turn slow. These regulations will be 
signed and then become effective immediately.

I am referring to the regulations pertaining to CPD, Medical Devices, 
,Registration of informally trained persons as technicians, the scope 
of practice, and the scope of profession for dental technicians. DEN-
TASA has invested a tremendous amount of time and effort in to all 
of the above, as it will serve in the best interest of dental technology 
in South Africa.

These past few months have been very hectic and extremely disrup-
tive. The main and only contributor was undoubtedly the SADTC and 
its President’s unwillingness to work with the profession it is sup-
posed to regulate.

It started off in October/November 2012. The nominations for new 
council members were flawed. The ensuing elections were a disaster 
of the highest proportion. If it were not for the persistence of 
DENTASA, we would be sitting with a Council that would have been 
totally unconstitutional, and more seriously, not representative.

In April 2013 a motion of no confidence was tabled at the SADTC 
against the President of Council. The President refused to entertain 
said motion, which is totally against all rules and regulations. This 
resulted that all elected Technicians serving on Council, resigned ren-
dering the SADTC unconstitutional.

I had meetings with the DoH, submissions were made to the Minister 
of Health explaining that these elections must be declared null and 

void. The president of the SADTC however thought differently, and 
formulated a long document making a last ditch effort to explain in 
legal terms why these elections should be declared legal.

Through persistent pressure from DENTASA, common sense pre-
vailed and the Minister of Health declared that the nominations and 
elections must be redone. The outgoing councillors were re-appointed 
for a period of six months until the election process has been redone. 
The minister also appointed a four man task team to oversee these 
elections. The first new mistake was made by the task team deciding 
not to redo the nominations. The second mistake was as to not allow 
one of the employee’s nominations to stand for re-election. The Den-
tal Technicians Act was again miss interpreted. The shambles starting 
all over.

DENTASA decided to take this matter to Adv. Leon Kellerman, who 
is an expert in this field for final clarification. In the first instance, 
the President of Council and the Acting Registrar were requested not 
to proceed with the Council meeting of 20 June 2013 in view of the 
jurisdictional imperatives as laid down in the Act and the absence 
of representatives of the organised Dental Technicians profession. 
Should they persist with the meeting, DENTASA will without further 
notice approach the North Gauteng High Court. In the second instance, 
the Minister of Health and the Ministerial Task Team were informed 
about a number of issues that have arisen regarding the nominations 
and elections which are flawed. Notification was also made known 
that the SADTC must be properly constituted as required by the Act. 
An urgent request was made to meet with the Minister and/or the Mi-
nisterial Task Team, to discuss the way forward.

 

Editorially Yours
Axel Grabowski
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Industry News

Tandeman ook tot 50 uur ’n 
maand in polisie

Deur: Hilda Fourie 2013-03-15 23:17

As Robert Ho-Tong op ’n misdaadtoneel aankom, kyk mense hom 
vreemd aan.

Wanneer Afrikaans oor die lippe van dié man van Chinese afkoms in 
’n polisie-uniform rol, is die mense gewoonlik stomgeslaan.

Ho-Tong is ’n reserviskonstabel by die Lyttelton-polisiekantoor 
in Centurion. Wanneer hy nie sy blou uniform aan het nie, is hy ’n 
tandtegnoloog. Tog is sy vuurwapen en gemeenskaps¬polisiëringsradio 
altyd naby.

As iemand se noodkreet oor die radio deurkom, los hy alles en spring, 
want om ’n polisieman te wees is vir Ho-Tong ’n hartsaak.

Ondanks sy werk as tandtegnoloog wat onder meer vals¬tande maak, 
werk hy soms tot 50 uur per maand by die polisie. Verlede jaar het hy 
400 uur agter sy naam geskryf.

“Wanneer ek in uniform is, is ek ’n polisieman en doen ek wat ’n 
polisieman doen. Ons vang skelms en hou die gemeenskap veilig,” sê 
Ho-Tong.

Hy is in Suid-Afrika gebore, nes sy ouers, hoewel sy ouma en oupa in 
China gebore is.

Tog praat hy beter Afrikaans as Chinees en braai hy vleis en drink hy 
bier soos enige Suid-Afrikaner.

Ho-Tong se geveg teen misdaad het sowat vier jaar gelede begin nadat 
daar in ’n kort tyd vier keer by sy huis ingebreek is, sy vrou ’n slagoffer 
van ’n grypdief was en bure van hom onder ’n huisrooftog deurgeloop 
het.

“Ek het besluit ek moet ook iets doen. Ek wou sien of ek ’n verskil kan 
maak in my omgewing. 

“ ’n Mens wonder soms of dit regtig help, want die misdaad hou net 
aan en aan,” sê hy.

Hy sê hy is daar om misdaad te beveg. “Daar is soveel goeie polisie-
beamptes, maar mense sien nie altyd die werk wat hulle doen nie.”

Ho-Tong is betrokke by die plaaslike gemeenskapspolisiëringsforum 
en lewer gereeld praatjies. 

Hy meen dit is belangrik om betrokke te wees by jou gemeenskap en 
dat hulle weet jy stel belang in hulle en is daar vir hulle.

Volgens Ho-Tong kyk mense hom aanvanklik vreemd aan wanneer 
hy op ’n toneel kom. As hulle misdadigers vang en die misdadiger sê 
later hy is aangerand, wys die vinger altyd na Ho-Tong, al het hy niks 
gedoen nie. Dit is omdat hy so maklik herkenbaar is.

“Ek dink nie ek sal ooit ophou om ’n polisieman te wees nie. Daar is 
net te veel goeie mense wat my motiveer om aan te hou. Oor tien jaar 
gaan masjinerie tien teen een my bedryf oorneem. Miskien word ek 
dan ’n voltydse polisieman.”

Article sourced from: Beeld

Robert Ho-Tong werk as tandtegnoloog, maar sy “tweede werk” is om ’n polisie-uniform aan te trek. Foto: Craig Nieuwenhuizen

Reservis-konst. Robert Ho-Tong aan diens. Foto: Lisa Hnatowicz
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Feature Article

Josef Z Vider: 1952 -2013
It was with sadness that we all in the Dental world learned of the passing of 
Josef Z Vider.  Josef or the Crazy Russian as he was fondly known, may have 
been many things, but he was never boring.  Everyone that knew Josef and 
those who briefly made his aquaintence, certainly will never forget him.

His gregarious nature was often cushioned by a thoughtful insight into the 
right and wrongs and problems within the industry.  He always tried to put his 
views across in an entertaining manner, making you laugh, but also making 
you think..

He leaves his wife and son.

Rest in peace.You left us too soon

Industry News

TAX DISPUTES:  
DOES THE “PAY 
NOW ARGUE 
LATER” PRIN-
CIPLE STILL 
APPLY?

Du Toit Mook Newsletter April 2013
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Feature Article

SARS have long held that if you have an objection to 
an assessment you must pay your tax and only then 
- if your objection is upheld - can you get a refund. 
The option to allow the taxpayer to suspend pay-
ment, until the outcome of the objection was known, 
has been at the discretion of SARS, and in practice 
this was seldom allowed prior to October 2012.  

The potential for taxpayer hardship here is obvious.  
Say for example that you have what you believe to 
be a good case for a substantial reduction in a tax 
assessment.  Yet you have to “pay now, argue later”, 
and raising the money to enable you to do so is going 
to hurt your cash flow, if not actually bankrupt you.  
Also remember that SARS can collect money in dis-
pute not only from you but they may appoint agents 
to collect monies owing by you – this could be your 
bank or even your retirement fund. 

There is, however, some good news in the form of 
the Tax Administration Act (“TAA”) which came 
into effect on 1 October 2012.  The TAA has given 
taxpayers some hope that the “pay now argue later” 
principle has been at least softened in line with one 
of the aims of the Act, that is to balance taxpayers’ 
rights with SARS’ desire to strictly enforce compli-
ance.

The new procedure – how it works

Per the TAA, if a taxpayer requests that payment of 
tax be suspended as the taxpayer intends to lodge an 
objection, SARS may not move to collect this tax un-
til 10 business days from the date of SARS’ response 
have passed.   

Thus, while the TAA has allowed taxpayers to buy a 
modicum of time, the real test is whether SARS will 
in the end suspend payment until the objection has 
been dealt with.

Once you as a taxpayer go down the objection route, 
you need to follow a dual approach–

Formally apply for payment to be suspended, and 

Enter the dispute resolution mechanisms as laid out 
by the Act. 

It is important to get sound tax advice as you don’t 
want to make an error in this process – for example, 
you need to closely monitor whether SARS will agree 
to a payment suspension. 

The Act lays down criteria for SARS to consider 
when suspending payment, some of which are:-

The taxpayer’s history of compliance (obviously your 
chances improve if you have a good compliance re-
cord)

The amount of tax or whether or not SARS officials 
have reason to believe the risk of not collecting tax 
may diminish over time (such as the possibility of 
liquidation of the taxpayer)

Whether there is fraud or other malfeasance in-
volved

Whether the taxpayer will face irreparable financial 
hardship if forced to pay now.

SARS may ask for security if it allows payment to be 
suspended.

If SARS decides not to allow the suspension of pay-
ment, then you are still obliged to pay the tax. How-
ever, the fact that SARS now has criteria it must apply 
when considering suspending payment, indicates at 
least a thaw in the ‘pay now, argue later’ principle.

Article Sourced From: This article first appeared in 
CA(SA)DotNews and is reproduced with authority 
from DotNews and Du Toit Mook, Registered Accoun-
tants and Auditors (tel.  012-4609991, e-mail : nico@
dtm.co.za
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DENTASA Summit &
Annual General Meeting 2013

    13-14 September

Elangeni Hotel, Durban, KZN
For Technicians, by Technicians

Rates
Members

Early Bird Rate - R 1 080
(Register & pay by 30/06/2013)

	
Regular Rate

R 1 300
(Pay after 30/06/2013)

	
Non-members

Non-member Rate - R 2 600

Upgrade to include DENTASA membership and AGM registration

Employees -  R 1 490
Employers - R 2 570 

Students
R 800

Students (1st-4th year) Lecture Day Special
R 360

Halaal Meals

Special catering for Halaal meals can be ordered at the following surcharge costs per person:

Friday  Full day package @ R270 per person
Traders Cocktail @ R190 per person

Saturday Half day package @ R240 per person
Saturday evening Pool Deck Braai @ R190 per person

All special catering meals must be ordered and paid for before 16 August 2013.
Please contact Elize at the office dentasa@absamail.co.za

Special:
Encourage a colleague to join DENTASA

and receive 10% discount on your registration* fee!
* not including dinner!

 

Registration Deadline 16 August
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Feature Article

Experts on productivity have developed simple ways on how 
to improve productivity in the workplace. Generally, such 
methods involve either working smarter or working harder. I 
personally prefer working smarter over working harder. If you 
want to know how to improve productivity then read on.

Work harder and look for ways to increase the level of 1.	
your work focus.                                                           	
Lessen your time socializing or doing other things besides 
those that are work-related. This will help you finish the 
tasks you are supposed to do and accomplish for today. 
You need to focus on your tasks at hand and avoid wan-
dering on other tasks or new tasks. Focus is truly the key 
and not waste time when you are working.

You also need to work faster and look for ways to in-2.	
crease work pace.					   
Build and improve a certain work rhythm and sustain it. 
Work on an ideal speed without jeopardizing quality. If you 
start to feel tired or you slow down, then take a quick break 
and freshen up a bit. Do not let your tempo go down.

Sort out your tasks.	3.	 				  
Look for ways to concentrate on tasks that are related. 
Avoid multi-tasking. This defiles the essence of focus. Put 
together related tasks and work on those at the same day 
with designated time. As much as possible, finish a certain 
task before jumping to a new task. If you constantly switch 
from one task to another, you are wasting wee amounts of 
time which can be huge when you add them all up. You 
can lose time since you need to set your mind up on a new 
task and figure out where you left off.

Learn how to work smarter.4.	 				  
Look for effective ways to simplify the work given to you. 
Every complex task can be simplified without altering the 
expected results. Simplifying tasks does not mean reduc-
ing the quality of your work, but it only means that you 
are making tasks easier and less complicated which conse-
quently helps you finish tasks faster and meet your dead-
lines. The Law of Complexity states that complexity of the 
task and the time needed to accomplish a task increase as 
the steps of a task escalate in number. Find ways to sim-
plify each step. If you can skip some steps and not ruin 
your output then do so. Do not skip indispensable steps, 
though. Find ways to shorten these steps. However, you 
need to know that there are some crucial steps you need to 
execute exactly without simplifying.

	
Author Information 
Lesley A Knowles 

Article Sourced From: JDT Unbound

Four Secrets 
on How to 

Improve Productivity in the 
Workplace
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Feature Article

Achieving Effective Doctor-
Laboratory Communication

One of the most frustrating setbacks on an aesthetic dental 
treatment is having major discrepancies in the vertical axis of 
the anterior restorations at the try-in appointment, which com-
monly is a result of inaccurate recordings of the horizontal axis 
during the preparation and records appointment.

The “Esthetic CrossRef ” is a very simple apparatus that allows 
the dentist to transfer an accurate relationship of the facial-
vertical midline and incisal horizontal plane to the laboratory 
technician. The information provided with the CrossRef is es-
sential in any esthetic case ranging from two central incisor 
units to an entire maxillary arch reconstruction and can be 
used on any patient with any articulator.

If no record or an inaccurate record is given to the laboratory, 
the models will most likely be mounted at a flat horizontal axis. 
The laboratory technician and the dentist will have no idea that 
the restorations are off the ideal axis until they are inserted in 
the patient’s mouth at try-in; thus wasting time and possibly 
creating disappointment to the patient. Depending on the sig-
nificance of the cant, the dentist may choose to adjust the resto-
rations chairside, subsequently eliminating some of the natural 
effects that the technician worked hard to create on the resto-
rations. One of the goals of any practice is to provide greater 
predictability of results.

Written by Dr. Fernando Pessoa, 
Draper, Utah. 
drpessoa@drapersmiles.com

for Dental Technicians

Designed 
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Feature Article

If the maxillary and mandibular midlines do not match up, the 
mandibular midline cannot be used as a reference point for the 
final restoration. (Fig. 1)

The CrossRef arch is used to create a locked position between 
the maxillary and mandibular arches. Bite registration is in-
serted onto the occlusal surfaces of the teeth and the CrossRef 
arch. (Fig. 2 & 3)

The arch is centered on the patient’s face and the patient is asked 
to bite down until the bite registration sets. (Fig. 4)

Place the patient in an upright sitting or standing position. Lev-
el the horizontal arm to the patient’s interpupillary line or the 
horizon depending on the patient’s facial symmetry. Level the 
vertical arm to the patient’s facial midline. It is always helpful to 
take a step back and make any minor adjustment at this point 
(this is one of the major advantages over a stick-bite method 
where bite registration materials used in that method are time 
sensitive). (Fig. 5)

Tighten up the screw, which locks the arms into the desired 
position. To secure the registration position during lab trans-
portation, apply a small amount of self-cure acrylic such as 
Luxatemp to the screw hole and lateral space. (Fig. 6)

For some patients, a nasion extender may be inserted in order 
to avoid contact between the nose and the vertical axis arm. 
(Fig. 7)

Be sure to separate the arch from the crossbars before sending 
the patient’s bite record to the lab for mounting.

The CrossRef can be used to mount the working models on 
any articulator, capturing the horizontal plane and marking the 
midline. (Fig. 8)

Article Sourced From: www.whipmix.com

Reduce Remakes with 
These 8 Simple Steps using 

the Esthetic Cross-Ref
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Feature Article

It is no secret that the dental technology industry education 
system is in dire straights. Enrollment in accredited programs 
suggests interest in the field is waning, and the fear is that very 
soon there will not be enough highly skilled laboratory techni-
cians to keep up with the demand for implants, crowns, bridg-
es, and other restorations. Exacerbating this problem is the fact 
that dental technology programs have been steadily shutting 
down, leaving only 18 accredited programs in the United States 
(in addition to 29 non-accredited programs). Without the 
means to formally train dental technicians, the industry will 
continue to deteriorate, leaving clinicians looking for alterna-
tive means to fulfill their dental technology needs.

Dental technicians are also conscious of the fact that the dental 
industry as a whole is in a state of rapid change. Production 
is shifting to a digital workflow, but most prospective labora-
tory technicians are still spending their time at school learning 
techniques that, while relevant 30 years ago, are likely to disap-
pear from laboratory manufacturing processes in the near fu-
ture. With some exceptions, education for budding laboratory 
technicians has changed very little to keep up with the times. 
At a time in history when the industry needs graduates steeped 
in advanced techniques combined with computer-based skills, 
the schools’ inability to educate their students with the latest 
technology is extremely troubling to the dental technology in-
dustry as a whole.

Without intervention by the dental community, the number 
of dental laboratory schools will most likely continue to drop, 
leaving the profession with a need for skilled workers but no 
means to train them. Laboratory owners are now needed more 
than ever to champion their profession, raise awareness, sup-
port their local laboratory technology school, and ensure that 
the technicians who come to them just out of school are further 
educated to make them even more valuable members of the 
laboratory community. Now is the time to step in and help the 
education system meet the growing demand for skilled dental 
laboratory technicians.

The Benefits of a Formal 
Education
Laboratory technicians who graduate from an accredited den-
tal technology program do not have an easy path. The starting 
salary is dismal, and often, the two years they spend in school 
does not give them enough hands-on experience to walk into 
a laboratory and fit into a high production setting. However, 
a formal education benefits the students in the long run in 
that they have a much more solid foundation in terminology, 
theory, and tooth morphology than technicians that are purely 
bench-trained. According to Bennett Napier, CAE, executive 
director of the National Association of Dental Laboratories 
(NADL), this foundation can be invaluable. “Today, labora-
tory technicians are dealing with a formally educated, licensed 
professional as their customer. Dentists, expanded function hy-
gienists, these people have advanced education degrees. While 
a formal education is not for everyone, it certainly levels the 
playing field between many laboratory technicians and their 
customers,” he explains. Napier believes that this level playing 
field allows the technician to assume the role of a consultant 
for the clinician, immediately making them more valuable, and 
potentially increasing their pay rate.

Even though the value of a formally educated dental technician 
is widely recognized in the industry, the number of technicians 
who fit that bill is rapidly declining. According to Elizabeth 
Curran, CDT, RDT, the majority of formally educated dental 
technicians working in the field today are approaching retire-
ment age, and since the number of accredited schools produc-
ing dental technicians is so small, it will only be a matter of 
time before retirees outnumber new hires. Curran explains that 
if this trend follows through, having such a low number of for-
mally educated technicians in the field could be disastrous. “If 
there aren’t enough educated laboratory technicians here in the 
United States, that work is going to start getting sent to labora-
tories offshore. Even the high-quality jobs will be sent to master 
ceramists in Europe,” she says.

Education Revival?
by Kate Hughes

Accredited dental technology programs continue 
to struggle in spite of efforts to keep them afloat

Please note that 
this research was 
done in the USA, 
but has direct 
bearing on S.A 
and Europe.
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“It Will Get Worse Before It 
Gets Better”
Unfortunately, even though the need for technicians is high, it 
is extremely likely that the situation will deteriorate even fur-
ther before it begins to improve. The 18 remaining accredited 
programs in the United States are extremely vulnerable, and it 
is likely that many more are going to fall before the industry de-
cides to take action. “It’s going to get worse before it gets better,” 
says Napier. “Factors such as cost, budget cuts, low academic 
support, and low enrollment can all lead to programs getting 
shut down.” Curran agrees with Napier, and she believes the 
problem may be that the number of schools that have already 
closed down have yet to register as a true crisis in the eyes of the 
industry. “It’s a slippery slope, and it worries me to think that as 
an industry we may not act until the number of accredited pro-
grams are in the single digits,” she says. There are many chal-
lenges facing dental technology schools, many of which have 
been issues for years, and any one alone may be enough to end 
a program for good.

Cost
One of the main reasons dental technology programs get shut 
down is the cost. Barbara Warner Wojdan, the chairperson of 
The Foundation for Dental Laboratory Technology says, “Den-
tal laboratory technology programs are expensive to operate 
and the demand for technicians is not as high as it is for hygien-
ists or assistants. This leaves many dental technology programs 
in a precarious position, as it gives deans an easy target to cut 
an expensive program with relatively low enrollment,” explains 
Wojdan.

Of the 18 dental technology programs left in the United States, 
many are associated with a larger educational institution. This 
often leaves them at the mercy of budget cuts that affect the 
school as a whole, but do not necessarily have to do with the 
dental technology program. Dene LeBeau, the owner of LeBeau 
Precision Aesthetics, explains that dental technology programs 
are often on the radar of budget decision makers because of the 
great costs associated with running the program compared to 
other disciplines. “Dental laboratory programs need to repli-
cate a dental lab in the real world, and those costs are exponen-
tially higher than a purely academic program like English or 
math,” he explains.
Currently, with the rapid digitalization of dentistry and the 
ever-advancing technology available to the dental laboratory, 
costs are not likely to decrease, but continue to grow. New tech-
nology comes with new equipment, new materials, as well the 
need for instructors that understand this new technology in-
side and out.

Visibility
In the case that an educational institution has to make cuts, 
dental technology programs are also at risk because of their 

lack of visibility. If an educational institution must cut a pro-
gram, they are more likely to choose one where few people will 
notice its absence. That is why it is imperative that dental tech-
nology schools take the initiative in making themselves visible 
not only to potential students, but also to their administration 
and the school community at large. Nick Manos, CDT and pro-
fessor at the New York City College of Technology (NYCCT), is 
a firm believer that dental laboratory programs must take steps 
to be recognized by the greater educational community. “It is 
not enough to be outspoken in our profession. People in the 
dental community know that laboratory technicians exist and 
are appreciative of the work that we do for them. That’s not the 
issue. It’s within our own educational institutions. It’s making 
sure that when a new president, dean, or provost comes in that 
we introduce ourselves and impress upon them the importance 
of the dental technology program.”

Laboratory schools are not just aware of their lack of visibility 
in their institutions, but also among the population as a whole. 
Without a full class of enthusiastic students, programs are sure 
to fold. Manos explains, “There are more than 200 specialties 
in healthcare. Everyone knows about dentists, doctors, nurses, 
hygienists, but due to our profession’s behind-the-scenes na-
ture, not a lot of college-aged students are aware of dental tech
nology as a career option.”

Too Much to Learn, Too Little 
Time
Dental technology is a rapidly growing field, and another ob-
stacle that many schools are encountering is that there is simply 
not enough time in their 2-year programs to cover everything 
that the students need to know before they begin work in a 
laboratory. Newer technologies, like CAD digital scanning and 
design are slowly working their way into school curriculums, 
however, these new courses are often offered at the expense of 
other courses, which are edged out due to time restrictions. 
This also puts students at a disadvantage when they graduate.
Many dental technology schools are taking the initiative to 
enhance their own curriculums to stay relevant and teach stu-
dents the skills that will be most useful in the current market-
place. Some have instituted mandatory intern or externships. 
Renata Budny, CDT, MDT, and a professor at the NYCCT, says 
that the school’s externship program has a significant impact 
on their students. “Our students participate in an externship 
program between their first and second year while enrolled 
in Restorative Dentistry program. We usually place them in 
a dental office with an in-house laboratory, giving them the 
opportunity to experience how the technicians and clinicians 
interact. The combination of a clinical and laboratory experi-
ences gives them a very positive perspective, and they always 
come back paying more attention and wanting to learn more 
than they ever did before experiencing day-to-day operation in 
the field,” she explains.

Another way that dental technology schools can improve their 
programs is through partnering with similar programs in the 
same educational institution. The benefits that come from a 
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partnership are two-fold. First, if two programs require the 
same courses, such as if both the dental hygiene and dental 
technology programs require that students take tooth mor-
phology, partnering these programs is seen as economical by 
the school’s administration. That makes them more valuable 
and less likely to be cut if there are budget issues. The other 
benefit stems from the fact that students in similar fields will 
get to know each other and start building the types of relation-
ships that will be invaluable to them when they start working 
in the dental industry.

Getting Involved
While the schools are working hard to update their programs 
and give dental technology students an education that will en-
sure their success in the industry, the community as a whole 
must make it a top priority to support the handful of programs 
that remain. It is only with the help of laboratory owners, manu-
facturers, and other players in the industry that these programs 
will continue to exist.

Laboratory Owners
Individuals already established in the laboratory profession 
should be particularly invested in the proper education of fu-
ture technicians, as these students are their future colleagues. 
One way that established laboratories could help their local 
dental technology programs is through opening up their labo-
ratory to students, either as a place for intern or externships, 
or as simply a field-trip destination. Dene LeBeau is especially 
involved in his local technology school, serving as a member 
on their board, donating equipment, and offering students in-
ternship opportunities. “We need lab owners to be involved, 
and it is up to us to reach out to these programs and offer our 
assistance,” he says.

LeBeau also believes that laboratory owners should be taking 
initiative in recruiting young people to the profession. Even if 
there are no local dental technology education programs, labo-
ratory owners can reach out to high schools to give presenta-
tions about the profession and increase its visibility amongst 
students who are looking to pursue a technology-based career. 
LeBeau notes that with the current state of the United States 
economy, people with two-year college degrees are being hired 
more often than people with four-year college degrees. “It’s a 
crime that most high schools do nothing but tell students that 
they absolutely must go to a four-year school, and then once 
that student graduates, all he or she has is debt and a piece of 
paper, but not necessarily a job. Right now we need dental tech-
nicians. While the initial pay rate may be low, they will be hired 
and they will have a job.” LeBeau adds that as the field continues 
to expand technologically, it will become more and more ap-
pealing to the young students who are already extremely tech-
nologically savvy. “Dental technology is a profession made for 
today’s youth, if only they knew the option existed,” he says.

Manufacturers
Manufacturers can also have an overwhelmingly positive im-
pact on dental technology schools. Through donating equip-
ment and materials, the manufacturers ensure that the students 
are learning with the best technology the field has to offer. 
“Manufacturers should know even though they are giving prod-
ucts and materials away for free, this is not a one-way street,” 
says Nick Manos of the NYCCT. Manos stresses that working 
with manufacturer-donated materials is mutually beneficial, 
and there is a very specific reason why:

“You always remember your first!” he laughs. “If students are 
trained in CAD/CAM for the first time on a certain system, 
they will remember that system for the rest of their lives. The 
same goes for materials. If the first wax a student uses is from a 
certain company, then the propensity for buying that particu-
lar brand or material will continue going forward in life. We 
almost never have problems getting materials or even complex 
machinery from manufacturers, because they understand that 
we’re giving them a free marketing opportunity, and giving 
them a chance to invest in the people who will be buying their 
products down the road.”

Another way that manufacturers are able to help dental tech-
nology schools is to send speakers or trainers to talk with the 
students. Daniel Alter, another professor at the NYCCT, be-
lieves that when an industry leader comes in and talks with 
technology students and gives them encouragement, they are 
motivated to excel in the field. “When they listen to a leader 
in dental technology speak, the idea of being successful in this 
challenging industry is no longer far-fetched. There is someone 
real, someone who went to dental technology school just like 
them, who is now an industry leader. That inspires them, and 
they always perform better after someone comes to speak,” says 
Alter.

Other Organizations
Luckily, dental laboratories are not alone in their quest to remain 
up-to-date. A number of organizations in the field offer labora-
tories grants and other programs that give them access to tech-
nology upgrades and the aid of manufacturers. Barbara Warner 
Wojdan specifically mentions a program run by the Founda-
tion for Dental Laboratory Technology (dentallabfoundation.
org) that offers keystone grants that allow dental technology 
programs to apply for funds to upgrade their inventory. “There 
is a strong weighting to awarding grants to the programs that 
are innovative and already working to upgrade the technology 
that their students are using,” says Wojdan. The Foundation is 
also able to link up manufacturers with programs that have a 
need for particular materials and equipment.

Conclusion
The future of the dental technology profession is grim if the 
schools continue to shut down at the current rate. Without 
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programs that consistently produce graduates with a solid 
foundation in dental technology theory, and who can interact 
professionally with their highly educated customers, the dental 
industry will be forced to adapt, and clinicians will have fewer 
and fewer choices when it comes to getting their complex cases 
produced. It is truly up to the laboratory community as a whole 
to step up and start reaching out to their local schools and of-
fering aid, whether that be in the form of equipment, tours, in-
ternship opportunities, or even just expertise. If there are no lo-
cal dental technology schools, laboratories can make the public 
more aware of the profession, hopefully increasing enrollment 
in the few programs that still exist. One thing is certain—if the 
laboratory community does nothing, the schools will continue 
to die off. Dene LeBeau insists that current laboratory own-
ers must take initiative NOW, and start making moves to help 
these programs. “Attitudes are contagious, and if we all go out 
there and start working to make something happen, it’s going 
to happen,” he says. “Once we gain some momentum, we will 
be unstoppable.”

NYCCT’s Upcoming CAD/
CAM Program
According to Daniel Alter, CDT, MDT, and a professor at the 
New York City College of Technology (NYCCT)’s Dental Labo-
ratory Technology program, one of the greatest challenges in 
the dental laboratory industry is keeping up-to-date with all 
of the current technology. “CAD/CAM in particular is a niche 
that is growing rapidly, and a significant share of the larger 
laboratories are going completely digital. For dental laboratory 
students, it is crucial that they are familiar with this technology 
when entering the job market,” he says. Currently, Alter is in 
the process of developing a

CAD/CAM program for the NYCCT, as he believes making his 
students well-versed in CAD/CAM is the best way to give them 
a step up in the laboratory marketplace.

Alter’s vision for this program is ambitious, and requires a huge 
amount of support from his administration, fellow dental lab-
oratories, and nearby manufactures to execute properly. “We 
want every student to have access to their own individual PCs 
where they’ll either be able to scan or download digital scans 
and impressions, and then we will walk them through a series 
of different designs so that they’ll learn how to manipulate the 
digital models in a variety of ways and prepare each case for 
manufacturing,” he describes.

While the program has not yet officially launched, Alter and 
his colleagues at the NYCCT have already been incorporating 
as much CAD/CAM and digital dentistry as they are able into 
their existing courses, aiming to prepare their students for the 
new, digital, arm of the dental technology profession. This is 
something that Alter would like to see all dental technology 
schools insert into their programs. “I think to remain relevant 
and to be able to attract students and produce quality students 
that can become leaders in our field, we need to embrace cur-
rent technology. I certainly hope that other programs will fol-

low suite and have a designated CAD/CAM program for all of 
their students to be able to better themselves and become more 
proficient,” says Alter.

Check out an exclusive Q&A with NYCCT Professors Manos, 
Budny, and Alter at: dentalaegis.com/go/idt340

Dental Technology Students Share Why They Love the Lab
Sometimes it is easy for the laboratory technicians and owners 
to forget that they were once students of the dental technol-
ogy trade. However, the enthusiasm and ingenuity of young, 
aspiring technicians is something that long-established profes-
sionals should always be conscious of, as these are the people 
who will be the face of the industry in years to come. A few 
dental technology students shared with Inside Dental Technol-
ogy what drew them to the laboratory profession, and why they 
love it.

“Dental technology is a perfect fit for me. I love to work with 
my hands, I can work at my own speed, and I can be as good as 
I want to be, so long as I dedicate myself to my work.”
Jaleel Bolden, Second Year Dental Technology Student

“I was always interested in pursuing the arts, and dental tech-
nology is one of the best and most useful ways to do this. People 
need this type of work done, it’s essential and it’s helpful. The 
fact that I can use my creative abilities to help people makes 
dental technology a very worthy way to use my time and cre-
ative energy.”

William Knox, Second Year Dental Technology Student
“It’s all about helping the patients. By being able to restore a 
functioning smile, and giving them their confidence back to 
fulfill their day-to-day activities, such as helping them eat, and 
interacting with others. Thus, knowing how much I will be able 
to truly help patients is what makes this profession so worth-
while.”

Avindra Lal Maharaj, Second Year Dental Technology Student

Article Sourced From: Inside Dental Technology, www.dentalae-
gis.com/idt
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Education Revival?

1. Having formal education benefits the student in the long run as they will have a more solid foundation in:
	 A) Terminology
	 B) Theory
	 C) Tooth morphology
	 D) All off the above

2. Factors affecting the remaining 18 accredited programs in the US:
	 A) The Government
	 B) Cost, budget cuts, low academic support
	 C) Lack of interest
	 D) a and c

3. Who should be invested in the proper education of future dental technicians?
	 A) Manufacturers
	 B) Other organizations
	 C) Laboratory owners
	 D) All off the above

4. A way that dental technology schools can improve their programs is through partnering with similar programs in the same   	
    educational institution.
	 A) False
	 B) True

5. What is Alter’s vision for the upcoming CAD/CAM  program?
	 A) Back to basics
	 B) Remain relevant
	 C) Discourage the use of new technology
	 D) Embrace new technology
	 E) b and d
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Potentials of Mouthwashes in 
Disinfecting Cariogenic Bacteria and

Biofilms Leading to Inhibition of Caries
Takehiro Oyanagia, Junji Tagamia,b and Khairul Matin a,c*

aCariology and Operative Dentistry, Department of Restorative Sciences, Graduate School of Medical and Dental Sciences, Tokyo Medical and Dental 
University, bGlobal Center of Excellence Program; International Research Center for Molecular Science in Tooth and Bone Diseases, Tokyo Medical 
and Dental University, cPerfectPerio Co. Ltd., Tochigi, Japan

Abstract: Objectives: The aim of this study was to compare the effects of certain commercially available mouthwashes on car-
iogenic bacteria and biofilms, following the acquisition of inhibition potentials of caries. Materials and Methods: Mouthwashes 
containing I) chlorhexidine gluconate (CHG; 0.0005% w/v), II) benzethonium chloride (BTC; 0.01% w/v), III) an essential oil (List-
erine), and IV) povidone-iodine (PVP-I; 0.035% w/v) were tested on planktonic cariogenic bacteria, biofilms, and an ex vivo caries 
model. Bacterial aliquots were inoculated with each solution separately and vortexed for 10 seconds at room temperature. Bacterial 
viability was subsequently investigated by fluorescence microscopy (FM) after staining with a BacLight viability kit and the number 
of colony-forming units (CFUs) was counted. Similarly, mouthwash solutions were applied to artificial cariogenic biofilms, and bac-
terial viability of the biofilms was investigated as stated above. Inhibition potentials of two selected mouthwashes of carious lesions 
were investigated using biofilm-induced caries and a secondary caries model. In all steps, a phosphate-buffered saline (PBS) solution 
was included as a control. Results: Planktonic cariogenic bacteria and bacteria embedded in biofilms were killed in remarkably large 
numbers with Listerine and PVP-I treatment compared to PBS and other gargles. CFU counts also showed significant reduction after 
treatment with Listerine and PVP-I compared to other solutions (P<0.05). Listerine also displayed significant (P<0.05) inhibition ef-
fects in preventing the progression of demineralization. Conclusion: Bactericidal potencies of the mouthwashes varied significantly, 
suggesting that mouthwashes like Listerine can be useful for the prevention of caries and secondary caries.

Keywords: Cariogenic bacteria, cariogenic biofilms, inhibition of caries and secondary, mouthwashes, prevention of 
caries and secondary caries.

INTRODUCTION

The oral cavity is one of the most complex parts of the human body 
that consists of teeth, periodontal tissue, tongue and mucosa as well as 
secretory organelles and harbors a heterogeneous microbial commu-
nity [1, 2]. The oral cavity remains highly prone to infectious diseases [2, 

3]. Hundreds of bacterial species are involved in dental caries [4]; e.g.,
Streptococci species as well as lactobacillus species [5, 6]. Mutans strep-
tococci generally include Streptococcus mutans and Streptococcus 
sobrinus in the biofilms and produce acids as a by-product of metabo-
lism of fermentable carbohydrates [7, 8]. 

In recent years, there has been more concern about caries prevention 
and a call for preventive home care articles [9, 10]. Other than tooth 
brushing there are many mouthwashes available which appear to be 

more popular than tooth brushing in terms of convenience [10].

Antiseptic mouth rinse solutions are used in many clinical situations 
for different therapeutic and prophylactic purposes [11, 12]. Many of 
those are recommended for homecare practice [11]. It is difficult to de-
cide which commercial product is suitable for a particular purpose 
because of the variations of the antimicrobial efficacy, cytotoxicity 
and kinetics of the solutions [13]. The main indications are either the 
improvement of dental health (plaque and gingivitis elimination in 
particular) or the prevention of infections caused by bacteria of the 
oral cavity in specific situations such as tooth extraction, intraoral 
surgical procedures or immune-suppression during cancer therapy 
or transplantation [14]. Occasionally, antimicrobial mouthwashes have 
been prescribed for controlling the levels of cariogenic bacteria and 
their plaque biofilms [15]. 

The objectives of this study were to compare the bactericidal effects 
of some commercially available mouthwashes on cariogenic bacteria 
and their effects on cariogenic biofilms. In addition, it was examined 
whether the application of mouthwash can inhibit the progression of 
demineralization by using an artificial caries and secondary caries 
model.

MATERIALS AND METHODS

The effects of different mouthwashes on cariogenic bacterial survival 
and caries-forming potential were evaluated in models employing: 1) 
cultured cariogenic bacterial cells; 2) cariogenic bacteria organized 
into biofilms; and 3) an ex vivo caries model.
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EFFECTS ON CARIOGENIC BACTERIAL 
CELLS

Bacterial Isolates and Growth Media 

Two laboratory strains of cariogenic bacteria, Streptococcus mutans 
MT8148 (S. mutans) and Streptococcus sobrinus 6715 (S. sobrinus), 
were used in this study. Bacteria cultures were established in brain 
heart infusion (BHI) broth (Becton Dickinson, Sparks, MD, USA ®). 
After 16 hours, when bacteria were in an exponential growth phase, 
these cells were collected, washed 3 times with phosphatebuffered sa-
line (PBS), and were suspended in PBS at 2.0 x 107 colony-forming 
units (CFU) per ml (correlating to an optical density at 500-nm wave-
length [OD500] of 2.0). Bacterial suspensions were stored at 4°C with 
continuous gentle stirring until use.

Solution Preparation

The solutions used in this study are listed in Table 1. Each commer-
cial mouthwash was used at a dilution recommended by the respec-
tive manufacturer, and dilutions were made using Milli-Q water. PBS 
alone was included as a control. 

Inoculation of Bacteria with Solutions 

One-milliliter aliquots of the bacterial suspensions were centrifuged 
(800g 5 min 4°C), supernatants were discarded, and bacterial pellets 
were suspended in 1.0 ml of the test solutions by gentle vortexing. 
Immediately after 10-second incubation in test solutions, cell suspen-
sions were centrifuged, the supernatants discarded, and cell pellets 
were suspended and held in 1.0 ml of chilled PBS to be analyzed for 
viability. 

Bacterial Viability Test Using BacLight Kit 

A LIVE/DEAD BacLight Bacterial Viability Kit (Molecular Probes, 
Invitrogen Detection Technologies, Carlsbad, CA, USA ®) was used to 
evaluate bacterial cell killing by the test solutions. One-half (500 μl) of 
each bacterial sample was suspended in PBS and transferred into dark 
microtubes, and stained with 0.5 μl BacLight stain (a mixture of SYTO 
9 and propidium iodide). In this staining system, viable bacterial cells 
exhibit green fluorescence, whereas nonviable bacterial cells exhibit 

red fluorescence. Selective dye uptake depends upon cell membrane 
integrity, allowing dead bacteria to be easily distinguished from vi-
able bacteria. The excitation/emission wavelengths of the dyes were 
approximately 480/530 nm for SYTO 9 (green signals) and 520/580 
nm for propidium iodide (red signals). Bacterial cells were evaluated 
using a fluorescence microscope (CKX41, Olympus, Tokyo, Japan ®).

Colony Forming Units of Bacteria 

Each bacterial cell suspension (500 μl) was serially diluted to a 1000-
fold final dilution, homogenized (UP50H, Dr. Hielscher, GmbH, 
Baden-Wuerttemberg, Germany ®) before plating with a spiral plating 
instrument (Eddy Jet, IUL, Barcelona, Spain ®). Treated and control 
S..mutans and S. sobrinus samples were plated in petri dishes contain-
ing Mitis Salivarius (MS) agar medium (Becton Dickinson, Sparks, 
MD, USA ®). After a 48-hour incubation under anaerobic conditions 
at 37ºC, the number of CFUs was counted by light microscopy. 

Effects on Cariogenic Biofilms 

We evaluated the effects of different mouthwashes on bacterial viabil-
ity in cariogenic biofilms using previously detailed methods [16].

Enamel Slab Preparation

Bovine lower incisors from 20- to 24-month-old cattle were used to 
prepare square shaped dentino-enamel slabs in this study. Approxi-
mately 5x4x4-mm enamel slabs were prepared from mid-labial tooth 
parts by excision using a low-speed diamond disc (IsoMet, BUEHLER, 
IL, USA ®) under running tap water as a coolant. The convex enamel 
surfaces were reduced down to 0.5 mm thickness using 800- grit sili-
cone carbide paper under running water, and this flat enamel surface 
was then polished with water-based diamond paste (0.25-μm dia-
mond particles). Finally, the enamel slabs were ultrasonically cleaned 
with Milli-Q water for 15 minutes and randomly divided into five 
groups. Preparation of bacterial suspensions S. mutans, S. sobrinus, 
and  Streprococcus gordonii ATCC10558 (S. gordonii) were used in 
this study. Bacteria were cultured in BHI broth as above, and suspen-
sions of S. mutans, S. sobrinus and S. gordonii were made in PBS at 
2.0 x 107 CFU/ml, and stored briefly at 4°C with gentle stirring. For 
biofilm growth, a solution of Heart Infusion broth (HI; Becton Dick-
inson, Sparks, MD, USA ®) with sucrose (1% final concentrations) was 
prepared, autoclaved and stored at 4ºC until use.

Mouthwashes were diluted according to manufactures recommendation before use.



SADTJ Vol 4 Issue 220

Case Presentation

Biofilm Formation

The S. mutans, S. sobrinus, and S. gordonii suspensions were used to 
form biofilms on the enamel slab surfaces that had been placed inside 
the water jacket-encircled chamber of an oral biofilm reactor (OBR) 
[17, 18]. Twenty enamel slabs were positioned on specimen holders in 
OBR chambers around a flat-bulb pH electrode using red utility wax 
(GC, Tokyo, Japan). Thereafter, the polished enamel surface of each 
enamel slab was subjected to biofilm attachment. Pooled sterile saliva 
was poured on the specimen surfaces and incubated for 30 minutes 
to obtain a coating of salivary pellicle. Artificial biofilms were then 
grown on enamel sections inside the OBR chambers for 12 hours. 

Enamel slabs were then gently shaken at 5 Hz for 3 minutes in chilled 
PBS to remove loose biofilms. Remaining bacterial biofilms on enamel 
sections were then inoculated with 1.0 ml of the each of the mouth-
wash test solutions in microtubes (n=3 replicates for each test solution 
in each experiment). Microtubes containing the enamel slabs in test 
solutions were shaken three times using a Tissue Lyser at 10 Hz for 
20 seconds each time (Fig. 1). At this stage the detached biofilms were 
defined as the biofilm “Top Layer”. Each enamel slab was then trans-
ferred to a fresh tube containing chilled PBS and shaken using the Tis-
sue Lyser for an additional 60 seconds at 30 Hz. The biofilms detached 
after the second shaking were defined as the biofilm “Middle Layer”. 
Each enamel slab was again transferred in chilled PBS to a fresh mi-
crotube. The retained biofilms were manually removed with a scraper 
and were collected in fresh microtubes with chilled PBS. These were 
defined as biofilm “Bottom Layers”. Collected biofilms were diluted 
1000-fold with PBS, homogenized, and then were plated on MS agar 
medium. After incubation for 48 hours under anaerobic conditions at 
37ºC, CFUs were counted using a light microscope. This experiment 
was repeated three times, using triplicate plates per condition. 

Mouthwash Potential to Inhibit Caries Formation 

An artificial caries model was used for this experimental series to 
evaluate whether different mouthwashes can effectively inhibit caries 
formation (Fig. 2) [19, 20]. 

Enamel Slab Preparation, Cavity Formation, and Composite 
Restoration 

Enamel slabs were prepared from bovine incisors as detailed above. 
After rinsing with ultrapure water, enamel section were dried and 
coated with fingernail varnish (Fig. 2). Class-1 cavities (3 mm long, 
2 mm wide, 2 mm deep) were prepared on the surface of the enam-
el slabs using a 0.8-1.0 mm diameter regular-grit tapered burr (ISO 
#170, Shofu, Kyoto, Japan ®) mounted in a milling machine (Cendres 
& Metaux SA CH-2501, Biel-Bienne, Switzerland ®), and cavity surfac-
es were finished with a straight burr (ISO #109, Shofu ®) under water 
coolant. A light curing self-etching one component adhesive material 
(iBOND; Heraeus Kulzer, Hanau, Germany ®) and a hybrid composite 
(Clearfil AP-X; Kuraray Medical, Tokyo, Japan ®) were used to fill the 
cavi ties. The lot numbers and chemical compositions of the materials 
with manufacturer instructions are listed in Table 2. The cavities were 
not filled completely, and 0.8-mm-deep unfilled spaces remained as 
the site for biofilm accumulation (Fig. 2).

As detailed above, suspensions of exponentially growing S.mutans, S. 
sobrinus, and S. gordonii were washed three times in PBS, and sus-
pended in chilled PBS with gentle stirring until use.

Growing Biofilms on Enamel Slabs Inside the OBR

Inside the OBR, artificial S. mutans, S. sobrinus, and S. gordonii bio-
films were grown on each of the Class-1 cavities that were filled with 
resin composite material. After 24 hours in the OBR chamber, speci-
men with de novo biofilms were transferred to 24-well tissue culture 
plates (Corning Inc., New York, NY, USA ®) and were incubated at 
37ºC in HI medium containing 1% sucrose for a further 7 days, with
media replenished every other day.

Evaluating Mouthwash Effects on Caries Development

During the 7-day incubation period in HI, specimens were rinsed with 
either Listerine, chlorhexidine gluconate (CHG), or PBS (n=4 repli-
cated in each group) for 60 seconds once daily. Samples were mildly 
agitated in the test solutions using a water bath shaker operating at 10 

Fig. (1). Schematic diagrams show the layers of biofilms which were defined ‘Top Layer’, ‘Middle Layer’ and ‘Bottom Layer’ using three
detachment methods.
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Hz, for 20 seconds, three times, at 1-minute intervals.

Fluorescence Microscopic Evaluation of Caries

To detect and morphometrically measure the demineralized lesions in 
the caries model, at the end of the experiment, enamel samples were 
rinsed with PBS, and fixed in 4% paraformaldehyde and 1% glutaral-
dehyde in PBS for 1 hour. Samples were rinsed with PBS three times, 
followed by final rinsing in Milli-Q water, air-drying, and were then 
embedded in a self-curing epoxy resin (Epon 815, Nissin EM, Tokyo, 
Japan ®). Enamel specimens were subsequently ground with 800-grit 
silicon carbide paper and diamond paste to expose the longitudinal 
axis and provide a clear view of the cavity site. Secondary caries lesions 
at the enamel/composite interfaces were evaluated on an inverted flu-
orescence microscope, and imaged using a DP70 system with the aid 
of DP Manager Software (Olympus). Images were taken at 􀀁40 and 
􀀁100 magnifications after setting a  scale bar for each micrograph. Le-
sion areas were subsequently measured using Image_ J V.1.34 software 
20 (NIH, Bethesda, MD) utilizing the scale bar on each image as a cali-
bration reference. Only the regions of a lesion that remained adjoined 
with resin were classified as secondary caries lesions (Fig. 2).

Statistical Analysis

All numerical data was analyzed using the Statistical Package for the 
Medical Sciences (SPSS Ver.11 for Windows, SPSS Inc., Chicago, IL, 
USA). The experiments were repeated three times under the same 
conditions to ensure reproducibility. For data from experiments com-
paring mouthwash effectiveness against bacterial cell suspensions and 
biofilms, we used the non-parametric Kruskal-Wallis test initially for 

multiple comparisons, followed by the Mann-Whitney U-test to com-
pare two sample sets (samples that showed no bacterial growth were 
excluded).

For data from the caries models, the maximum width and length, and 
area of secondary caries lesions were analyzed by one-way analysis of 
variance (ANOVA) and Tukey’s honestly significant difference (HSD) 
test with a confidence level of 95%.

RESULTS

Bacterial Viability after Short Exposure to Different Mouthwashes

By fluorescence microscopy using the Live/Dead cell viability assay, 
live bacterial cells appear green and dead cells are red in the same mi-
croscopic image, following excitation with blue light (supplementary 
data). Clearly, more live bacterial cells are visible than dead cells in all 
experimental groups except for the cells treated with Listerine. Nearly
100% cells in our PBS controls were alive, and only slight killing was 
observed in bacteria treated with CHG. About 50% of bacteria died 
after treatment with povidone-iodine (PVP-I) or benzethonium chlo-
ride (BTC). Essentially all bacterial cells were killed after a short treat-
ment with Listerine.

Colony Forming Units of Cariogenic Bacteria after Mouth-
wash Exposure

Colony counts (CFU/ml) of bacterial cells recovered from each sample 
are shown in Fig (3). Expectedly, the number of viable bacterial cells 
after incubation with the test solutions varied depending on the chem-

UDMA, urethane dimethacrylate; TEGDMA, triethylene glycol dimethacrylate; Bis-GMA, bisphenol-A diglycidyl methacrylate;

Fig. (2). Schematic diagrams sequentially show the specimen preparation, secondary carie induction, and observation using a fluorescence microscope (FM). Class-1 type 
cavities were prepared, immediately restored with resin composite, followed by S. mutans biofilm formation using an oral biofilm reactor (OBR). Specimens were then 
rinsed once daily with the antiseptic mouthwash solutions during the final 7-day incubation period. Location of the measured lesion area is indicated.
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ical components and their concentrations. Significantly more bacterial 
colonies were counted with cells that were treated with PBS and CHG
compared to other solutions (P<0.05). Almost no colonies were ob-
served when cells were treated with either Listerine or PVP-I. Both 
S. mutans and S. sobrinus bacteria cultures responded similarly to 
mouthwash exposure; in the case of BTC, however, S. sobrinus ap-
peared to be more resistant to BTC antiseptic action.

Disinfection Effects after Penetration Inside Cariogenic Bio-
films

The viability of bacterial cells recovered from each biofilm group is 
summarized in Fig. (4). Among “Top Layer” samples, there was no 
detectable colony growth following exposure to Listerine, PVP-I, 
or BTC, CHG showed more than 4 x 106 CFU/ ml. BTC and PVP-
I showed reduced colony numbers compared to CHG. PBS controls, 
as expected, showed robust colony growth. Among “Middle Layer” 
biofilm samples, BTC and PVP-I resulted in significantly less colony 
growth compared to PBS controls. Listerine treatment resulted in no 
detectable colonies. Among “Bottom Layer” biofilm samples, CHG 
treatment resulted in more colonies than did BTC or PVP-I. Listerine 
treated biofilms generated only very few colonies and their numbers 
were significantly less than in all of the other groups. 

Inhibition Potential of Mouthwashes Against Caries

Progression

On fluorescence microscopic inspection, carious lesions were detected 
in enamel at the edge of resin restorations (Fig. 5a). These appeared 
as demineralized enamel that exhibited a whitish-green fluorescence 
(PBS group), In some cases, dislodgement of brittle enamel prisms af-
ter demineralization was also observed as dark voids (CHG group). 
The Listerine group had the smallest lesions among the three groups 
(Fig. 5a), which were significantly different (P<0.05) compared to the 
other two groups (Fig. 5b). The CHG group had smaller lesions com-
pared to PBS group, but this difference did not reach statistical signifi-
cance (Fig. 5b).

DISCUSSION

Mouthwashes experimented with in this study displayed heteroge-
neous potency in terms of bactericidal effects and inhibiting carious 
lesion formation. All four mouthwashes contain completely different 
chemical compositions. These compounds are mostly synthetically 
produced and have been used for many clinical purposes including, 
for example, dental plaque control, oral pathogen elimination, and to 

Fig. (3). Graphic representation of bacterial colony numbers on Mitis Salivarius (MS) agar plates after bacteria treatment with the solutions. Data are expressed as the mean 
log10 of colony-forming units per ml (CFU/ml). All numerical data were evaluated for statistically significant differences by analyses using the non-parametric Kruskal-Wallis 
test followed Mann-Whitney’s U test. (P<0.05), n=12.

Fig. (4). Graphic representation of bacterial colony numbers on Mitis Salivarius (MS) agar plates after treatment of biofilms with the solutions. Data are expressed as the 
mean log10 of colony-forming units per ml (CFU/ ml). Horizontal lines indicate statistically no significant differences after analyses using the non-parametric Kruskal-Wallis 
test followed by Mann-Whitne’s U test (P>0.05), n=9.
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prevent and treat halitosis [21].

BTC, Listerine, and PVP-I were all effective in killing cariogenic bac-
teria after brief exposure in suspension. Listerine in particular showed 
the strongest disinfection effect on planktonic bacteria and on the 
bacteria that were protected inside biofilms by water insoluble glu-
cans compared to other mouthwashes. This might be because List-
erine contains multiple antibacterial reagents including essential oils 
and ethanol in high concentration, and is recommended to be used 
without dilution.

Mouthwashes including chlorhexidine digluconate and Listerine are 
being critically investigated for their disinfection effects against oral 
pathogens [22]. BTC, containing 0.01% (w/v) benzethonium chloride, 
is a commonly used antiseptic in Japan. The BTC product evaluated 
in the current work combines benzethonium chloride with tea tree 
and white thyme oils, both of which have been studied as antiinfective 
agents [23, 24]. PVP-I not only destroys bacteria, but also effectively in-
hibits the release of pathogenic factors [25]. Listerine also has previously 
been demonstrated to exert significant microbicidal activity against 
oral microorganisms [26].

On the other hand, it has been reported that a 0.12% chlorhexidine 
mouth rinse was superior to Listerine in maintaining low plaque and 
gingivitis scores, in the absence of  mechanical plaque control [27]. 
However, in that study gargling with CHG for 10 seconds did not re-
sult in bactericidal activity when using 0.0005% CHG (i.e., a 100-fold 
dilution of standard 0.05% oral rinses). We actually did not expect that 
CHG would demonstrate bactericidal effects at such a low concentra-
tion when employed in the present experimental series. In Japan, the 
use of chlorhexidine is limited because it has caused allergic reactions 
and anaphylactic shock in some patients [28]. Because of this, only very 

low concentrations of CHG are permitted for homecare use, and all 
types of chlorhexidine-containing anti-bacterial agents are used with 
maximum caution [29]. CHG also contains monoammonium glycyr-
rhizinate, which is often used as a sweetening and flavoring agent, and 
also found to be effective in controlling lung inflammation in mice [30]. 
Perhaps, low CHG concentrations permit more frequent use for long-
term prophylactic therapy with the additional benefit of controlling 
inflammation.

Of the different bactericidal mouthwashes that we evaluated for killing 
bacteria in suspension and in biofilms, we demonstrated that Listerine 
is the most potent and CHG is the weakest oral antiseptic. Therefore, 
we selected these two mouthwashes for further evaluation in caries 
inhibition assays. Data from these studies clearly showed that Lister-
ine effectively inhibited the progression of caries and secondary caries 
development in our cavity model. Expectedly, CHG at the concentra-
tion of 0.0005% did not show a detectable bacterial inhibitory activity 
in this study.

The specimens with the undisturbed biofilms were inoculated for an 
additional 7 days to observe the ability of the two mouthwashes to 
inhibit the progression of carious lesions or enamel demineralization. 
In this study, a water bath shaker was used with a moderate stroke of 
10 Hz for 20 seconds three times at 1-minute intervals to simulate 
the gargling condition created by an adult. Mouthwashes containing 
strong chemical reagents, such as Listerine, are not advisable for long-
term continuous use. They not only dry up the mucous membranes 
and potentially damage soft tissues, but also may cause a severe imbal-
ance in the oral microbial flora. Excessive use of low-pH mouthwashes 
over long periods of time is also of concern. The pH at which tooth 
demineralization begins is known as the critical pH, and is in the vi-
cinity of pH 5.0 to 5.5. Demineralization is most rapid following acute 

Fig. (5a). Photomicrographs represent a typical sized lesion from each experimental group taken by fluorescence microscopy. Demineralized regions are indicated by red 
arrows. Lesion size was largest in the phosphate-buffered saline control group and was smallest in Listerine group. The chlorhexidine gluconate group displayed larger 
lesions than the Listerine group. (‘Epoxy’ indicates the polymer resin used for embedding the samples)

Fig. (5b). Graph represents the average size of the lesion in each group. Horizontal lines indicate statistically no significant differences as analyzed by one-way analysis of 
variance and Tukey’s honestly significant difference test (P>0.05, n=7).
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exposure to pH 4.0, as is often observed in mature dental plaques after 
a sugar exposure [8, 31]. It was also reported that low pH mouthwashes 
and soft drinks have a variable potential to cause enamel erosion [32, 

33]. Therefore, it is important to control the pH in the oral environ-
ment [34]. However, the critical pH level below which damage to the 
enamel or tooth demineralization is observed, is known to be 5.5 [6]. 
One unfortunate fact is that the pH-levels of currently available List-
erine and PVP-I are both lower than the critical pH (Table 1). Periodic 
use, according to immediate need and under appropriate guidance 
of a specialized dental professional is important to obtain maximum 
benefit while avoiding potential chemical toxicity and subsequent oral 
tissue damage. One of the reasons for selecting a short exposure time 
(10 second vortex) of our bacterial suspensions and biofilms to the 
mouthwashes in this study was to provide evidence that short expo-
sure to these antibacterial agents can be remarkably effective [34]. Short 
exposure times also minimize chemical biohazard concerns associ-
ated with oral antiseptic use.

CONCLUSION

Bactericidal potency varies significantly according to the specific 
chemical components and their concentrations of different mouth-
washes. We suggest that mouthwashes such as Listerine can be useful 
for prevention of caries and secondary caries if used within appropri-

ate guidelines. Further long-term studies including additional antibac-
terial mouthwashes or prophylactic mouthrinses, are recommended.
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CEU

Potentials of Mouthwashes in  Disinfecting Cariogenic Bacteria and
Biofilms Leading to Inhibition of Caries

6. Mutans streptococci include which species?
	 A) Streptococcus mutans
	 B) Streptococcus sobriums
	 C) Streptococcus coccus
	 D) a and b

7. What is the object of this study?
	 A) Compare prices of various mouth washes
	 B) Compare bacterial effect of commercial mouth washes
	 C) Compare effect of coriogenic biofilm.
	 D) b and c

8. What does the abbreviation “PBS” stand for?
	 A) Phosphate bonded solutions
	 B) Phosphate buffered solutions
	 C) Phosphate buffered saline
	 D) Phosphate buffered saliva

9.Which mouth wash contains benzethonium chloride(1BTC)
	 A) Popiyodon
	 B) Listerine
	 C) Neostelin green
	 D) Concool F
	 E) Non of the above

10. Mouth washes contain synthetically produced compounds used for the follow clinical purposes namely:
	 A) Dental plaque control
	 B) Oral pathogen elimination
	 C) Prevent and treat halitosis
	 D) All of the above
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Obstructive Sleep Apnea
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Study Objectives: To compare the effi cacy of adjustable and fixed oral appliances for the treatment of OSA. Methods: Retrospective review of con-
secutive patients with OSA treated with either adjustable or fi xed oral appliances. Polysomnography was conducted before and during therapy. 
Effective treatment was defi ned as an apnea-hypopnea index (AHI) < 5 events/h or < 10 events/h with resolution of sleepiness (Epworth < 10). We 
compared effi cacy rates between fixed and adjustable appliances and sought to identify factors associated with greater success. Results: We included 
805 patients, 602 (74.8%) treated with an adjustable and 203 (25.2%) a fi xed oral appliances. Among the cohort, 86.4% were men; mean age was 41.3 ± 
9.2 years. Mean AHI was 30.7 ± 25.6, with 34.1% having mild (AHI 5-14.9), 29.2% moderate (AHI 15-29.9), and 36.8% severe (AHI ≥ 30) OSA. Success-
ful therapy was signifi cantly more common with adjustable appliances. Obstructive events were reduced to < 5/h in 56.8% with adjustable compared 
to 47.0% with fi xed appliances (p = 0.02). Similarly, a reduction of events to < 10 with resolution of sleepiness occurred in 66.4% with adjustable ap-
pliances versus 44.9% with fi xed appliances (p < 0.001). For both devices, success was more common in younger patients, with lower BMI and less 
severe disease. Conclusions: Adjustable devices produced greater reductions in obstructive events and were more likely to provide successful therapy, 
especially in moderate-severe OSA. Fixed appliances were effective in mild disease, but were less successful in those with higher AHIs. Given these 
fi ndings, the baseline AHI should be considered when selecting the type of oral appliance.

Keywords: Oral appliance, mandibular advancement device, obstructive sleep apnea, effi cacy Citation: Lettieri CJ; Paolino N; Eliasson AH; Shah AA; 
Holley AB. Comparison of adjustable and fi xed oral appliances for the treatment of obstructive sleep apnea. J Clin Sleep Med 2011;7(5):439-445.

While continuous positive airway pressure (CPAP) therapy remains 
the treatment of choice for most patients with obstructive sleep apnea 
(OSA), its effi cacy is often limited by intolerance and poor adher-
ence.1-3 The need for a reliable source of electricity and inconvenience 
with travel further limit its use.

Mandibular advancement devices, or oral appliances (OAs), are an ap-
proved, frequently effective alternative to CPAP for the treatment of 
OSA.4-7 Numerous studies have established the ability of OAs to ablate 
obstructive apneas and hypopneas.8-13 Existing research demonstrates 
that OA therapy is superior to commonly offered surgical proce-
dures,8,9 and may be comparable to CPAP when adherence is included 
in the defi nition of successful treatment.12-21 In 2006, the American 
Academy of Sleep Medicine (AASM) published updated OSA treat-
ment guidelines which state that OAs are a reasonable alternative to 
CPAP in patients with mild to moderate OSA who prefer these devices 
or do not tolerate CPAP.5

Mandibular advancement devices provide a therapeutic effect by pro-
truding the mandible relative to the maxilla, simultaneously advanc-
ing the tongue and reducing the propensity for airway collapse dur-
ing sleep. Mandibular advancement devices are either fi xed (i.e., the 
degree of mandibular advancement cannot be changed) or adjustable 
(i.e., mandibular advancement can be increased or decreased). The 
degree of mandibular advancement sought is a balance between toler-
ance, side effects, and efficacy.10

Both fi xed and adjustable oral appliances are custom molded and in-
dividually fabricated from models made by impressions of the patient’s 
dentition to fi t the upper and lower teeth. Fixed OAs are typically set 
to advance the mandible between 50% and 80% of its maximal pro-
trusion and fabricated in a permanent position for therapeutic use. 
Adjustable OAs, on the other hand, can be further titrated (i.e., using a 
screw-type or similar advancing mechanism) to optimize therapeutic 
effi cacy. Upon delivery of the device, patients are instructed to ad-
vance the device incrementally to identify the optimal position which
improves sleep continuity and reduces snoring and obstructive events. 
A repeat polysomnogram while using either a fixed or adjustable OA 
should be obtained to assure that obstructive respiratory events are 
adequately ablated.5,7

While effective, adjustable OAs require consultation and adjustments 
from providers skilled in sleep dentistry. In addition, adjustable OAs 
can also be expensive, with fees for fabricating and adjusting these de-
vices potentially exceeding $3000,22 causing adjustable OAs in some 
settings to be more expensive than CPAP.24 In addition to the time 
required to fabricate adjustable OAs, a period of incremental titration 
is needed to facilitate patients› tolerance of the mandibular advance-
ment, which further adds to the inherent delay to effective treatment.

Fixed OAs offer the advantages of lower cost, greater ease to obtain 
and fit, and a decrease in time to therapy compared to adjustable OAs. 
However, because fixed OAs cannot be titrated, further adjustments 
cannot be made once the device is set. This may limit the degree of 
mandibular advancement/protrusion or anterior displacement of the 
oropharynx, which may lead to inadequate resolution of obstructive 
events in patients with OSA.

Despite the utilization of fixed OAs, few studies have been conducted 
establishing the efficacy of these devices in the treatment of OSA. 
Existing studies are limited by small sample sizes and many do not 
include repeat polysomnography on therapy. Fixed OAs have been 
shown to reduce events, but their ability to provide adequate therapy 
or normalize the AHI has not been established.24-26

No large studies directly comparing the performance between fixed 
and adjustable OAs have been conducted. While fixed OAs offer ad-
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vantages, they may not provide adequate reduction of obstructive 
respiratory events and may result in residual disease or inadequate 
therapy for some patients. We sought to compare the efficacy of fixed 
OAs and adjustable OAs in their ability to effectively treat patients 
with OSA.

METHODS

Study Design

We conducted a retrospective review of consecutive adult patients 
treated with an OA for OSA at our institution between January 2003 
and December 2009. Patients who did not undergo repeat polysom-
nography were excluded from the final analysis. The protocol was 
approved by our institution›s Department of Clinical Investigation 
(Scientific Review Committee, Human Use Committee and Institu-
tional Review Board). No external funding was utilized to complete 
this study.

Patients

All patient records were retrieved from a single, accredited, academic 
sleep disorders center (Walter Reed Army Medical Center, Washing-
ton, DC). All included patients were diagnosed with obstructive sleep 
apnea syndrome by clinical symptoms and level I polysomnography 
in accordance with AASM criteria.27 All patients prescribed OAs at 
our institution undergo extensive education regarding the effects of 
OSA, need for adequate therapy, and the proper use of and care for 
the device. All patients undergo serial clinical evaluations after initiat-
ing OA therapy to optimize the therapeutic response. A repeat level I 
polysomnography on therapy is performed to optimize the reduction 
of respiratory events and/or ensure OSA is appropriately treated.

The use of OAs for the treatment of OSA is not standardized at our 
institution. After confirming the diagnosis of OSA and establishing a 
need for primary therapy (treatment beyond conservative measures), 
patients are educated regarding the available therapeutic options 
(CPAP, OAs, surgery). In conjunction with recommendations made 
by their sleep physician, patients may elect any treatment modality. 
Unless contraindicated, OAs may be used as the initial treatment op-
tion or subsequently elected by those intolerant of CPAP therapy. As 
Military Service Members comprise a large proportion of patients seen 
at our institution, many patients elect to use an OA because CPAP 
requires a reliable source of electricity, which will limit world-wide 
deployability.

Oral Appliances

We included patients treated with both adjustable and fixed OAs. 
All devices used in this analysis were constructed using semi-rigid, 
thermoplastic material and specifically fabricated for the individual 
patient. No prefabricated, non-customized devices were utilized in 
our cohort. The type of OA (fixed or adjustable) prescribed was deter-
mined by resource availability at the time of presentation and current 
duty location, and not by preestablished clinical criteria.

All patients were evaluated for eligibility by a dentist trained in dental 
sleep medicine prior to initiating OA therapy. To be considered for 
OA therapy, patients must not have craniofacial abnormalities, active 
dental disease, mandibular injuries, or preexisting temporomandibu-
lar joint (TMJ) dysfunction that would preclude the effective use of 
or tolerance to the device. In addition, patients must be capable of 
extending their mandible without pain or discomfort. Those who can-
not tolerate wearing the appliance or edentulous patients are not of-
fered OA therapy. When applicable, active sinus disease is adequately 
treated prior to initiating treatment.

Non-adjustable, fixed devices: Appliances were fabricated in a fixed 
position that balanced anterior-posterior expansion of the retroglossal 
space and an acceptable comfort level for the patient, typically 60% to 
80% of the maximum possible anterior advancement of the mandible. 
Fixed devices used in this analysis were constructed from a bilaminate 
acrylic material (Proform Dual Laminate, Dental resources, Delano, 
MN).

Occlusion registry was obtained at 60% to 75% of the maximal man-
dibular protrusion with 3-5 mm of vertical clearance. The devices 
were fabricated using molds from impressions of the patient’s den-
tition. Following final adjustments of the device to optimize fit and 
comfort, the device was bonded into the final position and the patient 
underwent a level I polysomnogram to determine if the OA effectively 
mitigated obstructive events.

Adjustable/Titratable devices: Adjustable OAs used in this analysis 
were customized, titratable mandibular appliances that consisted of 
an upper and lower tray that could be adjusted using an embedded 
hook and screw mechanism to advance the mandibular (lower) tray 
beyond the fixed maxillary (upper) tray. All adjustable OAs used in 
this analysis were Thornton Adjustable Positioner (TAP) II devices 
(Airway Management, Inc, Dallas, TX). Following fabrication and fi-
nal modifications, patients treated with adjustable OAs conducted an 
at-home adjustment protocol prior to their titration polysomnogram. 
Patients began the at-home adjustment protocol with the OA set in a 
neutral position, where the device was set to the patient›s normal bite
without any mandibular advancement. Once comfortable sleeping 
with the OA in place, patients were instructed to advance the device 
0.5 mm (1 turn) each night as tolerated. In the event of discomfort, 
the device was regressed 1 mm (2 turns) and subsequent advancement 
was resumed at a slower pace. Patients maintained a comprehensive 
sleep diary that recorded subjective assessments of sleep quality (in-
cluding sleep continuity, snoring, and witnessed apneas) and daytime 
somnolence. Using the patient›s sleep diary, the degree of mandibular 
advancement that optimized subjective sleep quality was determined. 
Each patient then underwent a level I polysomnography with OA 
titration. By protocol, the OA was initially set to 1 mm of mandibular
advancement less than that estimated by the home titration. During 
the titration polysomnogram, the device was incrementally advanced 
as needed to ablate snoring and obstructive respiratory events and 
minimize respiratory effort-related arousals similar to the protocol 
used during CPAP titration polysomnograms. In response to observed 
apneas or hypopneas, the polysomnography technologist would brief-
ly awaken the patient and advance the OA by 1 turn. This would con-
tinue as needed, up to 3 turns, in order to identify the optimal setting 
to ablate events, preferably in the supine REM position. Advancement 
was discontinued if the patient experienced discomfort.

Outcome Measures

Data used in this analysis were obtained from the initial sleep con-
sultation, follow-up evaluations, and polysomnographic studies. Dem 
graphic and anthropomorphic variables included age, gender, body 
mass index (BMI), presence of retrognathia or micrognathia, and Mal-
lampati score. Subjective somnolence both before and after treatment 
was assessed using the Epworth Sleepiness Scale (ESS).28 Polysomno-
graphic data included the baseline AHI and the AHI at the prescribed 
degree of mandibular advancement with the OA. A positional com-
ponent of the patient›s sleep disordered breathing, defined as a 50% 
decrease in the AHI in the lateral compared to supine position, was 
also determined.All polysomnography studies were interpreted by 
board certified sleep physicians in accordance with established AASM 
criteria.27 OSA severity was determined by the observed AHI during 
polysomnography, with mild, moderate, and severe disease defined as 
5-14.9, 15-29.9, and ≥ 30 events/h, respectively.
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End Points

The primary endpoint was the degree of successful treatment of 
OSA. We defined successful treatment as a decrease in the AHI to < 5 
events/h. OA failures were defined as intolerance to the device or in-
complete resolution of obstructive events. The rate of successful treat-
ment was compared between fixed and adjustable devices. The ability 
to reduce the AHI to < 10 events/h with resolution of sleepiness (ESS 
< 10) served as a secondary endpoint.

Statistical Analysis

All data are presented as the mean with standard deviation. Compari-

sons between categorical variables were performed using χ2 or Fisher 
exact tests as appropriate. For continuous variables, differences be-
tween means were assessed using 2-sample t-tests. Multivariate mod-
eling was performed using logistic regression. All variables that had 
a p value ≤ 0.10 in univariate analysis were entered into multivariate 
models. Data were analyzed using PASW 17 (formerly SPSS 17.0, SPSS 
Inc, Chicago, IL). 

RESULTS

During the inclusive period, 922 patients were treated with an OA. 
Data were incomplete in 117 individuals; 805 (87.3%) were included 
in the final analysis. Among the cohort, the mean age was 41.3 ± 9.2 
years, the majority (86.7%) were men, and the mean ESS was 13.4 
± 5.0 at baseline. Mean BMI was 28.9 ± 4.4 kg/m2, and 38.8% were 
obese (BMI ≥ 30 kg/m2). The mean AHI for the cohort was 30.7 ± 
25.6 events/h; and OSA was categorized as mild in 34.1%, moderate in 
29.2%, and severe in 36.8% of subjects. Adjustable OAs were used in 
602 (74.8%) patients, and 203 (25.2%) were treated with a fixed OA. 
Groups were similar at baseline (Table 1).

While both devices produced a substantial decrease in the AHI, re-
duction of obstructive events was significantly greater, and more pa-
tients achieved successful therapy, with an adjustable OA (Tables 2-4). 
In comparison to the baseline PSG, those using adjustable OAs expe-
rienced a 74.4% reduction in AHI, compared with a 64.9% decrease 
with fixed devices (p = 0.08). Similarly, the mean change in AHI was 
−22.6 events/h with adjustable devices versus −18.8 events/h with fixed 
OAs (p = 0.14). Successful therapy (AHI reduced to < 5 events/h) was 
achieved in 57.2 % of patients using an adjustable appliance and only 
46.9% of those using fixed OAs (p = 0.02). Similarly, 74.3% of patients 
with an adjustable device achieved an AHI < 10, compared with 63.8% 

of those using a fixed OA (p = 0.01). Using our alternate definition for 
successful therapy, a reduction in the AHI to < 10 events/h with nor-
malization of the ESS occurred in 66.4% of patients wearing an adjust-

able OA and 44.9% of those using a fixed appliance (p < 0.001).

We further compared the rates of successful therapy between the de-
vices based on disease severity. The proportion of individuals with 
mild, moderate, and severe OSA was similar between the 2 groups. 
For all degrees of severity, adjustable OAs produced a greater mean 
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reduction in AHI and had higher success rates compared to fixed OAs 
(Table 3). Similarly, using progressive cut points for the baseline AHI, 
the final AHI (Figure 1) and probability for successful therapy (Figure 
2) were superior with adjustable devices.

We performed both univariate and multivariate analyses to identify 
potential predictors of successful treatment with either adjustable or 
fixed OAs (Tables 5 and 6). Variables that achieved statistical signifi-
cance to p < 0.10 were entered into a multivariate logistic regression 
model. Because AHI, SpO2 nadir, and percentage of sleep time with 
SpO2 < 90% on baseline polysomnography were all closely correlat-
ed, only AHI was entered into the multivariate analysis. Women and 
those using adjustable devices were significantly more likely to achieve 
an AHI < 5 with OA therapy. In contrast, patients who were older, had 
higher BMIs, higher baseline AHIs, or those using fixed devices were 
less likely to achieve and AHI < 5 with OA therapy.

DISCUSSION

We found that adjustable OAs are superior to fixed OAs in their ability 

to reduce the AHI among a large cohort of patients with a wide range 
of OSA severity. Successful treatment and improvements in subjective 
measures of sleepiness were significantly more likely with adjustable 
OAs. Although fixed OAs were frequently successful in patients with 
mild disease, adjustable devices performed better across all severities 
of OSA. Similar to previous reports, we found that successful therapy 
with OAs was more common in patients who were younger, had lower 
BMIs and less severe disease.4,5,13

In accordance with the 2005 AASM Practice Parameters for Oral Ap-
pliances, these devices are indicated as either primary or alternative 
therapy for patients with sleep disordered breathing, particularly those 
with mild to moderate OSA.5 OAs can be used as either first-line ther-
apy or in those intolerant of CPAP. This recommendation was based 
on numerous studies establishing their efficacy in ablating obstruc-
tive respiratory events, normalizing the AHI, and improving symp-
toms.12-21 However, these studies were performed using adjustable de-
vices, and it is important to distinguish between fixed and adjustable 
OAs, as the former may not be an appropriate choice of therapy or 
adhere to AASM recommendations. OAs offer advantages over CPAP 
in that they do not require a source of electricity and are less cumber-
some, especially with travel. OAs are well tolerated in most patients, 
and therapeutic adherence may be better with OAs than CPAP.14-16,20,21

The ability to titrate OAs and allow progressive advancements in man-
dibular protrusion increase the efficacy of OAs. Adjustable devices of-
fer the advantage of being able to produce this advancement without 
having to recreate or reset the device. In a study of adults with sleep 
disordered breathing, Kato et al. found that OAs successfully miti-
gate pharyngeal collapsibility.29 Their study utilized fixed devices at 
three different degrees of mandibular advancement, and the authors o 
served that OAs produced linear, dose-related improvements in both 
the number and severity of desaturation events. Similarly, Almeida 
and colleagues found that the AHI reduction produced by OAs was 
proportionately related to the amount of mandibular protrusion.26 

Patients in this trial received a Klearway adjustable OA, which was 
incrementally advanced 0.5 mm each week until both clinical and 
polysomnographic improvements were noted. The authors concluded 
that progressive advancement of the mandible was associated with a 
linear reduction in the AHI.

Fixed OAs offer advantages over adjustable OAs. They are typically less 
expensive, do not require a period of adjustment, and offer treatment 
sooner than adjustable devices. However, despite these advantageous 
features, fixed OAs may be less efficacious. The degree of mandibu-
lar advancement and resultant expansion of the retroglossal space is 
a critical design feature of OAs and the premise for how they achieve 
a successful therapeutic response. When compared with inactive con-
trol devices that provided no mandibular advancement, mandibular 
advancement type OAs have been shown to improve both subjective 
and objective measures of daytime sleepiness.30 Inactive control de-
vices versus mandibular advancement OAs have also demonstrated 
that mandibular advancement was the critical factor for treating sleep 
disordered breathing events by polysomnography.24

There are limited data establishing the efficacy of fixed OAs in the 
treatment of OSA. In contrast, numerous studies have demonstrated 
the importance of titrating mandibular advancement to establish the 
therapeutic setting that optimizes treatment, similar to titration stud-
ies used to determine appropriate CPAP pressures.20,21,31,32 Most com-
parisons of the efficacy between OA therapy and CPAP therapy have 
employed titrated CPAP and untitrated OAs. To better determine the 
comparable effectiveness of these two modalities, Aarab and colleagues 
compared the efficacy of OAs and CPAP, when both were titrated to 
the best effect.21 In 64 subjects with mild to moderate OSA, there was 
no difference in improvement in AHI between the different therapies.
There are few reports demonstrating that fixed OAs are capable of fully 
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treating OSA to a normal AHI in most patients.11,34-36 One comparison 
study showed that a fixed OA was more effective than a tongue retain-
ing device and soft palate lift.33 While a number of subjects wearing the 
fixed OA were adequately treated, treatment failures were observed in 
40%. This was likely due to the high degree of OSA severity among the 
cohort (mean AHI 72 events/h). Similarly, Deane and coworkers com-
pared a mandibular advancement splint to a tongue stabilizing device 
in a randomized crossover trial of patients with OSA. They observed 
that mandibular advancement performed better than tongue stabiliza-
tion devices in symptomatic improvement, compliance, and patient 
preference. Both devices produced similar reductions in the AHI, with 
mandibular advancement splints performing slightly better. However, 
neither device achieved an AHI < 10 in the majority of subjects.36 
Vanderveken and colleagues compared a “boil and bite” thermoplastic 
fixed OA to a custom-made fixed OA. In a cohort of subjects with mild 
OSA, the custom-made device showed better efficacy (60% vs. 31%) 
and compliance.35 While the benefits of fixed devices in the treatment 
of OSA have been demonstrated, many are compared to non-OAs or 
show high rates of incomplete resolution of obstructive events, par-
ticularly in those with more severe disease. It appears that while fixed 
OAs may be beneficial in some patients, adjustable devices perform 
better and are more likely to provide successful treatment of OSA. In 
contrast, Marklund et al. evaluated the effects of fixed OAs in a large 
cohort of subjects with sleep disordered breathing. 13 In this trial, fixed 
devices were incrementally advanced in response to clinical observa-
tions. Among 630 included patients, 263 with OSA and 14 with simple 

snoring underwent repeat evaluation. The authors found that 72% of 
those who were reevaluated achieved an overall AHI < 10, with 54% 
having successful therapy in both the lateral and supine positions. 
Similar to our findings, they observed that fixed devices were less like-
ly to be successful in those with higher baseline AHIs. In this study, 
only 34% of those with moderate or severe OSA achieved an AHI 
< 5 events/hour. Also similar to our findings, they found that OAs 
were more likely to be successful in women and those with a greater 
positional component to their OSA, lower baseline AHIs, and lower 
weight. This study found that fixed OAs performed better than our ob-
servations. This difference is likely the result of their incremental ad-
justments/advancements of the device to optimize clinical outcomes. 
However, this is similar to our protocol for incremental advancement 
of adjustable devices and highlights a clear benefit of adjustable OAs, 
as they can be titrated to effect without the need for repetitive refitting 
of the device.

Similar to CPAP, the inability of either fixed or adjustable OA to ablate 
events during the initial therapeutic period should not be automatical-
ly considered a treatment failure. Adjustable devices can be re-titrated 
over a different range of settings, and fixed devices can be repositioned 
for greater mandibular advancement. Patients at our center who are 
not adequately treated with a fixed OA are referred for an adjustable 
device or CPAP. As such, we may have underestimated the benefits of
fixed devices.

Our study has several limitations. We conducted a retrospective study, 
which limits the validity of our findings. However, we included a rela-
tively large cohort of patients, all of whom underwent level I poly-
somnography at both baseline and while on therapy. The selection of 
a fixed versus titratable device was occur if an established algorithm 
based on patient-specific variables was used. Our secondary endpoint 
used normalization of the ESS as a marker for successful therapy. The 
duration of therapy prior to repeat polysomnography was not stan-
dardized, and it is possible that those using adjustable devices had 
more time to improve symptoms. However, the primary aim of our 
study was to determine the ability of each type of OA to ablate ob-
structive respiratory events and successfully treat OSA, independent 
of any change in the ESS. Similarly, we did not include long-term data, 
and while we found that adjustable OAs were superior to fixed devices, 
it is unknown if this would be influenced by differences in long-term 
tolerance, acceptance rates, or adverse effects between these two types 
of devices. Finally, we did not include prefabricated, non-customized 
OAs in our cohort, as we do not utilize or recommend these devices 
in our center. While these devices are relatively inexpensive, accessible 
as an over-the-counter purchase, and do not require sleep dentistry 
consultation or adjustments, it is unlikely that they would provide ad-
equate treatment of OSA and are not endorsed by the AASM.

Although we found that fixed OAs were less effective than adjustable 
OAs, there may be a role for these devices in the treatment of patients 
with mild sleep disordered breathing. Given the rapid increase in the 
recognized prevalence of sleep disordered breathing, less expensive 
devices that are easier to fabricate and use may offer treatment options 
for a greater number of patients. However, these devices still require 
customized fabrication and repeat polysomnography, which diminish 
these advantages. In addition, the high failure rate observed in this 
analysis, particularly in those with an AHI > 15 events/hour, raises 
significant concerns over the potential use of fixed OAs in the treat-
ment of OSA. In our study, the majority of patients using fixed OAs 
had inadequately treated disease. Any potential savings with regard to 
time and money were lost, as the majority of patients in this cohort re-
quired the subsequent use an adjustable OA or other form of therapy. 
In view of the detrimental effects of OSA on quality of life and health, 
only those treatment options that produce effective therapy should be 
utilized.

Scientific Article
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Comparison of Adjustable and Fixed Oral Appliances for the Treatment of 
Obstructive Sleep Apnea

11. What needs to be repeated to ensure that the respiratory events are adequately ablated?
	 A) X-Ray
	 B) Photo
	 C) Polysomnogram
	 D) Impression

12. Subjective somnolence was assessed by using?
	 A) Body mass index
	 B) Tempromandibular joint dysfuncyion
	 C) Titration polysomnogram
	 D) Epworth sleepiness scale

13. Which a appliance gave the best result?
	 A) Tongue retaining device 
	 B) Fixed OAs
	 C) Adjustable OAs
	 D) None of the Above

14. Oas Are used to….?
	 A) Move the mandibular forward
	 B) Suppress the tongue
	 C) Push the mandibular back
	 D) None of the above

15. What has a negative effect on the success of a OA?
	 A) CPAP
	 B) BMI
	 C) OSA
	 D) AHI
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Anyone who hasn’t made a career out of the inner workings of com-
puter technology can sometimes get confused and a little annoyed by 
some of the jargon they use. The thing is, most of the time they don’t 
need fancy words, they just make some up because they want to. Here 
are some fancy computer words that have really simple meanings.

1) Dongle: It’s a funny sounding word. The dongle was originally a 
really short cord that plugs into a USB port and has a card reader on 
the other end. Now it means anything that plugs into a USB port. A 
dongle is a flash drive.

2) Bootstrapping: You’ve heard of the phrase “pull yourself up by the 
bootstraps” or Bootstrap Bill from Pirates of the Caribbean. In com-
puter terms, it means a system that is self-sustaining, but a total self-
sustaining computer is a paradox. A human must start the process be-
fore a computer can take over. Bootstrapping is really just a computer’s 
catch 22.

3) Hot-Swappable: This term refers specifically to servers. It means 
the ability of a server to physically switch out hard drives without be-
ing shut down first. Believe it or not, most servers can’t do this, only 
certain types of blade servers.

4) Java: So most people know that Java is a programming language. 
The confusion here comes from the name it’s self. Most people assume 
Java is an acronym. But the people who created it just picked a name 
out of a random list. Later on they did assign the letters to an acronym, 
just to please (and possibly annoy) the public: Just Another Vague Ac-
ronym.

5) Liveware: If you have a computer person over to look at your sys-
tem and he or she says something about a liveware problem, you are 
being made fun of. Most computer problems are either software or 
hardware issues. Liveware refers to a computer problem that is neither 
hardware nor software, but rather user error.

6) Nerd: Okay, this one isn’t confusing. It just has a really interesting 
history. The original spelling of this word was “knurd” and it referred 
to college kids that never partied and always studied, as opposed to the 
opposite kids who were called “drunks”. In case you haven’t noticed 
yet, spell “drunk” backwards.

7) Wiki: We all know this word in context; Wikipedia or Wiki leaks. 
But what does the word on its own mean? Wiki is based on a Hawai-
ian term that means really fast and named after the Wiki Wiki shuttle 
buses at the Honolulu Airport. The name refers to the speed of infor-
mation available in collaborative software.

8) Chassis: This is a super fancy word with a not so fancy meaning. 
It is literally just the casing, the framework for the computer innards. 
The word is thrown around a lot when talking about servers. But really 
it is just something like the the skin around the head.

Article Source: http://EzineArticles.com/?expert=Penelope_Von-
Schweetz 

8 Scary Computer Words That 
Mean Nothing Special

By Penelope VonSchweetz 
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