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Re-establishing 
biological order
Root canal treatment is a therapy as old as time. Truly, it is still a fast-evolving science, even now im-
proving. The main objective of the treatment is to block the access of any kind of aggression to the 
supporting tissue, as well as to remove what has already infiltrated the pulp complex. Once this has 
been achieved, the human body will be able to heal itself.

Sometimes, it is not easy to establish a final diagnosis, and this is where many of today’s clinicians 
commit their first error: by not listening attentively to one’s patient, it is very easy to mistake simple 
sensitivity for cervical restoration or pulp inflammation. Small clues in the patient’s account, the 
right questions to clarify the story in combination with basic diagnostic tools, such as cold and hot 
pulp testing, as well as bite testing, are the pillars of diagnostics for endodontics. Only by knowing 
and properly applying them can one make proper use of the detailed knowledge of complex pulp in-
nervation systems and their potential modification due to pathology. When the basics are covered, 
additional tools, such conventional radiographic examination and CBCT scans, or 3-D radiographic 
exploration, provide certainty and new data. Relying only on technology can sometimes be prob-
lematic, as endodontics is a science that deals not only with dental and bony structures but also with 
vessels and nerves, which do not appear in our radiological findings. 

An endodontist can be best described as a medical artist who handles nerves, vessels and bone in 
a very delicate area where one’s medical knowledge is put to the test and state-of-the-art technol-
ogies, including the microscope, rotary files and ultrasonic waves plus chemicals are to be properly 
used to biologically shape, clean and seal the complex system so that the human body can accept 
this treatment and heal itself.

We should never underestimate the healing power of the human body once it is given the oppor-
tunity. Dentists need to trust this great gift and provide the body with this opportunity based on the 
correct diagnostics and appropriate treatment. Both primary endodontic treatment and retreat-
ment have high success rates reported in the literature, and it is irresponsible to deny our patients 
what is best for their health, and potential financial gains from alternative treatment, such as dental 
implants, should not determine the decision on whether to preserve or extract a natural tooth. 

Be a doctor to find it, be an artist to fix it and let nature do the rest.

Prof. Philippe Sleiman, DDS, MSc, DDSc 
Adjunct Associate Professor, University of North Carolina, USA
Assistant Professor, Lebanese University, Lebanon

Prof. Philippe Sleiman
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| practice management  TC role

  Treatment coordinator: 
 The bridge to case acceptance
Author:  Lina Craven, UK

 You might think that in fi nancially challenging 
times the last thing you need is a new member of 
staff. For a practice to thrive and prosper in a dif-
fi cult fi nancial climate, however, it has to become 
more effi cient, more competitive and more profi t-
able. One way to do that is to introduce a treatment 
coordinator (TC) into the team or if you already have 
one then to offer appropriate training. This is a re l-
atively new role to the European market, but in the 
US, where the role is a central part of any practice, 
it has proven to dramatically add value to the pa-
tient experience, reduce in chair time and increase 
case acceptance.

The introduction of a well-trained TC will change 
your entire approach to new patient care, as well as 
increase profi tability. While many practices know 
how to attract patients, their case acceptance ratio is 
low. The fi rst contact, fi rst visit and follow-up are the 
most important elements of the new patient process, 

yet they frequently represent a wasted  opportunity 
because of a lack of skill, focus, time or all three. 

In my experience, a major downfall of practices is 
the unwillingness of practitioners to delegate the new 
patient process to staff, or what we call the TC role. 
This is often due to a wide range of factors, including 
the practitioner’s perception that the patient wants 
communication on his or her treatment to come from 
the practitioner, the perception that patients pay to 
see the practitioner, a lack of trust to empower staff 
or time to train staff, and the fi nancial implications of 
introducing the new role.

Relinquishing new patient management to well-
trained staff is not a new trend, although its applica-
tion has been limited in Europe. However,  patients’ 
expectations, competition for private work and the 
team’s demand for career progression and job satis-
faction are key drivers for introducing the TC role. 

 ©
 D

us
an

 P
et

ko
vi

c 
/ S

hu
tte

rs
to

ck



Clinical MastersTM Program
in Endodontics
11 days of intensive live training with the Masters in Rome (IT), Athens (GR), Florence (IT)

Participants will master techniques that are repeatable, predictable 
and in all cases have the ability to create different but always
excellent results!
Learn from the Masters of Endodontics:

Sapienza University  
of Rome
this course is created in 
collaboration with Sapienza 
University of Rome

Collaborate 
on your cases
and access hours of 
premium video training 
and live webinars

11 days of live training with the Masters
in Rome (IT) , Athens (GR), Florence (IT) + self study

Curriculum fee: €9,000
(Based on your schedule, you can register for this program one session at a time.)

 Registration information:

contact us at tel.: +49-341-484-74134
email: request@tribunecme.com

Details on www.TribuneCME.com

Tribune Group GmbH is an ADA CERP provider. ADA CERP is a service of 
the American Dental Association to assist dental professionals in identifying 
quality providers of continuing dental education. ADA CERP does not 
approve or endorse individual courses or instructors, nor does it imply 
acceptance of credit hours by boards of dentistry.

Tribune Group GmbH is designated as an Approved PACE Program Provider by the Academy 
of General Dentistry. The formal continuing dental education programs of this program 
provider are accepted by AGD for Fellowship, Mastership and membership maintenance 
credit. Approval does not imply acceptance by a state or province board of dentistry or AGD 
endorsement. The current term of approval extends from 7/1/2014 to 6/30/2016. 
Provider ID# 355051.

100C.E.
CREDITS

Seriously better outcomes.
No Cords Attached

Experience improved therapy and procedural efficiency with the lightweight, cordless 
EndoUltra, the only battery-powered ultrasonic activator capable of producing 
acoustic streaming and cavitation.

• Up to 100% irrigant penetration, including the apical anatomy.1

• 82% more effective debris removal than sonic devices.2

Ultrasonic energy makes EndoUltra the only cordless activator that can promise:

ULTRA effective. ULTRA efficient. ULTRA sonic.

This cordless, compact, safe, device offers controlled flow of irrigating solutions 
with variable flow rate settings. Pair with EndoUltra for better patient outcomes.

Vista Dental | MOUNTAINS ABOVE THE REST                            +1.262.636.9755 | vista-dental.com | endoultra.com



| practice management TC role

08 roots
1 2016

The TC concept

A TC is someone in your practice who, with the 
right skills and training, will facilitate the new 
 patient process. He or she bridges the gap between 
the new patient, the practice and the staff. The TC 
promotes and sells the practice and its services by 
demonstrating their true value to prospective 
 patients, frees up the practitioner’s time, increases 
case acceptance ratios and, resultantly, increases 
practice profits.

Consider the time spent by the practitioner with 
the new patient and calculate how much of that 
time is non-diagnostic. A TC can often reduce up to 
60 per cent of practitioner–patient time. Rather 
than this being a barrier to patients—which is in-
deed what many practitioners perceive to be the 
case—in my experience, patients actually feel 
much more at ease with the TC and therefore better 
informed. Doctor time is not always doctor time. As 
a typical example: if an new patient appointment 
is 30 minutes, but the clinical part is actually only 
15 minutes, there is potentially 15 minutes still 
available. Think about the impact an additional 15 
minutes for every new patient in the appointment 
diary could have.

A good TC will manage all aspects of the patient 
journey, from referral to case start, and potentially 
increase your case starts. He or she is the first point 
of contact. People buy from people, so the develop-
ment of a relationship and establishing of rapport 
between the TC and the new patient are crucial to 
the success of your conversion from referral to start 
of treatment. The TC informally chats to the new 
 patient prior to consultation. This helps not only to 
foster rapport but also to gain a better idea of the 
patient’s needs and wants. 

I recommend to all my TCs to be present at the con-
sultation to listen and understand clinically what is 
and is not possible in order to allow the TC to deter-
mine how he or she will conduct a top-notch case 
presentation. The TC carries out the case presenta-
tion, reiterates the treatment options available to 
the patient, discusses these, answers any questions 
the patient may have, and clarifies proposed treat-
ment. He or she also discusses the informed consent, 
shows before and after photographs of similar cases, 
and addresses any barriers or concerns the patient 
may have. The TC also explains the financial options 
and determines the most suitable payment method 
for the patient’s needs, as well as prepares the walk-
out pack. The value of a walk-out pack should not be 
underestimated and should  reflect the values of the 
practice, including all in formation the patient needs, 
the finance agreement or contract, diagnostic re-

port, photographs of the patient (an excellent mar-
keting tool), informed consent and anything else the 
practitioner feels adds value to the consultation. 

Too many new patients are lost due to lack of fol-
low-up. A good TC follows up and provides monthly 
information on patient conversions to assist with 
strategic planning. All practices should have a pa-
tient journey tracker.

Filling the role: An internal solution?

There are no hard and fast rules. It depends upon 
the size and aspirations of your practice and the 
qualities of existing members of your team. If you 
have a team member who fulfils the characteristics 
of a TC and he or she wants the challenge, then the 
answer is yes. Keep in mind that you may well need 
to fill that person’s current position.

Some practices streamline job descriptions  
allowing them to create the new role without hav-
ing to hire another staff member. Whether it is a 
full-time role or not depends upon various factors, 
 including the size of the practice; the number of 
practitioners, chairs and patients; and the profit 
aspirations. Many practices implement the role and 
monitor its progress and impact. This often helps 
the team to accept the change and gives the prac-
titioner the opportunity to assess any training needs 
of the TC and to access how remuneration will be 
affected.

The role of your TC should fit in with your prac-
tice’s culture and aspirations for patient care. How-
ever you choose to implement the role, the only 
guarantee is that you will benefit enormously. 
 Augmenting your team with a well-trained TC can 
reap tremendous rewards for you, the team and 
your patients. A TC’s tailored and personal approach 
to care, follow-up and communication with pa-
tients fosters trust and increases patient satis-
faction and retention._

contact 

Lina Craven is founder and 
Director of Dynamic Percep-
tions, an orthodontic manage-
ment consultancy and training 
firm in the UK helping specialist 
practices across Europe to 
increase their case acceptance. 
She can be contacted at   
info@linacraven.com
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Endodontic diagnosis
Author: Dr Gerald N. Glickman, USA

Historically, there have been a variety of diagnostic 
classification systems advocated for determining 
endodontic disease.1 Unfortunately, the majority of 
them have been based upon histopathological find
ings rather than clinical findings, often leading to 
confusion, misleading terminology, and incorrect  
diagnoses.2 A key purpose of establishing a proper 
pulpal and periapical diagnosis is to determine what 
clinical treatment is needed.3, 4 For example, if an in
correct assessment is made, then improper manage
ment may result. This could include performing end
odontic treatment when it is not needed or providing 
no treatment or some other therapy when root canal 
treatment is truly indicated. Another important pur
pose of establishing a universal classification system 
is to allow for communication between educators, 
clinicians, students and researchers. A simple and 
practical system which uses terms related to clinical 
findings is essential and will help clinicians under
stand the progressive nature of pulpal and periapical 
disease, directing them to the most appropriate 
treatment approach for each condition. 

In 2008, the American Association of Endodontists 
held a consensus conference to standardize diagnos
tic terms used in endodontics.1 The goals were to pro
pose universal recommendations regarding endodon

tic diagnoses; develop a standardized definition of key 
diagnostic terms that will be generally accepted by end
odontists, educators, test construction experts, third 
parties, generalists and other specialists, and stu
dents; resolve concerns about testing and interpreta
tion of results; and determine the radiographic crite
ria, objective test results, and clinical criteria needed 
to validate the diagnostic terms established at the con
ference. Both the AAE and the American Board of End
odontics have accepted these terms and recommend 
their usage across all dental disciplines and health care 
professions.57 Each of the following diagnostic terms 
will be defined with typical respective clinical and ra
diographic characteristics along with representative 
case examples when appropriate. However, clinicians 
must recognize that diseases of the pulp and periapical 
tissues are dynamic and progressive and as such, signs 
and symptoms will vary depending on the stage of the 
disease and the patient status. Coupled with this are 
the limitations associated with current pulp testing 
modalities as well as clinical and radiographic exam
ination techniques. In order to render proper treat
ment, a complete endodontic diagnosis must include 
both a pulpal and a periapical diagnosis for each tooth 
evaluated.

Examination and diagnostic procedures

Endodontic diagnosis is similar to a jigsaw puzzle 
—diagnosis cannot be made from a single isolated 
piece of information.4 The clinician must systemati
cally gather all of the necessary information to make 
a “probable” diagnosis. When taking the medical and 
dental history, the clinician should already be formu
lating in his or her mind a preliminary but logical di
agnosis, especially if there is a chief complaint. The 
clinical and radiographic examinations in combina
tion with a thorough periodontal evaluation and 
clinical testing (pulp and periapical tests) are then 
used to confirm the preliminary diagnosis.4 In some 
cases, the clinical and radiographic examinations are 
inconclusive or give conflicting results and as a re
sult, definitive pulp and periapical diagnoses cannot 
be made. It is also important to recognize that treat
ment should not be rendered without a diagnosis 
and in these situations, the patient may have to wait 
and be reassessed at a later date or be referred to an 
endodontist.

CE credit

This article qualifies for CE credit. 
To take the CE quiz, log on to  
www.dtstudyclub.com. Click on 
‘CE articles’ and search for this 
edition of roots magazine. If you 
are not registered with the site, 
you will be asked to do so before 
taking the quiz. You may also 
access the quiz by using the  
QR code above.

Fig. 1
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Diagnostic terminology approved by the 
American Association of Endodontists 
and the American Board of Endodontics5-7

Pulpal diagnoses9-14

Normal pulp is a clinical diagnostic category in 
which the pulp is symptomfree and normally re
sponsive to pulp testing. Although the pulp may 
not be histologically normal, a “clinically” normal 
pulp results in a mild or transient response to ther
mal cold testing, lasting no more than one to two 
seconds after the stimulus is removed. One cannot 
arrive at a probable diagnosis without comparing 
the tooth in question with adjacent and contralat
eral teeth. It is best to test the adjacent teeth and 
contralateral teeth first so that the patient is fa
miliar with the experience of a normal response to 
cold. 

Reversible pulpitis is based upon subjective and 
objective findings indicating that the inflamma
tion should resolve and the pulp return to normal 
following appropriate management of the aetiol
ogy. Discomfort is experienced when a stimulus 
such as cold or sweet is applied and goes away 
within a couple of seconds following the removal 
of the stimulus. Typical aetiologies may include 
exposed dentin (dentinal sensitivity), caries or deep 
restorations. There are no significant radiographic 
changes in the periapical region of the suspect 
tooth and the pain experienced is not sponta
neous. Following the management of the aetiol
ogy (e.g. caries removal plus restoration; covering 
the exposed dentin), the tooth requires further 
evaluation to determine whether the “reversible 
pulpitis” has returned to a normal status. Al
though dentinal sensitivity per se is not an inflam
matory process, all of the symptoms of this entity 
mimic those of a reversible pulpitis.

Symptomatic irreversible pulpitis is based on sub
jective and objective findings that the vital inflamed 
pulp is incapable of healing and that root canal treat
ment is indicated. Characteristics may include sharp 
pain upon thermal stimulus, lingering pain (often  
30 seconds or longer after stimulus removal), spon
taneity (unprovoked pain) and referred pain. Some
times the pain may be accentuated by postural 
changes such as lying down or bending over and 
overthecounter analgesics are typically ineffec
tive. Common aetiologies may include deep caries, 
extensive restorations, or fractures exposing the pul
pal tissues. Teeth with symptomatic irreversible pul
pitis may be difficult to diagnose because the inflam
mation has not yet reached the periapical tissues, 
thus resulting in no pain or discomfort to percussion. 
In such cases, dental history and thermal testing are 
the primary tools for assessing pulpal status. 

Examination procedures required to make an endodontic diagnosis8

Medical/dental history Past/recent treatment, drugs

Chief complaint (if any) How long, symptoms, duration of pain, location, onset, stimuli, relief, referred, 
medications

Clinical exam Facial symmetry, sinus tract, soft tissue, periodontal status (probing, mobility), 
caries, restorations (defective, newly placed?)

Clinical testing:

pulp tests 
periapical tests

Cold, electric pulp test, heat
Percussion, palpation, Tooth Slooth (biting)

Radiographic analysis New periapicals (at least 2), bitewing, cone beam-computed tomography

Additional tests Transillumination, selective anaesthesia, test cavity

Fig. 2
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Asymptomatic irreversible pulpitis is a clinical di-
agnosis based on subjective and objective findings 
in dicating that the vital inflamed pulp is incapable of 
healing and that root canal treatment is indicated. 
These cases have no clinical symptoms and usually 
respond normally to thermal testing but may have 
had trauma or deep caries that would likely result in 
exposure following removal.

Pulp necrosis is a clinical diagnostic category indi-
cating death of the dental pulp, necessitating root ca-
nal treatment. The pulp is non-responsive to pulp 
testing and is asymptomatic. Pulp necrosis by itself 
does not cause apical periodontitis (pain to percus-
sion or radiographic evidence of osseous breakdown) 
unless the canal is infected. Some teeth may be non- 
responsive to pulp testing because of calcification, 
recent history of trauma, or simply the tooth is just not 
responding. As stated previously, this is why all test-
ing must be of a comparative nature (e.g. patient may 
not respond to thermal testing on any teeth).

Previously treated is a clinical diagnostic category 
indicating that the tooth has been endodontically 
treated and the canals are obturated with various fill-
ing materials other than intracanal medicaments. The 
tooth typically does not respond to thermal or electric 
pulp testing.

Previously initiated therapy is a clinical diagnostic 
category indicating that the tooth has been previ-
ously treated by partial endodontic therapy such as 
pulpotomy or pulpectomy. Depending on the level of 
therapy, the tooth may or may not respond to pulp 
testing modalities.

Apical diagnoses9-14

Normal apical tissues are not sensitive to percus-
sion or palpation testing and radiographically, the 
lamina dura surrounding the root is intact and the 
periodontal ligament space is uniform. As with pulp 
testing, comparative testing for percussion and pal-
pation should always begin with normal teeth as a 
baseline for the patient. 

Symptomatic apical periodontitis represents in-
flammation, usually of the apical periodontium,  
producing clinical symptoms involving a painful re-
sponse to biting and/or percussion or palpation. This 
may or may not be accompanied by radiographic 
changes (i.e. depending upon the stage of the dis-
ease, there may be normal width of the periodontal 
ligament or there may be a periapical radiolucency). 
Severe pain to percussion and/or palpation is highly 
indicative of a degenerating pulp and root canal 
treatment is needed.

Asymptomatic apical periodontitis is inflammation 
and destruction of the apical periodontium that is of 
pulpal origin. It appears as an apical radiolucency and 
does not present clinical symptoms (no pain on per-
cussion or palpation).

Chronic apical abscess is an inflammatory reaction 
to pulpal infection and necrosis characterized by grad-
ual onset, little or no discomfort and an intermittent 
discharge of pus through an associated sinus tract. 
Radiographically, there are typically signs of osseous 
destruction such as a radiolucency. To identify the 
source of a draining sinus tract when present, a gut-
ta-percha cone is carefully placed through the stoma 
or opening until it stops and a radiograph is taken. 

Acute apical abscess is an inflammatory reaction 
to pulpal infection and necrosis characterized by 
rapid onset, spontaneous pain, extreme tenderness 
of the tooth to pressure, pus formation and swelling 
of associated tissues. There may be no radiographic 
signs of destruction and the patient often experi-
ences malaise, fever and lymphadenopathy. 

Condensing osteitis is a diffuse radiopaque lesion 
representing a localized bony reaction to a low-grade 
inflammatory stimulus usually seen at the apex of the 
tooth. 

Diagnostic case examples

A mandibular right first molar had been hypersen-
sitive to cold and sweets over the past few months 
but the symptoms have subsided (Fig. 1). Now there 
is no response to thermal testing and there is tender-
ness to biting and pain to percussion. Radiographi-
cally, there are diffuse radiopacities around the root 

Fig. 3
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apices. Diagnosis: Pulp necrosis; symptomatic apical 
periodontitis with condensing osteitis. Nonsurgical 
endodontic treatment is indicated followed by a 
build up and crown. Over time the condensing oste
itis should regress partially or totally.15

Following the placement of a full gold crown on 
the maxillary right second molar, a patient com
plained of sensitivity to both hot and cold liquids; 
now the discomfort is spontaneous (Fig. 2). Upon 
application of EndoIce® on this tooth, the patient 
experienced pain and upon removal of the stimulus, 
the discomfort lingered for 12 seconds. Responses 
to both percussion and palpation were normal; ra
diographically, there was no evidence of osseous 
changes. Diagnosis: Symptomatic irreversible pulpi
tis; normal apical tissues. Nonsurgical endodontic 
treatment is indicated; access is to be repaired with 
a permanent restoration. Note that the maxillary 
second premolar has severe distal caries; following 
evaluation, the tooth was diagnosed with symptom
atic irreversible pulpitis (hypersensitive to cold, lin
gering eight seconds); symptomatic apical peri
odontitis (pain to percussion). 

A maxillary left first molar has occlusalmesial 
caries and the patient has been complaining of sen
sitivity to sweets and to cold liquids (Fig. 3). There is 
no discomfort to biting or percussion. The tooth is 
hyperresponsive to EndoIce® with no lingering pain. 
Diagnosis: reversible pulpitis; normal apical tissues. 
Treatment would be excavation of the caries fol
lowed by placement of a permanent restoration. If 
the pulp is exposed, treatment would be nonsurgi
cal endodontic treatment followed by a permanent 
restoration such as a crown. 

A mandibular right lateral incisor has an apical  
radiolucency that was discovered during a routine 
examination (Fig. 4). There was a history of trauma 
more than 10 years ago and the tooth was slightly 
discolored. The tooth did not respond to EndoIce® 
or to the EPT; the adjacent teeth responded normally 
to pulp testing. There was no tenderness to percus
sion or palpation in the region. Diagnosis: pulp ne
crosis; asymptomatic apical periodontitis. Treatment 
is nonsurgical endodontic treatment followed by 
bleaching and permanent restoration. 

A mandibular left first molar demonstrates a rela
tively large apical radiolucency encompassing both 
the mesial and distal roots along with furcation in
volvement (Fig. 5). Periodontal probing depths were 
all within normal limits. The tooth did not respond to 
thermal (cold) testing and both percussion and palpa
tion elicited normal responses. There was a draining 
sinus tract on the midfacial of the attached gingiva 
which was traced with a guttapercha cone. There was 
recurrent caries around the distal margin of the crown. 
Diagnosis: pulp necrosis; chronic apical abscess. Treat
ment is crown removal, nonsurgical endodontic 
treatment and placement of a new crown.

A maxillary left first molar was endodontically 
treated more than 10 years ago (Fig. 6). The patient 
is complaining of pain to biting over the past three 
months. There appear to be apical radiolucencies 
around all three roots. The tooth was tender to both 
percussion and to the Tooth Slooth. Diagnosis: pre
viously treated; symptomatic apical periodontitis. 
Treatment is nonsurgical endodontic retreatment 
followed by permanent restoration of the access 
cavity. 

Fig. 4 Fig. 5
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A maxillary left lateral incisor exhibits an apical  
radiolucency (Fig. 7). There is no history of pain and 
the tooth is asymptomatic. There is no response to 
EndoIce® or to the EPT, whereas the adjacent teeth 
respond normally to both tests. There is no tender
ness to percussion or palpation. Diagnosis: pulp ne
crosis; asymptomatic apical periodontitis. Treatment 
is nonsurgical endodontic treatment and placement 
of a permanent restoration._

Editorial note: This article originally appeared in END-
ODONTICS: Colleagues for Excellence, Fall 2013. Reprinted 
with permission from the American Association of Endo-
dontists, ©2013. The AAE clinical newsletter is available at 
www.aae.org/colleagues.
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Irrigation dynamics  
in root canal therapy
Author: Prof. Anil Kishen, Canada

Irrigation dynamics deals with the pattern of  
irrigant flow, penetration, exchange and the forces 
produced within the root canal space. Current 
modes of endodontic irrigation include the tradi-
tional syringe needle irrigation or physical meth-
ods, such as apical negative-pressure irrigation or 
sonic/ultrasonically assisted irrigation. Since the 
nature of irrigation influences the flow of irrigant 
up to the working length (WL) and interaction of 
irrigant with the canal wall, it is mandatory to un-
derstand the irrigation dynamics associated with 
various irrigation techniques. 

Endodontic irrigants are liquid antimicrobials 
used to disinfect  microbial biofilms within the root 
canal. The process of delivery of endodontic irrig-
ants within the root canal is called irrigation. The 
overall objectives of root canal irrigation are to in-
activate bacterial biofilms, inactivate endotoxins, 

and dissolve tissue remnants and the smear layer 
(chemical effects) in the root canals, as well as to 
allow the flow of irrigant entirely through the root 
canal system, in order to detach the biofilm struc-
tures and loosen and flush out the debris from the 
root canals (physical effects). While the chemical 
effectiveness will be in fluenced by the concentra-
tion of the antimicrobial and the duration of action, 
the physical effectiveness will depend upon the 
ability of ir rigation to generate optimum streaming 
forces within the entire root canal system. 

The final efficiency of endodontic disinfection will 
depend upon both chemical and physical effective-
ness.1–3 It is important to realise that even the most 
powerful irrigant will be of no use if it cannot pene-
trate the apical portion of the root canal, interact 
with the root canal wall and exchange frequently 
within the root canal system.1

Figs. 1a–d: Velocity magnitude of irriga-

tion showing the extent of dead zone. 

With the open-ended needle tip (a), the 

velocity  progressively decreased 

1.5 mm apical from the tip. With the 

side- vented needle tip (b), there was a 

much lower velocity than with the open-   

ended tip, and it extended only 0.5 mm. 

With the apical negative-pressure 

irrigation (c), there was a constant 

velocity slightly higher than the side- 

vented needle irrigation that was 

cons tant as the irrigant moved coronally. 

The ultrasonically  assisted irrigation (d) 

showed the highest magnitude of 

velocity, constant to at least 3 mm 

coronal to the tip placement.35

Fig. 1c

Fig. 1a

Fig. 1d

Fig. 1b
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Syringe irrigation 

Irrigation methods are categorised as positive- 
pressure or  negative-pressure, according to the mode 
of delivery employed.4 In positive-pressure techni-
ques, the pressure difference necessary for irrigant 
flow is created between a pressurised container (e.g. 
a syringe) and the root canal. In negative-pressure 
techniques, the irrigant is delivered passively near the 
canal orifice and a suction tip (negative-pressure) 
placed deep inside the root canal creates a pressure 
difference. The irrigant then flows from the orifice 
towards the apex, where it is evacuated. A detailed 
 understanding of the irrigation  dynamics associated 
with syringe-based irrigation would aid in improving 
its effectiveness in clinical practice.

Irrigant flow during syringe irrigation

The flow of irrigants is influenced by its physical 
characteristics, such as density and viscosity.5 These 
properties for the commonly used endodontic irrig-
ants are very similar to those of distilled water.6, 7 The 
surface tension of endodontic irrigants and its de-
crease by surfactants have also been studied exten-
sively. The rationale of this combination is that it may 
 significantly affect (a) the irrigant penetration into 
dentinal tubules and accessory root canals8, 9 and (b) 
the dissolution of pulp tissue.10 However, it is impor-
tant to note that surface tension would only influence 
the interface between two immiscible fluids, and not 
between the irrigant and dentinal fluid.5, 11 Experi-
ments have confirmed that surfactants do not en-
hance the ability of sodium hypochlorite to dissolve 
pulp tissue12, 13 or the ability of chelating agents to re-
move the smear layer.14, 15

 
The type of needle used has a significant effect on 

the flow pattern formed within the root canal, while 
parameters such as depth of needle insertion and size 
or taper of the prepared root canal have only a limited 
influence.16–19 Generally, the available needles can be 
classified as closed-ended and open-ended needles. 
In the case of open-ended needles (flat, bevelled, 
notched), the irrigant stream is very intense and ex-
tends apically along the root canal. Depending upon 

the root canal geometry and the depth of needle in-
sertion, reverse flow of  irrigant occurs near the canal 
wall towards the canal orifice. 

In the case of closed-ended needles (side-vented), 
the stream of irrigant is formed near the apical side of 
the outlet and is directed apically. The irrigant tends to 
follow a curved route around the needle tip, towards 
the coronal orifice. The flow of irrigant apical to the exit 
of the needle is generally observed to be a passive fluid 
flowing zone (dead zone), while the flow of irrigant in 
the remaining aspect of the root canal is observed to 
be an active fluid flowing zone (active zone; Figs. 1a–d 
& 2a–d). A series of vortices of flowing irrigant are 
generated apical to the tip. The velocity of irrigant 
inside each vortex decreases towards the apex. 

Large needles when used within the root canal 
hardly penetrate beyond the coronal half of the root 
canal. Currently, smaller-diameter needles (28- or  
30-   gauge) have been recommended for root canal ir-
rigation.20, 21 This is mainly because of their ability to ad-
vance further up to the WL. This facilitates better irrig-
ant exchange and debridement.22–24 In addition, the use 
of a larger needle would result in decreased space be-
ing available for the reverse flow of irrigant between 
the needle and the canal wall. This scenario has been 
associated with (a) an  increased apical pressure for 
open-ended needles and (b) decreased  irrigant refresh-
ment apical to the tip for closed-ended needles.17, 19 The 
influence of tooth location (mandibular, maxillary) on 
irrigant flow has been observed to be minor.16, 25 

Irrigant refreshment

Irrigant exchange in the root canal system is a key 
prerequisite for achieving optimum chemical effect, 
because the chemical efficacy of the irrigants are 
known to be rapidly inactivated by dentine, tissue 
remnants or microbes.24, 26, 27 Investigations have ex-
plained the limitations in the irrigant refreshment 
apical to needles.21, 28–30 Enlarging the root canal to 
place the needle to a few millimetres from the WL and 
ensuring adequate space around the needle for re-
verse flow of the irrigant towards the canal orifice 
allow effective irrigant refreshment coronal to the 

Fig. 2a Fig. 2b
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needle tip.17, 19 Furthermore, increasing the volume of 
irrigant delivered could help to improve refreshment 
in such cases.20, 31, 32

The effect of curvature on irrigant exchange has 
been studied indirectly by Nguy and Sedgley.33 They re-
port that only severe cur vatures in the order of 24–28° 
 hampered the flow of irrigants. If the canal is enlarged 
to at least size 30 or 35 and a 30-gauge flexible needle 
placed near the WL is used, then irrigant refreshment 
can be expected even in severely curved canals.

Wall shear stress

The frictional stress that occurs between the flow-
ing irrigant and the canal wall is termed “wall shear 
stress”. This force is of relevance in root canal irriga-
tion because it tends to detach microbial biofilm from 
the root canal wall. Currently, there is no quantitative 
data on the minimum shear stress required for the re-
moval of microbial biofilm from the canal wall. Yet, 
the nature of wall shear stresses produced within the 
root canals during irrigation provides an indication of 
the mechanical debridement efficacy.

In open-ended needles, an area of increased shear 
wall stresses develops apical to the needle tips, while 
in closed-ended needles, a higher maximum shear 
stress is generated near their tips, on the wall facing 
the needle outlet.34 Thus, in open- and closed-ended 
needles, optimum debridement is expected near the 
tip of the needle.16, 34 Consequently, it is necessary to 
move the needle inside the root canal, so that the lim-
ited area of high wall shear stress involves as much of 
the root canal wall as possible. The maximum shear 
stress decreases with an increase in canal size or taper. 
Thus, overzealous root canal enlargement above a 
certain size or taper could diminish the debridement 
efficacy of irrigation (Figs. 1a–d & 2a–d). 

Enhancing irrigation dynamics using 
physical  irrigation methods

Fluid dynamics studies on apical negative-pressure 
irrigation have demonstrated maximum apical pene-
tration of the irrigant, without any irrigant extrusion. 

This finding highlights the ability of apical negative- 
pressure irrigation to be safely used at the WL, circum-
venting the  issues of vapour lock effect.35 None theless, 
the apical negative-pressure irrigation produced the 
lowest wall shear stress. This decrease in the wall shear 
stress could be attributed in part to the reduction in the 
flow rate with this irrigation system. 

Passive ultrasonically assisted irrigation, when 
compared with other irrigation methods, showed the 
highest wall shear stress along the root canal wall, 
with the highest turbulence intensity travelling coro-
nal from the ultrasonic tip position. The lateral move-
ment of the irrigant  displayed by this method has im-
portant implications with respect to its ability to 
permit better interaction between the irrigant and 
the root canal wall, and to potentially enhance the 
interaction of irrigants with intra-canal biofilms2, 3, 35 
(Figs. 1a–d & 2a–d).

Conclusion

The requirements of adequate irrigant penetration, 
irrigant exchange, mechanical effect and minimum 
risk of apical extrusion oppose each other and a subtle 
equilibrium is required during irrigation. Ideally, in a 
canal enlarged to size 30 or 35 and taper 0.04 or 0.06, 
an open-ended needle should be placed 2 or 3 mm 
short of the WL to ensure adequate irrigant exchange 
and high wall shear stress, while reducing the risk of 
extrusion.

In the case of a closed-ended needle, placement 
should be within 1 mm short of the WL, so that opti-
mum irrigant exchange can be ensured. The apical 
negative-pressure irrigation did not generate marked 
wall shear stress values, but allowed the flow of irrig-
ant consistently up to the WL. It was the safest mode 
of irrigation when used close to the WL. The passive 
ultrasonically assisted irrigation generated the high-
est wall shear stress. The use of combined methods to 
obtain optimum disinfection and to circumvent the 
limitations of one method is recommended._

Editorial note: A list of references is available from the 
publisher.
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Figs. 2a–d: Time-averaged 

distribution of shear stress on the root 

canal wall showing a more uniform 

distribution on the canal wall with the 

open-ended needle tip (a). The 

side-vented needle tip (b) showed a 

localised region with a high amount of 

shear stress, while there was not an 

observable level with the EndoVac 

irrigation (Kerr; c). The ultrasonically 

assisted irrigation (d)  displayed the 

highest levels of shear stress over the 

greatest area of the canal wall.35

Fig. 2c Fig. 2d
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Removing separated files with  
the Terauchi File Retrieval Kit
Author: Dr L. Stephen Buchanan, USA

I once asked my good friend Dr Yoshi Terauchi how 
many canals he shaped with a given nickel titanium 
rotary file before discarding it and bringing a new file 
into the procedure. He answered, “I use rotary files un-
til they break, I remove the broken segment and then 
get a new file.” WHAT? I thought to myself as I looked 
at him like he had two heads. This blew my mind be-
cause, for me, any practice day that includes the oc-
currence of “Short File Syndrome” is a really bad day 
in the life of most any dentist who provides RCT ser-

vices to patients. I skeptically asked him how he could 
say that with a straight face, and he told me that it 
only takes him one to five minutes to remove most 
any separated file from a root canal.

So now I have heard two different and apparently 
ridiculous statements from Yoshi; first, that he does 
not fear file breakage, and secondly, that he considers 
the retrieval of broken files to be a predictable proce-
dure requiring relatively little time to accomplish.  
REALLY? Fortunately, knowing Yoshi for years al-
lowed me to suspend disbelief about these outra-
geous statements long enough to query him for an 
explanation. And what he told me turned all of what 
I supposedly “knew” about file retrieval on its head. 

These popular myths included:
1. Ultrasonic tips should trough the outside-of-the- 

curvature canal wall.
2. Ultrasonic tips work best dry when attempting file 

retrieval.
3. File segments that have been loosened with ultra-

sonic vibration are nearly removed.
4. Retrieving broken file segments necessitates weak-

ening of the tooth.
5. Files segments cannot be removed from the apical 

third of a curved canal.

Here are the critical truths about removing 
separated files, most of them discovered by  
Dr Yoshi Terauchi, and the Terauchi File Retrieval 
Kit (TFRK) he has designed to accomplish this 
previously challenging procedure (Fig. 1).

Troughing the canal wall on the 
inside of the curve

Perhaps the greatest paradigm shift in my 
thinking on this subject circled around where 
we should work ultrasonic tips next to the frac-
tured surface of the file segment. It seems log-
ical to trough the canal wall on the outside of 
its curvature, because that is where the frac-
tured edge is engaged. The counter-intuitive 

truth, as explained to me by Yoshi, is that troughing 
on the outside of the canal curve doesn’t work be-
cause: a) troughing the that wall increases the curva-
ture of the canal, while cutting the inside-of-the-curve 
canal wall straightens the canal, and b) activating the 
ultrasonic tip on the outside-of-the-curve wall ham-
mers the file segment and actually moves it further 
into the canal. When Yoshi first explained this to me, 
I got the dumb chills. Troughing on the inside curve of 
a canal requires small ultrasonic tip ends to be bent, 
without kinking, so they can slide down the inside of 
the curve, but what a difference it makes to do it this 
way.

Yoshi has designed two beautiful Micro-Spoon Tips 
(Fig. 2) that he uses to cut a trough between the file 

Fig. 1: The Terauchi File Retrieval Kit. 

(Photos/Provided by L. Stephen 

Buchanan, DDS, FICD, FACD)

Fig. 1
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and the inside of the curve. The two Micro-Spoon Tips 
in the TFRK face toward (the 6 o’clock tip) and away 
from (the 12 o’clock tip) the ultrasonic handpiece and 
are chosen relative to the direction of the canal cur-
vature and the position the handpiece will be in while 
the tip is used to cut a trough on the inside canal cur-
vature, adjacent to the file segment. 

All the ultrasonic tips in the TFRK are made of duc-
tile stainless steel and they are extremely elongate, 
making them easy to pre-bend but susceptible to pre-
mature breakage if not used correctly. The appropri-
ate power setting for use of these tips is typically in 
the lower quarter of the ultrasonic unit's power range 
and must be activated intermittently by tapping the 
foot control rather than in continuous mode. Inter-
mittent switching keeps the tips from over-heating 
and sends a relatively powerful ripple through the 
long, thin instruments. After two or three pulses, the 
tips are removed and examined for derangement, 
they are cooled and cleaned with a wet alcohol 2-by-2 
sponge, and are then replaced for further work until 
the file is loosened. Working ultrasonic tips next to file 
segments with continuous use rather than pulsed ac-
tivation also increases the risk of breaking the file seg-
ment into smaller pieces.

Cutting dry but ejecting file segments wet

Dentists typically use ultrasonic tips without water 
spray so that the tip can be seen as it works, and this 
is how the TFRK tips should be used until the file seg-
ment has been loosened. However, once the file seg-
ment has been loosened, it can be quite difficult to 
get it to come out of the canal unless 17 per cent EDTA 
solution is added to the canal and a TFRK Spear tip 
(Fig. 3) is used in a push-pull manner, again, between 
the file segment and the inside-of-the-curve canal 
wall.

The Spear Tips are extremely thin and sharp at their 
tip ends—a necessity for them to further vibrate file 
segments, yet allow space for the file segment to es-

cape between the Spear Tip and the canal diameter  
at the level of separation. While they are manufac-
tured to a fine point, it is recommended by Yoshi that 
the latch-grip rubber polishing point included in the 
TFRK be used to further thin and sharpen the Spear 
Tips before and between uses as they will dull with 
use, rendering them too large at their ends to allow 
the file to escape when vibrated. 

Having never considered removal of a file segment 
with fluid in the canal, I am still amazed at the differ-
ence this makes to the outcome. Most of the time the 
file segment simply disappears from the canal, having 
shot out at high speed, sometimes landing on the rub-
ber dam outside the tooth. 

Fig. 2: TFRK ultrasonic  

Micro-Spoon Tip.

Fig. 3: TFRK ultrasonic Spear Tip.

Fig. 4: TFRK Micro-Lasso (Yoshi Loop).

Fig. 5: Close-up of Yoshi Loop cannula 

pre-bent for insertion into a canal.

Fig. 6: Yoshi Loop after retrieving a file 

fragment.

Fig. 2

Fig. 4

Fig. 5

Fig. 6

Fig. 3
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File length as a predictor of retrieval

The third critical issue influencing file retrieval 
that Dr Terauchi has figured out is that the length of 
the file segment is actually more important than its 
position in the canal. He has determined, through 
experimentation done in extracted teeth and proven 
in patient’s teeth, that the length of the broken file 
segment influences the difficulty of its removal; that 
file segments greater in length than 4.3 mm will of-
ten require more than Micro-Spoons and Spear-
shaped ultrasonic tips to eject them from the canal.

 
Early in the development of his technique, after 

Dr Terauchi realised the importance of file segment 
length, he would intentionally break separated files 
longer than 4.3 mm by using higher power settings 
and more continuous activation of an ultrasonic 
tip. Unfortunately, this caused more frequent 
breakage of ultrasonic tips and required another 
trough to be cut further into the canal to loosen and 
remove the remaining, most apical portion of the 
separated file after the more coronal segment had 
been removed.

It was the search of a better solution to this co-
nundrum that inspired him to invent what I call the 
Yoshi Loop (Figs. 4–6), a stainless steel micro-lasso 
that extends from the end of a stainless steel can-
nula attached to a handle with a retraction button 
for tightening the Loop around a loosened file seg-
ment. Like the ultrasonic tips, the Yoshi Loop is small 
fragile, and easily broken when misused, but a larger 
tool will never retrieve a file segment from a canal.

Also, it must be carefully prepared before attempt-
ing to encircle a previously loosened file segment. The 
red retraction button is moved forward to extend the 
wire lasso, a DG-16 explorer tip is placed inside the 
lasso, and the retraction button is then carefully 
pulled backward until the loop is felt to tighten on the 
explorer tine, thus rounding the loop so that it may 
be placed around the end of the file segment. Before 
removing the explorer from the Loop, it is rotated 
back to a position parallel to the cannula to bend the 
rounded Loop to a 45-degree angle. This rounded,  
angled Loop wire is then ideally formed to drop 
around the end of the file segment as it is moved into 
position (Figs. 7a–d).

Fig. 7a: DG-16 explorer tip placed 

into wire loop.

Fig. 7b: Wire loop is tightened and 

rounded on the explorer tine.

Fig. 7c: Explorer is rotated to be 

parallel to loop cannula.

Fig. 7d: Loop rounded and angled, 

ready to capture a file segment that 

has been loosened but will not come 

out of the canal.

Fig. 7a

Fig. 7c

Fig. 7b

Fig. 7d
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Once the Loop wire is felt to tighten around the file 
segment, it is carefully tugged in several directions 
until the file is pulled out of the canal (Fig. 8). If, as 
often happens, the wire lasso slips off the file seg-
ment, it is simply removed from the canal, reformed, 
placed back over the file segment and tightened once 
again.

Developing adequate coronal canal 
shape without weakening the root

When file segments are below the orifice level, a 
staging preparation to the broken file end is usually 
required and is accomplished with the TFRK Modified 
#3 Gates Glidden bur (1,000 RPM CW), then the TFRK 
Micro-Trephine bur (Fig. 9) at 600 RPM rotating in a 
counter-clockwise direction, so as to encourage a 
bound file segment to reverse thread back coronally 
and loosen. If the file segment is around a curve in the 
canal, the TFRK includes a 70-0.12 GT Accessory File 
to create a bit more visual access to the file segment. 
All three of these instruments have tip diameters of 
0.7 mm, a very safe size to cut a staging preparation 
to the separated file segment.

Removal of file segments beyond the 
middle third of the canal

This is where my experience level is still develop-
ing, and I usually refer clinicians to Terauchi’s Face-
book page for review of his cases or advice about 
their own cases, and as such I will leave this to our 
own god of file retrieval. There are several YouTube 
videos of his simple and more difficult cases, and  
I find them an excellent review before tackling my 

next experience in the art of file retrieval—a skill that 
I never expected to master at the level he has brought 
me so far. 

In my own experience, understanding Terauchi’s 
concepts of file retrieval made it possible to remove 
broken files—mine and other’s—that I would have 
never expected to be possible. Using the tiny, elegant 
tools in his File Retrieval Kit have made it a wonder-
fully predictable procedure to have in my bag of end-
odontic tricks. 

For further information about the TFRK, check 
these links to Dental Education Laboratories at 
delendo.com and DentalCadre—the provider of 
Terauchi’s TRFK—at dentalcadre.com._
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Fig. 8: Yoshi Loop with file segment 

secured and retrieved from canal.

Fig. 9: TFRK Micro-Trephine bur.

Fig. 8 Fig. 9
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Fibre posts and  
tooth reinforcement:  
Evidence in the literature
Authors: Drs Leendert (Len) Boksman, Gary Glassman, Gildo Coelho Santos Jr. & Manfred Friedman, Canada

'Traditional thinking that a post is only placed to re-
tain a core and serves no other purpose may no longer 
be valid.'1

The preservation of dentine during access open-
ing, shaping the canal, preparing the root for place-
ment of a post, and during restoration with an onlay 
or full coverage preparation is critical to the clinical 
longevity and success of the final restoration.2 It is 
now well recognised that excess removal of dentinal 
support, not only in the root, but also coronally, 
changes the flexural behaviour and resistance to 
failure, and that over-flaring the canal for straight 
line access to the canals weakens the dentinal com-
plex.3–6 Dentine coronally must be maintained, not 
only to give support to the core build-up,7, 8 but also 
because clinical and in vitro studies support the fact 
that survival of endodontically treated teeth re-
stored with posts is directly proportional to the re-
sidual coronal dentine that remains.9, 10 Post prepa-

ration of the root canal space must not remove 
additional dentine, as this contributes to a reduced 
fracture toughness (Fig. 1). Ree et al. state that ‘no 
additional dentin should be removed beyond what is 
necessary to complete the endodontic treatment’.11 
If this concept is to be adhered to clinically, then of 
course the use of parallel sided posts must be elimi-
nated from our clinical protocol, as these posts usu-
ally require removal of sound apical radicular den-
tine, creating sharper internal line angles, resulting 
in a weakened root and a higher root fracture risk 
(Fig. 2).12 Moreover, the parallel post does not com-
plement the tapered shape of the prepared canal, re-
sulting in excess luting composite in the coronal as-
pect of the canal, which can decrease bonding 
efficacy and decrease dislocation resistance (Fig. 3).13 
If we adhere to the concept of minimal dentine re-
moval in the root, and if we recognise that most root 
canals are ovoid in shape, then a wholly different 
treatment approach than what we have been taught 
in the past is indicated. Boksman et al. have recom-
mended utilising a tapered master quartz fibre post 
(Macro-Lock Post Illusion X-RO, RTD St. Egreve, 
France) with additional Fibercones (RTD St. Egreve, 
France) placed into the irregularity (lateral spaces) of 
the canal (Figs. 4 & 5).14 This technique is similar to 
using a master gutta-percha point with accessory 
gutta-percha points, which is well-understood. Util-
ising this approach provides several clinical advan-
tages,15–19 including more anti-rotational resistance, 
decreased volume of composite or cement lateral to 
the post to decrease the C and S Factor constraints 
(volumetric shrinkage), better adhesion to the root 
canal walls resulting in decreased microleakage and 
increasing resistance to dislodgement, as well as de-
creased likelihood for lateral perforation. The com-
bination of a post, or multiple posts, that transmit 
light efficiently, with sufficient extended light curing 

Fig. 1: Especially in ovoid canals 

(which are the norm) post preparation 

can needlessly remove dentine and 

result in weakening the remaining 

tooth structure, while leaving lateral 

gutta percha which compromises 

bonding/cementation.

Fig. 1
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time/output, results in better composite polymeri-
sation. 

The indirect cast gold/metal/zirconia post and core 
has been largely replaced with a one appointment 
restoration of a direct post and core. Fibre posts such 
as the Ultradent Unicore Fiber Post, the quartz fibre 
posts manufactured by RTD (St. Egreve, France), the 
Macro-Lock X-RO (RTD St. Egreve, France), and the DT 
Light-Post (RTD St. Egreve, France) have many physi-
cal characteristics that make them more desirable 
clinically, rather than metal and zirconia posts:

1. The elastic modulus (or a material’s stiffness) of  
fibre posts more closely approximates that of den-
tine (18.6 Gigapascals—GPa) allowing some slight 
flex in function, dissipating stress and reducing the 
likelihood of damage to the root.20, 21 Stainless steel 
has an elastic modulus of about 200 GPa, titanium 
alloy 110 GPa and Zirconia 300 GPa.22 The stiffness 
of metal and zirconia posts creates more internal 
stress, zones of tension and shear during function 
and parafunction,23 which can result in unrestor-
able catastrophic root fractures.

2. Fibre posts have a high flexural strength, and in a 
study by Stewardson, ‘the flexural strength of fibre 
reinforced composite endodontic post materials 
exceed the yield strength of gold and stainless steel 
and two of the FRC (fibre reinforced composite) 
posts were comparable to the yield strength of ti-
tanium’.24 It must be noted here that not all fibre 
posts are created equal. There are differences in 
fracture load, flexural strength, fibre diameter, fi-
bre/matrix ratio, type of fibre (with quartz fibre 
posts having higher failure resistance), light trans-
mission, shape, post surface adhesion, quality of 
fibre, structural defects/voids and manufacturing 
quality, which all affect the clinical outcome and 
longevity.25–29, 16 The clinician must make an in-
formed choice for choosing a fibre post—looking 
for the best attributes above—in order to select the 

post with superior properties based on indepen-
dent research. The dental practitioner must also be 
aware of the best adhesive combinations and 
techniques, as there are some incompatibilities 
between dual-cure core materials and simplified 
acidic adhesives due to residual acidity. There is a 
variation in the results of the scientific literature 
when evaluating fibre posts, not only because of 
the differences in the posts themselves, but also be-
cause of the cementing/bonding/adhesive systems 
used. To date, multiple articles in the scientific lit-
erature support the statement that ‘only specific 
combinations of dentin adhesives and luting ce-
ments prove efficient, with total etch adhesives 
combined with dual-cure cement (composite) ap-
pearing to be the best choice’.30, 31

3. Fibre posts are not subject to galvanic or corrosion 
activity. The corrosion of base metals predisposes 
to a high percentage of failures with cast posts, 
which can also create a negative aesthetic outcome 
of a dark root and darkening of the gingival collar 
(Fig. 6a).32, 33 Milnar and others have published ex-
cellent papers showing that the use of a light trans-
mitting post can eliminate this common aesthetic 
challenge, allowing not only light transmission 
down the canal eliminating the dark gingival co-
lour, but also the creation of superb clinical aes-
thetics with translucent ceramics over a composite 
core (Fig. 6b).34–36

4. Clinically, heavily restored teeth may hold up to 
normal occlusal function but many fail in cyclic fa-
tigue–repeated functional stress and torque.21 Fibre 
posts are more fatigue resistant than metal posts, 
and the quartz fibre post is found to be more than 
twice as fatigue resistant as the stainless and tita-
nium alloy posts.37 During repeated fatigue load-
ing, the flexural strength of metal posts can de-
crease by 40 %, while there is only a 14 % decrease 
in a fibre composite post.38

5. Endodontic procedures do fail, either due to faulty 
technique, the inability to access or completely de-

Fig. 2: To seat the inserted parallel 

sided post into the tapered canal would 

require more apical removal of vital 

dentinal structure needlessly 

weakening the root and creating an 

apical stress point.

Fig. 3: The taper of the Macro-Lock 

post allows respect for the dentine and 

ensures a more even and minimal 

amount of surrounding composite 

resin, thereby reducing polymerisation 

contraction forces.

Fig. 2 Fig. 3
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bride a canal, microleakage/bacterial contamination/ 
exposure to endotoxins after endodontic therapy is 
performed, but before a final restoration is placed 
(all endodontic procedures should be followed by 
immediate restoration),39, 40 or due to failure and 
microleakage of the coronal restoration. It has been 
estimated that 25 % of re-treatments involve the 
presence of a post. Fibre posts are atraumatically 
removed in a matter of a few minutes with available 
proprietary removal drill systems.41–43

No discussion of the restoration of a badly broken 
down endodontically treated tooth would be com-
plete without discussing the concept of the circum-
ferential ferrule, which is defined as ‘a metal band or 
ring that encircles the tooth in order to provide re-
tention and resistance form, as well as protect the 
tooth from fracture’.44  Most of the published articles, 
based on in vivo and in vitro data, suggest that a 
2 mm ferrule is best for improving resistance to frac-
ture with significant decreases when the ferrule is 
1 mm or non-existent.45–47 However, it is not only the 

height of the remaining dentine that is critical for 
creating the ferrule, but just as important is the 
width of the remaining dentine and the number of 
walls. As shown in Figures 7 and 8, there is a drastic 
difference in outcomes when preparing a ferrule in a 
modestly flared canal versus a wide flare. As can be 
seen, when a wide flare exists, the preparation of a 
ferrule actually removes the dentinal lateral walls, 
creating a standalone core that essentially has no 
ferrule at all. It is important to note here that glass 
ionomer cements and resin modified glass ionomers 
lack the physical properties to function as a core ma-
terial.48, 49 Jotkowitz et al. in their article on ‘Rethink-
ing the Ferrule’, provides one of the best regression 
analyses and clinical guidelines in the literature, 
evaluating the effects of the height, number of walls 
remaining, thickness of the walls, and whether a me-
sial/distal or buccal/lingual wall is remaining in rela-
tionship to the functional stresses involved.50 A sim-
ple example would be the difference of losing a 
lingual wall on an upper central—even if three walls 
remain—which can be catastrophic due to the torque 
placed on the lingual in function, as opposed to los-
ing an interproximal wall that has little weakening 
effect when lingual stress is applied. Their conclu-
sion is that no ferrule equals unrestorable. ‘Clinical 
protocols should feature well-defined inclusion cri-
teria, including delineation of the number of residual 
coronal walls, for a clearer assessment of the influ-
ence of the remaining tooth structure on treatment 
outcomes.’51 As the number of remaining walls de-
crease, the fracture resistance decreases when no 
post is used, but the fracture resistance is increased 
significantly when fibre posts are placed—except 
when there is no wall left.52 ‘ The success rate for all 
posts decreases drastically in the absence a residual 
coronal wall.’51

The literal definitions of reinforcement from vari-
ous sources includes:
 · A device designed to provide additional strength.
 · To strengthen by adding extra support.
 · To make stronger.
 · To strengthen with some added piece, support or 

material.
 · To make a structure stronger.

Much of the dental literature and texts from the 
1970s to the early 1990s indicate that a post is placed 
when there is insufficient structure left to retain a 
core/crown, and that metal posts do not reinforce the 
root.53–56 Retrospectively looking at research on end-
odontically treated teeth utilising metal posts cer-
tainly support this finding.57, 58 However, more recent 
research articles and publications are creating a body 
of work that fibre posts do indeed make the root more 
resistant to fracture and may strengthen the root. 
What follows is only a partial list, with short summa-

Fig. 4: In irregular or ovoid canals, the 

use of Fibercones lateral to the 

Macro-Lock X-RO has many clinical 

advantages, increasing longevity.

Fig. 5: A clinical photograph showing 

the placement of Fibercones laterally 

to the main Macro-Lock Post, which 

decreases composite volume, adds 

anti-rotational elements, and 

decreases microleakage.

Fig. 4

Fig. 5
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ries of some of the more recent relevant studies sup-
porting the notion of reinforcement by using fibre 
posts. 

D’Arcangelo et al.59 studied the fracture resis-
tance and deflection of teeth restored with a fibre 
post and prepared for veneers. Seventy-five hu-
man maxillary central incisors with similar ana-
tomic crowns were included: no preparation, veneer 
preparation, endodontic access filled with compos-
ite, endodontic access with composite and veneer 
preparation, and fibre post placement (RTD Endo 
Light Post) followed by veneer preparation. All spec-
imens were thermo-cycled and submitted to frac-
ture strength tests by using a displacement mea-
surement system. Preparation for veneers increased 
the deflection values of the specimens, but the fibre 
reinforced post restoration with veneer prepara-
tions did not show statistically significant differ-
ences from the intact unprepared incisor.

When investigating the fracture resistance and 
failure mode of premolars restored with composite 
resin and various prefabricated posts, Hajizadeh et 
al.1 utilised 60 extracted teeth with four subgroups: 
no cavity preparation, endodontics with an MOD 
and no post, endodontics with a DT Light Post (RTD) 
and MOD, and the last group with endodontics, Fil-
post (Filhol Dental, UK) and an MOD composite res-
toration. The teeth restored with the DT Light Post 
and composite were as strong as the control (the 
unprepared tooth) and stronger than those teeth 
restored with composite alone without a post, and 
those restored with a titanium post and composite. 
In the DT Light Post group, 86 % of the fractures 
were ‘restorable’, which was much higher than any 
of the other three groups. According to the authors, 
‘There is growing evidence that fibre posts provide 
the additional benefit of increased fracture resis-
tance’.

The effect of placing fibre posts under zirconia- 
ceramic crowns was studied by Salameh et al.60 Ninety 
mandibular second molars were divided into three 
test groups, representing various extents of coronal 
damage, endodontically accessed and obturated with 
warm vertical condensation. Half of the specimens 
were restored with composite, the other half with a 
translucent FRC post (Rely-X Fiber Post, 3M ESPE) 
with a composite core. The insertion of the fibre post 
improved the support under the zirconia crowns, which 
resulted in higher fracture loads and favourable failure 
type compared to a composite core build-up.

Maccari et al.61 utilised 30 single rooted endodon-
tically treated teeth to evaluate the fracture resis-
tance of different prefabricated aesthetic posts. In-
cluded in the study were Aestheti-Post (RTD), FibreKor 

Post (Jeneric Pentron) and CosmoPost (a ceramic post 
system from Ivoclar Vivadent). They summarised that 
the mean fracture resistance of the glass fibre prefab-
ricated aesthetic posts proved a higher fracture resis-
tance than the ceramic post, which was less than one 
half of the fibre posts.

The fracture resistance and failure pattern of end-
odontically treated maxillary incisors restored with 
composite resin, with and without fibre reinforced 
composite posts under different types of full cover-
age crowns, was studied by Salameh et al.62 One hun-
dred and twenty maxillary incisors were endodonti-
cally treated and divided into four groups of 30 each 
and further divided into two subgroups of resto-
ration with or without a fibre post (Postec Plus, Ivoclar 
Vivadent). Restorations placed were PFM, Empress II, 
SR Adoro crowns and Cercon crowns, with all 
preparations including a 2 mm ferrule. Fracture tests 
showed that the type of crown was not a significant 
factor affecting the fracture resistance, but the pres-
ence of a post was.

Fig. 6a: The common aesthetic failure 

when using metallic posts with 

discoloration of the tooth structure, as 

well as the gingival collar.

(Courtesy of Dr Frank Milnar)

Fig. 6b: The result of placing a light 

transmitting fibre post with a 

translucent ceramic.

(Courtesy of Dr Frank Milnar)

Fig. 6a

Fig. 6b
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The authors state that ‘although prosthodontic 
textbooks do not generally advocate the placement of 
fibre posts in endodontically treated incisors, the re-
sults of this study indicate that the use of fibre posts 
in such teeth increases their resistance to fracture and 
improves the prognosis in case of fracture’.

In a study of 80 endodontically treated maxillary 
premolars treated with or without fibre posts, and 
MOD cavity preparations restored with different 
types of crowns, including porcelain fused to metal, 
lithium disilicate, fibre reinforced composite or zirco-
nia crowns, Salemeh et al,63 loaded the restorations 
until failure, recording the maximum breaking loads. 
Under vertical loading conditions, the fracture loads 
of teeth restored with fibre posts were significantly 
greater than those without posts, and the fibre posts 
significantly contributed to the reinforcement and 
strengthening of pulpless teeth by supporting the re-
maining tooth structure against vertical compressive 
stresses.

There are many more studies showing the rein-
forcement of tooth structure with fibre posts.64–73 It is 
impossible to summarise them all, but it seems obvi-
ous that our concept of restoring endodontically 
treated teeth is continually advancing as new prod-
ucts and bonding techniques evolve. Even when there 
are variations in the types of fibre posts used in the 
studies, and different cementation and adhesive pro-
tocols, there is compelling evidence that fibre posts 
can reinforce tooth structure.

To create balance in this overview of the literature, 
it must be said that there are of course some published 
scientific articles that do not show a reinforcing effect 
of fibre posts.7, 74, 75

In addition to the traditional definition of mechan-
ical reinforcement: restoring a compromised tooth to 
a fracture strength equal to or greater than its original 
‘untreated’ fracture resistance, we clinicians perhaps 
should be more focused on the predictability of out-
comes, particularly in worst-case scenarios. That is 
the contribution of the post versus no post, or com-
posite only, to the remaining structures. The most pre-
dominant conclusion emerging from the growing 
body of in vitro76–79 (and clinical) data is that failures 
of fibre posts in situ are more likely to be described as 
‘non-catastrophic’ or ‘repairable’, which is usually not 
the case with high modulus posts.

Furthermore, recently published clinical trials cor-
relate the success rate to the number of remaining 
dentine walls.51, 80, 81 Variations in the literature on fi-
bre posts are the results of: use of natural teeth or bo-
vine teeth; in vivo versus in vitro results; the effect of 
the periodontal ligament in distributing some of the 
stresses; loading technique (vertical, horizontal or at 
an angle); the type and quality of the post; the recog-
nition of the ‘secondary smear layer’ and how it af-
fects adhesion; the type of radicular dentine that is to 
be bonded; the adhesive used; the light carrying or 
transmission capability of the post; the type of com-
posite used to cement the post; the amount of com-

Fig. 7: The typical result of creating 

a full crown with a ferrule in 

a moderately tapered endodontic 

access opening.

Fig. 8: When preparing a ferrule on a 

tooth with a wide flare, the preparation 

removes all lateral dentine, creating a 

standalone core, which drastically 

decreases the clinical success rate.

Fig. 7 Fig. 8
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posite lateral to the post; the filler loading of the com-
posite; and the amount of critical dentine that is 
removed to place the post.

Adhesive bonding in the root canal has its unique 
challenges due to dentinal structure in the canal (cor-
onal dentine bonds better than apical dentine), the 
‘secondary smear layer’ of debris from gutta-percha 
and sealer that compromises the ability of simplified 
systems to actually bond to the root surface (results 
in mainly frictional resistance), C and S Factor po-
lymerisation effects, curing to depth when using du-
al-cured composite (all dual-cured composites have 
a higher polymerisation percentage when exposed to 
sufficient light) resulting in better overall physical 
properties, and material incompatibilities.

Fibre post restoration techniques require a meticu-
lous protocol and the clinician is urged to scour the 
literature, not only for the best fibre post available but 
also the best techniques for placement. Materials and 
techniques for fibre post restoration of endodonti-

cally treated teeth are continuously evolving, with the 
inevitable outcome of better clinical results for our 
patients._

Editorial note: A complete list of references is available 
from the publisher.
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Use of mineral trioxide 
aggregate in endodontic 
retro-filling
Author: Dr Fernanda Maria Klimpel, Brazil

Mineral trioxide aggregate (MTA) is an endo
dontic sealer that emerged on the market in 1998. 
Through proven scientific results it has became the 
true miracle of endodontics. An excellent sealing 
material, it provides setting expansion and integ
rity of the seal owing to low solubility, tissue bio
compatibility and high biological regeneration. 
The release of calcium ions provides antibacterial 
activity. Its radiopacity is excellent, and it can be 
used for thermal condensation owing to its melt
ing point of 150 °C. 

MTA also has good capacity for  adhesion to den
tine, making it resistant to the forces of displacement, 
and greater sealing power than other cements when 
tested to assess the quantity of bacterial infiltration. 
It is indicated for treatment of perforations in the  
furcation region, of internal resorption, and of root 
perforations via surgery when it is impossible to treat 
the perforation via the canal or treatment has been 
unsuccessful; for use in paraendodontic surgery as 
a retrofilling material; and for direct pulpal protec
tion, pulpotomy, apexogenesis and apexification. 

Fig. 1: Panoramic radiograph.

Fig. 2: Periapical radiograph of the 

apex showing the presence of a fistula.

Fig. 3: Periapical  radiograph of the 

endodontic retreatment.

Figs. 4 & 5: Instruments for 

endodontic retro-filling.

Fig. 1 Fig. 2

Fig. 4 Fig. 5

Fig. 3
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Literature review

MTA is a biocompatible material with numerous 
clinical applications in endodontics. It was first used 
experimentally by Lee and Monsef.1 However, ap
proval of its use in humans by the American Dental 
Federation was not granted until 1998.2

It is composed primarily of tricalcium silicate,  
tricalcium aluminate, tricalcium oxide and silicate 
oxide, as well as a small quantity of other mineral  
oxides and the ad dition of bismuth oxide, which is 
responsible for the material’s radiopacity. The prin
cipal molecules present in MTA are calcium and 
phosphorus ions, which are also the main compo
nents of dental  tissue, giving MTA excellent biocom
patibility when in contact with cells and tissue.3

MTA has been investigated as an alternative mate
rial in endodontics and can be used in retrofilling of 
root canals. Although the retrofilling material is very 
important, good sealing of the suitable apex is made 
for this purpose. According to Assis et al., many tech
niques and instruments have been recommended for 
carrying out apical preparations.4 

Both brands of MTA have been significantly evalu
ated and no other material has shown more progres
sive results.5 According to Pozza et al., the use of MTA 
in cavity walls, unlike other materials, achieves the 
best seal against infiltrations.6 Different materials 
have been used to seal the paths connecting the root 
canal and the paraendodontic tissue. However, none 

of them have achieved results as promising as those 
of MTA, and various studies have proven that MTA  
is the best on the market today.7  According to Leal, 
MTA cement has effective sealing capacity.8 

According to Bernabé et al., conventional endo
dontic treatment is not able to resolve some cases and 
paraendodontic surgery is  required to obtain a good 
result.9 The filling material used must not be toxic or 
mutagenic, and has to be biocompatible and insolu
ble. The material used in retrofilling distinguishes  
a good paraendo dontic surgery from a bad one. MTA 
achieves the best result specifically for sealing be
tween the tooth and external surface. 

Endodontic treatment has become more practical 
owing to the new methods and techniques, with the 
emergence of materials with excellent physical and 
biological properties. The literature deals with various 
materials used in retrofilling, but generally speaking 
these materials do not have all the requisite proper
ties to be able to remain in the cavity, such as 
 bio compatibility, radiopacity, insolubility in periapical 
fluids, easy compounding, nonstaining of the perira
dicular tissue, good adap tation and sealing capacity.10 
An ideal material to replace amalgam should offer ad
hesion, promote hermetic sealing, be biocompatible, 
be radiopaque, be easy to  compound and provide for 
an en vironment favourable for tissue  regeneration.11

According to Hellwig et al., paraendodontic sur
geries expose and remove dental apices, promote 
retro cavitations along the axis of the root canals, 

Fig. 6: Supra-periosteal anaesthesia.

Figs. 7 & 8: Detachment of the flap.

Fig. 9: Cutting of the root apex with a 

high-rotation drill.

Fig. 6

Fig. 8

Fig. 7

Fig. 9
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and retrofill them with materials that promote their 
sealing.11 Paraendodontic surgery is an excellent op
tion for conser vative treatment of teeth with chronic 
periapical lesions, and treatment by the conventional 
method is impractical in some cases.12

According to Jacobovitz et al., treatment of in
flammatory resorption must be directed at combat
ing endodontic infection.13 In certain cases, clinical 
resolution using conventional endodontic treat
ment can become unfeasible owing to the difficul
ties of performing instrumentation and adequate 
filling of the apical region. In these  situations, alter
native techniques for preparation of the root canal 
and filling may be necessary, in addition to the use of 
supplementary surgical treatment. Some cases may 
be treated with the use of a laser, but this does not 
change the pattern of microfiltration of retrofill
ings with MTA.14

Paraendodontic surgeries have various procedural 
methods that aim to resolve failures or accidents 
that occur in conventional endodontic treatment.15 
According to Girardi et al., apicectomy is a method of 
paraendodontic surgery that entails the separation 
of the apical portion from the root.16 

It is performed when there is no  regression of the 
apical lesion after the alternatives of conventional 
endodontic therapy have been exhausted in an at
tempt to eliminate the apical microorganisms and 
their toxic products. 

The use of a highquality retrofilling material is  
indispensable; if an inferior quality material is used,  
an increase in apical infiltration may occur, since the 
dentinal tubules are more exposed by certain cutting 
angles and permeability is hence increased, and this is 
important at the time of applying the filling material.17

According to Oliveira et al., in an apicectomy with 
retrofilling using MTA and monitoring after five years, 
it was observed that teeth with a persistent periapical 
fistula, after having undergone a suitable endodontic 
treatment, the surgical retreatment with retrofilling 
may be an efficient option in the resolution of the in
fection and repair of the periapical tissue.18

The literature confirms that MTA presents excellent 
physical, chemical and biological properties, which 
justify it as the material of choice in the treatment of 
radicular resorption. It is a material that, compared 
with other restorative materials, has less microleak
age and is capable of inducing the formation of min
eralised tissue, such as bone, dentine and cementum, 
owing to it reaching a pH plateau of around 12.5 in  
3 hours. According to Costa et al., who analysed the 
clinical  application of MTA in relation to radicular re
sorption, in cases in which radicular resorption is min
imal, the canal is filled with calcium hydroxide to 
stimulate the repair, closing the access cavity with 
zinc oxide and eugenol.19

Fig. 10: Mini-handpiece for 

preparation of the apex.

Fig. 11: MTA restorative material 

(liquid and powder).

Fig. 12: Compounded MTA.

Fig. 13: Removal of the extra 

pre-existing cones.

Fig. 14: Placement of the MTA 

 material.

Fig. 10

Fig. 11 Fig. 12

Fig. 13 Fig. 14
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Among the various advantages of MTA is minimal 
radiopacity, which has proven to be an important  
criterion and contributes to it being considered the 
best choice by the dental surgeon in relation to bio
materials to be used in paraendodontic surgery.20

According to Barros and Araújo Filho, MTA has 
been used suc cessfully in filling the apical space of 
the root canal. In addition to its  excellent sealing  
capacity, it is biocompatible with the peri radicular 
tissue, and induces the formation of cementoblasts 
and osteoblasts.21

Clinical case

This case illustrates the use of MTA for sealing the 
root perforation and the effectiveness of the retro 
filling material after apicectomy (additional surgery; 
Figs. 1–17). A 51yearold patient presented to the 
Universidade Tuiuti do Paraná dental clinic (Brazil) 
complaining about a gap in the gingiva above tooth 
#11, from which a large quantity of purulent dis
charge was draining. In the radiographic examina
tion, an extensive radiolucent area was found, indica
ting a fistula (periapical lesion) involving the peri apical 
region of the tooth in question.

During the endodontic treatment, the secretion 
into the tooth could not be controlled. Even 23 days 
after treatment, with changes to the intracanal 
medication, the  fistula returned and the exudate 
drainage via the canal persisted. Definitive sealing of 
the root perforation was then opted for, utilising 
MTA and continuing with changes of calcium hydrox
ide in the root canal. Owing to the persistence of the 
exudate via the canal, it was decided to perform end
odontic filling, followed by supplementary surgical 
treatment (apicectomy) with retrofilling with MTA, 
conserving the tooth structure as much as possible.

The surgery was performed under local anaesthetic 
with an infraorbital nerve block and supplementary 
infiltrative anaesthesia at the apex of the tooth, as well 
as a nasopalatine nerve block. The an aesthesia used 
was 3 % mepivacaine with 1:1,000,000 adrenaline.

The incision was made with a #15 scalpel blade 
and a flap was raised. The osteotomy was performed 
with a highrotation drill of the 700 series in order to 
gain access to the periapical region. The lesion was 
curetted with a short curette. An apicectomy was 
performed with the drill and 2 mm of the apex was 
removed. The cavity for retrofilling was prepared 
with a spherical drill under constant irrigation with 
saline solution, and then the retrofilling with MTA 
was performed. After condensation of the material 
in the cavity, the excess was removed with a peri
odontal curette. Finally, the flap was repositioned 
and then sutured. 

One 750 mg pill of acetaminophen every 6 hours 
for two days was prescribed. In the sevenday post
operative control period, the patient had no symp
toms incompatible with the surgery performed and 
the healing appeared normal. These circumstances 
held for the full monitoring period, over the course 
of a year, as the radiograph one year after treatment 
established new bone formation in the region, prov
ing the success of the case. At the end of the surgical 
treatment, the patient was referred for prosthetic 
treatment.

Conclusion

According to the methodology used in this case and 
considering its results, it can be concluded that the 
MTA material used was efficient in the formation of a 
new mineralised tissue barrier, completely sealing the 
apical portion of the canal._

The author would like to thank Prof. Luciano Loureiro de 
Melo for his advises and help with this article, and Prof. Yas-
mine Mendes Pupo for the photographs.

about 

Dr Fernanda Maria Klimpel
is working as a dentist in Brazil.

Fig. 15: Condensation of the MTA in 

the canal.

Fig. 16: Suturing with 4-0 silk thread.

Fig. 17: Final radiograph of the 

apicectomy.

Fig. 15 Fig. 16 Fig. 17
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“Find it, fix it,  
and leave it alone”1

Author: Prof. Philippe Sleiman, Lebanon

This three-part principle, though originating in  
the field of osteopathy, can find great application in 
modern endodontics, where we deal with routine root 
canal treatment, as well as with cases in which a pa-
tient is in a compromised state of health for which the 
solution may be a routine root canal treatment, and 
anything more than that would be overtreatment.

Initially, we need to find the problem, by analysing 
the clinical situation and identifying what is going 
wrong. This task is truly difficult. Making the correct 
diagnosis based on:
 ·  the patient’s account; here, we need to listen to our 

patient, to learn about his or her local problem, 
where it is located and what triggers it

Fig. 1 Fig. 2

Fig. 3 Fig. 4
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 · the patient’s history, that is overall health, any dis-
eases and/or conditions, systemic medication, etc.

 · the proper use of the appropriate diagnostic 
tools, including pulp testing, response to cold 
and hot, the bite test, radiographs and CBCT 
scans; additionally, the latest software can help 
us in reading and analysing the data that we have, 
including in 3-D—I recall the words of my radiol-
ogy professor, reminding us to study radiographs 
and be attentive to every small detail, not just 
look at them 

 · the logical connection between the patient’s ac-
count and history, the clinical findings and the im-
aging data—sometimes, putting the pieces of the 
puzzle together can be fast; sometimes, it may take 
longer. 

Once the diagnosis has been established, the choice 
of treatment modality and selection of the best tools 
to perform the treatment follow. At this stage, focus-
ing first and foremost on the patient’s health, it is im-
portant to choose the most effective and efficient 
treatment that would be as minimal as is practical and 
sufficient. The rest should be taken care of by Mother 
Nature.

Case presentation

Case 1
The first case that I would like to present was a re-

ferral patient. Sitting back in the chair, the patient 
started giving his account: over the previous six 
months, he had twice travelled to somewhere in Asia 
for surgery on his left-sided submandibular lymph 
nodes (Fig. 1), which had apparently been swollen. 
Each time, pathology tests were clear of any can-
cer-specific markers. CT scanning and conventional 
radiographic assessment were conducted, with no 
findings recorded.

Having shared this, the patient reported that he felt 
his lymph node becoming swollen again, and he was 
anxious about it. His account was taken very seriously. 
Additionally, he reported that two of his mandibular 
premolars were aching, since root canal treatments 
had been started at a different clinic, but the dentist 
had been unable to finish them. With the patient’s 
permission, a new CBCT scan was obtained, and I 
asked the patient to wait for an hour to give me time 
to study it. 

Judging by the general view first and then going 
into local details, I realised the two mandibular pre-
molars were indeed in need of endodontic retreat-
ment. However, knowing from clinical experience that 
premolars may have various clinical manifestations, I 
continued looking for other sources of potential 
problems, but without disregarding the premolars as 
the culprits (Fig. 2).

Fig. 5

Fig. 6 Fig. 7
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Analysing the CBCT sections, trying different fil-
ters and settings, looking at the mandibular molar 
with a large filling, and studying the bone around it, 
my eye caught something unusual. There was a small 
abscess migrating towards the internal angle of the 
mandible (Fig. 2) and creating an area of bone ero-
sion (Fig. 3). This could be the pathology causing the 
patient’s suffering, in addition to the two mandibu-
lar premolars. 

At this point, one might be happy with the diag-
nostic findings and race to treat the problems affect-
ing the mandibular dentition. However, still unsatis-
fied with the overall findings, I turned to analysing 
the maxilla, where I found that the second molar had 
internal decay and cervical internal resorption, cre-
ating an infection pathway into the maxillary sinus 
(Fig. 4). 

I explained the situation to the patient and pro-
posed retreating the two mandibular premolars, as 

well as conducting primary root canal treatment on 
the mandibular molar and the maxillary molar. The 
patient agreed, and the four treatments were per-
formed in one session, using the TF Adaptive system 
(Kerr) for shaping and EndoVac (Kerr) for chemical 
preparation according to the “A” sequence of irriga-
tion protocol,2 followed by 3-D obturation of the root 
canal system using the Elements Obturation Unit 
(Kerr; Fig. 5). Antibiotics were prescribed for the pa-
tient to help his body combat the submandibular in-
fection. Although I prescribe systemic antibacterial 
medication very rarely, I did so in this case because it 
was not clear what had happened with the lymph 
nodes and if they were still functional based on the 
immediate postoperative radiographs of the man-
dibular molar (Fig. 6) and the maxillary molar (Fig. 7). 
A minor postoperative reaction (moderate pain, no 
swelling) was observed and had completely resolved 
a week later. 

Case 2
The next clinical case is somewhat similar and 

involved an extra-oral sinus tract (Fig. 8). A mid-
dle-aged female patient was referred to the office 
with an extra-oral fistula in the posterior subman-
dibular area. According to the patient, she had had 
no pain or swelling and the fistula had appeared 
several weeks before she presented to the clinic. 

At first, she thought it was a skin problem, but 
then realised that there was pus draining and the 
opening was growing larger. Upon consulting 
with a dermatologist, who said the problem was 
most probably of dental origin, the patient con-
sulted her dentist, who had previously placed an 
implant for her. The dentist thought the infection 
was associated with her third molar and not the 
implant, and suggested extraction of the tooth. 
The patient wanted to retain the tooth and hence 
sought an endodontic consultation regarding 
this option. 

Fig. 8

Fig. 10

Fig. 9
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A new CBCT scan (i-CAT, Imaging Sciences Inter-
national; Fig. 9) confirmed that the third molar had 
an internal sinus tract, which had created the fistula. 
This could all be solved by root canal treatment on 
the molar, followed by a crown and follow-up treat-
ment, with a good prognosis for overall long-term 
success. The patient was happy to hear that and re-
quested treatment as soon as possible. 

The root canal was treated (Fig. 10), using the TF 
Adaptive system for shaping and EndoVac for chem-
ical preparation according to the “A” sequence of ir-
rigation protocol, followed by 3-D obturation of the 
root canal system using the Elements Obturation 
Unit (Fig. 5). Follow-up records were taken (Figs. 11 
& 12), with radiographic control to check for bone 
healing and external facial photographs to compare. 
The patient was extremely satisfied that her molar 
could be preserved. 

Conclusion

These clinical examples illustrate the importance 
of diagnosis as the main piece of the puzzle the im-
portance of “finding it”. Today, the state-of-the-art 
approach in endodontics requires the use of sophis-
ticated equipment and software to complement the 
expertise and experience of the operator. Only all this 
in concert allows us to put the pieces of the puzzle 
together. 

The patient’s subjective account can lead us or 
sometimes mislead us. We should keep in mind that 
most of our patients do not know how anatomy 
works or that pain can be referred from a distant area 
in the mouth. That is where the objective history and 
adequate analysis of the diagnostic and clinical find-
ings lead the way.

Fixing the problem requires the most biological 
approach to root canal treatment, putting our clini-

cal experience to work to provide the best treatment 
for our patients. Once we are sure we have done the 
best we can to eliminate all kinds of aggressive con-
ditions and disease, we need to let nature take care 
of the healing process._

The author would like to thank Yulia Vorobyeva Sleiman, 
interpreter and translator, for her help with this article.
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Using a dental dam

Only half of US dentists use 

recommended dental dam during 

root canal treatment

Alternative fi lling material

Scientists test new nanodiamond biomaterials for root canal therapy

New research conducted at the University of California, Los Angeles (UCLA) 
has demonstrated that using nanodiamonds to fortify gutta-percha, the pre-
dominant material used for obturation, could signifi cantly improve outcomes 
in patients. In the study, nanodiamonds showed considerable advantages 
compared with conventional gutta-percha, suggesting that nanodiamond-en-
hanced gutta-percha could be used as an alternative fi lling material in future 
endodontic therapy.

Gutta-percha is malleable, inert and biocompatible, and is the standard of 
care for endodontic treatment today. However, it has been associated with 
a number of shortcomings, including leakage, root canal reinfection and 
poor mechanical properties. In order to address these issues, researchers 
have developed and tested nanodiamond-reinforced gutta-percha as an 
alternative root fi lling material.
Nanodiamonds are particles formed as byproducts of diamond refi ning 
and mining, and have been widely explored for use in dentistry, cancer 
therapy, imaging, regenerative medicine, and other applications. 
In the current study, which used extracted human teeth, the enhanced 
material performed as effectively as conventional gutta-percha obturation 
material. In addition, the researchers observed that gutta-percha com-
bined with nanodiamonds loaded with amoxicillin, a broad-spectrum anti-
biotic used to combat infection, effectively prevented bacterial growth. 
During the next two years, the UCLA team plans to optimize the formula-
tion of the new nanodiamond material and begin clinical trials at the uni-
versity.

Editorial note: The study, titled "Nanodiamond–Gutta Percha Composite Bioma-
terials for Root Canal Therapy," was published online on Oct. 9 in the ACS Nano 
journal ahead of print.

Using a dental dam during root canal treatment is believed to enhance 
patient safety and optimize the chances of successful treatment. Howev-
er, a new study has found that only 47 per cent of US dentists always use 
a dental dam. It further revealed substantial variations in dental dam use 
and dentists’ differing attitudes towards it.
In the survey, conducted by the National Dental Practice-Based Research 
Network, 1,490 general dentists were asked about dental dam use using 
an anonymous questionnaire. It found that only 47 per cent of dentists 
always use a dental dam during root canal treatment, with an additional 
17 per cent reported using it 90–99 per cent of the time. 
Although using a dental dam during all root canal treatment is considered 
the standard of care in dental textbooks and the American Association of 
Endodontists recommending it, the survey found substantial variation in 
attitudes toward its use. 
Some dentists questioned whether the scientifi c evidence is strong 
enough to prove that dental dam use is the only way to improve the odds 
of successful treatment, while others reported that they use other ways 
that they feel are safe and effective to isolate the tooth being treated. 

"Beliefs that dental dam use is inconvenient, time-consuming, not effec-
tive, not easy to place or affected by patient factors were independently 
and signifi cantly associated with lower use of a dental dam," said Dr Gregg 
Gilbert, professor and chair of the Department of Clinical and Community 
Sciences at the University of Alabama (UAB) School of Dentistry. "These 
attitudes explain why there is substantial discordance between presumed 
standards of care and actual practice."
Generally, the results of the study call into question whether there is a 
common standard of care in this aspect of dental care, given that most 
general dentists are not following that standard.
However, dentists who were supporting the use of a dental dam in every 
case felt very strongly about it, the study found. They encouraged patients 
to become advocates of their own care by asking that a dental dam always 
be used during root canal treatment.
The National Dental Practice-Based Research Network, headquartered at 
the University of Alabama in Birmingham, is a national consortium of 
dental care providers and dental organizations that conduct studies to 
better inform clinical decision-making. Founded in 2002, the network 
includes about 4000 clinicians and 750 practices or clinics.

Editorial note: The results of the study, titled “Discordance between presumed 
standard of care and actual clinical practice: The example of rubber dam use 
during root canal treatment in the National Dental Practice-Based Research 
Network”, were published online on 9 December in the BMJ open journal.

A 3-D image of a tooth fi lled with nanodiamond-enhanced gutta-percha (left), and an indi-
vidual gutta-percha point. (Image: UCLA School of Dentistry)

news
Although using a dental dam during all root canal treatment is considered the standard of 
care, a new survey found substantial variation in attitudes toward its use. 

Photograph: Filip Obr/Shutterstock
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ultrasonic irrigation

New cordless Ultrasonic Activator signifi cantly improves debridement

imaging

 Detailed images without noise or artefacts with 

Planmeca’s endodontic imaging mode

Science has shown that irrigants are more effective when they are electro-me-
chanically activated. Acoustic streaming and cavitation of endodontic solutions 
has been shown to signifi cantly enhance cleansing of diffi cult anatomy.  Stud-
ies have shown that low frequency (Sonic) oscillation (160–190 Hz) was not 
suffi cient in creating acoustic streaming or cavitation within the canal space.
EndoUltra is the only cordless, compact, battery operated piezo ultrasonic 
(40 kHz) activation device. Only EndoUltra is capable of producing acoustic 
streaming and cavitation in small canal spaces, resulting in signifi cantly im-
proved debridement, disruption of biofi lm, improved penetration of irrigants into 
dentinal tubules, and the removal of vapor lock. Resulting in improved outcomes.
EndoUltra features unique 15/02 Activator Tips, which resonate along the en-
tire length of the tip and do not engage tooth structure. Activator tips feature 
depth markers at 18, 19, and 20 mm.

For over 20 years Vista Dental Products have been offering hundreds of top 
quality dental products, endodontic solutions, equipment, and accessories. 
The EndoUltra ultrasonic activator is another example of product innovation and 
Vista’s dedication to the industry.

Vista Dental Products
2200 South Street
Racine, WI 53404, USA
www.vista-dental.com

 Specifi cally designed for endodontic studies, Plan-
meca’s advanced endodontic imaging mode pro-
vides perfect visualisation of even the fi nest ana-
tomical details. It is available for all X-ray units 
belonging to the Planmeca ProMax 3D family and is 
ideal for endodontics, as well as other cases that 
require imaging of small anatomical details, such as 
imaging of the ear. The imaging programme pro-
duces extremely high-resolution images with a 
very small voxel size (only 75 µm).

The Planmeca AINO noise removal and Planmeca 
ARA artefact removal algorithms allow images to be 
noise- free and crystal-clear, while visualisation of 
segmented teeth and their roots is made straight-

forward and easy with the new Tooth Segmen-
tation tool. 

Planmeca ARA removes artefacts effi ciently
Metal restorations and root fi llings in the pa-
tient’s mouth present a challenge, as they can 
cause shadows and streaks in CBCT images. The 
intelligent Planmeca ARA Artefact Removal Algo-
rithm removes these artefacts effi ciently from 
Planmeca ProMax 3D images.

Planmeca AINO removes noise from 
CBCT images
A particularly low radiation dose or 
small voxel size can cause noise in 3-D 
X-ray images. The Planmeca AINO Adap-
tive Image Noise Optimiser is an intelli-
gent noise fi lter that reduces noise in 
CBCT images without losing valuable 
details. The fi lter improves image qual-
ity in the endodontic imaging mode, 
where noise is inherent due to the ex-
tremely small voxel size. It is also espe-
cially useful when using the Planmeca 

Ultra Low Dose protocol, where noise is induced by 
the particularly low dose. Planmeca AINO also al-
lows reducing exposure values and consequently 
the radiation dose in all other imaging modes.

 Effi cient tooth segmentation
The new version 4.2 of the Planmeca Romexis all-
in-one software platform introduces an intuitive 
and effi cient tool for segmenting a tooth and its root 
from a CBCT image. The guided process enables 
quick segmentation of a patient’s full dentition. 
Surface models of segmented teeth can be visual-
ised, measured and utilised in Planmeca Romexis, 
or exported to other systems as open STL fi les.

 Planmeca Oy
 Asentajankatu 6
00880 Helsinki
Finland
www.planmeca.com

products
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FKG Dentaire Middle East, Africa and India office 
welcomed 30 edodontists all the way from Poland and 
Greece for two days in Dubai. A combination between 
high-level endo-training and leisure as the attendees 
were invited by Magdalena Uhlmann, FKG Area Sales 
Manager Eastern Europe, Balkans and Scandinavia 

together with distributors Multidental-Med (Poland) 
and Dental Expert (Greece).

The Swiss manufacturer is famous for the develop-
ment and production of dental products for dentists, 
endodontists, and laboratories. Founded in from the 

Fig. 1: Group of endodontists from 

Poland and Greece at FKG Dubai 

Training Center.

Fig. 2: FKG Dubai Training Center is a 

fully equipped endo training facility. 

Fig. 3: Hands-on course at FKG Dubai 

Training Center.

FKG Dubai Training Center 
opens to Eastern European  
and Greek clients

| meetings FKG Training Center

Fig. 1

Fig. 2 Fig. 3
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Fig. 4: From left: Magdalena Uhlmann, 

Dr Andreas Krokidis and Dr Bartosz 

Cerkaski.

Fig. 5: Olivia Mulhauser – MEA and 

India Office Manager & Sales 

Assistant.

heart of the watchmaking industry in Switzerland, 
FKG has a reputation for top quality products which 
includes various international certifications. 

On 13th of January 2016, the regional MEA team led 
by Alexandre Mulhauser (Middle East, Africa and India 
Director) and Olivia Mulhauser (MEA and India Office 
Manager & Sales Assistant) hosted a group of 30 den-
tal professionals from Poland and Greece who were 
invited to a FKG dedicated and tailor-made event or-
ganised by Magdalena Uhlmann as well as Multiden-
tal-Med and Dental Expert.

The program of the delegation included two speaker 
presentations by Dr Andreas Krokidis who lectured  
as part 1 of the morning session on “I Race: From glide 
path to 3-D obturation in a predictable and safe way”. 
Dr Bartosz Cerkaski, Poland lectured the second part  
of the morning session on “NiTi Sequences selection 
strategies for safe and precise root canal preparation 

and obturation”. The afternoon session followed, with 
a hands-on course on the iRace, BT-Race and TotalFill 
BC Sealer provided by the expertise of both lecturers 
and clinicians, Dr Bartosz Cerkaski and Dr Andreas 
Krokidis. 

Finally, Thursday 14th of January 2016, concluded 
the 2-day endo-training, with a yacht trip out into the 
waters, organized by the FKG team as a thank you for 
participation to the two groups and lecturers._

contact 

FKG Dentaire SA
Crêt-du-Locle 4 
2304 La Chaux-de-Fonds 
Switzerland
info@fkg.ch 
www.fkg.ch 
www.facebook.com/FKGDentaire

FKG Training Center meetings |
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 Roots Summit 2016
 Premier global forum for endodontics 
takes place in Dubai

 This year’s ROOTS SUMMIT, which has drawn dental 
professionals to various locations all over the world in 
the past decade, will take place from Nov. 30 to Dec. 3 
at the Crowne Plaza Dubai hotel in the United Arab 
Emirates. Aimed at updating participants about the 
latest in endodontic treatment, an unparalleled series 
of lectures and workshops will be held by global opin-
ion leaders in the fi eld.

Although the meeting will focus exclusively on the 
latest techniques and technologies in endodontics, 
the organisers have strongly encouraged not only 
dentists specialising in the fi eld to  attend but all who 
have an interest in endodontics, including general den-
tists and manufacturers and suppliers of endodontic 
products. Overall, about 700 attendees are expected. 

Over the past 15 years, the ROOTS SUMMIT has 
grown signifi cantly. The community originally started 
as a mailing list of a large group of endodontic enthu-

siasts in the 1990s. After the establishment of a 
dedicated Facebook group three years ago, mem-
bership increased from 1,000 to more than 20,000. 
Today, the group is composed of members from over 
100 countries. 

Previous ROOTS SUMMITS have been held in Can-
ada, the US,  Mexico, Spain, the Netherlands, Brazil 
and last year in India. These meetings have been 
known for the strength of their scientifi c  programs 
and their relevancy to clinical practice. The lectures, 
workshops and hands-on courses scheduled for 
this year’s meeting will be no exception. More than 
15 distinguished experts are presenting during the 
conference. 

For the summit in Dubai, the  organisers have part-
nered with Dental Tribune International (DTI) and the 
Dubai-based Centre for  Advanced Professional Prac-
tices (CAPP) for the fi rst time. With its  inter national 
network, composed of the leading publishers in den-
tistry, DTI reaches more than 650,000 dental profes-
sionals in 90 countries through its print,  online and 
educational channels, as well as a number of special 
events. 

Over the past decade, CAPP has been able to es-
tablish fi rst-class standards for continuing dental 
 education programs not only in the UAE but also 
across the Middle East. Since 2012, CAPP has been 
affi liated with DTI as a strong local partner in the 
Middle East.

Based on the successes of pre vious ROOTS 
SUMMITS, the organisers anticipate a large turnout 
for this year’s meeting. Various sponsorship oppor-
tunities are available, including booth space, as well 
as sponsorships of workshops, hands-on courses, 
meeting bags and social events.

Online registration for the ROOTS SUMMIT is now 
open at www.roots-summit.com.  Dental profession-
als are also invited to join the ROOTS Facebook group 
and like the ROOTS SUMMIT 2016 Facebook page._
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| meetings  Nobel Biocare Global Symposium

 World-class speakers, hands-on instruction, master 
classes, forums and social networking opportunities, 
all in the heart of one of the greatest cities in the 
world. Between June 23 and 26, the fabled Waldorf 
Astoria in Manhattan will be hosting the Nobel Bio-
care Global Symposium  under the banner “Where in-
novation comes to life.”

Four days of learning 

The symposium’s four-day program will be based on 
three main themes: refi ning and enhancing treatment, 
digital dentistry and achieving clinical excellence in 
challenging situations. Each theme has a complete 
schedule of its own, including lectures, master classes 
and practical sessions. Should attendees choose to fol-
low only one theme, the symposium schedule allows 
them to be a part of every related session.

If, on the other hand, delegates would like to pick 
and choose between the different themes and attend 
individual sessions of special interest in several (or all) 
of the themes, Nobel Biocare gives them the opportu-
nity to design their own learning program.

In addition to a theme-related agenda intertwined 
with independent study opportunities, the company 
is arranging a compelling array of forums, including 
an innovation assembly and a full-day compromised 
patient forum. Other forums will cover the company’s 
Partnering for Life program, through which Nobel 
Biocare helps dental professionals achieve their goals, 
the All-on-4® treatment concept and the dental lab-
oratory workfl ow. A new generation of dental profes-
sionals will also have their own platform at the event’s 
NEXT GEN forum. 

Getting to know each other

After a busy fi rst day of lectures, master classes 
and hands-on sessions, a welcome cocktail on June 
23 will provide the perfect opportunity to unwind 
and network with colleagues from around the world. 
Attendees will be able to raise a glass, enjoy some 
food and see a display of innovative Nobel  Biocare 
products in the beautiful, historical setting of the 
Waldorf Astoria.

On the evening of June 24, Nobel Biocare will be 
hosting the symposium’s reception off-site at an 
 exciting venue, yet to be revealed. It is set to be an eve-
ning to remember with an inspiring blend of diversion 
and education.

By popular demand

The Scientifi c Chairmen for the Nobel Biocare 
Global Symposium are Drs Peter Wöhrle (USA) and 
Bertil Friberg (Sweden). They recently announced 
that—for the fi rst time at a Nobel Biocare dental 
event—registered attendees will be able to have a 
 direct impact on the program by voting for various 
topics and speakers on the event’s website. The  results 
will be revealed a few weeks before the  symposium. 

With world-class lecturers and thousands of dental 
professionals from around the world exploring the 
future of dental implants together, the 2016 Nobel 
Biocare Global Symposium promises to be an incom-
parable experience for everyone involved. 

Registration for the symposium is open at: 
www.nobelbiocare.com/global-symposium-2016_

contact 

 Nobel Biocare
 Balsberg
Balz-Zimmermann-Str. 7
8302 Kloten
Switzerland

 Where innovation 
comes to life

 New York © inigocia
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2016
AAE 2016— 
American Association of Endodontists
6–9 April 2016
San Francisco, USA
www.aae.org

ENDOPOINT 2016
18–21 April 2016
Moscow, Russia
www.endopoint.com/en/

International Congress of the  
Croatian Endodontic Society
22–23 April 2016
Zagreb, Croatia
www.hed-endo.hr

10th World Endodontic Congress
3–6 June 2016
Cape Town, Republic of South Africa
www.ifeaendo.org

19th World Congress on Dental Traumatology 
and the 5th Trans-Tasman Endodontic  
Conference (WCDT2016) 
11–13 August 2016
Brisbane, Australia
www.wcdt2016.com

SkandEndo 2016
25–27 August 2016
Copenhagen, Denmark
www.skandendo.com

Italian Academy of Endodontics (AIE)—  
24th National Congress
6–8 October 2016
Pisa, Italy
www.accademiaitalianaendodonzia.it

3rd PanDental Society Conference 2016
11–12 November 2016 
Birmingham, United Kingdom
www.pandental.co.uk

German Society of Endodontology and  
Traumatology (DGET) Annual Meeting
17–19 November 2016 
Frankfurt/Main, Germany

ROOTS SUMMIT
30 November–3 December 2016
Dubai, UAE
www.roots-summit.com

4th International Congress of the Austrian 
Society of Endodontology
2–3 December 2016
Vienna, Austria
www.oegendo.at

| meetings events

International Events

Red Square in Moscow. Photo: © mikolajn / Shutterstock.com 
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submission guidelines:
Please note that all the textual components of your submission 
must be combined into one MS Word document. Please do not 
 submit multiple files for each of these items:

 · the complete article;
 · all the image (tables, charts, photographs, etc.) captions;
 · the complete list of sources consulted; and
 · the author or contact information (biographical sketch, 

mailing address, e-mail address, etc.).

In addition, images must not be embedded into the MS Word 
 document. All images must be submitted separately, and details 
about such submission follow below under image requirements.

Text length
Article lengths can vary greatly—from 1,500 to 5,500 words— 
depending on the subject matter. Our approach is that if you 
need more or less words to do the topic justice, then please make 
the article as long or as short as necessary.

We can run an unusually long article in multiple parts, but this 
usually entails a topic for which each part can stand alone be-
cause it contains so much information.

In short, we do not want to limit you in terms of article length, 
so please use the word count above as a general guideline and if 
you have specific questions, please do not hesitate to contact us.

Text formatting
We also ask that you forego any special formatting beyond the 
use of italics and boldface. If you would like to emphasise certain 
words within the text, please only use italics (do not use underli-
ning or a larger font size). Boldface is reserved for article headers. 
Please do not use underlining.

Please use single spacing and make sure that the text is left  jus    - 
tified. Please do not centre text on the page. Do not indent para-
graphs, rather place a blank line between paragraphs. Please do 
not add tab stops.

Should you require a special layout, please let the word processing 
programme you are using help you do this formatting automati-
cally. Similarly, should you need to make a list, or add footnotes  
or endnotes, please let the word processing programme do it for 
you automatically. There are menus in every programme that will 
enable you to do so. The fact is that no matter how carefully done, 
errors can creep in when you try to number footnotes yourself.

Any formatting contrary to stated above will require us to remove 
such formatting before layout, which is very time-consuming. 
Please consider this when formatting your document.

Image requirements
Please number images consecutively throughout the article  
by using a new number for each image. If it is imperative that 
certain images are grouped together, then use lowercase letters 
to designate these in a group (for example, 2a, 2b, 2c).

Please place image references in your article wherever they  
are appropriate, whether in the middle or at the end of a sentence. 
If you do not directly refer to the image, place the reference  
at the end of the sentence to which it relates enclosed within 
brackets and before the period.

In addition, please note:

 · We require images in TIF or JPEG format.
 · These images must be no smaller than 6 x 6 cm in size at 300 DPI.
 · These image files must be no smaller than 80 KB in size (or they 

will print the size of a postage stamp!).

Larger image files are always better, and those approximately   
the size of 1 MB are best. Thus, do not size large image files down  
to meet our requirements but send us the largest files available. 
(The larger the starting image is in terms of bytes, the more lee-
way the designer has for resizing the image in order to fill up more 
space should there be room available.)

Also, please remember that images must not be embedded into 
the body of the article submitted. Images must be submitted 
 separately to the textual submission.

You may submit images via e-mail, via our FTP server or post  
a CD containing your images directly to us (please contact us 
for the mailing address, as this will depend upon the country 
from which you will be mailing).

Please also send us a head shot of yourself that is in accordance 
with the requirements stated above so that it can be printed 
with your article.

Abstracts
An abstract of your article is not required.

Author or contact information
The author’s contact information and a head shot of the author 
are included at the end of every article. Please note the exact 
 information you would like to appear in this section and for-
mat it according to the requirements stated above. A short 
 biographical sketch may precede the contact information  
if you provide us with the necessary information (60 words  
or less).

Questions?
Magda Wojtkiewicz (Managing Editor)
m.wojtkiewicz@dental-tribune.com
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An experience beyond the ordinary

The Nobel Biocare Global Symposium 2016 program will 
offer unparalleled clinical and scientific education, as well 
as in-depth hands-on training. Held at the Waldorf Astoria 
in New York, it’s a unique opportunity to experience how 
innovation can come to life in your daily work.

Design your own learning experience

Choose from numerous lectures, forums, master classes 
and hands-on sessions – from over 150 of the best speakers 
and presenters in the world. This must-attend event will 
cover a vast variety of techniques and treatment solutions, 
from diagnosis to treatment completion. Don’t miss this 
opportunity. Sign up now and we’ll see you in New York!

Where innovation comes to life

Register
now

Read more about the Symposium
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