
http://www.davidguex.comPUBLICATION

Advanced technologies in endodontics : 
the winning association of the operative microscope 
and the Erbium:YAG laser

March 2015

Dr David Guex

General practitioner in Villié-Morgon (France) since 1999

Exclusive endodontist in Bron (France) since 2009

University degree in anatomy and cranio-cervico-facial 
dissection of the Faculty of Medicine of Paris

http://www.davidguex.com


2Advanced technologies in endodontics (Dr David Guex)

http://www.davidguex.comPUBLICATION

There is nothing more frustrating in endodontics than the 
cleaning and disinfection protocols, and finally having a tooth 
that does not react to our treatment.an asymptomatic tooth 
becomes painful, or the pathology does not disappear, etc. 
Why, what about it, why it did not worked out?

These are the articles that will help us 
understand

First of all we must take into account the complexity of the ana-
tomy of the root canal system. This was described by Dr. Wal-
ter Hess, the famous plates of Hess[1]. These drawings made 
out if chinese ink in 1917 show all the complexity of the root 
canal system: isthmus, handles, lateral canals... By seeing his 
drawings every Dental Surgeon understand the interest of kee-
ping teeth alive, but sometimes this is not possible.

When we need to perform biopulpectomy or retreatment, the 
surgical microscope provides us with a lot of help. We work 
with the spine straight, see our canal orifices because they 
are illuminated by the light of the microscope and because its 
optics grow big these orifices. Canal orifices not visible to the 
human eye become reachable with tools. The most important 
example is the «fourth canal» of the first maxillary molar. This 
fourth canal is present in almost 100% of the cases.

In correlation with Hess’s plates, we can link the Peters[2] article: 
«on the maxillary molars, whatever the technique used, more 
than 35% of the ductal surfaces remain un-instrumented.» it is 
enormous. But what we definitly must integrate on anatomy 
are not only the canals and their branches, but especially the 
opinion that Scanning Electron Microscopy carries on the canal 
walls: the dentinal tubuli. Their number is gigantic.
Dental tubules have enough space to welcome bacteria[3]. The 
anatomical challenge becomes major.

But what happens when the anatomy is 
contaminated with bacteria?

In a first step, the bacteria progress by DIVISION rather than 
by displacement[4]. This means that in order to reach the apex, 
their number must increase. We find at the apex these are the 
most pathogenic bacteria[5]. Because of course, when we give 
them time, the bacteria will organize themselves into a biofilm. 
A biofilm consists of about 15% bacteria and 85% matrix[6]. 
The endodontic flora contains more than 500 species[7], and 
this biofilm becomes 1000 to 2000 times more resistant to 

antiseptic solutions[7].for example the necessary concentra-
tion of antibiotic to kill bacterial strains in a biofilm is 250 times 
greater than for bacterial
strains with planktonic growth[8].

Thus, the conjunction between endodontic anatomy is the 
degree of bacterial contamination shows that we will have to 
irrigation energy AND for destructuring the bacterial biofilm 
AND for diffusing our products into the dentinal tubules. The 
disinfecting solution of choice is sodium hypochlorite having a 
concentration between 2.5 and 6%. It has a broad spectrum 
against bacteria, spores, yeasts, viruses[9], and it dissolves 
tissues thanks to its ability to oxidize and hydrolyze cellular 
proteins[10].

The first means of diffusing sodium hypochlorite into peri-apex 
is the instrumentation of the canal.this allows us to create a 
space to transport the irrigant and to cut the contaminated 
dentine[11].

However, by instrumenting a channel, we create an endoge-
nous substance: the smear layer. It contains organic and inor-
ganic substances composed of micro-organisms and necrotic 
debris[12]. This layer of smear layer may be packed from the 
inside of the dentinal tubules up to 40 µm deep[13]. The smear 
layer may be infected and can protect the bacteria present 
inside the dentinal tubules by preventing effective action of 
duct disinfectants[14] [15].  

Mineralization of the 36 and its root canalization. (c) David Guex
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Therefore we must use the DTA at 17% in order to dissolve the 
mineral part thanks to its chelating action[16].

Already in 1943, Grossman defined a specification on the 
general principles of endodontic irrigation[17]. For an efficient 
irrigation, the used solutions have to allow a canal «wash» by 
an antiseptic action, by eliminating microorganisms, by elimi-
nating dentinal chips, by allowing a file lubrification, not being 
agressive for the peri-apex.

However, all studies clearly show that it is not possible to ste-
rilize an infected root canal system because the apical area 
represents the limit of irrigation efficiency[18]  [19]. O’Connell et 
al. in 2004 (quoted by Gu) show that irrigation is only effective 
in the first two thirds of the canal. And two studies show that 
even if a needle is brought to LT-1, the smear layer remains at 
the apical level[20]. So we understand that despite our efforts 
to irrigate a canal, irrigants can not always go to the apex.the 
reason is simple: the presence of the air column in the canal[21]. 
This air column prevents the irrigant from going further than 
the tip of the irrigation needle[22].

Thus, in order to increase the efficiency of the irrigation solu-
tions and their surface of action, an activation of these irriga-
tion solutions[23] is recommended.

The first activation technique, one of the most effective and 
cheapest, is dynamic manual agitation. It consists in using a 
cone of gutta percha adjusted to the apical foramen, and to 
perform vertical movements of back and forth. These cause a 
hydrodynamic effect which greatly improves the displacement 
and therefore the efficiency of the irrigation solutions[24].

The second most widely used activation technique in dental 
surgeries and the use of ultrasound. Ultrasound is a vibratory 
energy generating acoustic waves with fluid motion[25]. But it is 
important to note that if the file comes into contact with the 
canal wall father, this cavitation phenomenon is canceled, since 
the waves are lost in the dentin walls[26]. However, ultrasonic 
studies are contradictory.it emerges that ultrasound is effec-
tive in the first two thirds of the radicle[27].

So how do we go beyond the limits of these activation methods? 
It is necessary to transmit to the irrigation solutions an energy 
which favors its global agitation by diffusing in the irrigators 
with the least possible constraints.

Thinking of ENERGY, we can think of lasers. A laser has the 
particularity of emitting an intense light wave in the very 
determined direction, frequency and manner. It is a so-called 
coherent light, contrary to, for example, that emitted by a fila-
ment bulb which emits numerous zones of frequencies and 
various phases and this in all directions.

Hirono Takeda in 1998 showed that in endodontics, the most 
efficient laser is the Erbium:YAG laser for the removal of debris 

and the smear layer[28]. Because this column of air that keeps 
us from spreading irrigants and will become an asset for the 
Erbium:YAG laser. Activation of the erbium laser in an aqueous 
environment generates large bubbles that magnify and then 
explode. This expansion causes a high pressure in the fluids[29].

The use of the Erbium:YAG laser on 6.25% sodium hypochlorite 
shows a bacterial reduction close to 100% on teeth contami-
nated with Enterococcus faecalis[30], whether on canal walls or 
tubuli 100 to 200 μm[30].

Moreover, whatever the technique used (irrigation syringe, 
ultrasound), the use of Erbium:YAG significantly increases 
the cleaning of the infected dentin[31].When we look under a 
microscope a laser tips Er:YAG, in a static position, located 2 
or 3 millimeters from the entrance of the mesio lingual canal 
of the first mandibular molar, and as soon as we activate the 
irrigation solutions, it is frequent to observe debris coming out 
of the mesio vestibular canal; even though the two canals are 
anatomically independent. We can deduce that the energy dif-
fused in the liquids is so deep inside that the debris have been 
pushed out of the isthmus connecting the mesio lingual and 
mesio vestibular canal.

We have a simple way of verifying the veracity of this bibliogra-
phy; to carry out tests on resin blocks, replicas of resin teeth 
(True Tooth) or on natural teeth made transparent according 
to the method of Augusto Malentacca. But regardless of the 
model used, it will be important that the apex be sealed with 
adhesive or resin to recreate the sealing conditions of the peri-
apex.

In conclusion in our endodontic activity, the combination of the 
operating microscope with the Erbium:YAG laser represents a 
technological advance that can help us to be more efficient in 
our exercise.

Maxillary transparent molar by Professor Hess
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