
http://www.davidguex.comPUBLICATION

The photo acoustic effect in endodontics

January 2016

Dr David Guex

Dr Jean-Yves Cochet

Exclusive endodontist

Former university assistant in the hospital Paris 7

Visiting professor in the Nova Southeastern University 
of Florida, United States

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


2The photo acoustic effect in endodontics (Dr David Guex - Dr Jean-Yves Cochet)

http://www.davidguex.comPUBLICATION

Various studies show the bacterial potential to survive in a 
disinfected, cleaned and filled in a tight manner. Figdor and 
al.[1] have shown that Enterococcus faecalis has the ability to 
survive in no nutrient environment and prosper when the 
source of nutritional element is restored. In an ex-vivo study, 
Sedgley and al.[2] have shown that enterococcus faecalis is able 
to recover from the state of prolonged famine (starvation) even 
sequestered in treated root canals, inoculated in the canals, in 
the absence of nutrient it still vital for 12 months and keeps its 
pathogenic potential.

Thus, the viable enterococcus faecalis at the time of the filling 
can provide in the long term a nest for a subsequent infection. 
In this context the variety of available files in the marketplace 
to activate the irrigation solutions shows that despite our best 
efforts we obviously do not have the desired results. Perhaps 
the word energy might be complementary called disinfection 
to become an indispensable synergy.

The heated hypochlorite is more efficient because the provi-
ded energy in the form of heat potentiates its effectiveness, 
just bringing energy to the irrigation solutions will allow:

• To vehicle them to the apex
• To diffuse them in the accessory canals.
• To make them more fluid
• To make them more active

As soon as a rotary file goes to the apex it creates 2 effects, a 
positive (beneficial) and the second a negative. The beneficial 
in fact is to a section of the contaminated dentin by bacteria 
via dentinal tubulars over several microns. The absence of that 
contaminated dentin will optimize the filling by a better adap-
tation. The negative effect is that any instrumental penetration 
causes a passage of air and a compression of this air in a closed 
system by the periodontal tissues if we have a vital tooth, or 
inflammatory, granulomatous even cystic if the tooth is necro-
tic. At this stage the air has fully penetrated into the canal and 
it will prevent the irrigants from diffusing to the apical area, the 
air cap is in place, it’s the physical effect: ”Vapor Lock”.

The first records on the gas trapping effects or air in closed 
system were realized by Deutsch[3], from a theoretical point 
of view and Pesse and al.[4] from an experimental version. The 
irrigation solution delivered to the syringe without wedging 
the needle into the canal does not go further the tip of the 

needle, because of the presence of the air column[5] of which 
surprisingly, one rediscovers the importance today[6]. Since 
then many articles have described the effect of vapor lock in 
the canals and in one side closed tubes, by suggesting that due 
to the atmospheric pressure when an irritant is introduced 
inside the solution is prevented from reaching the end[7]. The 
physical parameters affecting the air trapped in the canal is the 
angle contact of the liquid and the walls angle of the canal[8]. 
For example a canal with wall angle having a closed angle does 
not allow the irrigation fluid to discharge the entrapped air. A 
possible way to get rid of the initial bubbles is the use of a 
permeability file, since the results of this study[9] showed that 
maintaining apical permeability in wide canals leads to signi-
ficantly minimize the presence of gas bubbles in the middle 
thirds and cervical. But this study is about the wide canals, then 
what happens with the narrow ones?

By making test on transparent teeth according the Augusto 
Malentacca technique, the solutions diffuse very poorly 
towards the apex. As soon as we irrigate an instrumented 
canal, there is always an air bubble in the apical area. Thanks to 
the use of the permeability file between each manual or rotary 
file, we manage to move it, but it’s impossible to get rid of it 
(eliminate it)[9].

Unfortunately to the exclusion of a few monoradiculates teeth, 
we are dealing with a complex root cana system. This endodon-
tic anatomy has been demonstrated in 1925 by the W. Hess 
boards made out of Chinese ink[10]. Peters[11] shows that « on 
the maxillary  molar, whatever technique used more than 35% 
of the ductal surfaces remain not instrumented «.This physical 
and anatomical  problem is complicated by the bacterial colo-
nization of this labyrinthine canal system.

In the first stage the bacteria progress by divisions rather by 
displacement[12]. It means that in order to reach the apex, the 
number must increase. And what we find at the apex are the 
most pathogenic bacteria[13]. Thus, the conjunction between 
endodontic anatomy and the degree of bacterial contami-
nation shows (reveals) that we will need an irrigation energy 
and for destructuring the bacterial biofilm and for diffusing 
our products into the dentinal tubules. And the more bacteria 
have been in place for a long time, the more resistant they are 
thanks to a protective system: the bacteria biofilm. Because 
obviously we’ll give them time, bacteria will organize into a 
biofilm. A biofilm is constituted approximately by a volume of 

The age old problem of the ductal system disinfection is still 
on the table. The colonization of the root canal system is not 
without negligible effects, both in terms of its well-known 
induced diseases than immediate tissue destruction osseous 
and periodontal.
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15% bacteria and 85% Matrix[14]. The endodontic flora includes 
more than 500 species and this biofilm becomes 1000 to 2000 
times more resistant to antiseptic solutions[15]. For example the 
necessary concentration of antibiotics to kill strain in a biofilm 
is 250 times more important than a planktonic growth bacte-
rial strain[16]. The conclusion of this study shows that our major 
problem is the weak contact of irrigation solutions on the den-
tinal walls in the apical area, the all thing correlated to 2 major 
problems.

1. The most pathogenic bacteria are located in the last apical 
millimeters[13].

2. The bacteria are both located along the walls but also inside 
the dentinal tubules in-depths ranging from 300 to 1500 
um[17].

When we talked about transmitted energy to irrigation solu-
tions, we can think of the energy delivered by different systems, 
including lasers. There are several different lasers but actually 
a bundle of studies focuses on the use of the Erbium:YAG laser. 
Indeed from Hirono Takeda showed that in endodontics the 
most efficient laser was the Erbium:YAG laser for the removal 
of debris and smear layer[18]. How can we explain these results?

Fig. 1: Water plasma (by courtesy Syneron)

When we plunge the fiber contained in the pulp chamber 
and press the pedal of the machine, the chamber generates 
a series of excited photons at a precise wavelength 2940 
nm. The molecules intrinsically have absorption curves and it 
shows that this 2940 nm wavelength is maximally absorbed (= 
absorption peak) by water and hydroxy apatite. When 2940 nm 
excited photons encounter a water molecule this water mole-
cule will be sublimated. The Erbium:YAG laser works by the 
implosion of the molecules of water, this sublimation of water 
is called plasma (Fig. 1).

Water plasma corresponds to the fourth element constituting 
the universe, the three others being liquid, gaseous and solid 
elements. Our sun is a plasma. Actually plasma doesn’t come 
out of the end of the tip, plasma is a transformation of matter 
by photonic energy. There are different plasmas: water plasma, 
dentin plasma and blood plasma, it all depends of the first mat-
ter touched by the photons. This water in the pulp chamber has 
a temperature higher than 1500 degrees but only over a very 

short period of time: 30 microseconds. It’s photons absorption 
(excited at 2940 µm) in water, which generates a thermic state. 
But it is Erbium:YAG laser which generates the less therm com-
pared to other lasers. As a matter of fact, the longer the length 
of photons is high and the lower the photons are energetic.

Let’s recap, we insert the tip into the water the water is subli-
mated in plasma at 1500 degrees, the plasma being in the 
water and boiling at 1500 degrees, the water turns into steam 
and creates a bubble: a bubble of vapor, this bubble grows 
big and consequently increases the liquid pressure of the pulp 
chamber. Some bubbles are amalgamated to each other to 
form larger ones, then they go down in the liquid and conse-
quently in the main canal (Fig. 2).

Fig. 2 Fig. 3

Laser activation and aqueous environment generates large 
bubbles that magnify and then explode. This expansion causes 
higher pressure in the fluids: it’ s the cavitation effect[19].

The increase of the intraliquidian pressure is manifested by 
a visible phenomenon. The Venturi effect. The Venturi effect 
(from the name of the Italian physicist Giovanni Battista Ven-
turi) is the given name to a phenomenon called fluid dynamics 
where gaseous or liquid particulars are accelerated due to a 
narrowing of their circulation area. The farther the tip is from 
the root canal entry, the more efficient this acceleration is.

Just outside the end of the tip the irradiation energy of the 
Erbium:YAG is almost absorbed in water to a depth of 10 µm. 
The water is immediately heated to a boiling temperature and 
transformed into steam in one microsecond. This bubble of 
water begins to expand and form a vacuum at the end of the 
tip. Since the vapor bubble expands to its expansion capacities, 
we believe that the continuous last  emission passes through 
the vacuum and evaporates the surface of the water at the 
boundary of this bubble of water[20] [21]. This is what we call the 
Moses effect[22]. But this vapour bubble cannot extend to infi-
nity (forever) because the external pressure of the liquid exerts 
a contrary force to this expansion. When the bubble is at its 
maximum diameter, the external liquid pressure  regain the 
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top and collapses this bubble. When the irradiation stops, the 
bubble of vapor begins to shrink. The water surrounding the 
vapor bubble sinks strongly inside this bubble of vapor which 
decompresses. At the time of these violent collapse supersonic 
velocity waves (shock waves) are generated at the very begin-
ning, then pressure waves at sound speed (acoustic waves) are 
generated  secondly (Fig. 3)[23].

The shock waves are also called blast. Blast is a military term 
designating an explosion causing a suppression wave. This 
shock wave in the air strikes the person and causes a shock 
wave in his body(refraction): this internal shock wave can cause 
internal damage with delayed effects. More however a shock 
wave generated in water is more devastating than in the air, 
because water is incompressible.

During the collapse of the bubbles due to the interaction 
between the bubbles and their substrate and the interaction of 
the bubbles without their substrate,  a jet of high speed liquid 
is formed[24] [25]. These shockwaves and the movement (acoustic 
streaming) result in a high shear stress acting on the wall of 
the root canal. This eliminates debris and plays a key role in an 
increased cleaning efficiency[24]. After the first large vapor wave 
disappearance, abruptly the shock wave changes  and largely 
modifies the water pressure around the tip of the laser, resul-
ting in the nucleation of a number of new cavitation bubbles. 
This phenomenon is generally called the rebound effect[26] [27].

Conclusion

The very rapid formation of plasma creates the shockwave 
and the shockwave is more violent in the water than in the air 
because the air is incompressible. The shock waves increase 
the intracanal pressure and thus promotes a better removal 
of dentinal debris  . This physical observation  is validated by 
various clinical in vitro studies, the one from Tokeda mentioned 
above and the latest studies of Drs Stabholtz and Sahar (Figs. 
4 and 5)[28]. But if this cleaning is very efficient in the main and 
accessory canals what about the intratubular cleaning?

The cavitation effect : Gordon et al.[29] found that the cavitation 
effect allowed expansion and collapse of the intratubular water 
as deep as 1000 μm or more. But what about the effect of 
these shock waves on bacteria?

The aspiration of this intratubular water allows us to aspirate 
the bacteria presence in the dentinal tubules. The wavelength 
of 2940 nm is absorbed in the water of the bacterial cytoplasm, 
this generates an increase in the intra bacterial pressure, 
causing the bacterial lipid membrane to rupture. This micro-
pulse induced by absorption has been able to produce strong 
enough acoustic waves to disrupt and destroy intratubular 
bacteria (Fig. 6).
These results are significant as bacteria have been identified at 

depths of 1000 µm (Kouchi and al.[30] and at depths of 800 µm 
for E. Faecalis (Fig. 7)).

 Fig. 5 (by courtesy of 
Dr Sharonit Sahar) 

 Fig. 6: Elimination 
of intracanal 
bacteria after 
sodium hypochlorite 
activation by the 
Erbium YAG laser (by 
courtesy of Dr Tomov) 

 Fig. 4: Smear layer 
(by courtesy of Dr 
Sharonit Sahar) 

 Fig. 7: intratubular 
bacterial 
contamination 
(by courtesy of 
Dr Haapasalo) 
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Clinical application of the laser in endodontics

Fig. A: The energy is transported 
in the last apical areas and will 
ensure the cleaning of the lateral 
canals. (c) David Guex

Fig. B: The apical structures are 
removed from necrotic tissues 
and the filling  of this complex 
areas beyond the instrumented 
areas that can be performed. (c) 
David Guex

Fig. C: The compaction of hot 
gutta ensures the filling of the 
apical isthmuses. (by courtesy of 
Jean-Yves Cochet)

Fig. D: Endal and al.[38] have 
emphasised the difficulties of 
non instrumented areas and 
isthmuses. Here isthmus and 
lateral canals cleaning under 
«laser - irrigation» synergy is 
perfectly  superimposed on this 
study. (by courtesy of Jean-Yves 
Cochet)

Fig. E: Activations allows the 
cleaning of non instrumented 
areas and surprisingly the 
debridment and filling  of canals 
that had not been found. (by 
courtesy of Drs Jean-Yves Cochet  
and David Guex)

Hypochlorite action

We use sodium hypochlorite for its bactericidal 
action, the advantage derived from hypochlorite 
are multiple:

• The hypochlorite is disinfectant.
• The shock waves allow to diffuse it.
• The creation of a water plasma generates 

singled and tripled oxygen: these are very 
reactive molecules, this allows to hyper oxyge-
nate the hypoclorite and to propel it.

• By heating hypochlorite, we make it more 
active. Some studies show that when we 
activate the Erbium:YAG laser with sodium 
hypochlorite at 25 degrees in the pulp cham-
ber, the hypochlorite temperature in the third 
apical can reach 40 degrees in 20 seconds 
activation[37].

Different studies converge to show that the 
Erbium:YAG laser is superior to other conventio-
nal techniques or to activate irrigation solutions:

• The dissolution of the pulp tissue is much fas-
ter[31] [32].

• There are more eliminated dentinal debris, 
thus a better cleaning[33].

• Better efficiency for the elimination of tem-
porary intracanal medication such as calcium 
hydroxide[34].

• The laser has a powerful action on the 
hypochlorite activation[35].

• Better elimination of ductal and intratubular 
bacteria[36].

Conclusion

Long decried and controversial, the laser gra-
dually  takes its place in endodontics and 
especially the Erbium:YAG which meets of the 
requirements and irrigation objectives of the 
endodontic disinfection, canal system, isthmus 
and dentinal tubules. The exacerbation of the 
irrigation dynamics will make it possible to trans-
port the irrigant to the foramen, ensuring its 
disinfection,and by meeting  the goals of modern 
endodontics this will upset our concepts of too 
often, “over preparation” and meet the criteria of 
tissue saving.
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