Cleaning of dental handpieces : a method to test its efficiency,
and its evaluation with a washer-disinfector-lubricator-dryer
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Abstract :

Dental handpieces (HP) are reusable semi-critieadioal devices according to the Spaulding
classification. When they stop working in the mquahphenomenon of backflow occurs,
which leads to an external and internal soiling andtamination of the HP. This happens
both in the body of the latter and in the narrowater pipes associated therewith. The HP
need to be sterilized between each patient and sieislization must be preceded by a
thorough cleaning.

This work aims to establish a method for testing effectiveness of the cleaning of the HP.
Indeed, there is a methodoligical gap concernimgviidation of their cleaning because the
HP are not designed to be dismantled in an othgrtiaen a meticulous and precautious one .
This method is declined into a protocol using aiéd soilings and ninhydrin tests to confirm
the absence of proteic residues.

Its evaluation with a washer-disinfector-lubricatinyer (Bioda © from the brand vr2m)
heads to validate its relevance, and to demondginateffectiveness of the cleaning provided
by the automaton. This makes the method a goodidaie for the initial steps of an
operational qualification and a qualification oktperformances concerning the cleaning of
the HP, according to the standards NF EN ISO 15BR8eover, this work demonstrates the
need for the HP to be put into an internal rotatdanng the cleaning phase.




I ntroduction :

Historically, dental rotary instruments were usdéohg with foot-powered dental drills [1].
Nowadays, they are inserted into dental handpi@dB3 and are put into action with the help
of electric motors. These HP are coupled with nanpges bringing air and water to cool the
cutting instrument. Therefore, during a dental sorgs procedure, the head of the HP is right
into the patient’s mouth, very close to the dewotgan and soft tissues, and in contact with
saliva or other biological fluids (blood, pus) irreal septic environment. This explains that
HP are classified as semi-critical reusable meddmtices according to the Spaulding
classification [2, 3, 4]. Therefore, they shouldidev a complete sterilization cycle before
their reutilization.

Moreover, when the HP stops working into the pa®emouth, a physical phenomenon of
backflow occurs [5, 6, 7, 8, 9, 10, 11]. Since tiead of the HP is running in a septic
environment, a retro-contamination and an inteswiling (fig. 1) of the HP occurs, in
addition with an external contamination and soiliAthis contamination takes place at
different levels : the head and body of the HP [10,12, 13, 14, 15, 16, 17], and the narrow
pipes dedicated to bring air and water to the dyoamstrument [18, 19].
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Fig. 1 : Microscopic view of the inner surface béthead of a HP with soiling

Indeed, the head of the HP is not isolated frombddy, neither in a watertight nor in a
airtight way. This appears obviously by applyingngwessed air at one end of the head and
observing an air outlet to the other end (fig. 2).

_2|' Fig. 2 : Experience of highlighting of the non-gjht junction
between the head and the body of the HP




This internal contamination can spread to the endimat puts the HP in action, and the
contamination of the air/water pipes can spreathéoentire unit waterline [6, 8]. The latter
can then constitute a secondary reservoir of micganisms which are aggregated in
biofilms. These biofilms could potentially grow fromicro-organisms that come from the
mouth of patients, but also from micro-organismat ttome from the general water supply
network. Far from being trivial, the contaminatioh a unit waterline can lead to serious
infections, and even death of patients [21]. Trereefwe are dealing with a real objectivity of
the infection risk, which should be seriously intggd in the context of the safety of the
procedures and in the management of this risk [22].

If the contaminated HP does not follow an adeqtra@ment, it can then become a source of
cross-infection endangering the health of the fwilhg patients and the health of the
healthcare team by exposing them to an increas#d ai infection [5, 6, 14, 19, 20].
Contamination of HP can be of various kinds : mpathogens were found into the HP such
as hepatitis B virus [13], or Pseudomonas spp at@ph$§lococcus aureus [19]. A
mathematical modeling conducted by the Institutvédle Sanitaire (InVS) in 2009 shows
that each year in France, the neglected treatmeriFo would be responsible for 200
contaminations by the virus of hepatitis B, 2 camtations by the virus of hepatitis C, and
one by the HIV [11].

To expose patients to this infectious risk whilerthare ways to minimize it, including a
correct treatment of the HP, is ethically unacdeletd2, 5, 23]. In order to meet our
professional and moral commitments, and to be indgstanding with the regulations
concerning the treatment of semi-critical medicalides, it is necessary, essential and
mandatory to sterilize the HP between each palier8, 4, 5, 8, 9, 10, 14, 15, 17, 18, 24, 25,
26, 27]. However, only cleaned instruments candraldates for an efficient sterilization. To
ensure a complete and efficient sterilization ef HP and any other instrument, and to ensure
that the steam can reach the whole surface thatohae sterilized, the instruments must
previously be cleaned [3, 4, 14, 20, 21, 28, 29, Bany studies also emphasize this point: it
is essential that HP have benefited from an optichedning to ensure the effectiveness of
their sterilization [10, 12, 27, 32, 33, 34]. Thatwhere difficulties appear. On one side, the
external cleaning of the HP does not raise problgbrsthe other side, we know that the
internal cleaning of the HP is best with using achiae compared to a manual cleaning [31].
But though, great difficulties remain to realizésticleaning effectively [22, 31, 35] mainly
because of the complex internal architecture oHReand the very reduced dimensions of the
air/water pipes [22, 28, 3436].

Many manufacturers have tried to develop an autom#d perform a thorough cleaning of
the HP, both external and internal. They were fasét the difficulty to develop such an
automaton [31, 33, 37, 38], because residuesstihin on the surfaces which should appear
clean, even if the machine cleaning is more effedinan the manual cleaning [31]. Moreover,
it is difficult to assess the good internal clegnof the HP, because they are mostly designed
not to be dismantled. That means they are fragitethey are not designed to be dismantled
on a regular basis otherwise than in a precauamgsmeticulous way. Literature also raises
the question of a proven method to control the godernal cleaning of HP which is a
problem concerning the HP that are not meant taibmantled [15, 28, 35]. Indeed, the
standards for the general requirements of waslsanfdctors performances [39] advocates a
visual validation of the good cleaning of instrunsenlf this validation does not raise
problems for full instruments, it is not the cdsethe hollow instruments, neither is it for the
ones that should not be dismantled.
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Objective:

The aim of this original study is to fill methodgioal gaps about the HP cleaning validation.
This is reflected by the development of a validatprotocol of the cleaning of the HP as
complete as possible without being destructive, imdpplication with a washer-disinfector-
lubricator-dryer dedicated to HP.

Materials and methods:

Tests have been thought for the operator to betahblisualize the inside of the HP. However,
the majority of the HP used in a dental practice reot designed to be dismantled. Since the
task is accurate and meticulous, the tests caneotdmsidered as a routine, and they
participate in the originality of our work. The tegook place within two cycles according to
the following protocol, after having performed cahiexperiments:

1. Dismantle the PH (fig.3)

Fig. 3 : Dismantle of the HP

2. Stain the outside (body of the HP) and inside\aitér pipes, gears) using Soil Test®.
Also stain the load racks (block support for the, Hiees of the tank). Soil Test® was
chosen because of the good adaptability of the fiorwhich it is presented to the
protocol that is described, and its adequacy wittobical fouling [40].

The head of the HP is stained using a Soil Test@gg (fig 4). The air/water pipes

are stained using a Soil Test® syringe whose maeeitkps suitable for their diameter.
The pressure on the plunger of the syringe wiliiaele until the Soil Test® comes out
by the other side of the pipe (fig. 5).
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Fig. 4 : soiling of the inside of the head of the i

Fig. 5 : soiling of the inside of the air/water g

3. Reassemble the HP

4. Connect the HP in the automaton (fig. 6), run alecywith inactivation of the
disinfection phase (as specified in the standarcENHSO 15883-1 for washing tests

[39])
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Fig. 6 : connection of the soiled HP in the autamatoiled load racks and tank sides

. Visually observe the presence / absence of soilsglues on the outside of the HP.
Perform a test with Ninhydrin (CleanTrace®) in cafabsence.

. Dismantle the HP

. Visually observe the presence / absence of residiugsiling. Push a 0.7mm diameter
nylon thread through the air/water pipes over artlplate. The thread is adjusted to
the diameter of the pipe and will displace any éwanresidual soiling that will be
observable upon its release. Observe the presdrsmliag on the end and/or on the
body of the thread under the microscope. Obsew@ithsence of deposits on the plate.
Perform a test with Ninhydrin (CleanTrace®) on thesad in case of absence.

. Reassemble the HRY start again at point 2. for a new cycle
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Control experiment :

Control tests were performed on an artificiallylediHP according to the steps described in
this protocol, but without the cleaning step. Thbha same steps were followed on a HP
which was naturally soiled during a normal use Entdl surgery practice and treated
routinely in a dedicated automaton.

First cycle:
The first tests cycle was carried out on 6 univeitang HP (valid for WH®, BienAir®,

MicroMega®, Mont Blanc®...). The washer-disinfectobricator-dryer used was the Bioda®
from the brand vr2m. The cleaning cycle has be¢rtesd5 minutes, using Deconex® as
detergent at 8mL per liter of water. During thertstgp of the cycle, 2 HP were turning on
themselves, showing an absence of rotation ofriteanial bearings. This was confirmed by
the examination of the engines of the support letscthat were defective.

Second cycle:
The second cycle was carried out on the same Gersalfitting HP, previously cleaned

before being soiled again using Soil Test®. Thehgaslisinfector-lubricator-dryer used was
the Bioda® from the brand vr2m. The cleaning cy@s been set to 4 minutes, using the VR-
DYME® as detergent, which are the product andassays proposed by the manufacturer
during the current cycles of the Bioda®. The enginere changed and during the cycle, all
the HP have shown in internal rotation.

Results:

Control tests:

The control tests confirm the presence of Soil @est the air/water pipes and validate the
relevance of pushing the nylon thread through theseause the thread highlights the internal
staining of these pipes (fig.7). The control testtbe PID stained during a normal use and
treated in routine shows residues inside the héabdeoHP (fig.1) and inside the air/water

pipes (fig. 8). Ninhydrin tests have been perfairbg swabbing the thread in both situations,
and the results were positive (turning to purpfig) O).




Internal soiling (Soil Test®) 1
displaced by the nylon thread
~h

J

Fig. 8 : highlighting soiling from the inside ofdlair/water pipes after normal us

Fig. 9 : positive ninhydrin tes
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First cycle:

At the end of the washing cycle (15 minutes), the kave been disconnected from the
Bioda® and handled with gloves. Visual examinasbowed a lack of residual soiling on the
body of the PID as well as on the load racks (fi@).

Fig. 10 : Clean external surfaces of the HP and taaks

After having dismantled the HP, the areas likelybt soiled in a usual dental surgeon’s
practice appeared to be clean on the 4 HP for wtliehmotor worked properly. The nylon

thread in the pipes showed no deposit on the thitsal, or on the plate over which it was
conducted (fig. 11).

Fig. 11 : highlighted cleanliness of the air/waigres of the HP




Ninhydrin tests were performed on these soillestases, and were negative.

Concerning the 2 HP which had not been put intingernal rotation, a residual soiling was
apparent on the half of the surface of one gearpther half appeared clean. This is shown on
fig. 12 through the blue marker and demonstratesmiportance of the internal rotation of the
HP during the cleaning cycle.

Fig. 12 : highlighted soiling on the half of thersagear,
due to the non-internal rotation of the HP

Second cycle:
At the end of the washing cycle (4 minutes), thehde been disconnected from the Bioda®

and handled with gloves. Visual examination shoadalck of residual soiling on the body of
the PID as well as on the load racks.

After having dismantled the HP, the areas likelyb® soiled in a usual dental surgeon’s
practice appeared to be clean (fig. 13). Ninhydeasts were performed on these soilless
surfaces and were negative (fig. 14).

Fig. 13 : clean HP head inner surface
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Fig. 14 : negative results of Ninhydrin tests perfed inside the heads of the H

The nylon thread in the pipes showed no deposithenthread itself, or on the plate over
which it was conducted. Ninhydrin tests were perfed on the nylon threads, and the results
were negative (fig. 15).

Fig. 15 : negative results of Ninhydrin tests perfed on nylon threads
that went through the air/water pipes
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Discussion :

This protocol is novel and original because ithis first protocol ever proposed to control the
internal cleaning of the HP without having to degtthem. Such a method of evaluation can
easily be used in the initial steps of an operafiaqualification or a qualification of the
performance of a washer-disinfector-lubricator-dryaedeed, the standards for the general
requirements of washer-disinfectors performanc&$ f&¢mands a primary validation of the
cleaning of the HP using an artificial soiling befdheir use in an actual practice. Until now,
this validation was not feasible, or at least rpyleable to the internal surfaces of the HP.

In only two cycles, the tests show the effectivenekthe cleaning that offers the Bioda®.
Indeed, the HP and the load racks appear clean thftetwo cycles (15 minutes, and even
after a shorter cycle of 4 minutes). Disassemldy gahows a cleaning efficiency in the visible
areas beneath the body of the HP armtiori into the air/water pipes too. Finally, the results
of these tests are confirmed by the absence ofio@agith Ninhydrin.

The tests also show that it is absolutely essettitalthe HP are put in internal rotation (as it
is when they are used by the dental surgeon as werking in the patient’'s mouth) during
the cleaning process. Indeed, a lack of internaltian, as it was the case for 2 HP in the first
cycle produces an incomplete cleaning becausesfeadnot reach all the surfaces.

This validation method is consistent with the wditapplications of standard NF EN ISO
15883 concerning the cleaning of the instrumentswéyer, some limits should be
mentioned : since the final validation of the cliegnis based on a visual assessment, it is
impossible to scientifically ensure the good clegninside the parts of bearing without being
destructive, because they are not removable andatraccessible to swabs or nylon threads.
The protocol appears to be meticulous to achievktha manipulations are very delicate,
because they were made on HP which are not desigrezldisassembled and removed items
are very easily breakable. It may very well fingl glace into the initial qualifications of an
automaton dedicated to the treatment of the HPtbgagems hardly applicable to periodic
requalification of these automata in a routinelytdépractice.

Other tests may be performed in the future in otdestrengthen the relevance of this method
and optimize the automaton washing time.

Conclusion :

HP are reusable semi-critical medical devices. Tlise in dental procedures generates
soilings and contamination, through the backfloneqpdmenon inter alia, on their outer
surface but also on their inner surface and inrtaeow air and water pipes. This initial
contamination can become the source of cross-comsions. Also, the good treatment of
the HP is a moral and regulatory obligation, ansl taefollow a sterilization process between
each patient, preceded by an effective cleaning.

The validation method of the cleaning of the HEspnted in this article clearly fits with an
approach of improving the safety of practices drelrhanagement of the risk of infection in
dental care procedures, both for patients and f@ healthcare team. It fills the
methodological gaps concerning the cleaning of ke Although its implementation is
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meticulous and accurate, it allows at lower cosigsess the HP cleaning that offer dedicated
washer-disinfectors. Regarding the tests performetis study, the Bioda® from the brand
vr2m shows a demonstrated external and internahoig efficiency of the HP.
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