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Summary
Background: Dental handpieces are used in critical and serticalioperative interventions.

Although a number of dental professional bodiesmanend that dental handpieces are
sterilized between patient use there is a lackasftg and understanding of the effectiveness
of different steam sterilization processes. Theriml mechanisms of dental handpieces
contain narrow lumens (0-8-2-3mm) which can imghdeemoval of air and ingress of
saturated steam required to achieve sterilizatiomitions.

Aim: To identify the extent of sterilization failure dental handpieces using a non-vacuum
process.

Methods: In-vitro andin-vivo investigations were conducted on commonly used UK
benchtop steam sterilizers and three differentsygdelental handpieces. The sterilization
process was monitored inside the lumens of dematadbieces using thermometric (TM)
methods (dataloggers), chemical indicators (CI) laiotbgical indicators (BI).

Findings: All three methods of assessing achievement oflisyesiithin dental handpieces
that had been exposed to non-vacuum sterilizatiowlitions demonstrated a significant
number of failures (CI=8/3,024(fails/n tests); B53,024; TM=56/56) compared to vacuum
sterilization conditions (Cl=2/1,944; BI=0/1,944M%0/36). The dental handpiece most
likely to fail sterilization in the non-vacuum press was the surgical handpiece. Non-vacuum
sterilizers located in general dental practice d&tyher rate of sterilization failure
(CI=25/1,620; BI=32/1,620; TM=56/56) with no faiks in vacuum process.

Conclusion: Non-vacuum downward/gravity displacement, type-®&ast sterilizers are an
unreliable method for sterilization of dental haiedps in general dental practice. The
handpiece most likely to fail sterilization is ttype most frequently used for surgical

interventions.

Keywords. dental handpieces, steam sterilization, non-vacstenilizers, vacuum sterilizers,

data loggers, biological indicators, chemical iatlics, hollow instrument, sterility assurance.



Background

The dental turbine and motor are widely used Woidévwto undertake a variety of critical
and semi-critical clinical interventions. Dentahld@ieces become contaminated externally
and internally during patient treatment (1-3). Thallenge to effectively sterilize dental
handpieces lies in their construction with gearetlicbine drive mechanisms and lumens
(0.9-2.3mm diameter) carrying air and water thatriet access for cleaning and steam
ingress for sterilization.

The European standard for benchtop (tabletop) sttantizers (4) describes three different
processes by which these benchtop machines carveeaato allow direct access of
saturated steam to the surfaces of surgical ingnisn Type N, which is a non-vacuum and
passive air displacement process, type B and Swddhieve air removal using fractionated
pre/post-vacuum phases and special cycles, regplgctManufacturers of both sterilizers
and dental handpieces recommend that this equipbeestierilized using a vacuum process,
(for example, instructions for handpiece sterii@at5) and benchtop steam sterilizers(6)).
Non-vacuum sterilizers are still widely used Woridev(7,8) and in the UK (9,10).

A number of professional organizations, for exantpeeWHO (11), CDC (12), Australian
standard/New Zealand standard (AS/NZS) (7), AmarNational Standards
Institute/Association for the Advancement of Medlicestrumentation (ANSI/AAMIY8),

UK Department of Health (DOH) (13) and British DalnAssociation (BDA) (17)
recommend that dental handpieces are sterilized farire-use. However, there is a lack of
specification by these organizations on the typpro€ess used to achieve sterilization
despite the International standard specificafibtisWe present a comprehensive series of
laboratory and field investigations using biologjicalicators (Bl), chemical indicators (Cl)
and thermometric (TM) measurements that demondtratehe widely used Type N

sterilization process is unreliable for dental hz@iades and pose a risk of cross-infection.

Materials and methods

Dental handpieces

For each sterilization cycle investigated, a stamdiest load consisting of 3 different types of
handpieces were used: dental air turbine (TA-9&0 LW&H, Austria), straight surgical
handpiece (S11, W&H, Austria), slow speed motor ABAW&H, Austria) and a helix
process challenge device (Albert Browne Internatidnd, Leicester, UK) was used as a

control (Supplemental Figure 1). For each loadehegre three replicates for each handpiece



(total n=9). Handpieces undergoing vacuum stetibravere placed in sealable sterilization
pouches (Steris, UK) before sterilization. Testsrwith handpieces were run with small
loads (0-5kg) and full loads (4-5 kg) set up asspailizer manufacturers’ instructions and
comprised steel dental instruments, such as profiesrs and forceps. Experiments were
performed in triplicate as a minimum.

Chemical indicators

Each type of handpiece was inoculated with CI caemphith International standards
(17,18) (Albert Browne International Ltd, LeicesteK). In order to accommodate the
passage of the CI into the lumens of the handpides® were cut to size. A previous series
of validation experiments (data not shown) had destrated that this process did not affect
the behavior of the CI. A sterilization cycle pagss determined by visualization of the CI
colour change as recommended by the manufacturdeli& process challenge device
(Albert Browne International Ltd, Leicester, UK) kgeused as a control for steam
penetration. For each sterilization cycle Cl mamitg was undertaken in 3 different
handpieces.

Biological indicators

BI strips (mini spore strips, Excelsior Scientif@ambridgeshire, UK) comprising 46pores
of Geobacillus stearothermophilus with a Dio; of 1-8 — 2-5 min (19,20) were inserted into
handpieces at similar locations to the CI (see &bk Il). For each sterilization cycle Bl
monitoring was undertaken in 3 different handpie@esitive controls were placed on the
loading tray in the sterilizer chamber. Growth e¢otst comprised unexposed Bl strips placed

in tryptic soy broth (TSB) for each sterilizer datan.

Thermometric measur ement

Temperature recording using data loggers (Ellabetdid, Denmark) inside the handpieces
was only possible in the dental turbine air drihamnel (diameter 2-3mm, length 80mm,
volume 332ml) due to accessibility of the data krggmperature probe (dimensions 2:0
mm). The tip of the thermocouple probe was placgdm from the coupling end of the
turbine, two air turbine handpieces were monitqgredioad (Supplemental Figure 1).
Previous validation work (21) had determined thenopm position for measurement. Ellab’s
ValSuit Basic software was used for analysing deorded data. Reports were saved as pdf
files. Thermometric failures were classified paasifi one of three ways; the time delay

between the temperature recorded in the chambetharidad should not exceed 3 seconds



(22), time delay should not exceed 15 secgapsand a temperature lag of no more thad 2
from the point where the chamber reachesC3Zbmpared to the load (23).

I n-vitro experiments on bench-top sterilizers

For this series of experiments we investigatedetidiferent makes of non-vacuum
downward/gravity displacement, type-N cycle steeits that included two different models
of an Alpha (Prestige Medical, Blackburn, UK), ahtle Sister 3 (Eschmann, Eschmann
House, Lancing, West Sussex, UK) and compared/szaum (type B cycle) sterilizer (two
different models of a Lisa, W&H). Each sterilizeachbeen validated and tested before use by
the suppliers. For each sterilizer a Bowie-Dick {8DT) was used as a control. Small load
and full load cycles (as per manufacturer’s ingtams) were compared and experiments
were performed in triplicate. These makes and nsoaled commonly found in UK dental
practices (9).

General dental practice investigations

Local dental practices were invited to participatan investigation of the performance of
their steam sterilizers. Dental practices in Scatlare subject to a dental practice inspection
by a local dental advisor, this visit incorporase®view of the documentation linked to the
periodic testing and annual revalidation of thecpca benchtop steam sterilizer. All
practices visited had successfully passed theiatipractice inspection although we did not
review the documentation associated with the bepckiteam sterilizers in this investigation.
For each dental practice we visited, the same atdridad as that used in the laboratory
investigation (Supplemental Figure 1) was usedhBain-vacuum downward/gravity
displacement, type-N and vacuum (type B) sterilmatycles were tested and three cycles
were performed in each sterilizer.

Results

I n-vitro testing

Three non-vacuum Alpha (Prestige) sterilizers wes¢ed. The overall cycle time was 35
minutes with a plateau time of 3-5 min at AB4The time difference between handpieces
and chamber reaching the optimum (range = 25 -edPrssulted in thermometric fails.
Three non-vacuum Little Sister 3 (Eschmann) westeeté(see Supplemental Figure 2 for
typical temperature/time cycle profile). The ovecsicle time was 17 - 20 minutes with a
plateau time of 3-5 - 6-5 min at 284 A full load of 5 kg (as per manufacturer’s

instructions) was not tested because the steslizdied the cycle with full loads.



Summaries of Cl and Bl test results are shown iolera The handpiece mostly likely to fail
Cl tests (n=4/504) was the surgical handpiece anle coupling location (where the
handpiece connects to the air drive supply). Thelpece most likely to fail Bl tests (n=
12/504) was the surgical handpiece in the chucgrlpesition (Table I).

The results for CI, Bl and TM tests on vacuum 8#enis (Lisa W&H, Austria) are
summarized in Table I. Pressure recordings fronstéelizer chamber demonstrated three
vacuum pulses at 0.2 bar and the overall cycle wae 30 — 45 minutes with a plateau time
of 4 min and 10 sec at 133 (see Supplemental Figure 3 for typical time/terapge cycle).
No Bl fails (1,944 tests) and 2 Cl fails (1,944t$¢svere detected. The time difference in
achieving 134C between the inner of the handpiece and steritiiamber ranged from 0 — 3
sec and as a result all handpiece tests (n= 36titated thermometric passes. All control
Helix PCD tests achieved pass conditions.

Investigationsin general dental practice

Five non-vacuum benchtop sterilizers in use at ggmental practices were tested and
results summarized in Table Il. Sterilization cytfees ranged from 16 — 25 min, with
plateau periods of 3-5 — 4-5 min at 134°C. Theoplesiver which temperature differences
between the sterilizer chamber and the inside@htmdpieces occurred ranged from 0 sec —
N/A, which meant that some handpieces did not &ehsterilization temperature during the
whole cycle (see Supplemental Figure 4 for timefterature cycle). Compared to time

vitro study, higher failure rates were detected for l2ith (n=25/1,620) and Bl's
(n=32/1,620). In contrast to the in-vitro studytaindpiece types demonstrated either a Cl or
Bl fail (or combination of both). In both studideetsurgical handpiece and the chuck lever
location was the type and location most likelydo $terilization. Thermometric monitoring
within the air channel of the air turbine reveatleat all handpiece tests (h=30) failed to
achieve temperature equilibration between the cleamird lumen of handpiece within 15
seconds. The results for Cl, Bl and thermometststen vacuum sterilizers situated in
general dental practice are summarized in TabldIBI fails (162 tests), Cl fails (162 tests)
or thermometric fails (n=18) were detected. All tohhelix PCD tests achieved pass

conditions.

Discussion
The use of only temperature and pressure measutemeosrder to investigate the presence

of saturated steam inside lumens has been chatldngsome workers using novel



investigative techniques (24). In order to addthsse potential criticisms, we also included
the use of Cl and BI within handpieces to assessspenetration. Chemical indicators for
sterilization processes typically comprise colouarmge printed chemistry designed to react
to single or multiple parameters during steriliaatcycles (18). Class 5 integrating indicators
used in this series of experiments are designeekitt to several critical variables (in this
case time, temperature and moist heat) and arédeved equivalent to or exceed the
performance requirements of ISO 11138 for Bl's 209, We report ClI failure rates of
31/4,644 inside dental handpieces in the non-vagonarcess. The detection of two ClI
failures in the turbine position of high speed ha@iades in the vacuum cycle is difficult to
explain (n=2/2,106) as all other measurementsrgtbaretric and BI) all achieved pass
conditions, all controls responded as expected@peat tests have failed to replicate this
result.

Bl's for moist-heat sterilization use the ‘worsseamicrobeGeobacillus stear othermophilus
endospores (19,20). Due to a number of imprecisiodgetermining and calculating small
numbers of bacterial numbers surviving sterilizagwocesses the concept of sterility
assurance is used in the production of sterileymtsdwhich gives a numerical value to the
probability of a single surviving organism remamito contaminate a processed product. For
medical devices to be labelled “sterile” they aeemied to have less than one chance in a
million of a single, finished product item contaigia viable organism (15,16). In this study
we discovered relatively large numbers of Bl steation failures (47 failures from 4,464
tests) in the non-vacuum process, with no failimgbe vacuum process. The survival of
bacterial endospores in this study following expegheat-up, plateau and cool down) time
periods of 35 minutes and for some makes of nomkuacsteam sterilizer plateau periods of
134°C for up to 6.5 minutes demonstrates gross fabfigchievement of sterilization
conditions within the inner locations of the hared@s. Previous reports on the abilityGof
stearothermophilus spores placed in handpieces to survive steamis&didin has been
reported by some (25) but not all authors (26). dwation in results probably due to
differences in equipment tested, Bl bioburden, gméstion and recovery.

Estimating the risk of harm from handpiece steatiian failures in the context of an
estimated millions of dental treatment episodesialiyis challenging, especially in the
absence of systematic data collating post-operatiegtion incidents. Most risk assessment
and look back exercises in dental treatment akedirio possible patient to patient and

dentist to patient transmission of blood bornesasi(27). Whether known and reported



transmission events of hepatitis B and C are lirtketthe failure of non-vacuum sterilizers
and handpieces is often impossible to determing &dter a transmission event has occurred
(28, 29). Furthermore, viruses especially BBV's exegeemely thermolabile and the
probability of survival even in the non-vacuum @ss is remote. However, there remains
the possibility that classic bacterial pathogerchsas S. aureus could survive handpiece
sterilization failures. Circumstantial evidencekka to recovery 0. aureus from used
handpieces (3) and dental infections such as impiéctions already exists (30,31). Other
examples include recovery Bf opionibacterium acnes andSaphylococcus epidermidis from
used handpieces (3) and other authors demonsttagngle of these microbes in recurrent
endodontic infections (32). Clearly, recovery ayyuirig of an isolate from a contaminated
handpiece and wound infection would help providecbasive evidence. The observation that
higher sterilization failure rates occur in surdgjlcandpieces suggests that the focus for risk
reduction measures should be on recommendatidkedlito surgical interventions and the
effective decontamination and use of active airaeshsteam sterilization processes that
have been validated by both handpiece and steritiamufacturers.

In conclusion, we report investigation of steritina process outcome using a unique
combination of TM, CI and BI tests according tceimiational standards. These test results
demonstrate that the non-vacuum process is uniekatal fails to achieve sterilization within
dental handpieces, especially surgical handpid@dsate commonly used in more invasive
dental procedures such as dental implants.

Disclosure

W&H, UK partly funded with Glasgow University andustrial Partnership PhD Scholarship
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Table! Summary of in-vitro Bl, Cl and thermometric measurementsinside dental handpieces processed inside non-vacuum (Type N) and vacuum (Type B)
sterilisers. Theresultsfor Type N processes comprisetesting of six different sterilizersfrom two different manufacturers (three of each model) and a minimum of
three cyclesfor each machine. Theresultsfor Type B processes comprise testing of three different sterilizers (two models) from one manufacturer and a minimum
of three cyclesfor each machine.

Bl test Cl test Thermometric test Thermometric fails Thermometric fails
(failg/tests) (failg/tests) (Fail criteria: chamber vs  (Fail criteria: chamber vs  (Fail criteria: chamber vs
handpiece >3 sec) handpiece >15 sec) handpiece >2°C)
Handpiece TypeN TypeB TypeN TypeB TypeN Type B Type N Type B Type N Type B
Type & position of
indicator
Turbine/ 0/504 0/324 0/504 2/324 - - - - - -
head
Turbine/ 0/504 0/324 1/504 0/324 56/56 0/36 56/56 0/36 42/56 0/36
Mid Air channel
Turbine/ 1/504 0/324 1/504 0/324 - - - - - -
Dista spray channel (Cl)
Distal air channel (BI)
Surgical/ 8/504 0/324 1/504 0/324 - - - - - -
chuck lever
Surgical/ 4/504 0/324 4/504 0/324 - - - - - -
coupling
Air motor/ 2/504 0/324 1/504 0/324 - - - - - -
inside

Total 15/3,024 0/1,944  8/3,024 2/1,944 56/56 0/36 56/56 0/36 42/56 0/36




Table Il Summary of sterilizer testing from general dental practices Bl, Cl and thermometric measurements inside dental handpieces. For non-
vacuum sterilizers (Type N) the results comprise testing of five sterilizers (three different models from one manufacturer). For vacuum sterilisers
(Type B) the results comprise testing of three sterilizers comprising one model from two manufacturers.

Bl test Cl test Thermometric test Thermometric fails Thermometric fails
(fails/tests) (fails/tests) (Fail criteria: chamber vs  (Falil criteria: chamber vs  (Falil criteria: chamber vs
handpiece >3 sec) handpiece >15 sec) handpiece >2°C)
Handpiece TypeN TypeB TypeN TypeB TypeN Type B Type N Type B Type N Type B
Type & position of
indicator
Turbine/ 0/270 0/27 1/270 0/27 - - - - - -
head
Turbine/ 0/270 0/27 0/270 0/27 30/30 0/18 30/30 0/18 28/30 0/18
Mid Air channel
Turbine/ 6/270 0/27 0/270 0/27 - - - - - -
Distal spray channel (Cl)
Distal air channel (BI)
Surgical/ 22/270 0/27 9/270 0/27 - - - - - -
chuck lever
Surgical/ 3/270 0/27 5/270 0/27 - - - - - -
coupling
Air motor/ 7/270 0/27 4/270 0/27 - - - - - -
inside

Total 32/1,620 0/162  25/1,620 0/162 30/30 0/18 30/30 0/18 28/30 0/18




