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RISK ASSESSMENT AND CONTROL

IN USING MODERN DENTAL MATERIALS
Demetska A. V., Kopach K. D., Tkachenko T. Yu.

State Institution «Institute for Occupational Health of the National Academy
of Medical Sciences of Ukraine», Kyiv

Introduction. The use of new technologies and advanced nanomaterials (nanocomposites, bioactive coatings, etc.) in dental
practice can increase potential risks for specialists of dental practice.

Purpose of the research was to assess a «nanospecific» risk in dental practice and develop tools for risk control.

Materials and methods of research. The risk was assessed at workplaces of a dental technician, dentist-therapist and dentist-
orthopedist. The «nanospecific» risk was calculated using an approach of a «control stripe».

Results. 1t is found that the work of a dentist-therapist, dentist-orthopedist and dental technician is characterized by high
occupational risk due to using modern dental nanomaterials. Measures to managing «nanospecific» risk at workplace were
proposed (general and local ventilation, restrictions of access to premises for unauthorized persons, personal protective
equipment, etc.).

Conclusions. The obtained results support necessity of further studies on nanomaterial toxicity in current dental practice.
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Introduction

The number of people, who contact professionally with
nanosized substances and new materials, is constantly
increasing. The use of new technologies and modern
composite materials in dental practice, in particular,
can increase potential risks both for different profes-
sionals (therapists, orthopedists, technicians) and
patients. According to experts of The Scientific
Committee on Emerging and Newly Identified Health
Risks (SCENIHR) one should distinguish situations,
when traditional approaches to risk assessment are
suitable or «nanospecific» risk assessment is neces-
sary. In particular, «nanospecific» risk assessment is
useful in cases, when production activity is followed by
emission of particles sized 1—100 nm in the air of the
working zone [5]. At the same time there are no clearly
defined algorithms and computing models for the
assessment procedure. The lack of information about
toxicity of nanoparticles/nanomaterials and exposure
levels at workplace as well as the lack of specific stan-
dards in many cases make it impossible to assess risks
quantitatively [4]. At the same time an available and
helpful alternative of the potential risk analysis with the
further risk management is an approach of the «control
banding». This simple, but effective approach is based
on the use of the current information on the toxicity of
materials and levels of exposure at workplace. Just this
approach is recommended for cases, when traditional
risk assessment is impossible due to lack of the data.
Each «control band» is a result of the combination of

the calculated values of different toxicity aspects (both
of the «parent» material and nanomaterial itself) and
the exposure (dust levels, quantity and duration of pro-
duction operations, number of workers, quantity of the
used nanomaterial). It brings on the practical way of
the risk control with the aim of the risk minimizing. The
conservative approach that unknown risk is a high risk
was taken as the basis of the «control bands». So, it
was decided to use 75 % of the maximum value of the
each analyzed factor for unknown factors [3, 6].

The last stage is a usage of the so-called «control
band matrix» that helps to propose one or another engi-
neer or management measures to decrease the risk.

Therelore, the aim of the work was to assess the
«nanospecific» risk in the dental practice and develop
tools for risk management.

Materials and methods of research

The risk assessment was made at workplaces of the
dental technician, dentist-therapist, dentist-orthope-
dist at the Communal enterprise «Dentistry of the
Sviatoshyn district of Kyiv». The ‘nanospecific’ risk was
calculated using the «control banding» tool [3, 6].

Results and discussion

In the earlier studies the exposure to nanosized frac-
tions of the nanocomposite materials at dental work-
places was assessed. It was determined that the work
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of the dentist, dentist-orthopedist, and dentist-thera-
pist is followed by emission of nanoparticles to the air
of the working zone [1]. The data on the exposure
were used for risk assessment. The toxicity of materi-
als, which were used in the orthopedic department
and in the laboratory, was evaluated on the base of the
literature data [2, 7].

Using of the «control banding» tool allowed to
assess risk for workers of the therapeutic department,
orthopedic department, and laboratory. In particular,
in the therapeutic department calculations were made
for three components of the nanocomposite dental
restoration material Filtek Supreme XT (3M ESPE),
consisting of the matrixes BisGMA, TEGDMA,
UDMA, BisEMA and filling compounds:

— sintered nanoclusters of zirconium (5—20 nm);

— hydroxyapatite (10 nm, 50—100 nm);

— non-sintered particles of silicon (20 nm).

Based on the sintered nanoclusters of zirconium the
toxicity results in 77,5 points, the non-sintered parti-
cles of silicon — 72,5 points, the hydroxyapatite —
67,5 points. The total sum, which was calculated by
exposure indications, results in 55,0 points.

Therefore, when these points based on the toxicity
and exposure, were assigned to the «control band
matrix» (Table), the risk level 4 (RL4) was deter-
mined at the intersection of the obtained values for
the sintered nanoclusters of zirconium. The RL4
(«Seek specialist advice») corresponds to the highest
risk nominally (whereas control band RL 1 corresponds
to the minimal risk) and requires broad decision mak-
ing for the risk lowering, including measures which
are specified for the RL1 («General ventilation»),
RL2 («Fume hoods or local exhaust ventilation»),
and RL3 («Containment») as well as administrative
measures (shift duration, frequent wet cleaning,
premise airing, nanomaterial change, etc.) and rec-
ommendations on individual protective equipment.

It is seen in the Table 1 that the RL3
(«Containment») corresponds to the other compo-
nents of the nanocomposite material Filtek Supreme
XT (3M ESPE) — non-sintered particles of silicon
and hydroxyapatite.

As usual, recommendation «Containment» may
include modification of the production process (e. g.
change of dry substance to wet one); automation or
cancellation of some operations in the production
process of the high risk; change of toxic or hazardous
substances to less aggressive (reactive) ones; change
of the equipment (including, obsolete one). For oper-

ations of the high risk the isolation of the equipment
in the stalls as well as local ventilation system are
proposed.

In the cases, when engineer’s measures imple-
mentation is impossible, administrative measures are
required: informing and learning of workers, hygiene
at workplace (ban on eating, drinking, smoking);
optimization of the production process, shortening of
the working shift duration, in particular; reduction of
the staff; entering only for the authorized staff; prem-
ise cleaning; storage of dry nanomaterials in closed
containers.

At the same time, a notice that the RL4 is called
«Seek specialist advice» for a reason, because only
expert, who looks into a matter of nanosafety at work-
place, can make a relevant decision about actual risk
for workers and measures that have different effective-
ness in the so-called ranking of the risk control
(Figure). Therefore, considering that the dental nano-
composite materials are stored in separate containers
and not milled in the storage conditions, the risk
control in this case does not require their changeover.

In the therapeutic department the following risk
control measures during the work with nanomaterials
are recommended: limited access of unauthorized
persons during manipulations with the material; pro-
viding of the appropriate level of ventilation; frequent
wet cleaning; using the personal protective equip-
ment (protection of the respiratory system, skin, and
eyes).

Therefore, in the orthopedic department doctors
use plastic materials Lucitone 199 (Dentsly), which
contain multilayer carbon nanotubes. The total sum
of the toxicity points, calculated upon this component
was 75, whereas points, calculated upon exposure at
workplace, come out at 72,5. This corresponds to the
LR3 (Table). In this case the RL3 requires a limited
access for the unauthorized persons during manipula-
tions with the material; execution of instructions
about Lucitone 199 storage and recycling; using per-
sonal protective equipment in manipulations with the
material.

In the laboratory the risk was assessed based on
the disk NanoZR of the CAD/CAM systems
(Panasonic), which contains nanoparticles of the
tetragonal zirconium oxide and nanoparticles of alu-
minium oxide. The total sum of the toxicity points was
67,5, whereas that of the exposition points — 90, that
corresponds to the RL4 (Table). It should be noted
that the previous study showed that among dental
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Table
Matrix for determination of the control band on the base of the nanomaterial toxicity
and exposure at workplace
Likely
Probability Extremely Unlikely Less Likely (51-75) l(’;gff;’;;
(0-25) (26-50) (55 — TD*) e
Severity (72,5 — OD¥) ( )

Very High RL 3 RL 3 RL4 RL 4
(76-100)
(77,5 — zirconium — TD¥)
High RL2 RL2 RL 3 RL 4
(51-75)
(75 — OD*)
(72,5 —silicon,
67,5 — hydroxyapatite — TD*)
(67,5 —L*)
Mean RL1 RL1 RL2 RL 3
(26-50)
Low RL1 RL1 RL1 RL2
(0-25)

Note. *OD — Orthopedic Department, TD — Therapeutic Department, L — Laboratory, RL 1 — General Ventilation, RL 2 — Fume
hoods or local exhaust ventilation, RL 3 — Containment, RL 4 — Seek specialist advice.

Project

Removal/Changeover _
Isolation/Containment

Engineer control —
Ventilation

Equipment
Cleaning

Effectiveness

Administrative control —>
Work shift

Hygiene at workplace

Personal protection

service workers just the work of the dental technician
is followed by the maximum emission of nanoparticles
in the working zone air [1]. Thus, in the laboratory it
is reasonable to pay maximum attention to both com-
mon and local exhaust ventilation, hygiene at work-
place, conditions of the storage and recycling of
materials, limited access for unauthorized persons as
well as to the use of the personal protective equipment
during the whole shift.

Therefore, work of the dentist-therapist, dentist-
orthopedist, and dental technician is characterized by
the increased risk due to using modern dental materi-

Figure. Risk control ranking

als. This work requires ‘nanospecific’ risk control
measures.

Conclusion

1. It is determined that the work of the dentist-
therapist, dentist-orthopedist, and dental
technician is characterized by the increased risk
due to using modern dental materials and requires
‘nanospecific’ risk control measures.

2. The obtained results prove the necessity of the
further deeper studies on the toxicity of modern
nanomaterials in the current dental practice.
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OUIHKA TA KEPYBAHHS PUSNKOM NP BUKOPUCTAHHI CYHACHUX
CTOMATOAOIN4YHNX MATEPIAAIB

AepykaBHa ycTaHoBa «IHCTUTYT MeAuuvHW Npaui HauioHaAbHOT akaseMii MeanyHX HayK YKpaiHu», M. Kvis

Bcemyn. BukopucTaHHSI HOBUX TEXHOJIOTiH Ta CydacHUX HaHOMarepiasiB (HAaHOKOMITO3UTU, 0Oi0aKTUBHI MOKPUTTS Ta iH.) Y
CTOMATOJIOTIYHUI MPAKTUII MOXKe TiABUIIYBAaTH MOTEHIIITHI PU3UKY 7151 (paxiBLiB CTOMATOJOTIYHOI CIIyKOU.

Mema docnioncennss — OUIHUTU «HaHOCMEUU(MIUHUI» PU3UK B CTOMATOJOTIUYHUI MPaKTULL Ta pO3POOUTH 3acO0U 111010
KEepyBaHHST HUM.

Mamepiaau ma memoou docaioncenns. OUIHKY PU3UKY 3iMICHEHO I poOOYMX MiCIlb 3yOHOTO TeXHiKa, JIiKapsl CTOMAaTOoJIO-
ra-tepamneBTa, JiiKapsi cToMarosora-optonena. «HaHocmenumdiuHmii» pu3MK po3paxoByBaiu 3a JOMOMOTOI IMiIXOIy
«KOHTPOJbHUX CMYT».

Pezyaomamu. BcTaHoBIeHO, IO MisUIBHICTD JliKapsi-TepaneBTa, Jikaps-opTornena Ta 3yOHOro TexXHiKa XapaKTepu3YEThCs
MMIBUIIEHUM TIPOGECiiHUM PU3MKOM 4Yepe3 BUKOPUCTAHHSI CYJaCHUX KOMIIO3UTHMX MartepiamiB. 3allpOHOBAHO 3aXOIH
1100 KepyBaHHSI «HaHOCTeHU(IYHUM» PU3MKOM Ha poOOYOMY Miclli (3arajbHa Ta MiclieBa BEHTUJISLISI, OOMEXEHHS
JIOCTYIY 10 MPUMIILIEHHSI CTOPOHHIX 0Ci0, 3acO00M iIHAMBIAYaTbHOTO 3aXUCTY Ta iH.).

Bucnogiu. OTprMaHi pe3ybTaTi CBiTYaTh Ha KOPUCTh MTPOBEICHHS TOTJIMOIEHUX TOCTIIKEeHb 111010 TOKCUIHOCTI cyJac-
HUX HAHOMATEepialiB y CTOMATOJIOTiYHii MPaKTHLIi.

KarouoBi cioBa: omiHKa pM3HKy, CMyru KOHTPOJII, KOMIIO3UTHI MaTepiajii, cCTOMAaTOJIOTis

Aemeuxkan A. B., Kona4 K. A., Tka4eHnko T. 0.

OUEHKA " YNPABAEHVIE PUCKOM NP NCNOAB30BAHNN COBPEMEHHbIX
CTOMATONOMMNHYECKUX MATEPUANOB

[ocyaapcTBeHHOe yupeXkaeHne «HCTUTYT MeAnUVHbI TpyAa HaunMoHaAbHOM akaseMni MeANUVHCKUX HaYK
YKpavHbI», r. Knes

Bsedenue. Vicrionb3oBaHME HOBBIX TEXHOJIOIMII M COBPEMEHHBIX HAaHOMATEPUAIOB (HAHOKOMITO3UTOB, OMOAKTMBHBIX
MOKPBITHIA U Ip.) B CTOMATOJIOTMYEeCKO# IMPAKTHKE MOXET IMOBBIIIATh OTEHIIMATbHbIE PUCKH IS CIICIIAATMCTOB CTOMATO-
JIOTUYECKOM CITYXKOBI.

Lleab uccaedosarus — OLEHUTDH «HAHOCTIELIM(UIECKHIT» PUCK B CTOMATOJIOIMUYECKOM IIPAKTUKE U Pa3paboTaTh CPEACTBA 10
YIIPABJICHUIO VM.

Mamepuanvt u memoobl uccaedosanus. OUEHKY pycKa MPOBEICHO Ul pabourx MECT 3yOHOro TeXHMKa, Bpaya CToMaToJiora-Tepa-
IeBTa, Bpaya CToMaTojiora-opromena. « Hanocnenmbunaeckuii» pucK pacCUUTHIBAIN C IIOMOIIBIO ITOAX0A «KOHTPOJIBLHBIX IOJIOCY.
Peszyaomamor. YCTaHOBJIEHO, YTO IESITEILHOCTh Bpada-TepareBTa, Bpaya-opTollefa M 3yOHOro TeXHUKA XapaKTepU3yeTcst
MOBBIIIEHHBIM TTPOGECCHOHATBHBIM PUCKOM HM3-3a UCIOJb30BaHUS COBPEMEHHBIX CTOMATOJIOTMYECKUX HAHOMATEpHUAaJIOB.
IpennoxkeHbl MEPHI IO YIIPABICHUIO «HAHOCTIELM(MUIECKIM» PUCKOM Ha paboueM MecTe (0OLIAs M MECTHASI BEHTUJISILINS,
OrpaHUYEHMSI TOCTYIa B TOMEIEHNEe MTOCTOPOHHMX JIULI, CPEACTBAa MHAMBUIYAIbHOM! 3aIlUThI U JP.).

Buvi6oowi. TlomyueHHBIE pe3ybTaThl CBUAETEILCTBYIOT B TOJIB3Y MPOBEACHUS YIIYOJIEHHBIX MCCICIOBAHUN TOKCUYHOCTU
COBpPEMEHHBIX HAHOMATEPHUAJIOB B CTOMATOJIOTMUECKOM TTPaKTHUKE.

Kiarouessbie ciaosa: OIl€eHKAa PHMCKAa, II0JOCBhI KOHTPOJA, KOMIIOSUTHBIE MaTepHuaJbl, CTOMATOJOIUA
Haoitiwna: 14 6epezus 2017 p.

Konrakrtna ocoba: [lemeripka O. B., maboparopist Tokcukoorii aepo3onis, 1Y «IHctutyt meautimnu nipaiti HAMH Ykpaiaw»,
oyn. 75, Byn. Cakcarancbkoro, M. Kuis. Tei.: +38 0 44 289 43 66. EnekrponHa noiura: dalexandra@ukr.net




