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Dental 151k cihazlari, ¢ogu dis hekimi tarafindan dogru kullanilmamaktadir
(Santini & Turner, 2011). Bir kompozit rezinin 1s1kla polimerizasyonu siirecin-
deki asamalarin, sonucu etkiledigi gosterilmistir (Price & ark., 2014¢; Shimizu
& ark., 2015). Birgok rapor restorasyonlarin yenilenmesini gerektiren en énem-
li iki nedenin; ikincil ¢iriikler ve kiitlesel restorasyon kiriklart oldugunu gos-
termektedir (Sunnegardh & ark., 2009; Heintze & Rousson, 2012; Kopperud &
ark., 2012). Diisiik oranda rezin polimerizasyonunun; kirilma, ikincil ¢iiriik veya
restorasyonlarda aginma nedeniyle basarisizliga neden olduguna dair yeterince
dolayli kanit vardir (Shortall & ark., 2013; Hammouda, 2010; Rueggeberg &
ark., 2009; Ferreira & ark., 2011; Feitosa & ark., 2012). 2012 yilinda yapilan
bir ¢alismada rezin kompozit restorasyonlarin erken basarisizlik oraninin amal-
gam restorasyonlarindan 10 kat daha fazla oldugu bildirilmistir. Aragtirmacilar,
polimerizasyon 15181m1in yanlis konumlandirilmasinin bu basarisizliklara katkida
bulunabilecegini iddia etmistir (Overton & Sullivan, 2012). Ayrica polimerizas-
yonu igin yetersiz 151k enerjisi uygulanan rezin kompozit materyallerde; meka-
nik ve fiziksel 6zelliklerin bozuldugu (Shortall & ark., 2013; Hammouda, 2010),
dise daha zayif baglanma gerceklestigi (Ferreira & ark., 2011), materyal iizerinde
bakteriyel kolonizasyonun arttig1 (Brambilla & ark., 2009) ve materyalin yetersiz
renk kararliligi gosterdigi (Janda & ark., 2007; Brackett & ark., 2007) bildirilmis-
tir. Bu nedenle, 1s1kla aktive olan kompozit rezinlerin yeterli polimerizasyonunu
saglamak icin, operatorlerin polimerizasyon islemine dikkat etmeleri ve kullan-
diklar1 kompozit rezinlere uygun 151k cihazlar1 kullanmalar1 6nemlidir (Price &
ark., 2015).
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(International Commission on Non-ionizing Radiation Protection), 1997). Mavi
151k tehlikesi icin ACGIH esik sinir1, ICNIRP yonergeleri ve agirlikli mavi 11k
tehlikesi fonksiyonu ile uyumludur, 8§ saatlik bir giinde toplam 167 dakikalik bir
siire boyunca 100 J/cm?-sr’yi gegmemelidir (American Conference of Govern-
mental Industrial Hygienists, 2012). 1980’lerde QTH polimerizasyon 1siklarin-
dan kaynaklanan tehlikeleri degerlendiren dnceki ¢caligmalar, bu birimlerin okiiler
yaralanmaya neden olma potansiyeline sahip olmadigini bildirmislerdir. Bununla
birlikte, 1980’lerde incelenen 1s1klar ¢ogu, 400 ile 500 nm gibi genis bir spekt-
rum araliginda ve 400 mW/cm*’den daha az 151k giicii saglamaktaydi (Satrom
& ark., 1987). Son zamanlarda yapilan bir arastirma (Labrie & ark., 2011), bu
151k cihazlariyla, ACGIH smirlarina (American Conference of Governmental In-
dustrial Hygienists, 2012) 8 saatlik bir is giinli boyunca ulasilabilecegini buldu.
Eger test edilen PAC 1s181inda turuncu koruyucu gozliikk takmayan bir operator,
uzaga bakmadan 6nce her polimerizasyon dongiisiiniin ilk saniyesinde 151k ucu-
na bakarsa, maksimum giinliik maruz kalmay1 asmak i¢in, yedi kez 151k uygula-
masinin yeterli oldugu bildirilmistir (Labrie & ark., 2011). ACGIH kurallarinda
onerilen maksimum maruz kalma siiresinin normal 1518a duyarlilig1 olan kisiler
i¢in oldugu unutulmamalidir; katarakt ameliyati gegirmis veya igiga duyarli hale
getirici ilaglar alan hastalar veya dis hekimleri, mavi 1s18a kars1 daha fazla duyar-
lidir ve kisa maruz kalma siireleri ile retina hasar1t meydana gelebilir (American
Conference of Governmental Industrial Hygienists, 2012; ICNIRP (International
Commission on Non-ionizing Radiation Protection), 1997). Bazi mavi 1s1k filtre-
leme camlarmin, 500 nm dalga boyundaki 15181n altindaki iletimini % 1’in altina
diisiirdigli gosterilmistir (Bruzell & ark., 2007). Mavi 1sik filtreleme gozliikleri
kullanildiginda, 1s1k cihazindan gelen parlak mavi 1siktan uzaga bakmak yerine,
operator 1s1kla polimerizasyon esnasinda islemi giivenle izleyebilir. Bu, restoras-
yona gonderilen 11k miktarini da iyilestirecektir (Seth & ark., 2012; Price & ark.,
2010b; Federlin & Price, 2013).

KAYNAKCA

1. 3M Oral Care. EliparTM DeepCure-S Product Brochure #70-2013-0701-7. St. Paul:
3M Oral Care; 2016.

2. American Conference of Governmental Industrial Hygienists (2012). Threshold limit
values for chemical substances and physical agents and biological exposure indices.
Cincinnati, Ohio.

3. Aravamudhan K, Floyd CJE, Rakowski D, Flaim G, Dickens SH, Eichmiller FC, et
al. (2006). Light-emitting diode curing light irradiance and polymerization of resin-
based composite. Journal of the American Dental Association.

4. Ausiello P, Cassese A, Miele C, Beguinot F, Garcia-Godoy F, Jeso B Di, et al. (2013).
Cytotoxicity of dental resin composites: An in vitro evaluation. Journal of Applied
Toxicology.

-26 -



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

Giincel Restoratif ve Protez Calismalart |

Baldissara P, Catapano S, Scotti R (1997). Clinical and histological evaluation of
thermal injury thresholds in human teeth: a preliminary study. Journal of Oral Re-
habilitation.

Baroudi K, Silikas N, Watts DC (2009). In vitro pulp chamber temperature rise from
irradiation and exotherm of flowable composites. International Journal of Paediatric
Dentistry.

Bouillaguet S, Caillot G, Forchelet J, Cattani-Lorente M, Wataha JC, Krejci I (2005).
Thermal risks from LED- and high-intensity QTH-curing units during polymeriza-
tion of dental resins. Journal of Biomedical Materials Research - Part B Applied
Biomaterials.

Brackett MG, Brackett WW, Browning WD, Rueggeberg FA (2007). The Effect of
Light Curing Source on the Residual Yellowing of Resin Composites. Operative
Dentistry.

Brambilla E, Gagliani M, Ionescu A, Fadini L, Garcia-Godoy F (2009). The influence
of light-curing time on the bacterial colonization of resin composite surfaces. Dental
Materials.

Brannstrdom M, Johnson G (1970). Movements of the dentine and pulp liquids on
application of thermal stimuli an in vitro study. Acta Odontologica Scandinavica.
Brannstrom M, Lindén LA, Astrom A (1967). The hydrodynamics of the dental tu-
bule and of pulp fluid. A discussion of its significance in relation to dentinal sensitiv-
ity. Caries research.

Bruzell EM, Johnsen B, Aalerud TN, Christensen T (2007). Evaluation of eye protec-
tion filters for use with dental curing and bleaching lamps. Journal of Occupational
and Environmental Hygiene.

Busemann I, Lipke C, Schattenberg A, Willershausen B, Ernst CP (2011). Shortest
exposure time possible with LED curing lights. American Journal of Dentistry.
Catelan A, De Aratjo LSN, Da Silveira BCM, Kawano Y, Ambrosano GMB, Marchi
GM, et al. (2015). Impact of the distance of light curing on the degree of conversion
and microhardness of a composite resin. Acta Odontologica Scandinavica.
Caughman WF, Caughman GB, Shiflett RA, Rueggeberg F, Schuster GS (1991). Cor-
relation of cytotoxicity, filler loading and curing time of dental composites. Bioma-
terials.

Choi S, Roulet J, Heintze S, Park S (2014). Influence of Cavity Preparation, Light-
curing Units, and Composite Filling on Intrapulpal Temperature Increase in an In
Vitro Tooth Model. Operative Dentistry.

CMS (2011) FlashMax2 Product description (2011). Available at: http://www.cms-
dental.com/ Default.aspx?ID=4061

Corciolani G, Vichi A, Davidson CL, Ferrari M (2008). The Influence of Tip Geom-
etry and Distance on Light-curing Efficacy. Operative Dentistry.

Dentsply Caulk. SmartLite® Focus Product Brochure, Form 544904 (R 3/20/14).
Milford: Dentsply Caulk; 2014.

Durner J, Obermaier J, Draenert M, Ilie N (2012). Correlation of the degree of con-
version with the amount of elutable substances in nano-hybrid dental composites.
Dental Materials.

EMS Swiss Master Light Brochure (2013). Available at: http://new.ems-company.com/
Fan PL, Schumacher RM, Azzolin K, Geary R, Eichmiller FC (2002). Curing-light
intensity and depth of cure of resin-based composites tested according to interna-
tional standards. Journal of the American Dental Association.

_27-



23.

24,

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Giincel Restoratif ve Protez Calismalart |

Federlin M, Price R (2013). Improving Light-Curing Instruction in Dental School.
Journal of Dental Education.

Feitosa VP, Fugolin APP, Correr AB, Correr-Sobrinho L, Consani S, Watson TF, et
al. (2012). Effects of different photo-polymerization protocols on resin-dentine utBS,
mechanical properties and cross-link density of a nano-filled resin composite. Jour-
nal of Dentistry.

Feng L, Carvalho R, Suh BI (2009). Insufficient cure under the condition of high ir-
radiance and short irradiation time. Dental Materials.

Ferracane JL, Mitchem JC, Condon JR, Todd R (1997). Wear and marginal break-
down of composites with various degrees of cure. Journal of Dental Research.
Ferreira SQ, Costa TR, Klein-Junior CA, Accorinte M De, Meier MM, Loguercio
AD, et al. (2011). Improvement of exposure times: effects on adhesive properties
and resin-dentin bond strengths of etch-and-rinse adhesives. The journal of adhesive
dentistry.

Flury S, Hayoz S, Peutzfeldt A, Hiisler J, Lussi A (2012). Depth of cure of resin com-
posites: Is the ISO 4049 method suitable for bulk fill materials? Dental Materials.
Fodor L, Ullmann Y, Elman M (2011). Aesthetic applications of intense pulsed light.
Gomes M, DeVito-Moraes A, Francci C, Moraes R, Pereira T, Froes-Salgado N, et al.
(2013). Temperature Increase at the Light Guide Tip of 15 Contemporary LED Units
and Thermal Variation at the Pulpal Floor of Cavities: An Infrared Thermographic
Analysis. Operative Dentistry.

Goodis HE, Winthrop V, White JM (2000). Pulpal responses to cooling tooth tem-
peratures. Journal of Endodontics.

Hadis M, Leprince JG, Shortall AC, Devaux J, Leloup G, Palin WM (2011). High
irradiance curing and anomalies of exposure reciprocity law in resin-based materials.
Journal of Dentistry.

Haenel T, Hausnerova B, Steinhaus J, Price RBT, Sullivan B, Moeginger B (2015).
Effect of the irradiance distribution from light curing units on the local micro-hard-
ness of the surface of dental resins. Dental Materials.

Hammouda IM (2010). Effect of light-curing method on wear and hardness of com-
posite resin. Journal of the Mechanical Behavior of Biomedical Materials.

Hannig M, Bott B (1999). In-vitro pulp chamber temperature rise during composite
resin polymerization with various light-curing sources. Dental Materials.

Hao X, Luo M, Wu J, Zhu S (2015). A survey of power density of light-curing units
used in private dental offices in Changchun City, China. Lasers in Medical Science.
Heintze SD, Rousson V (2012). Clinical effectiveness of direct class II restorations -
a meta-analysis. The journal of adhesive dentistry.

Hiemenz PC., Lodge T. (2007). Polymer chemistry. Boca Raton (FL): CRC Press.
ICNIRP (International Commission on Non-ionizing Radiation Protection) (1997).
Guidlines on limits of exposure to broad-band incoherent optical radiation (0.38 to 3
um). Health Phys.

Jadhav S, Aher G, Hegde V (2009). A clinical survey of the output intensity of 200 light
curing units in dental offices across Maharashtra. Journal of Conservative Dentistry.
Jakubinek MB, O’Neill C, Felix C, Price RB, White MA (2008). Temperature excur-
sions at the pulp-dentin junction during the curing of light-activated dental restora-
tions. Dental Materials.

Janda R, Roulet JF, Latta M, Kaminsky M, Riittermann S (2007). Effect of exponential
polymerization on color stability of resin-based filling materials. Dental Materials.

-28-



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Giincel Restoratif ve Protez Calismalart |

Jandt KD, Mills RW (2013). A brief history of LED photopolymerization. Dental
Materials.

Khaksaran NK, Kashi TJ, Rakhshan V, Sadat Z (2015). Kinetics of pulpal tempera-
ture rise during light curing of 6 bonding agents from different generations , using
light emitting diode and quartz-tungsten-halogen units : An in-vitro simulation. Dent
Res J.

Kleverlaan CJ, De Gee AJ (2004). Curing efficiency and heat generation of various
resin composites cured with high-intensity halogen lights. European Journal of Oral
Sciences.

Kodonas K, Gogos C, Tziafa C (2009a). Effect of simulated pulpal microcirculation
on intrachamber temperature changes following application of various curing units
on tooth surface. Journal of Dentistry.

Kodonas K, Gogos C, Tziafas D (2009b). Effect of simulated pulpal microcirculation
on intrapulpal temperature changes following application of heat on tooth surfaces.
International Endodontic Journal.

Kopperud SE, Tveit AB, Gaarden T, Sandvik L, Espelid I (2012). Longevity of pos-
terior dental restorations and reasons for failure. European Journal of Oral Sciences.
Labrie D, Moe J, Price RBT, Young ME, Felix CM (2011). Evaluation of ocular
hazards from 4 types of curing lights. Journal of the Canadian Dental Association.
Leprince J, Devaux J, Mullier T, Vreven J, Leloup G (2010). Pulpal-temperature Rise
and Polymerization Efficiency of LED Curing Lights. Operative Dentistry.

Leprince JG, Palin WM, Hadis MA, Devaux J, Leloup G (2013). Progress in dimethac-
rylate-based dental composite technology and curing efficiency. In Dental Materials.
de Magalhaes Filho TR, Weig K de M, Werneck MM, da Costa Neto CA, da Costa
MF (2015). Odontological light-emitting diode light-curing unit beam quality. Jour-
nal of Biomedical Optics.

Maghaireh GA, Alzraikat H, Taha NA (2013). Assessing the irradiance delivered
from light-curing units in private dental offices in Jordan. Journal of the American
Dental Association.

Maucoski C, Zarpellon D, Lipppinski L, Santos F, Rueggeberg F, Arrais C (2016).
Analise da temperatura do tecido gengival suino exposto a luz LED polywave de alta
poténcia. In: Proceedings of the 33nd SBPqO Annual Meeting. Braz Oral Res.
Michaud PL, Price RBT, Labrie D, Rueggeberg FA, Sullivan B (2014). Localised ir-
radiance distribution found in dental light curing units. Journal of Dentistry.

Mjor 1A (2005). Clinical diagnosis of recurrent caries. Journal of the American Den-
tal Association.

Mouhat M, Mercer J, Stangvaltaite L, Ortengren U (2017). Light-curing units used
in dentistry: factors associated with heat development—potential risk for patients.
Clinical Oral Investigations.

Onisor I, Asmussen E, Krejci I (2011). Temperature rise during photo-polymerization
for onlay luting. American Journal of Dentistry.

Overton JD, Sullivan DJ (2012). Early failure of Class II resin composite versus
Class II amalgam restorations placed by dental students. J Dent Educ.

Price RB, DErand T, Sedarous M, Andreou P, Loney RW (2000). Effect of distance on
the power density from two light guides. Journal of Esthetic and Restorative Dentistry.
Price RB, Felix C a (2009). Effect of delivering light in specific narrow bandwidths
from 394 to 515nm on the micro-hardness of resin composites. Dental materials :
official publication of the Academy of Dental Materials.

-29.



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Giincel Restoratif ve Protez Calismalart |

Price RB, Labrie D, Rueggeberg FA, Felix CM (2010a). Irradiance differences in the
violet (405 nm) and blue (460 nm) spectral ranges among dental light-curing units.
Journal of Esthetic and Restorative Dentistry.

Price RB, McLeod ME, Felix CM (2010b). Quantifying light energy delivered to a
class I restoration. Journal of the Canadian Dental Association.

Price RB, Rueggeberg FA, Labrie D, Felix CM (2010c). Irradiance uniformity and dis-
tribution from dental light curing units. Journal of Esthetic and Restorative Dentistry.
Price RB, Labrie D, Whalen JM, Felix CM (2011a). Effect of distance on irradiance
and beam homogeneity from 4 light-emitting diode curing units. Journal of the Ca-
nadian Dental Association.

Price RB, Whalen JM, Price TB, Felix CM, Fahey J (2011b). The effect of specimen
temperature on the polymerization of a resin-composite. Dental Materials.

Price RB, Labrie D, Kazmi S, Fahey J, Felix CM (2012). Intra- and inter-brand ac-
curacy of four dental radiometers. Clinical Oral Investigations.

Price RB, Shortall A, Palin W (2014a). Contemporary Issues in Light Curing. Opera-
tive Dentistry.

Price RB, Strassler HE, Price HL, Seth S, Lee CJ (2014b). The effectiveness of us-
ing a patient simulator to teach light-curing skills. Journal of the American Dental
Association.

Price RB, Labrie D, Rueggeberg FA, Sullivan B, Kostylev I, Fahey J (2014c). Cor-
relation between the beam profile from a curing light and the microhardness of four
resins. Dental Materials.

Price RB (2014d). Light Curing Guidelines for Practitioners: A Consensus Statement
from the 2014 Symposium on Light Curing in Dentistry, Dalhousie University, Hali-
fax, Canada. J Can Dent Assoc;80:e61.

Price RB, Ferracane JL, Shortall AC (2015). Light-Curing Units: A review of what
we need to know. Journal of Dental Research.

Rencz A, Hickel R, Ilie N (2012). Curing efficiency of modern LED units. Clinical
Oral Investigations.

Roberts HW, Vandewalle KS, Berzins DW, Charlton DG (2006). Accuracy of LED
and halogen radiometers using different light sources. Journal of Esthetic and Re-
storative Dentistry.

Rueggeberg FA (2011). State-of-the-art: Dental photocuring - A review. Dental Ma-
terials.

Rueggeberg FA, Cole MA, Looney SW, Vickers A, Swift EJ (2009). Comparison of
manufacturer-recommended exposure durations with those determined using biaxial
flexure strength and scraped composite thickness among a variety of light-curing
units: Masters of esthetic dentistry. Journal of Esthetic and Restorative Dentistry.
Rueggeberg FA, Giannini M, Arrais CAG, Price RBT (2017). Light curing in den-
tistry and clinical implications: a literature review. Brazilian Oral Research.
Runnacles P, Arrais CAG, Pochapski MT, Dos Santos FA, Coelho U, Gomes JC, et
al. (2015). In vivo temperature rise in anesthetized human pulp during exposure to a
polywave LED light curing unit. Dental Materials.

Santini A, Turner S (2011). Summary of: General dental practitioners’ knowledge of
polymerisation of resin-based composite restorations and light curing unit technol-
ogy. British Dental Journal.

Satrom KD, Morris MA, Crigger LP (1987). Potential Retinal Hazards of Visible-
light Photopolymerization Units. Journal of Dental Research.

-30 -



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.
92.

93.

94.

95.

96.

Giincel Restoratif ve Protez Calismalart |

Seltzer S, Bender 1 (1984). The Dental Pulp. Philadelphia: J.B. Lippincott;1984. p.
195-7.

Seth S, Lee CJ, Ayer CD (2012). Effect of instruction on dental students’ ability to
light-cure a simulated restoration. Journal of the Canadian Dental Association.

Al Shaafi M, Maawadh A, Al Qahtani M (2011). Evaluation of Light Intensity Out-
put of QTH and LED Curing Devices in Various Governmental Health Institutions.
Operative Dentistry.

Shimizu Y, Tsujimoto A, Furuichi T, Suzuki T, Tsubota K, Miyazaki M, et al. (2015).
Influence of Light Intensity on Surface Free Energy and Dentin Bond Strength of
Core Build-up Resins. Operative Dentistry.

Shortall A, El-Mahy W, Stewardson D, Addison O, Palin W (2013). Initial fracture
resistance and curing temperature rise of ten contemporary resin-based composites
with increasing radiant exposure. Journal of Dentistry.

Shortall AC, Felix CJ, Watts DC (2015). Robust spectrometer-based methods for
characterizing radiant exitance of dental LED light curing units. Dental Materials.
Spranley TJ, Winkler M, Dagate J, Oncale D, Strother E (2012). Curing light burns.
General Dentistry.

Sunitha C, Kailasam V, Padmanabhan S, Chitharanjan AB (2011). Bisphenol A re-
lease from an orthodontic adhesive and its correlation with the degree of conversion
on varying light-curing tip distances. American journal of orthodontics and dentofa-
cial orthopedics : official publication of the American Association of Orthodontists,
its constituent societies, and the American Board of Orthodontics.
Sunnegérdh-Gronberg K, van Dijken JWYV, Funegard U, Lindberg A, Nilsson M
(2009). Selection of dental materials and longevity of replaced restorations in Public
Dental Health clinics in northern Sweden. Journal of Dentistry.

The International Commission on Non-Ionizing Radiation Protection (2004). Giude-
lines on Limits of Exposure to Ultraviolet Radiation of Wavelengths Between 180
nm and 400 nm (Incoherent Optical Radiation). Health Physics.

Ultradent Products. VALO® Grand Product Prochure (2016).

Vandewalle KS, Roberts HW, Andrus JL, Dunn WJ (2005). Effect of light dispersion
of LED curing lights on resin composite polymerization. Journal of Esthetic and
Restorative Dentistry.

Vandewalle KS, Roberts HW, Rueggeberg FA (2008). Power distribution across the
face of different light guides and its effect on composite surface microhardness. Jour-
nal of Esthetic and Restorative Dentistry.

Watts DC, Alnazzawi A (2014). Temperature-dependent polymerization shrinkage
stress kinetics of resin-composites. Dental Materials.

Xu X, Sandras DA, Burgess JO (2006). Shear Bond Strength with Increasing Light-
Guide Distance from Dentin. Journal of Esthetic and Restorative Dentistry.

Zach L, Cohen G (1965). Pulp response to externally applied heat. Oral Surgery,
Oral Medicine, Oral Pathology.

-31-



