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Reactive changes in dental tissues in response
to curing light exposure: An experimental study
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ABSTRACT

BACKGROUND: The use of curing lamps has considerably improved the quality of dental treatment. Curing light exposure
protocols are primarily based on the effectiveness (completeness) of cure. The risk of heat impact on the dental pulp and
surrounding tissues is a downside of curing light radiation. There is a need for experimental confirmation of differentiated
selection of curing light exposure protocols (intensity and time of exposure) in terms of minimum impact on tissues.

AIM: To assess the effect of curing light on dental tissues.

MATERIALS AND METHODS: An experimental simulation of the use of curing light in dental practice during dental
restoration was performed. The experiment was performed in 50 rats randomized into four groups: Group 1 (control,
n=5) and Groups 2—4 (treatment, n=15 each). The control group was not exposed to curing light. In the treatment groups,
mandibular incisors of the experimental animals were exposed to curing light in three modes. The animals were sacrificed
by decapitation after 7 days in Group 1 and after 1, 3, and 7 days in Groups 2—-4. A total of 100 teeth were extracted for
pathomorphological examination. A total of 320 histological sections (enamel, dentin, and pulp slides) were prepared,
stained, and examined. The descriptive method was used to assess the findings.

RESULTS: Changes in the pulp showed pathomorphological signs of acute inflammation, most prominent on Day 3, which
was considered a defense response of the pulp to irritation. The microvasculature showed the most significant changes,
with increased, inhomogeneous blood filling, plasmorrhagia of capillary walls, and stasis in capillary lumen. There were no
morphological changes in hard dental tissues.

The initial response of the dental pulp to curing light exposure in experimental animals was uniform and unaffected by the
technical specifications of curing lamps. On Day 7, there was no morphological response in the pulp when exposed to diode
light at 1,000 and 1,400 mW/cm?. At this point, the microscopic appearance of the pulp exposed to diode curing light at
3,200 mW/cm? was generally comparable to that at baseline, with residual perivascular cellular infiltration of the stroma and
capillary congestion.

CONCLUSION: The experimental findings indicate a risk of negative photochemical reactions in the pulp following curing light
exposure during treatment of patients with hard dental tissue pathologies. The data on the effect of curing light on the dental
pulp can be used in real-world dental practice when selecting a composite curing algorithm during dental restoration to reduce
the risk of unexpected reactions to curing light.

Keywords: diode curing lamp; tooth microstructure; odontoblasts; dental pulp; dental pulp inflammation; semiquantitative
morphometric analysis.
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PeakTuBHas AMHAMMKa COCTOSAHMA TKaHeW 3yba
B OTBET Ha AelcTBue oTonoMMepUsaTopoB
(skcnepuMmeHTanbHoe uccnepoBaHue)

B.P. WawmMypwuHa, B.M. Kucenes, J1.H. Ipuwwenkosa, A.C. HosukoB

CMOoneHCKUIA rocynapCTBEHHbIN MeAULMHCKII YHUBepcuTeT, CMoneHck, Poccus

AHHOTALMA

06ocHoBaHue. /cronb3oBaHne (OTONONMMEPU3ALMOHHBIX YCTPOMCTB CTaNl0 HOBOW CTYNEHbIO MOBbILIEHWS Ka4ecTBa CTOMAToso-
rmyeckon nomoLuy. MNpoToKosbl NpUMeHeHUs GOTONONIMMEPKU3ATOPOB pa3paboTaHbl B NepBYH0 04epeab C YHETOM 3 dEKTUBHOCTH
(MonHoThl) nonMMepusaumu. HepocTatkoM usnydenust GOTONOMMMEPHU3aTOPOB SBASIETCS BO3MOXHOCTbL TEMOBOMO BO3AENCTBUA
Ha nynbny 3y6a u okpyatowwme THaHu. CylecTByeT NoTpebHOCTb B KCMEpUMEHTaIbHOM 060CHOBaHMM AnddepeHLMpOBaHHOMO
Bblbopa npoToxena doTonoMMepu3aLmm (MHTEHCUBHOCTH, BPEMEHU 061y4eHms) € NO3ULIMM MUHMAIbHOMO BO3AENACTBUSA Ha TKaHMU.
Llenb uccnepoBaHus — u3yyeHue BMAHUS CBETOBOMO U3Ny4YEHUS CTOMATONOMMYECKUX (DOTOMONMMEPM3ATOPOB Ha TKaHM 3yba.
Martepuanbl u Metoabl. [IpOBEAEHO 3KCMEPUMEHTANBHOE MOLENMPOBaHME NPUMEHEHUA CBETA (OTOMOMMEPU3ALMOHHBIX
YCTPOWCTB B CTOMATONIOMMYECKOI NpaKTUKe A5 0bydeHns 3y6oB Npu Ux pectaBpauyu.

3KcnepuMeHT BbINOHEH Ha 50 Kpbicax, pa3AenéHHbIX CryyaliHbiM 06pa3oM Ha 4 rpynmbl: nepBasi, KOHTposbHas (n=5), BTo-
pas—yeTBEpPTas, OCHOBHbIe (=15 B Kaxao). MBOTHLIX KOHTPOILHOW rPYNMbI BO3AEMCTBUK CBETOBOIO U3Ty4eHUs CTOMATo-
NornYeckux GoTonoNMMepr3aTopoB He NoaBepranu. Ha pesubl HUKHE YenCTM 3KCNepPUMEHTANbHBIX }KUBOTHBIX OCHOBHbIX
rpynn OKasbiBa/ BO3AENCTBME CBETOM CTOMATONIOMMYECKOro (hOTOMOSMMEPHU3ALIMOHHOIO YCTPOMCTBA B TPEX pexuMax. Cny-
cta 1, 3 1 7 cyT UBOTHBIX BTOPOA—YETBEPTON YN U CYCTA 7 CYT — XMBOTHBIX KOHTPOJIbHOM rpynnbl BbIBOAWIN U3 3KCNE-
PUMeHTa NyTEM AeKanuTauuu. [na natomMopdonornyeckux uccnegosanmi selgenvnm 100 3ybos. MofroToBneHs!, OKpaLLeHbI,
n3ydeHbl 320 rUCTONOrMYECKUX CpPe30B (MUKpONpenapaTbl 3Manu, AeHTMHa, Nynbnbl 3yba). [ns oLeHKU NoMyYeHHbIX pesysib-
TaTOB MCMOJb30BaH OMMCaTeNbHbIA METOA.

Pesynbtartbl. VI3MeHeHus B nynbne uMenn natoMophooruyeckye Npu3Haku oCTPOro BocnaneHus, Haubonee BbipaXeHHbIe
Ha 3-M CYTKM, YTO pacLEeHUBAETCA KaK 3allMTHas peakuus Nynbnbl Ha pasgpaxeHue. Hanbonee BbipaxeHHbIE U3MEHEHUS
OTMEYeHb! CO CTOPOHbI MUKPOLIMPKYNATOPHOIO pPycna B BUAE MOBLILLEHHOMO U HEPaBHOMEPHOr0 KpOBEHAMOSHEHWSA COCY0B,
M1a3MaTYeCcKoro NPOMUTLIBAHUS CTEHOK KanufapoB, CTa3oB B UX NpocseTe. Mopdhonormiyeckmx U3MeHeHuii B TBEpAbIX TKa-
HAX 3y60B He BbISIBNEHO.

MepBUYHaA peakuus Mynbrbl 3y60B 3KCMEPUMEHTANbHBIX KUBOTHBIX HA BO3AEHCTBUE CBETOBOTO WU3NyyeHUs doTononmme-
p13aTopoB OLHOTMMHA U He 3aBMCUT OT MX TEXHUYECKMX XapaKTepucTuk. Ha 7-e cyTku Habniopanu nofHoe KynupoBaHue
OTBETHON MOP(OSIOrMYECKO peakLmu B NyNbrne npu AvoaHoM 06ayyeHrn MolHocTbio 1000 1 1400 mMBt/cM2. B 3ToT cpok
MWUKPOCKOMWYeCKas KapTUHA NYNbMbl XMBOTHBIX MOCNE BO3AEACTBUA AUOLHBIM (HOTOMNOMMEPU3ATOPOM MOLLHOCTBIO U3NTY-
yenna 3200 MBT/cM? npubnmKanack K UCXOZHOM MPU OCTaTOYHOM COXPaHEHUN KNETOUHOM NepUBacKyNAPHON MHBUILTPaLK
CTPOMbI W NMOJTHOKPOBMS Kanunspos.

3akniouenue. [onyyeHHbIe IKCNEPUMEHTANBHbIE JaHHbIE CBUAETENBCTBYIOT O BO3MOXHOM Pa3BUTUM HEraTUBHBIX hoToXMMUYe-
CKMX peaKumii B nynbne 3yba nocne Bo3aeicTBUA CBETA CTOMATONIOMMYECKUX (OTOMONMMEPU3aTOPOB B NpoLiecce neyeHns 6onb-
HbIX C NaTonorvei TBEpAbIX TKaHel 3y6oB. [laHHbIe 0 BAUAHWUM U3MyYeHUs CTOMATONOrMYecKkux GoTonoNMMepHU3aTopoB Ha Nyfb-
ny 3yba UMetoT NpUKIagHoe 3Ha4eH1e Npy Bbibope anropuT™a GoTonoMMepM3aLmu KOMNO3WUTa B NpoLecce pectaBpaLum 3ybos
LS CHUXEHWUA PUCKA HeNpeaBUAEHHBIX peakLUmii OT LeNCTBUS U3MYYEHNS.

KnioueBble cnoBa: AMOAHbLIA (HOTONONMMEPU3ATOP; MUKPOCTPYKTYpa 3y0a; 0fl0HTOONACTbI; Ny/bna 3yba; BocnaneHue nyfb-
nbl 3y6a; NoNYKONMYECTBEHHBIN MOPGOMETPUYECKUI aHanu3.
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BACKGROUND

Modern dentistry routinely employs light-curable
restorative materials. The introduction of light-curing devices
has marked a significant advancement in the quality of
dental care. As with all medical devices, their safety must be
ensured [1]. Light-curing protocols are primarily developed
with regard to polymerization efficacy (completeness of
cure). However, a notable drawback of curing light exposure
is the potential for thermal injury to the dental pulp and
surrounding tissues. There is a clear need for experimental
validation of differentiated light-curing protocols, specifically
intensity and exposure time, to minimize tissue impact [2].
No similar studies were identified in the available databases.

AIM: To assess the effect of curing light on dental tissues.

METHODS

Study Design

An experimental simulation of curing light application in
dental restorative procedures was conducted. The study in-
cluded 50 rats randomized into four groups: Group 1 (control,
n=5) and Groups 2—4 (treatment, n=15 each). Animals in the
control group were not exposed to curing light. In treatment
groups, the mandibular incisors were irradiated twice with
a dental curing device emitting light at 395-480 nm. Three
light intensity modes were applied: Group 2 was exposed to
1,000 mW/cm?, Group 3 to 1,400 mW/cm?, and Group 4 to
3,200 mW/cm?. The animals were sacrificed by decapitation
after 7 days in Group 1 and after 1, 3, and 7 days in Groups 2,
3, and 4, respectively. A total of 100 teeth (two mandibular
incisors per animal) were extracted for pathomorphological
examination. From these specimens, 320 histological sec-
tions (including enamel, dentin, and pulp) were prepared,
stained, and analyzed.

Study Setting

The experiment was carried out at Smolensk State Medical
University. Animals were housed in a vivarium under standard
sanitary conditions in labeled enclosures'. For procedural
sedation and decapitation, animals received intraperitoneal
premedication with 2% xylazine hydrochloride solution (Xyla,
Interchemie Werken “De Adelaar” B.V., Netherlands) at
a dose of 0.15 mL/kg, followed by anesthesia with Zoletil
(Virbac Santé Animale, France) at a dose of 0.01 mg/kg [3].

Study Duration

Dental tissue responses to curing light were assessed
dynamically 1, 3, and 7 days post-exposure. The experiment
was conducted in 2023.

1 GOST 33215-2014. Guidelines for accommodation and care of animals. Environment,
housing, and management. Available at: https://docs.cntd.ru/document/ 1200127789
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Measurement Protocol

The extracted teeth were decalcified for 18 days in
trichloroacetic acid. Following initial fixation, the specimens
were trimmed, re-fixed above the liquid level in trichloroacetic
acid for 24 hours, and embedded in paraffin. Histological
sections 5-8 pum thick were prepared using a microtome.
Deparaffinization was performed by treating the sections
with three changes of xylene for 5 minutes each. Dehydration
was achieved by sequential immersion in four ethanol
concentrations (absolute, 96%, 70%, and 56%) for 3 minutes
each. The material was fixed in 15% aqueous neutral buffered
formalin and paraffin-embedded. Histological staining
included hematoxylin and eosin, Van Gieson, Alcian blue,
and periodic acid-Schiff (PAS) reaction. The vascular bed
and its components were examined using the Gab—Dyban
technique. Standardized comparative microscopic analysis
of dental tissues (enamel, dentin, and pulp) was performed
using the Axio Imager A2 imaging system (Carl Zeiss,
Germany) at x100 and x200 magnification. Digital images
were acquired using the Axiocam 506 color camera for light
microscopy (Carl Zeiss, Germany).

Main Study Outcome

The primary objective was to test the hypothesis that
curing light exposure, under manufacturer-recommended
settings for composite restorative materials, induces
reactive changes in dental tissues. The study also sought to
characterize the underlying pathomorphological features of
these responses.

Additional Study Outcomes

An additional outcome was to assess the reversibility of
the observed tissue changes and their resolution.

Subgroup Analysis

The study included 8-month-old male rats. Group 1
served as the control, while Groups 2 through 4 received
curing light exposure. Differences between the control and
treatment groups were assessed by analyzing intragroup
changes following exposure to diode curing light.

Outcomes Registration

Outcomes were assessed using descriptive statistics
and semiquantitative evaluation, with ranked scoring of
histopathologic features.

Given the inherent subjectivity of microscopic evaluation,
determined by the study subject and observer, both
intracbserver and interobserver validation methods were
employed to minimize bias.

Ethics Approval

The study design was justified by weighing the potential
harm to animals against the prospective benefit to human
health. The use of animals was limited to the minimum
necessary to achieve scientific validity. All procedures
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adhered to current legal and ethical standards®. The study
was approved by the Ethics Committee of Smolensk State
Medical University (Minutes No. 2 of September 23, 2022).

Statistical Analysis
Descriptive statistics were used to assess the findings.

RESULTS

Primary Results

Histologic examination of dental tissues in the control
group (Group 1) revealed preserved structural components:
enamel, dentin, and pulp. Enamel, physiologically thin in
this species, covered the crown portion of the tooth. Dentin,
a connective tissue, consisted of fibroblasts and odontoblasts
within an extracellular matrix composed of procollagen,
collagen, and reticular fibers. At the boundary with predentin,
odontoblasts were arranged in rows of 68 cells within the
coronal pulp. These cells varied in shape from prismatic or
pear-shaped to cuboidal. Beneath the odontoblast layer in
the coronal portion of the tooth, the subodontoblastic layer
consists of the cell-free (zone of Weil) and cell-rich zones
containing fibroblasts, lymphocytes, and poorly differentiated
cells capable of differentiating into odontoblasts. The pulp
exhibited rich innervation and vascularization. Concentric
radial dentin layers followed the odontoblast layer, with the
dentin layer approximately 1.5 times thicker than the pulp.
Overall, the dental microstructure resembled that of a human
tooth [4], with two distinguishing features: thinner enamel
and more pronounced pulp vascularity.

In Groups 2-4, teeth were exposed to curing light
(395-480 nm). In Group 2 (1,000 mW/cm?), no signs of pulp
inflammation were observed on Day 1. By Day 3, individual
lymphocytes and polymorphonuclear leukocytes appeared in

2 GOST 33044-2014. International standart. Principles of good laboratory practice.
Available at: https://docs.cntd.ru/document/ 1200115791
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the loose connective tissue stroma of the pulp. Microvascular
blood filling was heterogeneous; some vessels exhibited
dilated lumens.

In Group 3 (1,400 mW/cm?, 3-second exposure),
histologic architecture was preserved on Day 1 (Fig. 1),
and findings were largely within normal limits. However,
heterogeneous blood filling of the pulp microvasculature was
noted. The odontoblast layer appeared thinned and sparsely
populated. Capillary walls exhibited plasmorrhagia, with
occasional stasis in the lumen; endothelial cells remained
intact. On Day 3, mild perivascular lymphocytic infiltration
was observed in the pulp stroma (Fig. 2).

In Group 4 (3,200 mW/cm?), Day 1 findings showed
preserved overall dental structure with scattered cellular
infiltration of the pulp and good vascular filling (Fig. 3).
Lymphocytes were noted in the loose connective tissue
stroma. On Day 3, dental hard tissues remained structurally
intact. Pulp microvasculature exhibited uneven blood filling,
and sparse lymphocytes were present in the stroma. PAS
staining revealed weak glycogen positivity in the pulp, with
higher glycogen content in circumpulpal dentin compared to
mantle dentin (Fig. 4). Pulp vessels remained engorged, with
areas of vascular stasis.

Histochemical staining showed preserved structure of
hard dental tissues in all groups at all time points. The dentin
exhibited a radial structural pattern (see Fig. 1).

Secondary Results

The findings suggest that reactive changes in the dental
pulp induced by curing light exposure are reversible.

On Day 7, histologic features of the pulp in Groups 2 and 3
approximated normal. The odontoblast layer maintained its
histoarchitectonic integrity, and microvasculature showed
vascular engorgement without evidence of inflammatory
infiltrate.

In Group 4, Day 7 histology remained consistent with
that observed on Days 1 and 3. The edematous stroma
contained scattered lymphocytes, plasma cells, and

Fig. 1. Transverse histological section of a tooth (third experimental group, day 1). Hematoxylin and eosin staining; x100.

DOI: https://doi.org/10.17816/dent635893
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Fig. 2. Perivascular infiltration in the dental pulp (third experimental group, day 3). Hematoxylin and eosin staining; x200.

Fig. 3. Transverse histological section of a tooth (fourth experimental group, day 3). Intensive presence of glycogen in the tooth tissues around
the pulp. Staining using the PAS reaction; x100.

Fig. 4. Transverse histological section of a tooth (fourth experimental group, day 1). The degree of blood filling of the dental pulp
is shown. Staining according to Gabu-Dyban; x200.

DOI: https://doi.org/10.17816/dent635893
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polymorphonuclear leukocytes. PAS staining continued
to demonstrate increased glycogen content in the dentin
adjacent to the pulp. The pulp vasculature remained
markedly engorged.

Adverse Events
No adverse events were observed during the study.

DISCUSSION

The experimental findings indicate a risk of negative
photochemical reactions in the pulp following curing light
exposure during treatment of patients with hard dental
tissue pathologies. Histopathologic changes in the pulp
exhibited features of acute inflammation, most pronounced
on Day 3, and were interpreted as a protective response to
irritation [5,6]. The most significant alterations involved the
microvasculature, including increased and heterogeneous
blood engorgement, plasmorrhagia of capillary walls, and
stasis within their lumens. Although this condition typically
does not require specific treatment, it may cause transient
postoperative discomfort in some patients following light
curing.

There were no morphological changes in hard dental
tissues.

The initial pulp response to curing light exposure in
experimental animals was uniform and appeared independent
of the technical specifications of the curing devices. By Day 7,
reactive changes in the pulp resolved completely in groups

REFERENCES

1. Andreeva AV. Modern photopolymerization devices. Nauchnoe
obozrenie. Medicinskie nauki. 2020;(6):39-43. EDN: CYGNAJ

2. Ananikyan DU. Influence of the polymerization mode on the
toxicity of modern light-cured composite materials [dissertation
abstract]. Moscow, 2006. (In Russ.) EDN: NIJARH

3. Guide for the Care and Use of Laboratory Animals // Washington,
National Research Council. 2011. 246 p. doi: 10.17226/12910

4. Gemonov VV, Lavrova EN, Falin LI. Histology and
embryology of the oral cavity organs and teeth. Study

CMUCOK JIUTEPATYPbI

1. AHgpeeBa A.B. CoBpeMeHHble (HOTOMONMMEPU3ALIMOHHBIE
ycTpowctBa // HayuHoe obospeHue. MeguumHckve Hayku. 2020.
N 6. C. 39-43. EDN: CYGNAJ

2. AnanviksH [110. BnvsHve pexxuma nonmMmepr3aLmmn Ha ToKCuY-
HOCTb COBPEMEHHbIX CBETOOTBEPIKAAEMBIX KOMMO3UTHBIX MaTepua-
0B: aBTOpPeqd. AMC. ... KaHA. Med. HayK. MockBa, 2006. EDN: NIJARH
3. National Research Council (US) Committee for the Update of the
Guide for the Care and Use of Laboratory Animals. Guide for the Care
and Use of Laboratory Animals. 8th ed. Washington (DC): National
Academies Press (US); 2011. 246 p. doi: 10.17226/12910

Vol. 28 (6) 2024

DOI: https://doi.org/10.17816/dent635893

Russian Journal of Dentistry

exposed to diode light at 1,000 and 1,400 mW/cm?. At this
point, the pulp morphology in animals exposed to 3,200 mW/
cm? light approximated baseline findings, with residual
perivascular cellular infiltration and persistent capillary
congestion.

CONCLUSION

These data regarding the effects of curing light on the
dental pulp have practical implications for selecting curing
protocols during composite restorations, aiming to minimize
the risk of unexpected tissue reactions.
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