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Abstract: The aim of this study was to evaluate histopathologically the pulp
tissue response of the researched materials 7 and 30 days after their application. The
reaction of pulp tissue has been examined on first upper molars in 24 Wistar rats, follo-
wing the previously set parameters. For that purpose, 48 class V cavities were prepared
with a high-speed handpiece using a diamond burr under copious water-cooling. The
cavities were divided into four groups. In the cavities from the first group we applied Fuji
Lining LC, and in the secound group cavities we applied Fuji IX as a base. In the third and
fourth group cavities we applied Prime&Bond and G Bong as a base. All the cavities were
restored with liquid light cured composite. Seven days after the application, 3 rats from
each group were killed and the restored teeth were extracted and immersed in a fixative
solution, Osteomol. After removing the Osteomol, the specimens were processed
according to histological procedures. The histological evaluation was made using a light
microscope connected to a video camera. Thirty days after the application of the dental
materials we re-did the procedure with the other restored teeth. For Fuji Lining LC and
Fuji IX most of the specimens exhibited no pulpal response or slight inflammatory
reaction associated with slight tissue disorganization during a seven-day period. A slight
to moderate inflammatory pulpal response occurred in the specimens restored with G
Bond, while Prime&Bond exhibited the strongest toxic effect on the pulp tissue. After 30
days the pulp tissue in all groups recovered and displayed a normal appearance.

Key wards: Biocompatibility, dentin adhesives, glass ionomer cements, pulpal response.
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The development of science and technology leads towards the produc-
tion of a wide range of new dental materials with established physical and
mechanical features. Besides the antimicrobial effect and mechanical opportuni-
ties it is required of the dental material that it posses biocompatibility towards
the pulp and surrounding tissues. According to the research of several authors
there are two main causes of inflammation on pulp tissue after the restorative
procedures: toxicity of the material and bacterial infection.

The correlation between pulp irritation and the presence of bacteria has
been confirmed by several researches. These studies have concluded that the
dental materials available on the dental market are biocompatible when applied
on dentine or in contact with pulp tissue, and only bacteria and their products
might cause pulpal breakdown [8]. On the other hand, inflammation of pulp tis-
sue can be noted also when there is no bacterial microleakage, especially while
applying bonding systems with low viscosity [6, 7]. Hypertonic acidic agents
applied on dentin remove the smear layer as well as decalcifying the peritubular
dentine. It has been demonstrated that uncured residual toxic components relea-
sed from resin-based materials can diffuse through the dentinal tubules to cause
damage to the pulp tissue [4]. The reduction of the remaining dentine leads to
increased permeability of dentine as a result of the increasing number and width
of exposed dentine tubules. Self-etching adhesive systems which do not comp-
letely remove the smear layer and smear plugs and preserve the dentin morpho-
logy, might prevent transdentinal diffusion of resin components. Conventional
glass ionomer cements present biocompatibility, a nonshrinking setting reaction
and chemical adhesion to tooth structure [16]. The newer resin-modified glass
jonomer cements, RMGICs, are an alternative to conventional glass ionomer
cements, but the light-cured systems of these glass ionomer cements exhibit
poor biocompatibility and greater cytotoxicity than conventional cements [10].

Aim of the study

The aim of this study was to evaluate the pulp response to the different
dental materials (total-etching and self-etching dentine adhesive, conventional
and resin-modified glass ionomer cement) 7 and 30 days after their application.

Materials and method

A total of 48 first upper molars were used for this investigation. The-
refore 24 Wistar rats (aged 12 weeks and 250-260 gr weight) received an intra-
peritoneal injection of Nembutal (pentobarbital). Cavities were prepared on the
mesial aspect of the two first upper molars with a high-speed handpiece, under
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water-cooling. The burrs were changed after every fourth cavity. No additional
retention was made. During the preparation, the depth of the cavity was 1mm,
the same in all preparations. The 48 cavities were divided into 4 groups. Cavi-
ties in the first group were restored with Fuji Lining LC (GC Corporation), in
the second with Fuji IX (GC Corporation), in the third with Prime&Bond
(Dentsply, DeTrey) and in the fourth group with G Bond (GC Corporation).
After that the cavities of all groups were restored with a liquid light-cured com-
posite. Seven and 30 days after restoration, 24 anaesthetized rats were killed.
Block sections including the three molars were dissected from the maxilla, and
decalcified with Osteomol (Merk) at room temperature for 48 hours. After
dehydration the teeth were embedded in paraffin. Five-micron thick serial
sections were prepared through the cavities and pulp using a sliding microtome.
These were placed on glass microslides, and stained with hematoxylin and eosin
(H/E). Bacteria were evidenced using Brown and Brenn’s staining technique.
The pulp response was evaluated by light microscope (Nikon-Eclipse E 600,
nporpam Lucia 4,21, Nikon).

The criteria for assessing the physical changes in pulp tissue, adjusted
according to ISO standards of evaluation, are shown in Table 1.

Table 1

Histological criteria and grading

Tissue disorganization

0 — Normal tissue

1 — Odontoblastic layer disorganization but central pulp normal
2 — Total disorganization of the pulp tissue morphology

3 — Pulp necrosis

Inflammatory cell response

0 —None or a few scattered inflamatory cells present beneath the cat tubules

1 — Slight inflammatory cell infiltrate with polymorphonuclear or mononuclear
leukocytes

2 — Moderate inflammatory cell infiltrate involving coronal pulp

3 — Severe inflammatory cell infiltrate involving the coronar pulp or characterizing
abscess.

Hard tissue formation

0 — Absence

1 — Modest hard tissue deposition beneath the axial wall

2 —Moderate hard tissue deposition beneath the axial wall exposed area

3 — Intense hard tissue deposition beneath the axial wall

TIpunosu, Oy, Gruon. Ment. Hayku, XXXIII/1 (2012), 265-277
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Results

The results of the histological examinations are shown in Table 2.

Table 2

Number of teeth for each score according to groups and periods

Number of teeth
7 days 30 days
Histopathologic event Score 0 Score 1 Score2 Score3 Score0 Score 1 Score2 Score 3

Tissue disorganization

Fuji Lining LC 0 6 0 0 6 0 0 0
Fuji IX 0 6 0 0 6 0 0 0
G Bond 0 2 4 0 3 1 0 0
P&B 0 0 6 0 5 1 0 0
Inflammatory cell response

Fuji Lining LC 3 3 0 0 6 0 0 0
Fuji IX 2 4 0 0 6 0 0 0
G Bond 0 2 4 0 6 0 0 0
P&B 0 0 3 3 5 1 0 0
Hard tissue formation

Fuji Lining LC 6 0 0 0 0 6 0 0
Fuji IX 6 0 0 0 0 6 0 0
G Bond 6 0 0 0 0 6 0 0
P&B 6 0 0 0 0 6 0 0

Changes in the layer of odontoblast

Seven days after the preparation, all experimental groups demonstrated
a disruption of the ododntoblast layer in areas corresponding to the cut dentinal
tubules. Four samples from the first group of teeth treated with G Bond showed
moderate changes in the odontoblast layer (OL), while in the other 2 samples
changes were slight. All samples treated with Prime&Bond showed moderate
changes with significant disruption in OL. In all the examined samples from the
third and fourth groups treated with Fuji Lining LC & Fuji IX slight changes in
the odontoblast layer were found, with enlarged blood vessels and capillaires in
the pulp areas related to the cavity preparation (Fig. 1, Fig. 2). Over a period of
30 days slight changes were noticed in the odontoblast layer in one sample from
the G Bond group and in one from the P&B Group. In rest of the specimens the
odontoblast layer was unchanged.
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Figure 1 — Fuji Lining LC restored specimens. Pulp tissue is almost normal
with disruption of odontoblastic layer (100 x)

Figure 2 — Fuji IX restored specimens. Pulp tissue is almost normal with slight
inflammatory cell infiltration and disruption of odontoblastic layer (100 x)

TIpunosu, Omt. Guon. Mest. Haykn, XXXII/1 (2012), 265-277
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Inflammatory cell reaction

For a period of 7 days pulp tissue in all the tested specimens exhibited
inflammatory cell response. Four specimens from the G Bond group exhibited a
moderate inflammatory response (Fig. 3), while the other two cavities showed a
slight pulp response.

Figure 3 — Moderate reaction in G Bond specimens. Slight tissue disorganization.
Infiltration of inflammatory cells in the pulp and disruption of odontoblastic layer (100 x)

The pulp response was greater in specimens restored with Prime&Bond.
Three of them exhibited moderated inflammatory reaction at the pulp zone rela-
ted to the cavity floor. The other three samples showed severe inflammatory cell
infiltration involving the coronal pulp ( Fig. 4). As for the samples restored with
glass ionomer cements, in 3 of the Fuji Lining LC group and in four of the Fuji
[X group a slight inflammatory pulp response was observed. The other speci-
mens presented normal histoligical characteristics. Over a period of 30 days all f
the tested specimens resulted in reparation of pulp tissue, with lack of inflam-
matory response, except in the Prime&Bond group where a persistent slight
inflammatory reaction was observed in one of the specimens. Resolution of
blood vessel dilatation and odontoblast reorganization were observed next to the
thick reparative dentine. No bacteria were observed in any specimens after a 7
and 30 days period ( Fig. 5).
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Figure 4 — Prime&Bond specimens. Remarkable inflammatory pulpal response (100 x)

Figure 5-30 days after restavration. Pulp tissue exhibited normal histological
characteristics (100 x)

Tpunosu, Omr. 6uon. Men. Haykun, XXXIII/1 (2012), 265-277
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The formation of reactive dentin

For a period of 7 days none of the tested specimens had visible forma-
tion of reactive dentin. The occurrence of reparative dentinogenesis was seen in
all specimens after a 30-day period. The ANOVA test showed that there was no
statistically significant difference in reactive dentine formation between the
experimental and control groups.

Discussion

There are two main reasons for the pulp response, the toxic effect of the
material and bacterial microleacage. The age of the patient, method of applying
the material and remaining dentine thickness also play an important role in the
intensity of pulp response and deposition of reparative dentine. Theoretically, a
100% conversion of monomer to polymer is possible, but as much as 25 to 50%
of the methacrylate monomer double-bond actually remains unreacted in the
polymer [1, 7]. Any unpolymerized monomer in the composite is a potential
biological liability if it leaches from the composite toward the pulp of the tooth.
Many in vitro investigations demonstrate the cytotoxic effects of dental mate-
rials and their components [9]. Hanks et al. demonstrate that Bis GMA &
UDMA have an extremely toxic effect applied on cultured cells. [6] The result
shows an additional cytotoxic effect of HEMA when used as a solvent for Bis
GMA [18].

Results from in vitro studies do not always correspond with the results
obtained under in vivo conditions. The dentine, to some extent, acts as a barrier
which slows and prevents the penetration of toxic substances toward the pulp.

Schmaltz reported that a remaining dentine thickness of 0.5mm should
be enough to protect the pulp tissue against the cytotoxic effects of dental mate-
rials. Furthermore, pulp circulation in vivo reduced the concentration of cyto-
toxic agents [19].

In our research, over a period of 7 days, the inflammatory pulp response
was most extensive in teeth treated with Prime&Bond. In 3 of the samples there
were signs of severe inflammatory pulp response while the other 3 samples sho-
wed moderate inflammatory response. The results observed in the G Bond
group showed slight inflammatory changes of pulp tissue and odontoblast layer.
Considering the fact that in our research dental materials were applied on den-
tine in cavities with approximately the same depth, we can conclude that diffe-
rences in the pulp response are due to the toxicity of the material and the
technique of application. The outward fluid flow through the tubules and the
plasma proteins present in the dentinal fluid is the first line of defence against
the inward diffusion of noxiousness from the cavity floor to the pulp [17]. The
wet bonding technique associated with a high dentine permeability in acidet-
ched deep dentine can lead to increased penetration of unreacted monomers
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towards the pulp. G Bond is a self-etching dentine adhesive which is less
aggressive compared to phosphoric acid and during its application a slight
decalcification of dentine is formed. Sousa Costa et al. reported that when the
smear layer was removed by total etching technique and the enlarged dentinal
tubule openings in the cavity floor received the bonding agents as a liner, a
remarkable inflammatory response and tissue disorganization was observed.
According to these authors a remaining dentine thickness of 300 pm may not be
enough to protect the pulp tissue against the cytotoxic effects of dental materials
[3—4]. Sonoda demonstrated only a little initial chemical and mechanical
irritation from self-etching/priming/bonding system, providing a slight reason
for irritation dentine formation at 90 days [21]. The other study showed that
when microleakage is prevented, some adhesive resin systems and their accom-
panying composite system could elicit tissue responses comparable to calcium
hydroxide [11]. Contrary to these views, Murray considers that the presence of
bacteria increases the severity of pulp inflammation and the smear layer appea-
red to prevent the further microleakage of bacteria through cut dentinal tubules
in a pulpward direction [15]. Consequently, based on the histological findings
observed in the present study, glass ionomer cements seem to be more biocom-
patible with pulp tissue than dentine adhesives, without a significant difference
in pulp reaction between conventional and resin-modified glass ionomer ce-
ment. Many researchers have confirmed the biocompatibility of GJC. The bland-
ness of the GJC was thought to be due to the fact that they avoided the stronger
acids and toxic monomers. Polyacrilic acid and related polyacids are much
weaker than phosphoric acid and, as polymers, they posses higher molecular
weights that supposedly limit their diffusion to the pulp through the dentinal
tubules [22]. The other reasons that explain the biological tolerance of the pulp
to the glass ionomer cements is considered to be a good adhesion to cavity walls
and capability to prevent microleakage. Major et al. used GJC to restore the
class V cavities of dog teeth and found only a slight pulp reaction and distur-
bance of mineralization of predentin. The presence of a dentine barrier bigger
than 0.6 mm, that limits the direct contact of pulp cells with GJC, may partially
explain the results of this study [12]. Some researches demonstrated that resin-
modified GIC and GC Lining cements were more toxic to dental pulp cells than
conventional GIC, so they do not recommended that resin-modified GICs be
directly applied onto dental pulp cells [9-10]. Over a period of 30 days, most of
the pulps returned to their normal appearance in all examined groups. The
results show that changes in the pulp tissue that we observed after a period of 7
days are reversible. A recent in vivo study has noted that filling of rat upper
molar class V cavities with Fuji IX GIC induced disruption of the odontoblast
layer, dilatation of blood vessels and transient inflammatory reactions after 8
days. 30 days after Fuji IX filling, the pulp tissue recovered and displayed a
normal appearance [20]. According to some authors some dental materials show
a stronger cytotoxical effect on pulp tissue in the early phase after application
[2]. This may be caused by a higher concentration of unreacted monomers that
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leaches from the composite towards the pulp in the early phase after polymeri-
zation. While some researchers find the toxicity of the material to be respon-
sible for the inflammatory pulp response, others consider it to be result of the
bacterial microleakage. In our research there was an inflammatory pulp res-
ponse of different intensity without the presence of bacteria. This leads to the
fact that the reason for pulp reaction is the toxicity of the material. One of the
parameters for determining biological compatibility was the tertiary dentine for-
mation. Tertiary dentine formation can be classified as reactive dentine or repa-
rative dentine. Reactive dentine is secreted from prime odontoblasts while repa-
rative dentine is from newly separated odontoblast-like cells. Both mechanisms
of deposition of dentine depend on the intensity of the initial response and the
conditions under which the deposition of the dentine matrix is formed. Seven
days after preparation, it was difficult to evaluate the presence or absence of
osteodentine. Osteodentine or reparative dentine formation were seen in both
control and experimental groups after a period of 30 days. Since no statistical
difference in reparative dentine formation was found between the four experi-
mental and control groups, this implies that cell recruitment, synthetic activity
and secretion were neither stimulated nor inhibited by glass ionomers and den-
tine adhesives in this model. This is an acceptable proof that odontoblasts and
odontoblast-like cells have kept their potentialities for reparative dentine forma-
tion and the examined materials do not alter this function. Mounasavab reported
that there is no difference in reactive dentine formation between glass ionomer
cements and dycal. The deposition of dentine was larger after a period of 30
days compared with 7 days [13]. Acording to Six the reparative dentine thick-
ness scored after 30 days supports that about 6.6-7,1 pm were formed daily
[20]. Murray et al. demonstrated a quantitative relationship between the remai-
ning dentine thickness and the stimulation of reactionary dentinogenesis that
may support the theory that a molecular stimulus for reactionary dentinogenesis
is an effecter molecule released from endogenous growth factors contained wit-
hin the dentine. The reduction in RDT would increase the pool of released
growth factors, which may stimulate odontoblast dentinogenic activity beneath
the cavity floor [14]. In contrast to these views, Sousa Costa suggests that the
irritative stimulus during cavity preparation rather than effecter molecule solu-
bilized from cut dentine is responsible for the initiation of a reactionary dentino-
genesis [3]. In our research all the cavities were shallow, having approxmately
the same depth, which could be a reason for the slight differences in the deposi-
tion of dentine.

Conclusion
At short-term evaluation, 7 days, Prime&Bond caused a greater infla-
mematory pulpal response than did glass ionomer cements and G bond. Howe-

ver, a slight or no inflammatory response occurred for all dental materials after
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a 30-day period. Based on the histological findings observed in the present
study, it could be concluded that Prime&Bond, G Bond, Fuji IX and Fuji Lining
LC are biocompatible materials to be employed as liners. Glass ionomer ce-
ments seem to be more biocompatible to pulp tissue than dentin adhesives.
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Pesume

INVIVO CTYJIAJA 3A PEAKIIMJATA HA ITIYJIIHOTO TKUBO
HA JEHTHUH ATXE3UBH 1 I'JIAC JOHOMEP IEMEHTH

Penyosa B.), l'oprockn 1.2, Pucrocku T.2, Anocroncka C.!
 J b 9

'Citiomaitionouiku paxyaiieid, Ynusepsuitiei ,, Cs. Kupua u Mettioouj
Ckotije, P. Maxedonuja
Mpupodno maitiemaiivyicu akyaitieiti, Ynusepsuitieini
,»Ca. Kupua u Meitioouj “, Croiije, P. Maxedonuja
3d5ai<yﬂmem 3a eeiliepuHapHa meOuyuHa, YHusepsuiieii
. Ce. Kupun u Meitioouj“, Croiije, P. Maxedonuja

Ancrpakrt: Lenta Ha 0BOj Tpyx Hu Gele [a ro UCIMTAME MMATOXHCTOJIOLI-
KHOT OJrOBOp HA IyJINHOTO TKUBO HA WCIMTyBaHUTe MaTepujand 7 u 30 mena mno
HHBHATA arnukanyja. MenurypameTo ro npasesMe Ha IIpBM FOPHU MoMapH Kaj 24 Wistar
CTaopLY, 110 MPETXOAHO YTBPJAEHH MapaMeTpH. 3a Taa LEJ CO JUjaMaHTCKu Gopep mof
BOJIEHO sa/iete ucnpenapupasme 48 xaBuretu B kinaca. Kasureture ru nmomenueme Bo

Contributions, Sec. Biol. Med. Sci., XXXIII/1 (2012), 265-277




In vivo study of pulp reaction to glass ionomer... 277

4 rpynu. Bo mpBara rpyna KaBUTETH Bp3 JEHTHHOT armuuupasme ®yju Jlmnunr JIL,
kaj Bropata rpyna ®@yju IX, xaj tperata rpyna [Ipume&bona a kaj weTBprara rpyna
arwmmuupasMe [ 6onp. [lotoa cure kaBuTeTH Oea 3aTBOPEHH CO CBETJIOCHO MOJMMEPH-
3upayky TeueH komno3ut. CeayM [eHa IO aIUIMKallFja Ha MAaTepujajoT 1o 3 CTaopLu
0/ ceKoja rpyma Oea KPTBYBaHH, a TPETHUpaHUTE 320K Oea M3BA/ICHU U ATIMIMPAHH BO
Ocrteomod. ITo Bageme Ha 3a0ute 01 (PUKCATUBOT BPIIEHA € CTaHAAp/HA II0CTAlKa 3a
u3paboTKa Ha MpenapaTd 3a XMCTOJOLIKa aHanu3a. IIpemaparture Gea eBalyMpaHu cO
CBETJIOCEH MUKDOCKOII [IOBP3aH CO BHAEO Kamepa. TpueceT AeHa IO ariMKandjaTta Ha
MAaTepHjaoT U COo ocTaHarure 3abu Oele NOBTOpEHa MCTaTa NocTanka. Pesynrature o
HALIETO MUCIUTYBame MMOKaKaa IIPUCYCTBO Ha cnaba BOCHAIMTEIHA pPeaklyja Ha ILyJil-
HOTO TKUBO Kaj 3abure pecraBpupanu co Pyju IX u @yju Jlunuur JIL. Crnaba go yme-
pena uH(JIaMaTOpHa peaklyja Ha IyJIIHOTO TKHBO Oemre 3a0enexaHa kaj 3a0uTe pec-
taBpupanu co I 6oup, noaeka [Tpume&bona nokaxa Hajjak TOKCHYEH €(DeKT KOH ITyJI-
HOTO TKuBO. [10 TpHeceT JeHa Kaj HUE/EH O/ IPUMEPOLUTE He 3a0eierKaBMe 110jaBa Ha
BOCIIAIIUTEJIHA PEaKL¥ja Ha I1yJITHOTO TKUBO.

Knyunn 360poBu: GHOKOMIATUOWIHOCT, JEHTHH aTXE3UBH, IVIAC jJOHOMED LIEMEHTH,
peaxiiyja Ha ImyJimara.
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