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Porcelain Inlays Cemented with Composite
Resin Cement: An In Vivo Investigation
of Pulpal Reaction One Year Following
Cementation
Paolo Vigolo, DrOdont, MScD;1 Lorenzo Graiff, DrOdont;2

Sabrina Mutinelli, DrOdont;3 and Fulvio Fonzi, CDT4

Purpose: This in vivo study was designed to verify the presence of pulpal inflammation on teeth
after 1 year of function from cementation of porcelain inlays.

Materials and Methods: Thirty-two vital, healthy, caries-free and previously untreated maxillary and
mandibular first premolars in eight patients needing extraction for orthodontic reasons were included
in this study. For each patient three first premolars were randomly chosen and treated with porcelain
MOD inlays. One first premolar served as the control group with no restorations. The porcelain inlays
were cemented with dental adhesive and composite resin cement without pulpal protection. The same
dentist, following standardized preparation, impression, and cementation techniques, accomplished
all clinical phases. The teeth were extracted 1 year later. The condition of the pulp tissues of the 24
teeth with porcelain inlays was compared with the pulpal tissues of the eight teeth of the control group.
The data relating to the number of inflammatory cells were evaluated by one-way analysis of variance
to assess quantitative differences between the group of teeth with porcelain inlays and the group
without porcelain inlays (p < 0.05). Means and standard deviations were calculated for each group.

Results: The microscopic analysis revealed the absence of pulpal inflammation of the teeth with
porcelain inlays when compared with the teeth of the control group. The analysis of variance revealed
no statistical differences between the two groups compared.

Conclusion: Within the limitations of this study, the cementation of porcelain inlays with dental
adhesive and composite cement on healthy premolars did not result in any inflammatory reaction of
the pulpal tissues 1 year after placement.
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MULTIPLE articles have recorded the
increase in esthetic restorative dental

procedures.1-5 This has resulted in the introduc-
tion of materials and techniques capable of per-
forming tooth-colored restorations in posterior
teeth. Increasing demand for restorations has led
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to the greater use of all-ceramic materials because
of their biocompatibility and optical properties.6,7

An available option for the esthetic treatment of
posterior teeth is represented by porcelain inlay
restorations.

Porcelain inlays represent a heterogeneous
family of tooth-colored restorations for definitive
restorations of posterior teeth. Some in vivo stud-
ies have proven that satisfactory clinical results
can be achieved with different types of porcelain
inlays restorations.8-11 These clinical results have
been closely associated with the marginal qual-
ity of the restorations.12-17 Due to outstanding
advances in adhesive dentistry, it is now possi-
ble to bond porcelain inlay restorations strongly
to enamel and dentin by the use of composite
cement interposed between the restoration and
the tooth preparations.18-20 With direct poste-
rior composite resin restorations, the restorative
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material is subject to a high level of polymerization
shrinkage.21-29 The advantage of bonded porcelain
inlay (indirect) restorations is that most of the
composite resin cement used for cementation is
displaced by the definitive porcelain restoration.
Thus, the amount of composite polymerized in the
oral cavity is minimal; this should reduce the prob-
lem of the polymerization shrinkage associated
with composite resin restorative materials used
for direct posterior restorations.21-29

Many researchers have shown that none of the
composite resin cements used for inlay cementa-
tion were able to completely eliminate interfacial
gaps.30-39 A recent prospective controlled clinical
study evaluated the clinical performance of IPS
Empress (Ivoclar Vivadent AG, Schaan, Liechten-
stein) inlays and onlays with cuspal replacements
and proximal margins below cementoenamel junc-
tions over an 8-year period. Eight of the 96 restora-
tions investigated had to be replaced (failure rate
8%; Kaplan-Meier): six inlays suffered cohesive
bulk fractures and two teeth required endodontic
treatment. After 8 years of clinical service, signif-
icant deterioration (Friedman two-way ANOVA;
p <0.05) was found for marginal adaptation of the
remaining restorations. Of the surviving restora-
tions, 98% exhibited marginal deficiencies, inde-
pendent of the luting composite.40

The presence of interfacial gaps between dental
structures and porcelain inlays clinically deter-
mines the occurrence of microleakage. Microleak-
age can be defined as the passage of bacteria,
fluids, molecules, or ions between a cavity wall and
the restorative material applied to it.41 Microleak-
age occurs because of marginal gaps between the
restoration and the cavity wall.41 Bacterial infec-
tion due to the presence of these marginal gaps
is well known as being, in effect, the main factor
responsible for pulpal reaction in case of direct
composite resin restorations.42-49 When the pulpal
tissues are irritated by thermal shocks during the
cavity preparation procedures or by the action
of chemical agents used during the restorative
phase (for example, the acid etching procedure),
they usually recover.50-58 It has been observed that
if the adhesive procedures have been correctly
accomplished, the adhesive systems will impart
structural changes to the dentinal substrate by
creating this intertwined hybrid zone composed of
collagen, residual mineral particles, and resin.50,51

Many articles related to adhesive procedures used
for the cementation of porcelain inlays to tooth

structure have shown that the presence of a hybrid
layer between adhesive resin and dentin seem to
adequately seal the dentinal tubules and allow a
cellular reorganization of the pulpal tissues.59-66

Accurate cementation, following accurate prepa-
ration of the tooth and accurate impression proce-
dures, should decrease the presence of marginal
gaps between restorations and the cavity walls
and minimize the risk of bacterial infection of the
pulpal tissues.

The purpose of this in vivo study was to verify
the presence of pulpal inflammatory reactions in
teeth with cemented MOD porcelain inlays after
1 year of function.

Materials and Methods
Eight patients, each 13 years old, requiring extraction
of the four first maxillary and mandibular premolars for
orthodontic reasons, were chosen. All teeth were vital,
healthy, caries-free, and had never been treated before.
Patients who exhibited bruxism, severe malocclusion,
serious gingival inflammation, poor oral hygiene, or
high caries rates were ineligible for this study. None of
the patients dropped out or were dismissed. According
to a list of randomization,67 in each subject three first
premolars were chosen to have MOD porcelain inlays
prepared and cemented; the remaining first premolar
represented the control tooth. The Clinical Medical
Ethical Committee approved the study. The consent of
patients and of their parents was obtained prior to tooth
preparation. One operator, constantly following the
same clinical techniques, carried out all procedures.

Dental Substrate Preparation
and Impression

Box-shaped cavity preparations with butt-joint cavosur-
face angles and a taper of approximately 10◦ were de-
veloped. New, slightly conical diamond burs (#6855 314
025, Komet, Gebr. Brasseler Gmbh & Co. KG, Lemgo,
Germany) were mounted in a high-speed handpiece
under abundant water irrigation at the initial prepara-
tion phase. The tooth preparations were approximately
3 mm deep and were extended interproximally, so that
interproximal contacts with the adjacent teeth were
completely broken. The gingival margin was prepared
entirely in enamel at the cementoenamel junction. A
periodontal explorer (#23, Hu-Friedy Mfg. Co., Inc.,
Leimen, Germany) was used for verification of uni-
formity of cavity dimensions. Finishing diamond burs
(#8855 025, Komet, Gebr. Brasseler Gmbh & Co. KG)
mounted in a slow-speed handpiece under abundant
water irrigation were used to refine the preparations.
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Complete arch polyether impressions (Permadyne,
3M ESPE, Seefeld, Germany) were made with a sin-
gle impression-double mixing technique. Irreversible
hydrocolloid impressions (Xantalgin Select fast set,
Heraeus Kulzer GmbH & Co, Hanau, Germany) were
made of the opposing dentitions, and impressions were
poured with an ADA type IV stone (New Fujirock,
GC Corp, Tokyo, Japan). Light-cured temporary fill-
ing restorations (Fermit, Ivoclar Vivadent AG, Schaan,
Liechtenstein) were carefully placed into the prepara-
tions, allowing time for the fabrication of the porcelain
inlays. No pulpal protection material was placed during
the temporary phase. Powdered veneer porcelain (Vi-
tadur, Vita Zahnfabrik, Bad Sackingen, Germany) was
used to make the porcelain inlays.

Porcelain Inlays Cementation

One week after preparation and impressions, the tem-
porary restorations were removed and the teeth were
cleaned with pumice powder and rinsed. No pulpal pro-
tection material was used. The inlays were evaluated ra-
diographically and visually, and the marginal fit of all of
the restorations was considered clinically adequate. The
inlays were sandblasted on their internal surfaces with a
Dentalfarm Base 3 machine (Dentalfarm, Torino, Italy)
using clean 50 µm aluminum oxide abrasive powder at
2.5 atmospheres pressure. The inlays were etched with
hydrofluoric acid (Cerec etching gel, Vita Zahnfabrik,
Bad Sackingen, Germany) for 1 minute, rinsed, dried,
and treated with a silane coupling agent (Monobond-S,
Ivoclar Vivadent AG, Schaan, Liechtenstein.).

Cementation was performed under a rubber dam
with the Syntac system (Ivoclar Vivadent AG) by care-
fully following the manufacturer’s instructions. The
enamel surfaces were etched for 40 seconds with phos-
phoric acid at 37% (Total-Etch, Ivoclar Vivadent); the
teeth were rinsed and dried, and the dentin surfaces
were conditioned with a solution of maleic acid at
4% for 15 seconds (Syntac Primer, Ivoclar Vivadent).
The adhesive (Syntac Adhesive, Ivoclar Vivadent) and
the resin (Heliobond, Ivoclar Vivadent) were carefully
applied. The inlays were seated into place, and excess
cement was wiped away before light-curing for 120
seconds (40 seconds buccal, occlusal, and lingual/palatal
aspects) with a light curing unit (Visilux 2, 3M ESPE, St.
Paul, MN). Occlusal adjustments were carried out. The
occlusal scheme had to be carefully equilibrated to avoid
occlusal contacts in eccentric movements. Occlusal
schemes for the establishment of identical occlusal cusp-
fossa contacts were established. Gross finishing was
performed with diamond burs (Komet, Gebr. Brasseler
Gmbh & Co. KG); final finishing and polishing were
accomplished with the Porcelain Laminate Polishing
Kit (Shofu Dental GmbH, Ratingen, Germany).

Figure 1. Three specimens of teeth during the cutting
procedures prior to microscopic observation to evaluate
the pulpar tissues.

Tooth Extraction and Specimen Preparation

All eight patients in this study followed appropriate
hygiene procedures. One year after cementation of the
inlays, the 32 teeth, 24 with the cemented porcelain
inlays and eight of the control group, were extracted,
using great care to avoid any damage to the restora-
tive material. After extraction, the apical portions of
the roots were cut with a diamond wheel (FG-835C,
Teledyne Getz, Elk Grove Village, IL) to allow the
immediate fixation of the pulpal tissues with formalin.
The teeth were dehydrated and decalcified. They were
embedded in SamplKwick resin (Buehler, Lake Bluff,
IL) and allowed to polymerize overnight (Fig 1). The
teeth were sectioned with a Leitz saw (Leitz, München,
Germany); uninterrupted serial sections 6 µm thick
were obtained. The sections dried for one night at 40◦C
and then were painted with Eosine-Ematossiline to eval-
uate the status of the pulpal tissues. The eight untreated
teeth of the control group were handled after extraction
in the same manner as the teeth with porcelain inlays.

Figure 2. Microscopic observation at 400× magnifica-
tion of pulpar tissues: no visible pathological or reactive
modifications of the pulpar tissues are exhibited.
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Microscopic Evaluation

Ten randomly chosen sections for each tooth were
analyzed with a Zeiss microscope (Zeiss, Oberkochen,
Germany) up to 600× magnification. The status of
the pulpal tissues of the experimental and control
groups were evaluated according to the histologic cri-
teria published by Cox et al68 (Fig 2). The number
of inflammatory cells (polymorphonuclear leukocytes
or mononuclear lymphocytes) for each specimen was
counted.

Statistical Analysis

The data relating to the number of inflammatory cells
were evaluated by one-way analysis of variance to assess
quantitative differences between the group of teeth with
porcelain inlays and the untreated group. Mean and
standard deviations were calculated for both groups.
Differences were considered to be significant at p <

0.05.

Results
Observation of the sections of the teeth with porce-
lain inlays exhibited no visible pathological or
reactive modifications of the pulpal tissues when
compared with the pulpal tissues of the intact
teeth belonging to the control group. All pulps
showed normal soft tissue architecture and no
pulp inflammation. The visible cells were the ones
usually present in the normal pulp.

Polymorphonuclear leukocytes or mononuclear
lymphocytes were not detected. No bacteria were
seen in any section. The analysis of variance did
not reveal statistical differences between the two
groups compared.

Discussion
All-ceramic restorations have become increasingly
popular because of their outstanding esthetics and
high strength. During the 1-year follow-up period
in this study, none of the porcelain inlays included
in this study demonstrated recurrent caries. They
did not experience any fractures. None of the
studied inlays had to be re-cemented.

As previously mentioned, all eight patients in
this study followed appropriate hygiene proce-
dures. Five patients experienced some initial sen-
sitivity in the prepared teeth after the cementa-

tion of the porcelain reconstructions. The sensi-
tivities disappeared in 10 to 15 days and did not
come back during the year of function. Numerous
researchers have demonstrated that when pulpal
tissues are irritated by thermal shocks during the
cavity preparation procedures or by the action of
chemical agents used during the restorative phase
(for example the acid etching procedure), they
usually recover.50-58

The results of this study suggest that accurate
and meticulous procedures during the cementa-
tion phase helped minimize the bacterial attack on
dental tissue. Several authors have suggested that
the presence of a hybrid layer between composite
cement and dentin sealed the dentinal tubules
and allowed a cellular reorganization of the pul-
pal tissues.59-66 This permits the pulp to recover
from the primary irritation that was clinically
demonstrated by the initial post-insertion sen-
sitivity. The smaller amount of composite resin
used in the cementation procedures of the inlays
considered in this study probably reduced poly-
merization shrinkage to lower levels when com-
pared with those accomplished by composite resin
restorative materials used for direct posterior
restorations. The use of composite resins merely
as luting cements under porcelain inlays might
reduce the adverse effects of bulk polymerization
contraction peculiar to direct posterior composite
resin restorations, since the volume of resin is
reduced; however it should be considered that the
microleakage magnitude can be influenced by the
length of time inlays spend in the oral environ-
ment; this could explain the more positive clinical
results achieved by this study compared with those
obtained with a longer clinical trial.40 It should
be noted that the small number of specimens
studied represents a limitation of this study. Fur-
thermore, in this research only virgin premolars
were restored. In clinical practice more common
scenarios involve large restorations performed in
previously damaged teeth. The pulpal reactions
in these teeth would seem to be clinically more
relevant.

Conclusions
Thirty-two vital, healthy, caries-free, and previ-
ously untreated maxillary and mandibular first
premolars needing extraction for orthodontic
reasons in eight young volunteer patients were
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included in this study. Within the limitations of
this study, the pulpal tissues of the teeth with the
porcelain inlays did not show any inflammatory
reaction when compared with the untreated teeth
of the control group.
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25. Cura C, Saraçoğlu A, Çötert SH: Effect of different
bonding agents on shear bond strengths of composite-
bonded porcelain to enamel. J Prosthet Dent 2003;89:394-
399

26. Park SH, Kim SS, Cho YS, et al: Comparison of linear poly-
merization shrinkage and microhardness between QTH-
cured & LED-cured composites. Oper Dent 2005;30:461-
467

27. Strydom C: Polymerization and polymerization shrink-
age stress: fast cure versus conventional cure. SADJ
2005;60:252-253

28. Braga RR, Ballester RY, Ferracane JL: Factors involved
in the development of polymerization shrinkage stress
in resin-composites: a systematic review. Dent Mater
2005;21:962-970

29. Knezevic A, Demoli N, Tarle Z, et al: Measurement of
linear polymerization contraction using digital laser inter-
ferometry. Oper Dent 2005;30:346-352

30. Sorensen JA, Munksgaard EC: Relative gap formation
adjacent to ceramic inlays with combinations of resin
cements and dentin bonding agents. J Prosthet Dent
1996;76:472-476

31. Blair KF, Koeppen RG, Schwartz RS, et al: Microleakage
associated with resin composite-cemented, cast glass ce-
ramic restoration. Int J Prosthodont 1993;6:579-584

32. Sorensen JA, Munksgaard EC: Interfacial gaps of resin
cemented ceramic inlays. Eur J Oral Sci 1995;103:116-120

33. Sorensen JA, Munksgaard EC: Ceramic inlay movement
during polymerization of resin luting cements. Eur J Oral
Sci 1995;103:186-189

34. Sorensen JA, Munksgaard EC: Relative gap formation of
resin-cemented ceramic inlays and dentin bonding agents.
J Prosthet Dent 1996;76:374-378



128 Porcelain Inlays and Pulpal Reaction • Vigolo et al

35. Sorensen JA, Munksgaard EC: Relative gap formation
adjacent to ceramic inlays with combinations of resin
cements and dentin bonding agents. J Prosthet Dent
1996;76:472-476

36. Hahn P, Attin T, Grofke M, et al: Influence of resin cement
viscosity on microleakage of ceramic inlays. Dent Mater
2001;17:191-196

37. Braga RR, Ferracane JL, Condon JR: Polymerization con-
traction stress in dual-cure cements and its effect on
interfacial integrity of bonded inlays. J Dent 2002;30:333-
340

38. Mota CS, Demarco FF, Camacho GB, et al: Microleak-
age in ceramic inlays luted with different resin cements.
J Adhes Dent 2003;5:63-70

39. Iida K, Inokoshi S, Kurosaki N: Interfacial gaps following
ceramic inlay cementation vs. direct composites. Oper
Dent 2003;28:445-452

40. Kramer N, Frankenberger R: Clinical performance of
bonded leucite-reinforced glass ceramic inlays and onlays
after eight years. Dent Mater 2005;21:262-271

41. Jensen ME, Chan DC: Polymerization shrinkage and mi-
croleakage. In Vanherle G, Smith DC (eds). International
Symposium on Posterior Resin Dental Restorative Materi-
als. Utrecht, The Netherlands, Peter Szulc Publishing Co,
1985, pp. 243-262

42. Bergenholtz G, Cox CF, Loesche YJ, et al: Bacteria leakage
around dental restorations: its effect on the dental pulp. J
Oral Pathol 1982;11:439-450

43. Blosser RL, Rupp NW, Stanley HR, et al: Pulpal and micro-
organism responses to two experimental dentin bonding
systems. Dent Mater 1989;5:140-144

44. Brännström M: Infection beneath composite resin restora-
tions: can it be avoided? Oper Dent 1987;12:158-163

45. Cox CF: Biocompatibility of dental materials in the ab-
sence of bacterial infection. Oper Dent 1987;12:146-152

46. Cox CF, Felton D, Bergenholtz G: Histopathological re-
sponse of infected cavities treated with Gluma and Scotch-
bond. Am J Dent 1988;1:189-194

47. Felton D, Bergenholtz G, Cox CF: Inhibition of bacterial
growth under composite restorations following GlUMA
pretreatment. J Dent Res 1989;68:491-495

48. Sasafuchi Y, Otsuki M, Inokoshi S, et al: The effects on pulp
tissue of microleakage in resin composite restorations. J
Med Dent Sci 1999;46:155-164

49. Medina VO III, Shinkai K, Shirono M, et al: Histopatho-
logic study on pulp response to single-bottle and self-
etching adhesive systems. Oper Dent 2002;27:330-342

50. Tarim B, Hafez AA, Suzuki SH, et al: Biocompatibility of
Optibond and XR-Bond adhesive systems in nonhuman
primate teeth. Int J Periodont Rest Dent 1998;18:87-99

51. Tarim B, Hafez AA, Suzuki SH, et al: Biocompatibility of
compomer restorative systems on nonexposed dental pulps
of primate teeth. Oper Dent 1997;22:149-158

52. Murray PE, About I, Franquin JC, et al: Restorative pulpal
and repair responses. J Am Dent Assoc 2001;132:482-
491

53. Murray PE, Hafez AA, Smith AJ, et al: Bacterial mi-
croleakage and pulp inflammation associated with various
restorative materials. Dent Mater 2002;18:470-478

54. Murray PE, Windsor LJ, Hafez AA, et al: Compari-
son of pulp responses to resin composites. Oper Dent
2003;28:242-250

55. Costa CA, Oliveira MF, Giro EM, et al: Biocompatibility
of resin-based materials used as pulp-capping agents. Int
Endod J 2003; 36:831-839

56. Galler K, Hiller KA, Ettl T, et al: Selective influence of
dentin thickness upon cytotoxicity of dentin contacting
materials. J Endod 2005;31:396-399

57. Whitworth JM, Myers PM, Smith J, et al: Endodontic
complications after plastic restorations in general practice.
Int Endod J 2005;38:409-416

58. Subay RK, Demirci M: Pulp tissue reactions to a
dentin bonding agent as a direct capping agent. Endod
2005;31:201-204

59. Hanks CT, Parsell JR, Strawn SE, et al: Cytotoxicity of
dentin bonding agents with mono-layer and dentin diffu-
sion. J Dent Res 1991;70:384

60. Pamejer CH, Stanley HR: Histological reactions in pri-
mates to a dentin bonding agent. J Dent Res 1991;70:
384

61. Strawn SE, Nassiri MR, Hanks CT, et al: Bis-GMA and
UDMA effects on cell metabolism and cell cycle. J Dent
Res 1991;70:384

62. Fujitani M, Inokoshi S, Hosoda H: Effect of acid etching
on the dental pulp in adhesive composite restorations. Int
Dent J 1992;42:3-11

63. Snuggs HM, Cox CF, Powell CS, et al: Pulpal healing
and dentinal bridge formation in an acidic environment.
Quintessence Int 1993;24:501-510

64. Suzuki S, Cox CF, White KC: Pulpal response af-
ter complete crown preparation, dentinal sealing, and
provisional restoration. Quintessence Int 1994;25:477-
485

65. White KC, Cox CF, Kanka J III, et al: Pulpal response to
adhesive resin system applied to acid-etched vital dentin:
damp versus dry primer application. Quintessence Int
1994;25:259-268

66. Olmez A, Oztas N, Basak F, et al: A hystopathologic study
of direct pulp-capping with adhesive resins. Oral Surg Oral
Med Oral Radiol Endod 1998;86:98-103

67. Pocock SJ: Clinical Trials: A Practical Approach. Philadel-
phia, PA, Wiley, 1984, pp. 73-80, pp. 221-224

68. Cox CF, Bergenholtz G, Fitzgerald M, et al: Capping of the
dental pulp mechanically exposed to the oral microflora—
a 5 week observation of wound healing in the monkey. J
Oral Pathol 1982;11:327-339




