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Abstract

Background: Post-cementation sensitivity remains a common clinical concern in fixed partial dentures (FPDs),
with variations in adhesive resin cement formulations influencing patient discomfort and long-term success. This
study aimed to compare post-cementation sensitivity in FPDs cemented with three different resin cements: self-ad-
hesive resin cements, resin cement with a self-etch adhesive, and resin cement with an etch-and-rinse adhesive.
Material and Methods: A total of 27 patients demanding the replacement of one missing posterior tooth with a FPD
were selected for the study. Participants were randomly assigned to one of four groups based on the type of cement
used. The abutments, which were caries- and restoration-free, were prepared using standard techniques. In total,
68 abutment teeth were prepared across all patients, of which 65 were vital abutments. The FPDs were cemented
using one of the following cements: Multilink Speed (MUS) (self-adhesive resin cement), Rely-X Unicem (RXU)
(self-adhesive resin cement), Rely-X Ultimate & Single Bond Universal (RXUS) (self-etch adhesive mode), and
Rely-X Ultimate & Single Bond Universal (RXUE) (etch-and-rinse mode). Sensitivity to cold water, air and biting
was assessed pre-operatively as a control and post-operatively at 24 hours, 2 weeks, and 6 weeks using a visual
analogue scale (VAS). The data were analysed using the Mann-Whitney U test.

Results: Sensitivity to cold decreased significantly for most cements within 2 to 6 weeks, although VAS scores for
RXUE remained above the 30% level. RXUE also exhibited significantly higher sensitivity to biting compared to
Multilink Speed (MUS), Rely-X Unicem (RXU), and Rely-X Ultimate in self-etch mode (RXUS). MUS showed
no biting sensitivity, while RXU and RXUS displayed mean values below 5% at the 2-week mark.
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Conclusions: The use of self-adhesive resin cements (MUS and RXU) and the resin cement with self-etch adhesive
(RXUS) resulted in significantly lower post-operative sensitivity compared to the resin cement with etch-and-rinse

adhesive (RXUE) in FPDs.

Clinical Application: When cementing FPDs, particularly in cases involving freshly cut dentin, it is advisable to use
self-adhesive cements or resin cements with self-etch adhesive.

Key words: Post-cementation sensitivity, self-adhesive, etch-and-rinse, self-etch, resin cement.

Introduction

The introduction of self-adhesive resin cement in 2004
marked a significant advancement in prosthodontic the-
rapy, simplifying the cementing process by eliminating
the need for separate etching, priming, and bonding
steps. This type of cement offers easy application and
good bond strength for various restorations. Resin ce-
ment with self-etch adhesives integrate etching and bon-
ding in a single step, reducing post-operative sensitivity
and providing strong adhesion with a moderate level of
etching, which is particularly suitable for sensitive teeth.
Conversely, resin cements with etch-and-rinse adhesives
involve a distinct etching step before application, delive-
ring the highest bond strength, ideal for complex resto-
rative scenarios. Each type of cement is used to specific
clinical conditions, offering distinct advantages in terms
of ease of use, bond strength, and moisture tolerance,
which are critical for achieving durable and aesthetically
pleasing results in restorative dentistry (1).
Post-operative sensitivity has been linked to the use of
various types of cements, particularly resin-based ones.
Clinical research has shown differing rates of post-ce-
mentation sensitivity depending on the type of restora-
tion used. For example, a practice-based study with 210
patients, which utilized two glass ionomer-based ce-
ments to bond porcelain-fused-to-metal crowns, found
that half of the participants experienced some level of
sensitivity to temperature and pressure, with mean sensi-
tivity scores of 0.52 and 0.23, respectively, on a scale of
0-10. The other half of the participants reported no sen-
sitivity at all (2). In a clinical study conducted by Yoneda
et al. (3), which examined vital teeth used as abutments
for fixed partial dentures, as well as inlay, onlay, and
crown restorations, found no instances of post-cementa-
tion sensitivity in any of the patients.

Post-operative sensitivity can result from various fac-
tors, including the choice of cement (such as zinc phos-
phate, glass ionomer, or resin), the degree of tooth pre-
paration (4,5), issues with provisional restorations (6),
the use of smear layer removal agents (7) and the pre-
sence of occlusal discrepancies. In a study by Balaji A
et al. (8) the effects of polymerization in resin-modified
glass ionomer cement and dual-cure resin cement were
compared in relation to their crystalline structures, and
these findings were correlated with clinical post-opera-
tive sensitivity. The study revealed that dual-cure resin
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cement generated significantly higher lattice strain than
resin-modified glass ionomer cement. However, this in-
creased strain did not correspond to higher post-operati-
ve sensitivity in dual-cure resin cements.

There is limited research available in the current litera-
ture on post-operative sensitivity, particularly following
cementation. Thus, the aim of this study is to evaluate
post-cementation sensitivity to cold and biting in fixed
partial dentures (FPDs) cemented with two types of
self-adhesive resin cements, and to compare these re-
sults with adhesive resin cements used in combination
with both etch-and-rinse and self-etch systems. The null
hypothesis for this study proposes that no significant
difference exists in post-cementation sensitivity among
the cements being tested.

Material and Methods

The research protocol for this clinical study received
approval from the research committee at Vision Colle-
ges, ensuring ethical considerations in the use of human
subjects (IRB No.: alf. dent-2020061). The study re-
cruited patients needing posterior fixed partial dentures
(FPDs) to replace a single missing tooth, who presented
at the dental clinics at Vision Colleges between 2020 and
2022. The study was designed to be double-blinded, me-
aning neither the patients nor the evaluators were aware
of which resin cement was used.

Specific inclusion criteria were followed for patient re-
cruitment:

* Patients were either in good health or had non-signifi-
cant medical conditions.

* The abutment teeth were located in the posterior re-
gion.

» Abutments were vital, free from caries, restorations,
and symptoms.

* Patients taking analgesics and anti-inflammatory drugs
were excluded.

* Patients with super-erupted and/or mesially tilted man-
dibular molar abutments were excluded.

¢ Individuals who had undergone periodontal surgery
within the last three months were not considered.

* Pregnant women were excluded.

* Patients had to have completed at least a high school
level education.

Patients meeting these criteria were verbally informed
about the study’s objectives, and those willing to be in-
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volved were asked to sign a consent form outlining the
aim, nature, and timeline of the study, including required
recall appointments.

Pre-operative bitewing and periapical radiographs were
taken to ensure the abutment teeth had adequate bone
support. The abutments had a normal occlusion with the
opposing teeth. Sensitivity to air iced water, and biting
was assessed for each abutment before starting the pro-
cedure. The abutments were prepared for porcelain-fu-
sed-to-metal (PFM) retainers with 1.5-2 mm occlusal re-
duction, 1.2 labial/buccal finish line and 0.5 mm lingual
finish line. A high-speed handpiece with water/air spray
and diamond burs was used for the preparation.

To control bleeding and expose preparation margins,
the gingival tissue was retracted using a medicated cord
(Ultra Pack cord, South Jordan, USA). Impressions
were made with an addition silicone elastomeric mate-
rial (Hydrorise, Zhermack, Spa, USA) using a custom
acrylic tray. A mono-phase technique was employed.
Temporary bridges (Protemp, 3M/ESPE, Seefeld, Ger-
many) were fabricated using a putty index matrix and
cemented with non-eugenol provisional cement (Temp
Bond, Kerr, USA).

All prostheses were fabricated at a single laboratory. At
the cementation appointment, local anaesthesia was ad-
ministered, provisional crowns were removed, and the
abutments were cleaned with a pumice slurry and a rub-
ber cup. Participants were randomly assigned to one of
four resin cements: 1) Rely-Ultimate in etch-and-rinse
mode (RXUE) with Scotch bond etchant and Single
Bond adhesive (3M/ESPE, St. Paul, USA), 2) Rely-Ul-
timate in self-etch mode (RXUS) with Single Bond
adhesive, 3) Rely-X Unicem (RXU) self-adhesive resin
cement (3M/ESPE, Seefeld, Germany), and 4) Multilink
Speed (MUS) self-adhesive resin cement (Ivoclar Viva-
dent, Schaan, Liechtenstein).

In addition to baseline measurements (control), hyper-
sensitivity was evaluated by a single operator: Twen-
ty-four hours, two weeks, and six weeks after cemen-
tation. During each visit, the abutment’s sensitivity to
biting, air exposure, and cold-water exposure was as-
sessed, following the criteria outlined by Johnson et al.
(12).

To test sensitivity to biting, participants were asked to
bite with firm pressure on the cotton tipped applicator
placed on the abutment’s central fossa and rate their sen-
sitivity on a visual analogue scale (VAS) from 0 to 10,
where 0 indicated “no sensitivity” and 10 indicated “the
highest level of sensitivity.” Cold water and air sensitivi-
ty were also tested. A polyvinyl siloxane stent was made
to isolate the tested abutment from the rest of the teeth
in the same arch. The tested abutment was exposed by
creating a hole in the stent, and 5 cm?® of ice water was
applied for 5 seconds using a plastic syringe. The parti-
cipant then recorded their sensitivity using the VAS, and
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the test was stopped immediately if severe pain was ex-
perienced. A stream of air was directed at the facial sur-
face of the crown towards the margin using an air-water
syringe, while another stent with a facial opening was
positioned in place. After, these tests, participants recor-
ded their sensitivity level.

One day after cementation, participants, assisted by the
clinician, completed questionnaires documenting any
sensitivity they had experienced since the insertion of
the FPD. Chair-side sensitivity tests were repeated at:
twenty-four hours, two weeks, and six weeks post-ce-
mentation. The data was analyzed statistically using the
Mann-Whitney U test, with a 95% confidence level (P
<0.05).

Results

The study included 27 participants, consisting of 15 fe-
males and 12 males, with ages ranging from 30 to 40
years. A total of 65 mandibular and maxillary posterior
abutment teeth were used, comprising 31 molars and 34
premolars. The distribution of the cements was as fo-
llows: MUS cement was applied to 20 retainers (11 pre-
molars and 9 molars), RXU to 18 retainers (9 premolars
and 9 molars), RXUE to 12 retainers (6 premolars and
6 molars), and RXUS to 15 retainers (8 premolars and
7 molars).

Table 1 presents the means and standard deviations of
VAS scores for different sensations (cold, biting, and air)
at various intervals for the four cements. RXUE exhibi-
ted substantially higher average VAS scores in compa-
rison to RXU, MUS, and RXUS across all tests at each
time point (p < 0.05). Additionally, RXUE had exhibited
substantially higher average VAS scores in comparison
to the pretreatment control for all three tests, even after
six weeks (p < 0.05).

No statistically significant differences were observed in
the mean VAS scores between RXU, MUS and RXUS
across the three tests at any time intervals (p > 0.05). For
the cold test, Both RXU and MUS showed higher mean
VAS scores that is statistically significant compared to
pretreatment values: (p < 0.05) for RXU and (p < 0.001)
for MUS after 24 hours. However, this significant diffe-
rence was no longer present after two weeks for RXU
and after six weeks for MUS.

In the air sensitivity test, the mean VAS score for RXU
and RXUS after 24 hours showed no significant diffe-
rence from the pretreatment value (p > 0.05). In con-
trast, MUS had a significantly different score at 24 hours
compared to pretreatment (p < 0.001), though this di-
fference was no longer significant after two weeks (p >
0.05). Both self-adhesive cements, RXU and MUS and
resin cement with self-etch adhesive RXUS , exhibited
no sensitivity to biting across all testing intervals. Sen-
sitivity to ice water, biting, and air for the various resin
cements throughout the study is illustrated in Figs. 1,2,3.
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Table 1: Means and SDs of VAS scores for cold, biting and air sensations at different time intervals for the four cements. *: denotes a statistically
significant difference Vs RXUE mean within same sensation test (p< 0.05). #: denotes a statistically significant difference Vs pre-treatment
mean (p< 0.05).
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Fig. 1: Ice water sensitivity values for used resin cements throughout period of the study using VAS.
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Fig. 2: Biting sensitivity values for used resin cements throughout period of the study using VAS.

Test type Cement Pre-treatment 24 hours 2 weeks 6 weeks
Cold Multilink Speed 0.3 (0.52) 48 (2.1) *# 2.2 (1.6) *# 0.8 (1.2) *
water Rely-X Unicem 1(0.8) 3.7 (L.8) *# 23(14)* 0.5 (0.54) *
RelyX-Ultimate self-etch 2.13(0.2) 3.3*¥(0.3) 2.3*%(0.1) 1.8 % (0.2)
Rely-X Ultimate etch& rinse 1(0.8) 775 (1.5) # 6(2.2)# 354 #
Biting Multilink Speed 0(0) 0(0)* 0(0) * 0(0)*
Rely-X Unicem 0(0) 0.2(0.4) * 0(0) * 0(0) *
RelyX-Ultimate self-etch 0(0) 0.46 (0.03) * 0.46 (0.05) * 0.25 (0.05) *
Rely-X Ultimate etch& rinse 0(0) 6.25 (1.7) # 4(34)# 22522 #
Air Multilink speed 0(0) 1.5 (1.04) *# 0.5(0.8) * 0(0) *
Rely-X Unicem 0.2 (0.4) 2124 * 0.8 (0.7) * 0(0) *
RelyX-Ultimate self-etch 1.53(0.2) 2.46(0.3) * 1.6 (0.2) * 1.9(0.2) *
Rely-X Ultimate etch & rinse 0.75 (0.5) 7(1.8)# 4529 # 3.5Q4) #
Ice water sensitivity values
9
8
7
6
5
4
3
2
1
0
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Air sensitivity values
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Fig. 3: Air sensitivity values for used resin cements throughout period of the study using VAS.

Discussion

The null hypothesis, which proposed no difference in
post-cementation sensitivity among the FPDs cemented
with the four resin cements, was rejected. Self-adhesive
resin cements, MUS and RXU, along with the self-etch
resin cement RXUS, demonstrated significantly lower
levels of post-cementation sensitivity compared to resin
cement used in etch & rinse mode RXUE.

One of the factors contributing to post-cementation
sensitivity is believed to be the acid-etching of dentin,
which removes the smear layer and opens pathways for
bacterial penetration into the pulp. Additionally, factors
such as insufficient water-cooling during tooth prepara-
tion, and excessive air-drying during cementation have
been identified as potential causes of pulp irritations,
leading to post-operative sensitivity. In this study, ex-
perienced clinicians performed the tooth preparations,
ensuring that adequate water-cooling was maintained
throughout the process. Furthermore, diamond burs
were replaced after every two abutment preparations to
avoid using worn burs. The study’s participants, aged
between 30 and 40 years, fell into a relatively younger
age group, meaning the dentin maturity of the abutments
was comparable across participants.

FPD abutments were chosen rather than single crowns
as the study aimed to use caries-free, and restora-
tion-free teeth, which are difficult to crown unless used
as abutments for FPD. Tilted or over-erupted abutments
were excluded to avoid excessive tooth reduction, which
could potentially impact sensitivity results. A clinical
evaluation by Johnson ef al. (12) revealed no significant
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difference in the response to cold stimuli between molars
and premolars, which aligns with this study’s findings.
Conventional resin cement bonding to dentin requires
the removal of the smear layer, a multi-step process that
can be sensitive technique (13,14).

In contrast, self-adhesive resin cements streamline the
process by eliminating the requirement for additional
substances. These cements contain acidic monomer me-
thacrylate, which aid in dentin adhesion.

The variations in post-cementation sensitivity among
the self-adhesive resin cements, self-etch resin cement,
and the resin cement with etch-and-rinse adhesive can
be explained by the distinct procedures involved in each
method. In the etch-and-rinse method, the smear layer is
removed, followed by conditioning and priming of the
dentin in separate steps. Common errors during this pro-
cess, such as over-etching, inadequate rinsing, over-dr-
ying, or incomplete solvent evaporation, can lead to a
mismatch between the extent of dentin demineralization
and resin penetration, potentially causing sensitivity.
These issues are less likely to occur with cements that
use self-etch adhesives and self-adhesive cements, as
both smear layer removal and resin infiltration happen
in fewer steps without rinsing or drying.

Some in vivo studies suggested that resin components
from the adhesive may be pushed outward after acid et-
ching, with dentin fluid movement during etching crea-
ting a moist environment which may disrupt the bonding
procedure (17,18). Additionally, the increase in tempera-
ture during photo-activation of the adhesive could cau-
se internal fluid movement, potentially carrying uncu-
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red resin via the dentinal tubules towards the pulp (9).
Several researches has demonstrated that residual mo-
nomers from resin materials can exert toxic effects on
cell (20,21) and in vivo research has revealed that resin
components which come in direct contact with pulpal
tissue can induce pulp inflammation (15,16). However,
one histological study examining the pulp’s response to
adhesive-resin cements observed that Rely-X Unicem
did not form resin tags or displace cement components
through the dentin (22). The cement’s specific proper-
ties, including minimal solubility and auto-neutralizing
mechanism during the the setting process, were believed
to inhibit further hydrolysis and the diffusion of compo-
nents into the dentinal tubules. A crucial characteristic
of self-adhesive resin cement is the interaction with the
smear layer, this involves altering rather than comple-
tely removing it, reducing the risk of pulp irritation and
post-cementation hypersensitivity.

The findings of this study align with previous re-
search showing that self-adhesive resin cements reduce
post-operative sensitivity in crowned vital teeth when
compared to crowns cemented with either glass ionomer
or resin-modified glass ionomer cements (23,24). Ad-
ditionally, the study supports other research that found
reduced post-cementation sensitivity in FPDs cemented
with self-adhesive resin cements (25).

In contrast, some studies (26,27) that compared
post-operative sensitivity in composite restorations
using self-etch or etch-and-rinse bonding systems found
no significant difference in sensitivity between the two.
However, these studies often involved teeth with caries
or old amalgam or composite restorations, where secon-
dary dentin formation may have reduced dentinal tubule
diameter and lessened the impact of etching and adhesi-
ves on tooth sensitivity. In the current study, sound teeth
were used as abutments for FPDs, and freshly cut dentin,
along with a larger surface area, may have allowed for
greater penetration of etching and adhesive agents, po-
tentially triggering an inflammatory response in the pulp
and increasing post-operative sensitivity.

Study Limitations: While this clinical trial attempted to
control most variables affecting sensitivity, it is inhe-
rently difficult to manage all factors in a clinical setting.
Additionally, the study only included four resin cements,
limiting the generalizability of the results. Future studies
should include a broader range of cements.

Conclusions

The use of self-adhesive resin cements RXU and MUS,
as well as the resin cement RXUS with a self-etch ad-
hesive, resulted in significantly lower post-cementation
sensitivity in FPDs compared to the resin cement RXUE,
which utilized the etch-and-rinse technique.

Acknowledgement
Declared none.

e291

Double Blinded Randomized clinical Trial

Institutional Review Board Statement

The research protocol for this clinical study received approval from the
research committee at Vision Colleges, ensuring ethical considerations
in the use of human subjects (IRB No.: alf. dent-2020061).

Data Availability Statement
The datasets used and/or analyzed during the current study are availa-
ble from the corresponding author.

Author Contributions
Declared none.

Funding
Declared none.

Conflict of interest
The authors declare no financial, professional, or personal conflicts of
interest that could have influenced the outcomes of this research.

References

1. Heboyan A, Vardanyan A, Karobari MI, Marya A, Avagyan T, Teb-
yaniyan H, Mustafa M, et al. Avetisyan A. Dental Luting Cements: An
Updated Comprehensive Review. Molecules. 2023;28(4):1619.

2. Hilton T, Hilton D, Randall R, Ferracane JL. A clinical comparison
of two cements for levels of post operative sensitivity in a practice-ba-
sed setting. Operative Dentistry. 2004;29:241-248.

3. Yoneda S, Morigami M, Sugizaki J, Yamada T. Short term clinical
evaluation of a resin modified glass -ionomer luting cement. Quintes-
sence Int. 2005;36:49-53.

4. Sayed ME. The Effect of Dentine Desensitizing Agents on the Re-
tention of Cemented Fixed Dental Prostheses: A Systematic Review.
Medicina. 2023;59(3):515.

5. Dahl BL. Dentine/pulp reactions to full crown preparation procedu-
res. J Oral Reahbil. 1977;4:247-254.

6. Langeland K, Langeland LK. Pulp reactions to crown preparation,
impression, temporary crown fixation and permanent cementation. J
Prosthet Dent. 1965;15:129-143.

7. Ahlquist M, Franzen O, Coffey J, Pashley D. Dental pain evoked by
hydrostatic pressures applied to exposed dentin in man: a test of the
hydrodynamic theory of dentin sensitivity. ] Endod. 1994;20:130-134.
8. Balaji A, Jei JB, Muthukumar B. Comparison and evaluation of the
effect of polymerization of resin-modified glass ionomer cement and
dual-cure resin cement on the crystalline structure of dentin using syn-
chrotron X-ray diffraction and its clinical correlation with postoperati-
ve sensitivity. J Indian Prosthodont Soc. 2023;23(2):119-126.

9. Brannstrom M. Etiology of dentin hypersensitivity. Proc Finn Dent
Soc. 1992;88(supplement 1):7-13.

10. Zach L, Cohen G. Thermogenesis in operative dentistry: Compari-
son of four methods. J Prosthet Dent. 1962;12:977-984.

11. Goodis HE, Schein B, Stauffer P. Temperature changes measured
in vivo at the dentinoenamel junction and pulpodentin junction du-
ring cavity preparation in the Maccaca fascicularis monkey. J Endod.
1988;14:336-339.

12. Johnson JH, Gordon GE, and Bales DJ. Postoperative sensitivity
associated with posterior composite and amlgam restorations. Operati-
ve Dentistry. 1988;13:66-73.

13. Van Meerbeek B, Peumanns M, Verschueren M, Gladys M, Braem
M, Lambrechts P, et al. Clinical status of ten dentin adhesive systems.
J Dent Res. 1995;73:1690-1702.

14. Yoshida Y, Van Meerbeek B, Nakayama Y, Snauwaert J, Hellmans
L, Lambrechts P, Vanherle G. Evidence of chemical bonding at bioma-
terial hard-tissue interfaces. J Dent Res 2000; 79:709-714.

15. Behr M. Rosentritt M. Regnet T. Handel, G. Marginal adaptation
in dentin of a self-adhesive universal resin cement compared with we-
1l-tried system. Dent Mater. 2004;20:191-197.

16. Perdigao J, Geraldeli S, Hodges J S. Total-etch versus self-etch
adhesive. Effect on postoperative sensitivity. JADA. 2003;134:1621-
1629.

17. de Souza Costa CA, Nascimento ABL, Teixra HM. Response of



J Clin Exp Dent. 2025;17(3):e289-92.

human pulps following acid conditioning and application of a bonding
agent in deep cavities. Dent Mater. 2002;18:543-551.

18. Hebling J, Giro EMA, de Souza Costa CA. Human pulp res-
ponse after an adhesive system application in deep cavities. J Dent.
1999;27:557-564.

19. Hashimoto M, Ito S, Tay FR, Svizero NR, Sano H, Kaga M. Fluid
movement across the resin-dentin interface during and after bonding. J
Dent Res. 2004; 83:843-8.

20. Hanks CT, Strawn SE, Wataha JC, Craig R. Cytotoxic effects of
resin components on cultured mammalian fibroblasts. J Dent Res.
1991;70:1450-5.

21. Bouillageut S, Show L, Gonzales L, Wataha JC, Kreijci . Long-
term cytotoxicity of resin-based dental restorative materials. J Oral
Rehabil. 2002;29:7-13.

22. de Souza Costa CA, Hebling J, Randall RC. Human pulp res-
ponse to resin cements used to bond inlay restorations. Dent Mater.
2006;22:954-962.

23. Shetty RM, Bhat S, Mehta D, Srivatsa G, Shetty YB. Compara-
tive analysis of postcementation hypersensitivity with glass ionomer
cement and a resin cement: an in vivo study. J Contemp Dent Pract.
2012;13(3):327-331.

24. Blatz MB, Mante FK, Saleh N, Atlas AM, Mannan S, Ozer F.
Postoperative tooth sensitivity with a new self-adhesive resin cement-a
randomized clinical trial. Clin Oral Invest. 2013;17:793-798.

25. Saad Del-D, Atta O, El-Mowafy O. The postoperative sensitivity
of fixed partial dentures cemented with self-adhesive resin cements: a
clinical study. J Am Dent Assoc. 2010;141(12):1459-466.

26. Perdigao J, Geraldeli S, Hodges JS. Total-etch versus self-etch
adhesive. Effect on post-operative sensitivity. JADA. 2003;134:1621-
1629

27. Nayyar S, Tewari S, Arora B. Comparison of human pulp response
to total-etch and self-etch bonding agents. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod. 2007;104:45-52.

€292

Double Blinded Randomized clinical Trial



