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In recent years, many different luting agents for fixed
prostheses have been developed. Three main

groups—zinc phosphate, glass ionomer, and resin ce-
ments—are available for cementation. Glass ionomer
and resin cements are the most commonly used lut-

ing agents because of their superior physical proper-
ties and improved adherence to teeth compared to zinc
phosphate cements. Selecting the proper luting agent
depends on the clinical situation and the physical and
biological properties of the luting agent.

Glass-ionomer cements were introduced as dental
luting agents in the 1970s.1 They have been developed
on the basis of calcium-aluminum-fluorosilicate and
polycarbonic acid. These cements adhere to tooth
structure by formation of ionic bonds at the tooth-
cement interface as a result of chelation of the car-
boxylate groups contained in the acid with the calcium
ions in the hydroxyapatite of enamel and dentin.2 The
ability to leach fluoride and bond to tooth structure is
their main advantage.3 A major disadvantage of this
type of cement is the low setting pH value.4 This may
be a cause of postcementation sensitivity. However,
several studies reported only a minimal postoperative
hypersensitivity of glass-ionomer cements compared
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with zinc phosphate cement.5,6 Postcementation hy-
persensitivity may also be caused by irritation from
cavity preparation, structure and quantity of the dentin,
inflammation, and bacterial microleakage.7–11

New luting agents, particularly those with adhesive
capabilities have shown both increased retention and
reduced solubility compared to zinc phosphate or
glass-ionomer cements.12–17

Resin cements adhere to tooth structure via the
presence of a hybrid layer, an intermediate zone ob-
tained by impregnation, diffusion, and monomer poly-
merization into dentin previously etched by acid con-
ditioners. Some adhesive resin cements have used
4-methacrylolyloxyethyl trimellitate anhydride (4-
META) as a component. Monomers with both hy-
drophobic and hydrophilic groups, such us 4-META,
have excellent bonding characteristics to tooth and
restoration surfaces.18,19

Postoperative sensitivity associated with adhesively
luted restorations has been a common problem be-
cause the adhesive cements do not hermetically seal
the adhesive-tooth interface. Often, the consequence
is a postoperative hypersensitivity to cold resulting
from the movement of fluids through the dentinal
tubules, which is caused by the thermal influence.20

On the other hand, several studies have compared
conventional glass-ionomer cements with other con-
ventional luting materials regarding the postoperative
hypersensitivity.4–6,8,21–25

No clinical studies have been performed comparing
the postoperative sensitivity of teeth following cemen-
tation of restorations using conventional glass-ionomer
cements versus adhesive resin cements containing 4-
META. 

The aim of the present study was to evaluate the
tooth sensitivity after cementation of restorations using
a 4-META resin cement (Chemiace II, Sun Medical)
over a follow-up period of 2 years. A well-documented
conventional glass-ionomer cement (Ketac-Cem
Maxicap, 3M ESPE) was used as a control.

Materials and Methods

Sixty adult patients who required at least 2 fixed full-
coverage restorations participated in the study. The
local ethics committee approved the study. Each patient
received an oral and written explanation of the study
protocol from the clinical examiner. Informed consent
was obtained from each participant. All patients had
good oral hygiene and a healthy/treated periodontal
situation. Vitality of all abutment teeth was checked by
testing sensitivity to an ice spray–treated foam pellet
(Frisco Spray, ad-Arztbedarf). A randomized split-
mouth design and a patient-blind data acquisition pro-
tocol were used.

Every patient received 2 independent full-coverage
cast metal or porcelain-fused-to metal restorations;
thus, a total of 120 cemented restorations were evalu-
ated. In cases of fixed partial dentures with 2 abut-
ments, only 1 abutment was included as a study tooth.
In addition, another independent tooth was used for the
second restoration. Depending on the extent of sound
tooth structure after caries removal, a composite ma-
terial (Clearfil Core, Kuraray Dental) was used in com-
bination with a dentin adhesive (Clearfil New Bond,
Kuraray Dental) for any necessary buildup of the se-
lected abutment teeth. The abutments were prepared
with an occlusal reduction of 1.5 to 2 mm, followed by
a circular, 1.2-mm-deep chamfer preparation. All abut-
ment teeth received acrylic provisional crowns (Tab
2000, KerrHawe) for the period between preparation
and final cementation. The provisional crowns were re-
tained with a zinc oxide–eugenol cement (Temp-Bond,
Kerr).

Tooth sensitivity before cementation was tested
using an ice spray (Frisco Spray, ad-Arztbedarf) applied
with a foam pellet. The postoperative sensitivity re-
ported by patients was recorded using a 3-point scale
of “normal response” (sensation of cold but no pain),
“severe response” (increased sensitivity causing a pa-
tient reflex), and “no response.”

The fit of the restorations was checked with a silicone
indicator paste (Fit-Checker, GC Dental) and an ex-
plorer. Areas of interference were reduced on the
restoration with a diamond bur. The definitive restora-
tion was considered acceptable when there was a pas-
sive fit on the abutment and the fit of the marigns was
judged to be acceptable with an explorer. The inner
surface of the restoration was cleaned by airborne
particle abrasion (50 µm aluminum oxide) and then
wiped with alcohol (70%). The abutment was then
cleaned with slurry of pumice. After cleaning, a freshly
mixed suspension of calcium hydroxide (Merck,
Darmstadt) was applied as dentinal tubule protector for
1 minute using a rotating rubber cup. The excess cal-
cium hydroxide was removed with air-water spray. The
abutment teeth were then dried gently with air-spray
and isolated by cotton rolls.

Chemiace II was used as the experimental cement
and Ketac-Cem Maxicap served as the control. The ce-
ments were mixed according to the manufacurers’ rec-
ommendations.

For Chemiace II, the cleaned metal surfaces were
treated with a surface modifier (V-Primer). The tooth
surfaces were conditioned with Chemiace II Green
Activator (10% citric acid containing 3% ferric chloride).
After the appropriate treatment time the tooth sur-
faces were rinsed with water and thoroughly dried
with air. One small scoop of the powder and 1 drop of
the liquid were mixed completely on a mixing pad. The
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mixtures were used within 1 minute after mixing and
applied to the restoration. All restorations were seated
first using finger pressure, and then a plastic crown set-
ter (Kronensetz-Instrument 411, Becht) was pressed to
the occlusal surface of the restoration until the restora-
tion margins were completely seated in place. The
restorations were secured in position until the cement
had set completely. Excess cement was removed with
an explorer and dental floss after 3 minutes.

Each restoration was followed up for a period of 24
months and clinically evaluated at baseline, 1 week, 6
months, 12 months, and 24 months after cementation.
Tooth sensitivity was asessed and recorded using the
ice spray test and the 3-point scale as described above.

Statistical analysis of the data was carried out using
a generalized linear regression model with an additional
random term to account for the specific correlation
structure (each patient contributed 2 teeth). This
method allowed assessment of the effects of cement
material, age, and gender on the postoperative sensi-
tivity measured at the first examination. Furthermore, the
longitudinal evaluation of postoperative sensitivity was
plotted against time. Statistical analysis was performed
with the statistical software SAS and the procedure
NLMIXED26 with logit link and binomial distribution. 

Results

Thirty-eight male and 22 female patients with a mean
age of 44.4 years (range 22 to 65 years) participated in
the trial. Fifty-one patients were examined after 1 week,
51 patients after 6 months, 47 patients after 12 months,
and 48 patients after 24 months (Table 1). There was
a high incidence of patient non-compliance. The pa-
tient withdrawals were in all cases for personal reasons.

One week after delivery of the definitive crowns,
postcementation sensitivity occurred at 6 teeth of the
Chemiace II group and 3 teeth of the Ketac-Cem group.
No loss of tooth sensitivity was noted. After 6 months,
3 teeth of both groups showed increased sensitivity.
Two teeth of the Chemiace II group showed no sensi-
tivity and were rated as “no response.” Endodontic
treatment was carried out on these 2 abutment teeth
after verification of their nonvitality via access prepa-
ration. After 12 months, 1 tooth of the Chemiace II
group and 3 teeth of the Ketac-Cem group showed
postcementation hypersensitivity (“severe response”).
In the patients observed 24 months after cementation,
no cases of postoperative hypersensitivity were
recorded for either group. Overall, the percentage of
hypersensitivity decreased notably during the follow-
up period.

Figure 1 shows the individual courses for the 15 pa-
tients who showed postoperative hypersensitivity. The
remaining patients showed “normal” postoperative

sensitivity at all examinations (see Table 2 for the inci-
dence of “severe” hypersensitivity). Figure 1 shows
that for some patients the tooth restored with Chemiace
II cement was more sensitive and for some patients the
tooth restored with Ketac-Cem cement was more sen-
sitive. In 2 patients the tooth treated with Chemiace II
showed no response; these 2 teeth were endodontically
treated and no longer assessed at later examinations.
In the remaining cases the temporary postoperative
sensitivity observed at the first 3 examinations was ab-
sent at the final examination at 24 months. The results
of the generalized linear model are shown in Table 3.
No significant difference was observed for cementation
with Chemiace II compared to Ketac-Cem. This is also
shown in Fig 1 for the 1-week follow-up examination.
Women showed a significantly higher rate of hyper-
sensitivity and there was a significant decrease in hy-
persensitivity with age. The older the patient, the lower
the probability of a hypersensitive response at the first
examination (Table 3). 

Discussion

In this clinical study, a conventional glass-ionomer ce-
ment and an adhesive resin cement containing 4-
META were used in the same patients to lute 2 inde-
pendent restorations.

Many studies regarding the pulpal response to
glass-ionomer cements versus other conventional ce-
ments have been published. Johnson et al21 and Kern
et al6 found a higher initial incidence of postoperative
hypersensitivity in the abutment teeth to cold for zinc
phosphate cement compared to glass-ionomer ce-
ment. The occurence of hypersensitivity decreased
during follow-up examinations, and after several
months, no differences between the 2 cement groups
were observed.

In contrast, Plant et al24 found a higher rate of pul-
pal irritations for glass-ionomer cement compared to
zinc phosphate. Jokstad and Mjör5 investigated the
postoperative hypersensitivity of abutment teeth re-
stored with fixed prostheses retained by 2 glass-
ionomer cements and a conventional zinc phosphate
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Table 1 Patient Compliance with Clinical Examination

Examination Scheduled Actual
time Compliance time (d) time (median, d)

Baseline 60 0 0
1 wk 51 7 9
6 mo 51 180 211
12 mo 46 365 405
24 mo 47 730 739
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cement. Only a small number of abutments with post-
operative hypersensitivity was found for teeth restored
with glass-ionomer cement.

These observations were confirmed by the in vitro
measurements of Smith and Ruse,4 whose data showed
that the 3 tested glass-ionomer cements present lower
pH values for longer durations compared to a zinc

phosphate cement and a polycarboxylate cement. In
earlier reports, Brackett and Metz27 and Johnson et al21

showed that the hypersensitivity caused by conven-
tional glass-ionomer cements usually resolves after a
few weeks. Therefore, it was assumed that a 2-year fol-
low-up period was sufficient to investigate the occur-
rence of postoperative hypersensitivity.
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Table 2 Ratings of Postoperative Sensitivity by Observation Time

Postoperative sensitivity (n)

Observation
Chemiace II Ketac-Cem

time Normal Severe None Normal Severe None

Baseline 60 0 0 60 0 0
1 wk 45 6 0 48 3 0
6 mo 46 3 2† 48 3 0
12 mo 44 1 0 44 3 0
24 mo 46 0 0 48 0 0

*No significant differences of sensitivity for each follow-up period (P > .05).
†These teeth were endodontically treated after the 6-month follow-up.

Table 3 Results of Generalized Linear Model*

Variable/unit Log OR SE df P† Lower‡ Upper‡

Cement
Chemiace II — — — — — —
Ketac-Cem -0.98 0.87 50 .27 -2.72 0.77

Gender
Male — — — — — —
Female 3.3 1.52 50 .035 0.24 6.32

Age (y) -0.12 0.06 50 .04 -0.23 -0.004

*Random effects are omitted from this table.  
†P value corresponds to the hypotheses of no effect on hypersensitivity.
‡Confidence limits = 95%.
Log OR = log odds ratio; df = degrees of freedom.

Fig 1 Detailed follow-up of the 15 patients with
changes of tooth sensitivity for each cement. The
remaining patients showed normal sensitivity at
all examinations.
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The initial low setting pH of glass ionomer has been
reported and implicated as a cause for postcementa-
tion sensitivity.4 Hickel and Voss28 suggested that an
ideal powder/liquid ratio can only be ensured with a
capsule system, compared to the manual mixing pro-
cedure of cements. In this study, Ketac-Cem glass-
ionomer cement was used in capsule form and served
as a control. Possible problems reported for glass
ionomers prepared by hand mixing were identified as
powder/liquid ratio variations, which can influence the
mechanical properties of the cement. Reducing the
powder content for a constant volume of liquid re-
duces the porosity levels in the cement mass and ex-
tends the working and setting time.29 The manual mix-
ing procedure of the resin cement did not affect the
postoperative hypersensitivity because the powder and
the liquid did not contain any acid. 

Pameijer and Nilner30 compared 3 cements—zinc
phosphate, glass-ionomer, and resin cement—in a 4-
year follow-up study. Only patient-reported cases of
postcementation hypersensitivity, without any thermal
provocation tests, were considered. The authors con-
cluded that postcementation hypersensitivity was a
negligible problem.

Kamal et al31 used immunohistologic analysis to ex-
amine the response of Class II molecule-expressing
cells and macrophages to cavity preparation and
restoration with a self-curing 4-META resin cement.
Dentinal cavities on both sides of the maxilla were pre-
pared in the maxillary first molars of rats. One side was
restored with 4-META resin cement (Superbond C&B,
Sun Medical), and the other side was left unrestored.
After 3 days, the teeth restored with 4-META resin ce-
ment showed a mild inflammatory response at the pulp,
whereas the cavities without 4 META exhibited severe
inflammation characterized by abscess formation. After
28 days, the 4-META group showed successful pulpal
healing, in contrast to the formation of poorly organized
mineralized structures and the development of partial
pulp necrosis in the unrestored cavity.

There are no clinical longitudinal studies comparing
conventional glass-ionomer cements with 4-META resin
cements regarding postoperative hypersensitivity.

In this study, 1 week postcementation, a slight hy-
persensitivity of 13.3% was found for the abutment
teeth cemented with Chemiace II, compared to 5.9% for
the conventional cement. The reason for the postop-
erative hypersensitivity in the adhesive resin group
could be a result of the removal of the smear layer via
etching the dentinal surface. The etching treatment
opened the dentinal tubules and possibly induced a
fluid movement that stimulated the nerve fibers.20 The
postoperative hypersensitivity in the glass-ionomer
group 1 week postcementation is most likely related to
the low initial setting pH value. 

However, no significant differences between the 2
types of luting cements were observed. After 6 months,
the postoperative hypersensitivity was 5.9% for both ce-
ments. Of the teeth in the 4-META resin cement group,
3.9% showed no sensitivity. After 12 months, there
were fewer cases of postoperative sensitivity for the
resin cement group (2.1%) compared to the glass-
ionomer cement group (6.4%), but this difference was
not statistically significant. After 24 months, no hyper-
sensitivity was recorded in either group.

The pretreatment of the abutment teeth, as per-
formed in this study, may influence the postoperative
hypersensitivity.32 Calcium hydroxide was used in both
groups, because it is an accepted dentinal tubule pro-
tector. Several studies showed that a calcium hydrox-
ide suspension applied on the abutment teeth before
cementation reduces the dentin permeability.33

Zaimoglu et al34 investigated various desensitizing
agents after tooth preparation. The results showed
that calcium hydroxide allowed the formation of smear
plugs and that the application of calcium hydroxide is
effective in treating hypersensitivity without adversely
affecting the retention. Mjör and Ferrari11 attributed the
reduced permeability of the dentin after exposure to
calcium hydroxide to precipitations of crystalline ma-
terial in the dentinal tubules.

Using a generalized linear model, it was observed
that 1 week after cementation, the older the patient
was, the lower the probability of hypersensitivity.
Reduced tooth sensitivity in older patients has also
been observed by Hilton et al.23

Women showed a significantly higher rate of post-
operative hypersensitivity compared to men 1 week
after cementation. This intersexual difference is in ac-
cordance with the results of a number of epidemiologic
studies in which women generally displayed a greater
sensitivity and enhanced response to pain stimuli.35–37

However, because of the small number of patients,
these results should be interpreted with caution.
Further studies are needed to verify whether age or
gender has a clear influence on postoperative sensi-
tivity. The development of pulpal reactions depends on
a number of factors, including restorative materials,
structure and quantity of the dentin, location of the
tooth, inflammation, bacterial leakage, area and width
of the cavity floor, and patient age.11

Conclusion

In this study, the incidence of postoperative hypersen-
sitivity after cementation of full-crown restorations with
a conventional glass-ionomer cement and a new ad-
hesive resin cement was similar. 
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