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ABSTRACT

Objective: The aim of the present clinical longitudinal study was to observe, over 10 years, the prognosis
of abutment tecth restored with fixed prostheses retained by two glass ionomer luting cements and one
conventional zinc phosphate cement.

Methods: Three dentists prepared 135 abutment teeth in 61 patients to retain 81 fixed prostheses. The
prostheses were retained by two glass ionomer luting cements (Ketac-Cem, Fuji Ionomer), or a
conventional zinc phosphate cement (De Trey Zinc Zement Improved). The patients were examined
yearly for 10 years.

Results: Post-operative hypersensitivity occurred in five teeth restored with glass ionomer luting cement.
The prevailing reason for abutment tooth failure was secondary caries (n =21) and pulp necrosis
{n = 5). Non-parametric survival estimates indicated that 80-85% of the abutment teeth remained intact
after 5 years and 71-81% after 10 years.

Conclusions: The 10-year results indicate that the prognosis of abutment teeth restored with fixed
prostheses is good, regardless of whether a glass ionomer or a zinc phosphate luting cement is used.
Copyright © 1996 Elsevier Science Ltd.
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INTRODUCTION

For over a century, zinc phosphate cements have been
widely used to retain fixed prostheses due to easy
handling characteristics and adequate retentive proper-
ties. However, zinc phosphate cements have limited
bonding qualities’, the long-term sealing is jeopardized
when the cement space exceeds 20 wm, and the cement
is relatively soluble in the oral environment®. These
factors may explain the relative high rates of secondary
caries associated with cast restorations®~*.

A continuous search for alternative luting materials
has resulted in the development of other cements, such
as reinforced zinc oxide eugenol cements®, and fluo-
ride-containing silicophosphate, polycarboxylate, and
glass polyalkenoate (ionomer) luting cements®~’. The
reinforced zinc oxide eugenol and the silicophosphate
cements were never considered as serious alternatives
to zinc phosphate cements®, Polycarboxylate cements,
with the potentially advantageous effect of fluoride
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release, have gained some popularity’~!'. However, the
current use of polycarboxylate cements seems limited®.

Many general practitioners use glass ionomer luting
cements as the only alternative to zinc phosphate ce-
ments to retain fixed prostheses'>!®. The assumption
that glass ionomer cements and zinc phosphate ce-
ments are clinically comparable has primarily been
based on data from laboratory experiments. Numerous
laboratory experiments during the last 10-15 years
have focussed on different physical and mechanical
properties: microleakage, dissolution, etc.! However,
the general opinion is that there are no well-estab-
lished correlations between laboratory measurements
of apparently relevant properties and the clinical per-
formance of luting materials™® .

Clinical data on the clinical performance of glass
ionomer cements used as luting materials have been
sparse. Although products were commercially intro-
duced in the beginning of the 1980s, the first clinical
study appeared in 1986°, and only four short-term
studies have since been reported in the literature!-1>-17,

The aim of the present clinical longitudinal study
was to observe the long-term clinical prognosis of abut-
ment teeth restored with fixed prostheses retained by
two glass ionomer luting cements and one conventional
zinc phosphate cement.
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MATERIAL AND METHODS

The aim, clinical study design and procedures to be
used were described in a protocol issued to three
Scandinavian general practitioners in 1983. The study
was designed according to the guidelines for clinical
evaluation of dental materials endorsed by the Ameri-
can Dental Association'®, and had been used in a
previous clinical study!®. The protocol gave instructions
on the choice of patients, abutment teeth, clinical
procedures, clinical evaluation criteria and other tech-
nical details.

The patients were regular patients attending general
practices in Scandinavia. They were considered to rep-
resent ‘average’ rather than selected patients. Both
vital and root-filled teeth could be used as abutments
and the latter were restored with a separate cast dowel
and core before the final preparation and impression.
All abutment teeth had occluding antagonists. The
dentists were to maintain their daily clinical routines,
including the use of impression materials. However, it
was stressed that the powder—liquid ratios, mixing time
and handling of the luting materials were to follow the
manufacturers’ instructions. The three dentists did not
carry out any further calibrations for the clinical proce-
dures and clinical evaluations.

All abutment teeth were temporized during the pe-
riod between preparation and cementation of the pros-
theses. The temporary restorations were cemented with
Nobetec, a zinc-oxide eugenol-based cement (Astra,
Sodertalje, Sweden).

For the final cementation, three luting materials
were used; a zinc phosphate cement, De Trey Zinc
Zement Improved (De Trey, Ziirich, Switzerland)
batches BJ31 83 /01 (liquid) and CC35 83 /05 (powder)
and two glass ionomer cements. One glass ionomer
cement consisted of a 10% tartaric acid solution in
water and freeze-dried powder consisting of a blend of
a copolymer of acrylic and maleic acids with an alumi-
nosilicate glass; Ketac Cem (Espe GmbH & Co.,
Seefeld, Germany) batches I 082 (liquid) and I 153
(powder). The other glass ionomer cement consisted of
a liquid copolymer of polyacrylic and itaconic acids and
powder consisting of aluminosilicate glass; Fuji Ionomer
(GC Dental Industrial Corp., Tokyo, Japan) batches
016012 (liquid) and 120321 (powder). The decision as to
which cement to use was made at random. The cement
mixing procedures were carried out manually. Zinc
phosphate cement was mixed on a cold slab by adding
small increments to the liquid. The glass ionomer ce-
ments were mixed by dividing the powder into two
halves. Once the first half had been fully incorporated
in the liquid, the second half was added and mixing
completed. Before cementation, the retainers were
controlled for passive fitness on the abutment teeth.
The abutment teeth were cleaned with a slurry of
pumice, isolated with cotton rolls and air dried, and the
retainers seated with finger pressure. The dentine was

not preconditioned with polyacrylic acid when a glass
ionomer cement was used. Excess luting material was
removed after setting.

The abutment teeth were examined clinically by the
dentists for possible defects 1 week after cementation,
after 6 months and then subsequently each year up to
10 years. The recall examinations included recordings
of the patients’ dental status, and, when necessary,
calculus removal, routine restorative therapy and oral
hygiene remotivation. The examination was carried out
with the patient in the operatory chair with the teeth
being examined in the routine clinical manner with the
help of a mirror, sharp probe (Maillefer explorer no. 6),
good lighting, and blasts of air. Criteria for failures
were retention-loss or fracture of the retainer, sec-
ondary caries, tooth fracture, poor aesthetics and pain
to percussion. The vitality of the abutment teeth were
assessed by testing with heat /cold or with a pulp tester,
and by periapical radiographic evaluation. Finally, a
questionnaire was completed by the dentist recording
the subjective opinion of the patient concerning post-
operative abutment tooth sensitivity and general satis-
faction with the prosthesis.

The service period of the abutment teeth was defined
as the number of years between cementation and the
time of a defect to occur. In case of patient dropout,
the date of the last observation at which the fixed
prosthesis was assessed as satistactory was recorded.
The data for the crowns and bridges were pooled since
it was considered that the potential effects of differ-
ences in clinical stresses would not be significant during
the first 10 years after cementation. The estimated
survival of the abutment teeth, i.e. abutment tooth
remaining intact, was computed using Kaplan-Meyer’s
non-parametric estimations’®.

RESULTS

The three dentists prepared, between July 1983 and
February 1985, 135 abutment teeth in 61 patients to
retain 81 fixed prostheses. Dentist no. 1 placed 14
prostheses in 13 patients, dentist no. 2, 18 prostheses in
13 patients, and dentist no. 3, 103 prostheses in 35
patients. A few prostheses provided in the later part of
the study were lost due to patient drop out or abutment
tooth failure. Thus, all the abutment teeth in the
present study were observed for 10 years.

The prostheses were either single crowns or bridges
with up to 11 units, and were made from gold-resin
(n=62) or metal-ceramic (n = 73) combinations of
materials. At the time of cementation, 86 abutment
teeth (64%) were vital, while 49 were root-filled. The
proportions of vital abutment teeth varied with the size
of the prostheses. Thus, only 11/43 (26%) abutment
teeth for single crowns were vital, while the proportions
of vital abutment teeth included in the bridges were
38/48 (79%) in the three-unit-, 19/22 (86%) in the



four-unit- and 18/22 (82%) in the larger-than-four-
unit-bridges. The time span between preparation and
cementation varied between 2 and 4 weeks.

At the 10-year observation, 57 abutment teeth (42%)
retaining 33 prostheses remained intact. During the
observation period, 31 abutment teeth (23%) retaining
16 prostheses exhibited some defect. Patient drop out
accounted for the loss of 47 abutment teeth (35%)
retaining 22 prostheses. Non-parametric survival esti-
mations indicate 80% (s.e. = 4%) survival of the abut-
ment teeth, i.e. remaining intact, after 5 years, and
71% (s.e. = 6%) survival after 10 years (Table I).

Post-operative hypersensitivity was recorded in five
abutment teeth at the 1-week examination. All five
teeth had been restored using a glass ionomer luting
cement, either Fuji Ionomer (n=4) or Ketac Cem
(n=1). In one tooth, the hypersensitivity persisted for
1 year. In the four other teeth, the late sequelae were
necrosis after 1 year in one tooth, caries after 4 years in
two teeth, while one tooth remained hypersensitive
throughout the study.

The defects on the abutment teeth were either sec-
ondary caries (n = 21) or necrosis (n = 5). No prosthe-
ses were remade due to esthetic reasons, and no frac-
tures of either the abutment teeth or the prostheses
were observed. Secondary caries on more than one
abutment tooth was observed in four patients. These
four patients accounted for 12 of 21 (60%) abutment
teeth with secondary caries (Table II, patient nos 1-4).
In patient no. 1, a bridge with three pontics and eight
retainers, became loose after 6 years. Before the loss of
the bridge, secondary caries had been diagnosed on
one abutment tooth after 1 year and on two other
abutment teeth after 4 years. It was assumed that this
particular bridge had never been properly cemented
and /or had inadequate initial marginal fit. Patient no.
2 became seriously ill after 4 years and abandoned all
oral hygiene habits. One consequence was the develop-
ment of secondary caries on five abutment teeth in two
four-unit bridges retained with Ketac Cem.
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The failed abutment teeth in the first two patients
were ignored in the further analyses of a possible
relationship between defects and other clinical factors
identified in the present study (Zable II), due to the
special situations that led to these abutment tooth
failures.

After excluding the first two patients, the estimates
of intact abutment tooth survival increased to 85%
(s.e.=4%) and 81% (s.e.=5%) survival after 5 years
and 10 years, respectively.

The vitality and intraoral distribution of the abut-
ment teeth are shown in Table I1I. The defective abut-
ment teeth do not seem to be associated with any
specific intraoral location or tooth vitality. Also, the
association with the operator or size of the prosthesis
seemed negligible (Table IV). Furthermore, the mate-
rial used in the retainer did not seem to influence the
risk of defects on the abutment teeth. Finally, the
distribution of intact, defect and lost abutment teeth
was comparable among the three luting materials
(Table V). Thus, the estimated survival of the abutment
teeth did not differ significantly among the three luting
materials (Fig. 1).

DISCUSSION

The present study design is not experimental, which
limits the possibility to determine any cause—effect
relationships between the observed defects on the
abutment teeth and the different clinical variables.
Furthermore, extrapolating the observations in the pre-
sent patient sample to other populations should be
made with caution. The value of the present study is
that the results give an indication of the clinical perfor-
mance of dental materials when the dental service is
provided by dentists in general practice. There is con-
sensus that such data are lacking in the dental litera-
ture?, in contrast to clinical data derived from trials
carried out in dental school environments. In these

Table |I. Actuarial life table for 135 abutment teeth in the present study

Abutments Defective Lost Std. error

entering abutment abutment Cumulative cumulative

Period period teeth teeth proportion proportion

(months) {no.) (no.) {no.) (survival) (survival)
0-12 135 2 13 0.98 0.01
13-24 120 0 4 0.98 0.01
25-36 116 1 3 0.98 0.01
37-48 112 12 5 0.87 0.03
49-60 95 7 4 0.80 0.04
61-72 84 5 5 0.75 0.05
73-84 74 0 0 0.75 0.05
85-96 74 0 4 0.75 0.05
97-108 70 0 1 0.75 0.05
109-120 69 4 8 0.71 0.06
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Table Ii. Characteristics of the defective abutment teeth (n=231) after 10 years observation

Dentist Luting Retainer Age

Tooth no. Material material Type Units (vears) Defect Patient no.**
24 3 Gold-resin Fuiji ! Fuli crown 5 1 Necrosis*
47 3 Gold-resin Zn-phos Core/post 11 1 Caries 1
26 2 Metal-ceramic Ketac Cem Full crown 1 25 Necrosis
37 3 Metal-ceramic Zn-phos Full crown 3 3.5 Caries
44 3 Metal-ceramic Zn-phos Full crown 3 4 Caries
21 3 Metal-ceramic Fuji ! Core/post 3 4 Caries 3
12 3 Metal-ceramic Fuiji | Full crown 3 4 Carigs* 3
45 3 Metal—-ceramic Ketac Cem Core/post 1 4 Caries
23 3 Metal-ceramic Ketac Cem Full crown 3 4 Caries*
23 3 Gold-resin Ketac Cem Full crown 4 4 Caries
45 2 Metal-ceramic Zn-phos Core/post 1 4 Caries
23 3 Gold-resin Fuiji | Full crown 8 4 Necrosis
46 3 Gold-resin Zn-phos Full crown 11 4 Caries 1
44 3 Gold-resin Zn-phos Full crown 11 4 Caries 1
34 3 Gold-resin Zn-phos Full crown 4 4 Necrosis
45 3 Gold-resin Zn-phos Full crown 3 4.5 Necrosis
36 3 Metal--ceramic Ketac Cem Full crown 4 4.5 Caries 2
44 3 Metal-ceramic Ketac Cem Full crown 4 45 Caries 2
33 3 Metal-ceramic Ketac Cem Full crown 4 5 Caries 2
46 3 Metal-ceramic Ketac Cem Core/post 4 5 Caries 2
22 3 Gold-resin Fuji | Core/post 1 5 Caries
11 3 Metal—-ceramic Zn-phos Core/post 3 5 Caries 4
45 3 Gold-resin Zn-phos Core/post 11 6 Loss 1
42 3 Gold-resin Zn-phos Full crown 11 6 Loss 1
41 3 Gold-resin Zn-phos Full crown 1 6 Loss 1
32 3 Gold-resin Zn-phos Full crown 11 6 Loss 1
33 3 Gold-resin Zn-phos Full crown 11 6 Loss 1
47 3 Metal-ceramic Ketac Cem Full crown 4 9 Caries 2
21 3 Metal-ceramic Zn-phos Full crown 3 9.5 Caries 4
45 1 Metal-ceramic Zn-phos Full crown 3 10 Caries
21 1 Metal-ceramic Zn-phos Full crown 1 10 Caries

* Post-operative hypersensitivity.

**Note secondary caries developed on abutment teeth of the same bridge at different time intervals.

studies, the operators, the working environment, the
patients and the size and intraoral location of the
restorations are controlled, which reduces confusion
when comparing different materials or products. How-
ever, the data from such studies do not reflect the
situation in the ‘real-world’ dental practice?:%2, and are
especially apparent when technique-sensitive materials
are involved®.

Variables that may account for clinical failures that
were not assessed in the present study include geomet-
rical configuration of the abutment tooth®*, the ce-
ment film thickness?*, and prosthesis design®. Finally,

the precision of the clinical evaluation at the recall
examinations can be questioned, since this was done by
the same dentist who had cemented the prostheses. On
the other hand, this is offset by the long observation
period, which allows a long-term assessment of possible
undetected clinical failures that may have developed
during the earlier stages of the study.

Several investigators have attempted to estimate the
success of crown and bridge therapy in terms of sur-
vival rates or median ages of failed prostheses™*!l.
The estimates vary markedly, which may reflect study
designs, patient, operator and evaluator differences,

Table Ill. The location of defective abutment teeth (n=18), and initial pulp vitality and intraoral distribution of the

abutment teeth at the time of cementation (7=135)

Maxilla
Incisor Cuspids Bicuspids Molars Sum
Vital 21 (3) 14 (3) 14 (1) 6 (1) 55 (8)
Avital 20 (3) 4 6 4 34 (3) 89 (11)
Mandible
Incisor Cuspids Bicuspids Molars Sum
Vital 6 4 10 (4) 12 (1) 32 (5)
Avital 1 1 9(2 3 14(2) 46(7)
Sum 48 23 39 25
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Table IV. The location of defective abutment teeth (n=18) in relation to the dentists and size of
the prostheses at the time of cementation (n=135)

Single Bridges*

crowns 3 units 4 units 5-6 units > 6 units
Dentist 1: 14 (2)
Dentist 2: 14 (1) 4(1)
Dentist 3: 15 (2) 44 (8) 22 (2) 6(1) 16 (1)

*24 three-unit, nine 4-unit, two 5- and 6-unit, three 7—11-unit bridges.

and criteria for success and failures. Most of these
clinical studies have focussed mainly on the perfor-
mance of the prostheses, and less on the prognosis of
the abutment teeth. Data on the performance of pros-
theses are of particular interest for cost—benefit analy-
ses, but the fate of the abutment teeth is also of prime
interest. The survival rate, defined in the present study
as no further treatment of the abutment teeth, was
80-85% after 5 years and 71-81% after 10 years,
figures varying depending on whether two patients were
included in the study. These estimates are in accor-
dance with other studies®. However, from the above
discussion, it can be inferred that comparing the sur-
vival rate of the abutment teeth in the present study to
survival data on prosthetic constructions may be unjus-
tified.

There are diverging opinions about the potential of
different luting materials to cause post-cementation
hypersensitivity. Previous data suggested that glass
ionomer luting cements frequently caused post-oper-
ative hypersensitivity?®. However, later reports have
shown that the frequencies are similar for zinc phos-
phate- and glass ionomer luting cements'>?”. The 6%
post-operative hypersensitivity in the present study was
somewhat low compared to that of other reports>?’. It
is possible that the different incidences reflect the time
requirement for fabrication of the prosthesis!’.

It has been reported that the hypersensitivity usually
resolves after a few weeks'®?’. In the present study,
however, further damage developed in at least three
teeth, which suggests that the post-operative hypersen-
sitivity in these cases could have been due to initial
poor seating or lack of cement obturation. It is well
established that erratic film thickness and inferior phys-
ical propertics may sometimes occur when using glass

ionomer cements, due to the cements’ difficult han-
dling characteristics"* 1524 %,

The defects on the abutment teeth were primarily
secondary caries (21 of 88 teeth or 25%) and necrosis
(five of 88 teeth or 6%). The observation that sec-
ondary caries is the most common reason for failure of
fixed prostheses is in general agreement with other
clinical studies®*. The frequency of necrosis is in ac-
cordance with some clinical studies®, but in contrast
with others'®?®, There were no recordings of replace-
ment due to technical failures of the prostheses or
fracturing of the abutment teeth, which contrasts other
clinical studies>*. However, part of the explanation
may be that previous clinical studies have focussed on
the reasons for removal of bridges or complications
with prosthetic appliances®*, instead of focussing on
the abutment teeth.

Reasons for abutment tooth failures vary undoubt-
edly with time, e.g. retention losses occur primarily
after 10 years. Therefore, even the present 10-year
observation period is really too short to truly detect
real differences in cement retention properties. How-
ever, longitudinal clinical studies extending for more
than 10 years are rare, due to cost, logistic and practi-
cal reasons’. Unfortunately, the data in the present
study cannot predict the failure reasons during the next
decade.

Except for the one 1l-unit bridge that failed, no
retention losses were recorded during the observation
period. This is a significantly better result than that in
other long-term clinical studies®*. It is uncertain if the
retention loss of this particular bridge occurred be-
cause of incorrect seating initially, inadequate handling
of the luting material, poor geometrical configuration
of the abutment teeth or a weakening effect due to

Table V. The clinical status of the abutment teeth at the 10 years’ observation in relation to the luting material

employed
Lost
Original patient Abutment teeth

Luting material number drop out Defective Intact
Zn-phosphate cement 52 17 (33%) 17 (33%) 18 (34%)
Ketac Cem 41 17 (41%) 9 (22%) 15 (37%)
Fuji ionomer 42 13 (31%) 5 (12%) 24 (57%)
Sum 135 47 (35%) 31 (23%) 57 (42%)
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Fig. 1. The proportions of abutment teeth remaining intact, esti-
mated by survival statistics, restored with prostheses cemented
with zinc phosphate cement (ZnP), Ketac-Cem (Ket) and Fuiji |
(Fuji). The vertical axes denote the standard error.

secondary caries on three of the abutment teeth. It
seems inappropriate to associate the failure to a speci-
fic luting material, which, in this particular case, was
the zinc phosphate cement.

No single etiologic factor causing defects on the
abutment teeth was identified. An exception was per-
haps the patient caries incidence. The patient with the
five carious abutment teeth (Table 11, patient no. 2) was
diagnosed with Parkinson’s disease after 4 years, and
abandoned any oral hygiene habits. The result was a
dramatic deterioration of the patient’s oral status. The
development of secondary caries along the retainers
shows that the anticariogenic effects of the fluorides in
the glass ionomer luting cements may be insufficient
under unfavorable conditions. However, the character-
istics of ‘unfavorable conditions’ for glass ionomer ce-
ments are not known in detail. Evidently, excessive
accumulation of plaque and frequent low intraoral
pH-values will cause both hard tissue demineralization
and erosion of luting materials. However, to which
degree erosion of luting cement occurs in patients with
adequate oral hygiene remains uncertain. It is also
probable that the film thickness of the luting material
is an important factor in this context!>24,

Previous studies have shown a similar or better clini-
cal performance of glass ionomer cement compared to
the performance of zinc phosphate cement!!:>17, The
present study supports these findings, as the frequen-
cies of defective abutment teeth were comparable when
glass ionomer and zinc phosphate cements had been
used. Thus, within the limitations of the present clinical
study, it may be concluded that during the first 10 years
after cementation, the prognosis of abutment teeth
restored with fixed prostheses is equally good, whether
retained by a glass ionomer or a zinc phosphate luting
cement.
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