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Abstract

 

This study evaluated the load required to fracture the marginal ridge of tunnel-filled teeth restored with various adhesive filling materials.
Five test groups, each consisting of 20 extracted maxillary premolars, were filled with either composite resin or a conventional, a cermet, or

 

two brands of resin-modified glass ionomer (polyalkenoat) cements.

 

 

 

The tunnels were prepared with the occlusal access placed in the me-
sial fossa, leaving a relatively thin approximal wall. The teeth were subjected to incremental dynamic forces. A maximum absorbed en-
ergy index, quantifying the fracture resistance of the teeth, showed no statistically significant differences between the test groups with regard
to marginal ridge strength, even though the elastic moduli of the materials varied. None of the adhesive materials restored the teeth to the
strength of sound teeth. © 1999 Elsevier Science Ltd. All rights reserved.
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The tunnel preparation technique has been introduced as
an alternative to the traditional Class II amalgam restoration
[1–5]. The preparation consists of removing approximal
caries tissue through the occlusal surface via a tunnel (Fig.
1). One of the main objections is that this technique entails
undermining the marginal ridge, increasing the risk of frac-
ture [6]. In a recent three-year clinical study, 14 % of the
tunnel restorations were replaced due to marginal ridge
fracture [7].

Two factors may affect the marginal ridge strength of
teeth with tunnel restorations: the size and position of the
preparation, and the properties of the restorative material
used. It has been shown that a conservative tunnel restora-
tion situated 2 mm from the marginal ridge does not signifi-
cantly weaken an otherwise intact tooth [8–10]. Most den-
tists, however, seem to prepare tunnels with a narrower
approximal wall [11,12]. By placing the access closer to the
marginal ridge, the quality of caries removal appears to be
better [13]. Less tooth substance is removed, and, if neces-
sary, the conversion to a conventional Class II preparation is
facilitated.

Use of adhesive materials appears to be appropriate
when restoring tunnel-prepared teeth. Glass ionomer ce-
ment (glass polyalkenoat cement) [14,15] is the most fre-
quently used material because it adheres to both dentin and
enamel [16], releasing fluoride [17] and probably exerting a
cariostatic effect. There are several types of glass ionomer
products. In the cermet cements, silver particles are sintered
to the glass particles during manufacture [18]. The addition
of resins to conventional glass ionomer cement converts it
into a dual-cured cement [19], termed resin-modified glass-
ionomer cement [20]. The use of composite resin, i.e. a
polymer matrix with stiff inorganic inclusions, has also
been suggested for restoration of tunnel-prepared teeth [8].
A composite resin restorative material may attach the un-
supported marginal ridge to the acid-conditioned tooth
structure, thus strengthening it [21–23].

The aim of the present laboratory study was to investi-
gate the ability of various types of adhesive materials to in-
fluence the marginal ridge strength of tunnel-prepared teeth
when they were subjected to intermittent forces.

 

1. Materials and methods

 

114 extracted maxillary premolars without restorations
or macroscopic defects were stored in 2% benzalkonium-
chloride. After removal of the periodontal tissue, the teeth
were divided into small, medium, and large sizes according
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to the buccopalatinal width. The teeth were divided into 5
test groups of 20 teeth each, with an equal ratio of small,
medium, and large teeth in each group, and a control group
of 14 teeth. On the mesial surfaces, a 1.5-mm deep cavity
was prepared with a high speed round bur (009) in a direc-
tion perpendicular to the long axis of the tooth, 2 mm below
the marginal ridge. The bur was angled approximately 45

 

8

 

in the buccal and palatinal direction to create a cavity in the
dentin.

 

2. Tunnel restoration

 

The teeth were mounted to a level 1 mm below the ce-
mentoenamel junction in a block of acrylic resin. The block
was mounted in a vice with a universal ball-joint, enabling
the tooth to be aligned as desired. A drill-stand, with a
straight hand piece held by a clamp, enabled a vertical drill-
ing procedure to be performed. A round bur (012) was fas-
tened in the hand piece and drilling commenced with a wa-
ter spray by lowering the hand piece. Entry was made
through the mesial occlusal fossa. The tunnels were ex-
tended in a buccal and palatinal direction by moving the
drill clamp in a buccopalatinal direction. With this device,
standardized tunnels were prepared with an approximately
1.7-mm buccopalatinal dimension. The mean width of the
remaining marginal ridge was afterwards measured to 1.1
mm (range 0.9–1.3 mm) with a digital Image Analyzer
(Cue-2, version 4.0, 1992, Galai Production Ltd., Migdal
Haemek, Israel). The five groups of preparations were filled
with restorative materials that were handled according to
the manufacturers’ instructions.

•

 

Group 1:

 

 Tunnels filled with the conventional glass
ionomer cement 

 

Baseline

 

, (DeTrey/Dentsply, Kon-
stanz, Germany). The preparations were gently dried,

and material from a capsule was applied with a Centrix
syringe with a plastic nozzle. Two layers of varnish
were applied.

•

 

Group 2:

 

 Tunnels filled with the resin-modified glass
ionomer cement 

 

Fuji II LC

 

 (GC Corporation, Tokyo,
Japan). The conditioner was applied for 10 s. the prep-
arations were rinsed for 30 s and gently dried. The ma-
terial (powder/liquid ratio 3.0 g:1.0 g) was applied
with a Centrix syringe with a plastic nozzle and light-
cured in two layers. Two layers of varnish were ap-
plied.

•

 

Group 3:

 

 Tunnels filled with the glass ionomer cermet
cement 

 

Ketac Silver

 

 (Espe, Seefeld, Germany). The
preparations were rinsed and gently dried. The mate-
rial was applied from a capsule supplied with a plastic
tip (Pipen, Piteå, Sweden). Two layers of varnish were
applied.

•

 

Group 4:

 

 Tunnels filled with the composite resin 

 

Z100

 

(3M Co, St. Paul, MN, USA). A bonding agent
(Scotchbond Multi-Purpose Adhesive) was used to
bond the restoration to the tooth structure. The prepa-
rations were etched with maleic acid for 15 s, rinsed,
and dried. The primer was applied and gently dried. A
thin resin layer was applied and light cured for 10 s.
The restorative material was injected from a preloaded
syringe, packed into the tunnel, and light-cured in two
layers from the occlusal surface.

•

 

Group 5:

 

 Tunnels filled with the resin-modified glass
ionomer cement 

 

Vitremer

 

 (3M Co, St. Paul, MN,
USA). The primer was brushed on the preparation for
30 s, dried, and light-cured. The material (powder/ liq-
uid ratio 2.5 g:1.0 g) was applied with a Centric sy-
ringe with a plastic nozzle and light-cured.

•

 

Group 6:

 

 Control group of intact teeth.

The tunnel-restored teeth were stored for 2 weeks in wa-
ter prior to testing.

 

3. Mechanical testing

 

The strength of the marginal ridges was tested in a servo-
hydraulic mechanical testing machine (MTS 810, MTS sys-
tems Corp., Minneapolis, MN, USA) using a stepwise, dy-
namic loading procedure. The tooth in the acrylic block was
placed in saline solution, and load was transferred to the
ridge by a steel plunger (Fig. 2). The rod was notched to
avoid contact with the occlusal part of the filling, and to pre-
vent it from sliding off the ridge during testing. The tip di-
ameter of the rod was 1 mm. The ridges were subjected to
sine-shaped dynamic forces with a frequency of 2 Hz, ini-
tially varying between 50 N and 100 N for 500 cycles. The
peak forces were then incremented by 50 N and another 500
cycles applied. The peak load was incremented by 50 N un-
til failure occurred. The load level and the number of cycles
were recorded at the time of failure. A maximum energy in-

Fig. 1. Schematic illustration of the tunnel restorative technique.
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dex (MEI), indicating the maximum energy that the ridges
could endure, was calculated according to the expression:

where MEI is the maximum energy index. L

 

1

 

 is the first
load level (100 N), L

 

2

 

 the second load level (150 N), and so
forth (increments of 50 N) up to L

 

max

 

, which is the load
level at failure. N is the number of cycles (500), and N

 

failure

 

is the number of cycles endured at L

 

max

 

 before failure occurs
(Fig. 2).

 

4. Measurement of elastic modulus

 

In order to assess the rigidity and the potential ability to
mechanically support tooth substance, measurements of the

MEI L1 N L2 N L3 N … Lmax Nfailure⋅+ +⋅+⋅+⋅=

 

elastic modulus were undertaken for each material. Cylin-
drical specimens (5 

 

3

 

 3 mm, n 

 

5 

 

10) from each product
were produced in polytetrafluoroetylene molds. The materi-
als were handled as described previously. After 2 weeks of
water storage, the specimens were subjected to compressive
testing (0.02 mm/s). The elastic modulus, expressed in giga-
pascals (GPa), was computed from the resulting stress-
strain curve based on the initial, nearly straight portion of
the curve.

 

5. Statistical analysis

 

Median values and quartiles (Q

 

1

 

 and Q

 

3

 

) were used to ex-
press the average and the variation of the measurements.
The Kruskal-Wallis test was used to test the overall differ-
ence in medians between groups, revealing a p-value of
0.005. The Mann-Whitney test was then used to test for sig-
nificant differences between individual pairs of observa-
tions. The chosen level of significance (

 

a 5 

 

0.05) was ad-
justed according to the number of paired comparisons.

 

6. Results

 

With the median strength of intact teeth set at 100%, it
was possible to achieve approximately 47%–62% of this
strength in the restored teeth (Table 1). The statistical analy-
sis revealed that there was no significant difference between
the test groups concerning resistance to marginal ridge frac-
ture. Each of the test groups, however, differed significantly
from the control group.

Fracture patterns in each group were similar. The frac-
ture was generally triangular in shape with the apex of the
triangle at the marginal ridge and the base at the approximal
exit of the tunnel. Repairing the fractured teeth with a tradi-
tional class II preparation would not necessitate significant
alterations.

Results from the measurements of elastic moduli revealed
that the composite resin 

 

Z-100

 

 had the highest elastic modu-
lus (7.15 GPa), while one of the resin-modified glass iono-
mers, 

 

Fuji II LC

 

, displayed the lowest (3.50 GPa) (Fig. 3).

 

Table 1
Medians and quartiles (Q

 

1

 

 and Q

 

3

 

) of the energy required to fracture the 
teeth for each group

MEI (%)* Lmax 
(N)*Quartiles

Median* Q

 

1

 

Q

 

3

 

Median*

Ctr 732,400 (100) 516,888 (71) 997,175 (136) 400 N
Baseline 454,475 (62) 235,500 (32) 594,763 (81) 325 N
Vitremer 409,250 (56) 238,875 (33) 869,913 (119) 300 N
Fuji II LC 391,700 (53) 145,850 (20) 594,063 (81) 300 N
Ketac Silver 352,475 (48) 235,563 (32) 568,600 (78) 275 N
Z-100 342,025 (47) 241,750 (33) 558,362 (76) 275 N

* Median of intact teeth 

 

5

 

 100%; MEI 

 

5

 

 maximum energy-index;
Lmax 

 

5

 

 absolute load level in newtons (N) at failure.
Fig. 2. Schematic illustration of the testing procedure of tunnel restored
teeth subjected to a stepwise, dynamic loading procedure.
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7. Discussion

 

This study, which evaluated the load required to produce
marginal ridge fracture in tunnel-restored teeth, showed that
there was no significant difference between the various ad-
hesive materials in their ability to strengthen the restored
teeth. There was a difference, however, between the re-
stored teeth and the sound teeth.

The location and dimension of the tunnel preparations
corresponded with the design preferred by clinicians, i.e.
with the occlusal access in the fossa and a remaining mar-
ginal ridge thickness of approximately 1 mm [12,13]. It can
be assumed that a rigid filling material could offer better
support for the marginal ridge than a more flexible one.
Even though the elastic moduli of the present materials dif-
fered by a factor of about two, there was no correlation be-
tween the elastic moduli and the strength of the ridge of the
filled teeth. The elastic moduli of the materials were lower
than for dentin or enamel [24].

A main factor affecting the strength of the approximal
wall is probably the bonding ability of the restorative mate-
rial. By etching the enamel, a mechanical interlock between
the composite resin and the treated enamel surface is ob-
tained [25]. It has been difficult to achieve the same effect
with dentin, but restorative resins may bond to dentin via re-
cent bonding agents that penetrate into conditioned dentin
[26]. One major disadvantage of composite resin materials
is their inherent polymerization shrinkage. This shrinkage is
capable of damaging tooth structure [27], especially when
efficient bonding agents are used with composite resins that
possess a high modulus of elasticity [28,29]. It is therefore
possible that the material, due to contraction, might create
cracks that may cause fractures.

The adhesion of glass ionomer cements to tooth structure
is believed to be a diffusion-based adhesion resulting from
chemical bonding that involves penetration of both dentin
and enamel [30]. Conventional chemical setting glass iono-
mer materials have been reported to shrink 3–4% in volume,
but slow setting may permit stress relief within the restora-
tion, which limits the forces exerted on the surrounding
tooth structure [31]. Bond strength is reported to be low
[32], but the adhesive strength is difficult to measure be-
cause the cement tend to fail cohesively [33,34]. The co-
hesive properties are not improved by the addition of silver
particles [35]. Apparently, a material with improved co-
hesive strength would be advantageous. This has been
achieved in the case of the resin-modified glass ionomer
materials [36]. Bond strength is reported to be greater than
conventional materials [37]. Two types of setting reactions
take place in these materials: a conventional glass-ionomer
reaction between fluoroaluminosilicate glass and polycar-
boxylic acid, and a light-activated free radical polymeriza-
tion of pendant methacrylate groups. Resin-modified glass
ionomer cements exhibit a rapid setting contraction through
the polymerization of the polymer component [38]. More-
over, light-curable glass-ionomers absorb water on expo-
sure to aqueous environments and swell due to strongly hy-
drophilic components [39]. After an initial inward pull on
the approximal wall, these properties could cause outward
pressure, which may further increase the risk of fracture.

Comparison of the results obtained with destructive test-
ing should be interpreted carefully because they vary with
the methods used [40]. This study sought to emulate a clini-
cal situation, as tooth fracture is most likely caused by the
progression of small cracks during dynamic, repeated load-

Fig. 3. Elastic moduli for each product. Mean and standard deviation in gigapascals (GPa).
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ing [41]. The results are in accordance with those reported
by Fasbinder et al. and Purk et al., who showed that a nar-
row approximal wall will weaken the marginal ridge be-
yond the ability of the glass ionomer material to reinforce it
[42,43]. While Purk et al. showed that conventional glass
ionomer cement restored the tooth to a higher strength than
composite resin when tested at the marginal ridge, a similar
compressive study showed that composite resin strength-
ened the marginal ridge to a greater degree than did cermet
glass ionomer [44]. It has also been shown that the cermet
materials have reduced adhesion to tooth substance com-
pared with the conventional cements [45].

Preservation of the approximal enamel wall is the main
objective of the tunnel restoration [46]. Clinical studies
have shown that marginal ridge fracture is a problem with
tunnel restorations [7,47]. Nevertheless, our results confirm
earlier findings [10] that the remaining marginal ridge
should be of some thickness to withstand the occlusal
forces. The opening should therefore be positioned more
centrally than is generally preferred by clinicians. Dentin,
with its elasticity, rigidity, and toughness, provides a firm
foundation for tooth reconstruction and the impact of masti-
cation. Regardless of the properties of the present filling
materials, it appears that none of the tested materials could
adequately replace the functional aspects of dentin.

 

Acknowledgments

 

We thank Siren Östvold and Hugo Cato Olsen, Depart-
ment of Dental Research, University of Bergen, for techni-
cal assistance.

 

References

 

[1] P.R. Hunt, A modified class II cavity preparation for glass ionomer
restorative materials, Quintessence Int 10 (1984) 1011–1018.

[2] G.M. Knight, The tunnel restoration, Dent Outlook 10 (1984) 53–57.
[3] P.R. Hunt, Microconservative restorations for approximal carious le-

sions, J Am Dent Ass 120 (1990) 37–40.
[4] J.W. McLean, Limitations of posterior composite resins and extend-

ing their use with glass ionomer cements, Quintessence Int 18 (1987)
517–529.

[5] J. Papa, M.J. Tyas, Tunnel restorations: A review, J Esth Dent 4
(suppl.) (1992) 4–9.

[6] R. Hickel, A. Voss, Untersuchungen zur tunnelpräparation, Dtsch
Zahnärztl Z 42 (1987) 545–548.

[7] G.V. Strand, H. Nordbø, A.B. Tveit, I. Espelid, K. Wikstrand, G.E.
Eide, A three-year clinical study of tunnel restorations, Eur J Oral Sci
104 (1996) 384–389.

[8] D. Covey, T.M. Schulein, F.J. Kohout, Marginal ridge strength of re-
stored teeth with modified Class II cavity preparations, J Am Dent
Ass 118 (1989) 199–202.

[9] D.J. Fasbinder, R.D. Davis, J.O. Burgess, Marginal ridge strength in
class II tunnel restorations, Am J Dent 4 (1991) 77–82.

[10] G.V. Strand, A.B. Tveit, N.R. Gjerdet, G.E. Eide, Marginal ridge
strength of teeth with tunnel preparations, Int Dent J 45 (1995) 117–123.

[11] M. Svanberg, Class II amalgam restorations, glass-ionomer tunnel
restorations, and caries development on adjacent tooth surfaces: A
3-year clinical study, Caries Res 26 (1992) 315–318.

[12] G.V. Strand, A.B. Tveit, G.E. Eide, Cavity design and dimensions of
tunnel preparations versus composite resin class II preparations, Acta
Odontol Scand 53 (1995) 217–221.

[13] G.V. Strand, A.B. Tveit, I. Espelid, Variations between operators in
the performance of tunnel preparations in vitro, Scand J Dent Res 102
(1994) 151–155.

[14] A.D. Wilson, J.W. McLean, Glass-Ionomer Cement, Quintessence
Publishing Co., Chicago, 1988.

[15] International Organization for Standardization 7489, Dental glass
polyalkenoate cements, 1986.

[16] P. Hotz, J.W. McLean, I. Sced, A.D. Wilson, The bonding of glass
ionomer cements to metal and tooth substrates, Br Dent J 142 (1977)
41–47.

[17] L. Forsten, Fluoride release and uptake by glass ionomers, Scand J
Dent Res 99 (1991) 241–245.

[18] J.W. McLean, O. Gasser, Glass-cermet cements, Quintessence Int 16
(1985) 33–43.

[19] T.P Croll, C.M. Killian, Visible light-hardened glass-ionomer-resin
cement restorations for primary teeth: new developments, Quintes-
sence Int 23 (1992) 679–682.

[20] J.W. McLean, J.W. Nicholson, A.D. Wilson, Proposed nomenclature
for glass-ionomer dental cements and related materials, Quintessence
Int 25 (1994) 585–589.

[21] R.J. Simonsen, E. Barouch, M. Gelb, Resistance to cusp fracture in
Class II prepared and restored premolars, J Prosthet Dent 55 (1986)
184–185.

[22] T. Fusayama, M. Nakamura, N. Kurosaki, M. Iwaku, Non-pressure
adhesion of a new adhesive restorative resin, J Dent Res 58 (1979)
1364–1370.

[23] E.J. Swift, P.T. Triolo, Bond strengths of Scotchbond Multi-Purpose
to moist dentin and enamel, Am J Dent 5 (1992) 318–320.

[24] J.W. Stanford, G.C. Paffenbarger, J.W. Kumpula, W.T. Sweeney,
Determination of some compressive properties of human enamel and
dentin, J Am Dent Ass 57 (1958) 487–495.

[25] M.G. Buonocore, A simple method of increasing the adhesion of
acrylic filling materials to enamel, J Dent Res 34 (1955) 849–853.

[26] N. Nakabayashi, K. Kajima, E. Mashura, The promotion of adhesion
by infiltration of monomers into tooth substrates, J Biomed Mater
Res 16 (1982) 265–273.

[27] D.L. Morin, M. Cross, V.R. Voller, W.R. Douglas, R. Delong, Bio-
physical stress analysis of restored teeth: modelling and analysis,
Dent Mater 4 (1988) 77–84.

[28] C.M. Kemp-Scholte, C.L. Davidson, Marginal sealing of curing con-
traction gaps in class V composite resin restorations, J Dent Res 67
(1988) 841–845.

[29] A.J. Feilzer, A.J. De Gee, C.L. Davidson, Increased wall-to-wall curing
contraction in thin bonded resin layers, J Dent Res 68 (1989) 48–50.

[30] G.J. Mount, Glass ionomer cements and future research, Am J Dent 7
(1994) 286–292.

[31] A.J. Feitzer, A.J. DeGee, C.L. Davidson, Curing contraction of com-
posites and glass-ionomer cements, J Prosthet Dent 59 (1988) 297–
300.

[32] T.L. Coury, F.J. Miranda, R.D. Willer, R.T. Probst, Adhesiveness of
glass-ionomer cement to enamel and dentin: A laboratory study, Oper
Dent 7 (1982) 2–6.

[33] B.E. Causton, N.W. Johnson, The role of diffusable ionic species in
the bonding of polycarboxylate cements to dentine: An in vitro study,
J Dent Res 58 (1979) 1383–1393.

[34] G.J. Mount, Adhesion of glass-ionomer cement in the clinical envi-
ronment, Oper Dent 16 (1991) 141–148.

[35] J.B. Thornton, D.H. Retief, E.L. Bradley, Fluoride release from and
tensile bond strength of Ketac-Fil and Ketac-Silver to enamel and
dentin, Dent Mater 2 (1986) 241–245.

[36] S.M. Mitra, B.L. Kedrowski, Long term mechanical properties of
glass ionomers, Dent Mater 10 (1994) 78–82.

[37] J.R. Holtan, G.P. Nystrom, P.S. Olin, Bond strength of a light-cured
and two auto-cured glass ionomer liners, J Dent 18 (1990) 271–275.



 

650

 

G.V. Strand et al./Cement and Concrete Research 29 (1999) 645–650

 

[38] T. Attin, W. Buchalla, A.M. Kielbassa, E. Hellwig, Curing shrinkage
and volumetric changes of resin-modified glass ionomer restorative
materials, Dent Mater 11 (1995) 359–362.

[39] J.W. Nicholson, H.M. Anstice, J.W. McLean, A preliminary report
on the effect of storage in water on the properties of commercial
light-cured glass-ionomer cements, Br Dent J 173 (1992) 98–101.

[40] R. van Noort, Clinical relevance of laboratory studies on dental mate-
rials: Strength determination—a personal view, J Dent 22 (suppl. 1)
(1994) 4–8.

[41] J.G. Bell, M.C. Smith, J.J. dePont, Cuspal failures of MOD restored
teeth, Aust Dent J 27 (1982) 283–287.

[42] D.J. Fasbinder, R.D. Davis, J.O. Burgess, Marginal ridge strength in
class II tunnel restorations, Am J Dent 4 (1991) 77–82.

[43] J.H. Purk, R.S. Roberts, D.A. Elledge, R.P. Chappell, J.D. Eick, Mar-

ginal ridge strength of class II tunnel restorations, Am J Dent 8
(1995) 75–79.

[44] L.E. Ehrnford, H. Fransson, Compressive fracture resistance of the
marginal ridge in large class II tunnels restored with cermet and com-
posite resin, Swed Dent J 18 (1994) 207–211.

[45] J.B. Thornton, D.H. Retief, E.L. Bradley, Fluoride release from and
tensile bond strength of Ketac-Fil and Ketac-Silver to enamel and
dentin, Dent Mater 2 (1986) 241–245.

[46] J. Mondelli, L. Steagall, A. Ishikiriama, M.F. de Lima Navarro, F.B.
Soares, Fracture strength of human teeth with cavity preparations, J
Prosthet Dent 43 (1980) 419–422.

[47] L. Hasselrot, Tunnel restorations: A 3 1/2 year follow up study of
class I and II tunnel restorations in permanent and primary teeth,
Swed Dent J 17 (1993) 173–182.


