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Abstract 
Background: Ribbond fibers are supposed to be a reinforcing material in restoration of compromised teeth. This 
study aims to compare MOD restorations with and without Ribbond Fiber in terms of fracture strength under axial 
loading; to identify the minimum depth of MOD cavities to use Ribbond Fiber (to improve the fracture strength 
under axial load. 
Material and Methods: 20 upper and lower molars extracted intact were used for the experiment. The teeth were 
prepared with 2 types of cavities and then divided into 4 groups: 1) 5 mm deep MOD cavities with residual inte-
raxial dentin restored without Ribbond; 2) 5 mm deep MOD cavities with residual interaxial dentin restored with 
Ribbond; 3) 5 mm deep MOD cavities without residual interaxial dentin, restored without Ribbond; 4) 5 mm deep 
MOD cavities without residual interaxial dentin restored with Ribbond. The restored teeth were then subjected to 
thermal cycling and their fracture strength was evaluated using an Instron device. The Mann-Whitney statistical 
test was used to compare fracture strength among groups. Finally, a descriptive analysis of the verified fractures 
was performed. 
Results: There was a statistically significant difference between groups 1 and 2 (P = 0.0090) in the loading force 
required for a fracture. In contrast, there was no statistically significant difference between groups 3 and 4 (P = 
0.7540). Groups 1 and 2 had the fewest non-restorable fractures, in contrast to groups 3 and 4. 
Conclusions: Ribbond fiber application in MOD cavities seems to be more effective in terms of strengthening whe-
re cavities have interaxial dentinal tissue.
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Introduction
In determining prognosis in restorative dentistry, the 
amount of remaining healthy tooth tissue plays a critical 
role. Several structural factors act as predictors of the 
prognosis of restorations: the interaxial dentin, the roof 
of the pulp chamber, the marginal ridges and the residual 
amount of cusps (1). Among them, the interaxial dentin 
and marginal ridges have the greatest influence, and it is 
important to know that all these factors are closely rela-
ted. It follows that the fracture resistance of restorations 
depends on the morphology of the cavity and that MOD 
(mesial-occlusal-distal) is the most susceptible to frac-
ture. A Class I cavity results in a 20% loss of stiffness, 
which increases to 40% if one of the marginal ridges is 
lost and to 60% if MOD is lost (2). Regarding fracture 
strength, the literature indicates 3000 N required to frac-
ture healthy molars (3), between 1200 and 700 N to frac-
ture Class I molars, depending on the size of the cavity, 
and between 1100 and 600 N for Class II. MOD Molar 
cavities have a fracture strength of 1000-500 N (4,5). 
These values increase when teeth are restored, restored 
Class I molars reach a fracture strength between 1000 
and 1900 N (6), and MOD restored molars have a frac-
ture strength of 1600 N (4). 
All these values are, of course, dependent on the amount 
of remaining tooth tissue, the restoration techniques 
and the restorative materials used (7). In addition to 
the well-known restorative materials, such as flowable 
resins and composites, whose performance in terms of 
mechanical, esthetic and adhesive properties has been 
extensively studied, fiber-reinforced composites have 
appeared on the market in recent years. These materials 
are composite resins reinforced by the use of fiber ma-
terials such as glass fibers, carbon fibers, Kevlar or Vec-
tran fibers and polyethylene fibers in the cavity, which 
significantly improves the mechanical properties of the 
resins. Polyethylene fibers are most commonly used in 
restorative dentistry because they increase the flexural 
strength, stress resistance, and modulus of elasticity of 
composite resins while providing good esthetic perfor-
mance because they are barely visible when immersed in 
a resin matrix. One of the most commonly used of these 
materials is Ribbond Fiber (RF), which consists of wo-
ven fibers of high-molecular-weight polyethylene. It has 
a high coefficient of elasticity (117 GPa) and thus high 
resistance to elongation and deformation, as well as high 
tensile strength (3 GPa), which allows it to adapt to the 
tooth cavity and morphology. It undergoes a cold plasma 
treatment that enables it to absorb water, reduce surfa-
ce tension and provide improved chemical adhesion to 
composites (8).
Ribbond fiber is commonly used in various fields of 
dentistry, but there are no sound results in the literature 
on the application of Ribbond fiber in the restoration of 
vital teeth. 

The aims of this in vitro study were: i) to compare the 
fracture strength of MOD restorations fabricated with 
and without Ribbond fiber under axial loading; ii) to 
determine the minimum size of MOD cavities in which 
the use of Ribbond fiber is useful in terms of improving 
fracture strength.

Material and Methods
Twenty undamaged extracted maxillary and mandibu-
lar molars were used for this in vitro study. The sam-
ple included non-carious and cavitated teeth of classes 
I, II and MOD. Pulp-damaged or non-vital teeth were 
excluded from the selection, as were radicular cavitated 
elements.
All teeth were cleaned and disinfected with a 0.20 chlor-
hexidine solution for 60 seconds, washed, and kept in 
physiological solution for a period not exceeding 3 mon-
ths.
The teeth were divided into 4 groups and prepared as 
follows:
Groups 1 and 2: 10 molars with MOD cavities in diffe-
rent sizes:
- Occlusal isthmus in vestibular-lingual direction of 3 
mm and 3 mm high with 1 mm cylindrical diamond bur;
- Interproximal box with occlusal-apical height of 5 mm, 
vestibular-lingual width of 4 mm and mesio-distal depth 
of 3 mm;
- Remaining thickness of the vestibular and lingual walls 
of at least 2 mm;
- Beveling of the edges and removal of unsupported ena-
mel prisms with a 1 mm diamond ball bur.
Groups 3 and 4: 10 molars with a MOD cavity of 5 mm 
height and width leaving a maximum thickness of 2/3 
mm at the level of the vestibular and lingual walls were 
prepared with 1 mm cylindrical diamond burs. The ed-
ges were then beveled and the unsupported enamel pris-
ms were removed with a 1 mm spherical diamond bur.
Groups 2 and 4 were restored adding Ribbond fibers (Ri-
bbond, Ribbond Inc., Seattle, WA, USA) and those of 
the groups 1 and 3 without.
Adhesive procedures were performed with Tokuyama 
Etching Gel HV (Tokuyama Dental Corp., Japan) and 
Tokuyama EE Bond (Tokuyama Dental Corp., Japan). 
Restorations were fabricated with multiple increments 
of Ceram.x Spectra ST (Dentsply Sirona, Ballantyne 
Corporate Pl, Charlotte, NC, USA) and flowable com-
posite (Estelite Flow Quick - Tokuyama Dental Corp, 
Japan). 
For restorations with fibers, a 2-mm-wide and 8-mm-
long strip of polyethylene fibers was immersed in a 
1-mm-thick layer of flowable composite at the base of 
the cavity, in a mesial-distal orientation and as close as 
possible to the tooth tissue to minimize the thickness of 
the flowable resin used. Light curing was performed ac-
cording to the manufacturer’s instructions.
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Finishing and polishing were routinely performed.
All restored specimens were therefore thermocycled 
using the standard ISO TR 11450 (1994): 500 cycles of 
30’’ each in water with temperature variations between 
5±2°C and 55±2°C. The time was calculated with a di-
gital chronometer and completed in 4 hours and 10 mi-
nutes.
For the 30’’ cycle at 55±2°C, an immersion thermostat 
(Julabo MP -5 Heating Circulator, JULABO GmbH, 
Germany) was used for temperature control, while the 
30’’ cycles at 5±2°C were performed in an ice bath with 
constant temperature recording.
The specimens were placed in PVC boxes with a diame-
ter of 20 mm and a height of 20 mm at the CEJ (cement- 
enamel junction) using a self-curing acrylic resin (SR 
Ivolen Kit - Ivoclar Vivadent, Liechtenstein). The boxes 
were placed on the platform of the 2000-N load cell Ins-
tron Machine (Instron 5848, Norwood, Massachusetts 
USA) to test the fracture strength under vertical axial 
loads. To achieve closer contact between the fossa-cusps 
and the Instron tip, a special insert for the machine with 
a spherical tip of 3 mm was designed and custom made 
(Fig. 1).

Fig. 1: Custom made insert for Instron.

The machine was set to move within a predetermined 
vertical range of 2.5 mm in 90 seconds, with vertical 
loading of the occlusal surface at a rate of 0.028 mm/s. 
The following data were recorded:
- Load (Newton): Impressed force required to fracture 
the teeth during the test;
- Vertical area (mm): area in which the fracture occurs;
- Pattern of fracture:
1) Fracture of the composite resin (Fig. 2)
2) Fracture of one or more cusps (Fig. 3)
3) Fracture extending to the CEJ or deeper (Fig. 4)
The Mann-Whitney test was performed to analyze the 
statistical differences between group 1 (3 mm cavity wi-
thout Ribbond fiber restorations) and group 2 (3 mm ca-
vity with Ribbond fiber restorations) and between group 

Fig. 2: Fracture of the composite resin.

Fig. 3: Fracture of one or more cusps.

Fig. 4: Fracture extending to the CEJ or deeper.

3 (5 mm cavity without Ribbond fiber restorations) and 
group 4 (5 mm cavity with Ribbond fiber restorations) in 
terms of the stress required for fractures.
Descriptive analysis was performed to evaluate the ver-
tical area (mm) required for fracture and the patterns of 
the different fractures.
Statistical tests were performed using STATA16 softwa-
re (StataCorp, 1985, California, USA), and the signifi-
cance level was set at 0.05.
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Results
Groups were divided into G1 (3 mm MOD no fiber), G2 
(3 mm MOD with fiber), G3 (5 mm MOD no fiber) and 
G4 (5 mm MOD with fiber). Each group consisted of 5 
samples, a total of 20 teeth were analysed.
The Mann-Whitney test showed statistically significant 
differences between G1 and G2 (P=0.009) in terms of 
the stress required for fracture. Between groups 3 and 4 
no statistically significant differences were highlighted 
(P = 0.7540).
In G1 the 80% of fractures detected was found to be res-
torable by a conservative intervention, the same for the 
G2 in which 80% of the samples was restorable and the 
fractures detected were visible just in the thickness of 
the composite resin. 
In G3 restorable fractures were the 60% as well as in 
the G4. G3 and G4 showed the highest number of not 
restorable fractures.
Results are clearly exposed in Tables 1 and 2.

Group 1 Fracture load
NR3C1 981 N
NR3C2 983 N
NR3C3 979 N
NR3C4 631 N
NR3C5 696 N
Group 2 Fracture load
R3C1 2698 N
R3C2 1562 N
R3C3 1697 N
R3C4 1607 N
R3C5 1062 N
Group 3 Fracture load
NR5C1 1403 N
NR5C2 1053 N
NR5C3 792 N
NR5C4 1394 N
NR5C5 1383 N
Group 4 Fracture load
R5C1 963 N
R5C2 1810 N
R5C3 830 N
R5C4 1596 N
R5C5 1130 N

Table 1: Impressed load required to 
fracture the teeth for each group.

3 mm cavities Mean SD
Without Ribbond fibers 854 N 175.42 N
With Ribbond fibers 1725.2 N 597.41 N
5 mm cavities Mean SD
Without Ribbond fibers 1205 N 273.99 N
With Ribbond fibers 1265.8 N 419.89 N

Table 2: Mean value of loads required to fracture the teeth for each 
group.

Discussion
The purpose of this study was to compare and determine 
under which conditions Ribbond Fiber (Ribbond Inc., 
Seattle, WA, USA) is best suited to improve the fracture 

strength of molars with two different types of cavities 
MOD.
The limited data in the literature indicate that Ribbond 
seems to be able to improve both the flexural and fracture 
strength of composite restorations. Due to its network-li-
ke structure and multiple interwoven fibers of high mo-
lecular weight polyethylene, it is capable of slowing the 
propagation of cracks in the event of fracture and better 
distributing the forces exerted on the reconstructed tooth 
(9). The specimens used are molars, as they are the ele-
ments that have the greatest degree of cusp flexion under 
load in relation to the degree of residual tooth structure, 
with MOD cavities (10).
Very important is the fact that the cavities were prepared 
taking into account the pulp cavity, thus simulating a real 
conservative treatment without imitating an endodonti-
cally treated tooth. This aspect is particularly notewor-
thy because there are few data in the literature evalua-
ting MOD cavities prepared on teeth without endodontic 
treatment and without involving the pulp chamber roof.
Teeth are constantly subjected to stress during normal 
oral functions. Prolonged and cyclic occlusal loading 
may result in cusp displacement (11). In this study, spe-
cimens were subjected to continuous loading, whereas 
cyclic loading was not investigated; this could be a li-
mitation. 
In order to proceed with the experimental part of this 
study, it was necessary to develop a special insert to per-
form the tests using the Instron (Instron 5848, Norwood, 
Massachusetts USA). This was necessary because the 
preliminary tests with test specimens did not give satis-
factory results because the inserts supplied by the manu-
facturer were not able to break the tooth elements except 
at forces above the normal masticatory load. We assu-
med that this was due to the shape of the insert used in 
the tests, which was not able to contact the masticatory 
fossa and come into close contact with the cusps, which 
is inevitable in a functional masticatory process. In fact, 
the insert provided had a smooth, circular surface with 
a diameter of 1.5 cm, which did not allow optimal con-
tact with the cusps and pits of the teeth. In the literatu-
re, inserts with a spherical surface and a much smaller 
diameter on the order of 5 mm are commonly used. In 
literature studies by King and colleagues (12-14), a frac-
ture strength of 2500 to 3500 N was found in healthy 
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mandibular molars using a spherical insert with a dia-
meter of 5.6 mm. In their study, Watts and colleagues 
(13) investigated fracture resistance using two spherical 
inserts with different diameters, one 4 mm and one 8 
mm. With the 4-mm spherical insert, they determined 
a fracture toughness of 2740 N, while with the 8-mm 
insert, they found a fracture toughness of approximately 
4000 N. From this, they concluded in their study that the 
difference in strength is directly related to the diameter 
of the insert used; the larger the diameter, the higher the 
value of fracture toughness. This is consistent with the 
observations from tests conducted prior to our actual ex-
periments. Therefore, in the absence of a suitable insert 
for the planned tests, it was decided to design and have 
manufactured a special spherical insert with a diameter 
of 3 mm for the Instron (Instron 5848, Norwood, Mas-
sachusetts, USA), which proved to be the most suitable 
size to obtain maximum contact with the cusps and pits 
of the specimens.
The values for fracture toughness in N obtained in the 
study are in agreement with the data observed in the 
literature for axially loaded molars (15). The values 
between the different studies in the literature can vary 
greatly depending on the materials used, the reconstruc-
tion technique, the experience of the dentist, whether or 
not the elements were thermocycled, and the preserva-
tion and integrity of the test specimens. In addition, as 
mentioned above, much depends on the type of insert 
used and especially on the size of the insert. Finally, re-
sults may vary greatly from those reported in the litera-
ture due to different cavity configurations. 
The literature indicates that fractures rarely occur along 
the CEJ (15,16) because it is an interface that can act as 
a shield for the propagation of fracture edges. Therefore, 
the CEJ should be preserved as much as possible during 
cavity preparation. According to Bechtle and colleagues 
(16), fracture arrest occurs only when microcracks reach 
the CEJ starting from the enamel part of the tooth. If the 
fracture originates from the dentin part, the tooth may 
fracture completely after a certain amount of plastic and 
elastic deformation.
Regardless of how the tooth cavity is prepared, any loss 
of tooth tissue results in a significant weakening of the 
tooth structure (5,17).
The first objective of this study was to compare resto-
rations of the MOD type restored with and without Ri-
bbond Fiber (Ribbond Inc., Seattle, WA, USA) to de-
termine if there were differences in fracture toughness 
in Newtons under axial loading. Statistical analysis 
showed that there was a statistically significant differen-
ce (P = 0.0090) between specimens in groups 1 (3-mm 
cavity restored without RF) and 2 (3-mm cavity resto-
red with RF) with MOD cavities in which an occlusal 
isthmus of dentin remained above the roof of the pulp 
chamber. However, no statistically significant differen-

ce (P = 0.7540) was found between the specimens in 
groups 3 (5-mm cavity restored without RF) and 4 (5-
mm cavity restored with RF). From these results, it can 
be concluded that Ribbond Fiber is indeed able to stren-
gthen the tooth structure when there is enough interaxial 
residual dentin to support the tooth structure. In contrast, 
the complete loss of interaxial dentin results in a loss of 
fracture strength of the tooth, which does not seem to be 
influenced by the presence or absence of RF.
The minor influence of RF in deeper MOD cavities wi-
thout interaxial dentin could be due to the fact that the 
placement of such a material beyond a certain depth 
no longer allows it to exert its property of dissipating 
loading forces.
The second objective of this study was to determine the 
depth at which the fibers should be placed in order to 
take full advantage of their properties. Despite the small 
number of samples in this study, it can be seen that in 
MOD cavities the maximum depth at which RF ceases 
to exert its function is 3 mm. This is because there is 
a significant difference between the use of fibers and 
non-use between groups 1 and 2. In fact, in group 2, an 
interaxial dentin portion of about 2 mm was left, which 
allowed some of the polyethylene material to be in a sha-
llower part of the prepared cavity. In contrast, in groups 
3 and 4 this dentin portion was not left, as the entire 
cavity was prepared with the same depth of 5 mm and 
thus the entire fiber strip was on the cavity floor, at the 
same height.
The high standard deviation value of the breaking load 
in this study, which was also observed by Watts and co-
lleagues in their study (18), is typical for mechanical 
tests on anatomically irregular specimens, in this case 
the occlusal surface of molars.
Vertical loading forces generate lateral forces against the 
MOD cavity walls, which then create a tensile force on 
the roof of the pulp chamber that may prove responsible 
for the initial cracking of the residual walls. Given the 
lack of hardness of composites, irreparable fracture is 
more likely to occur when a structurally compromised 
tooth is restored with composite alone (10,19,20). In 
fact, groups 3 and 4 had the highest number of irrepa-
rable fractures beyond the CEJ in both specimens res-
tored with and without RF. As you can see, the lower 
the residual tooth structure, the lower the ability to resist 
the applied forces. These forces do not seem to be re-
distributed and partially absorbed when RF is placed at 
the base of cavities with a depth greater than or equal to 
5 mm. This is consistent with everything that has been 
said so far. Therefore, the use of Ribbond fibers in cavi-
ties of this size does not seem to be able to change the 
prognosis of the tooth if the intention is to use it as a base 
for the cavity to be reconstructed. A possible solution to 
this problem would be to place the RF strip at the level 
of the coronal third of the tooth when part of the cavity 
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has already been reconstructed, so that the properties of 
the material can be exploited. Alternatively, Ribbond fi-
bers could not be used as a cavity foundation, otherwise 
could be bonded directly to the MOD cavity walls to 
strengthen them. Instead, groups 1 and 2 each had only 
one irreparable fracture, with the second group having 
mainly fractures limited to the restoration. This can be 
attributed to the ability of Ribbond Fiber to relieve axial 
loading forces by reducing wall stresses.
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