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ABSTRACT

Objectives: To investigate and compare, in vitro, the frac-
ture behaviours of three types of cusp-replacing posterior 
composite resin restorations. 

Methods: Standard preparations for posterior composite 
restoration of the mesio-lingual cusp were cut on seven-
ty-five extracted lower left first and second molars and 
restorations placed. Group A (control, n =25) with a con-
ventional posterior composite resin, Group B (n=25): resin 
reinforced with nano-scale electrospun glass fibres Group 
C (n=25) :resin reinforced with a fibre substructure. Speci-
mens were thermocycled for 500 cycles between 5°C and 
55°C with a dwell time of 30 seconds, then embedded 
in plastic cylinders in acrylic resin. The specimens were 
loaded in a universal testing machine at a 30° angle to 
the long axis of the tooth until fracture occurred. Frac-
ture patterns were highlighted by staining, studied under 
a microscope and classified as favourable (restorable) or 
unfavourable (non-restorable). Sub-classification included 
adhesive and cohesive failures.

results: Group C exhibited significantly more “restorable” 
fractures. Group B displayed significantly more “non-
restorable” fractures. Fracture patterns differed significantly 
between the two fibre-strengthening techniques. (Fisher’s 
Exact Test p = 0.05)

Clinical significance: Resin restorations reinforced with 
glass-fibre substructures are more readily repaired after 
fracture, saving tooth structure, and reducing costs to the 
patient. 

Keywords: glass-fibre reinforcement, posterior compos-
ite resin restorations, fracture patterns.

INTRODUCTION
This article reports further on the research originally pub-
lished in the 2014 SADJ Vol 69 p202-p207, and compares 
and discusses various fracture patterns in failed posterior 
composite restorations. Many different treatment modali-
ties are available when restoring a tooth that has lost one or 
more cusps.1,2,3 Although all of these protocols have proven 
track records, they are mostly costly, technique sensitive and 
often involve the services of a dental technician.2,4,5 In rural 
areas these services are often not available, resulting in a 
large section of the population not being treated. This leads 
to the eventual loss of restorable teeth. This research project 
investigated a more affordable direct composite technique. 

Conventional methods to restore teeth with cusp-replacing 
restorations include direct and indirect composite resto-
rations, direct or indirect metal inlays/overlays, ceramic 
inlays/overlays and in some cases full-coverage gold/ce-
ramic crowns.6 Based on 2015 dental tariffs and including 
all laboratory fees if applicable, the relative costs were cal-
culated in ZAR (Table 1). Whilst costs are lower, fracture of 
the composite material in the posterior region is a common 
reason for failure, particularly within the first five years.6,7,8

Judging from the number of failures recorded with the 
use of direct composite techniques to repair posterior 
cavities, including restoring lost cusps, it became clear that 
significant improvements in the mechanical properties of 
dental composite resins were needed in order to extend 
the use of these materials to these large stress-bearing 
applications.6,9,10 Their use in larger posterior restorations 
involving cusp replacement is further severely limited by 
the low flexural strength of composites.10 Furthermore, a 
restored tooth tends to transfer stresses differently than an 
intact tooth. Adhesive restorations transfer and distribute 
functional stresses across the bonding surface and also 
reinforce weakened tooth structure.9 SEM analysis of 
dental restorations confirmed clinical observations that 
composite resin restorations are prone to bulk fracture with 
crack propagation rates higher than those of porcelain.2,11,12 

Finite element analysis showed that during mastication the 
inner side of the restoration can be in maximum tension,13 
leading to fracture initiation.14 
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ACRONYM
CEJ:  cemento-enamel junction    
MOL:  mesio-occlusal-lingual    
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Extensive studies have therefore been undertaken on 
methods of improving and reinforcing the mechanical 
properties of these composite resins such as adding ce-
ramic and porous fillers,3,7,15 optimizing the filler levels3,7 
and/or using micro scale-glass-fibres as fillers, as found in 
Aelite (BISCO, Schaumberg, Illinois, USA).16-18 

It has been proven in various research projects1,3,15 that 
fibre reinforcement of composite resin strengthens the 
composite resin material.6,18-20 Recent research studies 
found that using fibre-reinforced composite as a sub-
structure under composite restorations can improve the 
load-bearing capacity and may offer one alternative in 
overcoming some potential problems of composite resto-
rations in high stress-bearing areas.7,16-20 (Figure 1)

The location of the strengthening fibres is very important 
in the performance of the fibre-composite combination. It 
was found that tension side reinforcement was most ef-
fective in increasing the flexural strength as well as the 
static load-bearing capacity of dental restorations.3,20

However, some studies suggest that the incorporation of 
fibres not only increases the static load-bearing capacity 
of cusp-replacing restorations, but also has a beneficial 
effect on the failure mode and thereby on the restorability 
after fracture.15, 21-23

The fibres may act as a crack-deflecting mechanism 
(Figure 1), changing the fracture behaviour of the 
composite resin material to that of a material with quasi-
ductile fracture behaviour.6,19,22,24

AIM 

The aim of this in vitro blind study was to examine and 
compare the fracture behaviour (fracture patterns) of a 
conventional posterior composite (QuiXfill, Dentsply, Kon-
stantz, Germany) used as the Control Group, a posterior 
composite resin incorporating micro-scale glass-fibres as 
fillers (Aelite, BISCO, Schaumberg, Illinois, USA) (Group B) 
and a conventional posterior composite (QuiXfill) placed 
on a fibre sub-structure (everStick Crown and Bridge, 
Stick Tech Ltd, Turku, Finland) (Group C).

MATERIALS AND METHODS
specimen selection and preparation
Seventy-five intact, human lower left first and second 
molars were collected and stored in an aqueous solution 
of 5% chlorhexidine (C22H30Cl2N10) at +8ºC in a refrigera-
tor.25-27 Informed consent for the use of the teeth for re-
search purposes was obtained from all donors during the 
registration of the patient at the Oral and Dental Hospi-
tal, University of Pretoria. The specimens were selected 
to ensure anatomical consistency (i.e. tooth size, occlu-
sal area, configuration of the fissures, etc.) in order that 
a standardized mesio-occlusal-lingual (MOL) cavity could 
be prepared. The teeth were all sound and had been ex-
tracted for reasons of periodontal disease. The donors 
were all aged between 50 and 70. 

The preparation was standardized as follows: The cemen-
to-enamel junction (CEJ) was located by visual examina-
tion. The mesio-lingual cusp was removed to a level one 
mm occlusal of the CEJ. A standardized MOL cavity was 
prepared using a number 142, size 018, dome-shaped 
diamond fissure bur in an air-rotor handpiece and un-
der continuous water spray. All internal line angles were 
rounded. A proximal step of a depth of one mm was pre-
pared, respecting the position of the CEJ. The width of the 
proximal box was determined by the occlusal anatomy of 
the specific tooth – the mesio-occlusal fissure was incor-
porated into the preparation as well as the mesio-lingual 
cusp. Each preparation was performed by one operator 
and examined for the correct dimensions by a second op-
erator. If the preparation did not conform to the specified 
dimensions, the preparation was corrected (if possible); 
otherwise the tooth was removed from the experiment 

and replaced by another. The dimensions of 
each preparation were recorded.

The specimens were now randomly divided 
into three groups:
Group A: Conventional Posterior 
Composite - Control (n=25)
All enamel margins were bevelled. The speci-
mens were etched with 37% phosphoric acid 
as follows: all enamel margins for 15 sec-
onds, then all the exposed dentine (together 
with the enamel) for 10 seconds (selective 
etching technique). The acid was washed 
off with water. Care was taken to ensure that 
all acid was removed. The specimens were 
then lightly air-dried, ensuring that all dentine 
surfaces remained slightly moist. A bonding 
agent (XP Bond, Dentsply, Konstanz, Germa-
ny) was applied and light-cured, according to 
the manufacturer’s instructions. A Tofflemire 
matrix band was placed according to the 
manufacturer’s instructions.28-30
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Table 1:  Comparison of treatment costs for MOL posterior restorations based 
on 2015 SADA Guidelines.

Description Treatment Codes Cost

Direct Restorations

Amalgam 8343 R 375.50

Amalgam with pin retention 8343+8347+8348 R 568.00

Resin 8369 R 441.50

Resin with pin retention 8369+8347+8348 R 733.00

Resin on fibre substructure 8369+8600(8099)+8025 R 587.00

CAD-CAM (CEREC) inlay/onlay 8570+8560 R2300.00

CAD-CAM (CEREC) full cover crown 8570+8560 R3500.00

Indirect Restorations

Inlay/onlay metal 8363+8099 R2557.00

Inlay/onlay porcelain 8373+8099 R3733.00

Crown full cover cast metal 8401+8099 R3124.00

Crown full porcelain/ceramic 8409+8099 R3971.00

Crown full porcelain fused to metal 8411+8099 R3771.00

Direction of force

Composite

Crack deflecting

Strengthening 
fibres

Figure 1: Fibres act as a crack-deflecting mechanism
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Specimens in group A received a conventionally-filled 
composite resin (QuiXfill, Dentsply, Konstanz, Germany) 
restoration, placed according to the manufacturer’s in-
structions and using an oblique layering technique with 
incremental layers not exceeding 2mm. After the restora-
tion was placed, it was polished using Shofu 411 diamond 
burs (Shofu Inc., Kyoto. Japan) and Enhance Polishing 
System (Dentsply, Konstanz, Germany).

Group B: Posterior composite resin incorporating 
micro-scale glass fibres (n=25)
Exactly the same technique was used as in Group A, except 
that the restorative material was a posterior composite 
resin restoration incorporating micro-scale glass-fibres as 
fillers (Aelite, BISCO, Schaumberg, Illinois, USA). 

Group C: Posterior composite resin placed on a fibre 
sub-structure (n=25)
Exactly the same technique was used as for Groups A 
and B, including the placement of a Tofflemire matrix 
band. The inter-proximal step was then filled with a con-
ventionally-filled composite resin (QuiXfill) restoration and 
light-cured according to the manufacturer’s instructions.

A glass-fibre bundle (everStick Crown and Bridge, Stick 
Tech Ltd, Turku, Finland) was placed on the occlusal sur-
face across the area of the missing cusp. The glass-fibre 
bundle was secured in position with a flowable compos-
ite (Esthet-Xflow, Dentsply, Konstanz, Germany). This 
acts as a luting cement, ensuring that no air bubbles are 
trapped between the fibre bundle and the bonded tooth 
surface and was placed according to the manufacturer’s 

instructions (Stick Tech Ltd, Turku, Finland). Close con-
tact between the fibre bundle and the floor of the cav-
ity was ensured by means of a silicone refix forming aid. 
The glass-fibre bundle was light-cured according to the 
manufacturer’s instructions. Specimens in Group C now 
received a conventionally-filled composite resin (QuiXfill) 
restoration, placed according to the manufacturer’s in-
structions and using an oblique layering technique with in-
cremental layers not exceeding 2mm. After the restoration 
was placed it was polished using Shofu 411 diamond burs 
(Shofu Inc., Kyoto. Japan) and Enhance Polishing System 
(Dentsply, Konstanz, Germany).

All specimens were embedded in an acrylic resin cyl-
inder (20mm diameter, height 20mm) with the CEJ ap-
proximately 1.5mm above the acrylic, which simulated the 
bone level. The cylinders were marked to distinguish the 
groups. All specimens were stored in saline25,31,32 and sub-
jected to thermocycling (500 cycles between 5° and 55° 
centigrade with a dwell time of 30 seconds).33

Testing: Specimens were then stored in saline (isotonic 
NaCl aqua solution, 9% by volume) for a minimum of 
24hrs before testing. Each was sequentially fixed in a 
metal holder and positioned, using a specially made jig, 
in a universal testing machine (TestXpert V 11.02 Zwick 
1446, Zwick Roell, Epental, Germany) with the long axis 
of the roots at an angle of 30 degrees to the direction of 
the load.34,35 The site of loading was the central fissure 
of the occlusal surface in the direction of the mesio-
lingual cusp. A stainless steel cylindrical rod (tip diameter 
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Table 2: Collated results for fracture behaviour

Group A: Control (n=25) Group B: Control (n=25) Group C: Control (n=25)

Restorable Non-restorable Restorable Non-restorable Restorable Non-restorable

Total number 11 Total number 14 Total number 3 Total number 22 Total number 21 Total number 4

Specimen number Specimen number Specimen number Specimen number Specimen number Specimen number

11 53 55 23 50 38

2 8 18 10 75 67

9 16 24 46 57 62

14 4 72 68 64

5 7 37 61

74 27 69 Pulp Exposure 60

26 30 34 56

36 31 22 Pulp Exposure 65

49 33 25 51

3 39 40 45

52 43 1 53

47 15 44

63 66 41

71 13 35

42 Pulp Exposure 28

59 Pulp Exposure 29

58 20

12 6

73 Pulp Exposure 21

70 Pulp Exposure 19

48 Pulp Exposure 17

32



 < 393www.sada.co.za / sadJ vol 70 No. 9

of 2mm)33 was used with a crosshead speed of 0.5 mm/
min32,33 to load the specimens until fracture occurred. 
The force needed to fracture the tooth was recorded on 
a PC. Testing of specimens was done randomly by an 
independent operator who did not know to which group 
each specimen belonged. Individual specimen numbers 
were allocated as the tests were being done. The part of 
the specimen that fractured off was collected, mounted on 
a transparent sheet and numbered for later investigation.

After testing, the fractured specimens were stored for 24 
hours immersed in India ink35,37 according to standardized 
protocols38 in order to highlight the fracture lines. The fail-
ure modes were evaluated by two observers both visually 
and microscopically, using a stereo microscope at 10x 
magnification.

RESULTS
Table 2 gives the collated results on the fracture patterns. 
The results are explored in more detail as part of the Dis-
cussion. (Annexure 1, Table 2)

For fracture behaviour patterns, the groups were analysed 
in a contingency table using Fisher’s exact test. All testing 
were evaluated at the 0.05 level of significance.

DISCUSSION
Results of research have to be interpreted with care, even 
more so when biological material is investigated.39 It is just 
not possible to control all variables, therefore specimens 
were carefully selected using anatomical criteria, age of the 
patient and position in the mandible. However, factors that 
might influence dentine bonding such as sclerotic dentine 
and dead dentinal tracts could not be controlled. On the 
other hand, sample size, tooth preparation, placement 
technique, specimen preparation, testing and analysis of 
results were easily standardized. Chlorhexidine25-27 might 
not have been the best liquid in which to store the extracted 
teeth because of risks such as staining of the specimens 
and the possible effect on dentine bonding. These con-
siderations were deemed beyond the scope of this article, 
which has focussed on fracture patterns. Likewise, storing 
the specimens (after preparation, placing of the restoration 
and thermocycling) in saline instead of artificial saliva might 
be questioned by some researchers. However, the authors 
are of the opinion that there probably would not have in-
fluenced the fracture patterns. Saline for storage of teeth 
has been chosen by many researchers.25,31,32,39 It seems 
that, according to the literature, many researchers prefer 
to store the prepared specimens in distilled water prior to 
testing.34,40-42 Raum (2007) recommended storage in arti-
ficial saliva;43 Kitasako (2000) concluded that there is no 
difference between storage in distilled water and saline,44 
while Jaffer (2009) observed that dry storage or storage in 
ethanol is not recommended because of desiccation.45 

It would have been ideal to perform the loading tests dur-
ing thermocycling, but this was found to be logistically 
impossible. Again, any effect on the fracture patterns is 
questionable. 

Fracture Patterns
Fracture patterns are broadly classified in the literature 
as either restorable (fractures above the simulated bone 
crest) and non-restorable (fractures below the simulated 
bone crest).35,36,46

Fractures which were restorable occurred in 44% of cases 
(11 of 25 specimens) in Group A (control - QuiXfill ), in 12% 
(3 of 25 specimens) in Group B (Aelite and nano-scale glass 
fibre reinforcement) and in 84% (21 of 25 specimens) in 
Group C (QuiXfill placed on everStick ). (Graph 1) These data 
differences were statistically significant (Fishers Exact Test, 
p < 0.05)

Fennis et al found that composite resin restorations placed 
on bi-directional fibre netting fractured in a favourable 
(restorable) way in 62% of specimens.47 In comparison, 
when composite resin restorations were placed on a uni-
directional fibre sub-structure 77% specimens fractured 
in a favourable manner (restorable). Studies by Akman et 
al, 2011 and by Lammi et al 2011 also showed that if a 
multi-directional substructure were used, 66% -80% of 
fractures were favourable (restorable).47- 49,50

The composite resin reinforced with nano-scale glass fibre 
reinforcement (Group B – Aelite) fractured in 28% of cases 
(7 out of 25) in such a manner that pulp tissue was exposed. 
(Photos 1 and 1a). This was the only group in this study 
in which pulp-exposing fractures occurred. These cata-
strophic type of fractures have also been reported to occur 
when conventionally-filled composite resin was placed on a 
substructure of short multi-directional fibre composite.23
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According to the literature35,36,42 some researchers also use 
a broad classification system based on the type of frac-
ture, being either cohesive or adhesive. (Photos 2 and 2a). 
A more detailed investigation of fracture patterns in the cur-
rent study (Graph 2) show that in Group A, the fractures 
were more or less evenly distributed between cohesive and 
adhesive types (Graph 2). 52% or 13 out of 25 specimens 
were cohesive fractures (Photo 3 and 3a). This differs from 
the finding of Taha (2011)51 who found mainly adhesive 
fractures. In Group B most of the fractures were cohesive 
(68%, 17 out of 25 specimens), while in Group C 76% (19 
out of 25) of fractures were cohesive, and 16% (4 out of 25 
specimens) of fractures were adhesive. This is similar to the 

finding of Tezvargil 
(2005).49 In all 76% 
of cohesive fail-
ures the fracture 
occurred between 
the fibre substruc-
ture and the com-
posite resin as 
illustrated in Pho-
to’s 4 and 4 (a).

The superior 
performance of 
Group C seems 
to support the hy-
pothesis that the 
fibre substructure 
acts as a crack-
deflecting mecha-
nism, enabling the 
composite resin 
restoration to en-
dure significantly 
higher forces be-
fore fracture.18-20,23 
It is speculated 
that the absence 

of a uni-directional fibre substructure might be the reason 
for the fractures that occurred in Group B in such a man-
ner that the pulp was exposed. This speculation is sup-
ported by a recent publication by Fráter et al, 2014.23

CONCLUSION
Analysis of fracture patterns in this study identify statis-
tically significant differences between the three restora-
tion groups studied. The conventionally-filled composite 
placed on a uni-directional fibre substructure showed 
the most favourable (restorable) fracture pattern; with the 
composite restoration incorporating nano-scale glass-fill-
ers showing the least favourable fracture pattern. 

It can therefore be concluded that placing a fibre sub-
structure underneath a conventionally filled composite 
restoration will enhance the ‘restorability’ of the fracture 
pattern and ultimately may thereby extend the life-span of 
the restored tooth.

Declaration: Dr HJ Visser is the co-owner of a Dental Company 
(Stick Bond Dental CC) which imports one of the key products.
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