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Making the most of products and technology.
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Fiber-Reinforcing Materials
for Dental Resins

Howard E. Strassler, DMD

The clinical success of adhesive com-
posite-resin restorations has changed the
way that dentists treatment plan and treat
periodontally mobile teeth. While adhesive
composite resin provides for strong, dur-
able, and esthetic single-tooth restorations,
when placed to join teeth together, these
materials—which are chemically brittle
by nature—are susceptible to fracture and
are not durable. When supporting pontics
or stabilizing mobile teeth, cracks within
the connector areas lead to outright frac-
ture; therefore, splinting teeth as part of
fixed prosthodontic provisionalization al-
so creates challenges when the temporary
restoration must function over longer pe-
riods of time.

How can dentists minimize these clin-
ical failures and still use conservative tech-
niques for tooth stabilization with adhesive
composites? How can they improve the
durability of long-term provisional bridges,
especially in cases of a missing tooth in an
otherwise intact arch, where an implant is
not desired or is contraindicated?

Over the past 15 years, a new class of
materials designed for reinforcing dental

Figure 1A Leno-weave polyethylene fibers at
25x maghification.

Figure 2A Unidirectional glass fibers at
150x magnification.

resins has been introduced. These prod-
ucts are fiber-reinforcing ropes, braids,
ribbons, and bundled fibers. Clinicians
and researchers have investigated the em-
bedding of these fiber-reinforcement ma-
terials into dental resins and found that
they provided for an increase in certain
physical properties and for more durable
tooth stabilization.!?

Before these fibers were introduced,
tooth stabilization in the anterior region
was accomplished using wires twisted
around the teeth and covered with dental
resins.>* In the posterior arch, stabilization
was accomplished with channels prepared
into the occlusal surfaces of the teeth, and
then restorations which had either cast bars
or thick wires placed in the channels were
covered with resins.” The placement of em-
bedded wires, pins, nylon, and stainless-
steel mesh into restorative resins improved
the physical properties of the resins.® A
major problem with using these materials,
however, was that they were never chemi-
cally joined to the dental resin, only embed-
ded. Over time, composite-resin fractures
and wear expose the fibers of the underly-

Figure 1B Braided polyethylene fibers at
25x maghification.

Figure 2B Cross section of unidirectional glass
demonstrating its polymethylmethacrylate coating.

ing reinforcing materials. The resin would
then break away from the embedded metal
or nylon because of a lack of chemical in-
tegration as well as the repeated loading
stresses placed on the splint during normal
and parafunction.?

In an attempt to minimize splint break-
age, a greater bulk of composite resin was
placed over the submerged wires and mesh,
resulting in significant overcontouring of
the restoration, higher rates of food and
plaque retention, and increased difficulty
in oral hygiene and periodontal main-
tenance of the splint. It was only with the
introduction of chemically integrated, fi-
ber-reinforced composite resins for tooth
splinting and other clinical treatments that
the problems associated with past attempts
to reinforce composite resin were solved.

COMPONENTS OF
FIBER-REINFORCED
COMPOSITE RESINS
In the early 1990s, several different types of
fiber reinforcement materials were intro-
duced. Kevlar, carbon, glass, ultra-high-mo-
lecular-weight polyethylene (UHMWPE),
and silane-treated glass have been used
to provide fiber reinforcement.>’"!2 The
clinical successes with these materials have
been varied.!!"17

Many fiber types and architectures are
available for clinical use to reinforce dental
composites (Table 1). Currently, the most
popular fiber types are UHMWPE and
glass. All dental fiber-reinforcing mater-
ials provide similar levels of fiber reinforce-
ment.'3-20 Variations in dental composite
reinforcement can be influenced by the
type of veneering composite as well as the

Figure 2C Braided glass fibers at
150x magnification.
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durability of the clinical performance of
the fiber-reinforcement composite.!119-26

UHMWPE is a linear homopolymer of
ethylene with a density of 0.97 g/cm? and a
molecular weight in the range of 3 x 106 u
to 6x 106 u. The use of a UHMWPE leads
to a very low friction coefficient, high wear
resistance, and high impact strength.?” For
the UHMWPE to be chemically integrated
with dental resins, they are plasma treat-
ed.!'116 When used in dental fiber-rein-
forcing materials, UHMWPE is typically
woven into a fabric ribbon (Ribbond® Re-
inforcing Ribbon, Ribbond, Seattle, WA;
and Connect™, Kerr, Orange, CA) (Figure
1A and Figure 1B).

Glass fibers have a softening tempera-
ture of about 850° C, although the strength
and modulus of elasticity of glass fibers de-
creases rapidly above 250° C.?8 Glass fibers
are used in different forms to strengthen
dental composites, including woven short
and loose fibers, woven long and loose fib-
ers, and fiber bundles.”® Woven glass-rib-
bon fabric and unidirectionally oriented
short fibers are typically used in dentistry.

To provide for chemical integration with
dental resins, the glass is silanated using
the same principles used to place glass
filler particles into dental composites. Un-
treated (not silanated) glass fibers are
weaker than treated glass fibers.” Also,
glass fiber-reinforcing materials are avail-
able as resin-impregnated (pre-preg), fib-
er-reinforcing materials (Splint-It®, Pentron,
Wallingford, CT; everStick®, Stick Tech,
Turku, Finland) or non-resin impregnat-
ed (GlasSpan®, GlasSpan, Inc, Exton, PA).
For laboratory use, the glass fibers frequen-
tly are embedded into composite resins
and prepolymerized as rods or beams
(TESCERA™, BISCO, Schaumburg, IL;
Vectris™,(Ivoclar Vivadent, Amherst, NY)
(Figure 2A through Figure 2C). An example
of a laboratory glass-fiber beam system
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is the TESCERA system, which is made
from pre-tensed quartz fibers in a resin
matrix as a “U” shaped beam further
supported by a resin-glass fiber rod embed-
ded in the TESCERA ATL dentin hybrid
composite resin (Figure 3A and Figure 3B).

PROVING GROUNDS

Because of the nature of dental resins,
the methods of testing these materials
emphasize their brittle nature and their
response to forces that would cause frac-
ture.?%2% Testing methods and sample
preparation can influence physical-pro-
perty testing results. In many cases, the
tests and interpretation of results are not
suited to the class of fiber-reinforced com-
posites because aspects of fiber orienta-
tion, the placement of fabric, and even scale
effects are extremely important. Also, the
placement of the fiber relative to the tooth
being restored or—in the case of a fixed
partial denture (FPD)—within the connec-
tor region may, in fact, reinforce the den-
tal resin but because of its orientation and
area of placement may not affect the sur-
face characteristics of the resin. For exam-
ple, a fiber beam placed on the tensile side
of a composite bridge pontic is closer to
the gingival ridge and will not inhibit the
fracture of the composite on the occlusal
surface of the abutment connectors.?%-3!
In the case of a unidirectional glass-fiber
bundle, the fibers must be oriented in a
longitudinal direction to impart their fiber-
reinforcing capability. Glass fibers placed
vertically within the composite will not in-
hibit resin fracture.?’

Table 1:
Classification of Fiber-

Reinforcing Materials
for Dental Resins

Pre-impregnated, chairside direct-
placement fiber materials
= unidirectional glass fibers
= weave glass fibers
= mesh glass fibers

Impregnation necessary, chairside,
direct-placement fiber materials

= braided polyethylene fibers
leno-weave polyethylene fibers
unidirectional glass fibers
weave glass fibers
braided glass fibers
rope weave-braid glass fibers

Pre-impregnated, laboratory

fiber materials
= unidirectional glass fibers
= mesh glass fibers

Impregnation necessary, laboratory
fiber materials
= leno-weave polyethylene fibers
= braided polyethylene fibers
= triaxial braid polyethylene

The clinical use of the fiber also has an
effect on how the fiber will perform. Using
a fiber to reinforce a FPD is very differ-
ent from using the same fiber to reinfor-
ce an endodontically treated tooth or to
reinforce a cusp-replacement composite-
resin restoration.

It is known that fibers used to reinforce
composites and other resins respond dif-
ferently as a result of their configuration
(type of weave or fiber orientation) and
their manipulation.’%*? Also, the cutting
of the fiber and its ability to maintain its
shape, dimensions, and architecture con-
tribute to not only different degrees of
physical enhancement but also to clinical
success.?¥233 When cut to length, a bi-
axial open-weave fabric ribbon will unrav-
el, and when being placed its dimensions
will change to be wider in some areas and
narrower in others; the thickness of the fi-
ber ribbon also changes with these other
dimensional changes. In the case of a lock-
stitched leno-weave, the fibers maintain
their orientation and width and when
cut, do not unravel. They also do not shift
within the composite or resin that they
are reinforcing. A consistent fabric con-
figuration provides for more reliable re-
sin reinforcement, greater ease of clinical
management during direct placement
of composites for splinting and tooth
stabilization, and better composite resin
crack-stopping capability.!618:20

Also, a desirable aspect of any fiber-re-
inforcing material is its ability to adapt
closely to the surface to which it is being
bonded. In the case of UHMWPE fiber
ribbons, they can be closely adapted to the
tooth because of their inherent flexibility,
lack of fiber configuration memory, and
durability of fiber. In short,a UHMWPE
fiber ribbon will stay where it is placed.

Glass fiber-reinforcing materials, es-
pecially those using unidirectional glass
fibers, are more rigid and cannot easily ad-
apt closely to the teeth.?? In trying to
manipulate the fibers to be more closely
adapted, glass fibers will have separation
with some visible fractures of the brittle
glass fibers.!®20 Also, when the fiber can-
not be as closely adapted to the teeth, it
leaves the composite material thicker on
the tooth, providing for a decrease in dura-
bility of the reinforced composite in clini-
cal function.!®343> Placing the fiber as
close to the tooth as possible provides for
better reinforcement and stabilization of
the laminated structure.?%-2*

In clinical trials with fiber-reinforced
composites, the survivability of the ov-
erlaying veneering composite resin is not
much different than has been reported
with the composite resin alone.>*-38 Inves-
tigations of the degradation of the fiber-
resin interface have described a variety of
behaviors that contribute to failure. Bouil-
laguet et al investigated the hydrothermal
and mechanical stresses that degrade the
fiber-composite interface with glass fib-
ers.>® They reported that glass fiber-rein-
forced composites had a degradation of

their mechanical properties primarily as a
result of the loss of interfacial bond strength
between the glass and resin phases. They
noted glass-fiber pullout when breaking
specimens after water storage. They attri-
buted these failures to degradation at the
resin and glass interface combined with
hydrolytic degradation of the glass. Also,
when comparing unidirectional glass fibers
to UHMWPE in flexural strength tests, the
failure mode of the fiber-reinforced beam
is different for both fiber types. Unidirec-
tional glass fibers and unreinforced com-
posite specimens had catastrophic fracture:
the unidirectional glass fibers exhibited
pullout and the glass fibers broke as well.?0
In the case of the UHMWPE fiber-rein-

Figure 3A Quartz fiber U-Beam with glass
fiber rod.

Figure 4A Periodontally compromised mandibu-
lar incisors treatment planned for splinting with
an adhesive fiber-reinforced composite resin.

Figure 4C Ribbond-reinforced composite-
resin splint placed.

Figure 4E Five-year recall radiographs of splint.

forced specimens, the composite cracks but
the beam is intact—evidence of the role
of fibers in reinforcing composites. Of in-
terest, the UHMWPE braid and leno-
weave-reinforced specimens did not fail
through rupture; rather, there was a de-
flection and bending of the beam.?° This
mode of bending is evidence of high levels
of strain energy absorbed by the speci-
mens and a greater toughness. Also, the
lock-stitch weave of the UHMWPE is the
tight weave that allows the ribbon to main-
tain a structural integrity by minimizing
weave and fabric shifting within the com-
posite. This imparts a multidirectional re-
inforcement to restorative polymeric resins
that acts as a crack stopper.!>20:40

Figure 3B Scanning electron micrograph at
1,000x demonstrating a cross-section of the pre-
tensed quartz fibers with a resin matrix of the U-Beam.

Figure 4B Mandibular anterior teeth after scal-
ing and root planing.

&

Figure 4D Five-year recall of fiber splint.
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Figure 5A Radiograph of severe periodontal bone loss on the mandibular left central incisor.

Figure 5B Facial view of the periodontally
compromised central incisor.

Figure 5D Extracted mandibular left central incisor.

CLINICAL USES

OF FIBER-REINFORCING
MATERIALS

The clinical uses of fiber-reinforcing
materials fall into three categories: direct-
placement splints and FPDs, direct-place-
ment single-restoration reinforcement,
and indirect restorations.

Table 2:
Fiber-Reinforcing Materials for Directly Placed Composite-

Resin Restorations

Product (Manufacturer)
everStick C&B, everStick Perio, everStick Ortho
(Stick Tech)

everStick Net (Stick Tech)

Ribbond Reinforcement Ribbon (Ribbond)

Ribbond THM (Ribbond)

Ribbond Triaxial (Ribbond)

Connect (Kerr)

Splint-It (Pentron)

DVA (Dental Ventures of America, Riverside, CA)

GlasSpan (GlasSpan, Exton, PA)

Dentapreg™ Splint
(Dentapreg USA Fibers, Lancaster, PA)

Figure 5E Natural tooth pontic after filling in root
canal space, shaping the root surface to be the pon-
tic, and placing the lingual channel in the tooth crown.

When fiber-reinforcing materials were
introduced, the focus for their use was for
periodontal splinting and stabilization
resulting from tooth mobility.®10:16:41-43
There is no doubt that splinting does re-
duce tooth mobility while the splint is
in place.** In the last decade, research
supports the use of periodontal splint-

Type of fiber (Widths)
2-cm pre-impregnated glass bundle

1x30 cm? pre-impregnated glass fabric sheet

Lock-stitch, woven polyethylene ribbon
(1 mm, 2 mm, 3 mm, 4 mm, and 9 mm)

Lock-stitch, woven polyethylene ribbon
(1-mm ortho, 2 mm, 3 mm, 4 mm, and 7 mm)

3-axis braided weave, polyethylene fiber ribbon
(dense, thin)

Open weave, polyethylene ribbon
(2 mm and 3 mm)

Resin preimpregnated open weave, glass fiber
ribbon (2 mm); Resin preimpregnated
unidirectional, glass fiber ribbon (3 mm)

Open tufts of polyethylene fibers

Open weave glass fiber ribbon and rope
(4-mm ribbon, 2-mm, and 3-mm rope)

Resin preimpregnated open weave braid glass
fibers (2-mm flat and 1-mm round); Resin
pre-impregnated unidirectional glass fibers
(2-mm flat and 1-mm round)

Figure 5F Lingual view of fiber-reinforced
(Ribbond THM) splint-bridge at 6 months.

ing as recommended therapy to stabi-
lize those teeth to improve long-term
prognosis.**” In a long-term clinical eval-
uation of splinting over a period of 48 to
96 months, using the original Ribbond
Reinforcement Ribbon in fiber-rein-
forced composite resins was highly suc-
cessful.'” The success of these splints
can be attributed to close adaptation of
the fiber ribbon to the tooth surface
combined with cross stabilization of the
mobile teeth by placing adhesive com-
posite resin on the facial surfaces (Figure
4A through Figure 4E).>*3 Splinting of
traumatized teeth with fiber-reinforcing
materials and adhesive composite resin
has also been reported.*®*° When using
fiber to stabilize the traumatized tooth
or teeth or for tooth stabilization after re-
implantation, the tooth must be allowed
to have some movement and not be fixed
in place.’®>!

Fiber-reinforced composite resins al-
so can be used to fabricate direct-place-
ment FPDs. Both UHMWPE and glass
fibers can be used for direct-placement fi-
ber-reinforced restorations (Table 2). In
cases of the replacement of a single an-
terior tooth resulting from trauma, severe
periodontal disease, or for endodontic

Table 3:
Fiber-Reinforcing Materials for Laboratory Fabricated

Restorations

Product (Manufacturer)

TESCERA (BISCO)

Vectris frame and single (Ivoclar Vivadent)
Vectris pontic (lvoclar Vivadent)
FibreKor™ (Pentron Clinical)

Construct™ (Kerr)

Ribbond Triaxial (Ribbond)

Stick®NET (StickTech)

FibreStick (StickTech)

Figure 5C Facial view after extraction of the
central incisor.

Figure 5G Facial view of fiber-reinforced
splint-bridge at 6 months.

reasons, the patient often finds this event
to be catastrophic and there is urgency for
the tooth to be replaced in a single visit. For
these clinical situations, direct-placement
pontics fabricated from composite resin,
a denture tooth, or using the patient’s
natural tooth with fiber reinforcement
has been reported (Figure 5A through Fig-
ure 5G).>>3 The same technique can be
used as an interim fixed restoration dur-
ing implant placement and restoration.>*
In some cases, after orthodontic treatment
of the patient with congenitally missing
maxillary lateral incisors, a direct-place-
ment, fiber-splint FPD can be used to re-
store the missing tooth and provide for
fixed orthodontic retention. This is espe-
cially pertinent for the young patient (teen-
ager) in whom a conventional FPD or an
implant is not yet indicated or practical
for the given clinical situation.>>>¢ In
orthodontics, fiber-reinforced composite
resins have also been described for use a
directly placed space maintainer and for
fixed orthodontic retention.>’-6
Fiber-reinforcing materials are being
used by dental laboratories in the fabri-
cation of FPD resin-composite restora-
tions, with single-crown restorations,
dentures, and orthodontic and occlusal

Composition

prepolymerized glass fiber rods and beams
mesh glass fiber

unidirectional glass

unidirectional glass

braided polyethylene

triaxial braided polyethylene

bidirectional glass fiber sheet
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Figure 6A Missing mandibular premolar; the
patient has declined the placement and restora-
tion of missing tooth with an implant. The clinical
decision was for a fiber FPD.

appliances.!22>23,30.61-65 The primary use
of fiber-reinforced composites by the den-
tal laboratory is for the fabrication of fiber-
reinforced FPDs to replace both anterior
and posterior missing teeth.

In vitro studies have demonstrated that
the use of unidirectional glass-fiber rein-
forcement in the connector areas of FPDs
contributes to significant composite re-
inforcement.?%36-38:66-68 Gimilar findings
have been reported with a leno-weave
UHMWPE and triaxial weave UHMWPE
fiber.20-33:36 Fiber-reinforcing materials
used by a dental laboratory are either resin
pre-impregnated glass fibers, pre-poly-
merized composite resin surrounding glass
fibers, biaxial braid UHMWPE, leno-weave
UHMWPE, or a triaxial weave UHMWPE
(Table 3). Typically, the preparation de-
signs for the abutment teeth are inlay or
onlay preparations (Figure 6A through
Figure 6D). They are highly successful and
can provide the patient with clinical ser-
vice for more than 5 to 10 years.%® These
restorations must be cemented using an
adhesive resin technique with resin ce-
ments. Both etch-and-rinse adhesives with
a self-cure or dual-cure composite resin ce-
ment or with a self-adhesive resin cement
are indicated for cementing these res-
torations (Figure 7).39-3870 Also, fiber-
reinforcing materials are being used by
dental laboratories in the fabrication of
provisional restorations to reinforce and
strengthen acrylic and composite-resin
provisional materials.!>40-71

While the primary uses of fiber-rein-
forcing materials were for splinting and di-
rect FPDs, in recent years some expanded
uses of fiber-reinforcing materials have

Figure 6B Sizing instrument to prepare the
proximal box to an adequate width for the
Tescera quartz fiber U-Beam.

been reported in the dental literature. Es-
thetic fiber posts fabricated from fiber
ribbons to restore endodontically treated
teeth provide for root reinforcement and
retention of composite resin cores.”>”3 In
an evaluation comparing the microleak-
age of different fiber-reinforcing materials
in overflared root canals, the individually
shaped polyethylene-reinforced dowel
showed the least overall microleakage.”*
This parallels two clinical studies of fiber-
reinforced custom posts-and-cores re-
porting 95% success over 97 months and
98% success over 11 months.”>”® Other
studies have evaluated the use of fiber re-
inforcement embedded within composite
for direct restorations to provide for the
cross-splinting of teeth with large compos-
ite restorations and demonstrated an im-
provement in fracture resistance of the
teeth and restorations.”®””

CONCLUSION

Fiber-reinforcing materials need to be
part of the armamentarium of a restora-
tive dentist. When appropriately treatment
planned, fiber-reinforced resin restora-
tions can be highly successful. Patients with
periodontally compromised dentitions
and tooth mobility are excellent candi-
dates for the use of fiber-reinforced direct-
composite resins. In the case of the sudden
loss of an anterior tooth or for the patient
who is not a candidate for an implant, fiber-
reinforced composite FPDs can be a viable
alternative to a conventional FPD with
crown preparations. Fiber-reinforcing
materials can also be used to reinforce
teeth that are endodontically treated or
have significant missing tooth structure

Figure 7 The completed 3-unit fiber-rein-forced resin FPD replacing the mandibular

second premolar.

Figure 6C Inlay preparations of abutment teeth
for a FPD.

when a full crown is not affordable for a
patient.

The majority of commercially available
fiber-reinforcing materials are made from
either UHMWPE fiber woven into either a
biaxial braid or triaxial braided fabric rib-
bon or a lock-stitch leno-weave ribbon, or
glass fibers that are either pre-impregnated
with resin (as either a woven fabric or rib-
bon or as bundled unidirectional fibers)
or non-resin impregnated (as a braided
biaxial weave or rope that has been silane-
treated for resin wetting). Whichever fiber-
reinforcing material is chosen, it should
be easy to use intraorally in whatever clin-
ical condition is being treated. Clinical re-
search supports using these materials as
long-term provisional restorations; they
should provide 5 to 10 years of service with
some need for composite resin repair
and resurfacing. Correct patient selection
and proper treatment planning will ensure
success with fiber-reinforcing materials.
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