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SUMMARY
The restoration o f fractured incisal edges is not an easy 
procedure. The practitioner has the choice o f several 
methods which either result in unaesthetic restorations 
or involve radical removal o f sound tooth structure with 
possible pulpal damage. A new composite restorative 
material, Restodent, has recently become available for 
the conservative non-operative treatment o f these le
sions. Phosphoric acid etching o f the enamel is employed 
prior to the placement o f the restorations. In a preli
minary clinical evaluation o f this material, encouraging 
results have been obtained. In none o f the 109 teeth 
restored, which included 83 anterior teeth with fractured 
incisal edges, did the restorations become dislodged at 
the enamel restoration interface. Chipping or fracture 
of the restored edges were observed in only 9 cases. 
Additional useful applications o f Restodent are de
scribed.

OPSOMMING
Die herstelling van gefraktuurde insisale rande is nie 
maklik nie. Die praktisyn het die keuse van verski/lende 
metodes van herstelling wat o f onesteties is o f radikale 
verwydering van gesonde tandweefsel benodig wat 
moontlik skade aan die pulpa tot gevolge kan he. 
'n Nuwe saamgestelde herstellingsmateriaal, Restodent, 
is onlangs vir die konserverende nie-operatiewe belian- 
deling van hierdie letsels beskikbaar gestel. Fosforsuur 
etsing van die glasuur word gebruik voor die plasing 
van die herstellings. '// Voorlopige kliniese waardering 
van hierdie materiaal is bemoedigend. In nie een van die 
109 tande wat herstel is (en dit shut 83 voortande met 
beskadigde insisale rande in), het die herstellings van 
die glasuurherstelling skeidingsvlak losgeraak nie. 
Splintering o f broking van die lierstelde rande het in net 9 
gevalle gebeur. Ander nuttige gebruike van Restodent 
word ook beskryf.

INTRODUCTION
The conventional methods for treating fractured in
cisal edges of anterior teeth are:

1. Intra-coronal gold inlay restorations.
2. Full coverage crowns.
3. Pin-retained composite or acrylic restorations.

Each of the above methods has been employed for 
many years. The procedure of choice is dictated by the 
severity of the fractured edge, the age and the aesthetic 
demands of the patient.

Mainly retention, but aesthetics as well, are problems 
related to the classical Class IV gold inlay restoration 
(Kantorowicz, 1963). Consequently, the practitioner 
may resort to a full coverage coronal restoration. This 
results in greatly increased retention as well as pleasing 
aesthetic effects but involves the radical removal of 
enamel and dentine with possible pulpal sequelae.

There is a degree of controversy as to the beneficial 
effects of pin-retained conservative anterior restora
tions (Latoni-Camarena, Tomlinson and Baum, 1972). 
The consensus of opinion appears to favour this form 
of restoration under certain conditions and is certainly 
gaining in popularity (Lugassy, Moffa and Hozumi, 
1972: Dilts, Podshadley and Neiman, 1972). However, 
the shearing stresses to which incisal edges are sub

jected may limit the practicability of this form of re
storative procedure.

Approximately 80 per cent of all fractured anterior 
teeth occur in children (Finn, 1962). Practitioners must 
have encountered the difficulty of deciding what re
storative procedure to adopt when a child with such 
a condition presents for treatment. It is incumbent on 
the dentist to preserve the vitality of these teeth 
wherever possible and to restore them skilfully to ap
proximate their original appearance. With the restora
tive materials available at present, there should be no 
reason why fractured anterior teeth cannot be restored 
to biologically functional units with acceptable cos
metic appearances.

A new anterior composite restorative material, speci
fically developed for the conservative restoration of 
fractured incisal edges, has recently become avail
able*. Restodent Incisal Edge Restorative is a dia
crylate system formulated to produce a mix with good 
wetting and adhesive properties. The binder is a mix
ture of aromatic and aliphatic diacrylates, made from 
epoxy resins or analogues of epoxy resins, cured by a 
peroxide-tertiary amine catalyst system similar to that 
of Epoxylite HL-72. The filler is a special silica, se-

*„Restodent”, Lee Pharmaceuticals, South El Monte, Cali
fornia, U.S.A.
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lected for clarity and wear resistance. Restodent is 
more translucent than most restorative materials be
cause of its area of intended use. A thixotropic colour
ed conditioning agent consisting of a 50 per cent phos
phoric acid solution is used to etch the enamel surface 
prior to the application of the restorative material 
(Lee, 1973).

This paper is a preliminary report of a clinical study of 
the restoration of fractured incisal edges and other 
lesions with Restodent, carried out during the past 15 
months.

MATERIALS AND METHODS
The clinical study was started in November, 1972 and 
to date the teeth of 88 patients have been restored with 
Restodent. The majority of teeth involved were ante
rior teeth with fractured incisal edges. The ages of the 
patients ranged from young children to adults and the 
extent of the fractured areas varied from simple enamel 
chips to grossly fractured teeth involving dentine as 
well as enamel. A number of these patients presented 
with teeth with inherited or acquired enamel defects, 
22 of which were also restored with Restodent. The 
patients were recalled at regular intervals, the restora
tions examined and repaired where necessary, and the 
vitality of the teeth determined.

The ragged margins of the fractured edges were 
smoothed with abrasive discs and the entire coronal 
aspect of the tooth cleaned with Flowers of Pumice. 
The tooth was washed with water and then thoroughly 
dried with compressed air. Rubber dam was only ap
plied if it was not possible to maintain a completely dry 
operative field. The dried tooth was then etched with 
the coloured 50 per cent phosphoric acid gel and the 
etched area extended well on to sound enamel. This 
acid solution contains a thixotropic agent which great
ly increases the ability to control the flow of the etch
ing solution. In addition, the colour of the solution 
enables the operator to identify the area to which the 
etching solution has been applied. The enamel surface 
was conditioned for 2 min whereupon the acid was 
washed away with a copious supply of water. The 
etched enamel and adjacent areas were thoroughly 
dried using “Prep-Dry” .*

Restodent is compatible with all commercial bases and 
liners which may be used as clinical experience dic
tates, particularly in the fractured teeth of young 
children with marked dentinal involvement.

The size and position of the fracture or enamel defect 
will determine the form of matrix to be employed e.g. 
mylar strips or carefully trimmed celluloid crown 
formers. After the powder and liquid were dispensed 
and mixed according to the manufacturer’s specifica
tions, the resulting gel was placed on the dry, etched 
enamel with a plastic spatula. If a crown former was 
used, the excess was placed therein and fitted to the 
tooth. The material should not be disturbed during the 
setting stage because composites change rapidly from 
a fluid state to one of high early hardness.

*Lee Pharmaceuticals, South El Monte, California, U.S.A.

A period of approximately 20 min should lapse to 
allow adequate setting of the restorative material prior 
to shaping the restoration. This was readily accom
plished with tungsten carbide finishing burs, lubricated 
rotary discs and finally polished with lubricated rubber 
wheels.

As the authors acquired a better understanding of the 
properties and confidence in handling this new re
storative material, more complex operative procedures, 
namely the replantation of extracted or avulsed teeth, 
were carried out.

RESULTS
Since this clinical investigation was begun in Novem
ber 1972, a total of 88 patients were treated until the 
end of 1973. The number of fractured incisal edges re
paired in anterior teeth totalled 83 and in addition the 
cusps of 4 posterior teeth and 22 enamel defects were 
restored. Furthermore, Restodent was used to im
mobilize implanted teeth in two patients (Table 1).
The satisfactory restoration of a completely fractured 
incisal edge (Fig 1) is demonstrated in Fig 2. A hypo
plastic lateral incisor which, in addition, had a frac
tured incisal edge (Fig 3), was successfully restored 
with Restodent (Fig 4). Following the accidental 
breakage of an endodontic reamer in an upper first 
premolar in an adult of 25 years, it was decided to ex
tract the tooth, remove the broken reamer, and then to 
replant the tooth. The buccal surfaces of the two ad
jacent teeth as well as the buccal surface of the tooth 
to be replanted were etched (Fig 5) and the Restodent 
applied. This functioned satisfactorily as a splinting 
device (Fig 6). In another instance, following the trau
matic avulsion of an upper right central incisor in a 
child of 9 years, the replanted tooth was again retained 
withtheuseofa Restodent splint (Fig 7). At the end of 
the immobilization period (Fig 8), the anatomical 
forms of the fractured central incisors were restored 
by the judicious removal of the excessive amounts of 
Restodent between the splinted teeth and by the care
ful addition of fresh restorative material (Fig 9).
An additional use of Restodent was to conceal the un- 
aesthetic appearance of the cut retention screws of a 
periodontal splinting device, the Splint-Mate System* 
(Fig 10). The satisfactory result obtained by the selec
tive placement of Restodent over the exposed retention 
screws is demonstrated in Fig 11.

Fig. 1. Completely fractured incisal edge of a central incisor.

*Whaledent Inc. New York, U.S.A.
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pip. 2. Satisfactory restoration of fractured incisal edge, shown 
in Fig. 1-

Fig. 6. Implanted tooth, shown in Fig. 5, splinted to adjacent 
teeth prior to trimming.

Fig. 3. Hypoplastic lateral incisor involving the incisal edge. Fig. 7. Implantation of avulsed upper right central incisor immed
iately after splinting with Restodent.

Fig. 4. Successful restoration of enamel defects, shown in Fig. 3. Fig. 8. Appearance of tooth shown in Fig. 7 after 6 weeks of im 
mobilization.

Fig. 5. Replantation of upper first premolar after etching buccal 
surfaces of involved and adjacent teeth.

Fig. 9. Restoration of implanted and fractured incisors, shown in 
Figs. 7 and 8.
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Fig. 10. Splinting of periodontally involved teeth by means of 
Splint-Mate System.

Fig. 11. Improved aesthetics of ease shown in Fig. 10, obtained 
by concealing the retention screws with Restodent.

TABLE I: RESULTS OF CLINICAL EVALUATION OF RESTODENT

Date
Number

of
patients

Incisal
edges

restored

Posterior
cusps

restored

Enamel
defects
restored

Immo
bilizing
splints

Fractures
of

restorations

Interval
until

fracture

Nov 72 5 4 1 1 2 months

Dec 72 4 4

Jan 73 8 8 1 1

Feb 73 7 6 1 1 1 2 months

March 73 9 10 1 3 1 1 month

April 73 6 6 3 2 3,5 months

May 73 16 15 1 4 1 4 1, 1, 4, 5 months

June 73 11 8 7

July 73 4 5

Aug 73 7 6 2

Sept 73 1 1

Oct 73 3 4

Nov 73 4 4

Dec 73 3 2 1

TOTAL 88 83 4 22 2 9

Nine of 83 fractured incisal edges repaired with Resto
dent, fractured within the material at intervals ranging 
from 1 to 5 months after restoration of the teeth 
(Table 1). None of the fractures occurred at the original 
etched enamel, Restodent interface and varied from 
slight chips to more extensive fractures involving the 
restored incisal edge. These were readily repaired by 
the addition of freshly mixed material. None of the 
repaired cusps or enamel defects failed during this ob
servation period.

DISCUSSION
Composite restorative materials were developed to 
overcome some of the deficiencies encountered with the 
earlier anterior restorative materials. The composites 
proved to have an improved stability in the oral en
vironment and considerably increased physical proper
ties such as reduced polymerization shrinkage, greater 
abrasion resistance, higher compressive strength and 
reduced marginal leakage (Buonocore, 1968). In addi
tion, they produce better marginal adaptation with a 
consequent reduction in the rate of replacement as well

as a reduced incidence of recurrent caries (Lee Pharma
ceuticals, 1972).
An acute problem in dentistry is that the available re
storative materials do not adhere to tooth structure. 
This lack of adhesion allows seepage of deleterious 
agents at the tooth/restoration interface. With the 
probable exception of the carboxylate cements (Smith, 
1968), there is no known dental restorative material 
capable of forming permanent adhesive bonds with un
treated enamel under oral conditions. Even the advent 
of the composite resin systems did not alter this situa
tion (Swartz, 1969).

However, the bonding of restorative materials to ena
mel can be substantially improved by conditioning the 
enamel surface prior to placement of the restoration. 
Buonocore (1955) was the first to demonstrate that the 
bonding referred to above could be achieved by etch
ing the enamel surface with 85 per cent phosphoric 
acid. Subsequently, Newman (1965) demonstrated in
creased retention of epoxy resins to enamel surfaces 
pretreated with 50 per cent phosphoric acid.
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Phosphoric acid pretreatment of enamel was found to 
enhance the strength of attachment of acrylic resins 
used to restore fractured incisal edges (Laswell, Welk 
and Regenos, 1971). Conditioning of the enamel sur
face with 50 per cent phosphoric acid for 60 sec sig
nificantly increased the bonding of a conventional un
filled polymethylmethacrylate direct filling resin (Lee, 
Phillips and Swartz, 1971).

The usual glistening appearance of the enamel surface 
is dulled after a one min application of 50 per cent 
phosphoric acid, but is apparently restored to normal 
within several days (Retief, Dreyer and Gavron, 1970). 
Lee et al (1972) demonstrated by means of electron 
microprobe x-ray spectrophotometry that complete 
remineralization of etched enamel occurred within 30 
days after the application of a demineralizing solution. 
Retief (1973) has shown that 50 per cent phosphoric 
acid removed the low energy organic film of muco
polysaccharide from the enamel surface which resulted 
in increased wettability of the enamel. This acid solu
tion also preferentially etched the exposed mineral 
phase of the enamel and increased the surface area 
available for mechanical bonding of the restorative 
material to the etched enamel. The marginal leakage 
at the restoration/tooth interface was considerably 
reduced as demonstrated by radio-isotope and dye 
penetration studies. In his study, Retief (1973) has 
confirmed that mechanical retention plays the major 
role in the bonding of adhesives to conditioned surface 
enamel.

Nine of the 83 restored incisal edges fractured within 
the bulk of the material. None of the fractures oc
curred at the etched enamel/Restodent interface in
dicating that the mechanical bond between the etched 
enamel surface and the restorative material was suffi
ciently strong to withstand compressive and shear 
forces exerted on the restorations during biting. Two 
of the fractures occurred within the material as a re
sult of accidental traumatic forces. Several of the other 
fractures within the material probably resulted from 
inadequate occlusal adjustment prior to polishing the 
restoration.

CONCLUSIONS
Despite the short period of post-operative observation, 
it is concluded that Restodent is of clinical value. This 
material enables the restoration of the anatomical 
form in a quick and painless procedure to an accept
able aesthetic appearance. It thus eliminates the need 
for operative procedures to be carried out immediately 
when confronted with patients presenting with frac
tured incisal edges. The time gained by the selective 
utilization of this material may be important in the 
maintenance of the vitality of teeth previously sub
jected to accidental trauma. There are also the addi
tional applications of this material, for example as a 
retentive method for replanted teeth and the restora
tion of enamel defects.

The failures detailed in this study can mainly be attri
buted to inaccurate occlusal adjustment. The failures 
involved varying degrees of chipping of the restored 
incisal edges. To date no total failures i.e. the loss of 
“adhesion” at the etched enamel/Restodent inter

face have been recorded. In no case has there been any 
clinical evidence of pulpal damage.
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