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Stimulation of root formation in
incompletely developed pulpless teeth

‘Geoffrey 8. Heithersay, M.D.S., F.D.SR.C.S.*
Adelaide, South Australia

DEPARTMENT OF DENTAL SCIENCE, UNIVERSITY OF ADELAIDE

T‘eatment of teeth in which the dental pulp has become totally necrotic
before completion of root development is difficult if the operator depends on a
coronal approach and attempts to seal the patent canal via the root. Because of
this, many endodontists have favored a surgical approach and have endeavored
to seal the apex by using a retrograde root-filling material.

However, surgical management is not entirely satisfactory because of inherent
difficulties in the operative procedure and because of the physical and psy-
chologic trauma to a young patient. Furthermore, & tooth treated in this manner
often has inadequate root length to withstand masticatory forces, and the
periapical tissues may fail to adapt to the wide and relatively irregular surface
of the retrograde root-filling material. Thus, the long-term prognosis is generally
doubtful.

In order to overcome the difficulties just mentioned, some writers'* have
essayed a conservative approach and have used calcium hydroxide, either alone
or in combination with other agents, to stimulate further root development. To
date there have been few case reports, and as yet the results of a histologic
examination have not been published.

The purpose of this article is to present case reports of twenty-one teeth
which have been treated by a conservative method and to provide details of
histologic examination of a tooth which received conservative treatment but
which had to be extracted later because of a vertical root fracture. In presenting
this series, I hope to provide further support for conservative treatment of the
pulpless “blunderbuss” incisor.

MATERIALS AND METHODS
A. Clinical series

The patients in the present series were referred for endodontic treatment
of teeth which had suffered pulp death and consequent periapical involvement

“Bubmitted for publication April 21, 1969.
*Part-Time Lecturer in Endodontics, University of Adelaide.
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at a stage of incomplete root development. A total of twenty-one teeth were
treated in seventeen patients whose ages ranged from 7 to 11 years.
The causes of pulp death were trauma (eighteen teeth), caries (one tooth),
and deep palatal invagination with subsequent bacterial invasion (two teeth).
All teeth had evidence of periapical pathology on radiographic and clinical
grounds. In four cases (Teeth A3, A8, A9, and A1l) the patients had acute
periapical osteitis and associated cellulitis of the lip and face.

Clinical procedure

In each case, the root canal was sterilized by routine endodontic procedures,
Mild medicaments were used for irrigation and root canal dressing. The solution
used for both purposes in this series was an aqueous solution of 0.03 per cent
chlorhexidine and 0.3 per cent cetrimide (Savlon). After sterilization of the
canal had been achieved, the walls were dried with a cotton pellet attached to
the tip of a large file or with the blunt ends of paper points, Calcium hydroxide
and methyl cellulose (Pulpdent) paste was then introduced by means of a
Pulpdent syringe with a Luer-Lok needle attached. Excess paste was removed
from the pulp chamber, and the coronal opening was sealed with Cavit and
amalgam. Patients were recalled after 1 month and 3 months, and at 6-month
intervals thereafter. The observation times ranged from 14 to 75 months.

B. Histologic specimen

A central incisor tooth treated by the above method became available for
histologic examination when & vertical root fracture made extraction necessary.
The patient had been treated at the Dental Department of the Royal Adelaide
Hospital in April, 1965. He had failed to report for follow-up examinations but
returned in pain in May, 1968. The tooth was extracted, decalcified in a formic
acid-sodium formate solution, and serially sectioned at 7 microns. Sections
were stained with either hematoxylin and eosin or Mayer’s hematoxylin and
eosin, '

'RESULTS
Clinical series

The results of treatment are summarized in Table 1.

Representative cases (Teeth A9, A13, A17, and AT) are shown in Figs. 1
through 8. In each instance the case histories are included in the legends.

Of the twenty-one teeth treated by this method, only Teeth A6 and Al8
(Figs. 5 and 6) did not show evidence of further root development. The
observation times for these two cases were 55 months and 18 months, respec-
tively. Periapical repair was complete in Tooth A6 and, on clinical investigation,
viable tissue was present within the root canal. In Tooth A18 there was a break-
down of the coronal seal after 10 months, and bacterial contamination resulted.
Subsequently, the tooth was re-treated, and the 18-month follow-up examination
disclosed positive evidence of periapical repair, although this was not complete.
No further root development could be demonstrated at this stage.

Of the nineteen teeth which demonstrated further root development, five
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B. Histologic specimen

A central incisor tooth treated by the above method became available for
histologic examination when a vertical root fracture made extraction necessary.
The patient had been treated at the Dental Department of the Royal Adelaide
Hospital in April, 1965. He had failed to report for follow-up examinations but
returned in pain in May, 1968. The tooth was extracted, decaleified in a formic
acid-sodium formate solution, and serially sectioned at 7 microns. Sections
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'RESULTS
Clinical series

The results of treatment are summarized in Table I.

Representative cases (Teeth A9, A13, Al17, and AT) are shown in Figs. 1
through 8. In each instance the case histories are included in the legends.

Of the twenty-one teeth treated by this method, only Teeth A6 and Al8
(Figs. 5 and 6) did not show evidence of further root development. The
observation times for these two cases were 55 months and 18 months, respec-
tively. Periapical repair was complete in Tooth A6 and, on clinical investigation,
viable tissue was present within the root canal. In Tooth A18 there was a break-
down of the coronal seal after 10 months, and bacterial contamination resulted.
Subsequently, the tooth was re-treated, and the 18-month follow-up examination
disclosed positive evidence of periapical repair, although this was not complete.
No further root development could be demonstrated at this stage.

Of the nineteen teeth which demonstrated further root development, five
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Table ). Summary of results of treatment of incompletely developed teeth using a
Status
. Tooth serial |  Age o Poriapioal repaic

No, - (yr.) Tooth (mo.) N@ | Portial | Complete
A1 8% L& % X
Af 8 | 63 x

I AB 8 5 56 X

© A4 8% L1 56 x

» AS 8 5 55 X
A8 8 A 85 X
A7 7 1 ] x
A8 8 1] 36 x
A9 8 LI 29 X
Al0 1 L2 29 X
AN 8. L 28 X
AR 8 1] 27 x
AR 1 | 7 x
Al 1 L8 27 X
Al 8 - 23 x
Ale T Li 23 X
AY7 L 2] 18 X
Al8 - X 2l 18 X ‘
Al9 4 L1 18 x
A%0 7 W 14 X
A2l n B U X
Totals 3 1 20

showed partial apical root formation and fourteen showed complete apical root
formation. In all cases, Toot formation had proceeded to such a stage that the
apical opening was convergent rather than divergent.

There did not appear to be any difference in the reparative response in those
cases in which the patient presented in an acute inflammatory state (Teeth A3,
A8, A9, and All) and the remaining cases in which there were associated
chroni¢ periapical lesions,

A definite fine root canal could be observed in all teeth that had progressed
to. completion of root formation, No complete calcific barrier could be observed
at the coronal extremity of the apieal canal in these cases. In four teeth per-
manent root fillings of gutta-percha and AH-26 were placed after apical devel-
opment was complete. In each case bleeding tissue was encountered within the

root canal in the apical region.

Histologic specimen

Histologic examination revealed that the newly deposited apical tissue not
only encircled but extended into the original root. The tissue forming the apex
‘of the specimen consisted of remnants of pulp tissue, dentine, and thick deposits
of cementum with attached periodontal membrane (Fig. 9).

" A buckling of the original root apex was evident (framed areas in Fig. 9
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caleium hydroxide and methyleellulose paste

Resgults
. RBoot development Clinical and radiographic assessment of result
Ni | Partial | Oomp!atc Failure |  Doubtfwl |  Buccess
& {5 X
X X
X X
P X
x X
X
X
X
x
X
x
X x
® x
x X
X
x: x
% X
3%
2 b 14 2 19

and Figs. 10 and 11). In the region of this buckling there was evidence of
resorption on the outside of the root. This had subsequently been repaired by
the deposition of cellular and acellular cementum which also extended in thick
layers over the entire apical plug of calcific tissue. The major part of this apical
plug consisted of inerglobular dentine, In some aress there was a tendency
toward regular tubule formation, but in the region of the outward buckling of
the original root the dentine was of a particularly irregular character.

Within the old eanal, two distinet layers had been deposited. There had been
some separation of these layers during the histologic preparation and thus slight
artifacts were evident (Figs. 9 and 10). Both layers which extended 3 to 4 mm.
into the old canal consisted of interglobular dentine, but the first layer was thin
and seemed less tubular than the thicker superimposed layer. No calcifie barrier
bridging the original canal was evident at the coronal extremity of these layers.

A fine root canal was present in the newly formed apical region. This con-
tained tissue resembling the dental pulp, but infiltration with chronie inflam-
matory cells had occurred. No normal pulp tissue could be observed in the
junction between the fine apical canal and the wide original canal. A lateral
canal containing chronically inflamed pulp tissue was present in this region.
Scattered carbon artifacts were present in many sections as a result of the peneil
lead which had been inserted into the eanal by the patient,
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Fig. 4

Fig. 1. Tooth A9, Upper left central incisor of an 8- 1d boy. The patient, who ngjro—
sented with an acute pical osteitis, gave a history of a blow 2 months earlier. A 0-
lucent periapical lesion was evident, Root treatment was followed by the insertion of calcium

_Fig. 8. Tooth A9. Two years later the tooth showed considerable root development and
periapical repair.

Fig. 3. Tooth A13, Upper right lateral incisor of a 10-year-old girl. The cause of the
chronic periapical osteitis was & deo tal invagination of the cingulum with subsequent
intrapulpal bacterial invasion. A periapical radiolucency was evident (seo Fig. 1).

Fig. 4, Tooth Al3. One 5: later, following the placement of & caleium hydroxide and
methylcellulose paste, apical development and periapical repair have occurred.
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Fig. 5. Teeth A17 and Al8. A 7-year-old gitl with a history of traumatic injury to the
upper right central and lateral incisors 2 months iously. On initial examination, both teeth
were pulpless and there was an acute periapical osteitis associated with the lateral incisor.
Both teeth were ireated and filled with calcium hydroxide and methylcellulose paste. The
coronal seal in the central incisor was deficient, and contamination of the canal oceurred after
4 months. Subsequently, the canal was re-treated and filled with the same paste.

Fig. 6, Teeth A17 and A18. Ten months later complete root development was apparent
in cii;l;e upper right lateral incisor, and thers were signs of periapical repair in the central
incisor.

Fig. 7. Tooth AT7. Upper right central incisor in an 8-year-old boy. There was & chronic
periapical osteitis, with an associated draining sinus. The tooth was treated and filled with
the caleinm hydroxide and methyleellulose paste.

Fig. 8. Tooth A7. The patient returned 234 years later, having failed to keep appoint-
ments for follow-up examinations. The coronal seal had been lost; caries and a root
fracture with an associated lesion on the mesial t of the root were present. In addition,
the patient had pushed the lead of a pencil into the canal. Considerable apical root develop-
ment had occurred since the initial treatment. This tooth was extracted and prepared for
histologic examination.
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Fig. 9. Tooth A8. Histologic section stained with Mayer’s hematoxylin and eosin stain
(magnification, x40). Within the framed areas can be seen the buckled outline of the original
root apex. Two layers of interglobular dentine can be seen extending into the old eanal and

- 3;1:. Only a small amount of pulp tissue (p) can be seen in this section (see Figs. 12
an 4

DISCUSSION

The eclinical series described here provides support for conservative endo-
dontic treatment in incompletely developed teeth where the aim is stimulation
of further root formation. '

Clinical evaluation, based on evidence of periapical repair and root develop-
ment, revealed that in nineteen of the twenty-one cases treatment was considered
successful. Two cases (Teeth A6 and A18) were classified as doubtful although
periapical repair was complete in one (Tooth A6) and was progressing satis-
factorily in the other (Tooth A18), No tooth in the present material was con-
gidered to represent a treatment failure.

The clinical features of the root formation in the present series were essen-
tially the same as those in previously published case reports, although Steiner
and associates* indicated that a definite bridge or calcific barrier was present.
They reported that a permanent root filling could be placed without any risk
of extending the root-filling material apically. In teeth with apical development
a definite fine apical canal could be seen radiographically, but there was no
definite apicdl barrier. The clinical observation of bleeding tissue within the
canals of those four teeth in which roots were filled offers additional evidence
that no caleific barrier existed between the fine apieal canal and the original
wider canal.
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Fig. 10. Tooth A8. Framed area from the left side of section shown in Fig. 9 (magnifica-
tion, x100) showing the region of buckling of the o root and surrounding ecalcific
ohugemBe::]rjptionoftheorigimlmtmminthh unction has been repaired by thick
deposits of cellular and acellular cementum, while on the eanal side two layers of interglobular
dentine ean be seen extending into the old canal. A separation artifact is present superiorly,

Fig. 11. Tooth A8, Framed area from the right side of section shown in Fig. 9 (mfn.iﬂu-

tion, x100). Reglons similar to those shown in Fig. 10 can bo seen. The two layers of inter-

ﬁlobn}at tine are well defined, the thinner deposit being less tubular than the overlying
wi

The histologic specimen similarly did not demonstrate any ealcified barrier
between the newly formed apical plug and the old canal. Indeed, in this
histologie specimen, the absence of such & barrier can be assumed to be the reason
for the unimpeded bacterial invasion which followed the breakdown of the
coronal seal. This would account for the chronic inflammatory changes obeerved
in the apical pulp, but it would seem reasonable to assume that prior to bacterial
invasion this tissue had been in a healthy state.

The histologie findings show that apical development had occurred by the
formation of relatively normal dental tissues of pulp, dentine, and cementum.
Not only was there development apically, but there was also deposition of new
dentine within and also on the surface of the original canal, indicating that the
replacement of the caleium hydroxide by ingrowing pulp tissne may have been &
continuing process.

The repair reactions that bave been observed are interesting, and some
speculation can be made as to their nature. Epithelium is thought to be resistant
to inflammatory changes. Thus, it is possible that in these cases Hertwig's
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Fia..u Bection through the root canal in the apical region. (Hmto:ylin and eosin stain.
agnifieation, x40.) Pulp contains many chronic tory llowing contamination

annlwith Mmmmuﬂmthakdotnpmeﬂhmm
tho by the patient are scattered over the fleld. Thick apical deposits of cementum

o
into
can be o
piefl g 15 B 8. Higher magnifieation (x100) showing chronically inflamed pulp tiseue at the
a8

gheath can survive and so remain able to continue its role of organization of
root development when the inflammatory process is eliminated. Accordingly, if
bacteria are removed and a material which favors repair of the periapical tissues
is subsequently introduced into the root canal, Hertwig’s sheath may be expected
to continue more or leas in its normal fashion. The cells in the periapical region
of an incompletely developed tooth may perhaps be considered to be pluri-
potential and thus subject to differentiation into cells which can form normal
dental tissues after the inflammatory reaction resolves.

The material used in filling the root canal may aid the process of differentia-
tion, Caleium hydroxide has been considered by some workers® to have an
osteogenio potential. However, this same development has been reported by
Cooke and Rowbotham,® who used an antiseptic paste containing zine oxide and
eugenol, and also by Ball,” who used an antibiotic paste, Caleium hydroxide may
exert & favorable effect by virtue of its high alkalinity altering the pH of the
region, or perhaps the calcium ions may inerease the local capillary permeability,
and this may favor repair. Histochemical studies may help to solve the mode
of action of calcium hydroxide in its present application.

The absence of an apical ealcific barrier and the presence of ingrowing pulp
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tissue, as shown by the clinical and histologic matérial, pose additional clinical
problems. If a permanent root filling of gutta-percha and a suitable sealer are
inserted directly onto the apical pulp tissue, an adverse pulpal response can be
expected. Should a permanent root filling be necessary for restorative purposes,
the ingrowing pulp tissue can be removed down to the level of the entrance of
the fine apical canal and the pulp wound dressed with a thin layer of caleium
hydroxide. The rest of the canal can then be filled with gutta-percha and a seal-
ing agent. The pulp remnant may then undergo the normal repair reactions
which follow partial pulpectomy using calecium hydroxide.® An alternative
and probably safer method would be to extend the root filling to the apex of
the tooth after removal of the pulp tissue and widening of the fine apical canal.

It is hoped that most of the teeth in the present series will not require
permanent root fillings for some years. Further observation may reveal additional
caleific changes and furnish material for subsequent reports.

Conservative treatment of incompletely developed pulpless teeth with caleium
hydroxide provides a simple, nontraumatic solution to an otherwise difficult
problem. The method has the. advantage that greater root length is attained
with its obvious advantages in the long-term stability of the tooth. Once root
development has been completed, an orthodox root filling can be placed without
technical difficulty.

SUMMARY

A series of twenty-one incompletely developed pulpless human teeth have
been treated conservatively with ealeium hydroxide and methyleellulose as a
root-filling material. Observation times varied from 14 to 75 months,

Elimination of bacteria was achieved by routine endodontic procedures in
conjunction with irrigation and dressing with an aqueous solution of 0.03 per
cent chlorhexidine and 0.3 per cent cetrimide. .

Of the twenty-one cases, fourteen showed complete, five partial, and two no
root development during the period of observation. Periapical repair was com-
plete in twenty of the twenty-one cases and is proceeding satisfactorily in the
remaining case. A clinical evaluation of success showed nineteen cases to be
successful and two doubtful, with no failures over the period of observation.

Histologic material has been presented which revealed that new tissue had
been formed, both apically and within the old eanal. This consisted of pulp,
interglobular dentine, ecementum, and attached periodontal membrane fibers.
Two calcified layers of interglobular dentine extended into the old canal and
lined it. However, no calcific barrier was present at the coronal extremity of the
canal. Thick deposits of cellular and acellular cementum not only covered the
newly formed tissue but extended beyond the junction with the old root.

The results of the clinical series and the histologic material support the
conservative approach to the treatment of pulpless, incompletely developed
teeth. The method is indicated because of its simplicity, the lack of surgical
trauma, and the improved prognosis afforded by the further root development.

I wish to express my sincere thanks to Mr. F. R. Henning for reviewing this study,
and also to Dr. J. A, Cran, Mrs. L. Zaleski, and Messrs. @. J. Mount, D. Smale, and I. Ozols.
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A new method involving the use of combined endodontic-orthodontic treatment to
allow treatment of transverse root fractures mear the gingival erevice is described,
and three case reports illustrating the procedures are presented. The method appenrs
to provide a solution to an otherwise difficult clinical problem.

The treatment of transverse root fractures in which the fracture line lies
1 to 4 mm. below the alveolar crest level has presented clinicians with consider-
able difficulties, and the prognosis has generally been considered poor.** The
reparative processes which may follow root fracture are (1) healing with
calcified tissue, (2) interposition of fibrous connective tissue, or (3) interposition
of bone and fibrous connective tissue.” An unfavorable response results in the
interposition of granulation tissue.

There are several problems in the treatment of transverse root fractures
near the alveolar crest if a satisfactory healing response is to be obtained. Bac-
terial contamination usually occurs because of the proximity of the fracture to
the gingival crevice. This contamination may be immediate, or it may follow
the regressive changes oceagioned by difficulty in immobilization. Immobilization
of any fracture is important if caleific union is to be achieved. However, it is
extremely difficult, if not impossible, to immobilize permanently most of the

Submitted for publication in November, 1972.
*Part-time Lecturer in Endodontics.
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Fig. 1. Diagrammatic representation of the elinieal proeedures involved in the combined
endodontic-orthodontic treatment of transverse root fraetures iu the region of the alveolar
erest. Method 1: o, Pulpeetomy is carrvied out throngh the frcture site and the eanal root is
filled with gutta-perchy and o sealer. B, A rectangulnr segment is removed from the ervown,
and n post (shank of bur) is inserted through the coronal segment into the apieal sogment.
C. Orthodontie bands are applied to adjneent feeth and u spring attached fo the post. Con
trolled orthodontic movement moves the apieal segment to n satisfactory vertical position.
Ineisnl nnd palatal surfaees are ground to allow ineisal movement. 2, Crown and post are
removerd. E. Post retained crown is constructed, Mathod £: Procedures corresponding to
Metliod 1, except that the coronnl segment is removed at the initial stage or after placement of
the root filling.

root fractures under consideration. Repair by the interposition of fibrous con-
nective tissue or bone will ravely produce a stable state with these fractures,

[f the coronal segment is lost and therapy takes the form of periodontal
surgery followed by restorative treatment, many immediate and longer-term
problems will probably result. There is diffieulty in establishing a stable perio-
dontal state following surgical intervention, hecause of differing bone and soft-
tissue levels. Restorations placed after such extensive surgical procedures usually
lie in a position at the base of the gingival evevice, and this is currently con-
sidered unfavorable for continuing periodontal health. The restorative problem
is also complicated by difficulties in aceess and eontrol of hemorrhage.

With these problems in mind, it was deeided to investigate the possibility of
hringing the apical root segment into a favorable relationshp with the gingival
tissues so that a erown conld be constructed satisfactorily. This aim was aehieved
by combined endodontic and orthedontic treatment,
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METHOD

Two methods were evolved, and these are illustrated diagrammatically in
Fig. 1. The decision as to which method was to be employed depended on
several factors. If the fracture line was below the alveolar crest level and the
coronal segment had not suffered gross displacement, then Method 1 was used.
In addition, Method 1 was used when the maintenance of esthetics and some
functional stimulation during treatment were deemed desirable. Method 2 was
generally employed when there had been gross displacement of the coronal
segment or the crown had been lost.

The eclinical procedures involved in the two methods are as follows:

A. The tooth is treated by vital pulpectomy, followed at the same ap-
pointment by the insertion of a root filling of gutta-percha and a sealing
agent. In Method 1 the pulpectomy is carried out through the retained
crown, while in Method 2 treatment is carried out on the apical segment
after removal of the coronal segment.

B. A temporary post is fabricated and cemented, either through the
coronal segment into the apical segment (Method 1) or merely into the
apical segment (Method 2). The shank of a low-speed bur proved to be
one satisfactory form of temporary post. The post must be clear of the
ocelusion and free to move incisally without interference. If Method 1
is used, the palatal and incisal surfaces are ground out of occlusion. In
addition, a rectangular section is removed from the crown to facilitate the
attachment of the orthodontie appliance to the post. During the treatment
the defect can be covered with a temporary filling material to preserve
estheties.

C. Orthodontic bands are applied to the anterior teeth (and
posteriorly if deemed necessary) and a flexible spring is attached to the
temporary post. This attachment is facilitated where the head of a bur
has been used for this purpose. Activated Twist-Flex wire provides
most satisfactory orthodontic movement, requiring minimum adjustments.

D. The tooth is then moved incisally by controlled orthodontic treat-
ment. In Method 1, as the tooth moves, the incisal and palatal surfaces
are ground to allow further movement. The extent of the incisal movement
is controlled by the relation of the temporary post to the incisal
edges of the adjacent teeth. The desired position of the root will be gen-
erally attained in 4 weeks. It is advisable to maintain the tooth in passive
retention for a period of 6 weeks, thus permitting some stabilization of
the periodontal fibers and supporting bone to occur.

The attached gingiva and alveolar bone may be drawn down with
the root. Minor periodontal surgery may prove necessary to achieve
normal gingival contour.

™. The temporary post and coronal tooth segment are then removed
(Method 1), or in Method 2 the post alone is taken out. Preparation for
a post-retained crown is now possible, with the margins in a freely acces-
gible position and in correct relationship to the gingival crevice. The
crown preparation should have a well-defined cervical bevel to allow
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Fig. 2. Case 1. A radiograph of the maxillary right central incisor of & 22-year-old man
showing a transverse root fracture 3 to 4 mm. below the alveolar crest level connecting with the
gingival crevice at the distal aspect.

Fig. 3. Case 1. Radiograph showing the completed root filling following a vital pulpectomy
{Method 1A).

marginal splinting and thus reduce the possibility of future vertical root
fracture.

F". After insertion of the crown, an orthodontic retention plate should
be constructed. This should be worn for a period of 6 months to allow for
further stabilization of the periodontal fibers.

CASE REPORTS

CASE

A 22-year-old man, who had suffered a blow to the maxillary right central ineisor from a
billiard ball, was seen 24 hours after his injury. Examination disclosed a transverse fracture
approximately 3 mm, from the alveolar crest. The fracture line conmected with the gingival
ereviee at the distal margin. There was moderate mobility of the tooth. Treatment ae deseribed
in Method 1 was earried out and is illustrated in Figs. 2 to 9. The tooth was moved incisally a
distance of 4 mm. over a period of 6 weeks and was then held in position for an additional
¢ weeks. The residual root length was 13 mm. Periodontal surgery proved to be necessary
hecause the nttached gingiva and alveolar crest accompanied the root in its incisal movement.
(An examination of Fig. 7 shows the slanting of the interdental erest of the alveolar bone.)
The tooth was restored with a post-retained, procelain-bonded-to-gold crown, which incorporated
a gold bevel at the cervieal margin to ensure marginal splinting (Figs. 8 and 9). Aa ortho-
dontic retention plate was then inserted and maintained in position for 6 months.

CASE 2

A 9-year-t;ld girl received a blow to the maxillary right central incisor while playing at
school. She was raferred for treatment 2 months after the accident, when an examination
showed that n transverse root fracture was present in a position 2 to 3 mm. below the
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Fig. &

Fig. 4

Fig. 4. Case 1. The shank of the bur, inserted through the coronal segment into the apical
fragment, is seen through the rectangular section removed from the crown. The incisal and
palatal surfaces have been ground (Method 1B).

Fig. 5. Case 1. Radiograph showing the bur shank in position.

alveolar crest level (Fig. 10). There was evidence of marginal bone resorption, and the coronal
segment was mobile. As there was obvious displacement of the two segments and bacterial
contamination via the gingival crevice, treatment as described in Method 2 wag carried out
(Figs. 11 to 15). Orthodontic treatment moved the apical segment 3 mm. incisally in a period
of 4 weeks. A simple activated spring was used to effect movement of this root (Figs. 12 and
13). The root was retained in that position for 6 weeks before erowning. The residual root
length was 13.5 mm. (Fig. 14). The post-retained crown was constructed of porcelain bonded
to gold (Fig. 15).

CASE 3

A 19-year-old male patient received a blow to the maxillary right central incisor which
already had & root filling and erown. Because of the poor nature of the crown and the
direction of the blow, an oblique fracture of the root resulted (Fig. 16). Treatment deseribed
in Method 2 was carried out (Figs. 17 to 22), Periodontal correction was necessary as the
attached gingiva and alveolar bone followed the root in its cervieal movement. The residual
root length was 14 mm. A porcelain-bonded-to-gold crown ineorporating marginal splinting
was then inserted (Fig. 21).

DISCUSSION

It has been customary in the treatment of transverse fractures in the region
of the alveolar crest to attempt retention of the coronal segment by splinting
the fractured segments, using various methods. The object of treatment is to
obtain, if possible, a calcific union between the fractured segments. Caleific
union between the fracture sites i3 a remote possibility, and generally the
coronal segment will be lost because of progressive resorption of marginal
bone and interposition of granulation tissue. Success of intracanal splinting®
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Fig. 6. Case 1. Two months after the initiation of treatment, the tooth has been moved
downward a distance of 4 mm. and is ghown in retention. Note that the attached gingiva has
been drawn down with the tooth in its incisal movement.

Fig. 7. Case 1. Radiograph showing the tooth after it had been moved 4 mm. by controlled
orthodontic treatment. Note the slanting of alveolar bone which has accompanied the tooth
in its incisal movement (Method 1C).

Fig. 8. Case 1. Radiograph showing the completed crown in position. Note the marked
vervical gold bevel of the crown incorporated to avoid future root fracture. A 1:1 crown-root
ratio has been achieved.

or endodontie implants™ 1° is dependent on the integrity of the gingival crevice
in relation to the fracture site. Where such integrity has been destroyed, or is
likely to be lost during the patient’s lifetime, the prognosis is poor. Periodontal
surgery*" 1 has been used to provide access to the apical segments of teeth with
transverse fractures in the region of the alveolar crest, but generally, as this
surgery involves the removal of alveolar bone, there may be damage to the
supporting tissues of the neighboring teeth and the esthetic resnlt may be poor.
In addition, maintenance of the gingival tissues on the palatal aspect of such
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Fig. 9. Case 1. The crown at the time of its insertion. An orthodontic retention plate is in
position.

0)

Fig. 10. Case 2. Radiograph of the maxillary right central incisor of a 9-year-old girl
showing a transverse root fracture 2 to 3 mm. below the alveolar crest level. Marginal bone
resorption is evident in relation to the fracture site.

Fig. 11. Case 2. Radiograph showing the post in position after the tooth had been root
filled with gutta-percha and sealer (Method 2B).

traumatized maxillary incisors is often difficult. Andreason® has concluded that
«When the fracture line is located close to the gingival crevice, the prognosis
is poor and extraction is usually mandatory.” Therefore, the major difficulties
in treatment of transverse root fractures near the alveolar crest are immobili-
zation, the avoidance of bacterial invasion via the gingival crevice, and, if the
coronal segment is lost, placement of a satisfactory restoration and establish-
ment of periodontal health. '
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Fig. 12. Case 2. Orthodontic bands are shown in position. The apical segment was being
moved incisally by means of s simple spring attached to the post (Method 2C).

s 31?1'9'. 18. Case 2. Radiograph showing the root after it had been moved incisally a distance
of 3 mm. :

Fig. 14. Case 2. Radiograph after removal of the post (Method 2D). The residual root
length was 13.5 mm., which permitted a 1:1 erown-root ratio. There is radiographic evidence
of bone repair in the previously resorbed cervical area. (Refer to Fig. 11.)

Of the two methods just described, the first, in which the crown of the tooth
is retained until the apical segment is in the correct position, proved to have
advantages in that the endedontic procedures could be carried out more satis-
factorily under rubber dam without hemorrhagic problems. In addition, esthetics
could be maintained during treatment. However, the orthedontic treatment is
more difficult than in Method 2, where simple and direct access to the post
can be readily achieved.
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PFig. 15, Case 2. Eighteen months after the insertion of a post-retained, procelain-fused-to-
gold erown.

Fig. 18, Case 3. The dislodged crown of the muillary right central incisor with the
obliquely fractured root fragment in position.

It is important when assessing teeth for this treatment to ensure that the
residual root length will provide a crown-root ratio of at least 1:1. In most
instances this means that the apical root segment must have a length of 12 to
15 mm.

Relapse in the form of ingression of the root has not been observed in the
cases which have been treated, the longest follow-up period having been 18
months,

In addition to the obvious functional advantages, the economies of the present
procedure would compare more than favorably with extraction of the tooth
and provision of an anterior bridge.

The application of endodontic-orthodontic treatment need not be confined
to transverse root fractures. Elevation of the root may be of use in several other
pathologic situations. Oblique erown-root fractures often occur following trau-
matic or sporting accidents, where generally the fracture line extends deeply
on the palatal aspect. It is often extremely difficult to establish a satisfactory
palatal margin during crown preparation and, unless local gingivectomy and
osteotomy are carried out, periodontal complications are a likely long-term
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Fig.1 *’ ‘ Fig. 18

i

S

Fig. 17. Case 3, Clinical appearance after insertion of the post (shank of bur) into the

apical segment of the root.
Fig. 18, Case 3. Radiograph of apical segment after it had been moved ineisally 4 mm.

Noto the Twist-Flex wire in position.

o b ¥y y

Fig. 19. Case 3. Clinical ap ce at the completion of orthodontic movement. The
attached gingiva has accompanied the apical segment in its incisal movement s shown hy the
differing gingival levels. Twist-flex wire is in a passive position.

Fig. 20. Caso 3. Periodontal tissues are shown to be healing satisfactorily after the removal
of packs following minor periodontal contouring. Note the twist-flex wire still attached to
the post. 3

Fig. 21, Case 3. Porcelain-fused-to-gold, post-retained crown at the time of its insertion.
There is a slight display of gold at the gingival margin due to the necessity for cervical

splinting.
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Fig. 22. Case 3. Eadiograph showing the crown in position at the time of insertion.

result. Even if periodontal contouring is carried out, a palatal defect may still
result because of inconsistent bone levels. Elevation of the root to allow
access to the palatal margin will overcome these problems, Case 3 has illustrated
this application of the present method. Teeth with root perforations, caries, or
resorption in a position close to the gingival crevice may also be treated to
advantage by this method. The perforated, carious, or resorbed area could be
clevated to such a. position that it could be eliminated and a new crown
constructed on a sound root with normal supporting hone.

It can be concluded that combined endodontic-orthodontic therapy in treat-
ment of root fractures offers a solution to a difficult clinical problem. Crown
construetion on accessible margins is achieved without extensive surgery and
should provide a sound basis for future periodontal health and stability of the
tooth.

SUMMARY

A new method involving the use of combined endodontic-orthodontic treat-
ment to allow treatment of transverse root fractures near the gingival crevice
has heen deseribed, and three case reports illustrating the procedures have been
presented.

The method appears to provide a solution to an otherwise difficult clinieal
problem.

The nuthor wishes to express his sincere thanks to Drs. F. R. Henning and G. J. Mount,
who have reviewed the paper, Miss Katie Gregson, Mrs. L. Zaleski, and Mr. T. Rollings for
technienl assistance, nnd to the participating clinicians—John Bloomfield, Nigel Clarke, Leater
Duthy, Inin Edwards, John Kirkwood, Grahame Moore, and Bruce Wark—who carried out the
orthodontic, periodontic, and crown therapy.
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Paper 10 - An evaluation of orthodontic root extrusion

A CLINICAL EVALUATION OF ROOT EXTRUSION

Geoffrey S Heithersay

A diagrammatic summary of the clinical results following root extrusion in
57 teeth is shown in Tables 1-8

Follow Up Time

10

Number €7
of Teeth

¥ _'ll

1 2 3 4 5 6 7 8 9 1011121314151617 181920

Years

Table 2: Distribution of extruded teeth.
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Reason for Extrusion

Fracture = 48

Subgingival Resorption = 7
Perforation = 1
Caries = 1

Table 3: The reason for extrusion.

Rapid

(2-12 Weeks) —— 92
Extrusions = 57

Slow

(16-36 Weeks) — 5

Table 4: Number of teeth extruded by rapid or slow method.
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‘Rapid Extrusion
-

10 -
o
Number
of teeth 6-

‘o3 45 6 7 8 9 1011 12
Weeks
Table 5: Shows the distribution of treatment times.

Resorption

Rapid Extrusion (52)

Apical Resorption (0)
Repaired Surface Resorption (3)

Slow Extrusion (5)

Apical Resorption (1)
Repaired Surface Resorption (1)

Table 6: Indicates resorption in slow or rapidly extruded teeth.
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Extrusion
Cause of Failure

Additional Undiagnosed Root Fracture = 1
Root Fracture of Crowned Tooth = 3
New Trauma = 1

Table 7: Causes of failure

n Fallure

Number
of Teeth

Table 8: The survival time for teeth which have failed.
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Abstract 1 - Release and diffusion through human tooth roots in vitro of
corticosteroid and tetracycline trace molecules from Ledermix paste

Release and diffusion through human tooth
roots in vitro of corticosteroid and tetracycline
trace molecules from Ledermix® paste

Abbott PV, Heithersay GS, Hume WR. Release and ditfusion ‘Paul Vincent Abholt, Geotirey Sinclair
through human tooth roots in vitre of corticosteroid and tetracy- Helthersay and Wyatl Roderlc Hume
cline trace malecules from Ledermix™® paste. Endod Dent “Trau- School of Dentistry, University of Adelaide,
matol 1988; 4: 55 62. Adelaide, Australia

Abstract — The release of corticosteroid and antibiotic \racer
molecules in Ledermix™ paste from the pulp space 1o the external
environment of human tooth roots was determined in vitro, For
demeclocycline littde of the tracer was released through the root
apex; the great majority dilfused through dentine. For triameino-
lone about one-third of the traver teft the roots via the apical
foramen; the remainder exited via the dentine. ‘The rate of release
of the tracers was highest during the first day, and declined expo-
nentially with time therealter, After 11 weeks, 98", ol triameino-
lone and 66%, of demeclocyclipe hiad-bren released. In the teeth o

examined, difTusion rate was not related o the age or sex of the Key wards: endodontics, diffuslon, therapeutics,
donor. Total release of the tracers was directly related 1o the riamcinolens, demeclocycline.

area of contact between the paste and dentine, The data obtained Dr. P V. Abboll, Uncoin Houss, 4 Ventnor Ave,
arc of immediate clinieal relevance, and also add 1o our general West Perth 6005, Auslralia

understanding of drug dynamics in tooth roots. | Accepted for publication 19 Oclober 1987.
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Abstract 2 - Barriers to diffusion of Ledermix paste in radicular dentine

Barriers to diffusion of Ledermix® paste in

radicular dentine

Abbott PV, Hume WR, Heithersay GS. Barriers to diffusion of
Ledermix® paste in radicular dentine. Endod Dent ‘Traumatol
1989; 5: 98 101,

Abstract - Freshly extracted human single-rooted teeth with a
single root canal were used 1o study the elfects of 2 irrigation
regimens and the effeet of cementum on the difTusion of corlico-
steroid and antibiotic tracer molecutes from Ledermix® paste
placed in the pulp space. An irvigation regime that combined
the use of 157, EITAC and 19, NaOCI resulted in a significant
increase in the permeation of the trace molecules through dentine
compared with teeth that were irvigated with Savion® solution.
Mechanical removal of the cementum also resulted in a signifi-
cant increase in the permeation of the trace molecules. This
study demonstrated that neither the smear layer nor the cemen-
tum were complete barriers to dillusion. The data obtained
appeared 1o he of clinical relevance and provided lurther under-
standing of the dynamies of drugs in touth roots.

‘Paul Vincent Abbott, Wyatt Roderle

Hume, Geoffrey Sinclair Heithersay

School of Dentistry, University of Adelalde,
Adelaide, Australia

"Key words: endodontics; dilfusion; therapeulics;

triamcinolone; demeclocycling; root canal medic-
aments; irrigation.

Dr. P\ Abbott, Sulte 19, Perth Surgicentre, 38
Ranetagh Crescent, South Perth, Western Australia
6151, Auslralia,

Accepted for publication November 8, 1988.
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Abstract 3 - The release and diffusion through human coronal dentine
in vitro of triamcinolone and demeclocycline from Ledemix paste

The release and diffusion through human
coronal dentine /n vitro of triamcinolone and
demeclocycline from Ledermix® paste

Abbott PV, Humie WR, Heithersay GS. ‘The relcase and dilTusion
through human coronal dentine in vifra of iriamcinolone and
demeclocycline from Ledermix® paste. Endod Dent Traumatol

1989; 5:.92-97.

Abstract - Crowns from freshly extracted htman third molar
tecth were used to quantify the release and dilTusion of corticoster-
oid and antibiotic tracer molecules from Ledermix™® paste used
as an indirect pulp-capping agent. These molccules readily dif-
fused through dentine and reached a peak rate of diflusion at 2
h. The rate then deeveased exponentially with time. The con-
centrations of the drugs in the dentine were caleulated; this
showed that a gradient existed finm the cavity floor to the pulp
space. The data obtained appeared 1o have clinical relevance
and helped explain the therapentic henefits of this medicament
when used as an indirect pulp-capping agent.

"Paul Vincent Abbott, Wyatt Roderlc

Hume, Geofirey Sinclalr Helthersay

School of Denlistry, University of Adelaide, Ade-
lalde, Australia

) Key words: pulp; diftuslon; therapeutics; triamcino-

lone; demeclocycline.

Dr. P\ Abbott, Suite 19, Perth Surglcentre, 38
Ranelagh Crescent, South Perth, Weslem Austraia
6151, Australia. p

Accepled for publication November 8, 1988.
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Abstract 4 - Evidence for direct inhibition of dentinoclasts by a corticosteroid/antibiotic endodontic paste

Evidence for direct inhibition of dentinoclasts
by a corticosteroid/antibiotic endodontic paste

Pierce A, Heithersay G, Lindskog 8. Evidence for direct inhi- Angala Plerce’, Gacfirsy Helthorsay!

bition of dentinoclasts by a mrlimslrmj:l[nnlilﬁolic endodontic sad Svon Lindshop’

paste. Endod Dent ‘Travmatol 1988 9: 44 -45. Departments of "Pathology and "Dentistry, The Unk
veisily of Adelaide, Adelaide, Ausiralia, and Deparl-

Abstract — A previous report demonstrated that intrapulpal ap- menits of '0ral Pathology and *Hislology, Karolnska

plication of an antibiotic/corticosteroid combination cffectively Insttute, Stockhokm, Sweden

eliminates experimentally induced exiernal inflaimmatory re-

sorption in monkey teeth. The aim of this sudy was to cxamine

the direct cffects of this medicament on (l!:lllillotlasls cubtured in Key words: antibioic, col cuture, corticosternid,

vitro. Tsolated dentinoclasts were cubtvred in the presence of cither dentin, resorpbon.

lhc'cpdodontic paste or antibiotics. Results showed that the Dr. A M. Piarcs, Department of Oral Pathokogy,

steroid component of the paste dircetly inhibited the spreading School of Dentisiry, Karolinska Institutol, Box 4064,

of dentinoclasts, suggesting that this medicament acts by detach- §-141 04 Huddinge, Stockholm, Sweden.

ing resorbing dentinochasts from the ront surface. Accepted for publication 9 July 1887.
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Abstract 5 - Effects of combining Ledermix and calcium hydroxide pastes on the
diffusion of corticosteroid and tetracycline through human tooth roots in vitro

Effects of combining Ledermix® and calcium
hydroxide pastes on the diffusion of
corticosteroid and tetracycline through human
tooth roots in vitro

Abbott PV, Tume WR, Heithersay GS. Effects of combining ‘Paul Vincent Abbott, Wyatl Roderic
Ledermix® and calcium hydroxide pastes on the diffusion of cor- Hume, Goofirey Sinclair Helthersay
ticosteroid and tetracyeline through human tooth roots in vitro. University of Adelaide, Schoo! ol Denlistry,
Endod Dent Traumaiol 1989; 5: 188 192, Adelaide, Auslralla

Abstract - A 30:50 mixture ol a corticostervidfantibiotic paste
and calcium hydroxide has heen used clinically as a root canal
dressing agent. This study investigated the cllect on the release
and dillusion ol the corticosteroid and antibiolic componcnts

" '™ vaete when 1 oS HS 1 o H =
ol Ledermix™ paste when it was mixed with a calcium Key words: endodontics; difusion; therapeutics

hyvebroxide-methyl ccllulose paste. ‘The release rates of the trace trlamcinolone; demeclocycling; calcium hydroxide.
molccules were Jower when the mixture was used comparcd with Dr. P\ Abbolt, Sulte 19, Perth Surgicentre, 38
release from Ledermix alone. ‘The results indicated that this com- Ranelagh c;esc'em, South Perth, WA, 6151,
bination of malerials, when used a long-term intracanal dressing, Auslratia,
was likely to be more effective than Ledermix alone, Accepled for publication January 21, 1989,
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Abstract 6 - Some effects of Ledermix paste and Pulpdent paste on mouse fibroblasts and on bacteria in vitro

Some effects of Ledermix® paste and
Pulpdent® paste on mouse fibroblasts and on
bacteria /in vitro

Taylor MA, Hume WR, Tieithersay GS. Soine cilects of Leder- “Mark Anthony Taylor', Wyatt Roderlc
mix® paste and Pulpdent” paste on mouse fibroblasts and on Hume?, Geolfroy Sinclair Hslthersay'
bacteria in vitro. Endod Dent “Pranmatol 1989; 5: 266-273. School of Dentistry, 'Universily of Adelalde,

) Adelaide and *Westmead Hospital Dental Clinical
Abstract - Dilutions of Ledermix* paste, Pulpdent® pasic and a School, Sydney, Australia
mixture of equal parts by weight of Ledermix paste and Pulp-
dent paste were added o in vitro cultures of mouse fibroblasts ov
bacteria for 24 b, and vavious cell functions were then examined:
mitosis in and survival of ibroblasts, and survival of Lactobacillus
casel o Streptococens mutans. Ledermix was found to reversibly
inhibit mitosis while present in the concentrations range 10 o
10-% mg/ml. Mixing with Pulpdent did not modify this antimitotic
elleet. Ledermix killed mouse fibroblasts at 107 mg/ml and
above, while Pulpdentkilled at Fmg/ml and above. 'The toxic
effect of Ledermix was slightly inhibited by mixing it with Pulp-
dent. Ledermis killed S, mutans at about the same concentration

at which it killed the mammalian cells, but required a one
thousand-fold greater concentration to kill L. casei. Pulpdent

killed both L. casei and S. mutans at approximately one-filth of

the concentration at which it killed the mammalian cells. Pulpdent
slightly potentiated the antibacterial effect of Ledermix. ‘The pH
of Pulpdent was reduced by approximately 0.3 units by mixing “Key words: fibroblasts; cellular effects; bacterla.
with Ledermix. Fhe present data showed that the 50:50 mix of Professor W R. Hume, Universily of Sydney,
Ledermix and Pulpdent retained the properties examined that Westmead Hospital Dental Clinical Schoal,
are thought to be of therapeutic henefit, while not increasing Westmead 2145, Australia.

the toxicity of the component parts 1o mammalian cells. Accepled for publicatlon Aprll 17, 1989,
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Abstract 7 - The!'ape_utic delivery of calcitonin to inhibit external Inflammatory root resorption.
|. Diffusion kinetics of calcitonin through the dental root

Endod Dent ‘Tiavomatod 1990, 2: 265 271 vight © Munhsgaard 1996
crtedd in Do ) f e e
Printed in Dernank - Al vights Endodontics &
Dental Traumatology
ISSN (1092502

Therapeutic delivery of calcitonin to inhibit
external inflammatory root resorption

| Diffusion kinetics of calcitonin through the dental root

Wicbkin OW, Cardaci SC, Heithersay GS, Pieree AM. Therapen- 0. W. Wiebkin', S. C. Cardaci,

tic delivery of galeitonin to inhibit external inflammatory root re. G. S. Heithersay, A. M. Pierce
sorption. L. Dil(usion kinetics of ealeitonin through the dental Department of Dentistry and "Department of
root. Endod Dent ‘Trannutol 1996; 12: 265-271. © Munksgaard, Medicine (Royal Adelaide Haspltal), The Universily

1096, ol Adelaide, Soulh Ausiralia, 5005, Australia

Absiract — Insertion of calcitonin into root canals of monkey
teeth has been shown to inhibit externial inflamiatory root re-
sorption and suppress inflanmmation. Regulation of this thera-
peutic event deperds npon the pate ol srvival (diffusion) of the
horinone at sites of resorptive activity. Iy the present study, the
diffusion charactevistics of calcitonin through the dental root in
an exiracted hunan-tooth model are deseribed, and the role of
cementum in the dilfusion process is also addressed. Root-canals
were endodontically prepared o form a reservoir Tor [ ]-calci-
tonin, and macerated 10 remove organic imaterial [rom dentinal
wbules. In teeth with intact cementum, an initial peviod of delay
(4-5h) prior 10 the detection of ealeitonin at the external tooth-
root surface was folfowed by s rapid velease of the caleitonin dwr-
ing the first 10.5h (rate peaks at Gh). Slawer, sustained releases
of calcitonin through intac cementum were measured for the
following 9 days. Removal of comentinm, 10 expose “simeanr-lree”
dentine, resulted in an eadier efllux of ealeitonin (2h) at exter-
nal tooth surtaces and increased amomnis of’ caleitonin refease
over 9 days. Biphasic delivery of ealcitonin by such internal diffu-

sion mechanisis suggests that loss of cementum will enhance "Key wouls: calcilanin; cemenlun; dentins;

therapeutic availability, while prolonged delivery Lo intact exter- ';\'"a"'"':'"'y "I’J"' ’°5°’P"°"’5 odonloclasts
vl e | . a iy e et R ngela Pierce, Depariment of Denlistry,

nal dental-root s Iju es [ollowing ¢ .|_vl) intra (..llhll p‘l.u.(.mull ) The Univrsly of Adelaide, South Ausralia 5005,

may also be useful for the therapeutic prevention of external in- Ausiralia

flammatory root resorption. Accepted February 20, 1996
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Abstract 8 - Therapeutic delivery of calcitonin to inhibit external inflammatory root resorption.
Il. Influence of calcitonin binding to root mineral

Copyright © Munhsgaard 1996

Endodontics &
Dental Traumatology
ISSN 0109-2302

Therapeutic delivery of calcitonin to inhibit
external inflammatory root resorption

Il. Influence of calcitonin binding to root mineral

Wichkin OW, Gardaci SC, Heithersiay GS, Pierce AM. ‘Therapeu- 0. W. Wisbkin?, $. C. Cardacl’,

tic delivery of caleitonin o inhibit external inflammatory root G. S. Helthersay',

resorption. 11 Influence ol ealeitonin binding o root mineral. A. M. Pigrce’

Endod Dent Frianatol 1996; 12: 272-276. © Munksgaard, 1996. Depariment of 'Dentistry, 2Depariment of Medicing

(Royal Adelaide Hosplial), The University of

Abstract = Experimentath-indueed external inflinmatory woth- Adelalde, South Australia, 5005, Australia

root resorption can be inhibited by therapeutic doses of calei-
onin. Such doses can he delivered by an intrinsically slow diflu-
sion pathway. from areservoir in endodontically<lebrided root
canals. v the dentinal mbules. While the kineties of this journey
have heen followed in an earlier report, the binding characteris- |
tics of calcitonin 1o the tooth mineral, which will be responsible,
in part, For these kineties, lave not been reporied hefore. The
current sty exsmines the hinding potential ol calcitonin to
oot mineral sl adidresses the potential role ol non-specitic
binding proteins. A mordified Seatehard plot indicated thatasim-
ple non-enctive type of ligand binding exists betwveen calcitonin
and root mineral, tepresented by asmall number ol identical
binding sites. This interaction is hoth strong and reversible. Fur-
thermore, it appes to he fime-dependent with more time being
required for the residual ligands o inferact with the diminishing
numbers of Tree ealeitonin-binding sites. While preloaded | "1 )-
calcitonin conld he incompletely (76-91%) displaced from den-
tl-root material by non-rdioactive calcitonin, its release was
slow over 23, Caleitonin was fone times as eflective as bovine-sc-

vt albimin in competing for common “caleitonin binding Key wards: cacilonin dentine; nflammatory root

sites” on macetated (l('lll:}l-l'mrl nml(:ri;ll._'l‘h.us, even in the pres- resorplion; mineral; odontoclasts

ence of extrancons protein, ealcitonin will bind tightly but re- Angela Plsrcs, Depariment of Dentlstry
versibly to tooth-root material, making it i good candidate for The University of Adelalds, South Australia,
therapeutically proteacted delivery 1o external 100t surfaces 5005, Ausiralla

from root canals. Accepled February 29, 1996
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Abstract 9 - An SEM study of the effects of different irrigation sequences and ultrasonics

International Endodontic Journal (1991) 24, 308-316

An SEM study of the cftects of different irrigation sequences
and ultrasonics

P. V. ABBOT'T, P.S. HEIJKOOP*, 8. C. CARDACI*, W.R. ITUMET &

G.S. HEITHERSAY * Division of Restorative Dentistry, University of Western Ausiralia,
Perth, WA 6000, *Department of Dentisiry, The University of Adelaide, Adelaide, SA 5001,
and tDepartment of Restorative Dentistry, Universily of Sydney, Sydney,

NSW 2010, Australia

Summary. The root canals of 30 extracted human
teeth with single canals were prepared  bio-
mechanically with hand instruments using a flar-
ing technique. Three different irrigation regimes
were used, with and without ultrasonic activation
of a root canal file. The six irrigation sequences
used in this study were as follows: Savion,
Savion with ultrasound, EDTAC/NaOCI/
EDTAC, EDTAC/NaOCHEDTAC with ultra-
sound, NaOCHEDTAC/NaOCl, and NaQCl/
EDTAC/NaOCI with ultrasound. Scanning clec-
tron microscopic (SEM) examination of the pre-
pared root canal walls showed a complete smear
layer when Savlon was used. Ultrasound reduced
the amount of smear with Savlon, but did not do so
significantly with the other irrigation regimes. The
most effective irrigation regime for removing smear
layer and other debris was EITAC/NaOCH
EDTAC. In all groups there was a significant
decrease in cleaning cfficiency as the apical end of
the canal was approached.
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Abstract 10 - Tissue responses to Hydron, assessed by intramuscular implantation

Internatimial Endodontie fournal (199, 25,199 204

Tissue responses to 1lydron, assessed by intramuscular
implantation

R. J. REID, D. F. WILSON, K. K. CHAU. G. S. HEITHERSAY & P. S. HEIJKOOP
Department of Dentistry. The University of Adelaide, Adelaide, South Australia

Summary

Freshly mixed polymerized Iydron root canal filling
material, fully set A126 and Tellon were implanted in
the quadriceps muscle of guinea pigs and assessed his-
tologically at 2 days, 1, 2. 3. 12 and 26 weeks aller
implantation. All materials were characterized by peri-
implant fibrous connective tissue capsule formation.
Von Kossa-positive calcific material was observed at the
implant-tissue interface of Hydron implants. The
amount of apparently calcilied material increased with
time. Inflammation was not o prominent (issue response
for any of the test materials, nor was a foreign body giant
cell response.

Keywords: biocompatibility testing, endodontics, 1 ydron,
Poly-HEMA, root-filling materials.
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Abstract 11 - Tissue responses to Hydron, assessed by intraosseous implantation

“International Esdodonti )o 192125, 192 -198

‘Tissue responses to Hydron, assessed by intraosseous
implantation

R. . REID. D. F. WILSON. K. K. CHAU, G. S. HEITHERSAY & P. S. HEIJKOOP
Department of Dentistry. The University of Adelaide, Adelaide, South Australia 5000

Summary

Tellon tubes containing freshly mixed, polymerized
Mydron root canal filling material, fully set A126 or
Tellon were implanted into the mandible of guinca pigs
and assessed histologically af 2 days, 1, 2, 4, 12 and 26
weeks. None of the materials tested elicited signs of overt
or significant tissue damage, and polymerized Hydron
was assessed (o be as hiocompatible as fully set A1126
and Teflon. Bone formed in very close appaosition to the
polymerized Hydron, whereas a soft tissue capsule separ-
ated the regencrated bone from implants of AH26 and
Teflon.

Keipwords: biocompatibility testing, endodontics, Hydron,
Poly-HEMA, root-lilling materials,
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Abstract 12 - Cell responses to Hydron by a new in-vitro method

International Endodontic Journal (1992) 25, 205-212

Cell responses to Hydron by a new in-vitro method

J. R. MCNAMARA., G. S. HEI'THERSAY& O. W. W IEBKIN*
Department of Dentistry and *Department of Medicine, The Undversity of Adeluide, Adelaide, South Australia

Summary

An in-vitro biotoxicity test system, suitable for the assess-
ment of endodontic lilling materials, has been developed
and used to test cell responses to Hydron, AlI26 and
Tubliscal. A robust, well-characterized and stable cell
line (L-cells) which was grown as uniform cultures on
Millipore filters, has been used as indicator cells. As
they approached confluence they were exposed to test
substances for 24 h and biosynthetic activities were
measured. The test sysiem is a modification of that
described by Wennberg ef al. (1979). By inverting the
cultures on organ-culture rafts, cells were separated
from the test material, which was placed on top of the
Millipore filters. Freshly mixed polymerizing Hydron and
prepolymerized Hydron were tested. The cell responses
were compared with those of cultures exposed to freshly
mixed Al126 and ‘Tubliscal. Polymerizing and prepolym-
erized Hydron depressed both cell divislon, assessed by
-thymidine incorporation, and the synthesis and
secretion of matrix material as measured by precipitable
¥5G.sulphate. Prepolymerized Hydron decreased cell
functions by 59% and 56%; of live cell controls, respect-
ively, while the freshly mixed polymerizing ydron
inhibited blosynthesis by 89% and 94%, respectively.
The data for polymerizing Hydron were compared with
results for other root-filling materials and showed similar
values to those for Tubliseal (92%, and 95%), but greater
inhibitlon of blosynthesis than for AH26 (53%, and
50%). The A1126 values were similar fo those obtained
from cultures exposed 1o the prepolymerized Hydron.
Recovery of biosynthelic capacity by these cultures after
removal of all endodontic malerial was also assessed.
Partial biosynthetic recovery of cell cullures was
observed 24 h afier removal of prepolymerized Hydron.
The unpolymerized Hydron continued to yield a soluble
component which substantially depressed biosynthetic
activity of the experimental cultures up to 14 days. In
gencral, the results indicated that Hydron, partlcularly
in its freshly mixed state, when not in actual cell contact,

‘depressed cell division and extracellular-matrix synthe-

sis. Data derived from similar in-vitro testing with Al126
and 'Tubliscal revealed that they both inhibited cell div-
ision and matrix synthesis. Tubliseal inhibited these cell
responscs (o the same extent as pulymerizing Hydron.
Polymerizing Hydron was significantly more toxic than
Al126, while there were no significant differences In the
levels of toxicity of polymerized Hydron and AH26.

Keywords: extracellular matrix metabolism, Hydron,
in-vitro biotoxicity, Poly-HEMA, root-filling materials.
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Abstract 13 - A five-year study of Hydron root canal fillings

“International Endodontie Jornal (1992) 25, 213 220

‘A five-year study of Hydron root canal fillings

R.J. REID, P, V. ABBOTT, ). R. MCNAMARA & G. S. HEITHERSAY
The University of Adelaide. School of Dentistry, Adelaide, South Australia

Summary

A prospective clinical and radiographic study was
conducted in order ta compare HNydron and laterally
condenscd gutta-percha/All-26 root canal fillings. Paral-
leling technique periapical radiographs were titken pre-
operatively, postoperatively and at recall appointments
at post-treatment intervals of 6 months, 1 year, 2 years,
3 years and § years. Clinical examination at the recall
appointments revealed no adverse signs or symptoms
amongst all the patients who atiended (mean attendance
44.5% at cach interval). Radiographs were scored
according to the periapical status of the treated root, and
comparable bone healing rates were observed between
the two root-filling materials. Among the patients
attending recall appointments, there were no radio-
graphic signs of failure of any of the 39 gutta-percha/
AH-26 root canal fillings. 1lowever, three of the 35
canals filled with Hydron were classified as failures, and
four required further assessment afier the S-year recall
appointment. This study indicded that 1l ydron and gutta-
percha/AH-26 root canal fillings were well accepted but,
on the basis of radiographic assessment, success with
gutta-percha/Al1-26 was more predictable.

Keywords: AH-26, endodontics, Hydron, Poly-1IEMA,
root-filling materials.
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Abstract 14 - Tooth discoloration by blood: an in vitro histochemical study

FErmhnd Pent Deanmatol 1997; 13 20 138 Copyright © Munksgaurd 1997
Printeed in Dewomnk A vights reserved Endodontics &

Dental Traumatology
ISSN 0109-2502
Tooth discoloration by blood:
n vitro histochemical study

Marin P, Bartold PM, Hecithersay GS. Tooth discoloration by P. D. Marin', P. M. Bartold?,
blood: an in wvitro histochemical study. Endod Dent Traumatol G. S. Helthersay'
1997; 13: 132--138. © Munksgaard, 1997. 'Faculty of Dentistry, The University of Adelalde,

. Adslalds, 2Depariment of Periodontology,
Abstract - An in vitro inodel, using a modification of a technique - University of Queensland, Brisbane, Australla
devised by Freccia & Peters, was developed to investigale tooth
staining following pulpal hacmorrhage. Samples of whole blood,
erythrocytes, plasma and platelet concentrate and saline were in-
dividually placed in the pulp chambers of groups of five teeth and
centrifuged (wice daily for 25 min over a period of 3 consecutive
days. This confirmed that the blood pigment responsible for the
staining was found only in those samples containing erythrocytes.
Teeth staincd with packed red cells were then prepared for histo-
logical examination and subjected to four histochemical tests: (1)
benzidine, {2) zinc lcuco, (3) Perl’s and (4) Turnbull Blue to analyse
some of the biochemical changes following hacmorrhage into the
pulp chamber. These tests shiowed that, following haemolysis of Key words: blood plpments; catabolism of
crythrocytes within dentine, hacmoglobin was found either intact haemoglobin; histochiemical tests
or as one of the haematin molecules with no further breakdown of P. D. Marin, 80 North Terrace, Kent Town SA 5067,
the hacm structure and no cvidence of any [ree ferric ions or Australia
haemosiderin. . Accepted January 8, 1997
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Abstract 15 - Hydroxyl radical activity in thermo-catalytically bleached root-filled teeth

Endod Dent Trinmuared 1007, 13- 119 128
Printed in Dennark . Al vichts veserved

Copyright © Munksgaard 1997

Endodontics &

Dental Traumstology

ISSN 0109-2502

Hydroxyl radical activity in thermo-
catalytically bleached root-filled teeth

Dahistrom SW, Heithersay GS, Bridges 'TLE. Hydroxyl radical
activity in thermo-catalytically bleached root-filled tecth, Endod
Dent Traumatol 1997; 13: 119-125. © Munksgaard, 1997.

Abstract — Intra-coronal bleaching of root-filled teeth has been as-
sociated with invasive cervical root resorption. It is considered that
during bleaching hydrogen peroxide diffuses through the tooth
structure into the cervical periodontimm, resulting in periodontal
tissuc destruction and initiating a vesorptive process. Hydrogen per-
oxide is capable of gencrating hydroxyl radical, an oxygen-derived
free radical, in the presence of ferrous salts. Hydroxyl radicals are
extremely reactive and have been shown o degrade components
of connective tissue, particularly collagen and hyaluronic acid. The
aim of the present study was to determine whether hydroxyl rad-
icals are generated during the bleaching of root-filled tecth which
have been discolourcd by blood. Forty extracted human premolar
tecth were root-filled with gutta-percha and AI26 scaler cement.
Twenty of the tccth were experimentally discoloured by blood.

All tecth were thea thermo-catalytically bleached using 30% hiydro-
gen peroxide while tooth roots were scated in a test solution of so-
dium salicylate. Hydroxyl radical generation was determined by
the detection of reaction products ol this radical with salicylate
using high performance liquid chromatography with clectrochemi-
cal detection (HPL.C-ECD). The presence of hydroxyl radicals

was detected in twenty-five of the teeth. There was a significant
association between the production of hydroxyl radicals and the pres-
ence of tooth discolouration caused by blood components. Greatest
yields of hydroxyl radicals occurred in teeth in which EDTA had
been used to clean the pulp chamber prior to bleaching. It was
concluded that hydroxyl radicals are generated during the thermo-
catalytic bleaching of root-filled teeth. Generation of this toxic
chemical species may be one mechanism underlying periodontal
tissue destruction and root resorption alter intra-coronal bleaching.

S. W. Dahistrom, G. S. Helthersay,
T. E. Bridges

Endodontic Research Group, Department of
Dentistry, The University of Adelaide,
South Australia

Key words: cervical root resorptlon; [ree radical
production; hydrogen peroxide; intra-coronal
bleaching; tooth discolouration

T. E. Bridges, Depariment of Dentistry,
The University of Adelalde, Adslalde,
South Australia 5005, Australia

Fax: +61 (08)B303 3444
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Abstract 16 - A quantitative comparison of traditional and non-peroxide bleaching agents

Enclod Dent Trenmnertod 1908 14: 61 A7 Copyright © Munksgaard 1998
Printed in Demnark . Al rights veserved
Endodontics &
Dental Traumatology
ISSN 0109-2502

A quantitative comparison of traditional and
non-peroxide bleaching agents

Marin PD, Teithersay GS, Bridges TE. A quantitalive comparison P. D. Marin, G. S. Heithersay,

of traditional and non-peroxide bleaching agents. Endod Dent T. E. Bridges

'l'r:\um:upl\lﬂfm: 14: 61 67. © Munksgaard, 1998. _ Endodontic Research Group, Department of
Denlistry, The Univarsity of Adelalde, South

Abstract — Single-ronted premoline teeth, stained with blood util- Australia

izing the teehnique devised by Freeeia & Peters (1981), were sub-

jeeted to eaditional and non-peroxide bleaching agents. Colour

changes were recorded over a period of 7 days using a Speedmaster

R75-CP Rellection Densitometer, ‘The most ellicient removal of

staining occurred afier the application of 30% hydrogen peroxide,

with sodium perborate heing 75% as cllective. All bleaching agents

realized their optimum ¢llicaey within the first 3 days. A combi-

nation of three enzyines Grinylase, lipase and wypsin with disodium

edetate was not as eflective as the routine bleaching agents; however, Key words: bleaching agenls; hydrogen paroxide;

the combination did Tiave a madifying cflect on the blood stains. 1t sodium perborate

is suggested that other non-peroxitle agents should be investigated P. D. Marln, 80 North Tarrace, Kent Town SA 5067,

to determine their ellicacy i reoving staining from experimen- Australia

tally induced blond-stained 1eeth., Accapted Seplember 24, 1997
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Abstract 17 - Dental and Industrial Materials as Temporary Endodontic access Seals

] Dent Res April 1990 Vol 69 No. 4 , Australian and New Zealand Division

17 HEUKOOP PS.° HETTHERSAY G.S, MAKINSON O.F. Dental and
Industrial Materials as Temporary Endodontic Access Seals. Univ of Adelaide,
Adelaide, South Australia. . .
‘IMe ability of several dental and industrial materials to seal endodontic access cavities
prepared in vitro was assessed. The dimensional stability and wear resistance of those
materials found to seal adequately was also assessed. Materials tested were Cavit, Genesls,
Impregum F, IRM encapsulated, Ketac-Bond encapsulated, Permadyne, Ramitec, TERM, '
5 minute Araldite with AJ,0, 400 grit in a ratio of 1:2, E-POX-E putty, and 10 minute E-
POX-E putty. Premolars were endodontically prepared 1o size 30 with a regime of EDTA
and NaO(1 and dried prior to sealing. Cavities were also prepared in amalgam blocks and
sealed. Sealed specimens were thermocycled 100 times between baths of 1% methylene bife
at 4°C and 60°C. Materials sealing satisfactorily at this stage were also tested similarly in
composite resin blocks, Dimensional stability in water at 37°C at 24 Hours and 2 Weeks
was assessed by measuring linear expansion. Wear was assessed on a brushing machine using
Zircale paste s an abrasive. :
Of the traditional restorative materials only Cavit was found to seal satisfactorily in all
substrates as did the polyether based and epoxy based materials, TERM demonstrated the
least linear expansion and Cavit the greatest with the majority of the Cavit expansion taking
place in the first 24 hours. Permadyne showed the greatest wear resistance and Cavit the
least. Subject to_fursher usage '
putties. may, be_suit

‘This stidy was supported by an A.S.E. research grant.
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