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Abstract

Takushige T, Cruz EV, Asgor Moral A, Hoshino E.
Endodontic treatment of primary teeth using a combination of anti-
bacterial drugs. /International Endodontic Journal, 37, 132-138, 2004.

Aim To evaluate the clinical outcome of ‘Lesion Sterili-
zation and Tissue Repair’ (LSTR) therapy for endodontic
treatment of primary teeth.

Methodology A mixture of metronidazole, ciproflox-
acin, and minocycline (3Mix) in ointment (macrogol
mixed with propylene glycol: MP) orinaroot canal sealer
was used to disinfect infected root canals of 56 patients
aged 4-18 years. Out of a total of 87 primary teeth, 81
cases had physiologic root resorption. A total of 54 radi-
olucent periradicular lesions were present. The root
canals were not prepared before or after disinfection.
3Mix medicament (3Mix-MP/3Mix-sealer) was placed
at orifices of root canals or on the bottom of pulp cham-
bers, and then sealed with glass-ionomer cement and
further reinforced by a composite resin inlay prepared
using a direct method and cemented with resin.

Results Inallcases, clinical symptoms such as gingival
swelling (52 cases), sinus tracts (22 cases), induced dull
pain (3 cases), spontaneous dull pain (26 cases), and pain
onbiting (46 cases)disappeared after treatment, although
in four cases clinical signs and symptoms were finally
resolved only after retreatment using the same proce-
dures. Thus, gingival abscesses and fistulae, if present,
disappeared after a few days. Successor permanent teeth
erupted without any disorders, or were found radiogra-
phically to be normal and in the process of eruption. All
the cases were evaluated as successful. The mean func-
tion time of the primary teeth was 680 days (range: 68—
2390 days), except for one case in which the successor
permanent tooth was congenitally missing.
Conclusion Primary teeth with periradicular lesions
with or without physiologic root resorption were treated
successfully by the LSTR endodontic therapy.

Keywords: endodontic treatment, LSTR therapy,
3Mix-MP, NIET, primary teeth.
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Introduction

Teeth with infected root canals, particularly those in
which the infection has reached the periradicular
tissues, are acommon problem in the primary dentition.
Early loss of primary teeth can cause a number of
problems, including space loss for successor permanent
teeth (Camp1994). Thus, it is important that the primary
dentition is maintained in the dental arch, provided
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that it can be restored to function and remain free
from disease (Camp 1994). An intact tooth successfully
disinfected and with a restored clinical crown is a
superior space maintainer than an appliance (Belanger
1988).

In recent years, the Cariology Research Unit of the
Niigata University School of Dentistry has developed
the concept of ‘Lesion Sterilization and Tissue Repair
(LSTR)’" therapy (Hoshino 1990, Iwaku et al. 1996,
Hoshino & Takushige 1998) that employs the use of a
mixture of antibacterial drugs for disinfection of oral
infectious lesions, including dentinal, pulpal, and peria-
pical lesions. Repair of damaged tissues can be expected
if lesions are disinfected.

Bacterial constituents of carious dentine (Hoshino
1985), pulps (Hoshino et al. 1992), infected root dentine,
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and necrotic pulps (Ando & Hoshino 1990, Sato et al.
1993b), periapical lesions and infected cementum
(Kiryu et al. 1994) have been analyzed under strict anae-
robic conditions to understand the target bacteria in
LSTR endodontic treatment. In addition, bacteria in den-
tal plaque (Hoshino et al. 1989b), tongue plaque (Hori
et al. 1999), denture plaque (Hoshino & Sato 1988), saliva
(Sato et al. 1993 a), periodontal pockets (Uematsu & Hos-
hino 1992), and osteomyelitis (Hoshino et al. 1984) have
also been analyzed with the strict anaerobic procedures
because they were possible sources of bacteria in endo-
dontic lesions. According to these and other results such
as those of bacterial isolation and identification from
caries (Edwardsson 1974) and endodontic lesions (Witt-
gow & Sabiston 1975, Sundqvist 1976, Zavistoski et al.
1980, Yoshida et al. 1987), antibacterial drugs were
selected. Metronidazole was the first choice because it
has a wide bactericidal spectrum against anaerobes
(Ingham et al. 1975), which were common in oral sites.
However, some bacteria in lesions were resistant to
metronidazole and, thus, two other antibacterial drugs,
e.g. ciprofloxacin and minocycline, should be mixed with
metronidazole (3Mix; Sato et al. 1993¢) in an effort to
eliminate all the bacteria. Finally, extensive in vitro and
in situ studies have been conducted showing the mixed
drugs (3Mix) to be effective against oral bacteria (Hos-
hino et al. 1988;1989a; 1991; 1996, Kiryu et al. 1994, Sato
et al. 1996, Hori et al. 1997, Takushige & Hoshino 1998),
including those in endodontic lesions of primary teeth
(Sato et al. 1992, 1993¢). Thus, the drug mixture could
eliminate all the possible bacteria from lesions, indicat-
ing that LSTR therapy may be useful in endodontic treat-
ment of infected primary teeth.

The aim of the present study was to clinically evaluate
LSTR therapy in endodontic treatment of infected pri-
mary teeth, including those with physiologic root
resorption.

Materials and methods

Patients and teeth involved in this study

Eighty-seven infected primary teeth in 56 patients,
4-18 years old, were included (Tables1 and 2). The
patients received dental treatment between 1989 and
1997 at the Takushige Dental Clinic (Sendai, Japan).
Prior to inclusion, they were informed of the aim and
expected clinical results, as well as the advantages
and the disadvantages of the treatment. The patients
provided written consent and were then treated by
one of four dentists.
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Table 1 Patient’s age at treatment

Age (years) No. of cases
4 1
5 6
6 8
7 9
8 21
9 19

10 14

1 7

12 1

18 1

Total number 87

Table 2 Number and position of teeth treated by LSTR 3Mix
endodontic therapy

Maxillary teeth Mandibular teeth

Teeth” No. of cases Teeth” No. of cases
55 M 85 1
54 12 84 16
63 1 83 1
64 1 74 1
65 6 75 7
Total 4 46

*Expressed by FDI two-digit system.

Clinical and radiographic observation before LSTR
endodontic treatment

Ofthe 87 cases, 81 exhibited varying degrees of physiolo-
gic root resorption according to the age of the patients
(Table 3). Varying degrees of gingival swelling were
observed in 52 cases and fistulae in 22 cases (Table 4).
Patientsfelt dull painin 29 cases, including 26 cases with
spontaneous dull pain, and pain on biting in 46 cases

Table 3 Cases with physiologic root resorption and the clinical
results after LSTR 3Mix endodontic treatment

Number of cases

Degree of physiologic root resorption* Treated Successful
Over 3/4 6 6
1/2t0 3/4 7 7
1/4t01/2 25 25
Less than 1/4 43 43
No resorption 6 6
Total 87 87

‘Over 3/4” means more than three-fourths of the root canal was disap-
peared.

*Physiologic root resorption at the time of first treatment expressed by
the position of root canal opening to the periradicular area because of
the resorption.
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Table 4 Cases with gingival swelling/fistula, and the clinical
results after LSTR 3Mix endodontic treatment

No. of cases
Swelling (diameter) /fistula Treated Successful
+ (1-5 mm) 30 30
++ (6-10 mm) 16 16
+++ (11-15 mm) 6 6
Fistula 22 22
No swelling 13 13
Total 87 87

Table 5 Cases with clinical pain and the clinical results after
LSTR 3Mix endodontic treatment

No. of cases
Types of pain Treated Successful
Induced dull pain 3 3
Spontaneous dull pain 26 26
Pain on biting 46 46
No pain experienced 1 4
Total 87 87

Table 6 Cases with alveolar bone resorption™ and the clinical
results after LSTR 3Mix endodontic treatment

No. of cases
Degrees of alveolar bone resorption Treated Successful
Complete 47 47
Partial (about 1/2) 7 7
None observed 33 33
Total 87 87

*Resorption observed between the affected primary teeth and succes-
sor permanent teeth.

(Table 5). Radiographic examination revealed radiolu-
cent areas between the root(s) of infected primary tooth
and the successor tooth in 54 cases, with 47 cases
demonstrating complete loss of the alveolar bone
(Table 6). Thus, most of the primary teeth involved in this
study were those with radiolucent periradicular lesions
with physiologic root resorption.

Preparation of 3Mix-MP/3Mix-sealer

Commercially prepared chemotherapeutic agents,
namely, ciprofloxacin (Ciproxan®, Bayer-Japan, Osaka,
Japan), metronidazole (Trichocide™, Green Cross, Osaka,
Japan), and minocycline (Minomycine®™, Ledeale-Japan,
Tokyo, Japan) were used. The clinical procedures have
been described elsewhere (Hoshino 1990, Hori et al.
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1997, Hoshino & Takushige 1998). In short: after removal
of the enteric coating and the capsules that enclose the
drug products, each of the drugs was pulverized using
porcelain mortars and pestles, and then stored in tightly
capped porcelain containers to prevent exposure to light
and moisture. Each drug in the porcelain container
was separately kept in a refrigerator at a temperature of
approximately 16 °C. Care was taken not to open the con-
tainers before they had reached room temperature. The
powdered antibacterial drugs were mixed in a ratio
(potency) of 1:3:3 (3Mix). The 3Mix was prepared in
one of the two ways: the first preparation was used with
a mixture of macrogol (M; Solbase®™, Meiji, Tokyo, Japan)
and propylene glycol (P) to prepare an ointment material
(MP). The drug mixture and the ointment were then
thoroughly mixed to form 3Mix-MP. The second prepara-
tion was the mixture of canal sealer (Finapec, Kyocera,
Kyoto, Japan) and the antibacterial medication (3Mix-
sealer). 3Mix-sealer was used in the early stage of this
study before it was known about the efficient penetration
of propylene glycol into dentine as a vehicle carrying
the drugs (Cruz et al. 2002).

Clinical procedure of LSTR in the endodontic
treatment of primary teeth with 3Mix-MP or
3Mix-sealer

Acute and chronic clinical symptoms such as the pre-
sence of abscess formation, fistulae (sinus tracts), gingi-
val swelling, purulent exudate, and pain were
recorded. Preoperative radiographs were taken prior to
treatment.

Access opening was performed and the necrotic pulp
and previous restoration, if any, were removed with a
bur. The walls of the access cavity were chemically
cleaned with 35% phosphoric acid solution. Before
applying 3Mix-MP or 3Mix-sealer, the orifice of the root
canal was enlarged to create a medication cavity (dia-
meter 1 mm and depth 2 mm) (Figs 1 and 2-c) as arecep-
tacle for the medication. Haemorrhage, if present, was
controlled by applying cotton pellets immersed in 10%
NaOCl. The medication cavity was then half-filled with
3Mix-MP or 3Mix-sealer. If receptacles of a suitable size
could not be prepared, the pulpal floor was covered with
the equivalent amount of 3Mix-MP or 3Mix-sealer.
3Mix drugs in both preparations were then sealed with
glass-ionomer cement and further reinforced by a direct
bonded resin inlay. In most cases (80%), the treatment
was completed in one visit. Another visit was required
when the cavities were restored by metal inlays luted
with resin cement.

© 2004 Blackwell Publishing Ltd



Takushige et al.  LSTR 3Mix-MP NIET

(b)

Figure 1 The schema of LSTR 3Mix-MP NIET for infected
deciduous teeth. (a) Deciduous teeth with physiologic

root resorption: (1) Resin inlay made by direct method and
fixed by resin cement; (2) Glass-ionomer cement filling; (3)
3Mix-MP in the prepared medication cavity. (b) The
succedaneous permanent teeth.

Clinical evaluation of LSTR endodontic treatment

Resolution or improvement of clinical symptoms was
checked after treatment.Within a month (mainly within
10 days) after the treatment, the first clinical evaluation
was carried out as a short-term evaluation. Long-term
evaluation was completed when the patients visited the
clinic for other treatment or at the time of recalls (mean
observation period 680 days; maximum, 2390 days).
Teeth, if treated successfully, were firmly attached in
the jaw, in function and without pain or infection,
replaced by the successor permanent teeth or in the nor-
mal process of replacement as evidenced by the radio-
graph. Furthermore, radiolucent lesions had to be
reduced in size or resolved. After clinical successes were
evaluated as described above, normal replacement by
successor permanent teeth was finally confirmed.
Normal exfoliation of the treated primary teeth was
checked by asking patients and their parents at the time
of recalls.

Results

Clinical observation after LSTR endodontic
treatment

In 83 out of 87 cases, the clinical symptoms improved
following a single application of the 3Mix drug. Thus,
gingival swelling and fistulae disappeared (Table 4)
within a few days of the drug application. Pain disap-
peared (Table 5), and all the teeth functioned normally
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after treatment. In the remaining four cases, retreat-
ment with 3Mix-MP method was performed because
gingival swelling was observed before the successor per-
manent teeth erupted. In two cases, the pulpal floor
was partly resorbed by physiologically several months
after the first treatment, and the pulpal cavities were
connected to the oral cavities. In the retreatment, the
pulpal floor was closed with resin before 3Mix-MP
was placed. The other two patients were younger and
treated in the early stage of the study, and patient
management was a problem; the patients could not
keep their mouth open for a sufficient time, resulting
in probable insufficient sealing of the cavities. After
retreatment in the four cases, the clinical symptoms
improved. Thus, the four teeth were also categorized as
successful. Finally, normal exfoliation of the treated pri-
mary teeth and replacement by the successor perma-
nent teeth was confirmed (mean: 680 days after
treatment; range: 68—2390 days), except for one case
with a congenitally missing tooth.

It should be also noted that 70 out of 87 cases (80%)
were completed and successful in a single treatment.
In some cases, changes of clinical symptoms were
observed several times before completing final restora-
tions, even though there were no clinical complaints,
especially inthe early stage of this study when 3Mix-sea-
ler method was adapted. Thus, numbers of visits did
not relate to the severity of the clinical signs or symp-
toms, e.g. fistula formation or large radiolucent periradi-
cular lesions, and even of physiologic root absorption.
In several cases, the pulpal chambers had been exposed
to the peripheral tissue because of physiologic resorp-
tion, but after the LSTR treatment the teeth remained
in normal function.

Discussion

The results demonstrate that primary teeth with perira-
dicular lesions, including those at the stage of physiolo-
gic root resorption, were conserved by the LSTR
endodontic therapy.

Extraction and placement of a space maintainer is
often suggested in the case of infected root canals of
primary teeth (Koch et al. 1991). Furthermore, endo-
dontic treatment at the stage of physiologic root resorp-
tion is contraindicated by some authorities (Belanger
1988, Koch et al. 1991, Camp 1994, McDonald & Avery
1994).

It was clearly demonstrated in this study that the
use of the 3Mix drug in primary teeth with periradi-
cular involvement gave excellent clinical results, even

International Endodontic Journal, 37, 132-138, 2004
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in a single visit. Root canals, especially those of pri-
mary teeth at the stage of physiologic root resorption,

cannot always be prepared and obturated. As men-
tioned above, the present therapy apparently depends
on the elimination of bacteria from the root canal sys-
tem but not on mechanical procedures. Therefore the
clinical procedure is simple and does not require long
chair-time or multiple visits. This treatment has been

International Endodontic Journal, 37, 132138, 2004

Figure 2 Clinical cases of LSTR
3Mix-MP NIET. (A) A clinical case.
(a,b) Before treatment. Note that
gingival swelling and sinus tract are
obvious in (a). The radiograph

(b) reveals that the mandibular left
deciduous first molar is in the

stage of physiologic root resorption.
(c) Medication cavities prepared at
orifice of the root canals. (d) Aweek
after the treatment. Note that gingival
swelling and sinus tract had been
disappeared. (d,f) After 351 days, the
deciduous tooth is going to be
replaced by the succedaneous
permanent tooth normally.

(B) Another clinical case. (a,b)

Before the treatment. Note that
gingival abscess is obvious in (a). The
radiograph (b) reveals that the
mandibular left deciduous second
molar, in the stage of physiologic root
resorption, needs endodontic
treatment. (c) Gingival abscess had
disappeared by 11th day after
treatment. (d) After 225 days, the
succedaneous permanent tooth was
in the normal process of eruption.

designated as non-instrumentation endodontic treat-
ment (NIET).

Excellent clinical results of LSTR-NIET in the treat-
ment of infected primary teeth may be ascribed by the
bactericidal efficacy of the mixture of drugs (3Mix). Pre-
vious studies have clearly demonstrated that 3Mix is
capable of eliminating bacteria from infected dental tis-
sues in both permanent and primary teeth (Hoshino
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et al. 1988,19894a, 1991, 1996, Sato et al. 1992,1993¢, 1996,
Kiryu et al. 1994, Hori et al. 1997, Takushige & Hoshino
1998). It was also demonstrated in situthat the drug mix-
ture could be carried quickly and efficiently by propylene
glycol (P of 3Mix-MP; Cruz et al. 2002) and thus pene-
trated into the endodontic lesions of primary teeth and
killed all the cultivable bacteria within 1 day, indicating
that lesions can be ‘sterilized’ by topical application of
the 3Mix drug (Sato et al. 1992, 1993c¢), as well as perma-
nent teeth (Sato et al. 1996). 3Mix-MP should be used
rather than 3Mix-sealer.

Caution should be taken in general when dentists give
local or systemic drugs. Although the volumes of the
drugs applied in LSTR therapy is small and there were
noreports of side-effects, care should be taken if children
are sensitive to chemicals or antibiotics.

Conclusion

Within the limitations of this study, LSTR therapy using
3Mix-MP, i.e. a mixture of metronidazole, ciprofloxacin,
and minocycline (3Mix), and macrogol and propylene
glycol (MP), provided an excellent outcome in treatment
of infected root canals of primary teeth with periradicu-
lar lesions and those with physiologic root resorption.
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