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Case Report

Laser irradiation inhibition of

open gingival embrasure space

after orthodontic treatment

The purpose of this study was to investi-
gate the inhibitory effect of low-energy
laser irradiation on an incidence of open
gingival embrasure space after orthodonfic
freatment. The patient was a 20-year,
7-month-old Jopanese female with an Angle
Class | malocclusion and crowding in the
mandible. Treatment consisted of exiraction
of maxillary and mandibular first premolars
and use of the Edgewise fechnique.

A Ga-AlAs diode laser was used to irradi-
ate an area of 0.5 cm? at the labial and
lingual gingival papilla between the canines.
The time of exposure was & minufes for

3 days, carried out between the relevelling
and en masse stages of movement. The
fofal energy corresponding to ¢ minutes of
exposure varied from 1.90 J/cm?.

There was no further evidence of open
gingival embrasure space, except af the
mandibular central incisor. Further: an
improvement in the gingival inflammation
caused by a periodontal disease was
observed, and periodontal pocket depth
was maintained. These results suggest that
low-energy laser irradiation may inhibit the
incidence of open gingival embrasure
space after orthodontic treatment.
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Introduction
The establishment of stability and a good functional

relationship of the dentition are high priorities in
the finishing stages of orthodontic treatment. Of
equal importance are aesthetic demands. One such
aesthetic concern is the open gingival embrasure
space (black triangle) that develops when the max-
illary central and the mandibular central and lateral
incisors that were previously crowded are ortho-
dontically aligned. The space looks dark and is

usually considered unacceptable.

Burke ez al. reported that 54 of 129 cases (41.9%)
had a black triangular gingival space between the
two maxillary central incisors after orthodontic
treatment.! The cause of the incidence is stretching
of the interdental gingival fibres: as the incisor
root rotates, separates, and moves distally into
alignment, the gingival fibres become tense and
stretch as they remain at their physiological level
of attachment to the teeth and the alveolar crest.
Asa result, the papilla is shortened, and the triangular
space opens and an incisal portion of the embrasure
is unoccupied and looks dark (Figure 1b).

Among the many physiological effects of low-energy
laser irradiation, anti-inflammatory effects have
been reported. Honmura ez al. reported the ther-
apeutic effect of Ga-Al-As laser irradiation on
experimental carrageenan-induced inflammation.23
Histological evaluations of the effect of laser irra-
diation on rheumatoid arthritis, a disease associated
with bone resorption, have been made.4 Kana ez
al. in an in vivo experiment reported the enhance-
ment of wound healing by laser irradiation.> A
low-energy laser has been used in the medical treat-
ment of oral soft tissue and positive results in the
healing of such diseases as recurrent aphthous
stomatitis, acute herpetic stomatitis and erythema
multdiforme” have been reported. Further, Kert

Australian Orthodontic Journal Volume 18 No.1 March 2002

53



54

MEGURO ET AL.

Figures 2a to d. Extra-oral photographs Figure 2b.
(pretreatment).
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Figure Ta. Pretreatment.

and Rose reported that low-energy laser irradia-
tion could rapidly improve the healing of gingival
inflammation caused by periodontal discases.8

As little is known about the anti-inflammatory
effect of low-energy laser irradiation treatment
following orthodontic treatment, this study seeks
to further the investigation.

Figure 2c.

Figure 1b. The incidence of open gingival embrasure space
[post-treatment).

Diagnosis

The patient, a normally developing 20-year,
7-month-old Japanese female, had a Class I mal-
occlusion with 7.0 mm of overjet and 4.0 mm of
overbite. Her face was symmetrical and her profile
convex (Figures 2a to d). The arch length discrep-
ancies were 5.0 mm in both arches (Figure 3).
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Figure 2d.

Figure 3c.

Periodontal diagnosis

Oral hygiene was good, but slight inflammation
of the gingival papillae was found surrounding
the maxillary and mandibular incisors. Probing
pocket depths were 2 to 3 mm. The Papillary-
Marginal-Attachment (PMA) Index, Gingival
Index (GI) and the width of the attached gingiva
are shown in Table I.

Treatment objectives
1. Correct to Class I molar and canine relationship.

2. Correct mandibular crowding and gain
mandibular and maxillary dental symmetry.

3. Establish an ideal overjet and overbite with a
cuspid-protected occlusion.

4. Establish good facial balance and an upper
incisor display of approximately 3 mm. Reduce
the protrusion of the lips and the strain of the
mentalis muscle closure.

LASER IRRADIATION OF EMBRASURE SPACE

Figure 3e.

5. Following orthodontic treatment, inhibit the
incidence of open gingival embrasure by the use
of laser irradiation treatment.

Treatment plan

The treatment plan was to extract the maxillary and
mandibular first premolars and treat using the
Edgewise technique.

Treatment progress

After extraction of the first premolars, a maxillary
Nance holding arch was placed. Bands and brackets
with 0.018" x 0.025" slots were used. Initial level-
ling was accomplished with the use of nickel titanium
archwires over 4 months. The arches were levelled
using a series of round wires. In the maxillary and
mandibular arches, the canines were retracted with
elastometric chains on a stopped 0.018" round
wire, and the incisors were retracted with 2 0.017"
x 0.025" closing-loop archwire.
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Table I. Periodontal diagnosis (pretreatment).

Maxillary
PMA Index
Probing pocket depth  Facial 323 333 323 323 323 333
(mm). Lingual 333 323 333 333 323 323
Gingival Index (GI) 0 0 0 0 0 0
Width of attached gingiva 2 2 2 2 2 3

R 3 2 1 1 2 3
Mandibular
PMA Index
Probing pocket depth ~ Facial ~ 323 323 233 333 323 333
(mm). Lingual 333 322 323 323 223 333
Gingival Index (GI) 0 0 0 0 0 0
Width of attached gingiva 2 2 2 2 2 2

R 3 2 1 1 2 3
Table II. Periodontal diagnosis (posttreatment].
Maxillary
PMA Index
Probing pocket depth ~ Facial ~ 323 333 323 323 323 333
(mm). Lingual 333 323 333 333 323 323
Gingival Index (GI) 0 0 0 0 0 0
Width of actached gingiva 3 2 2 2 2 3

R 3 2 1 1 2 3
Mandibular
PMA Index
Probing pocket depth  Facial 323 323 222 222 323 333
(mm). Lingual 333 322 222 222 223 333
Gingival Index (GI) 0 0 0 0 0 0
Width of attached gingiva 3 2 2 2 2 2

R 3 2 1 1 2 3
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Figure 4a. Cephalometric radiograph (pretreatment).

Co-ordinated 0.017" x 0.025" wires were placed,
and the arches were detailed with finishing bends.
After 25 months of treatment, the appliance was
removed and retainers placed. A maxillary cir-
cumferential removable retainer was used to retain
the maxillary arch, and a lingual bonded retainer
from canine to canine was used to retain the
mandibular arch.

Laser irradiation

A Ga-Al-As diode laser* that has a continuous
wavelength of 830 nm and a maximum power
output of 700 mW (Figure 5) was used in this
study. The laser beam was delivered by an optical
fibre 0.6 mm in diameter that expanded at the tip
of the fibre and irradiated a circular area 130 mm
in diameter at the level of the cell layer. The power
density of the laser beam in the central area (65 mm
in diameter) of the irradiation circle was uniform
as measured by a laser power meter. Laser irradi-
ation was applied to an area of 0.5 cm? at the labial
gingival papilla, between the lateral and central
incisors in the mandible. The time of exposure
was for 3 minutes, once a day for 3 days (immedi-
ately, and at 24 and 48 hours) carried out between
the relevelling and ez masse stages of movement. The
total energy corresponding to 6 minutes exposure
varied from 1.90 J/cm? (Figure 6).

LASER IRRADIATION OF EMBRASURE SPACE

Figure 4b. Panoramic radiograph (pretreatment).

g~y

Figure 6. Laser irradiation.
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Figures 7a to d. Extra-oral photographs Figure 7b. Figure 7c.
[post-treatment).

Figures 8a to e. Intra-oral photographs (post-treatment). Figure 8b.

Figure 9b. Panoramic radiograph (postreatment).
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Figure 7d.

Figure 8c.

Treatment results

Facial aesthetics: Overall facial aesthetics were
improved (Figures 7a to ¢).

Occlusion: The Class I molar relationship was
maintained, and the Class I canine relationship
improved. The overjet and overbite were reduced

(Figure 7d).

Maxillary and mandibular dentition: The arch
length deficiency was eliminated, and the incisors
were proclined. The mesial inclination of the
mandibular second molar and the cross bite of the
right first molar were improved (Figures 8a to ¢).
The pretreatment (Figure 4a) and post-treatment
cephalometric radiographs (Figure 9a) and the
cephalometric summary (Table IV) demonstrate
significant positional changes to the maxillary and
mandibular incisors. The maxillary incisors were
proclined during treatment from a pretreatment
U1-SN angle of 121.0 degrees to a post-treatment

LASER IRRADIATION OF EMBRASURE SPACE

Figure 8e.

angle of 102.5 degrees. The mandibular incisors
were proclined from an initial FMIA angle of 60.0
degrees to a final measurement of 65.0 degrees.

Periodontal condition: No incidence of open gin-
gival embrasure space was found, apart from the
mandibular central incisor (Figure 8). Further,
improvement of the gingival inflammation asso-
ciated with the periodontal disease was observed.
The post-treatment PMA Index had improved
when compared with the pretreatment Index, and
periodontal pocket depth was maintained (Table II).

The treatment results met all the initial objectives,
and the patient was pleased with the overall results.

After retention, regular visits were maintained for
twelve months. The open gingival embrasure space
of the mandibular central incisor, the PMA Index,
the GI, the width of attached gingiva and the peri-
odontal pocket depth were all maintained during
this period (Figures 10, 11 and 12, and Table III).
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Figures 10a to d. Extra-oral photo- Figure 10b.
graphs [retention).

Figure 10c.

Figures 11 a to e. Intra-oral photographs (retention). Figure 11b.
Table 1ll. Periodontal diagnosis (refenfion period).
Maxillary
PMA Index p
Probing pocket depth f 323 333 323 323 323 333
1 333 323 333 333 323 323
Gingival Index (GI) 0 0 0 0 0 0
Width of attached gingiva 2 2 2 2 2 2
R 3 2 1 1 2 3
Mandibular
PMA Index P P
Probing pocket depth f 323 323 233 333 323 333
1 333 322 323 323 223 333
Gingival Index (GI) 0 0 0 0 0 0
Width of attached gingiva 2 2 2 2 2 2
R 3 2 1 1 2 3
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Figure 10d.

Figure T1c.

Discussion

No incidence of an open gingival embrasure space
was found after this particular orthodontic treat-
ment, except at the mandibular central incisor.
Further: a reduction of the gingival inflammation
associated with a periodontal disease was observed.

Zachrisson and Alnaes measured the mean dis-
tance between the cemento-enamel junction and
alveolar crest at 1.11mm in an orthodontically
treated group of adolescents and 0.88 mm in an
untreated control group.® Kennedy ez al. reported
that alveolar bone heights were reduced by ortho-
dontic treatment.10 Therefore, the incidence of
open gingival embrasure space may be caused by
alveolar bone loss in response to orthodontic treat-
ment. Burke e¢f al. suggested that the triangular
gingival embrasure space can frequently be closed
by torquing the central incisor roots towards each
other, decreasing the width and shortening the
cervico-incisal length of the gingival embrasure as
the mesioproximal crown contacts are maintained. !

LASER IRRADIATION OF EMBRASURE SPACE

Table V. Analysis of cephalograms.

Pretreatment Post-treatment Retention

ot Dm0 mon)

SNA 81.0 81.0 81.0
SNB 80.0 80.0 80.0
ANB 1.0 1.0 1.0
FMIA 60.0° 65.0° 65.0°
UISSN  121.0° 102.5°  102.5°
FMA 24.5 25.0 25.0

Figure 11e.

Polishing mesioproximal enamel from the con-
tact areas of the crowns of both central incisors
and moving the two together will further decrease
the width of the gingival embrasure. However,
although this procedure may effectively close a
slight triangular gingival embrasure space between
the central incisors, it may be not able to close a
marked space with alveolar bone loss (such as in
Figure 1b). Therefore, laser irradiation may be
useful only for inhibition of the incidence of open
gingival embrasure spaces that are due to bone
loss and gingival recession.

Yamaguchi ez al. reported that mechanical stress
induced the production of prostaglandin E,
(PGE,) and plasminogen activator (PA) activity
by human periodontal ligament cells.!-12 Further,
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Figure 12b. Panoramic radiograph (retention).

Grieve et al. reported that the PGE levels in
gingival crevicular fluid were elevated during
orthodontic treatment.!3 There is a possibility that
prostaglandins may play a role in the bone metab-
olism!4 and in inflammation.!5

Klein and Raisz found that PGE, is a potent
stimulator of bone resorption.!6 The relationship
between PGE, and the progression of periodontal
diseases has been intensively studied. PGE, con-
centration increases in the periodontal connective
tissues of adult periodontitis lesions.17-20 Further,
PGE, levels in the crevicular fluid can serve as a
static assessment of ongoing disease activity.2! 22

PA, a wide-spectrum serine protease that is secret-
ed from various types of cells including fibroblasts,
activates circulating plasminogen to produce plas-
min. Plasmin is capable of degrading extracellular
matrix proteins and cell adhesive molecules?3
through activation of matrix metalloproteases.?4
Furthermore, plasmin activates the kinin cascade
through the conversion of prekallikrein into
kallikrein.?> Therefore, PA is considered to play a
central role in the breakdown of the extracellular
matrix during tissue destruction.26: 27 The rela-
tionship between periodontal disease and the
PA-plasmin system has been investigated. Hidaka
et al. reported that the activities of plasmin and
PA are increased in the gingival fluid in periodontal
disease,28 with plasmin activity being markedly
decreased by periodontal treatment.?® In an in

Figure 12c. Periapical radiographs (refention).

vitro study of the effects of laser irradiation, Shimizu
et al. reported that laser irradiation inhibited the
mechanical stress induced production in human
periodontal ligament cells of prostaglandin E,.30
Further, it is also reported that laser irradiation
inhibits PA activity and PGE, production by
lypopolysaccharide of periodontal pathogen.3!. 32
These findings suggest that laser irradiation
may reduce PGE, and PA production in gingival
tissues that become inflamed during orthodontic
treatment.

Although there are various factors that contribute
to the incidence of black triangles, no useful meth-
ods of treating the problem have been reported.
Therefore, it is important to prevent black triangles
from occurring, and laser-irradiation is one pre-
ventative method. This study shows that the effects
of laser irradiation can be clinically evaluated.
Further research in this field is being conducted by
the authors.
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