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Interdental Osteotomies Induce Regional Acceleratory

Phenomenon and Accelerate Orthodontic Tooth Movement
— An Animal Study

Ya-Ying Teng (BB # &) , Jein-Wein Liou (£ A 30)
Department of Craniofacial Orthodontics
Chang Gung Memorial Hospital, Linkou, Taiwan

Introduction

Orthodontic tooth movement is a process of regional alveolar bone remolding around
teeth, which is alveolar bone resorption on the pressure side and alveolar bone deposition on
the tension side. Either a postoperative systemic or regional increase of bone turnover rate
and osteoporosity should be able to accelerate orthodontic tooth movement. However, it has
not been well studied whether a smaller extent jaw bone osteotomy, such as an interdental
osteotomy, would induce a systemic increase of baseline bone turnover rate, a regional
increase of alveolar bone turnover rate only, or even no effects. The purpose of this
experimental study was to study the intensity of interdental osteotomies on the changes of
baseline bone turnover rate, alveolar bone turnover rate, alveolar bone porosity, and rate of
postoperative orthodontic tooth alignment.

Material and Method

Twelve adult male beagle dogs were randomly assigned into 2 groups. The control
group (N=6) received orthodontic tooth alignment of the maxillary incisors, and the
experimental group (N=6) received orthodontic tooth alignment of the maxillary incisors and
interdental osteotomies between the maxillary 3rd incisor and canine on both sides (Fig. 1) at
the same time when the orthodontic tooth alignment was commenced. The orthodontic tooth
alignment was 3 months in both groups.

Records of cone beam CT of the maxilla, dental casts, blood samples, and gingival
crevicular fluid (GCF) of the maxillary incisors were taken right before the orthodontic tooth
alignment (T0), 1 week (T1),and 1 (T2), 2 (T3), 3 (T4) months after commencing the
orthodontic tooth alignment. They were analyzed respectively for the changes of interdental
alveolar bone gray scale (osteoporosity) of maxillary incisors, irregularity index (rate of
orthodontic tooth movement), and the bone specific alkaline phosphatase (bALP) and C-
terminal telopeptide of type | collagen (ICTP) in the serum and GCF samples from TO to T4.
The data were analyzed statistically for the inter- and intra-group differences.
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Fig. 1 Interdental osteotomy in the experimental group. (A,B) Interdental osteotomies were made with surgical
carbide bur between the third incisor and canine on both sides. (C) The interdental osteotomies were cut
through-and-through up to the incisive foramens and palatally to the palate.

The rate of orthodontic tooth alignment of the experimental group was significantly
greater and 2-fold of that of the control group at T1, T2, T3, and T4. The serum-bALP, serum-
ICTP, GCF-bALP, GCF-ICTP, and osteoporosity remained similarly from TO to T4 in the control
group. Whereas the GCF-bALP increased 2- to 3-folded from T1 to T4, the GCF-ICTP
increased 5-folded at T1 then gradually decreased from T2 to T4, and the interdental
osteoporosity significantly increased from T1 to T4, but the serum-bALP and serum-ICTP
remained similar without significant changes in the experimental group.
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Conclusion

v Factors might affect the intensity of bone reactions after alveolar bone surgery, such as

the extent of mucoperiosteal flaps, the type of alveolar bone surgery, study model or
orthodontic tooth movement.

v This experimental study revealed that the interdental osteotomies did not induce a
systemic increase of baseline bone but a mild to moderate regional increase of alveolar

metabolism and alveolar bone porosity, which accelerated 2-folded faster the
postoperative orthodontic tooth alignment.
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and alveolar bane deposition on the tension side. Either a postoperative systemic or regional increase of bone turnover rate and osteoporosity should
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even no effects. The purpose of this experimental study was to study the intensity of interdental ostectomies on the changes of baseline bone turnover
rate, alveolar bone turnover rate, alveolar bone porosity, and rate of postoperative orthodontic tooth alignment.

Material and Method

Twelve adult male beagle dogs were randomly assigned into 2 groups. The control group (N=6) received orthodontic tooth alignment of the maxillary
incisors, and the experimental group (N=6) received orthodontic tooth alignment of the maxillary incisors and interdental osteotomies between the
maxillary 3 incisor and canine on both sides (Fig. 1) at the same time when the orthodontic tooth alignment was commenced. The orthodentic tooth
alignment was 3 manths in both groups.

Records of cone beam CT of the maxilla, dental casts, blood samples, and gingival crevicular fluid (GCF) of the maxillary incisors were taken right

before the orthedentic tooth alignment (T0), 1 week (T1), and 1 (T2), 2 (T3), 3 (T4) months after commencing the orthodontic tooth alignment. They
were analyzed respectively for the changes of interdental alveolar bone gray scale (osteoporosity) of maxillary incisors, irregularity index (rate of
orthodontic tooth movement), and the bone specific alkaline phosphatase (bALP) and C-terminal telopeptide of type | collagen (ICTP) in the serum
and GCF samples from TO to T4. The data were analyzed statistically for the inter- and intra-group differences.
4 Fig. 1 Interdental ostectomy in the experimental group. (A.B) Interdental osteotomies
were made with surgical carbide bur between the third incisor and canine on bath sides.
(C) The interdental ostectomies were cut through-and-through up to the incisive
foramens and palatally to the palate:

Result
The rate of orthodontic tooth alignment of the experimental group was significantly greater and 2-fold of that of the control group at T1, T2, T3, and
T4. The serum-bALP, serum-ICTP, GCF-bALP, GCF-ICTP, and osteoporosity remained similarly from T0 to T4 in the control group. Whereas the GCF-
bALP increased 2- to 3-folded from T1 to T4, the GCF-ICTP increased 5-folded at T1 then gradually decreased from T2 to T4, and the interdental
asteoporosity significantly increased from T1 to T4, but the serum-bALP and serum-ICTP remained similar without significant changes in the
experimental group.
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Conclusion

+ Factors might affect the intensity of bone reactions after alveolar bone surgery, such as the extent of mucoperiosteal flaps, the type of alvealar
bone surgery, study model or orthodontic tooth movement.

¥ This experimental study revealed that the interdental osteotomies did not induce a systemic increase of baseline bone but a mild to moderate
regional increase of alveolar metabolism and alveolar bone porosity, which accelerated 2-folded faster the postoperative orthodontic tooth
alignment.
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Effects of localized Vitamin D3 Treatment
on the Alveolar Bone Regeneration in Dogs

Hisao-Han Ho, Ting-An Chou, Hsiang-Hsi Hong
'Department of Periodontics, Chang Gung Memorial Hospital, Taoyuan, Taiwan;

’Department of Periodontics, Chang Gung Memorial Hospital, Taoyuan, Taiwan;

*College of Medicine, Chang Gung University, Taoyuan, Taiwan

Background: Objectives:

Vitamin D3 plays an important role in the regulation of mineral homeostasis and bone
metabolism. However, the regenerative effects of active vitamin D locally delivered on bony
sockets are limited. The aim of the study was to explore the regenerative possibility of active
vitamin D3 (calcitriol), which was applied locally to surgically created defects on the alveolar
bones of Beagle dogs during the experimental period.

Materials and Methods:

Designed sockets prepared on the mandibles of four Beagle dogs were divided into three
groups according to the local treatment modalities:Calcitriol +Alloplast, Alloplast, and Empty.
After a healing period of four weeks, the extent of vertical ridge resorption (VRR), bone
density (Density), new bone formation (NBF) and initial implant stability quotient (ISQ) were

measured.

Statistical analysis:

Differences in NBF, Density, ISQ, and VRR between groups were analyzed using pairwise

comparison.

Calcitrol

e Alloplast Empty
NBF (%) 23.28+9.28 13.13+4.50 33.58+6.40
Density (Hu) | 932.34+229.20 | 565.53+ 229.91 [1155.96+218.00
ISQ 74.31+ 4.88 66.29+ 7.02 73.67* 6.02
VRR (mm) 1.42+0.19 1.46x+0.13 2.72+0.23

Table 2 Comparison of NBF, Density, ISQ and VRR among

various subgroups

Table1 New bone formation (NBF),
bone density (Density), initial implant
stability quotient (ISQ) and the extent
of vertical ridge resorption (VRR) in
three subgroups

Calcitrol | Ajjoplast| Empt ; Calcitrol | Ajjoplast| Empt
NBF +Alloplast 3 S Density +Alloplast . 1
Calcitrol Calcitrol
+Alloplast <0.001***| 0.012* +Alloplast <0.001***| 0.018*
Alloplast <0.001*** | Alloplast <0.001***




Calcitrol Calcitrol
Alloplast | Empt Alloplast | Empt
IsQ +Alloplast P Pty VAR +Alloplast P Pty
Calcitrol Calcitrol el
+Alloplast 0.005 0.824 +Alloplast <0.001
Alloplast 0.142 Alloplast <0.001***
Results:

The Empty treatment revealed the highest value of NBF (33.58 +£6.40%) and Density
(1156.96=218.00), followed by the Calcitrol +Alloplast treatment (NBF:23.28 £9.28%;
Density:932.34+229.20). The Alloplast treatment showed the least value on NBF
(13.13x4.50%) and Density (565.53+229.91)(Table1). In addition, the pairwise comparison
between any two local treatments was significant (P<0.05) (Table2). The Calcitriol +Alloplast
group revealed higher values of NBF (P<0.001), density (P<0.001), and ISQ (P=0.05) than
the Alloplast group. The Empty group had significantly higher values of VRR than other two
groups (P<0.001)(Table2).

Conclusion:

Within the limitation of this animal research, studying the early healing characteristic of
artificial defects, the data shows that the local vitamin D3 (Calcitriol) treatment can accelerate
bone regeneration in dogs. The Empty group shows more vertical ridge resorption and better
bony formation than other two groups. The result presents that alloplast could play a
significant role on alveolar ridge preservation, however, may delay the bone remodeling
process in the early healing period.

Reference:

1.Kawakami M and Takano-Yamamoto T (2004) Local injection of 1,25-dihydroxyvitamin D3
enhanced bone formation for tooth stabilization after experimental tooth movement in rats.
J Bone Miner Metab 22, 541-546.

2.Lidor, C., Dekel, S. & Meyer, M.S., Blaugrund E, Hallel T, Edelstein S (1990) Biochemical
and biomechanical properties of avian callus after local administration of dihydroxylated
vitamin D metabolites. J Bone Joint Surg Br 72, 137-140.

3.Takano-Yamamoto T, Kawakami M, Kobayashi Y, Yamashiro T, Sakuda M (1992) The effect of
local application of 1,25- dihydroxycholecalciferol on osteoclast numbers in orthodontically
treated rats. J Dent Res 71, 53-59.

4.Cardaropoli G, Arau “jo M, Hayacibara R, Sukekava F, Lindhe J. Healing of extraction
sockets and surgically produced — augmented and non-augmented — defects in the alveolar
ridge. An experimental study in the dog. J Clin Periodontol 2005;32:435-44

5.0meroglu, H. Ates, Y. Akkus, O. Korkusuz, F. Bicimoglu, A. & Akkas, N. (1997)
Biomechanical analysis of the effects of single high-dose vitamin D3 on fracture healing in a
healthy rabbit model. Arch Orthop Trauma Surg 116, 271-274.
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Background: Objectives: Vitamin D3 plays an
important role in the regulation of mineral
homeostasis and bone metabolism. However, the
regenerative effects of active vitamin D locally
delivered on bony sackets are limited. The aim of the
study was to explore the regenerative possibility of
active vitamin Dy (calcitriol), which was applied locally
to surgically created defects on the alveolar bones of
Beagle dogs during the experimental period.

Materials and Methods: Designed sockets prepared
on the mandibles of four Beagle dogs were divided
into three groups according fo the local treatment
madalities:Calcitriol+Alloplast, Alloplast, and Empty.
After a healing period of four weeks, the extent of
vertical ridge resorption (VRR), bone density
(Density), new bone formation (NBF) and initial
implant stability quotient (1SQ) were measured.

Statistical analysis: Differences in NBF, Density, 1SQ,

and VRR between groups were analyzed using
pairwise comparison.

Tablet New bone formation (NBF), bone density (Density),
initial implant stability quotient (I5Q) and the extent of
vertical ridge resorption (VRR) in three subgroups

Calcitrol
P il Alloplast Empty

NBF (%)  23.28i9.28 13,1344.50 33.5816.40
932.341229.20 565.53+ 229.91 11556.96:218.00
74.311 4.88 66.291 7.02 73.671 6.02

1.4210.19 1.4610.13 272:0.23

Table 2 Comparison of NBF, Density, ISQ and VRR among
various subgroups

Calcitrol
+Alloplast <0.001**" 0.012*
Alloplast <0.001"**
Calcitrol
+Alloplast Alloplast Emply
+Alloplast <0.001*** 0.018*
Alloplast <0.001*"*
I e
15Q +Alloplast Alloplast Empty
Calcitrol
+Alioplast 0.005 0.824
Alioplast 0.142
Calcitrol ;
+Alloplast Alloplast Emply
Calcifrol
+Alloplast <0.001***
Alloplast <0.001***

Results: The Empt?r treatment revealed
the highest value of NBF (33.5816.40%)
and Density (1156.96+218.00), followed by
the Calcitrol +Alloplast treatment (NBF:
23.28+9.28%; Density:932.34£220.20).
The Alloplast treatment showed the least
value on NBF 213.1314.50%) and Density
(565.53+229.91)(Table1). In addition, the
pairwise comparison between any two
local treatments was significant
(P<0.05)(Table2). The Calcitriol+Alloplast
group revealed higher values of NBF
(P<0.001), density (P<0.001), and 1SQ
(P=0.05) than the Alloplast group. The
Empty group had significantly higher
values of VRR than other two groups
(P<0.001)(Table2).

Conclusion: Within the limitation of this
animal research, studying the early healing
characteristic of artificial defects, the data
shows that the local vitamin D5 (Calcitriol)
treatment can accelerate bone
regeneration in dogs. The Empty group
shows more vertical ridge resorption and
better bony formation than other two
groups. The result presents that alloplast
could play a significant role on alveolar
ridge preservation, however, may delay the
bene remodeling process in the early
healing period.
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Root surfaces of maxillary and mandibular first premolar measured by dental laser scan
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