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Effects of tooth movement on the alveolar bone
in osteoporotic rats
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Abstract : With recently prevailed knowledge and information on orthodontic treatment as well
as improved awareness about dental health and aesthetic concerns, the proportion of adult female
orthodontic patients has tended to increase yearly. The decreases of bone density in females forty
and older are known. Although several reports have investigated the possible relationship between
osteoporosis and the alveolar bone, we could not find a report concerning the tooth movement in
relation to this disease. In this study, we confirmed that tooth movement was experimentally
induced by inserting a gum ring for orthodontic treatment onto the molar site of normal and
osteoporotic rats 12 weeks postpartum. The histological study of the alveolar bone was performed
with immunohistological staining using TGF-8 1 antibody as a primary antibody. As a result, we
found that TGF- 8 1 is induced by orthodontic force and acts on osteoblasts and osteoclasts in the
alveolar bone and ultimately induces a reconstruction of alveolar bone through activation of both
bone formation and resorption. This also occurred even in the case of osteoporosis, however, an
enhanced bone resorption and delayed initiation of bone formation was suggested in the
osteoporotic group.
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Introduction

Current knowledge and information of
orthodontic treatments are made available
and is well known to the general population.
The demand for such orthodontic
treatments for the purpose of aesthetics,
improved oral hygiene, etc., is increasing
among middle to advanced aged people’.
The female proportion is statistically high?.

However, female bone density is apt to

decrease on and after forty years of age,
probably due to hormonal disorder’. When
an orthodontic treatment is initiated in this
group, therefore, the bone density might be
decreased even though they were not
diagnosed with osteoporosis.

In the dental field, it is often found that
the amounts of alveolar bone is significantly
decrease in females as compared to males
with periodontal disease of a similar degree®.
progressed

Female patients with a
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periodontal disease may have osteoporosis®
and have a different curing process after
tooth extraction®. From these findings,
osteoporosis is considered to have a close
correlation with alveolar bone tissue.

Since the tooth movement due to
orthodontic force is generated as a result of
activated reconstruction of alveolar bone by
a mechanical stress, an inflammatory
remodeling may occur consequently, the
type of which is different from a
physiological remodeling in the periodontal
tissue. For this reason, the orthodontic force
is often listed as a factor to aggravate these
symptoms when the periodontal disease is
not adequately controlled”. In general, a
local producing factor {(cytokine) seems to
play an important role in the metabolism of
alveolar bone where an orthodontic force is
added, suggesting a possible effect of
orthodontic force on the local productivity
of cytokine. If there is a causal relationship
between the curing process of periodontal
disease or extracted cavity and osteoporosis,
it is thus considered important to determine
the change in the alveolar bone in response
to the orthodontic force by means of a
menopausal model before an orthodontic
treatment is initiated in adult females.

In the present study, a tooth movement
was made in rats that received an
ovarectomy or laparotomy alone to examine
a possible change in the alveolar bone
during the early stage of movement and to
determine the influence of osteoporosis on
the alveolar bone, especially focusing on
TGF-B81 having a potent modulating

activity on the bone metabolism.
Material and Methods

1. Experimental animals and tooth move-

ment technique

Twenty female Sprague-Dawley rats (8
weeks postpartum, 150-170g of body weight)
were divided into 2 groups, a control group
(Sham group) received laparotomy alone
and an osteoporotic group (OVX group)
received ovarectomy. At 12 weeks of age in
both Sham (200-210g of body weight) and
OVX (230-240g of body weight) groups, a
gum ring for orthodontic treatment (1 /4L,
3 M Unitek Co. Ltd., USA) was inserted into
the space between the left maxillary 1 st
and 2nd molar according to Waldo's
method® and a tooth movement in a
mesiodistal direction was made on 1, 3, 5
and 7 days. Since rat molars are
physiologically moved in a distal direction, a
state without tooth movement was also
observed (0 day).
2. Immunohistological staining

After perfused fixation of rats with 4%
paraformaldehyde dissolved in 01 M
phosphate buffer (pH 7.4), alveolar bone and
right maxillary molar was extracted from
each animal and further immersed in the
same fixative for a subsequent 14 days at
4°C. After fixation, decalcification was
performed with 10% formic acid-sodium
citrate decalcifying solution (pH 7.4)
followed by dehydration in an elevated
alcoholic system and paraffin embedding
according to a routine procedure.

Horizontal sections of 4um thickness
were prepared and pasted on a glass slide
pretreated with silane. According to a
routine procedure, these sections were
immersed in methanol solution containing
3% hydrogen peroxide for 30 minutes after
removal of paraffin, and intrinsic peroxidase
was inactivated. Then these sections were
washed with 0.01M phosphate buffered
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saline and an immunohistological staining
was performed by avidin-biotin-peroxidase
complex method (ABC method) using
Vectastain Elite kit® (Vector Co. Ltd., USA).
As a primary antibody, a 100-fold diluted
rabbit TGF- 5 1 polyclonal antibody (R & D
System Co. Ltd., USA) was used. The TGF- 58
1 antibody used in this study is an antibody
for detecting an activated type alone. The
specificity of the antibody was confirmed by
the absence of reaction in the staining
procedure using normal rabbit serum (Wako
Pure Chemical Industries, Ltd., Osaka)
instead of the primary antibody. Then, the
sections were reacted with biotin labeled
anti-rabbit IgG goat serum, being a
secondary antibody. After coloring with
DAB reaction, a nuclear staining was
performed with hematoxylin followed by
dehydration according to a routine
procedure and embedding for observation

under light microscopy.
Results

On 0 day without tooth movement, a
weak positive TGF-51 reaction was
observed in osteoblasts on the marginal
alveolar bone and in a part of fibroblasts of
the periodontal ligament in both Sham and
OVX groups (Fig. 1a, b). In addition, no
polynuclear osteoclasts were observed on

the alveolar bone (Fig. 2 a, b).

On the 1st day of tooth movement, as

compared to 0 day, however, a strong
positive TGF- 5 1 reaction was observed in
osteoblasts on the marginal alveolar bone
and in a part of fibroblasts in the periodontal
ligament (Fig. 1c¢, d). On the pressure side,
osteoclasts existing in the Howship’s lacuna
and a part of fibroblasts in the periodontal

ligament showed a strong positive reaction

(Fig. 2¢, d).

In the Sham group, a strong positive
reaction was observed in osteoblasts on the
marginal alveolar bone on the tension side
on the 3 rd day of movement, as well as in a
part of fibroblasts in the periodontal
ligament (Fig. 1e, f). On the pressure side,
the number of osteoclasts with a strong
positive TGF- 8 1 reaction increased in both
Sham and OVX groups (Fig. 2e, f). In the
OVX group, the numbers of osteoclasts were
slightly greater as compared with the Sham
group.

On 5th day of movement, a positive
reaction was observed in osteoblasts on the
marginal alveolar bone on the tension side
and a strong positive reaction in fibroblasts
in the periodontal ligament, however, its
reaction in the Sham group was slightly
weak as compared with that observed on the
3rd day (Fig. 1 g) with a decreased number
of osteoclasts on the pressure side (Fig. 2 g).
In the OVX group, a maximally strong
positive TGF-81
observed in osteoblasts on the marginal

reaction was still

alveolar bone and in a part of fibroblasts in
the periodontal ligament (Fig. 1h), but no
noticeable change' was evident in the
number of osteoclasts as compared with that
on the 3rd day (Fig. 2 h).

On the 7th day of movement, a positive
TGF-B 1 reaction was observed in the
osteoblasts of an almost round shape on the
marginal alveolar bone and in a part of
fibroblasts on the periodontal ligament on
the tension side (Fig. 1i, j). On the
compressed side, polynuclear osteoclasts
showing a positive TGF-5 1 reaction were
still observed (Fig. 21, j).

In the Sham group, the number of TGF- S
1 positive cell increased on the 3 rd day of
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Fig. 1. Tension side (X 250)
a: 0 day:
e: 3 day:

Sham group b: 0 day : OVX group ¢: 1 day : Sham group d: 1 day: OVX group
Sham group f: 3 day : OVX group g: 5 day : Sham group h: 5 day : OVX group
i: 7 day:Sham group j: 7 day : OVX group
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Fig. 2. Pressure side (X250)
a: 0 day: Sham group b:0 day:OVX group c: 1 day: Sham group d: 1 day:OVX group
e: 3 day : Sham group f: 3 day:OVX group g: 5 day:Sham group h: 5 day:OVX group
i: 7 day : Sham group j: 7 day:OVX group
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movement on both tension and pressure
sides showing the strongest staining
reaction, but the degree of staining for these
positive cells slightly and gradually
decreased on the 5th to 7th days. In the
OVX group, on the other hand, the number
of TGF-B 1
considerably on the 5th day of movement

positive cell increased

on the tension side and on the 3rd day of
movement on the compressed side with the
strongest degree of staining which was,
however, slightly diminished thereafter.
TGF-8 1 positive reaction was observed
on the cytoplasm and cell membrane at
osteoclasts, in addition to resorption lacunae
on the marginal alveolar bone. On the other
hand, TGF-8 1 positive reaction was
observed on the cytoplasm of osteoblasts.

Discussion

In general, human bone volume increases
up to 30 years of age and gradually
decreases on and after 40 years, showing a
physiological aging change in the bone
mass. Osteoporosis is a pathologic state with
a disturbed balance in the bone mass, which
is classified into 2 types: a high- rotation
type with normal bone formation but
excessive bone resorption and a low-rotation
type with both decreased bone formation
and resorption®. The former is said to
abruptly occur after menopause, while the
latter is said to occur gradually with
advancing of age®. Though several reports
have studied periodontal disease or curing
state of extracted cavity in relation to
osteoporosis*®, almost no report is available
for the orthodontic treatment in these
patients.

Alveolar bone which is a bone region for

supporting teeth is a specific bone region

with high bone density, caused by receiving
an occlusive force constantly due to
mastication, etc. And thus, dissimilar to
other long bones, layer of proper alveolar
bone surrounding the periodontal ligament
and cortical bone maintaining the external
form of mandibular bone still remain and
resist mechanical stimulation even when an
active bone resorption occurs, and exhibits a
characteristic mode of bone resorption not
to lose its function as a supporting tissue for
teeth. In addition, a bone remodeling by
orthodontic force presents a different form
from a physiological bone remodeling in
nature, and it differs from remodeling of
other long bones in osteoporosis.

Except for ovarectomy as a method for
preparation of rat osteoporotic model, OCIF
knockout mouse by a genetic procedure or
immobilization, restricted calcium uptake
and some drug administration are listed. In
this study, the animals were ovarectomized
at their age of 8 weeks postpartum and a
histological observation was performed on
and after 12 weeks of age to serve as an
osteoporotic model of high-rotation type
after menopause. The body weight at 12
weeks of age ranged from 200 to 210g in the
Sham group and 230 to 240g in the OVX
group with some difference between the two
groups, which was probably attributable to
a temporary but rapidly increased body
weight due to disturbed hormonal balance
after ovarectomy. According to Kanaiet al.",
a promoted bone resorption was observed
around 4 weeks after ovarectomy,
indicating a pathologic state of osteoporosis.
Though no histological features were
presented in this study, rats with a
confirmed rough state of long bone density
as compared with the Sham group were
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selected as a test item. In addition, rats with
no visual and histological changes such as
periodontal inflammation were qualified in
the two groups.

In addition to systemic factors such as
calcitonin, PTH and Vitamin D;, cytokines
which are produced locally in the bones or

cartilages are involved in both bone -

formation and resorption'. Among them,
TGF-B1 1is one of cytokines having a
potent modulating action on bone
metabolism and is reported to be expressed
strongly in the bone tissue in response to a
mechanical stress”. The authors had also
reported previously that TGF-B1 is a
modulator which plays an important role in
the remodeling system' . Cytokines may be
induced in the alveolar bone affected by
orthodontic force and TGF-B81 among
them may activate the reconstruction of
alveolar bone, ultimately causing a tooth
movement. In the present study, the
appearance of cytokine in the alveolar bone
in response to tooth movement was
examined in both Sham and OVX groups by
focusing on TGF- 8 1.

In consequence, localization of strong
immunoreactivity of TGF-8 1 protein was
confirmed in osteoblasts on the tension side
on the 3rd day of tooth movement in the
Sham group and on the 5th day in the OVX
group as well as in osteoclasts on the
compressed side on the 3rd day of tooth
movement in both Sham and OVX groups.
The action of TGF- 5 1 is exhibited through
a release of inactivated TGF- B8 1 existing in
the calcified bone substrate by some acids
drived from outside the substrate and its
activation, or through production of
activated TGF-B 1 from cells such as
osteoclasts or osteoblasts. Since TGF-5 1

antibody used in this study is an antibody
for detecting an activated type alone, TGF-
S 1 detected on the sections concerned can
be said to be of an activated type.

In the OVX group, as compared to the
Sham group, the number of osteoclasts were
slightly increased with a prolonged duration
of existence. During the curing process, after
implantation or tooth extraction, formation
of new bone or osteoblasts were suggested
to occur relatively slowly with contrarily
rapid and prolonged bone resorption®'®. A
similar trend was also observed in the
present study. Almost no histological
changes suggestive of bone formation or
resorption were evident in the alveolar bone
and no TGF-B 1 positive cells were also
detected on 0 day with no treatment. While
no TGF-B 1 was observed in cells probably
being an interphase squamous osteoblast
among those arranged on the bone surface
on the tension side of tooth movement,
localized TGF-8 1 was evident in
round-shaped osteoblasts during the bone
formation period. Since the positive reaction
of osteoblasts against TGF-5 1 were the
strongest on the 5th day in the OVX group,
the reaction to bone formation seems to
progress mildly as compared with the Sham
group. Though these results indicate that
TGF-B 1 participates not only in the bone
formation by osteoblasts, but also in the
bone resorption by osteoclasts at the site of
tooth movement in both groups, a gap in the
timings of bone formation and resorption
was suggested from the result of TGF-58 1
expression.

In the case of osteoporosis of high-rotation
type, some authors have stated that the bone
formation is generally normal or active but
the bone density is reduced due to the bone
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resorption exceeding the formation level,
while others have emphasized that no
difference is observed in the formation of
new bone but the decreased mechanical
strength of bone is induced due to
subsequently delayed calcification®. From
the present results observed during the
early stages of tooth movement, no
difference was evident in the calcification or
in the morphology of osteoblasts, but a
variation was observed in the expression of
TGF- B1, suggesting a possible difference in
the activity of bone formation and some
influence of osteoporosis on the alveolar
bone as well.

Based on the evidences mentioned
previously, it is clear that TGF-81 is
induced by orthodontic force even in the
case of osteoporosis and that TGF-5 1 acts
not only on osteoblasts but also on
osteoclasts in the alveolar bone and induces
a reconstruction of alveolar bone through
activation of both bone formation and
resorption with a possible minimal
difference in these epochs. Since qualitative
changes of TGF-B8 1 were followed in the
alveolar bone during the early stages of
tooth movement in this study, a distinct
difference was hardly indicated, but a tooth
movement was suggested to be practicable
even in the case of osteoporosis. This finding
may provide a useful fundamental

knowledge for orthodontic practice.
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