
375

Introduction

Orthodontic forces may not only influence the dentoalve-
olar system, but also the surrounding and adjacent cortical
bone. Forces applied to teeth act as a mechanical stimulus to
the underlying cortical bone and when they reach certain
thresholds they influence bone and/or remodeling patterns1.
In the biology of tooth movement, frontal resorption is
believed to be the result of low force levels and undermining
resorption is associated with high force levels. Nevertheless,
the determination of a low or a high level force applied in
orthodontic movement is not strict and definite. The differ-
ence between a high and a low force is relative and the ter-

minology used varies according to the reactions of the sur-
rounding periodontium2. On the other hand, osteoporosis is
associated with an increased rate of bone turnover3, and the
jaws and the alveolar bone are also affected4. Furthermore,
heavy orthodontic forces applied to the upper jaw of ovariec-
tomized rats result in a distraction-like phenomenon in max-
illary bone1. Nevertheless, the bone response to experimen-
tal orthodontic forces has not been adequately studied in the
available literature.

The purpose of the present study was to investigate mor-
phological changes in the maxillary cortical bone adjacent to
the first molar, following the application of light orthodontic
forces in mature normal and ovariectomized female rats. 

Materials and methods

Laboratory animals

Twenty-four Wistar female rats were used in this study. The
experiments took place in the Laboratory of Experimental
Surgery and Surgical Research of the Medical School of the
University of Athens, as well as in the Laboratory of
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Orthodontics of the Dental School of the University of
Athens. The experimental animals were obtained from the
Hellenic Pasteur Institute (Athens, Greece). The study
received the permit no. ∫/381/6/5-7-05 from the Veterinary
Directorate, according to the country’s legislation (P.D.
160/91), with which it has conformed to the European
Directive 86/609 regarding "the protection of vertebrate ani-
mals used in experimental and other scientific purposes".

The animals were divided into two different groups at the
age of 8 months, consisting of twelve animals each, as fol-
lows: Group A included 12 rats that were subjected to ortho-
dontic movement of the upper right first molars without any
surgery. Group B included 12 rats that were subjected to
orthodontic movement of the upper right first molars, hav-
ing undergone bilateral ovariectomy at the age of 6 months.
Bilateral ovariectomies were performed under
ketamine/xylazine anaesthesia in the female rats from the
ventral approach.

Orthodontic forces

Orthodontic rat molar movement was achieved by the
application of a closed coil spring (0.010 X 0.045 inches)
extending from the upper right first molar to the upper right
central incisor. The coil spring was 1 cm in length, and its
activation for 0.08 cm produced a force of 20 gr*. This force
is considered a light force as analyzed in the discussion. The
orthodontic force was applied for 14 days in both groups. At
the end of the experimental period, the animals were eutha-
natized, the upper jaw was dissected from the skull and the
spring was carefully removed.

Histology

The specimens were fixed in 10% buffered formalin for 18
hours and decalcified in EDTA buffer for 6-8 weeks. The
apical region of the maxilla was dissected sagittally to 5 mm-
thick slices including the central incisor to the third molar.
The specimens were then dehydrated with ethanol and
embedded in paraffin. Histological sections, 4-5 Ìm-thick,
were obtained, stained with Hematoxylin and Eosin and
examined under transmitted light microscopy. The cortical
bone proximal to the point of force application at the level
of the upper first rat molar was examined in this study. 

Results

Laboratory animals

There were no casualties following anaesthesia and the
operations of ovariectomy and orthodontic force applica-
tion. Less than 20% of the rats demonstrated a mild tran-
sient body weight loss during the first week of force applica-
tion. No local edema was apparent after the 2nd day of the
coil spring application.

In normal rats (Group A)

The cortical bone of the maxilla at the level of the first
molar, where no forces were applied, was thick, with obvious
osteocytes and little osteoblastic and osteoclastic cellular
activity on its surface (Figure 1 H/E x10 obj.). In comparison,
the cortical bone on the other side of the maxilla at the level
of the first molar, where orthodontic forces were applied,
was thinner showing increased osteoblastic activity, but nor-

Figure 1. Cortical bone, in normal rats, at the level of the first
molar, on the side where no orthodontic forces were applied. Two-
headed arrow indicates cortical thickness (H/E x10 obj.).

Figure 2. Cortical bone, in normal rats, at the level of the first
molar, on the side where orthodontic forces were applied. Two-
headed arrow indicating thinning of the cortex. Arrow pointing at
osteoblastic activity H/E x10 obj.).
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mal lamellar orientation with distribution of fewer osteo-
cytes (Figure 2 H/E x10 obj.). Figures 1 and 2 are represen-
tative of the changes that appeared in the majority of the ani-
mals in Group A.

In ovariectomized rats (Group B)

The cortical bone of the maxilla at the level of the first
molar, where no forces were applied, was thin and one third
of its width was composed of woven bone with irregular
cement lines, little osteoblastic and osteoclastic cellular
activity, and decreased osteocytes (Figure 3 H/E x10 obj.).
The cortical bone of the maxilla at the level of the first
molar, where orthodontic forces were applied, revealed
thickening of the cortex in comparison to the respective area
of the opposite side. Half of the cortex width was composed
of lamellar bone, while the rest was composed of woven bone
with increased porosity. Visible irregular cement lines and
little osteoblastic and osteoclastic cellular activity were
apparent on the surface (Figure 4 H/E x10 obj.). The osteo-
cytes were markedly fewer in the maxilla of both sides of the
Group B animals in comparison to Group A. Figures 3 and
4 are representative of the changes that appeared in the
majority of the animals in Group B.

Discussion

The present study aimed at detecting possible cortical
bone changes adjacent to the molar subjected to force appli-
cation caused by light orthodontic forces in osteoporotic
rats. The rat animal model has been used successfully both
for experimental orthodontic movement5 and experimental
osteoporosis protocols3.

In the present study, the applied orthodontic force of 20
gr* is considered a light force. As it has been stated previ-
ously1 a 60 gr* force applied to the rat molar may be compa-
rable to a force of 480 gr* applied to the human molar.
Consequently a 20 gr* force applied to the rat molar may be
compared to a 160 gr* force applied to a human molar dur-
ing orthodontic treatment. The above respective analogy
may be a result of the different anatomic and functional
characteristics of the two species, human and rat, as well as
a result of the different forces generated from the masseter
muscles and applied to the molar teeth of the two species6,7.
According to Ren et al.8, a 40 gr* force on a rat molar is com-
parable to a force of 2000 gr* on a human molar because a
human molar is 50 times larger than a rat molar. It is diffi-
cult to agree with this statement though, since the special
structural and myofunctional architecture of the rodent’s
stomatognathic system are not taken into account, and only
the tooth size is considered.

Forces applied to individual teeth may affect not only the
adjacent alveolar bone but also the adjacent cortical bone of
the loaded area. Recent studies have suggested that when a
bone is loaded, osteocytes sense it through the interstitial
bone fluid in the canaliculae and osteocyte lacunae, and gen-

erate signals that may influence cells near or on a distant
bone surface9,10. Furthermore, there is limited information on
the effect of loading on osteoporotic maxillary bone. High
level experimental orthodontic forces resulted in a distrac-
tion-like phenomenon in cortical maxillary bone in rats1. In
this experiment using light level forces in experimental ani-
mals, cortical bone structural distortion was absent. In addi-
tion, bone hypertrophy and subperiosteal callus were not
noticed.

Figure 3. Cortical bone, in ovariectomized rats, at the level of the
first molar, on the side where no orthodontic forces were applied.
Arrow indicating irregular cement lines (H/E x10 obj.).

Figure 4. Cortical bone, in ovariectomized rats, at the level of the
first molar, on the side where orthodontic forces were applied.
Two-headed arrow indicating woven bone and increased porosity
apparent in part of the cortex (H/E x10 obj.).
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The cortical bone osteogenic reaction to the 20 gr* force in
the normal rats was expressed by lesser cortical bone width
with increased osteoblastic activity, normal lamellar orienta-
tion and normal distribution of osteocytes. In contrast the
cortical bone osteogenic reaction to the 20 gr* force in the
ovariectomized rats was expressed by thickening of the cortex
in comparison to the respective area of the opposite side.
Also, woven bone formation was apparent due to osteoporo-
sis and loading effects. The thickening of the loaded osteo-
porotic cortex is due to the force exertion. This is an interest-
ing finding as regards to the biology of osteoporotic bone in
general, since it is possible to change the osteoporotic remod-
eling process by the application of mechanical loading.

In conclusion, the application of light orthodontic forces on
both normal and osteoporotic mature rats in the present study
affects cortical bone remodeling differently, according to their
hormonal status, in areas adjacent to the applied forces.
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