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Bone turnover rate in rats does not influence root resorption
induced by orthodontic treatment
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SUMMARY The aim of this study was to determine, in a rat model, whether a state of high or low bone
turnover had an effect on the rate and type of tooth movement and on the incidence of root resorption
induced by orthodontic treatment. The maxillary left first molar was moved mesially for 21 days in
52 6-month-old Wistar rats. They were divided into three groups: group 1 (n = 19) with normal bone
turnover, group 2 (n = 16) with high bone turnover, and group 3 (n = 17) with low bone turnover. The
contralateral side was left untreated to act as a control. The different metabolic rates were created by
inducing hyper- and hypothyroidism. The amount of tooth movement was measured using an
electronic calliper and the location of the centre of rotation (CRot) was determined after microcomputer
tomographic scanning and subsequent three-dimensional reconstruction. Histomorphometric evaluation
of root resorption was performed on undecalcified 7 um thick sections of the maxilla and the differences
between treated and untreated sides were evaluated.

The results showed that high bone turnover increased the amount of tooth movement compared with
the normal or low bone turnover state. There was no statistical difference in the location of the CRot.
The treated side presented more root resorption than the untreated side, but this difference was not
influenced by the metabolic rates. On the contrary, the untreated side in the low bone turnover group
showed more root resorption, suggesting that in subjects where a decreased bone turnover rate is

expected, the risk of root resorption could be increased.

Introduction

External root resorption is a phenomenon that has been
associated with orthodontic treatment (Thilander, 1992;
Brezniak and Wasserstein, 1993a,b; Vlaskalic et al.,
1998). Numerous potential factors, related to both the
individual patient and to treatment, have been
suggested as risk factors for root resorption, but direct
causal factors have not been identified (Vlaskalic et al.,
1998). This lack of consistent findings has led to the
recent suggestion of a different approach to the analysis
of the problem, where the primary effect is studied
among patient factors rather than among treatment
variables (Vlaskalic er al., 1998). Among the patient-
related factors, recent investigations have examined the
role of genetics, the immune system and the patient’s
medical history (Wheeler and Stroup, 1993; Baumrind
et al., 1996; Harris et al., 1997). The variability of the
relationship between orthodontic treatment response
and the host’s metabolic condition is well known
(Goldie and King, 1984; Bridges et al., 1988; Engstrom
et al., 1988; Verna, 1999). The role of hard tissue
physiology in the prevalence of root resorption, with and
without orthodontic force, has also been investigated
(Engstrom et al., 1988; Robinson and Harvey, 1989;
Poumpros et al, 1994). Finally, the effect of drugs
administered to control the rate of tooth movement on
the incidence of root resorption has been evaluated

(Wesselink and Beertsen, 1989; Brudvik and Rygh,
1991; Lasfargues and Saffar, 1993; Leiker et al., 1995;
Igarashi et al., 1996; Boekenoogen et al., 1996; Zhou
et al., 1997). Goldie and King (1984) reported that
increased bone resorption due to secondary hyper-
parathyroidism was associated with decreased root
resorption during orthodontic treatment, while the
opposite was found by Engstrom et al. (1988). Thyroid
hormones, which in excess increase bone turnover
(Melsen and Mosekilde, 1977), have been found to
reduce root resorption during orthodontic tooth
displacement in a rat model, and a clinical application
has also been suggested (Loberg and Engstrom, 1994;
Poumpros et al., 1994). However, hypothyroidism has
been associated with increased root resorption, in the
absence of orthodontic loads (Becks and Cowden,
1942).

The aim of this study was to determine, in a rat
model, whether a state of high or low bone turnover had
an effect on tooth movement rate and type, and on the
incidence of root resorption induced by orthodontic
treatment.

Materials and methods

The materials and methods related to the orthodontic
force application and the animal model have been
described previously (Verna et al., 2000a).
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Fifty-two 6-month-old outbred male Wistar rats were
divided into three groups: group 1 (n = 19) with normal
bone turnover, group 2 (n = 16) with high bone turnover,
and group 3 (n = 17) with low bone turnover.

High and low bone turnover were produced by
inducing hyper- and hypothyroidism, according to the
protocol of Ggtzsche and @rskov (1994). The levels of
total triiodothyronine (TT;) and total thyroxine (TT,)
were evaluated in the serum before the administration
of the drugs and at sacrifice, and body weight was checked
weekly. Bone turnover was assessed by measuring the
mineral appositional rate (MAR) index in the mid-
diaphysal section of the left femur in the three groups at
the end of the experiment.

After 4 weeks of drug administration, a 25¢g
Sentalloy® closed orthodontic coil spring (GAC, Ctr.
Islip, New York, USA) was inserted between the upper
left first molar and the upper incisors in all animals.
After 21 days of loading, a mesial tipping of the molars
was obtained. The influence of inter-animal variation in
response to metabolic stimuli was controlled by the
use of a split-mouth design, in which the untreated
contralateral side served as the control. At the end of
the observation period the animals were sacrificed with
an overdose of CO, and the maxillae were excised.

The distance between the mesial surface of the first
molar and the distal surface of the third molar was
measured bilaterally with an electronic calliper and
tooth movement was evaluated as indicated by Hong
et al. (1992). Following microcomputed tomography
scanning (Scanco Medical, Bassersdorf, Switzerland), a
three-dimensional reconstruction of each hemi-maxilla
was performed and for each first molar the image
including the longest mesial root was selected. On this
image the root length, defined as the linear distance
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between the apex and the furcation area along the pulp
canal, was measured with the scanner’s built-in image
analysis tools on both the treated and untreated molars.
The same image was used to evaluate tooth inclination and,
in combination with the linear movement, the location
of the centre of rotation (CRot) (Verna et al., 2000a).

The undecalcified excised maxillae were then
embedded in methylmethacrylate and cut at two levels
1150 pm apart: coronal and apical. At each level, two
horizontal 7 pm thick histological sections (150 pm
apart) were cut. Within each set, one section was cut and
stained with modified Goldner trichrome (Figure 1).

For each animal the percentage of root resorption
was measured as follows. On each section, the mesio-
lingual root of the treated and untreated upper molars
was identified and histomorphometric evaluation of
the percentage of root resorption was performed. The
image of the mesio-lingual root was projected onto a
white field at x12.5 magnification. A 17 mm interval grid
was randomly positioned on the projected image of the
root and the number of intersections of the root surface
affected by resorption was counted (Figure 1). The
percentage of root resorption was obtained by the ratio
of this number and the total number of intersections
with the root surface. Root resorption was defined as a
scalloped surface with or without resorbing cells. A
minimum of 200 intersections was evaluated for each
root. The mean values, obtained in the four sections per
root, were used as the dependent variable for statistical
analysis.

Statistical analysis

The analysis used for the evaluation of TT,, TT,,
body weight, and MAR has been reported previously
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Figure 1 Schematic illustration of the levels at which the histological sections were cut
and the grid used to measure the percentage of root resorption.
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(Verna et al, 2000b). The effects of orthodontic
treatment and bone metabolism on root resorption
and root length were analysed by means of a repeated
measurements ANOVA, considering the treated and the
control side as repeated measurements. The Bonferroni
and Student-Newman—Keuls tests showed that there was
a significant difference between the metabolic groups.
The treated and the untreated sides were also compared
separately by means of a f-test for each group. Linear
regression analysis was performed to explore the relation-
ship between root resorption and root shortening and
the amount and type of tooth movement (Armitage and
Berry, 1995). The level of significance was set at 5 per
cent.

Results

The levels of TT,, TT;,, body weight, and MAR found in
this study confirmed the successful induction of high
and low bone turnover rates (Verna et al., 2000a).

Mean values and standard deviations indicating
tooth movement in the three different bone turnover
groups are illustrated in Figure 2. The amount of tooth
movement in the high bone turnover group was larger
than in the normal bone turnover group, while the low
bone turnover group showed less tooth movement than
the normal group. The difference in the amount of tooth
movement was significant (P < 0.05) between both the
high and low bone turnover groups, and the normal and
high bone turnover groups. No significant difference
was found in the location of the CRot, although the low
bone turnover group showed a tendency towards a more
coronal location and the high bone turnover group
showed a more apical tendency.

No significant differences were found in root length
between the treated and the control sides within or
between groups (Table 1). The treated sides of all three
groups showed a significantly higher percentage of root
resorption. When the treated and untreated sides were
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Figure 2 Amount of tooth movement in millimetres (mean
+ standard error of the mean) at the end of the experimental period
in the three groups. * = significant at the 5 per cent level [previously
published in Verna et al. (2000a). Published with kind permission of
Societa Italiana di Ortodonzia].
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Table 1 Root length in microns (mean =+ standard
deviation) on the treated and control sides in the three bone
turnover groups. No significant difference was found.

Normal High Low

Mean SD Mean SD Mean SD
Treated 2495 423 2556 227 2451 213
Control 2532 248 2527 189 2386 172

SD, standard deviation.

compared separately, the low bone turnover group
showed a significantly larger percentage of root
resorption on the untreated side compared with the
normal and high bone turnover groups (Figure 3). How-
ever, repeated measurement ANOVA analysis did not
show any significant difference between the three bone
turnover groups.

Regression analysis showed no relationship between
root resorption and either tooth movement or tooth
movement type.

Discussion

The results of this study showed an influence of
different bone turnover rates on orthodontic tooth
movement. Bone turnover rate influenced the amount
of root resorption, as the low bone turnover group
showed more root resorption than the other groups. The
mechanical load did not exert any synergistic effect, as
root resorption increased on the treated sides by the
same amount in the three groups.

The greater tooth movement found in the high bone
turnover group and the smaller movement observed in
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Figure 3 The percentage of root resorption in the three groups.
Note that the significant difference (* = significant at the 5 per
cent level) is present only between the untreated sides of the
hypothyroidic animals and the untreated sides of the normal and
hyperthyroidic group.
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the low bone turnover group is in line with previous
findings (Midgett et al., 1981; Ashcraft et al., 1992).

Although the interaction between bone metabolism
and tooth movement has been previously studied
(Davidovitch et al., 1972; Yamasaki et al., 1984; Collins
and Sinclair, 1988; Leiker et al., 1995; Igarashi et al.,
1996; Kehoe et al., 1996; Roche et al, 1997), the
influence on the type of tooth movement has not been
considered previously. In this study, the location of the
movement’s CRot did not vary. The location of the
CRot close to the apex is in agreement with previous
findings of Macapanpan et al. (1954) and Gibson et al.
(1992), while Katona et al. (1995) identified the CRot
near the furcation area.

Orthodontic treatment produced an increase in the
percentage of root resorption in all three groups and
the treated sides had significantly more resorption than
the untreated sides. However, this effect was not seen as
a reduction in root length, with no difference found
between the treated and the control sides. The latter
observation is not in agreement with the literature,
where root resorption is often found after radiographic
evaluation (Levander and Malmgren, 1988; Lupi et al.,
1996). This can be ascribed to the short treatment time,
which did not allow for radiographic detection of the
root resorption observed at a histological level. More-
over, the uncontrolled tipping observed in this study
induced a concentration of stresses at the coronal more
than at the apical level (Nikolai, 1975).

As shown in Figure 3, the differences in root
resorption between the treated and control sides were
of the same magnitude in the three groups. It is also
evident that low bone turnover induces a significantly
larger amount of resorption on roots that are not
submitted to mechanical loading. This is consistent with
the finding of Becks and Cowden (1942), where a
positive association between hypothyroidism and root
resorption was found. The same has been observed
during the administration of indomethacin, an inhibitor
of prostanoid synthesis (Lasfargues and Saffar, 1993),
whose important role as a mediator for mechanical
stress-induced bone remodelling has been assessed
(‘Yamasaki et al., 1980). It can thus be suggested that in
clinical situations where turnover of alveolar bone is
delayed, root surfaces could already be affected by root
resorption as a baseline condition. The protective effect
against root resorption observed by Poumpros et al
(1994) was not confirmed by the results of the present
study, as the rats with high bone turnover did not display
less root resorption than those with low bone turnover.

The present investigation demonstrated an inter-
action between mechanical load and metabolism.
Clinical situations where metabolic changes are to be
expected, apart from specific metabolic bone disease,
are often found when patients are undergoing
pharmacological treatment, e.g. indomethacin (Giunta
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et al., 1995), and steroid treatment given for various
types of allergy (Ashcraft et al., 1992). An increase in the
rate of tooth movement could be expected in pregnant
women, as demonstrated by Hellsing and Hammarstréom
(1991), or in secondary hyperparathyroidism induced by
lactation (Goldie and King, 1984). Although orthodontic
treatment does not increase the rate of root resorption
under different metabolic conditions, it should be taken
into consideration that baseline root resorption rates
could already be altered.

These results suggest that a thorough case history
regarding possible pathophysiological conditions influ-
encing bone metabolism should be performed on an
individual patient basis. In subjects where increased
bone turnover rates are expected, the reactivation of
the appliance could be performed more frequently.
However, in patients where decreased bone turnover
rates are expected, the reactivation should be carried
out less frequently and the risk of root resorption should
be carefully evaluated.
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