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ABSTRACT

Statement of the Problem: A major objective of investigators is to clarify the role
of metabolites in achievement of maximum tooth movement with minimal root
damage during orthodontic tooth movement (OTM).

Purpose: The aim of this study was to determine the effect of administration of
thyroid hormone, prostaglandin E2, and calcium on orthodontic tooth movement
and root resorption in rats.

Materials and Method: Sixty four mae Wigtar rats were randomly divided into 8
groups of eight rats each: 1- 20pg/kg thyroxine was injected in traperitoneally after
installation of the orthodontic appliance. 2- 0.1 ml of 1 mg/ml prostaglandin E2 was
injected submucosally. 3- 10% (200 mg/kg) calcium gluconate was injected. 4-
Prostaglandin E2 was injected submucosally and 10% calcium was injected intra-
peritonedlly. 5- Thyroxine was injected intraperitoneally and prostaglandin E2 was
injected submucosally. 6- 20ug/kg thyroxine with calcium was injected. 7- Prosta-
glandin E2 was injected submucosally with calcium and thyroxine. 8- Didtilled wa-
ter was used in control group.

The orthodontic appliances comprised of a NiTi closed coil were posteriorly con-
nected to the right first molar and anteriorly to the upper right incisor. OTM was
measured with a feeler gauge. The mid-mesia root of the first molar and the adja-
cent tissues were histologically evaluated. The Data were analyzed by one-way
ANOVA and Student-Newman-Keuls test.

Results: The highest mean OTM was observed in the thyroxine and prostaglandin
E2 group (MeantSD = 0.7375+0.1359 mm) that was significantly different (p<
0.05). A significant difference (p< 0.05) in root resorption was observed between
the prostaglandin E2 (0.0192::0.0198 mm?) and the other groups.

Conclusion: It seems that the combination of thyroxine and prostaglandin E2, with a
synergistic effect, would decrease the root resorption and increase the rate of ortho-
dontic tooth movement in rats.
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School of Dentistry, Shahid Beheshti University of Medica Sciences, Tehran, Iran.
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Introduction orthodontic tooth movement. [1] Reducing the length of
Remodeling of the surrounding alveolar bone and cellu- treatment may thus help satisfy patients demands and
lar changes in the periodontal ligament (PDL) underlie even lessen the long term sequel. [2] Increasing me-
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chanical force to reduce the treatment time, a mgjor
problem in orthodontic practice, leads to several sequel.
A common major complication of orthodontic treatment
is apical root resorption. [3-5] Therefore maximum
tooth movement with minimal root damage has been a
major objective of invegtigators. [6] One of the factors
that are being invettigated for their effects on tooth
movement is prostaglandins (PGs). [7-9] PGs, especia-
ly PGE,, are potent multifunctional regulators of bone
metabolism. [10] PGE, induces morphologic changes in
osteoclasts and osteoblasts via increased intracellular
levels of CAMP (cyclic adenosine monophosphate);
[11-12] exogenous PGE; increases the mRNA (Mes-
senger RNA) synthesis and protein secretion of the Re-
ceptor Activator of Nuclear factor kappaf Ligand
(RANKL). [13] However, there was an increase in the
amount of root resorption with increasing the numbers
and concentrations of PGE, injections. [14-16]

In addition, various factors influence the amount
of root resorption, including the proven effect of sys-
temic calcium. [17] Low levels of calcium causes sec-
ondary hyperparathyroidism and induces an increase in
the secretion of parathyroid hormone (PTH) as well as
vitamin D active metabolites. [18-20] In bone, PTH can
induce a rapid release of calcium, but it also mediates
long-term changes by acting directly on osteoblasts and
indirectly on osteoclasts. [21-22] In osteoblasts, PTH
affects cellular metabolic activity, gene transcriptional
activity, and multiple protease secretion. [23-25] Its
effects on osteoclasts occur through producing RANKL,
aprotein that plays a crucia role in osteoclast formation
and activity. [26] Thus, the increase of bone turnover
induced by PTH could accelerate orthodontic movement
and root resorption. [27-28] In addition to parathyroid
hormone, bone resorption activity is also regulated by |-
thyroxine. [29] Thyroid hormone plays a crucia role in
normal growth and development of vertebrate bones.
[30-31] Administration of high doses of I-thyroxine in
rats has been found to increase bone resorption. [32]
Thyroid hormones increase osteoclastic bone resorption
in rats by stimulating the prostaglandin. [33] Its admin-
istration in rats increases the speed of tooth movement.
[34] Application of low doses of thyroid hormones may
have a protective effect on the root surface and reduce
the extent of root resorption. [35-37] The studies per-
formed by Poumpros et al. [36] and Shirazi et al. [35]

showed that thyroid hormone administration in rats not
only increased the speed of tooth movement, but also
reduced the extent of root resorption.

Goldie and King [19] found that systemic calcium
deficiency increased OTM. In the study enrolled by
Yamasaki et al., [16, 18] Kohoe et al., [17] and Boeke-
noogen et al. [15] that evauated the rate of OTM and
root resorption after injection of PGE2, revealed that
increase in osteoclastic activity resulted in increased rate
of OTM and root resorption.

So far, no research has been undertaken on injec-
tion of thyroxine with PGE or calcium during orthodon-
tic treatment and its effect on root resorption or tooth
movement.

The aim of the present study is to compare and in-
vestigate the synergistic effect of thyroxine with PGE2,
and calcium gluconate on orthodontic tooth movement
and root resorption in rats.

Materialsand Method

Animals

All anima handling and surgical procedures were ap-
proved by the local committee for experimental animal
research ethics and conducted according to the Institu-
tional Review Board (IRB) guidelines for the use and
care of laboratory animals. This study was approved by
the Ethics Committee of the Dental Research Center at
Shahid Beheshti University of Medical Sciences.

Sixty four male Widtar rats (6-8 weeks old, 230-
300 grams weight) were randomly divided into 8 groups
(n=8). They were fed on NIH-36 diet for mice and rats,
with aminimum of 1.15 per cent calcium content.

Fresh drinking water was provided every day and
they were cared for according to the anima welfare
regulations.

Appliance design

The orthodontic appliance comprised of a 5 mm long
NiTi closed coil spring (Orange County; CA, USA)
which was connected posteriorly to the right first molar
and anteriorly to the upper right incisor by a ligature
wire and a force of 60 g was applied (Figure 1). Com-
posite bonding material (3M ESPE, USA) served to fix
the ligature wires to the teeth. Measurement of ortho-
dontic tooth movement (OTM), i.e. measuring the dis-
tances between the distal of first molar and mesial of
second molar, was done by using afeeler gauge (Mitut-
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oyo, Japan) with an accuracy of 0.01 mm.

Figure 1: Experimental appliance. An active coiled spring
exerted aforce of approximately 60 g in the mesial direction

Control and Experimental groups
Both quadrants of the upper jaws of the control (right
side under orthodontic force)/normal (no intervention)
group of animals were used (eight rats); therefore this
group comprised two groups. control and normal. Eight
left first molar teeth of these eight animals were not
placed under orthodontic force. They represented the
normal group and were studied for root resorption only.
After insertion of an orthodontic appliance on the right
side of the upper jaw, digtilled water (0.1 ml) was in-
jected into the mesiobuccal mucosa of the right first
molars of the control animals. In this way, the left side
of the upper jaw, which was under no force or injection,
was considered the norma group and the right side of
the upper jaw served as the control. The animals were
divided into the following experimental groups.

1- 20pg/kg thyroxine was injected intraperitoneally after
installation of the orthodontic appliance in the first
group (T group)

2- 0.1 ml of 1 mg/ml PGE2 dissolved in 1% lidocaine
was injected submucosaly into a similar site for the
eight animals in the second group (PGE2 group)
with similar orthodontic appliance.

3- 10% Ca (200 mg/kg) was injected intraperitoneally.

4- In the fourth group, PGE2 was injected submucosally
and 10% Ca (200 mg/kg) was injected intraperito-
neally.

5- In the fifth experimental group, the animas were fit
with the same appliance. Thyroxine (20 pg/kg) was
injected intrgperitoneally and then 0.1 ml of 1 mg/
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ml PGE2 (dissolved in 1% lidocaine) was injected
submucosally to the mesiobucca root of the right
fist maxillary molars (T+ PGE2).

6- 20pg/kg thyroxine with 10% calcium gluconate was
injected intraperitonedly (T+ Ca).

7- In the Seventh group, PGE2 was injected submuco-
saly with 10% Ca (200 mg/kg), and 20ug/kg thy-
roxine was injected intraperitoneally (T+PGE2+Ca).

8- Didtilled water (0.1 ml) was used in the control
group.

The injections were administered on the days O

and 7.

Histologic evaluation

The animals were sacrificed after 21 days using vapor-

ized halothane (Parke-Davis; Detroit, MI, USA). The

right and left jaw halves of the first eight animals and
the right jaw halves of the remnant groups were re-
moved after the experiment period. The specimens were
decalcified by formic acid and placed in paraffin blocks.

The paraffin-embedded samples were cut by a ro-
tary microtome to provide dides. Each sample provided
multiple mesiodistal dides of 5 pm thicknesses each.

The dides were placed in an oven a 80°C-110°C for 30

minutes and were then stained with hematoxylin and

eosin (H&E). Adobe Photoshop® software was used to

messure the bone histomorphometrical parameters. A

grid-sheet used for the preceding evauation was super-

imposed in the same way and the numbers of grids were
measured and proportion of the pixels in predetermined
orid relative to pixels in irregular areas of root resorp-
tions were established for calculating the area of root

resorption in mm?.

Statistical analysis

Descriptive statistics (mean, standard error) of each

parameter were calculated for al groups. The scores of

tooth movement and root resorption were analyzed by
usng oneway ANOVA and Student-Newman-Keuls
test. The SPSS (version 18) was used and the signifi-

cance level was set at p< 0.05.

Results

OT™M

Table 1 illustrates the values obtained regarding OTM
in the eight groups with an orthodontic appliance. As
the F-test in ANOVA demonstrated a significant differ-
ence among the eight groups, a Student's t-test was used
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to compare the groups in pairs. The mean OTM in the
T+PGE, group (mean= 0.7375 mm) was significantly
higher than the T, PGE,, T+Ca and control groups (p<
0.05).

Root resor ption
Table2 illustrates the values obtained for root resorption

in the eight groups studied and Figure 2 represents the
histological section belonging to the root of a sample
from each of the eight groups. Since there was a vari-
ance difference in the eight groups, with a p-value close
to 0.05, and the data did not follow a normal distribution
curve, a Kruskal-Wallis test was used to confirm the
presence of a significant difference in root resorption
among the groups. Multiple range tests were then used
to compare groups in pairs, which revealed a significant
difference between the PGE2 and T, T+Ca, T+Cat
PGE2 groups. No significant difference was observed
between the other groups regarding root resorption.

Discussion

In this study, OTM occurred significantly faster in T
group compared with the control group (p< 0.01) which
was in agreement with the findings of Shirazi et al. [35]
The reason for the increase might be the bone-resorptive
effect of thyroxine. [30] It directly impacts the bone
remodeling, [38] accelerates the osteoclasts activity in
rats by stimulating the prostaglandin. [42-45] But thy-
roid hormones also have an indirect effect via some
growth factors that are closely related to bone metabo-
lism, such as insulin-like growth factor | (IGF-I1) and IL-
1B, produced locally in bone cells by thyroid hormones
In the present study, OTM occurred significantly activi-
ty. [36-38] Faster in the PGE2 group compared with the
control group, which was in line with the findings of

Figure 2: Histological section of the root of a sample in the T (&), PGE; (b), T+PGE; (c), T+Ca (d), T+PGE+Ca (€) and control (f)
groups, receiving saine injection and undergoing orthodontic movement, magnification x25. The arrow in PGE; group (B) shows alarge

resorptive lacuna.

38



Seifi M., et al.

J Dent Shiraz Univ Med Sci., 2015 March; 16(1 Suppl): 35-42.

Yamasaki et al., [16, 18] Kohoe et al., [17] and Boeke-
noogen et al. [15] This increase might be due to the
bone-resorptive effects of PGs after orthodontic loading.
Following periodontal injury due to loading, PG is syn-
thesized and PGE2 increases the mRNA synthesis and
protein secretion of the receptor activator of nuclear
factor kappaB ligand (RANKL), [13-14] then osteo-
clastic activity commences, which leads to bone resorp-
tion and tooth movement. [16] Thus adding PGE to a
live environment may induce bone resorption. [18]

Moreover, OTM occurred dightly lower in the Ca
group compared with the control group, which was in
accordance with what was found by Goldie and King
[19] who observed that systemic calcium deficiency
increased OTM. So, the hypoparathyroidism caused by
calcium injection in the present study, must have inhib-
ited bone remodeling and resisted the tooth movement.

Comhbined injection of PGE2 and Ca reduced
OTM compared with PGE2 per se; however, despite
this decrease it ill occurred at a significantly higher
rate compared with the control group.

The present results showed that the highest
amount of OTM occurred in T+PGE2 group that was
significantly higher than T and PGE2 groups. No infor-
mation was available regarding the combination injec-
tion of T+PGE2 during OTM. As mentioned before,
thyroid hormones increase osteoclastic bone resorption
in rats by stimulating the prostaglandin, [31-39] and
exogenous PGE2 increases the mRNA synthesis and
protein secretion of the receptor activator of nuclear
factor kappa-B ligand (RANKL) [13-14] in osteoblasts.
Thus, it can be concluded the bone-resorptive of thyrox-
ine may happen because of RANKL via PGE2.

Combined injection of T and Ca reduced OTM
compared with T aone, but despite this decrease it il
occurred at a significantly increased rate compared with
the control group. Goldie and King [19] found that sys-
temic calcium deficiency increased OTM. Midgett et al.
[20] demonstrated significantly decreased bone density
and increased bone remodeling in animals with hy-
perparathyroidism, indicating that reduction in bone
density would probably facilitate tooth movement with-
in bone. [22] It can be inferred from the above date-
ments that the hypoparathyroidism caused by calcium
injection in the present study, must have inhibited bone
remodeling and resisted tooth movement, [23-26]
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whereas this was not the case. This can be explained by
the dominant role of T with a dose of 20pg/kg, athough
aminor inggnificant drop was observed in OTM.

Comhbined injection of T+PGE2+Ca increased
OTM, and it was significantly higher compared with the
control, T, PGE2, and T+Ca groups. But No statistically
significant differences were found between the
T+PGE2+Ca and T+PGE2 groups. This can be attribut-
ed to the dominant role of T and PGE2. Nonetheless, a
minor insignificant drop was observed in OTM due to
the hypoparathyroidism caused by calcium injection
[20-25]. It was in agreement with the findings of the
study conducted by Seifi et al. [1] which demonstrated
that the tendency towards a reduction of resorption in
the PGE2+Ca group may be a result of the transient
hypoparathyroidism and diminished resorptive activity
subsequent to injection of the calcium compound. The
risein root resorption was significant in the PGE2 group
compared with the other groups (Figure 2b).

The present results suggest that the thyroxine-
treated animals have shown significantly less root re-
sorptive lesions than the PGE2 group. These data sub-
stantiate the findings of the studies by Poumpros et al.
[36] and Shirazi et al. [35] that administration of lower
doses of thyroxine reduces force-induced root resorption
lesions. Baysal et al. [34] suggested that administration
of low doses of thyroxine might provide a protective
role on the root surface during OTM, and in those pa-
tients who present spontaneous root resorption lesions.

No significant differences were found regarding
root resorption among the T, Ca, PGE2+Ca, T+PGE2,
T+Ca, T+PGE2+Ca, and control groups. As mentioned,
PGE2 is effective for promoting orthodontic tooth
movement and increase the risk of root resorption. But
according to the study by Poumpros et al. [36] and Shi-
razi et al., [35] thyroid hormone administration in rats
not only increased the speed of tooth movement, but
also reduced the extent of root resorption. Furthermore,
the results of the present study showed that the effect of
thyroxine in protection of root surfaces is more pro-
nounced than the destructive effect of PGE2 on root
surfaces.

The tendency towards the reduction of resorption
in Ca, PGE2+Ca, T+Ca, T+PGE2+Ca groups may be a
result of the transent hypoparathyroidism and the di-
minished resorptive activity subsequent to injection of
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calcium compound, [1, 22] in addition to the root pro-
tective effect of thyroxine. [35-39] But since no signifi-
cant difference was found between the T and T+Ca
groups, it can be concluded that addition of Cato T in
order to achieve the minimum root resorption cannot
recommended.

Conclusion

The results of the present study indicate that in order to
achieve a decrease in root resorption and an increase in
OTM, the combination T+PGE2 is useful and there is a
synergism effect with T and PGE2. Using an accurate
and appropriate combination of local and systemic fac-
tors, it might be possible to reduce treatment duration
with fewer complications following orthodontic treat-
ment.

However, before clinical usage, the systemic ef-
fects of T+PGE2 on the organs must be evaluated. Cor-
respondingly, further studies are necessary to determine
the impact of this combination on the aveolar bone by
using TRAP staining protocols or vital staining meth-
ods.
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