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Tooth replantation and transplanta-

tion are becoming less common proce-

dures with the advent of dental

implants. On the other hand, it has

been pointed out that replantation and

autotransplantation are reasonable

treatment options in properly selected

cases such as traumatic injuries to

newly erupted permanent anterior teeth

and natural replacements for failing or

missing teeth (1, 2). Replanted or

autotransplanted teeth will have a per-

iodontal ligament attachment, which

serves as a shock absorber, provides

proprioception and adaptation for

tooth movement, and can promote

bone formation (1, 2). These may be

advantages over dental implants.
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Objective:We examined the effect of the pretreatment of roots with alendronate on

the restoration of the support function of the healing periodontal ligament in

replanted rat molars.

Methods: The left maxillary first molars were extracted, placed in 0.9%

NaCl containing 1 mM alendronate (alendronate group) or 0.9% NaCl (control

group) for 5 min, and were replanted into their sockets. Groups of animals

were killed at 7, 14, and 21 days after replantation. Normal control rats were also

killed on the same days. The force required to extract the replanted or normal

tooth from its socket was measured, and a load–deformation curve was developed

and analyzed. Micro-computed tomography and histologic analyses were also

made.

Results: The mechanical properties of the healing periodontal ligament in

the alendronate group were gradually restored from 7 to 21 days. However,

fractures of the roots and bones during mechanical testing occurred in most of the

replanted teeth in the control group at 21 days. The rates of restoration of the

mechanical strength, extensibility, stiffness, and toughness for the alendronate group

at 21 days were 67, 98, 74, and 68% of the normal controls, respectively.

Micro-computed tomography and histologic observations revealed that bone-like

structures within the pulp and ankylosis between the roots and socket bones

occurred commonly in the control group, but were uncommon in the alendronate

group.

Conclusions: Our findings suggest that the pretreatment with alendronate

inhibits the formation of abnormal mineralized tissues and results in better

restoration of the support function of the healing periodontal ligament in replanted

teeth.
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The main problems in tooth replan-

tation appear to be resorption and

ankylosis of the alveolar bones and

teeth, according to various animal

models (3–5) and human studies (1, 2).

It has been reported that pretreatment

of root surfaces with stannous fluoride

and tetracycline resulted in complete

absence of inflammatory resorption

and ankylosis after 21 days in replan-

ted dog teeth (6).

Levin et al. (7) reported that topical

treatment of root surfaces with

alendronate, a bisphosphonate, resul-

ted in better healing than treatment

with saline in replanted dog teeth, with

the alendronate treatment producing

less loss of root mass due to resorption

after 4 months. This suggests that bis-

phosphonates may reduce resorption

and ankylosis, leading to better res-

toration of the periodontal ligament

between the roots and socket bones in

replanted teeth.

From a functional point of view, the

biomechanical properties of a wound

are among the most important prop-

erties in the wound healing process (8).

The functional restoration of the perio-

dontal ligament has been investigated

by measuring the mechanical proper-

ties of the healing periodontal ligament

after extrusive luxation of the tooth

(9), orthodontic retention (10), and

tooth replantation (11). Measurement

of the mechanical properties may pro-

vide useful information for a quanti-

tative evaluation of the restoration of

the tooth supporting function of the

periodontal ligament (11).

The aims of the present study were

to examine changes in the mechanical

properties of the periodontal ligament

after replantation of rat molars pre-

treated with alendronate, in relation

to morphology, and to evaluate the

effect of alendronate on the restor-

ation of the mechanical properties of

the periodontal ligament in replanted

teeth.

Material and methods

Replantation of rat maxillary molar

One hundred male Wistar rats, aged

34–36 days, with an average body

weight of 113 ± 7 g, were used. They

were fed a powdered diet (CE-2, Nihon

Clea, Tokyo, Japan) and given water

ad libitum during the experimental

period. At 41–43 days of age, they

were initially divided into normal

control (40 rats), control (30 rats), and

alendronate (30 rats) groups. The ani-

mals of the control and alendronate

groups were anesthetized with intra-

peritoneal injections of ketamin

hydrochloride (47 mg/kg body weight;

Fuji Chemical, Saitama, Japan)

and medetomidine hydrochloride (0.4

mg/kg body weight; Orion, Espoo,

Finland). Then, their left maxillary first

molars were extracted using extraction

forceps, and were placed in saline

(0.9% NaCl solution) containing 1 mM

alendronate (Teiroc�Inj., TEIJIN,

Osaka, Japan; alendronate group) or

saline (control group) for 5 min (7) at

room temperature of approximately

20�C. The molars were then put back

(replanted) into their sockets. There

was approximately 10 min between the

extraction and replantation proce-

dures. Then, the rats were subcutane-

ously injected with benzylpenicillin

procaine [300,000 U/ml, 0.67 ml/100 g

body weight (4); Tamura Pharmaceu-

ticals, Tokyo, Japan], and were

awakened with an intraperitoneal

injection of atipamezole hydrochloride

(0.83 mg/kg body weight; Orion).

When rats died and/or the tooth crown

or root was broken during the replan-

tation procedures, the data from these

rats were excluded. In the normal

control group of rats, no extraction or

replantation of their maxillary first

molars was performed.

Biomechanical analysis

Mechanical testing –– Groups of nine

to 10 animals were killed with an

overdose of ether at 7, 14, and 21 days

after replantation. In the normal con-

trol group, 10 rats were killed at 0, 7,

14, and 21 days. In each rat, immedi-

ately after death, its maxilla was dis-

sected out, the adherent soft tissues

were removed, and the maxilla was

kept in saline at 4�C. The left maxillary

first molar was extracted from its

socket according to the method des-

cribed by Chiba and Ohkawa (12)

using a materials testing machine

(Autograph type S-100, Shimadzu

Seisakusho, Kyoto, Japan) at a speed

of 5 mm/min. A load–deformation

curve of the periodontal ligament of

the tooth was then obtained and

stored in a computer (VAIO, Sony,

Tokyo, Japan) with the aid of an

amplifier (PA-011, Star Medical,

Tokyo, Japan) and an analog-to-

digital converter (Model ESC-1312,

Star Medical). All experiments were

performed at room temperature

(22–26�C). The time between killing

the animals and mechanical testing

ranged from 24 to 96 min. When the

tooth crown, the root, or the socket

bone was broken during mechanical

testing, the data from such samples

were excluded.

Analysis of load–deformation curves ––

From each load–deformation curve,

the following biomechanical measures

were estimated (13, 14): (i) maximum

shear load (the peak value; mechanical

strength); (ii) maximum shear defor-

mation (the distance pulled to reach

the maximum shear load; extensibil-

ity); (iii) tangent modulus (the slope of

the linear region of the curve; stiffness);

(iv) failure energy in shear (the

area between the load–deformation

curve and x-axis to the peak value;

toughness).

Radiographic analysis –– Radiographs

of extracted teeth and jaws were ta-

ken in a soft X-ray apparatus (Type

EMB, Softex, Tokyo, Japan). Frac-

tures of alveolar bones and/or teeth

during mechanical testing were

examined by analyzing those radio-

graphic images and by stereomicro-

scopic observations of extracted teeth

and alveolar bones. We also meas-

ured the distance from the cemento-

enamel junction to the root tip along

the long axis of the mesial root of the

extracted tooth on the radiographic

images (15).

Morphological analysis

For morphological analysis, another

22 male Wistar rats, 34–36 days, were

used. They were divided into normal

control (eight rats), control (seven
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rats), and alendronate (seven rats)

groups. Extraction of the left maxillary

molar and replantation into its original

socket were done with the same pro-

cedures as in the control and alendro-

nate groups for the biomechanical

analysis, described above. Under an-

esthesia with ketamine and medetomi-

dine, the control and alendronate

groups were perfused with 0.1 M

phosphate buffer (pH 7.2) containing

4% paraformaldehyde at 7, 14, and

21 days after replantation. The normal

control group was also perfused at 0, 7,

14, and 21 days. The maxillae were

dissected and then placed in the same

fixative as above at 4�C.
Micro-computed tomography –– Each

maxilla containing a replanted left first

molar was horizontally scanned at

16-lm intervals with a micro-compu-

ted tomography system (MCT-

CB100MFZ, Hitachi Medico, Tokyo,

Japan), and 201 images (480 · 480

pixels) were obtained. Two- and three-

dimensional analyses were made to

determine the levels of ankylosis and

resorption of the bones and roots in

the replanted and normal control

teeth.

Histology –– After the micro-computed

tomography analysis, the maxillae

were decalcified in 14% EDTA for

3 weeks, dehydrated, and embedded in

paraffin. Sagittal sections were cut

serially with a microtome (Model 1320,

Leica Instruments, Germany) setting

of 6 lm, were stained with hematoxy-

lin and eosin, and were observed by

ordinary and polarized light micro-

scopes.

Statistics

The chi-squared test was used to

examine differences in the numbers of

fractures during mechanical testing

between the two groups. The changes

in the length of the mesial root, and

biomechanical measures at 7, 14, and

21 days after replantation were exam-

ined by a one-way analysis of variance

(ANOVA). The differences in the length

of the mesial root, and biomechanical

measures in the normal control, con-

trol, and alendronate groups were

examined by a t-test and, when

appropriate, by Scheffé’s method.

Results

Fractures of bone and root during
mechanical testing

Table 1 shows the number of fractures

of roots and/or alveolar bones that

occurred during mechanical testing. In

the normal control group, we were able

to extract the maxillary first molars

without fractures in all but two teeth

that had fractures of the mesial roots at

0 and 14 days. In the control group, no

fractures were observed at 7 days, but

were observed at 14 days (33%) and

21 days (89%). The number of frac-

tures at 21 days in the control group

was significantly greater than that in

either the alendronate group

(p < 0.005, chi-squared test) or the

normal control group (p < 0.001, chi-

squared test). In the alendronate

group, fractures were not observed at 7

and 14 days, but were observed in two

out of nine replanted teeth at 21 days;

the number of fractures was not

significantly different from that in

the normal control group (p > 0.1,

chi-squared test).

Biomechanical properties of the
periodontal ligament in replanted
teeth

Load–deformation curves of the healing

periodontal ligament –– Figure 1 shows

the load–deformation curves of the

periodontal ligament in the normal

control, control, and alendronate

groups at 7, 14, and 21 days after

replantation. Since eight out of nine

replanted teeth in the control group at

21 days were fractured during

mechanical testing, the biomechanical

data were not shown in the graph. The

rising parts of all the load–deformation

curves were non-linear and almost

sigmoid in shape. At 7 and 14 days, the

load levels in the control and alendro-

nate groups were markedly less than

those in the normal control group at

the same deformation levels. The load

levels in the alendronate group were

still less than those in the normal con-

trol group at 21 days.
Biomechanical measures of the healing

periodontal ligament –– Figure 2 shows

changes in the maximum shear load

(Fig. 2a), maximum shear deformation

(Fig. 2b), tangent modulus (Fig. 2c),

and failure energy in shear (Fig. 2d) of

the periodontal ligament estimated

from the load–deformation curves

after replantation.

The maximum loads in the normal

control group increased significantly

during the experimental period (p <

0.01, ANOVA). In the control group, the

mean value at 7 days after replantation

decreased markedly (p < 0.001).

Then, the mean values in the control

group increased gradually from 7 to

14 days; the mean value at 14 days was

not significantly different from the

normal control. In the alendronate

group, the mean value at 7 days

decreased markedly (p < 0.001).

Then, the mean values in the alendro-

nate group increased gradually from

7 to 21 days (ANOVA, p < 0.001). The

mean values were 62 and 67% of the

normal control values at 14 and

21 days, respectively.

The maximum deformations in the

normal control group did not change

significantly during the experimental

period. The mean values at 7 and

14 days in the control group were not

significantly different from those of the

normal controls. The mean value in the

alendronate group decreased at 7 days,

but increased gradually at 14 and

21 days, although the increases were

not significant.

The tangent moduli in the normal

control group increased gradually

from 0 to 14 days (ANOVA, p < 0.01)

and remained unchanged from 14 to

21 days. In the control group, the

mean value at 7 days decreased

(p < 0.001). Then, the mean values in

Table 1. Numbers of fractures of roots and/

or alveolar bones during mechanical testing

Days after

replantation

Normal

control

group

Control

group

Alendronate

group

0 1 (10) – –

7 0 (10) 0 (9) 0 (10)

14 1 (10) 3 (9) 0 (10)

21 0 (10) 8 (9)a,b 2 (9)

Number of rats is shown in parentheses.

Significant differences afrom alendronate

group, p < 0.005 and bfrom normal control

group, p < 0.001 (chi-squared test).
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the control group increased from 7 to

14 days; the value at 14 days was not

significantly different from the normal

control value. In the alendronate

group, the mean value at 7 days de-

creased markedly (p < 0.001). Then,

the mean values in the alendronate

group increased gradually from 7 to

21 days; the difference from the nor-

mal control was significant at 21 days

(p < 0.05).

The failure energies in shear in the

normal control group were unchanged

from 0 to 14 days, but increased from

14 to 21 days. In the control group, the

mean value at 7 days decreased mark-

edly (p < 0.001). Then, the mean val-

ues in the control group increased

gradually from 7 to 14 days. The mean

value at 14 days was not significantly

different from the normal control

value. In the alendronate group, the

mean value at 7 days also decreased

markedly (p < 0.001). Then, the mean

values in the alendronate group

increased gradually from 7 to 21 days;

the difference from the normal control

value was significant at 21 days

(p < 0.01).

Length of the mesial root in replanted
teeth

Table 2 shows changes in the lengths

of the mesial roots in the normal con-

trol, control, and alendronate groups.

The mean values in the normal control

group increased significantly during

the experimental period (ANOVA,

p < 0.01, 25% at 21 days). The mean

values in the control group at 7 and

14 days did not differ from the value in

the normal control group at day 0, and

they were less than the respective nor-

mal control values at 7 and 14 days

(p < 0.05 and p < 0.001); the values

at 7 and 14 days were 92 and 82% of

the normal control values, respectively.

By contrast, the mean values in the

alendronate group increased sig-

nificantly from 0 to 21 days by 11%

(ANOVA, p < 0.05), but they were less

than the normal control values at 7, 14

(p < 0.01), and 21 (p < 0.01) days;

the values at 7, 14, and 21 days were

97, 89, and 89% of the normal control

values, respectively.

Fig. 1. Load–deformation curves for the periodontal ligament of the maxillary first molar at

7, 14, and 21 days after replantation in the normal control, control, and alendronate groups.

The points on the graphs were plotted at intervals of 0.1 mm along the abscissa. Each point

represents the mean of 6–10 rats. Vertical bars represent ±SD of the maximum shear load.

The maximum shear load and maximum shear deformation for one specimen without

fractures during mechanical testing in the control group at 21 days (Table 1) were 29.4 N

and 1.91 mm, respectively (data not shown in the graph).
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Micro-computed tomography images
of replanted teeth

Figure 3 shows mesio-distal images,

reconstructed from micro-computed

tomography, of the normal control

(Figs 3a–c), control (Figs 3d–f), and

alendronate (Figs 3g–i) groups at 7, 14,

and 21 days after replantation. At

7 days, the periodontal spaces of the

mesial roots in the control (Fig. 3d)

and alendronate-pretreated (Fig. 3g)

teeth appeared to be wider than those

Fig. 2. Changes in the maximum shear load (a), maximum shear deformation (b), tangent modulus (c), and failure energy in shear (d) for the

periodontal ligament of the maxillary first molar at 0, 7, 14, and 21 days after replantation in the normal control, control, and alendronate

groups. Each point and vertical bars represents the mean ± SD of 6–10 rats. Significant differences from the respective normal control

groups, *p < 0.05, **p < 0.001 (Scheffé’s method). Significant differences from the normal control group at 21 days, �p < 0.05,

��p < 0.01, ���p < 0.001 (t-test).

Table 2. Changes in the length of the mesial root of the maxillary first molar

Days after

replantation

Length of mesial root (mm)

Normal control group Control group

Alendronate

group

0 1.99 ± 0.15 (9) – –

7 2.13 ± 0.13 (10) 1.97 ± 0.14* (9) 2.06 ± 0.12 (10)

14 2.38 ± 0.13 (9) 1.95 ± 0.12** (6) 2.11 ± 0.11** (10)

21 2.48 ± 0.14 (10) – 2.21 ± 0.15�� (7)

Mean ± SD of the population is shown in each group.

Number of rats is shown in parentheses.

Significant differences from the normal control groups, *p < 0.05, **p < 0.001 (Scheffé’s

method), ��p < 0.01 (t-test).
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in the normal control teeth (Fig. 3a).

The lengths of the mesial and distal

roots of the normal control teeth at

14 (Fig. 3b) and 21 (Fig. 3c) days

appeared to be longer than those of the

control and alendronate-pretreated

teeth. The control teeth at 14 (Fig. 3e)

and 21 (Fig. 3f) days showed ankyloses

around the mesial and distal roots.

Abnormal mineralized structures were

also seen within the dental pulp of the

mesial and distal roots (Figs 3e and f).

The alendronate-pretreated teeth at 14

(Fig. 3h) and 21 (Fig. 3i) days showed

fewer ankylotic areas compared with

the control teeth. Abnormal mineral-

ized structures were only seen in the

apical regions of the mesial and distal

roots (Fig. 3i).

Light and polarized light microscopic
observations

Figure 4 shows hematoxylin and eosin-

stained sections of the normal control

(Figs 4a and b), control (Figs 4c and

d), and alendronate-pretreated (Figs 4e

and f) teeth at 21 days. The bucco-di-

stal (Figs 4a, c and e) and mesial

(Figs 4b, d and f) roots of the maxillary

first molars are indicated. The amount

of cellular cementum on the mesial side

of the mesial root appeared to be less in

the control (Fig. 4d) and alendronate-

pretreated (Fig. 4f) teeth compared

with the normal control teeth (Fig. 4b).

Bone-like structures were observed

within the dental pulp of the distal and

mesial roots markedly in the control

teeth (Figs 4c and d) and to a lesser

extent in the alendronate-pretreated

teeth (Figs 4e and f). The normal

arrangement of odontoblastic layers

was not observed in the dental pulp of

either the mesial or distal roots in the

Fig. 3. Mesio-distal images of maxillary first molars reconstructed from micro-computed tomography. The specimens were obtained at 7, 14,

and 21 days after tooth replantation. The left maxillary first molars were extracted, placed in saline (control; d, e, f) or saline containing 1 mM

alendronate (g, h, i) for 5 min, and replanted into their original sockets. Normal control teeth (a, b, c) were not extracted. m, mesial side; d,

distal side; arrowheads, ankylosis; asterisks, abnormal mineralized structures.
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control or alendronate-pretreated teeth

(Figs 4c–f). Bony attachments were

seen in the periodontal space of the

distal sides of the distal and mesial

roots in the control teeth (Figs 4c

and d), but not in the alendronate-

pretreated teeth (Figs 4e and f). Root

resorptions were observed near the

ankylotic areas on the distal side of

the distal root in the control teeth

(Fig. 4c).

Figure 5 shows ordinary and polar-

ized light microscopic images of the

periodontal ligament of the distal

aspect of the mesial root in hematoxy-

lin and eosin-stained sections of nor-

mal control (Figs 5a and b), control

(Figs 5c and d), and alendronate-pre-

treated (Figs 5e and f) teeth. In the

normal periodontal ligament, an

oblique arrangement of birefringent

Fig. 4. Bucco-distal (a, c, e) and mesial (b, d, f) roots in mesio-distal sections of maxillary first molars at 21 days after replantation. Sections

were obtained from a normal maxillary first molar (a, b), and replanted maxillary first molars after pretreatment with saline (c, d) and with

1 mM alendronate (e, f). Arrowheads, ankylosis; arrows, root resorption; asterisks, abnormal bone-like structures; Cm, cellular cementum.

Hematoxylin and eosin.
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collagen fiber bundles was seen

between the root cementum and bone,

and the fiber structures appeared to be

well organized (Figs 5a and b). In the

periodontal ligaments of the control

(Fig. 5c) and alendronate-pretreated

(Fig. 5e) teeth, the collagen fiber bun-

dles appeared to be less organized than

those of the normal control teeth

(Fig. 5a). However, in the periodontal

ligament of the alendronate-pretreated

teeth, an oblique arrangement of

birefringent collagen fiber bundles was

seen between the root cementum and

bone (Fig. 5f). Blood vessels were

observed in the middle zone of the

ligament and near the bone surfaces

(Figs 5a, c and e).

Discussion

It is important to evaluate the effects of

therapeutic agents on the wound

healing of oral tissues using experi-

mental animals (3, 6, 7, 9) that better

model humans, such as do dogs and

monkeys, before any clinical applica-

tion of the agent. It is also desirable to

use a relatively simple experimental

model to determine the basic charac-

teristics of a drug whenever possible

(11). The rat molar model employed in

the present study can serve both these

purposes (4, 5, 16). The procedures of

extraction and replantation of the rat

molar are simple and easy. This model

allows us to examine various aspects of

the healing process in a sufficient

number of animals to provide some

statistical power to our findings. We

previously established a method for the

quantitative evaluation of the support

function of the periodontal ligament by

measuring the mechanical properties of

the periodontal ligament in the rat

molar (12).

Bisphosphonates are known to

inhibit bone resorption and are cur-

rently used as therapeutic agents for

bone diseases such as osteoporosis,

Paget’s disease, and cancer-related

hypercalcemia (17). It is assumed that

bisphosphonates mainly act through

cellular mechanisms (e.g. inactivation

of osteoclasts) other than the physico-

chemical mechanism of crystal

dissolution, although the precise

mechanisms of action remain to be

elucidated (17). The topical adminis-

tration of risendronate, a bisphospho-

nate, has been reported to have an

inhibitory effect on root resorption in

experimental orthodontic tooth move-

ments (18). The topical administration

of alendronate has also been reported

to have beneficial effects on the healing

of the cementum and may decrease the

loss of root mass after replantation of

dried dog teeth (7). It is clinically

important to prevent the occurrence of

root resorption because this generally

worsens the prognosis of a replanted

tooth (1, 2, 19, 20).

In the present study, there were

marked fractures in the roots and/or

bones during mechanical testing in the

control group that occurred at 14 and

Fig. 5. High-power views of the mesial roots of maxillary first molars (Fig. 4) under ordinary

(a, c, e) and polarized (b, d, f) light microscopes. Sections were obtained from a normal

maxillary first molar (a, b), and replanted maxillary first molars after pretreatment with

saline (c, d) and with 1 mM alendronate (e, f). B, bone; D, dentin; PDL, periodontal ligament;

asterisks, blood vessels; arrowheads, root cementum. Hematoxylin and eosin.
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21 days after tooth replantation

(Table 1). The fractures were effect-

ively inhibited by topical pretreatment

with alendronate. These fractures were

considered to be mainly due to anky-

loses between the molar roots and

socket bones, as revealed by micro-

computed tomography (Fig. 3) and

histological (Fig. 4) analyses. It has

been shown that administration of a

bisphosphonate, 1-hydroxyethylidine-

1,1-bisphosphonate, inhibits the min-

eralization of enamel and dentin in the

rat incisor (21, 22) and the formation

of the acellular cementum during root

formation in the rat molar (23). In the

present study, topical pretreatment

with alendronate could have prevented

the occurrence of ankyloses between

the roots and bones, which was prob-

ably achieved via an inhibition of

mineralization.

The mechanical properties of the

healing periodontal ligament in the

replanted teeth were restored similarly

in the control and alendronate groups

at 7 and 14 days (Fig. 2). Thereafter,

the mechanical properties in the

alendronate group continued to be re-

stored until 21 days. The restoration

rate (percentage of the normal control

value) of the mechanical strength

(67%) for the healing periodontal

ligament in the alendronate group at

21 days was similar to that (62%)

reported for luxated monkey teeth at

14 days (9) and greater than that

(53%) reported for replanted rat inci-

sors at 21 days (11). The restoration

rates for the extensibility (98%) and

toughness (68%) were greater than

those for the monkey teeth (62 and

50%, respectively) and the rat incisors

(85 and 52%, respectively). The most

important functional parameters for

characterizing healing wounds are

considered to be the maximum and/or

breaking energies (toughness), as exter-

nal mechanical influences on the tissue

are absorbed as energy (24). In that

sense, pretreatment with alendronate

may result in better restoration of the

support function of the healing perio-

dontal ligament in replanted teeth.

It has been shown that the restor-

ation of the support function of the

healing periodontal ligament in

replanted rat incisors is closely related

to the amount of reorganized collagen

fibers and their functional reorienta-

tion (11). It has also been suggested

that intermittent mechanical stimuli

such as occlusal contacts play import-

ant roles in the reorganization and

functional reorientation of collagen

bundles (11). In the periodontal liga-

ments of the alendronate group, we

observed an oblique arrangement of

the fibers between the root cementum

and bones, and fiber insertions into the

bones (Figs 5e and f). By contrast,

there appeared to be fewer fibers

traversing between the root cementum

and bones in the control group

(Figs 5c and d) with ankylosis in the

other areas of the periodontal liga-

ments. These findings suggest that the

absence of ankylosis following pre-

treatment with alendronate might

provide a better mechanical environ-

ment for the reorganization and func-

tional reorientation of the collagen

fibers in the healing periodontal liga-

ment in replanted teeth.

The mean length of the mesial roots

of the replanted teeth in the control

group did not change after replanta-

tion. However, the mean length in the

alendronate group increased by 11%

between day 0 and day 21, although

the values in the normal control group

increased by 25% during this same

period (Table 2). We assumed that the

extraction and replantation inhibited

the elongation of the roots, and that

alendronate may have prevented this

inhibition and restored the root elon-

gation of the replanted teeth to some

extent.

Bisphosphonates are orally or

intravenously administered to patients

in clinical settings (17), and the sys-

temic administration of etidronate has

been reported to have an inhibitory

effect on heterotopic calcification

(25, 26). However, it is known that the

dose of etidronate that prevents

heterotopic mineralization also inhibits

normal calcification in bone, cartilage,

dentin, and enamel (17). Tooth avul-

sion and replantation allow topical

administration of a drug to the root

surface (7). Therefore, we adopted a

topical administration of alendronate.

It has been reported that the pre-

treatment of roots with dexamethasone

enhanced healing and resulted in fewer

resorptions after 12 weeks in replanted

dog teeth (27) and after 3 weeks in

replanted rat molars (28). However, the

dexamethasone-treated group exhibited

more bone ankylosis than the non-

treated group in replanted rat molars

(28). In the present study, the pretreat-

ment with alendronate effectively

inhibited ankylosis. Therefore, further

studies are required to better under-

stand the roles and mechanisms of bis-

phosphonates and anti-inflammatory

drugs in the restoration processes of

avulsed teeth.

References

1. Andreassen JO, Andreassen FM. Text-

book and color atlas of traumatic injuries to

the teeth, 3rd edition. Copenhagen:

Munksgaard, 1994.

2. Tsukiboshi M. Wound healing in trans-

plantation and replantation. In: Tsukibo-

shi, M, ed. Autotransplantation of teeth.

Chicago: Quintessence Publishing Co,

2001: 21–55.
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