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Preapplication of Orthodontic Forces to the Donor Teeth Affects
Periodontal Healing of Transplanted Teeth

Yusuke Suzakia; Yoshiro Matsumotob; Zuisei Kannoc; Kunimichi Somad

ABSTRACT
Objective: To investigate how the preapplication of orthodontic forces to the donor teeth affects
the periodontal healing after transplantation.
Materials and Methods: The orthodontic force (1.5 cN) was applied to the maxillary right molars
of 6-week-old male Spraque-Dawley rats (n � 21) in the experimental side, and the left side of
the same animals was used as the control. After 7 days, both right and left maxillary second
molars were extracted or replanted. Periodontal conditions were evaluated in the histological spec-
imens 7 days after applying orthodontic force (before and after extraction) and 14 days after
replantation.
Results: The application of orthodontic force for 7 days significantly increased the periodontal
ligament (PDL) space and also the width of the alveolar socket, which resulted in a rich attached
PDL to the root surface of the extracted teeth. Significantly more root resorption was also detected
in the control side without preapplication of orthodontic force 14 days after replantation. This root
resorption might involve in the disruption of the PDL.
Conclusion: These results suggested that the preapplication of orthodontic force to the donor
teeth increased the PDL width and eased the extraction, which might decrease root resorption
after replantation.
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INTRODUCTION

Autotransplantation has been a major alternative ap-
proach in orthodontic practice to replace missing or
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hopeless teeth. Although the prognosis of autotrans-
plantation has been greatly improved with the preven-
tion of infection in medical science, some unfavorable
results such as root resorption or ankylosis1–6 still re-
main. It is reported that the successful prognosis of
transplanted teeth is dependent on the following fac-
tors: the condition of the remaining periodontal liga-
ment (PDL) attached to the extracted donor tooth,7–9

adaptation of the donor tooth to the sockets,10 the du-
ration and the method for splinting after transplanta-
tion,11–13 and the timing of endodontic treatment of the
transplanted teeth.9,14 Based on those findings, an at-
tempt to reduce the damage to the PDL may be an
acceptable solution for us.

Some clinical15 or experimental16 studies have sug-
gested that the preapplication of mechanical stimuli to
the donor teeth may slacken the PDL and ease the
extraction, which may reduce the damage of PDL.
Nevertheless, the jiggling forces used in those exper-
iments were also reported to cause an enhanced rate
of destruction of the periodontium, including root re-
sorption.17,18 Therefore, more appropriate orthodontic
forces need to be examined.

In this study, we aim to investigate the effect of
preapplying orthodontic forces to the donor teeth and
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Figure 1. Experimental model in rats. (a) The superelastic Ti-Ni alloy
wires produce 1.5-cN orthodontic forces. M1 indicates maxillary first
molar; M2, maxillary second molar. An arrow indicates the direction
of reciprocal orthodontic force. (b) Frontal views of the replantation
procedure in the maxillary M2. The tooth was dislocated palatally
(left) and then immediately replanted (right). Pa indicates palatal; Bu,
buccal. (c) Experimental schedule diagram. After orthodontic force
was applied for 7 days in the experimental group, both M2 molars
were extracted and replanted, followed by 7 days of healing without
occlusal contact and then 7 days of occlusal contact again.

also to evaluate the outcomes before and after replan-
tation.

MATERIALS AND METHODS

Animals

Twenty-one 6-week-old male Spraque-Dawley rats
(182 � 18 g) were used in this study. All rats were fed
a solid diet and given water ad libitum during the ex-
perimental period. Our animal protocols were ap-
proved by the local Animal Experimental Committee,
and the rats were intraperitoneally anesthetized during
experiments, as described previously.19,20

Experimental Model

Orthodontic force was applied to the right maxillary
molars for the experimental group (n � 21), and the
left molars of the same animals were defined as the
control group without orthodontic forces (n � 21). Su-
perelastic titanium-nickel (Ti-Ni) alloy wires (Furukawa
Electric, Tokyo, Japan), 0.15 mm in diameter, 12 mm
in length, were used to exert the orthodontic force. The
wires were bent like a double spring to keep the dis-
tance of both ends at 5.0 mm. The force was mea-
sured by using a load cell extraorally before attaching.
The wires exerted initial forces of 1.5 cN when the
distance of the both ends was 3.0 mm, and the force
was almost constant despite the different amount of
activation because of the superelasticity of these Ti-Ni
alloy wires. Both ends of an orthodontic wire were in-
serted in the occlusal sulci of the right first and second
molars, and the wires were attached with light-curing
adhesive and composite resin, as described previous-
ly19,20 (Figure 1a). To avoid the adhesion between the
first and second molars, the composite resin on the
second molars was minimized and the resin on the
first molars placed mesially. As a result, the wires ex-
erted the reciprocal force between the first and second
molars. The composite resin was raised to the height
of 0.8 mm on the right and left first molars to avoid
occlusal interference of the second molars. Seven
days after the orthodontic force was applied, all wires
and resin were removed, and the region for replanta-
tion was disinfected using povidone iodine.

Following former reports,11,21,22 both right and left
maxillary second molars were shaken buccopalatally
step by step using a specially ordered tissue forceps
until the mesiobuccal root dislocated 1 mm and was
then immediately replanted to the same place exactly
(Figure 1b). No postoperative splinting was used. Ex-
traction and replantation were performed with the
same procedure using the same forceps by the same
person. Based on a previous report,11 composite resin
was mounted 1 mm in thickness on the occlusal sur-

face of both right and left maxillary first molars to re-
lieve the occlusal contacts for 7 days, to protect the
injured PDL from traumatic occlusal forces. Seven
days after replantation, the resin was removed to re-
cover occlusal stimuli for prevention of the dentoal-
veolar ankylosis11 (Figure 1c).

Histology and Enzyme Histochemistry

Seven days after applying orthodontic force before
extraction (n � 4), after extraction (n � 4), and 14
days after replantation (n � 4), the maxillary speci-
mens and the extracted teeth were removed and fixed
in 10% neutral buffered formalin. These specimens
were decalcified in 10% ethylenediaminetetra–acetic
acid solution (pH 7.4) for 4 weeks, and the mesiobuc-
cal root of the second molar was made into 6-�m-thick
coronal paraffin serial sections by conventional meth-
ods.

The other 18 extracted teeth in nine rats were
stained with toluidine blue and observed stereoscopi-
cally. The sections for assessment were selected from
the center of the root passing through the pulp among
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Figure 2. A schematic drawing of the coronal section of the mesio-
buccal root of the maxillary second molar. The gray areas were mea-
sured as the area of periodontal ligament (PDL). Arrows indicate the
width of the alveolar socket in the middle and apical levels. Pa in-
dicates palatal; Bu, buccal; PDL, periodontal ligament; D, dentin; C,
cementum; P, pulp; AB, alveolar bone.

the animals. The sections were stained with hematox-
ylin and eosin, and tartrate-resistant acid phosphatase
(TRAP) activity was detected using the azo dye meth-
od following counterstaining with 1% methyl green, as
reported previously.23,24 We defined a TRAP-positive
multinucleated cell attached on root-resorption lacuna
as an odontoclast and root-resorption lacunae includ-
ing the odontoclast as an active root-resorption lacu-
nae. The apical region of the mesiobuccal roots in the
coronal section was observed because the effect of
extraction and replantation was typical in the group.

Quantitative Analysis

The area of the PDL, 1.2 to 2.4 mm from the fur-
cation toward the root apex on both buccal and palatal
sides, was measured at day 7 of the experiment (be-
fore and after extraction; Figure 2). The horizontal
length between the inner surfaces of alveolar bone
that lay 1.2 mm (middle) and 2.4 mm (apical) away
from the furcation at 7 days of the experiment before
the extraction was also measured as the width of the
alveolar socket. The amount of root exposure without
attached PDL cells after extraction was measured as
the length of exposed root surface. The number of me-
siobuccal roots fractured after extraction was also
counted. Furthermore, to quantify root resorption 14
days after replantation, the length of active root-re-
sorption lacunae was measured, as described previ-

ously.24 Image analysis software (Scion Image Beta
4.02, Scion Corporation, Frederick, Md) was used for
the histomorphometric analysis.

Statistical Analysis

Comparisons between the orthodontic force and
control groups were performed with the Mann-Whitney
U-test by using the software for statistical analysis
(SPSS, SPSS Inc, Chicago, Ill).

RESULTS

The body weight of rats increased consistently dur-
ing the experimental period. After the application of
orthodontic force for 7 days, direct bone resorption
could be found on the buccal side of the PDL, and
neither hyalinization nor root resorption was detected
in the experimental group (Figure 3a). The rats in the
experimental group exhibited a significantly wider area
of PDL on both the buccal and palatal side (Figure 3b).
The width of alveolar sockets at the apical area in the
experimental group was also significantly wider (Fig-
ure 3c).

When the second molars were extracted after 7
days of applying orthodontic force, the area of PDL
was significantly wider in the experimental group than
in the control group (Figure 4c). The length of exposed
root surface in the experimental group was signifi-
cantly less on the buccal side, where the PDL space
was increased by the orthodontic force (Figure 4d). In
addition, during the extraction of the second molars,
no fractures of the mesiobuccal roots were found (0/
9) in the experimental group, while some root fractures
occurred (3/9) in the control group.

At 14 days after replantation, although recovery of
the PDL was observed in both the experimental and
control groups (Figure 5a,b), the length of active root-
resorption lacunae in the apical half of the buccal side
in the experimental group was significantly less than
that in the control group (Figure 5c).

DISCUSSION

Recently, autotransplantation has been widely per-
formed, and many publications have reported that the
survival rate of transplanted teeth may be as high as
90%13,25–27; however, some undesirable complications,
such as root resorption or dentoalveolar ankylosis, still
exist. To improve the prognosis of tooth transplanta-
tion, Mine et al11 focused on the prevention of anky-
losis and reported that an occlusal stimulus after trans-
plantation may promote the regeneration of the PDL.
Similarly, several reports have suggested that the
preapplication of a jiggling force on donor teeth may
ease the extraction28 and reduce root resorption after
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Figure 3. Seven days after the experiment (before extraction). (a) Coronal sections of the mesiobuccal root of the maxillary M2 in the exper-
imental group (left; n � 4) and control group (right; n � 4). Hematoxylin and eosin staining. Pa indicates palatal; Bu, buccal; PDL, periodontal
ligament; D, dentin; C, cementum; P, pulp; AB, alveolar bone. Bar � 500 �m. (b) Area of PDL. (c) Width of alveolar socket. The horizontal
lines of the box and whisker-plot diagram represent the 95th, 75th, 50th, 25th, and 5th percentiles, ordering from the top. * P � .05.

replantation,16 while Ericsson and Lindhe17 reported
the involvement of jiggling forces in the destruction of
the periodontium with periodontitis. With consideration
for those understandings, we aimed to validate the use
of a light orthodontic force.

The orthodontic force used in this study was provid-
ed by Ti-Ni alloy wire and was limited to 1.5 cN, which
corresponds to approximately 30 cN for the human
first molar.29 Kohno et al19 have previously reported
that orthodontic forces less than 3.6 cN could move
rat molars experimentally without hyalinization and un-

dermining bone resorption. Despite the forces that
were applied reciprocally to the maxillary molars in the
mesiodistal direction in our study, the enlarged PDL
spaces were apparent in both the palatal and buccal
sides, and no hyalinization or root resorption could be
seen. Figure 3b and c revealed that not only the PDL
area but also the width of the alveolar sockets were
increased. These changes resulted from the orthodon-
tic force and may have prevented the crushing of the
PDL from the destructive pressure between the root
and the alveolar bone during extraction and may lead
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Figure 4. Seven days after experiment (after extraction). (a) Buccal view of the buccal roots of the maxillary M2 stained with toluidine blue in
the experimental group (left; n � 9) and control group (right; n � 9). M indicates mesial; D, distal. (b) Coronal sections of the mesiobuccal
root of the maxillary M2 in the experimental group (left; n � 4) and control group (right; n � 4). Hematoxylin and eosin staining. Pa indicates
palatal; Bu, buccal; PDL, periodontal ligament; D, dentin; C, cementum; P, pulp; AB, alveolar bone. Bar � 500 �m. (c) Area of PDL attached
to the extracted tooth. (d) Length of exposed root surface. * P � .05.

to a rich volume of PDL attached to the root surface
when the tooth was extracted.

Our results also showed that the increase of root
resorption coincided with the disruption of the PDL at-
tached to the root after extraction. The larger the ex-
posed root surface was, the more extensively the root
resorption might occur. Many studies have reported
that the loss of the PDL from root surface causes root
resorption or dentoalveolar ankylosis.4,9,30,31

In addition, cementoblasts are involved in the re-
generation of resorbed tooth substances. Thus, the
extraction of those teeth with a thinner PDL may also
have injured the cementoblasts, which resulted in the
inhibition of repair of the root after replantation.32 On
the other hand, Herr et al33 have reported that fibro-
blasts originating from both the remaining PDL and al-
veolar bone compartments functioned to repair the
periodontium, but cells migrating to the root surface
most likely originated from the PDL. This supports the

concept that the PDL attached to the extracted tooth
could be another key factor for periodontal healing af-
ter replantation or transplantation.

Even though Mine et al11 have noted that occlusal
stimuli assist the proliferative activity of PDL cells and
promote PDL healing after replantation, easing the ex-
traction of donor teeth may be essential for the better
prognosis of replantation or transplantation. When the
PDL space was enlarged by the orthodontic force in
this experiment, the density of PDL cells was also
counted, and no significant difference between the
control and enlarged PDL was evident (data not
shown). This indicates that the orthodontic force can
also promote the proliferation of PDL cells.

CONCLUSION

• These results suggested that the preapplication of
orthodontic forces to the donor teeth increased the
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Figure 5. Fourteen days after tooth replantation. (a, b) Coronal sec-
tions of the mesiobuccal root of the maxillary M2 in the experimental
group (left; n � 4) and control group (right; n � 4). (a) Hematoxylin
and eosin staining. (b) Tartrate-resistant acid phosphatase (TRAP)
activity. The tracing line indicates the length of active root-resorption
lacunae in which TRAP-positive multinucleated cell (odontoclast) at-
tached. Panel shows a magnified area. Pa indicates palatal; Bu,
buccal; PDL, periodontal ligament; D, dentin; C, cementum; P, pulp;
AB, alveolar bone. Bar � 500 �m. (c) Length of active root-resorp-
tion lacunae. * P � .05.

PDL space and eased the extraction, which might
result in a decrease of root resorption after replan-
tation.
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