
INTRODUCTION

It is generally thought that orthodontic treatment
should be avoided in patients with diabetes mellitus.1-3

However, the number of diabetes patients in Japan is
increasing4 and there are circumstances when ortho-
dontic treatment needs to be done. According to the
2012 National Health and Nutrition Survey, about 9.5
million people in Japan had a National Glycohemoglo-
bin Standardization Program (NGSP) HbA1c level of
6.5%, an indicator of diabetes, and 11.0million people
had levels of 6.0% to less than 6.5%, indicating pre-
diabetes. Thus, a total of 20.5 million people, or about

16% of the Japanese population, have diabetes or pre
-diabetes.5 Juvenile diabetes has also been increas-
ing in recent years,3 with a corresponding increase in
the number of these children needing orthodontic
treatment. However, the phenomena that will occur
when orthodontic treatment is actually performed on
people with diabetes are not understood at all. There-
fore, elucidation of what may occur histopathologi-
cally should be of benefit in responding to the needs
of these patients.
Goto-Kakizaki (GK) rats are an animal model of dia-

betes6 that was developed fromWistar rats.1, 7 GK rats
are non-obese rats in which a hyperglycemic condi-
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tion is maintained.8 Concomitant conditions including
peripheral neuropathy,4 mild nephropathy,9, 10 and mi-
croangiopathy11-13 are also seen in these animals.
Thus, they are a model that closely resembles type II
diabetes, and may be considered very useful for the
elucidation of the origin of the disease and the devel-
opment of treatments. The mean blood sugar level of
the GK rats used in this study was 145 mg/dL (data
not shown), which is hyperglycemic compared with
the level of 110±1 mg/dL that is said to be normal in
Wistar rats.14 In an extensive search of the literature
we found no reported experiments using the Waldo
method15-17 for GK rats. To show the changes in peri-
odontal tissue accompanying tooth movement in a
diabetic state, we moved teeth experimentally and
made histopathological observations of the condition
of the periodontal tissue using this animal model of
diabetes.

MATERIALS AND METHODS

Animals
Twenty, 8-week-old male GK rats3 (experimental
group ; Shimizu Laboratory Supplies, Kyoto, Japan)
and twenty, 8-week-old male Wistar rats (control
group ; Shimizu Laboratory Supplies) were used in
the experiment.

Experimental protocol
The Waldo method15-17 was used for tooth movement.
Elastic rubber bands (Unitek, Monrovia, CA, USA)
were placed between the maxillary right M1 and M2 in
the experimental and control groups,18, 19 imparting a
tippingmovement on themaxillary molars. The rubber
bands were not placed in the left maxilla in order to
compare the two groups. The rats were euthanized on
days 1, 3, 5 and 7 after initiation of the procedure and
perfusion fixed with 10% neutral buffered formalin so-
lution, after which maxillary tissue, including the three
upper molars, was collected. The movement distance
between M1 and M2 of the collected tissue was me-
asured by inserting a thickness gauge (Trusco
Nakayama, Tokyo, Japan). The inter-crown distance
between the threemolars, from themesial of M1 to the
distal of M3, was measured with calipers. Afterward,
demineralization20 and paraffin embedding following

Fig. 1 Trimming observation sites of rat maxillary specimens.
The proximal side is to the right, with the first molar (M1), second
molar (M2), and third molar (M3) toward the left. (A) Facing of the
mesial cusp of M1, (B) Facing of all cusps from M1 to M3, (C) Ob-
servation surface from the crowns to the roots of M1, M2 and
M3, which is the observation surface when the roots of the teeth
are separated from the three crowns. The inserts are histopa-
thological images of the root separation areas of the three mo-
lars. The black lines show the preparation surfaces of the sec-
tions.
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conventional methods were done on day 1 using the
same formalin solution, and on day 1 after immersion
fixation with K-CX. The protocol for animal experi-
ments was approved by the Animal Research Com-
mittee of Osaka Dental University (13-03007, 14-
02021).

Sectioning and staining
Consecutive sections with a thickness of 5 μm were
prepared from paraffin embedded blocks. The sec-
tions were stained with hematoxylin-eosin (HE), silver
impregnation, and hematoxylin (H). The observation
sites were horizontal sections so that the bifurcation
area of the dental roots of all three molars could be
seen. That is, the mesial cusp of M1 was trimmed
(Fig. 1 A) and the orientations of the observation
planes were matched so that all cusps from M1 to M3
were exposed (Fig. 1 B). The area where the roots of
all three molars separate, from the crowns of M1, M2
and M3 to the roots (Fig. 1 C), was taken as the obser-
vation plane. As it was easier to discern multinucle-
ated cells in specimens with H staining (Fig. 2 B) than
in those with HE staining (Fig. 2 A), the number of
multinucleated cells present in the M2 periodontal
ligament of the observation sections were counted us-
ing H stained specimens.

RESULTS

Tooth movement measured with a thickness
gauge
In the Wistar rat control group, the distance between
M1 and M2 opened considerably on post-procedural
day 1, after which it remained nearly unchanged. In
the GK rat experimental group, this distance in-
creased with each day (Fig. 3).

Inter-crown distance from the medial of M1 to the
distal of M3
The inter-crown distance in the group without rubber
bands, which was also compared for both the Wistar
and GK rats, was about 6.7±0.07 mm, with no signifi-
cant difference between them. When rubber bands
were attached in the Wistar rats, the inter-crown dis-
tance became larger after one day and subsequently
shortened and stabilized at about 7.0±0.1mm.When
rubber bands were attached in the GK rats, the inter-
crown distance was stable at about 6.9 mm through-
out the experiment (Fig. 4).

Histopathological observations
HE staining findings with attachment of elastic rubber
bands in the Wistar rats (controls)
On post-procedure day 1, the width of the periodontal
ligament thickened on the tension side and narrowed

Fig. 2 Comparison of HE stain (A) and H stain (B) of the me-
siobuccal root of the second molar on the third day of rubber band
attachment in a Wistar rat (Original magnification ×33). Pressure
side (yellow arrow). Fig. 3 Tooth movement.
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on the pressure side (Figs. 5 A and B). Dilation of the
capillaries was seen in the periodontal ligament on the
tension side (Fig. 5 B). On post-procedural day 3, the
dilation of the capillaries seen in the periodontal liga-
ment was also observed on the pressure side (Figs.
5 D and E). Multiple Howship's lacunae and multinu-
cleated cells appeared on the bone surface corre-
sponding to the alveolar cortical plate on the pressure
side (Figs. 2, 5 D and 5 E). Periodontal pockets
formed between M1 and M2 (Figs. 5 D and E) and
there was conspicuous inflammatory cell invasion in
the connective tissue (Fig. 5 E).
On day 5, resorption lacunae were seen on the root

surface on the pressure side (Figs. 5 G and H), and
much dilation of the capillaries similar to that found
in the periodontal ligament was seen on the pressure
side (Figs. 5 G and H). The periodontal pockets
formed between M1 and M2 spread over a wide
area, exposing parts of the root (Fig. 5 G). On day 7,
dilation of the capillaries was seen in sites with a
strong inflammatory reaction on the pressure side and
around the periodontal pockets (Figs. 5 J and K), parts
of the root were exposed (Figs. 5 J and K), and the re-
sorption lacunae seen on the root surface on the pres-
sure side increased (Fig. 5 K).

Silver impregnation staining findings with attachment
of rubbers bands in the Wistar rats (controls)
On post-procedural day 1, the collagen fibers of the
periodontal ligament were taut on the tension side and
relaxed on the pressure side, and dilated capillaries
were observed on the tension side (Fig. 5 C). On day
3 periodontal pockets had formed (Fig. 5 F) and the
appearance of tension in the collagen fibers on the
tension side had disappeared and a relaxation of ten-
sion had appeared on the pressure side (Fig. 5 F). On
day 5, reticular fibers were seen in the connective tis-
sue as a result of the extensive periodontal pockets
on the pressure side (Fig. 5 I). On day 7, mixed colla-
gen and reticular fibers seemed to be entering the di-
lated capillaries in connective tissue around the peri-
odontal pockets with a strong inflammatory response
(Fig. 5 L).

HE staining findings with attachment of elastic rubber
bands in the GK rats (experimental group)
On post-procedure day 1, similar to the findings in the
control group, the width of the periodontal ligament in
the experimental group narrowed on the pressure
side and widened on the tension side (Figs. 6 A and
B), and there was marked dilation of the capillaries on
the tension side (Fig. 6 B). On day 3, dilation of the
capillaries was seen in the periodontal ligament on the
pressure side (Figs. 6 D and E). Although the peri-
odontal pockets became more extensive, the pockets
(Fig. 6 D) were smaller than in the controls (Fig. 5 D).
By day 5, dilation of the capillaries was seen in sites
with a strong inflammatory response, and the number
of multinucleated giant cells that had formed was
small (Figs. 6 G and H). By day 7, the root exposure
had become prominent, the periodontal pockets were
more extensive than in the controls, and the break-
down of periodontal tissue had become stronger
(Fig. 6 J). Resorption lacunae were seen on the root
surface on the pressure side (Fig. 6 K).

Silver impregnation staining findings with attachment
of elastic rubber bands in the GK rats (experimental
group)
On post-procedural day 1, similar to the control
group, the collagen fibers of the periodontal ligament

Fig. 4 Distance from the mesial of M1 to the distal of M3.
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Fig. 5 Tissue images in the rubber band attachment group of the Wistar rats. The upper side is proximal in all photos. (A-C) Post
-procedure day 1 ; (D-F) Post-procedure day 3 ; (G-I) Post-procedure day 5 ; (J-L) Post-procedure day 7 ; (A, D, G and J) the M1
and M2 rubber insertion sites ; (B, C, E and F) M1 distobuccal root ; (H, I, K and L) M2 mesiopalatal root ; (A, B, D, E, G, H, J and
K) HE staining ; and (C, F, I and L) silver impregnation staining. (Original magnification×33, except for A, D, G and J,×13.2).
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Fig. 6 Tissue images in the rubber band attachment group of the GK rats. The upper side is the proximal in all photos. (A-C) Post
-procedure day 1 ; (D-F) Post-procedure day 3 ; (G-I) Post-procedure day 5 ; (J-L) Post-procedure day 7 ; (A, D, G and J) M1 and
M2 rubber insertion sites ; (B, C, E and F) M1 distobuccal root ; (H, I, K and L) M2 mesiopalatal root ; (A, B, D, E, G, H, J and K)
HE staining ; and (C, F, I and L) silver impregnation staining. (Original magnification×33, except for A, D, G and J,×13.2).
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were taut on the tension side and relaxed on the pres-
sure side, and dilated capillaries were seen on the
tension side (Fig. 6 C). On day 3, the orientation of the
collagen fibers in the periodontal ligament was disori-
entated and the reticular fibers had increased (Fig. 6
F) compared with the controls (Fig. 5 F). By days 5
and 7, the silver impregnation staining of the peri-
odontal ligament had increased compared with the
controls (Figs. 5 I and J) and the increase in the reticu-
lar fibers had become conspicuous (Figs. 6 I and L).

Number of multinucleated giant cells present in
the periodontal ligament of M2
On post-procedural day 1, almost no multinucleated
giant cells were present and there was no significant
difference between the experimental and control
groups. Although a tendency was seen for the number
of multinucleated giant cells present in the M2 peri-
odontal ligament to reach a maximum on day 3 in the
controls, the difference was not found to be signifi-
cant. In the experimental group, the number of multi-
nucleated giant cells was greater on post-procedural
day 7 than on days 3 or 5 (Fig. 7).

DISCUSSION

Following tooth movement, the amount of movement
and the inter-crown distance fromM1 to M3 in the ani-
mal model of diabetes was large on post-procedural
day 1 in the controls, after which it did not change.

This is thought to be because the periodontal tissue
of Wistar rats is healthier and more flexible than that
of GK rats.
When teeth are moved with sustained orthodontic

force, it is thought that movement occurs in the peri-
odontal space as the first stage, tooth movement sub-
sides with the appearance of hyaline degeneration as
the second stage, and then tooth movement occurs
again with phagocytic resorption of alveolar bone and
degenerated tissue as the third stage.21 In this study
the capillaries on the tension side of the periodontal
ligament were dilated on post-procedural day 1 in
both the experimental and control groups. Blood sup-
ply to the tissue was elevated and an inflammatory re-
sponse was facilitated. In the controls with healthy
and flexible periodontal tissue, the inflammatory re-
sponse was normal and the breakdown of periodontal
tissue progressed. It was therefore thought that exten-
sive periodontal pockets had formed at an earlier
stage than in the experimental group, which had de-
creased metabolic function due to diabetes.
The most conspicuous dilation of the capillaries on

the pressure side of the periodontal ligament ap-
peared on day 5 in the controls and on day 3 in the ex-
perimental group. Since the end products of ad-
vanced glycation promote the synthesis of type IV col-
lagen,9, 10, 22 the basal lamina, for which type IV colla-
gen is a principal component, thickens.23 From this it
was thought that the capillary walls may have become
thicker and the capillaries more rigid. With the attach-
ment of rubber bands, the periodontal ligament is
compressed with a strong force and the capillary walls
in the ligament stiffen. As a result, it is thought that the
capillaries do not break down and dilation occurs on
the pressure side at an earlier stage after the proce-
dure than in the controls. It is thought that since the
vessel walls are thick, the blood component sub-
stances needed to localize inflammation16 do not
make it through the vessel walls in sufficient amounts
and the local recovery of inflammation is delayed in
the experimental group.6 The periodontal pockets also
become more extensive than in the controls on post-
procedural day 7, and periodontal tissue breakdown
progresses.
In the periodontal ligament of the experimental

Fig. 7 Multinucleated giant cells present in periodontal tissue of
maxillary second molar.
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group, the course of the collagen fibers was disrupted
after post-procedure day 3. Silver impregnation stain-
ing increased compared with the controls, and the
amount of reticular fibers increased. It is unlikely that
reticular fibers were formed,11 and it may be that the
contraction of the extracellular matrix increased be-
cause of the diabetes, and that the larger of the silver
particles, which are the staining substance, entered
the thin fibers24, 25 and increased their stainability.26

The multinucleated giant cells seen in the M2 peri-
odontal tissue are thought to perhaps be osteoclasts,
odontoclasts, or foreign body giant cells. Osteoclasts
are associated with bone resorption, odontoclasts
with dental root resorption, and foreign body giant
cells with phagocytosis of foreign bodies.27 In this ex-
periment, because staining that could identify these
cells was not done, they are described as multinucle-
ated giant cells. On post-procedure day 1, there were
almost no multinucleated giant cells in the periodontal
ligament of either the experimental or control groups.
With attachment of the rubber bands, a tendency was
seen in the controls for multinucleated giant cells to
reach a maximum on day 3. As a result bone resorp-
tion, dental root resorption and foreign body phagocy-
tosis seemed to have reached a peak on that day, and
then subsided by day 7.
In the experimental group, because multinucleated

giant cells were increased on post-procedure days 3,
5 and 7, it is thought that bone resorption, dental root
resorption, and foreign body phagocytosis were de-
layed as a result of the time needed for the macro-
phage system cells to incorporate or differentiate to
multinucleated giant cells10, 28 in the state of decreased
metabolic function caused by diabetes. In addition,
because periodontal pathogenic bacteria increase
with elevated glucose concentration in saliva in type II
diabetes,29 it is thought that purulent inflammation was
enhanced more in the experimental group than in the
controls.
In the case of healthy and flexible periodontal tissue

as in the controls, blood flow on the tension side in-
creases with attachment of rubber bands, the inflam-
matory response occurs normally, and periodontal tis-
sue breakdown progresses at an early stage. Mean-
while, the blood flow on the pressure side increases

over several days and bone resorption, dental root re-
sorption, and foreign body phagocytosis progress at
an early stage with the early formation of multinucle-
ated giant cells.17 Tooth movement is therefore com-
pleted at an early stage.
In periodontal tissue with decreased metabolic

function as in the experimental group, although blood
flow on the tension side increases with the attachment
of rubber bands, an inflammatory response is elicited
and the breakdown of periodontal tissue progresses.
However, the degree of periodontal tissue breakdown
in the early stage appears to be milder than in healthy
individuals.30 Although capillaries dilate from an early
stage on the pressure side, the basal lamina does not
provide sufficient nutritional replenishment with the
thickened capillaries, and the formation of multinucle-
ated giant cells is weak. It therefore takes time until
bone resorption, dental root resorption, and phagocy-
tosis of foreign bodies are complete.7 As diabetes pro-
gresses, the tertiary structure of connective tissue col-
lagen fibers distorts, swells, and ruptures. As a re-
sult, the destruction of periodontal tissue, inducing ex-
posure of the dental root, progresses more than in
healthy individuals.25

The above suggests that orthodontic treatment in
diabetes patients causes changes in the structure of
collagen fibers in the connective tissue, as well as a
decrease in metabolic function, blood supply volume,
and the capacity to form multinucleated giant cells. It
therefore should be remembered that tooth move-
ment takes time and the breakdown of periodontal tis-
sue may be significant.
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