
Introduction

It is generally accepted that tooth pain, widening of
periodontal ligament (PDL) space, and root resorption
are produced less frequently by light forces.1,2 However,
it is still not known whether the optimal orthodontic
force should be, continuous, intermittent, or interrupted.
Some studies have demonstrated that light continuous
forces produce effective tooth movement with minimum
tissue damage.3–7 Reitan8,9 suggested that hyalinized
tissues are resorbed more rapidly if a given force is
applied intermittently, rather than in a continuously.

In addition, some studies have observed less root
resorption in tooth movement produced by interrupted
forces. For example, Levander et al.10 demonstrated
that the amount of root resorption is significantly less in
patients treated with a pause of 2–3 months compared to
those treated without interruption. Moreover, Rygh11

reported that when the orthodontic force is discon-
tinued, any root resorption is repaired.

In recent studies of intermittent forces, Igarashi et al.12

reported that the application of 20gf of force with a
resting period of 12 hours per day in rats produces more
effective movement than full time forces. Konoo et al.13

found that the application of 40gf of force for 1 hour per
day in rats is ineffective at moving teeth. These studies,
however, did not examine the effect of force duration on
tooth movement. In the experiments reported here, we
improved the tooth movement model developed in our
previous study. The appliance comprised a nickel-
titanium (Ni-Ti) alloy closed coil spring and a titanium
screw implant.14

The aim of this study was to examine the effects of
force duration, that is, inactive periods of force appli-
cation on the amount of (i) tooth displacement and (ii)
root resorption during experimental tooth movement. 
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Aim: To examine the effects of inactive periods of force on the amount of tooth displacement
and root resorption during experimental tooth movement in rats. 

Sample: Sixty 11-week-old male Sprague-Dawley rats.

Method: The maxillary first molar (M1) was moved mesially using a removable titanium-nickel
alloy closed coil spring for 14 days. The rats were divided into four groups with, 0, 1, 4, and 
9 hours of inactivation per day. 

Results: Tooth displacement in the 0- and 1-hour groups was significantly greater than that in
the 9-hour group. The area of root resorption in the 4- and 9-hour groups was significantly less
than that in the 0- and 1-hour groups. There was no significant difference in root resorption
between 0- and 1-hour groups, and also between 4- and 9-hour groups. 

Conclusion: The distance of tooth displacement gradually decreased as the inactive period
increased, whereas root resorption suddenly decreased between 1 and 4 hours of inactive ortho-
dontic force.
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Materials and methods

Animals

Sixty 11-week-old male Sprague–Dawley rats (body
weight 360 � 18 g) were used. All rats were fed a solid
diet and given water ad libitum during the period of the
experiment. To assess whole-body effects, the animals
were weighed before each treatment. All procedures
followed the guidelines of the Tokyo Medical and
Dental University for Animal Research. The experi-
mental protocols had the approval by the local Ethics
Committee.

Experimental tooth movement

We improved the method of tooth movement from our
previous report.14 Eleven-week-old rats were intraperi-
toneally anaesthetized with ketamine hydrochloride
(Ketalar 50, Sankyo Co. Ltd, Tokyo, Japan) containing
20% xylazine hydrochloride (Celactal 2% injection,
Bayer-Japan Co. Ltd., Tokyo, Japan) as a muscle relax-
ant, after inhalant anaesthesia with diethyl ether. A
titanium screw implant, 1.0 mm in diameter and 4.0 mm
in length (Shioda Co. Ltd, Tochigi, Japan), with a
titanium plate was placed just behind the right maxillary
incisor for anchorage (Figure 1). Tooth movement was
started after the implant had been allowed to stabilize
for 1 week. The titanium plate and molar clamp allowed
the easy removal of the a nickel-titanium (Ni-Ti) alloy
closed coil spring14 (diameter: 0.015 mm; lumen: 0.9 mm;
length: 2.0 mm; load: 10 gf; Figure 2), and the maxillary
left first molar (M1) was moved in four patterns of
continuation and intermittence for 14 days.

The rats were randomly divided into one control and
four experimental groups (12 animals in each group).
They were designated according to inactive periods of 0,
1, and 4 (Figure 3). Zero-hour means continuous force.
In 1-, 4-, and 9-hour groups, Ni-Ti alloy closed coil
springs were set and removed everyday under ether
anaesthesia. A previous study showed that under
physiological conditions, both bone formation and
resorption are more intense in the day-time than in the
night time,15–17, and these are the resting and active
periods for rats, respectively. Therefore, we set the
inactive period at night to evaluate the most effective

Fig. 1 A schematic drawing of a occlusal view of the appliance for
tooth movement. The arrow shows the direction of load by Ti-Ni alloy
closed coil spring (S) in the maxillary left first molar (M1) with an
anchorage unit made up of a titanium screw implant (I) and a titanium
plate (P).

Fig. 3 Time schedule of four experimental groups according to inactive
periods of 0, 1, 4, and 9 hours per day, and they were named 0-, 1-, 4-,
and 9-hour group. During inactive periods, the Ti-Ni alloy closed coil
spring was removed and no orthodontic force was applied. The inactive
periods were 22:00–23:00 in the 1-hour group, 20:00–24:00 in the 4-hour
group, and 22:00–7:00 in the 9-hour group. Continuous force was
applied to animals of the 0-hour group throughout the experimental
period of 14 days.

Fig. 2 A load-displacement curve of the super-elastic Ti-Ni alloy closed
coil spring. The curve between an arrow and an arrowhead indicate the
magnitude of orthodontic force at the beginning (arrow) and at the end
(arrowhead) of tooth movement used in this study.
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bone remodelling within the diurnal rhythm. The
inactive periods were 22:00–23:00 in the 1-hour group,
20:00–24:00 in the 4-hour group, and 22:00–7:00 in the
9-hour group. During inactive periods, the Ni-Ti alloy
closed coil spring was removed and no orthodontic force
was applied. Non-treated rats were used as the control
group.

On days 0, 7, and 14 of tooth displacement, silicone
impressions (Dent Silicone-V, Shofu Co., Ltd, Kyoto,
Japan) of the maxillary left molars were taken and cast
models were made with dental stone (New Plastone, GC
Co., Ltd, Tokyo, Japan).6,7 The interproximal spaces
between M1 and second molar (M2) of the models were
measured five times by each of the four investigators at
intervals of 1 hour using a non-contact digital micro-
scopic gage (MS-214; Fusoh Co., Ltd, Tokyo, Japan)
and the mean value within the groups was taken as the
tooth displacement.7

Histological and histomorphometric examination

On day 14 of tooth displacement, the rats were sacrificed
by decapitation and the maxillae were immediately
removed, fixed in a solution of 10% neutral buffered
formalin (Wako Pure Chemical Co. Ltd, Osaka, Japan)
at 4°C overnight; decalcified in 10% EDTA solution at
4°C for 6 weeks; and embedded in paraffin with conven-
tional methods. Seven-micrometre thick horizontal
serial sections of the M1 were made with a microtome
(RM2155, LEICA Co. Ltd., Nussloch, Germany). The
mesial sides of distobuccal roots of M1 were selected 
for observation. They were stained with H&E for histo-
morphometric study. To identify osteoclasts and odonto-
clasts for active bone and root resorption, TRAP
activity according to a previous method.18 The sections
were counterstained with haematoxylin. The observa-
tion area was the mesial pressure side, 0.90–1.10 mm
from the furcation of distobuccal and mesiobuccal roots
of M1 (Figure 4). Consequently, we defined a TRAP-
positive multinucleated cell on the bone surface as an
osteoclast and on the root surface of resorption lacuna
as an odontoclast. The area of the root resorption
lacuna, in which odontoclasts were recognized in a serial
section, was measured five times by each investigator at
intervals of one hour at the pressure side of the root
using a computer image analysis software (Image-Pro
Plus, Media Cybernetics, Maryland, USA); (Figure 5).19

The mean root resorption area for each animal was the
average of the values obtained from three sections
selected at 70-�m intervals.

Statistical analysis

The means and the standard errors were calculated for
body weight, tooth displacement, and root resorption
area on days 7 and 14. The statistical process was per-
formed using Stat View version 5.0 (SAS Institute Inc.
Cary, NC, USA). The body weight difference between
experimental and control groups were analysed using an
unpaired two group t-test, while tooth displacement and
root resorption area were analysed by analysis of
variance (ANOVA) followed by a Scheffe post-hoc test.
A level of P < 0.05 was considered to indicate a signifi-
cant difference.

Fig. 4 A schematic drawing of the observation area. The mesial
pressure side, 0.90–1.10 mm from the furcation of distobuccal root of
the maxillary left first molar (M1) were observed. (Arrow: direction of
force.) 

Fig. 5 A schematic drawing of a horizontal section. The sectional area
of a root resorption lacuna on the pressure side for the disto-buccal root
(R) in the experimental group was measured.
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Results

Animals

The weight in the experimental group did not increase
during the week after the implantation, in addition,
there was no significant difference in weight between the
control and the experimental groups over the whole
experimental period (Figure 6).

Change in distance of tooth displacement

Figure 7 shows the amount of tooth displacement in the
animals of each group on days 7 and 14. The tooth move-
ment distance of the 0- and 1-hour groups was signifi-
cantly greater than that of the 9-hour group (P < 0.05).
There was no significant difference between 0- and 
1-hour groups, or between the 1- and 4-hour groups.

Histological evaluation

In the control group, osteoclasts and odontoclasts were
rarely seen on the mesial root surface of the M1, where
neither bone nor root resorption was found (Figure 8e).
In the 0- and 1-hour groups hyalinization of PDL and
undermining bone resorption were found (Figure 8a,b).
The root surface facing opposite the area of under-

mining bone resorption was resorbed by odontoclasts.
Some of the root resorption occurred not only in
cementum, but also in dentine. Observation of 4- and 
9-hour groups revealed that hyalinized tissue and under-
mining bone resorption were rarely found and direct
bone resorption was recognized as the duration of forces
become short (Figure 8c,d). Less root resorption was
found in the 4- and 9-hour groups. Figure 9 shows the
mean area of root resorption lacunae. There was a sig-
nificant difference in the area of root resorption lacunae
between 0- and 1-hour groups, and 4- and 9-hour groups.
On the other hand, there was no significant difference
between the 0- and 1-hour groups, and also between 
4- and 9-hour groups.

The margin of error for the measurements of tooth
displacement and root resorption area was calculated
for intra- and inter-investigator reproducibility. They
were compared by analysis of variance (ANOVA)
followed by a Scheffe post-hoc test. No significant differ-
ences were found among the five measurements of the
experiment or between the collective results for all
investigators (P > 0.05).

Discussion

We focused on differences for inactive periods of 10 gf of
orthodontic force in rats and found two main results
regarding the amount of tooth displacement and root
resorption. First, the tooth displacement for 14 days
increased proportionately to the increase in the active
period of orthodontic force application. Igarashi et al.12

Fig. 7 The distance of tooth displacement on days 7 and 14 (mean �
SE). The distance of tooth displacement of the 0- and 1-hour groups
showed significantly greater than that of the 9-hour group. *P � 0.05.

Fig. 6 The change of body weight. There was no significant difference
in weight between groups (mean � SE)—7days: installation of a screw
implant. 0 day: beginning of experimental tooth movement. No
significant difference between the control and experimental groups.



found that the application of orthodontic forces for 
12 hours per day during the rat’s rest period moved teeth
almost as much as full-time force, and the teeth did not
move during the rat’s active period at night. In our pilot
study, the intermittent application of 2 gf, which seems
to be a near to optimal force for continuous application,
could not move the rat molar. Taken together with our
results, the magnitude of orthodontic force, duration,
and period of the day are mutually related, and appear
to be involved in determining the efficiency of tooth
movement obtained with an intermittent orthodontic
force. 

Furthermore, the results demonstrate that damage
such as hyalinization of PDL and root resorption
markedly decreased when the inactive period exceeded 4
hours per day. Root resorption lacunae measured in this
experiment were related to the experimental tooth move-
ment because no root resorption was seen on the mesial
side of the root in the control group. In general, ortho-
dontic root resorption is known to occur at the periphery
of hyalinized tissue.20–23 Root resorption involves differ-
entiation, fusion, and activation of odontoclasts that are
recruited and activated by increased production of local
inflammatory cytokines in the periodontal ligament due
to mechanical stress or necrosis of the PDL24–28. In this
study, the 0-hour group, which received a continuous
load of 10 gf, presented with root resorption, which we
related to continuous mechanical stress and hyaliniza-
tion of the periodontal ligament. Results from the 
1-hour group were similar to those of the 0-hour group
because the active period was almost the same and the
inactive period was too short. By contrast, the 4- and 
9-hour groups showed less root resorption because of 
a decrease in mechanical stress and hyalinized tissue,
recovery of form and function of the blood vessels,
reduction of cytokine production and subsequent
odontoclast formation. The threshold for the appear-
ance of hyalinized tissue and root resorption may occur
in the 1- and 4-hour inactivation period.

Figure 10 shows the relation between tooth displace-
ment and root resorption area to the inactivation
periods. The amount of tooth displacement gradually
decreased as the inactivation periods were increased,
whereas the amount of root resorption decreased
between the 1- and 4-hour inactivation period of ortho-

JO March 2003 Scientific Section Inactivated periods of orthodontic forces 35

Fig. 8 The stained mesial compression sides of distobuccal roots of M1 in five groups on day 14. (a) 0-hour group; (b) 1-hour group; (c) 4-hour
group; (d) 9-hour group; (e) control group. A hyalinized tissue and undermining bone resorption were found in the 0- and 1-hour groups (a,b). In
contrast, little hyalinized tissue and undermining bone resorption were found in the 4- and 9-hour group (c,d). In the control group, TRAP-positive
cells could not be recognized on the root surface (e). A: alveolar bone; R: root; P: periodontal ligament; RL: resorption lacuna; H: hyalinized tissue;
M: mesial; D: distal. TRAP stain. Bar � 50 �m.

Fig. 9 Sectional area of root resorption lacuna (per section) on day 14.
There was a significant difference in the area of root resorption lacuna
between the 0-, 1-, and 4-hour group, and the 9-hour inactivation
group. *P � 0.05.
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dontic force. Comprehensive analysis of this figure
revealed that the optimal orthodontic force duration to
move the rat M1 mesially with 10 gf comprised a 4-hour
period of inactivation each day during the biological
active period at night. The root surface area of the
human maxillary first molar and canine teeth are 20 and
10 times larger than the rat M1.29,30 If we extrapolate our
findings to the clinical situation, if orthodontic forces
equivalent to a 200 or 100 gf are used to move a first
molar or canine, respectively, a 4-hour inactivation
period during the human active period in daytime may
reduce the risk of root resorption and move teeth
effectively, without compromising tooth movement
efficiency. 
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