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ABSTRACT

Amitriptyline is widely used in the treatment of depression and different types of pain.
Since it has anti-inflammatory and antagonist effects on prostaglandin, it can affect the orthodontic
treatment. The current inquiry examined the effects of amitriptyline on tooth movement. A case-
control experimental study design was conducted. Six male dogs were randomly divided into two
experimental and control groups. Amitriptyline(2 mg/kg/day, orally) was prescribed to the experimental
group. A nickel titanium spring (200 gr) was used between the second premolar and canine after
the 1t premolar extraction. After 2 months, the reduction of distance between the 2" premolar and
canine was measured. The percentages of root resorption and bone formation were determined.
The data were analyzed using repeated measures analysis at significance level of 0.05. The
average tooth movements were 3.17+0.56 mm in the experimental group and 3.68+0.92 mm in the
control group. On the other hand, the average percentages of external root resorption and bone
formation in experimental group were 7.97+1.75 and 9.54 +1.84, respectively. Moreover, the average
percentages of external root resorption and bone formation in control group were 8.33+2.41 and 9.79
+1.99,respectively. All the differences between two groups were insignificant at the significant level of
0.05.The rate of tooth movement and the percentages of bone formation and root resorption in dogs
decreased with systemic administration of amitriptyline although this reduction was not statistically
significant in comparison with the control group. This decrease could be related to anti-inflammatory
and anti-prostaglandin effects of amitriptyline.
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INTRODUCTION

The orthodontic tooth movement is an
outcome of organized periodontal remodeling due
to exertion of mechanical forces. This process at the
cellular level involves resorption of alveolar bone
next to the periodontal fibers in the compression

zone, deposition of bone in the tensile zone, and
reorganization of periodontal fibers. It has been
found that many factors are involved in this complex
process'.

During orthodontic tooth movement, PDL
and its related structures are subjected to tensile and
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compressive forces. Following this change, certain
types of neuropeptides?, cytokines®* prostaglandins,
or leukotrienes®®have been found at high frequency
in the PDL. The presence of these factors formed by
cells originating from immune and neural system in
the periodontium indicates that such materials may
be involved in the process of bone tissue remodeling
after exertion of orthodontic forces®.

Itis also possible to influence the biological
activity through the application of pharmacologic
agents, thereby to affect the tooth movement both
in term of decreasing tooth movement (when it is
desirable to augment anchorage) and increasing it’.

Prostaglandin E plays an important role in
the initiation of signaling cascades associated with
tooth movement. It seems that the Prostaglandin E
inhibitors affect tooth movement’.

Amitriptyline is a serotonergic and
noradrenergic reuptake inhibitor (SNRI) widely
used in the treatment of major depression and
different types of pain, including neuropathic pain
and migraine. Since it has anti-inflammatory and
antagonist effects on prostaglandin, it can affect
the orthodontic treatment &'2. Some researchers
including Rafie et al.'® indicated the decreased
amount of tooth movement by other antidepressant
drugs such as fluoxetine.

The inflammation during tooth movement
can activate odontoclasts, which can cause external
root resorption due to release of tissue degenerative
enzymes. Since the degree of inflammation is
subject to alteration after amitriptyline prescription,
the change in the degree of root resorption is also
probable.

Given the increasing tendency of adults
toward orthodontic treatment in recent years and
also due to the increasing rate of depression and
subsequent use of antidepressants in the society,
a significant percentage of people nominated for
orthodontic treatment may take these drugs for their
depression.

Since the effects of antidepressants on
bone have been proven, and the effects of these
drugs on the alveolar bone and tooth movement
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have not been examined and considering the
high prevalence of antidepressants such as
amitriptyline, to the current study examined the effect
of antidepressants on orthodontic tooth movement
and alveolar bone in dogs.

MATERIALS AND METHODS

A case-control experimental study was
conducted on dog modal. A total of sixmale dogs
from mixed breeds with an age range of 10-12
months, weighing approximately 25+2 kg, with full
health and full dentition and without taking any
medication were selected.

The samples were randomly divided
into two groups: The experimental group received
amitriptyline while the control group did not receive
any drugs.

Because of the thin and short roots of first
premolars in these dogs, the second premolars were
selected as the unit of movement, and the canine
teeth (due to their long roots) were selected as the
unit of anchorage. Then, the first premolars were
extracted due to proximity to the second premolars
and possibility of interfering with the movement.

The designed appliance consisted of
two loops made from 0.014 inches ligatures
wires(Ligature Ties, 0.14 Orthotechnology, USA)
placed around the canine teeth and the second
premolars and bonded on the tooth surface by dental
composite( Fig. 1).

Then, a nickel titanium spring (Close Coil
Spring with Eyelets, size 9F, G&H Wire Co.) with a
spring force of 200 g was stretched between two
loops. Finally, the distance between two teeth on the
two designated points on the buccal surface of the
canine teeth and the second premolars ‘marked by
a pointed bur’ was measured by a digital caliper.

Medication in the experimental group was
prescribed orally on a daily basis at 2 mg/kg from
the first day of study.

In each dog, the upper right second
premolar (UR), the lower right second premolar
(LR), the upper left second premolar (UL), and the
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lower left second premolar (LL) were moved during
two months. At the end of the second month, the
distances between the canine teeth and premolars
and the reduction in these distances were measured.
Then, the second premolars were removed along
with the surrounding bone for histological studies
using Hematoxyline and Eosin (H&E) technique
after decalcification in 10 percent formic acid. The
percentages of root resorption and bone formation
rates were determined by a pathologist who repeated
the histological examination after 4 weeks (Figs. 2-4).

The data were statistically analyzed
using SPSS 22. For this purpose, the rate of tooth
movement, the percentage of bone formation, and

Fig. 1: The appliance used for tooth movement
consisted of a close coil spring with a force of
200 gr pulled between two ligature wire loops

Fig. 3: Photomicrograph of external root
resorption in experimental group (X100) H&E
Staining, B= Bone, PDL= Periodontal Ligament,
R= Root
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the percentage of external root resorption in the
animals of the two groups were reported. Given that
four measurements were made on each dog, the
data were analyzed via repeated measures analysis
at a significance level of 0.05.

RESULTS

According to the results, the average tooth
movement was 3.17+0.56 mm in the experimental
group and 3.68+0.92 mm in the control group.
According to the repeated measures analysis at a
significance level of 0.05, the difference between the
two groups was not significant (P= 0.193).

Fig. 2: Photomicrograph of external root
resorption in control group (X100) H&E
Staining, B= Bone, NB= New Bone, PDL=
Periodontal Ligament, R= Root, R.R= Root
Resorption

Fig.4: Photomicrograph of bone remodeling
(new bone formation) in experimental group
(X400) H&E Staining, B= Bone, NB= New Bone,

PDL= Periodontal Ligament, R= Root
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Table 1: Comparing the average rate of tooth movement,
root resorption, and bone formation in the experimental and control groups
Variable group Mean+SD P
Amount of Tooth movement(mm) ControlExperimental 3.68+0.923.17+0.56 0.193
Percent of Root Resorption(%) ControlExperimental 8.33+2.417.96+1.75 0.642
Percent of bone formation (%) ControlExperimental 9.79+1.999.54+1.84 0.642

On the other hand, the average percentage
of external root resorption was 7.97+1.75 in the
experimental group and 8.33+2.41 in the control
group. According to the analysis of repeated
measures, the effect of group on external root
resorption was insignificant (P= 0.642).

Moreover, the average percentage of bone
formation was 9.54 +1.84 in the experimental group
and 9.79 +1.99 in the control group. According to
the results of repeated measures analysis, the
percentage of bone formation in two groups was not
statistically different (P= 0.642) (Table 1).

DISCUSSION

This study investigated the effect of
amitriptyline as a classic tricyclic antidepressant drug
(TCA) on the rate of tooth movement, root resorption,
and bone formation during the orthodontic tooth
movement in animal models.

Antidepressant drugs, especially tricyclic
antidepressants such as amitriptyline, nortriptyline,
and doxepin are commonly used to relieve pain,
including pain of inflammatory origin (such
as rheumatoid arthritis and fibromyalgia) and
neuropathic pain (e.g. postherpetic neuralgia). This
class of drugs is prescribed in addition to treating
mood disorders'*'6. Amitriptyline is a common
antidepressant with dual effects of serotonergic
and noradrenergic reuptake inhibition (SNRI) widely
prescribed to treat major depression®2.

Abdul Salam et al. found that amitriptyline
had an anti-inflammatory effect on artificially induced
paw inflammation in rats'’. Similarly, Hajhashemi
et al.'’® found that amitriptyline hadsignificant anti-
inflammatory effects on paw edema induced by
external object injection in rats. They suggested

that this anti-inflammatory effect is comparable
to the effects of indomethacin,a drug with proven
anti-inflammatory effects. It is noteworthy that
indomethacin is one of the drugs which can reduce
the rate of tooth movement'®. Considering the
anti-inflammatory effect of amitriptyline which is
comparable to indomethacin, the interference of
amitriptyline with orthodontic tooth movement is
probable.

Amitriptyline was examined in this study
because of its anti-inflammatory effects reported
in the above studies and the prevalence of its use
in the treatment of depression, neuropathic pain,
and migraine. Regarding the anti-inflammatory
mechanism of amitriptyline, few studies have been
conducted. However, the predominant theory states
that the antidepressant effect of amitriptyline can alter
the concentrations of monoamine neurotransmitters
such as norepinephrine and serotonin in synapses in
the CNS. The same mechanism may also change the
level of peripheral inflammation. In several studies,
including Hajhashemi et al.'®and Saynak' et al. 2°,
the anti-inflammatory effects of amitriptyline were
found associated with sites above the spinal cord,
i.e. CNS. The sedative effects of amitriptyline may
also lead to anti-inflammatory effects of these drugs
in systemic administration.

During the exertion of orthodontic force
in the compression zone, cytokines such as
prostaglandin E2 and TNF-+ and IL 1,6 are released
from PDL cells. This leads to inflammation and
increased RANKL level, subsequently activating
osteoclasts, bone resorption, and tooth movement in
the compression zone?'. If the inflammatory process
on the compression side is reduced, the rate of
tooth movement can be curtailed. Several studies
have explored the effects of antidepressants on
prostaglandin, including Lee? and Metabaji?®. Lee
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et al. demonstrated that antidepressants prevent
the biosynthesis of prostaglandins. Metabaji et
al. reported that tricyclic antidepressants act as
antagonists against prostaglandin E2.

Several studies have shown that NSAIDs
are effective in reducing the pain caused by
orthodontic tooth movement, while affecting the
sequence of tooth movement by inhibiting or at
least reducing inflammatory reactions and bone
formation associated with tooth movement?*?°, This
effect of NSAIDs is similar to the inhibitory effect
of amitriptyline on the production of inflammatory
mediators.

As noted earlier, amitriptyline is a
serotonergic drug increasing the levels of serotonin
in the brain®'2. In addition to functioning as a
neurotransmitter, serotonin has several other
physiological functions in the peripheral organs®. In
the human body, there are more than 17 serotonin
receptors identified. Examples of serotonin receptor
cells are osteoblasts and osteoclasts®'. The effects
of amitriptyline on the bone formation and resorption
originate from indirect effect on osteoblasts and
osteoclasts.

Hence, there is a possible interference
between anti-inflammatory effects and the
inflammation initiating orthodontic tooth movement,
the theoretical significance of which has been
discussed in this study. The results revealed that
the average rate of tooth movement was reduced
only slightly in the experimental group prescribed
with amitriptyline even though this reduction was
not statistically significant.

In other words, assuming the fact that the
inflammation caused by the compression and tension
in the PDL leads to orthodontic tooth movement, it
can be argued that the anti-inflammatory effects of
amitriptyline somewhat reduced the inflammation
in the PDL. This led to an insignificant difference
between the experimental and control groups.

The effects of other anti-depressant drugs
on orthodontic tooth movement have been explored in
similar studies. Rafiei ef al."® reported an insignificant
reduction of the amount of tooth movement because
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of fluoxetine prescription in rats. This effect can be
justified based on similar anti-inflammatory effects
of anti-depressants like fluoxetine demonstrated in
several animal models®2-%,

The classic histologic studies by Rytan®*
on orthodontic tooth movement in animals revealed
that root resorption basic and advanced lesions are
similar to trabecular bone remodeling during the
deposition phase. These areas are subsequently
repaired by cellular cementum. The inflammation
during tooth movement can activate odontoclasts,
which can cause external root resorption due to
release of tissue degenerative enzymes.

The adverse effects of osteoclasts and
odontoclasts on root resorption have been found
in studies regarding the effect of stress on root
resorption during orthodontic tooth movement.

Stress can affect the axis of hypothalamic-
pituitary-adrenal, thereby altering the immune
system. Since the osteoclasts and osteoblasts are
derived from the immune system, any alteration
in their activity through stress may affect the root
resorption®. For example, a recent study showed
that patients with high stress levels were highly
susceptibleto root resorption®.

Hence, reduced inflammation by taking
amitriptyline can curtail resorption of roots by
reducing the activity of osteoclasts. In the current
study, reducing the extent of root resorption was
observed following the use of amitriptyline. A slight
decrease in root resorption was observed in the
experimental group, which was consistent with the
slight decrease in tooth movement in this group
even though this decrease, similar to the amount of
tooth movement, was not enough to be statistically
significant.

In this study, bone formation rate was
only marginally reduced due to prescription of
amitriptyline. This may be due to a slight decrease in
PDL inflammation consistent with the slight decrease
in the external root resorption. Moreover, as the bone
formation curtailed, there was lower external root
resorption. There is a relationship between bone
density and root resorption; the teeth moved next
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to dense cortical bone tolerate great amount of root
resorption in comparison with the teeth moved in
trabecular bone®.

The reduction in bone formation in the
experimental group compared to the control group
as well as reduction in the external root resorption
in this group was consistent with the inflammation
reduction in PDL during tooth movement in dogs.
Such reduction in bone formation and root resorption
paralleled a decrease in the amount of tooth
movement in the experimental group.

CONCLUSION

The results of the present study showed that
the rate of tooth movement and the percentage of
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bone formation and root resorption in dogs decreased
with systemic administration of amitriptyline although
this reduction was not statistically significant in
comparison with the control group. This decrease
could be related to anti-inflammatory and anti-
prostaglandin effects of amitriptyline reported in
pharmaceutical studies.
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