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Evaluation of Effects of Topical Melatonin Application on
Osseointegration of Dental Implant: An Experimental Study

The aim of the present study was to evaluate the effect of local melatonin application during surgery on bone implant connection (BIC) in
rabbit tibiae. Six 0.8- to 1-year-old male New Zealand rabbits were divided into 3 groups: (1) a control group (CG) in which rabbits were not
treated with additive materials and only implant integration was executed; (2) a melatonin dose 1 (MLT D-1) group in which rabbits were
treated with 1.2 mg of melatonin locally before implant placement into the rabbits’ tibiae; and (3) a melatonin dose 2 (MLT D-2) group in
which rabbits were treated with 3 mg melatonin locally before implant placement into the rabbits’ tibiae. Four weeks after the procedure,
the rabbits were euthanized; their tibiae were dissected from muscles and soft tissues, fixed with formaldehyde, and later embedded in
methacrylate. Histologic and histomorphometric analyses were then performed under light microscopy. Following this, BIC was detected
histomorphometrically, and P , .05 was considered statistically significant. Results showed that the highest BIC percentage was detected
in MLT D-2, with a mean value of 39.46% 6 0.78, as compared with a mean value of 33.89% 6 0.92 in group MLT D-1 and 27.42% 6 0.89 in
CG. Similarly, the mean BIC percentage of the MLT D-2 group was the highest among the three, with the mean BIC percentage of the MLT
D-1 still registering as higher than CG. Within the limitations of this rabbit study, it appears that local melatonin application during implant
surgery may improve BIC.
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INTRODUCTION

O

sseointegration is defined as a direct connection
between living bone tissues and a titanium implant
without any connective tissues. Recently, dental
implant supported prostheses have been widely
preferred as a common treatment technique to partial or/and
totally edentulous jaws.1–4
Bone implant connection and load transmission in dental
implant supported prosthesis is affected by the quality and
quantity of the peri-implant bone tissues and the natural
features of the surrounding bone/implant interface.3–7 Specifically, insufficient bone quantity and quality are the most
frequent challenges for dental implant placement in maxillae
and mandibles. In maxillary bone tissues, especially, the limited
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bone amount is tied to inadequate bone quality, which
constitutes a considerable problem for the dental implantsupported prosthesis.8 Insufficient bone quality and quantity
can be seen frequently in elderly populations with atrophic and
osteoporotic bones, and this situation stems from increased
osteoclastic activity due to a reduction in osteoblastogenesis. In
addition, local free radical concentrations in all body cells,
including osteoblasts, can reduce osteoblastic activity in aged
patients. This process could lead to a reduction in bone
regeneration capacity.9–11
Osteoblasts are bone formative cells, and osteoclasts are
bone resorptive cells. When these cells work together
physiologically, the formation and resorption processes of
bone tissue is known as bone remodeling. The remodeling of
bone tissues is regulated by the action of systemic hormones
(estradiol, parathyroid, growth, and melatonin) and by the bone
marrow and osteoid matrix-derived growth factors.9,12–14
Melatonin is secreted by the pineal gland and is a tryptophan-derived indolamine hormone. This hormone has wellknown antioxidant capabilities and free radical scavenging
abilities. Melatonin can also suppress osteoclastogenesis,
thereby inhibiting bone tissue resorption.9,15–17 In addition, in
vitro research has reported that melatonin can increase
osteoblast proliferation and differentiation.9,15,16,18 Thus, we
proposed that the local application of melatonin during
surgical implant placement procedures would be an effective
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treatment technique for dental implant osseointegration. As
such, the aim of this study was to evaluate the histomorphometric effects of local melatonin application on the bone
implant connection (BIC) during surgical implant placements in
rabbit tibiae.

MATERIALS

AND

METHODS






Control group (CG) (n ¼ 2): No treatment was applied, and
dental implants were simply inserted in rabbit tibiae.
Melatonin dose 1 (MLT D-1) group (n ¼ 2): 1.2 mg lyophilized
powder melatonin (Sigma-Aldrich, St Louis, Mo) was
administered locally into the dental implant socket before
implant placement in rabbit tibiae.16,18
Melatonin dose 2 (MLT D-2) group (n ¼ 2): 3 mg lyophilized
powder melatonin (Sigma-Aldrich) was administered locally
into the dental implant socket before implant placement in
rabbit tibiae.9

General anesthesia was administered using ketamine
hydrochloride 35 mg/kg and 5 mg/kg xylazine intramuscularly.
Surgical operations were performed under sterile conditions.
Following general anesthesia but prior to the surgical
application, the tibial skin was washed with povidone iodine
and the surgical area was shaved. In each case, the skin incision
was made over the tibial crest. We used a periosteal elevator to
lift the flap and periosteum to reach the tibial bone. The tibial
skin was then sutured with 4/0 polyglactin resorbable sutures.
Penicillin and an analgesic were injected intramuscularly in all
animals for 3 days after the operation.
In all 3 groups, a total of 24 sandblasted large acid-etched
surface dental implants (Es-Dent, Gulmaksan Izmir, Turkey)
measuring 6 mm in length and 3 mm in diameter were
integrated in the metaphyseal part of the tibiae. Two implants
for each tibia and 4 implants for each animal were integrated.
All the surgical procedures were performed by the same
researcher atraumatically.
Four weeks after the surgical implant placement, the
rabbits were euthanized. The rabbit tibiae were then dissected
from muscles and soft tissues and fixed in a 10% formaldehyde
solution. The specimens were embedded into 2-hydroxyetylmetacrylate resin, allowing us to cut undecalcified bone and
titanium with the Exakt Microtome (Leica Biosystems, Nussloch,
Germany). For the histomorphometric evaluation, each section
was ground with the Exakt grinder (Leica), and a 50-lm
thickness section was obtained for the light microscope
analysis (Olympus, Tokyo, Japan). Toluidine blue stains were

FIGURE 1. Comparison percentage of bone implant connection. (a)
Statistically significant difference was detected compared with
control group (CG). (b) Statistically significant difference was
detected compared with melatonin dose-1 group (MLT D-1).

used for the histomorphometric analysis. After this procedure, a
histomorphometrical analysis was performed to quantify the
bone tissue response in peri-implant bone. This was done by
the faculty at Firat University Department of Medical Pathology,
Elazig, Turkey. The histomorphometrical analysis of osseointegration was performed with an image analyzer (Olympus); BIC
was recorded as a proportion of the total implant surface
length (from the coronal margin to the most apical point of the
implant) in direct contact with the bone.9
Statistical analysis
SPSS software was used for statistical analysis. Mean values 6 a
standard error equal to the mean of each group were
calculated for all analyzed data. The differences among groups
were tested with a one-way ANOVA for parameters that
showed a normal distribution. To detect the group causing the
differences, Tukey’s HSD test was used, and P-values , .05 were
sufficient to indicate statistical significance.

RESULTS

The histomorphometric results of osseointegration in the 3
groups are presented in Figure 1. As can be seen in Figure 2 (a
through c), the highest BIC percentage was detected in the MLT
D-2 group, with a mean value of 39.59% 6 1.2, compared with
33.89% 6 1.8 in the MLT D-1 group and 27.42% 6 2.2 in CG
(Figure 1). The mean BIC percentage of the MLT D-2 group was
the highest among the three groups, and the mean BIC
percentage in MLT D-1 was determined to be higher than that
of CG (Figure 1).

DISCUSSION

Various studies have reported that melatonin stimulates the
osteogenic activity of bone tissue.15,16,21–23 However, the
effects of local melatonin application during the surgical phase
on increasing dental implant osseointegration has rarely been
studied.9,16,18,24 The histomorphometrical analysis reported in
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The experimental design and study protocol were approved by
the Local Experimental Animal Ethics Committee at the
University of Firat, Elazig, Turkey. In total, six 0.8- to 1-yearold male New Zealand rabbits were used. Their average body
weights were 3000 to 3200 g on the first day of the
experimental protocol. The animals were kept in temperaturecontrolled cages, exposed to a 12/12-h light/dark cycle, and
had ad libitum access to food and water during the
experimental period.
First, the rabbits were divided randomly into 3 groups, as
listed below:

Melatonin and Implant Osseointegration

this study has indicated an increase in osteogenesis in periimplant bone tissues with local melatonin application during
surgical integration in 2 experimental groups. Specifically, we
found that melatonin increased bone area in peri-implant bone
tissues. Therefore, we concluded that the local administration
of melatonin during a surgical implant integration procedure
could directly induce osteoblastogenesis. Moreover, in the MLT
D-2 group, the histomorphometric BIC parameters detected
were highly comparable with those of the MLT D-1
group.9,15,16,18
The osteoblastic properties of melatonin have been shown
in several other studies, and our findings were in line with what
has been reported previously.21,22 For instance, the results of
our research were in agreement with the Koyama et al.25
experimental animal study in which the authors investigated
the effects of systemic melatonin application on bone tissues in
mice. Koyama et al.25 stated that pharmacological doses of
melatonin were able to increase bone tissue mass, bone tissue
mineral density, and trabecular bone volume. The authors
reported that this situation obviously stemmed from an antiosteoclastic effect of the melatonin hormone.
Moreover, Satomura et al.21 demonstrated the systemic
388
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osteogenic effects of melatonin administration intraperitoneally
in their experimental study. Specifically, they reported an
increase in the volume of the newly formed cortical bone tissues
of mouse femora. In the current study, as in these previous
examples, we used melatonin locally and found that the
osteogenic effects of the melatonin hormone could be explained
by its inductive effect on osteoblastic cells.9,14–16,18,21,22 These
results were similar to those of Cutando et al.,16 who applied 1.2
mg of lyophilized melatonin locally into the mandibular implant
sockets of dogs before implant placement; they reported an
increase in the osseointegration of the implant. Takechi et al.24
produced similar results in their experimental research. In
particular, they reported that systemic melatonin used with local
Fibroblast Growth Factor-2 resulted in an increase in peri-implant
bone tissue formation in rats.
Likewise, Munoz et al.18 conducted a study in which, prior
to implantation, 4 IU of recombinant human growth hormone
and 1.2 mg of lyophilized powdered melatonin were applied to
implant sockets on each side of the dog mandible. They
reported that melatonin and growth hormone synergistically
enhanced new peri-implant bone formation in early stages of
the tissue healing process.18 In a similar study, Teresguerres et
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FIGURE 2. (a) Histologic view of control group (CG-2X). (b) Histologic view of melatonin dose-1 group (MLT D-1-2X). (c) Histologic view of
melatonin dose-2 group (MLT D-2-2X).

Dundar et al
al.9 stated that a 3-mg local melatonin application during
surgical implant integration might increase trabecular BIC as
well as trabecular bone area density. In clinical research,
Elgammal et al.23 has described results comparable to previous
experimental studies. For instance, they indicated that local
application of melatonin at the osteotomy site prior to the
implant integration is associated with good implant stability
and minimal bone resorption.

CONCLUSION

ABBREVIATIONS
BIC: bone implant connection
CG: control group
MLT D-1: melatonin dose-1
MLT D-2: melatonin dose-2

NOTE

This study was presented as an oral presentation at the 22nd
International Scientific Turkish Dental Association Congress,
May 19–21, 2016, Izmir, Turkey.
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