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Abstract

Background: The aim of this study was to evaluate the effects of topical vitamin D to on osseointegration when
applied the surface of titanium implants.

Materials and Methods: Twenty male Spraque-Dawley rats were used in this study in a 4-week experimental
period. 4 rats died during the experiments. The rats were divided into 2 groups: a test group and a control
group. Sixteen sandblasted and acid-etched implants were integrated surgically in the metaphyseal part of rat
femurs after patella dissection. Prior to integration, the implants, which were 3.2 mm in diameter and 8 mm
in length, were submerged in a 10% vitamin D solution in the test group. No treatment was applied in the
control group. After the 4-week experimental period, the rats were sacrificed, and the implants were removed
with surrounding bone tissue. Specimens were fixed for 7 days in a 10% formaldehyde solution. Bone implant
contact (BIC) ratios were determined after using non-decalcified histological methods.

Results: In the experiment, 2 samples were removed because they were not suitable. No statistically
significant differences were found for BIC ratios between the test (n = 7) and control group (n = 7) implants
(P>0.05).

Conclusions: It was concluded, within the limitations of this animal study, that topical vitamin D application
on implant surfaces does not affect BIC ratios.
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Amag: Bu g¢alismanin amaci, titanyum implantlarin yiizeyine uygulandiginda topikal D vitamininin
osseointegrasyon uzerindeki etkilerini degerlendirmektir.

Materyal ve Metod: Bu ¢alismada 4 haftalik bir deney periyodunda 20 erkek Spraque-Dawley sigani kullanild.
4 rat deneyler sirasinda 6ldii. Daha sonra ratlar 2 gruba ayrildi: Test grubu (n=8) ve kontrol grubu (n=8). Patella
diseksiyonu sonrasi sigan femurlarinin metafiz kismina 16 tane kumlanmis ve asitle ptrizlendirilmis implant
cerrahi olarak entegre edildi. Entegrasyon 6ncesinde 3,2 mm gapinda ve 8 mm uzunlugunda olan implantlar,
test grubunda % 10'luk bir D vitamini ¢ozeltisine daldirildi. Kontrol grubuna herhangi bir tedavi uygulanmadi.
4 haftalik deney stresinden sonra, siganlar oldirildu ve implantlar gevreleyen kemik dokusuyla birlikte
cikarildi. Ornekler % 10 formaldehit soliisyonunda 7 giin fikse edildi. Kemik-implant kaynasmasi (BIC) oranlari,
dekalsifiye edilmemis histolojik yontemler kullanilarak belirlendi.

Bulgular: Deneyde 2 6rnek uygun olmadigi igin gikartildi.Test (n=7) ve kontrol grubu (n=7) implantlari arasinda
BIC oranlari igin istatistiksel olarak 6nemli farkliliklar tespit edilmedi (P> 0.05).

Sonug: Bu hayvan g¢alismasinin sinirlari dahilinde, implant yizeylerine topikal D vitamini uygulamasinin BIC
oranlarini etkilemedigi sonucuna varildi.

Anahtar kelimeler: Osseointegrasyon, Kemik-implant kaynasmasi, Topikal vitamin-D, Sigan femur kemigi
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Introduction

Implant-supported prostheses are widely and scientifically
accepted as a treatment method for partial and complete
edentulism. Success in implant-supported prosthetic
treatment depends on the systemic condition of the pa-
tient, the quality and quantity of the bone, as well as the
design and surface properties of the implant (1-4).

In recent years, research has been conducted to increase
the level of osseointegration in dental implants. These
studies are carried out to improve the dental implant sur-
face-geometry technology and to improve the quality of
the bone in which the implant is placed. Various modifica-
tion techniques have been shown to increase peri-implant
bone quality and quantity, reduce implant costs and treat-
ment times, and improve osseointegration and thus the
survival time of the implants (3-8). Biochemical modifica-
tions can be accomplished by the topical application of bi-
ological mediators to the implant surface and by the appli-
cation of materials with systemic effects, such as bisphos-
phonates (9-12).

Vitamin D refers to a group of fatty steroid hormone-de-
rived vitamin types. These hormone structure vitamins are
found in various forms, such as ergocalciferol and chole-
calciferol. Vitamin D3, also called calcitriol, is formed when
the cholesterol in the skin is exposed to UV rays, and it is
the most active form of Vitamin D (13,14). Vitamin D has a
fundamental function in the biological balance of bone
and calcium due to its direct role in calcium absorption in
the intestines and kidneys. This molecule also increases
the reabsorption of the bone and reduces calcium and
phosphate excretion. It has been reported to find vitamin
D receptors in osteoblast cells. In addition, vitamin D has a
regulatory effect on gene expression. In addition, it is ef-
fective on cells that have an important role in bone for-
mation, such as osteocalcin (13-15). In our study, it was
aimed to investigate whether topical vitamin D application
is effective on titanium implant osseointegration by per-
forming histomorphometric analysis 28 days after tita-
nium implant placement.

Materials and Methods

Animals and Experimental Design

Ethics committee approval of the study was given by Firat
University Animal Experiments Local Ethics Committee
(Date: 26/10/2016, approval No: 2016/19/191). During
the experiment, 20 male Sprague-Dawley rats weight 500-
550 grams and ages 1-1.6 years were used. 4 rats died dur-
ing the experiments. During the experiment, rats were
kept in cages whose temperature is monitored, on a 12
hour-12 hour light-dark cycle with free access to food and
water.

Control Group: Only titanium dental implants were inte-
grated surgically and no treatment was applied during the
4-week experimental period.

Effects of Topical Vitamin D on Osseointegration

Test Group: Before implant placements, dental implants
were first submerged into vitamin D solution and then in-
tegrated in bone sockets.

Surgical Procedures

The surgery was performed by applying general anesthesia
to the rats. General anesthesia was performed by intra-
muscular injection of 40 mg/kg ketamine hydrochloride
and 10 mg/kg xylazine. All sterilization rules were followed
during the surgical procedure. Following general anesthe-
sia, the rat skins were washed with povidone-iodine and
shaved before surgical application. At the anterolateral
part of the knees of the rats, a curved incision was made
10-15 mm in length to access knee joints. Knee joint cap-
sules were then dissected. Each patella was dissected to
reveal the intercondylar fossa of the rat femur (16,17). Im-
plant sockets were created with the appropriate drills un-
der the sterile serum physiologic perfusion. After the cre-
ation of the bone sockets, the titanium implants were
placed into the femoral bone according to the previously
described technique (Figure 1). Following surgical implan-
tation of the implants, the joint capsule was repositioned
in its original position (16,17). After the surgical procedure,
an analgesic and antibiotics were applied intramuscularly
for 3 days for all animals. A total of 16 sandblasted and
acid-etched implants were integrated into the right femo-
ral bone of the rats. All the surgical applications were done
by the same researchers.

Histologic Procedures and Analysis

The rats were sacrificed 4 weeks after the surgical opera-
tions were performed. Then, the implants were removed
together with the surrounding bone tissue and samples
were obtained. The samples were kept in 10% formalde-
hyde solution for 7 days. After fixation, samples were em-
bedded in 2- hydroxymethyl methacrylate resin for cutting
un-decalcified bone and titanium with Exakt® microtome
(Germany). For histological analysis, implants with sur-
rounding bone tissue were ground with an Exakt® (Ger-
many) grinding machine. To perform light microscopy
analysis, 50 um thick sections were obtained, and then
these sections were stained with toluidine blue (18). All
procedures were carried out in Erciyes University Faculty
of Dentistry Research Laboratory. Histological analyzes
were performed with a light microscope (Nikon, Japan) lo-
cated in Firat University Faculty of Medicine, Department
of Medical Microbiology. The bone-implant contact (BIC)
ratio was determined to determine the total implant sur-
face length in direct contact with the bone.

Statistical Analysis

For the statistical analysis, SPPS software was used. The
data were analyzed, and means and standard deviations
were calculated. The Student T-test was used in the data
analysis, and a P-value < 0.05 was considered sufficient to
indicate statistical significance (n=7).
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Figure 1. Coronal and sagittal cone beam computerized tomography images of the implant in femur
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Figure 2.
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Results

Two specimen was removed from the study group due to
improper preparation. The histological BIC data for control
and test animals are shown in Table 1. The mean BIC ratios
for control and test animals were 46.14% and 44.57%, re-
spectively (Figure 2 a,b,c,d). A statistically significant dif-
ference was not detected between control and test ani-
mals for BIC ratios (P>0.05).

Table 1. Mean bone implant contact (BIC) ratio of the
groups. P: 0.508 (Student T test)

Groups BIC (Meanzstd) (%) P
= +
Controls (n=7) 46.14+4.63 P>0.05
Tests (n=7) 45.57+2.82

Non-decalcified histologic images of the control (a-2X, b-4X) and test group implants (c-2X, d-4X) (X: 10 Times

Discussion

The effects of various factors such as bone morphogenetic
proteins, growth hormone, melatonin, and hydroxyap-
atite-calcium deposits have been investigated in order to
increase the regeneration capacity in peri-implant bone
tissue (3,9-12,19- 23). It has been suggested that vitamin
D stimulates osteoblast proliferation and differentiation,
thereby increasing bone formation. However, it has been
reported that topical vitamin D application on the osseoin-
tegration level of dental implants should be discussed
(24,25). In this study, no statistically significant difference
was observed in osseointegration between controls and
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test animals with topical vitamin D application on im-
plants. Naito et al. (19), in a 6-week experimental study
utilizing rabbit tibias, examined the effects of topical appli-
cation of vitamin D on BIC and new bone formation. In
their study, Naito et al. (19) compared 3 doses of topical
vitamin D with untreated controls, using machined surface
implants. In a study, no statistically significant difference
was found between test and control groups after 6 weeks
of experimentation. It has been reported that this is due
to either the inadequate maintenance of the vitamin D loss
that occurs during the vitamin D coating process. Naito et
al. (19) have been reported that the use of implants with a
rough surface may increase osseointegration. In our study,
we used 1-2 Ra sandblasted, acid-etched implants, and our
results did not support this hypothesis. However, Cho et
al. (24) integrated vitamin D coated anodized surface im-
plants in rabbit tibia and determined the osseointegration
ratio histologically after 4 and 12 weeks. They reported
that vitamin D coating statistically improved osseointegra-
tion when compared with the controls, after both 4 and 12
weeks. In another study, Fugl et al. (25) reported that top-
ical vitamin D did not effects new bone formation. They
used 60 rats divided into 3 experimental groups: a vitamin
D deficiency, and ungrafted group, a vitamin deficiency
and local calcitriol application group, and a control group.
Flgl et al. (25) created 2 mm circumferential diameter de-
fects in rat mandibles and sacrificed animals after 1 and 3
weeks. After 1 week, bone formation was not obtained,
but after 3 weeks, new bone formation was detected and
was statistically significantly higher in the vitamin D defi-
ciency and ungrafted groups when compared to controls
and the other group (the group with vitamin D deficiency
and topical calcitriol application). Additionally, Salomo-
Coll et al. (26) integrated immediate implant in dog man-
dible after the extraction of mandibular premolar distal
root and evaluated the BIC and bone formation after a 12-
week experimental period. They reported that no statisti-
cally significant differences were detected for BIC, new
bone formation, and interthread bone between the two
groups. Additionally, they reported that topical vitamin D
application could reduce crestal bone loss when compared
with controls. Salomo-Coll et al. (26) suggested that this
result stemmed from inadequate methods for vitamin D
application since animals were healthy and vitamin D has
more potential effects on bone metabolism in populations
with low vitamin D levels. Our results appear to confirm
Salomo-Coll et al.'s results with no statistically significant
differences detected between test and control animals
(26). Additionally, in their study, the authors used rough-
surfaced implants. Their results, like ours, do not support
Naito et al.’s hypothesis that topical vitamin D on rough-
ened surfaces may have positive effects on bone metabo-
lism (19).

Effects of Topical Vitamin D on Osseointegration

Conclusion

In our study, we concluded that topical vitamin D applica-
tion did not improve osseointegration of sandblasted and
acid-etched implants in rat femur after a 4-week experi-
mental period. The potential effects of topical and sys-
temic vitamin D application on peri-implant bone tissues
are unclear. Further studies are needed to clarify the asso-
ciation of topical vitamin D application and osseointegra-
tion of implants.
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