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ABSTRACT
OBJECTIVE: Obesity induced by a high fat diet is associated with chronic up-regulation of infl ammatory 
cytokines which stimulate osteoclast activity and bone resorption. However, the role of high-fat diet on bone-
implant connectivity has not been studied in detail. In this study, we investigated whether a high-fat diet 
(HFD) affects bone implant connection (BIC) in periimplant bone. 
METHODS: Twenty female Sprague Dawley rats were divided in two groups: 1) Control rats were fed with 
normal chow and titanium implants were integrated into tibial bones at the end of 3rd month and no treatment 
was applied 2) HFD group; rats were fed a high-fat diet (42 % of calories as fat), then the titanium implants 
were integrated into tibial bones at the end 3rd month. Following surgical integration of the implants, the 
rats were fed with control and HFD diets for 3 months. After the 6 months experimental period all rats 
were sacrifi ced and the implants and surrounded bone tissues were collected and the BIC was assessed 
histomorphometrically after the non-decalcifi ing histological methods. Bone implant connection was detected 
with the ratio of the implant surface directly connected with the peri-implant bone tissues to the total implant 
surface length. 
RESULTS: Histologic analysis showed that HFD was not impaired BIC (p>0.05). 
CONCLUSION: In conclusion, within the limitation of this research, HFD did not effect the BIC rat tibias (Tab. 2, 
Fig. 2, Ref. 26). Text in PDF www.elis.sk.
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Introduction

Dental implant supported prostheses have become a widely 
accepted and scientifi cally accepted treatment option for the treat-
ment of edentulousness. However, the systemic condition of the 
patient, the quality and quantity of the bone to which the dental 
implant is placed, the geometric design and the surface properties 
of the implant, are key factors for success in dental implant sup-
ported prosthetic treatment (1, 2).

The main health problems of the aging population include 
atherosclerosis-vascular calcifi cation and osteoporosis. In addi-
tion to the vascular problems of hyperlipidemia induced by high-
fat diet (HFD), adverse effects on the cardiovascular system are 
also known. In hyperlipidemic individuals, lipoproteins migrate 
through the endothelium into the internal subendothelium. These 

lipoproteins are captured and oxidatively modifi ed by metaboli-
cally active adjacent smooth muscle cells and reactive oxygen spe-
cies produced by macrophages. A similar cycle is seen in the case 
of osteoporosis induced by hyperlipidemia, while lipid particles 
bound to the oxidized protein accumulate in the perivascular sub-
endothelial areas. Osteoblast cells have the ability to oxidatively 
modify lipoproteins and oxidized lipid products were identifi ed in 
the bone marrow in hyperlipidemic condition (3‒6). High-fat diets 
increase protein-bound lipid particles known as lipoproteins and 
reactive oxygen species. In addition, lipid-derived reactive oxygen 
species have been reported to reduce osteoblastic differentiation. 
Oxidized lipids induce osteoclastogenesis and bone morphogenetic 
protein-2 release. In vivo studies report that hyperlipidemia pro-
duces bone loss. It was reported that HFD may produce deleterious 
effects on the absorption of dietary calcium and consequently an 
adverse effect on bone mineralization in animals (4, 6, 7). Many 
studies have linked obesity with diabetes and hypercaloric diet-
induced obesity to morbidity resulting from periodontal disease 
(8, 9). Additionally, Fujita and Maki. reported that HFD-induced 
obesity during growth not only triggers mandibular osteoporosis 
but also increases the risk of spontaneous periodontal disease (9). 
However, the role of the high-fat diet on bone-implant connec-
tion (BIC) has not been studied in detail. Therefore, the aim of 
this study is to investigate the effects of HFD on BIC of titanium 
implants in rat tibial bones for three months before surgical ap-
plication and three months after surgical implantation.
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Material and methods

Twenty female Sprague Dawley rats (aged 4‒6 month; weigh-
ing 220‒280 gr) were obtained from Experimental Research Cen-
ter, Firat University, Elazig, Turkey in the same estrus. The animals 
were housed in temperature-controlled cages, subjected to a 12-
hour /12-hour light/ dark cycle, and allowed free access to food and 
water throughout the 6 months experimental period. All the surgical 
and experimental application were applied at the Firat University 
Experimental Research Center. The ethic approval of this research 
was obtained from Firat University Animal Experimental Ethics
Council, Elazig, Turkey. The recommendations of the Helsinki Decla-
ration on the protection of experimental animals used in the re-
search were fully complied with. The rats were divided randomly 
into two groups as follows 1) Control Group: Rats fed with normal 
chow (12 % of calories as fat) throughout the experimental period 
of 6 months and machined surfaced titanium implants were surgi-
cally inserted in right tibias after the 3 months normal feeding and 
the rats were fed with normal diet again after the surgical inte-
gration of the implants for 3 months (10). 2) High-fat diet Group 
(HFD): Rats fed with high-fat diet [42 % of calories as fat] through-
out the experimental period of 6 months and titanium implants 
were integrated into right tibias surgically at the end of 3rd month 
(10). And after the surgical application of the machined surfaced 
titanium implant rats were fed for 3 months with HFD again. After 
the six months rats were sacrifi cied and the titanium implants with 
surrounded bone tissues were removed for histological analysis. 

Surgical procedures
General anesthesia was administered using 35 mg/kg ketamine 

hydrochloride and 5 mg/kg xylazine intramuscularly. After the 
general anesthesia the tibial bone was washed and shaved before 
the surgical application. All the surgical applications were done 
under sterile conditions. The incision of the skin was made on the 
tibial crest. The periosteal elevator was used for lifting the fl ap and 
periost to reach the metaphyseal part of the tibial bone. Implant 
sockets were created with the surgical drill with saline irrigation 
to avoiding necrosis of the bone tissues. After the implantation of 
the titanium implants, the tibial skin was sutured with 4-0 poly-
glactin resorbable sutures. Antibiotic (40 mg/kg cephalosporin) 
and analgesic (0.1 mg/kg tramadol hydrochloride) were injected 
intramuscularly for 3 days after the surgical operations. All the 
surgical applications were done by the same researcher. 

Histological analysis
The specimens were fi xed in 10 % formaldehyde solution. 

After the fi xation, the implants and surrounding bone tissue were 
embedded into a 2-hydroxyetylmetacrylate resin to allow cutting 
of the non-decalcifi ed bone and titanium with the Exakt microtome 
(Germany). Each section was ground with the Exakt grinder and 
a 50 μm thickness section was obtained for the light microscope 
analysis. For the histological staining methylene blue was used. 
Histological analyses of BIC were then performed using an image 
analyzer (Nikon, Japan) at the Firat University Faculty of Medi-
cine’s Department of Microbiology Laboratory. Three samples 

were removed from both groups due to improper preparation. 
In each implant, the level of BIC was detected as the ratio of the 
implant surface directly touching the bone to the total implant 
surface length (6).

Biochemical analysis
Blood samples were taken from rats heart under deep anes-

thesia. The samples were centrifuged at 3000/g for 10 min, and 
the blood serum was collected. The serum samples were stored 
at ‒80 °C until analyzed. Serum glucose, low density lipoprotein 
(LDL), very low density lipoprotein (VLDL), triglyceride, aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT), 
alkaline phosphatase, calcium, phosphorus parameters were ana-
lysed by routine biochemical methods obtained from the serum 
samples of rats at the Department of Biochemistry in the Faculty 
of Medicine of Firat University. 

Dual energy X-ray absorptiometry (DEXA) analysis
After the mandibular bones were taken out of the rats, dual 

energy X-ray absorptiometry analysis was pareformed at Firat 
University, Faculty of Medicine, Department of Nucleer Medicine, 
Elazig, Turkey (Hologic, Discovery Series, USA). Two samples 
were not included in the analysis in the ND group due to not being 
obtained properly. Bone mineral density (BMD) and bone mineral 
content (BMC) analysis were done with dual energy X-ray ab-
sorptiometry analysis.

Statistical analysis
SPSS software was used for statistical analysis. The mean values 

± standard deviation values of the mean for each group were cal-
culated. A Student’s t-test was used in the analysis of data, and p 
< 0.05 were considered suffi cient to indicate statistical signifi cance.

Results

Histological results
The results of the histomorphometric analysis of the BIC in all 

groups are shown in Table 1. Statistically, a signifi cant difference
was not detected between the ND and the HFD groups for BIC 
(p>0.05) (Figs 1 a,b, and 2 a,b). 

Biochemical results
The results of the biochemical analysis of the glucose, AST, 

ALT, LDL, VLDL, Ca, P, ALP, DEXA parameters and triglyceride
in all groups are shown in Table 2. Statistically, a signifi cant 
difference was not detected between the ND and the HFD groups 
for glucose, AST, ALT, Ca, ALP, P levels (p>0.05). Additionally,
serum LDL (p=0.002), VLDL (p=0.001), and triglyceride 

Parameter Groups n Mean SD p

BIC
HFD 7 68.33 7.82 >0.05
ND 7 70.93 6.10 >0.05

Student t test (p>0.005)

Tab. 1. Bone implant contact of the groups.
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(p=0.001) levels were detected to be statistically signifi cantly 
higher in HFD group compared with the ND group (p < 0.05). 
Additionally, body weight measurements did not shown statisti-
cally signifi cant differences between the two groups at the end of 
the study (Tab. 2) (p>0.05). 

Dual energy X-ray absorptiometry results
Bone mineral density and BMC data differences were not 

statistically signifi cant when comparing the ND and HFD groups 
(p>0.05) (Tab. 2). 

Discussion

The purpose of this study was to examine the effects of HFD 
before and after the surgical integration of the titanium implants in 
rat tibias. The non-decalcifi ed histological results in this research 
did not confi rm the hypothesis about the inverse relation between 
HFD and osseointegration. In the high-fat diet, 42 % of the calorie 
content was fat. In this research, we preferred Sprague Dawley 
healthy rats according to the Sahin et. al study (10). 

Body weight increase could be negatively related to bone mass 
because of the possible competitive effect between adipocyte dif-
ferentiation and osteoblast differentiation, as they share a common 
progenitor. Fat accumulation is not protective against bone loss. 
Some studies have reported low osteoblast function and suppressed 
osteoblastic gene expression in HFD mice, potentially as a conse-
quence of a mesenchymal stem cells differentiation switch favor-
ing adipogenesis. Adipose tissue is not an inert organ with a sole 
function of storing energy; it has metabolic functions, secreting 
proteins that are involved in bone metabolism. Indeed, HFD has a 
greater impact on bone metabolism by endocrine stimulus than by 
mechanical stimulus, regardless of weight (11‒13). Several mecha-
nisms have been proposed to explain HFD-induced osteoclastogen-
esis, including elevated levels of the pro-infl ammatory cytokines 
IL-1 and TNF in the blood derived from adipose tissue macro-
phages, increased RANKL expression from bones, and decreased 
expression of the anti-osteoclastogenic cytokine IL-10 (14‒16). 

The oxidation factor of lipid and lipid-bound protein molecu-
les in osteoporosis pathophysiology has been reported in various
studies. In a previous study, researchers reported that the mineral

Fig. 1 a, b: Non decalcifi ed histological section of the ND and HFD groups (Toluidin Blue staining, 2X magnifi cation).

a b

Fig. 2 a, b: Non decalcifi ed histological section of the ND and HFD groups (Toluidin Blue staining, 4X magnifi cation).

a b
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content and Bone Volume/Trabecular Volume ratios of both femo-
ral and tibial bones of mice signifi cantly decreased, as well as 
hyperlipidemic rats fed atherogenic HFD (17‒20). In other pre-
vious study, the authors reported that HFD-induced obesity dur-
ing growth not only triggers mandibular osteoporosis but also 
increases the risk of spontaneous periodontal disease (9). In a 
study conducted by Lac et al, it was found that mice fed during 
the early development period with a high-fat diet had lower bone 
mineral content and bone mineral density (20). In addition, it has 
been reported that there is a negative correlation between visceral 
fat ratio and bone mineral density. Moreover Lu et al. reported 
similar results in an in vivo study in young male rats (21). Lu et 
al reported that the HFD feeding signifi cantly decreased the bone 
mineral content and the trabecular bone area compared with the 
normal diet feeded rats (21). A low bone density has been reported 
in atherosclerotic mice.

Pirih et. al. reported that oxidative lipids and/or hyperlipid-
emia negatively affected the mechanical strength of the bone and 
disrupted the regeneration process of the bone in the study they 
performed (22). Additionally, they reported that in HFD group cor-
tical bone volume fraction was signifi cantly decreased in femoral 
bone when compared with the normal diet rats. Hyperlipidemia 
affects bone healing negatively, thus reducing bone surface and 
volume. In this study, LDL, VLDL and triglyceride levels in the 
subjects fed with HFD were found to be statistically higher than 
in controls, but glucose, cholesterol, HDL, liver parameters and 
weight measurement (AST, ALT) did not differ between the two 
groups. These results may be indicative of the effect of HFD on 
blood fat metabolism.

It has previously been reported that oxidized lipids inhibit the 
differentiation of osteoblasts and increase the apoptosis of osteo-
blasts (23). In addition, epidemiological studies report that osteo-
porosis may be associated with hyperlipidemia and atheroscle-
rosis (24). The result obtained was independent of age for some 
populations (25). Keuroghlian et al. reported that atherosclerosis 
susceptible C57BL/6J male mice fed a high-fat diet reduced the 
amount and strength of bone-implant contact in the femur bones 
and signifi cantly increased implant loss (26). These results sup-
port the hypothesis that HFD may reduce osseointegration and 
lead to adverse outcomes in dental implant therapy. Our histo-
logical and histomorphometric results do not support the results 
reported by Keuroglian et al (26). Dundar et al. reported that, the 
BIC ratio in rabbits fed the 12-week HFD diet did not show any 
difference compared to the rabbits fed for 12 weeks normal diet 
(6). In this study, the BIC ratio in the HFD group did not show 
a statistically signifi cant difference when compared to the con-
trols. Keuroglian et al. reported that more than one mechanism 
is effective in reducing bone-implant contact in HFD-fed rats 
(26). Cell-level hyperlipidemic conditions lead to inhibition of 
osteogenic signaling, reduction of mature osteoblast formation, 
higher production of molecular markers in bone remodeling, en-
hancement of osteoclast differentiation and activity, and increase 
of bone resorption.

Testing oseointegration of the titanium implants in rat tibial 
bones has some limitations due to differences in bone-implant in-
teraction, microstructure, composition and bone remodeling. Long 
bones have less bone remodeling capacity due to a larger bone mar-
row space when compared with the jaws. In addition, in this study, 
the implants were not loaded, which is another limitation. Also, rats 
used in this study were not atherosclerosis-susceptible rats (26).

Conclusion

In this study, we fed rats 3 months before implant integration 
and 3 months after implant integration.Within the limitation of 
this study, we concluded that HFD could not decrease the BIC 
of the implants in rat tibial bone model. However, further studies 
are needed to clarify the relationship between the BIC and HFD.
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