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Abstract (J Korean Assoc Oral Maxillofac Surg 2016;42:187-192)

Objectives: In this study, we investigated whether a high-fat diet (HFD) affected the bone implant connection (BIC) in peri-implant bone.
Materials and Methods: Four male rabbits were used in this study. Dental implant surgery was introduced into each tibia, and four implants were

integrated into each animal. In both the normal diet (ND) group (n=2) and HFD group (n=2), 8 implants were integrated, for a total of 16 integrated

implants. The animals continued with their respective diets for 12 weeks post-surgery. Afterward, the rabbits were sacrificed, and the BIC was assessed

histomorphometrically.

Results: Histologic and histomorphometric analyses demonstrated that BIC was not impaired in the HFD group compared to the ND group.
Conclusion: Within the limitations of this study, we found that HFD did not decrease the BIC in rabbit tibias.
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l. Introduction

Atherosclerosis-vascular calcification and osteoporosis
are major health problems in the aging population. High-fat
diet (HFD)-induced hyperlipidemia has adverse effects on
the cardiovascular system, including vascular problems. In a
hyperlipidemic condition, protein-bound lipid particles pass
through the endothelial wall into the subendothelial field,
where they are caught and oxidatively modified by reactive
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oxygen species produced by metabolically active neighboring
smooth muscle cells and macrophages. A similar cycle takes
place in human osteoporotic bone, with oxidized protein
bound lipid particles collecting in the perivascular subendo-
thelial fields. Osteoblast cells also have the ability to oxida-
tively modify protein-bound lipid particles. Oxidized lipid
products are detected in the bone marrow of hyperlipidemic
mice'”.

According to the National Health and Nutrition Examina-
tion Survey, 63% of osteoporotic patients have hyperlipid-
emia'. Moreover, numerous reports have stated that obesity is

. PO 1,24-6
a risk factor of osteoporosis in humans

. Epidemiological
studies have reported statistically significant inverse rela-
tionships between serum cholesterol level and bone mineral
parameters and density, independent of age and body mass
index. HFD consumption is also associated with decrease
in bone mineral content (BMC) and bone mineral density
(BMD) in experimental animal studies'.

HFDs further increase the levels of protein-bound lipid
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particles and reactive oxygen species™””". Additionally,
whether due to a genetic or dietary abnormality, excessive
lipid-derived reactive oxygen species reduce osteoblastic
differentiation in vitro"’. In addition, oxidized lipids induce
osteoclastogenesis and decrease the signaling of parathyroid
hormone and bone morphogenic protein-2. Experimental
studies have reported that hyperlipidemia induces bone loss
in mice'. Therefore, we tested the effects of HFD on the bone
implant connection (BIC) in rabbits in the present study.

Il. Materials and Methods

All surgical and experimental procedures were conducted
at Firat University Experimental Research Center. The ap-
proval for the study was obtained from the Firat Univer-
sity Animal Experimental Ethics Council, Elazig, Turkey
(2015/55). The animals used for testing were also supplied by
the same center. The recommendations of the Helsinki Decla-
ration related to the protection of laboratory test animals were
strictly followed.

In total, four male 0.5- to 1-year-old New Zealand rabbits
were used. Their average body weight was 2,200 to 2,800
g on the first day of the experimental protocol. The animals
were kept in temperature-controlled cages, exposed to a 12
hour/12 hour light/dark cycle, and had ad libitum free access
to food and water during the experimental period.

The rabbits were divided randomly into two study groups
as follows:

Normal diet (ND) group (n=2): Dental implants were sur-
gically inserted into the rabbit tibias, and the rabbits were fed
a ND during the experimental period of 12 weeks'’.

HFD group (n=2): Dental implants were surgically inserted
into the rabbit tibias, and the rabbits were fed a HFD during
the experimental period of 12 weeks'.

General anesthesia was administered intramuscularly us-
ing 35 mg/kg ketamine hydrochloride (Ketalar; Eczacibasi,
Istanbul, Turkey) and 5 mg/kg xylazine (Rompun; Bayer,
Leverkusen, Germany). All the surgical procedures were per-
formed under sterile conditions. After general anesthesia and
prior to the surgical application, the tibial skin was washed
with povidone iodine and shaved. A skin incision on the tibia
was made over the tibial crest. A periosteal elevator was
used to lift the flap and periosteum to access the tibial bone.
The tibial skin was sutured with 4/0 polyglactin resorbable
sutures. Penicillin antibiotic (50 mg/kg) and an analgesic (1
mg/kg diclofenac sodium) were injected intramuscularly in

all animals for three days after the procedure.
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In both groups, 16 sand-blasted large acid-etched surface
implants (Gulmaksan, Izmir, Turkey) 6 mm in length and 3
mm in diameter were integrated into the metaphyseal part of
the tibia. Two implants in each tibia and 4 implants for each
animal were integrated. In each group, 8 total implants were
integrated. All surgical procedures were performed atrau-

matically by the same researcher.
1. Animal feeding and histological processing

The control group was fed a standard chow diet, which
contained 17.3% protein, 3.9% vegetable fat, 13.6% fiber,
8.7% ash, 48.9% nitrogen-free extract, and 7.6% moisture by
weight. The HFD group was fed a chow diet supplemented
with 10% coconut oil"’.

The rabbits were killed 12 weeks after surgical implant
placement. The rabbit tibias were dissected from the muscles
and soft tissues and fixed in 10% formaldehyde solution. The
specimens were embedded into 2-hydroxyetylmetacrylate
resin to allow the cutting of undecalcified bone and titanium
with the Exakt microtome (Exakt Apparatebau, Norderstedt,
Germany)'". For the histologic and histomorphometric evalu-
ation, each section was ground with the Exakt grinder (Exakt
Apparatebau), and a 50-um-thick section was obtained for
light microscope (Olympus, Tokyo, Japan) analysis. For the
histological analysis, toluidine blue stain was used". After
this procedure, histologic and histomorphometrical analyses
were performed to quantify the bone tissue response in the
peri-implant bone. These procedures were performed at the
Department of Oral and Maxillofacial Surgery in the Faculty
of Dentistry of the Erciyes University, Kayseri, Turkey, and
at the Department of Medical Pathology in the Faculty of
Medicine of the Firat University, Elazig, Turkey. The his-
topathologic and histomorphometrical analyses for the BIC
were performed with an image analyzer (Olympus). The BIC
was defined directly from the bone connection with the im-
plant perimeter"”. The BIC was measured as the bone implant
contact in the cortical and trabecular bone layers following a
reported method".

2. Biochemical analysis

Blood samples were taken from rabbit hearts under deep
anesthesia. The samples were centrifuged at 3,000g for 10
minutes, and the serum was collected. The serum samples
were stored at —80°C until they were analyzed. Serum glu-

cose, triglyceride, and alanineaminotransferase (ALT) pa-



rameters were analyzed by routine biochemical methods
obtained from the serum samples of rats at the Department of
Biochemistry in the Faculty of Medicine of Firat University.

3. Statistical analysis

IBM SPSS Statistics software version 22 (IBM Co., Ar-
monk, NY, USA) was used for the statistical analysis. Mean
valuetstandard deviation of each group for all the analyzed
data were calculated. In this study, all parameters when sub-

jected to Kolmogorov-Smirnov and homogenity (Levene

Table 1. Comparison of body weight between groups

Group n Mean+SD (g) P-value'
HFD First 2 2.4+0.26 0.045%
12 wk 2 3.1+0.19 0.045*
ND First 2 2.67+0.31 0.064
12 wk 2 3.41+0.20 0.064

(HFD: high-fat diet, ND: normal diet, SD: standard deviation)

'Paired test.

*Statistically significant difference, P<0.05.
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test) tests had P-values >0.05. Therefore, for the statistical
analysis in our study, we used independent t-test (BIC, tri-
glyceride, glucose, and ALTs) and paired (weight) tests, and

P-values <0.05 were considered statistically significant.

Ill. Results

Body weight gain was observed in the HFD group com-
pared to the ND group (P<0.05).(Table 1) Mortality, infec-
tion, or wound dehiscence was not recorded in this protocol.

The results of the histomorphometric analysis of the BIC in

Table 2. Comparison percentage of BIC

Measurement ~ Group n Mean+SD (%) P-value®
BIC ND 8 60.32+10.74 >0.05
HFD 8 60.17+10.79

(BIC: bone implant connection, SD: standard deviation, ND: normal
diet, HFD: high-fat diet)

'BIC area/total implant surface areax100.

2Independem t-test (P>0.05).
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Fig. 1. A, B. Histologic view of the control group (A: x2, B: x4). C, D. Histologic view of the high-fat diet group (C: x2, D: x4).
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Table 3. Biochemical parameters

Glucose  Triglycerides 1

Group L) L) ALT (U/L) P-value
ND 12wk 115 72 76 >0.05
12 wk 106 49 69 >0.05
HFD 12 wk 132 152 115 >0.05
12 wk 168 99 97 >0.05

(ALT: alanineaminotransferase, ND: normal diet, HFD: high-fat diet)
'Independent t-test (P>0.05).
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the all groups are shown in Table 2. Statistically significant
differences were not detected between the ND and HFD
groups for BIC (P>0.05).(Fig. 1)

The results of the biochemical analysis of ALT, triglycer-
ide, and glucose levels in all groups are shown in Table 3.
Statistically significant differences were not detected between
the ND and the HFD groups for serum glucose, triglyceride,
or ALT levels (P>0.05).

IV. Discussion

The purpose of this study was to examine the effects of
HFD on osseointegration in rabbit tibias. Our histologic and
histomorphometric results did not confirm findings from pre-
vious studies about the inverse association between HFD and
bone metabolism™",

We prepared the HFD protocol according to the studies of
Ning et al."” and Waqar et al.”’. The HFD group was fed a
chow diet supplemented with 10% coconut oil'*"’. The HFD
was rich in fat, but with relatively less protein and fiber. In
this study, we did not utilize Watanabe heritable hyperlipid-
emic rabbits according to Ozaki and de Almeida'®, who fed
healthy male New Zealand rabbits a hypercholesterolemic
diet.

The role of lipid and lipid-bound protein oxidation in the
pathophysiology of osteoporosis has been reported by a vari-

ety of studies'™"”

. Consistent with a previous study, mice that
were fed an atherogenic HFD not only became hyperlipid-
emic, but also exhibited significantly reduced mineral content
and bone volume/trabecular volume in both the femoral and

* demonstrated that, dur-

tibial bones. Moreover, Lac et al.
ing the early growth period (i.e., 35 days), rats fed a HFD
had lower bone BMC and BMD and exhibited a negative
correlation between visceral fat and BMD when compared
the normal diet fed controls. Lu et al."* found similar results
in young male mice in their experimental study. They re-

ported that the BMC and the area of trabecular bone were
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significantly decreased in the HFD group compared to the
controls. Moreover, Lu et al.” reported that the number of
colony-forming unit osteoblasts per bone was significantly
decreased compared to the controls in a cell culture study on
aspirated bone marrow cells derived from mice. Pirih et al.'
reported that oxidized lipids and/or hyperlipidemia adversely
affected the mechanical strength of bone and impaired bone
regeneration. Their micro-computed tomography (CT) and
histologic results showed that bone regeneration was signifi-
cantly impaired in HFD-fed males. In femoral bones, the cor-
tical bone volume fraction (bone volume/tissue volume) was
significantly decreased in the HFD group compared to the
controls. Keuroghlian et al.”' reported that mice fed an HFD
had significantly increased implant loss and decreased forma-
tion and strength of BIC in the femur. These results support
the hypothesis that HFD can significantly compromise os-
seointegration and cause a poor outcome in dental implant
therapy. Our histologic and histomorphometric results were
not confirmed by these previous results. BIC osseointegra-
tion in the HFD group was not statistically significantly
different compared to the controls. In this study, we used
a histologic method to directly observe BIC. Although the
histologic methods assured the assimilation of spatial datum
in the tissue sections, micro-CTs can produce detailed three-
dimensional (3D) structure scans without histologic tissue
processing. Bone tissue cells cannot be identified in micro-
CT sections, but discrete changes in bone architecture can be
assessed 3D. The 3D micro-CT high-resolution views ensure
the advantage of evaluating bone tissues without tissue-pro-
cessing techniques that can result in the impairment of bone
tissue architecture.

Parhami et al.”” found that oxidized lipids inhibited the
differentiation of osteoblasts. Hirasawa et al.” showed that
HFD also increased osteoblast apoptosis. Increased osteo-
clastic resorption, as evidenced by the increased level of c-
telopeptides in hyperlipidemic mice, could also contribute to
bone loss. Sage et al.”* reported that lipid oxidation products
compromized the inverse effects of HFD on bone tissue. In a
previous study, oxidized lipids inhibited the differentiation of
osteoblasts'’. Moreover, epidemiological studies showed that
osteoporosis could be linked to hyperlipidemia and athero-
sclerosis®. This result is independent of age in some popula-
tions”™. In some studies, lipid-lowering treatments reduced
osteoporosis. In an experimental animal study, low bone den-
sity was reported in atherosclerotic mice™"”. Our biochemical
results did not confirm these results. The triglyceride, serum
glucose, and ALT levels were higher in the HFD group than



in the controls. Glucose and liver metabolism were not af-
fected by HFD in the current study. The BIC in our study
could not confirm the results found in previous studies about
the association between bone metabolism and lipid metabo-
lism.

The present results show that the BIC did not decrease in
HFD-fed rabbits compared to ND-fed rabbits in the 3-month
feeding period. Lipid oxidation products were previously

2,3,17,20 .
. Cortical

shown to increase bone resorptive potential
and trabecular bone are vascularized tissues and as a result,
bone cells are exposed to lipoproteins from the vascular cir-
culation. Our findings could not confirm that lipids in the
perivascular space of the Haversian canals are associated
with osteoporotic bone tissues’. In our study, serum triglyc-
eride levels were not statistically significantly different be-
tween the two groups. We concluded that the 3-month HFD
feeding period did not effect bone tissue metabolism in the

experimental rabbit model.

V. Conclusion

Within the limitations of this study, we concluded that
HFD did not decrease the BIC in the 3-month osseointegra-
tion period. However, further studies are needed to clarify the
relationship between BIC and HFD.
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