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Introduction
The search for a biological anomaly labeled as a risk factor 

before dental implants is limited to disease states such as 
diabetes, periodontitis and smoking. However, it seems in 
recent years cholesterol and vitamin D levels should be more 
systematically investigated [1]. There is also clearly a close 
relationship between cholesterol, and vitamin D. It is interesting 
to note that cholesterol and vitamin D have the same precursor, 
namely, 7- Dehydrocholesterol [2]. There is good cholesterol 
(high-density lipoprotein [HDL]) and bad cholesterol (low-
density lipoprotein [LDL]) [3]. Vitamin D is one of the most 
important vitamins related to bone growth hormones. In 
addition, vitamin D also plays a role in reducing the effects of 
inflammation and helps improve the body’s natural immune 
reactions [4].

Cholesterol and Bone Metabolism
A.	 What is the role of LDL?: According to Luegmayr et 

al, 2004 elevated levels of cholesterol may lead to an imbalance 
in the bone-remodeling process, a reduction of bone mass by 
increasing the activity, and a differentiation of osteoclasts [5]. 
Krieger 1998 [6] demonstrated an increase in the number 
of osteoclasts, the inhibition of osteoblastic activity, and a 
decreased bone remodeling in hyperlipidemic rats. An increase 
of circulating levels of oxidized LDL induces alveolar bone loss 
and is associated with the severity of the local inflammatory 
response to bacteria as well as the susceptibility to periodontal 
disease in diabetic patients [7].

The bone releases enzymes that are involved in the oxidation 
of LDL. It is possible that the oxidized LDL accumulated in the 
bone could induce subsequent deleterious cellular effects on 
bone density [8]. Hyperlipidemia causes a reduction of bone 
density in vivo due to the inhibition of osteoblast differentiation 
by bioactive lipids [9]. Oxidized LDL caused an inhibition of the  

 
alkaline phosphatase activity and also mineralization, which 
are markers of osteoblast differentiation. In addition, it has 
recently been shown that oxidized LDL also induces cell death 
by apoptosis of osteoblastic cells [10]. Hirasawa et al. [11] 2007 
confirmed that atherogenic conditions (high LDL levels) caused 
the death of osteoblasts. Oxidized low-density lipoprotein 
particles have been shown both to stimulate the proliferation 
and promote apoptosis of bone-forming osteoblasts [12].

Oxidized low density lipoproteins (OxLDL) are known to 
promote atherosclerosis, but it is only recently that OxLDL 
have been associated with alterations of the functions of 
bone-forming osteoblasts and osteoporosis. HDL3 prevent 
the cell death induced by OxLDL in human osteoblastic cells. 
Simultaneous exposure of the cells to HDL3 and OxLDL abolished 
the reduction of cell viability monitored by MTT activity 
measurement and the induction of apoptosis determined by 
annexin V staining indicating that HDL3 prevent the apoptosis of 
osteoblasts induced by OxLDL. This protection correlated with 
the displacement by HDL3 of OxLDL association to osteoblasts, 
signifying that OxLDL binding and/or internalization are/is 
necessary for their cytotoxic effects [13].

B.	 What is the role of HDL?: Various antioxidants carried 
by HDL may interrupt the cascade of events leading to the 
oxidation of LDL [14]. Another important property of HDL is its 
ability to inhibit cell death induced by oxidized LDL In particular, 
it has been reported that HDL inhibits the apoptosis of monocytic 
cells by inducing cholesterol efflux and thus preventing the 
accumulation of cholesterol caused by the presence of oxidized 
LDL. HDL should be considered as a bone cell protector [15]. 
Brodeur et al. 2008 found that osteoblastic cells to HDL3 prior 
to incubation with OxLDL reduced cell death and preserved the 
lysosomal integrity. 
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This protection was correlated with an increase of a 
modification of OxLDL metabolism with less global uptake of 
OxLDL and greater selective uptake of cholesterol from OxLDL. 
These results strongly suggest that, as for atherosclerosis, HDL 
may exert beneficial actions on bone metabolism [13]. Osteoclasts 
depend on lipoproteins to modulate cellular cholesterol levels 
and this controls osteoclasts formation and survival. Removal 
of cholesterol in osteoclasts via high-density lipoprotein or 
cyclodextrin treatment dose-dependently induced apoptosis, 
with actin disruption, nuclear condensation and activation. 
Consistent with these findings, cholesterol delivery via low-
density lipoprotein (LDL) significantly increased osteoclasts 
viability. When cholesterol was chemically delivered during 
differentiation with hyperlipidemia being associated with 
disease of the vascular system and bone, these findings provide 
novel insights into the selective lipoprotein and cholesterol 
dependency of the bone-resorbing cell [16].

Table 1: Serum level values.

Lipoprotein values

Cholesterol total                                      <2g/L

Triglycérides                                              <2g/L

                     LDL cholesterol               Men <1.6 g/L Wamen <1.5 g/L

HDL cholesterol                                  >0.35 g/L

C.	 What is the Serum level of lipoprotein?: Serum level 
values are shown in Table 1. The result of high LDL is a reduction 
of bone metabolism, inhibition of phosphatase alkaline, and 
an increase of the fat part in the bone. The result is a lower 
osseointegration and slower bone growth [1]. Branemark said 
in 1985, during an international meeting, «When I see a yellow 
bone, I cancel the transplant!» At that time, it was only a clinical 
observation [1]. We now understand why. We have been focused 
on the high cholesterol risk in bone grafts for more than 10 
years, and now we can explain why we had more failures in these 
cases [1].

A retrospective cohort study done by Federico et al. 2016 
was conducted on 268 sequential patients scheduled for implant 
and bone augmentation surgery, patients were divided into two 
groups: Total serum cholesterol (TC) TC < 200 mg/dl and TC > 
200 mg/dl. A 6-month post-loading follow-up was scheduled 
both for implants and grafts. The effect of cholesterol on early 
implant and grafting failure was investigated according to a 
logistic regression model. The Results was two hundred and 
twenty-seven patients fulfilled inclusion criteria; 139 had 
hypercholesterolemia. The 6-month post-loading overall implant 
failure rate was 6.25% at patient level (2.00% at implant level). 

Partial or total graft infection rate was 10.2%. High TC 
increased by 7.48 times the odds of the grafting failure (P = 
0.047; 95% CI: -0.94 to 59.23), whilst it did not modify the odds 
of implant failure (P = 0.749; 95% CI: 0.28 to 2.49). Federico 
conclusion was high total serum cholesterol levels tend to 
increase graft failure rates whilst it did not influence implant 

failures [17]. Kırzıoglu et al. [18] 2016 didexperimentalstudy on 
rats were randomized into the four groups:1-group C (standard 
diet/periodontally healthy); 2-group Hc(high-cholesterol diet); 
3-group HcP (high-cholesterol diet/periodontitis); and 4-group 
P (standard diet/periodontitis). 

All rats were fed for 8 weeks. At 6 weeks, experimental 
periodontitis was induced. At the end of week 8, the rats were 
sacrificed. Histomorphometric and histopathologic analyses 
were performed. The result was significant in the HcP group a 
high-cholesterol diet, with or with- out periodontitis. Kırzıoglu 
concludedcholesterol-enriched diet could lead to an increase in 
periodontal inflammation and alveolar bone loss [18].

Figure 1: Vitamin D Synthesis.

D.	 Low vitamin D incidence on osseointegration and 
bone grafts: The most important related compound of vitamin 
D is vitamin D3 (cholecalciferol) (25-hydroxyvitamin, 25OHD3).
Vitamin D is a steroid hormone that is acquired via diet or 
synthesized in the skin from cholesterol when sun (ultraviolet 
light) exposure is adequate (Figure 1) [19]. Cholesterol is 
converted to pre-vitamin D3 and then isomerized to vitamin D3. 
After binding to vitamin D-binding carrier protein, vitamin D3 is 
transported to the liver, where it is enzymatically hydroxylated 
by CYP27A1, generating 25-hydroxyvitamin D3 (calcidiol, or 
25OHD3) [19].

In the bone, vitamin D stimulates the activity of osteoclasts 
and increases the production of extracellular matrix proteins 
by osteoblasts. Vitamin D also stimulates intestinal calcium 
absorption and inhibits the synthesis and secretion of 
parathyroid hormone [20]. Vitamin D deficiency can result from 
inadequate dietary intake together with the insufficient exposure 
to sunlight. Vitamin D deficiency in these patients is associated 
with a catabolic bone turnover and its main consequence, the 
occurrence of osteoporotic fractures [21]. Vitamin D deficiency 
has also been linked to impaired fracture healing in clinical 
practice and in patients suffering a fracture [22]. These results 
support the role of the steroid hormone in controlling bone 
regeneration. 
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As osseointegration of dental implants also depends on 
bone regeneration, periimplant bone formation was shown to 
be reduced in vitamin D deficient rats [23]. Dvorak et al. [24] 
2012 indicated that vitamin D deficiency has a negative impact 
on cortical peri-implant bone formation in ovariectomized rats, 
which can be compensated by a vitamin D-rich diet. Vitamin D has 
also been implicated in several allergic disorders and immune 
system dysregulation. It has extensive immunomodulatory 
effects. It is now known that cells from the immune system 
contain all the characteristics needed to convert 25-hydroxy 
vitamin D to active 1,25-dihydroxyvitamin D during a bacterial 
infection [4].

These peptides have a broad range of actions against 
microorganisms, including bacteria, fungi, and viruses [25]. 
Frieri and Valluri, 2011 showed that there was also a positive 
correlation with allergy subtypes and sinus infections with low 
vitamin D [26]. Flynn et al. [25] 2012 showed that vitamin D 
levels <20 ng/mL have a significant impact on length of stay, 
organ dysfunction, and infection rates. Vitamin D has since 
been studied in several clinical trials to characterize its role in 
respiratory infections [27]. Vitamin D also plays a predominant 
role in allergy. Numerous data are published on the relationship 
between vitamin D and asthma and allergic patients are often 
deficient in vitamin D [28,29].

Table 2: Serum level values.

Vitamin D levels
Deficiency<10 ng/mL

Insufficiency                                         10-30 ng/mL
Optimal                                                     >30 ng/mL

E.	 What is the Serum level of vitamin D?: Serum level 
values are shown in Table 2. Daily needs of vitamin D are 4000 IU, 
and the lack of sufficient vitamin D in one’s diet is very common: 
An estimated 1 billion people worldwide are vitamin D deficient 
[21]. Maier et al. [30] 2013 asked: Is there an epidemic vitamin D 
deficiency in German orthopedic patients? Among preoperative 
orthopedic patients, he found that 85% were insufficient 
and 60% were deficient. Sabetta et al. [31] 2010 conducted 
a prospective cohort study showing that serum 25(OH)D 
concentrations of 38 ng/mL or greater were associated with a 
2-fold decrease in the number of upper respiratory infections. 
Vitamin D deficiency has been also implicated in various 
diseases such as diabetes, high blood pressure, cardiovascular 
diseases, and many cancers [20]. Vitamin D serum level plays a 
predominant role in bone metabolism, sensibility to infections, 
and many allergy symptoms [29]. Vitamin D may also affect the 
body’s susceptibility and response to infectious organisms, a 
major trigger of wheezing at a young age [28].

F.	 The supplementation of vitamin D in a daily 
diet also decreases the LDL cholesterol: The link between 
osteoporosis and the metabolic syndrome could influence 
the therapeutic approach in both disorders and vitamin D. 

Supplementation may play an important role in prevention of 
these severe conditions [32]. Dvorak et al. [33] 2012 did a study 
on ovariectomized rats and he found in his results vitamin D 
deficiency has a negative impact on cortical peri-implant bone 
formation in ovariectomized rats, which can be compensated 
by vitamin D supplementation. We suggest exploring vitamin D 
serum level and LDL Cholesterol systematically in patients who 
are diabetic, allergic, with hypertension, and previously in a 
difficult case of implants and/or bone grafting. This exploration 
is largely indicated in the cases of a failure of bone graft or 
implant placement [1].

Conclusion
The assessment of the total serum cholesterol levels and 

vitamin D status, it is indicated and necessary for dental implants 
or bone grafts patient.   
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