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Abstract

Vitamin D is a multifunctional hormone that is mostly produced in the skin
following exposure to ultraviolet B sunlight. It coordinates the physiological
functions by controlling calcium and phosphate metabolism, promotes growth,
and induces necessary remodeling of the bones and teeth. As known high se-
rum vitamin D levels have beneficial effects on oral health and that exposure
to safe sunlight can reduce the risk of periodontal disease and thus affect im-
plant success. In order to prove this hypothesis, we conducted a detailed lite-
rature review. In the literature review, 3 clinical studies and 2 case reports of
implant and vitamin D were found. Although vitamin D is highly correlated
with bone metabolism, and expected a very close relationship with implant
success, a large number of experimental studies and few clinical studies un-
fortunately showed contradictory results and no direct studies showing vita-
min D and implant success were found. Therefore, it is necessary to demon-
strate the existence or absence of this relationship by conducting much broader
studies.
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1. Introduction

Vitamin D is a multifunctional hormone that is mostly produced in the skin fol-
lowing exposure to ultraviolet (UV) B sunlight. A negligible amount comes from
exogenous sources (foods and supplements). It coordinates the physiological func-
tions by controlling calcium and phosphate metabolism, promotes growth, and

induces necessary remodeling of the bones and teeth [1]. The important role of
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vitamin D in the regulation of musculoskeletal health by maintaining mineral
ion homeostasis is elaborated elsewhere [1] [2].

To assess the vitamin D level in the individual, the 25 (OH) D level with a
half-life of 2 - 3 weeks, indicating both vitamin D intake and endogenous pro-
duction, should be considered. Many studies have been conducted to identify
deficiency of vitamin D and to determine the normal range of 25 (OH) D level.
In the light of these studies; Vitamin D deficiency if 25 (OH) D is less than 20
ng/mL, vitamin D insufficiency between 21 and 29 ng/mL, sufficient level if pre-
ferred is greater than 30 ng/mL (preferred range is 40 - 60 ng/mL) and higher
than 150 ng/mL [3] [4].

Vitamin D, on the other hand, stimulates osteoclast differentiation and activi-
ty, resulting in increased bone resorption. Furthermore, parathyroid hormone
(PTH), and vitamin D can induce skeletal fibroblast growth factor 23 (FGF23)
production to regulate serum phosphate levels and can thereby influence bone
resorption. FGF23, a member of the FGF19 subfamily of fibroblast growth fac-
tors, has been shown to play a key role in balancing mineral ion homeostasis [2]
[5]. The effect of vitamin D and calcium supplements in the treatment of Bone
Mineral Density (BMD) reduction depends on the regulation of calcium and
phosphorus concentration in the blood [6].

Directly or indirectly, the 1,25(OH),D,/Vitamin D Receptor (VDR) pathway
may influence bone remodeling by mediating differentiation and maturation of
osteoblasts and osteoclasts. 1,25(OH),D,/VDR pathways in osteoblasts; type I en-
hances expression of osteogenic genes such as those encoding collagen, alkaline
phosphatase, osteocalcin and osteopontin, and accelerates bone formation. In
addition, VDR polymorphism has been shown to be associated with an increased
risk of chronic periodontitis and other inflammatory conditions in the presence

of exogenous etiological factors [7].

2. The Importance of Vitamin D in Jaws

Mandibular bone is one of the four tissues that make up the periodontium. It is
therefore closely associated with osteoporosis and periodontal disease. Low le-
vels of vitamin D and calcium lead to a negative calcium balance, disruption of
bone mineralization, and loss of bone structure. Vitamin D deficiency causes
rashitzm in children and osteoporosis in adults and increased risk of bone frac-
ture [6]. Alshouibi ef al in a study conducted on 562 patients, they found that
total vitamin D intake was associated with improved periodontal health com-
pared to measurements of alveolar bone loss, pocket depth and attachment loss
(8].

Syed et al. recommended that patients at risk for vitamin D deficiency should
be screened before performing mandible operations and should receive vitamin
D supplementation from insufficient serum levels before surgery [9].

Krall et al found that vitamin D and calcium supplementation significantly
reduced tooth loss in the elderly [10]. Andresen ef al observed that there is a

significant relationship between calcium and vitamin D taken as a supplement.
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Also periodontal health, additional vitamin D and calcium taken can improve
peridontal health, increase bone mineral density in mandible and decrease al-
veolar bone resorption [11].

Systemic increase in cytokines affecting bone resorption in the entire skeletal
and jawbone can be seen in people with low BMD. This information shows that
vitamin D may be useful in the treatment of peridontitis not only with its effect
on bone but also with its anti-inflammatory effect [6].

It is known that there is a correlation between bone loss and intraoral bone
and tooth loss, and calcium, vitamin D supplementation and intraoral bone mod-
ulation are affected and dental retention is increased to prevent this [10].

To summarize, as known high serum vitamin D levels have beneficial effects
on oral health and that exposure to safe sunlight can reduce the risk of peri-
odontal disease and thus affect implant success. In order to prove this hypothe-

sis, we conducted a detailed literature review.

3. Implant and Vitamin D

Vitamin D deficiency is a risk factor affecting the jaw bones [8]. In a study, the
criteria such as periodontal pocket depth, bone level and attachment loss were
examined in patients receiving daily vitamin D, and the progression of peri-
odontal diseases was decreased in patients receiving high vitamin D. Calcium
intake leads to a similar effect; periodontal, ginjivitis disease decreases with an-
tiinflammatory effect, the success of periodontal surgery increases, decrease of
bleeding [10] [12] [13]. There was an association between periodontal health sta-
tus, BMD and implant success [14].

Uwitonze et al. (2018) reported that, inadequate vitamin D status can com-
promise osseous healing in the oral cavity and beyond [1]. Sufficient osseous
healing is main factor for osseointegration hence implant success. Long-term
stable implants are the primary target of dental implantology and implant sur-
vival and hence osseointegration are known to be dependent on a number of
factors. Current research describing the mechanism of implant failure includes
tobacco use, diabetes, bone preparation, and local bone necrosis due to heat
generation during implant placement. Failures, especially due to lack of osseoin-
tegration, are serious problems and may be related to the patient's systemic
health status. Recognition of systemic risk factors has shown that failure rates
can be reduced and predictability can be increased [15] [16].

Since osseointegration of dental implants also depends on bone metabolism,
there is a possibility that low levels of vitamin D in the blood may adversely af-
fect healing processes and new bone formation on the implant surface [16].
Current case reports have raised the question of the effect of vitamin D defi-
ciency on the survival of the implant during early stage recovery [15].

As known, good bone metabolism is indispensable for successful in bone re-
generation procedures in osseointegration of implants [17].

Vitamin D is known to increase osteocalcin, osteopontin, calbindin and 24

hydroxylase levels in bone metabolism, increase extracellular matrix protein for-
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mation made by osteoblasts and provide osteoclast activity [18]. Vitamin D be-
hind bone formation supports osseoimmunology, which contributes to early
healing of implants. However, the fact that vitamin D monitoring could not be
performed routinely in implantology is a deficiency for the evidence to be pre-
sented. Again, the relationship between vitamin D deficiency and early loss of
implants has not been clearly established [19] [20] [21].

4. Experimental Research on Implant and Vitamin D

In an experimental study, Satué et al evaluated the biological effect of titanium
implants coated with UV-activated 7-dehydrocholesterol (7-DHC), the precur-
sor of vitamin D3, on cytotoxicity and osteoblast differentiation. According to
these results, 7-DHC coated titanium implants had positive effects on osteoblast
proliferation and differentiation compared to control implants (implants with-
out 7-DHC coating) [22]. Interestingly, the results of Naito et al. showed no sig-
nificant difference in new bone formation around implants with and without vi-
tamin D3 coatings. As an explanation in this context, both vitamin D coated and
uncoated implants have been shown to have rough surfaces [23]. However, it is
still unclear whether vitamin D-coated dental implants have osseointegration ef-
fect in vivo, and it is concluded that the effect of vitamin D supplementation on
osseointegration of implants is still controversial and requires further investiga-
tion [23].

Dvorak et al, fifty ovariectomized rats; they were divided into three groups,
which were fed 8 days of vitamin D-free diet, 6 weeks of vitamin D-free diet, and
then switched to a standard diet containing 2400 IU/kg of vitamin D, and the con-
trol group received only a standard diet. Implant placement showed that vitamin
D deficiency had a negative effect on cortical peri-implant bone formation in ova-
riectomized rats and this could be compensated by vitamin D supplementation.
This study is of particular importance in that it provides the first point of view of
the potential effect of vitamin D supplementation on implant dentistry [24].

Salomo et al. they removed the distal roots of the premolar of six dogs, 12 of
them before the implant placement of a 10% solution of vitamin D dipped in a
total of 24 immediate titanium implants were placed. Within the limits of this
study, although less crestal bone loss and 10% greater bone implant contact were
seen in the group treated with vitamin D during the 12-week follow-up period;
they reported that topical administration of vitamin D have not seen a greater
effect on osseointegration of dental implants [25].

Cho et al. in their study, they applied vitamin D coated implants to the tibia of
rabbits; the osseointegration level was determined at 4 and 12 weeks. According
to their results of the study, it was observed that the coating with 1,25(OH),D,/
PLGA solution formed submicron-sized particles capable of stimulating bone
formation adjacent to the surface of implants placed in bone [26].

Zhou et al. aimed to investigate the effect of 1,25(OH),D; on implant osseointe-
gration in osteoporotic mice. All animals were randomly divided into two groups:

control group (10 mice) and experimental group (10 mice) treated with 1,25
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(OH),D,. After 8 weeks, histological and biomechanical analysis of the implants
revealed that the trabecular bone density and the trabecular connective density
were increased and the mean trabecular bone density and percentage of bone
volume and osseointegration were increased in the 1,25(OH),D, group compared
to the control group. As a result, implant stability improved with vitamin D sup-
plemented implants. Increased implant stabilization; have concluded that pe-
ri-implant bone density is related to implant osseointegration and peri-implant
trabecular structure [27].

Wu et al investigated the effect of insulin and vitamin D treatment on im-
plant osseointegration in diabetic rats. After 12 weeks of follow-up, blood glu-
cose levels, body weight and serum 1,25(OH),D; levels were found to be low and
less implant osseointegration was detected compared to the control group. It was
observed that insulin treatment had a positive effect on body weight and serum
1,25(0OH),D; levels in diabetic rats and combined therapy normalized hypergly-
cemia in diabetic rats and increased bone volume ratio and bone integration
percentage. These results suggest that combined treatment of insulin and vita-
min D may be an effective approach to increase implant stabilization in diabetic
rats, but further investigations are needed to determine whether the results should
be included in human studies [28].

Vitamin D deficiency is a common condition in chronic kidney disease (CKD)
which adversely affects bone regeneration and fracture healing. In a study by Liu
et al, It was aimed to investigate the effect of vitamin D supplementation on im-
plant osseointegration in CKD mice. Uremia was induced by nephrectomy in
mice; The animals received 1,25(OH),D; intraperitoneally three times a week for
four weeks, and titanium implants were placed into the femur two weeks later.
Serum measurements confirmed that 1,25(OH),D, levels decreased in CKD
mice, which was successfully corrected with vitamin D injections. Histomorpho-
metric analyzes showed that the bone implant contact ratio and bone volume
around the implant increased significantly in the vitamin D supplementation
group [29].

As a result, in order to investigate the relationship between implant osseoin-
tegration and vitamin D, implants were applied in animals such as dogs, rats,
rabbits and mice carrying diseases associated with vitamin D metabolism such as
chronic kidney disease, osteoporosis, diabetes, and the rate of bone and implant
contact with vitamin D supplementation and bone stability was observed. Ani-
mal experiments have also been performed on topical application of vitamin D,
and bone formation is stimulated in cases where implant surfaces are covered
with vitamin D, and crestal bone loss is reported to be less. With the positive ef-
fects observed in animal experiments in general, it is revealed that further studies

are needed for the effect of vitamin D on humans.

5. Clinical Research on Implant and Vitamin D

In the literature review, 3 clinical studies and 2 case reports of implant and vita-
min D were found [15] [16] [18] [30] [31].
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In the study of Mangano et al between 2013 and 2015, the effect of patient-
dependent variables on implant survival was calculated. 822 patients treated with
1625 implants were selected for this study; a total of 27 early failures (3.2%) were
recorded; statistical analysis, 9 (2.2%) in patients with serum vitamin D > 30
ng/mL levels, 16 (3.9%) in patients with levels between 10 and 30 ng/mL and 2
(9%, in patients with levels < 10 ng/mL). The incidence of premature failure al-
most doubled in patients with inadequate serum vitamin D levels (10 - 30
ng/mL) and was even higher in patients with severe vitamin D deficiency (9.0%).
According to the statistical analysis, the incidence of failure in patients with se-
vere vitamin D deficiency increased, but as a result, there was no statistically sig-
nificant difference in the incidence of early implant failure in these three patient
groups. This study failed to provide an effective link between low vitamin D le-
vels and the risk of early implant failure. According to Mangano et al, further
studies are needed to investigate this issue [30].

In addition, Mangano ef a/ included 885 patients (1740 implants) who un-
derwent dental implantation to investigate whether there was a relationship be-
tween low serum vitamin D levels and early implant failure. All patients who
underwent regenerative bone surgery procedures before implant placement, and
patients with systemic pathologies or chemotherapy were excluded from this
study. Out of a total of 885 patients, 35 early implant failure (3.9%) were reported.
There was no correlation between early implant failure and gender, age, smoking
habit or history of periodontal disease. 3 early implant failure (11.1%) of 27 pa-
tients with serum vitamin D levels < 10 ng/mL, 20 early implant failure (44%) of
448 patients between 10 and 30 ng/mL, 12 early implant failure (410%) of > 30
ng/mL 2.9) reported. Although there was an increased risk of early implant fail-
ure with decreased serum vitamin D levels, no statistically significant difference
was reported between these three groups [16].

Two patients with vitamin D deficiency and early implant failure in Fretwurst
et al. reported. Any case had no systemic disease, regular medication use, alcohol
or nicotine use. Both patients lost their teeth a few years before implant place-
ment, and the first patient (48 years old) underwent a crestal bone graft with
autologous material prior to implant placement. 3 months after the graft proce-
dure, 2 implants were applied to the 36 and 37 regions, and the bone graft was
completely revascularized and confluent. One day after the operation, the pa-
tient was reported to have pain. After 3 days the pain increased and both im-
plants were removed. While the implants were removed, large osteolysis areas
surrounding them and debris of the region were seen and wound closure was
completed. The second implant surgery was performed 6 months later by plac-
ing 2 implants in 36 and 37 regions, and the mandible was well vascularized and
no granulation tissue was seen in the resettlement. After 3 days, the two implants
had to be removed because of severe pain that persisted without any signs of soft
tissue swelling, swelling or abscess. At this point, relevant parameters of bone
metabolism were screened and diagnosed as vitamin D deficiency (vitamin D

serum level 11 ng/ml). After the vitamin D supplementation and six-month re-
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covery period, a third surgical intervention was planned, with an implant placed
in the 36 region at a serum D level of 46 ng/ml. It was observed that the old area
completely re-ossified during implant placement. Second stage surgery was suc-
cessfully completed and prosthetic restoration started [15].

In 2014, Bryce and Macbeth published a 29-year-old patient with an imme-
diate implant. Five months after the operation, no osseointegration of the im-
plant was found. Tests showed that the patient had severe vitamin D deficiency,
which may have been a factor in implant fajlure. The patient was then supple-
mented with vitamin D until normal levels were reached [18].

In a randomized, double-blind, controlled study in 2016, Schulze-Spite et al
investigated the effects of vitamin D and calcium combination and supplemen-
tation on new bone formation following maxillary sinus elevation. Ten patients
were included in the test group and given vitamin D and calcium; the other 10
patients were assigned to the control group and received only calcium. Six to
eight months after surgery for bone regeneration, when bone samples were taken
for histological analysis during implant placement, although vitamin D supple-
mentation increased serum vitamin D levels with potentially positive effects on
bone remodeling at the cell level, no statistically significant difference was found

between the two groups [31].

6. Conclusion

Growing awareness by dental health care providers for keeping the optimal vi-
tamin D status is necessary for maintaining disease-free oral health is of the vital
importance [1]. Although vitamin D is highly correlated with bone metabolism,
and expected a very close relationship with implant success, a large number of
experimental studies and few clinical studies unfortunately showed contradicto-
ry results and no direct studies showing vitamin D and implant success were
found [15] [16] [18] [30] [31]. This is probably due to the fact that two of the
five published clinical trials on implant and vitamin D were case reports, two
were retrospective studies and one was related to sinus augmentation. Therefore,
it is necessary to demonstrate the existence or absence of this relationship by
conducting much broader studies. That kind of prospective studies should de-

sign as long-term and case-control.
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