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Abstract

Purpose: The aim of this study was to systematically review the available evidence to evaluate the efficacy of vitamin
D supplementation or vitamin D depletion on the osseointegration of implants in animals and humans.

Methods: The focus questions addressed were “Do vitamin D deficient subjects treated with (dental) implants have
an inferior osseointegration than subjects with adequate serum vitamin D level?”and “Do vitamin D supplemented
subjects treated with (dental) implants have a superior osseointegration than subjects with adequate serum vitamin
D level?”Humans and animals were considered as subjects in this study. Databases were searched from 1969 up to
and including March 2021 using different combination of the following terms: “implant’, “bone to implant contact’,
“vitamin D" and “osseointegration”. Letters to the editor, historic reviews, commentaries and articles published in lan-
guages other than English and German were excluded. The pattern of the present systematic review was customize

to primarily summarize the pertinent data.

Results: Thirteen experimental studies with animals as subject, two clinical studies and three case reports, with
humans as subjects, were included. The amount of inserted titanium implants ranged between 24 and 1740. Results
from three animal studies showed that vitamin D deficiency has a negative effect on new bone formation and/or
bone to implant contact (BIC). Eight animal studies showed that vitamin D supplementation has a enhancing effect
on BIC and/or new bone formation around implants. Furthermore, enhancing the impact of vitamin D supplementa-
tion on the osseointegration of implants in subjects with diabetes mellitus, osteoporosis and chronic kidney disease
(CKD) were assessed. Studies and case reports involving human subjects showed that patients with a low serum vita-
min D level have a higher tendency to exhibit an early dental implant failure. When supplemented with vitamin D the
osseointegration was successful in the case reports and a beneficial impact on the changes in the bone level during
the osseointegration were determined.

Conclusions: Vitamin D deficiency seems to have a negative effect on the osseointegration of implants in animals.
The supplementation of vitamin D appears to improve the osseointegration in animals with systemic diseases, such as
vitamin D deficiency, diabetes mellitus, osteoporosis, and CKD. Slight evidence supports the hypothesis that humans
similarly benefit from vitamin D supplementation in terms of osseointegration. Further investigation is required to
maintain these assumptions.

Introduction

Successful osseointegration is one of the key criteria for a
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(BIC) [1, 2]. New bone formation can be both enhanced
[3] or decelerated [4, 5] due to vitamin D, depending on
its level. Vitamin D deficiency is associated with a vari-
ety of diseases, such as parodontitis [6, 7], early tooth
loss [8], a catabolic metabolism, osteoporotic fractures
[5] and compromised fracture healing [9, 10]. Vitamin
D is a steroid hormone which can be synthesized in the
skin when sun irradiation is sufficient (290-315 nm) and
successfully converted in the liver and kidneys [11]. Suf-
ficient sun irradiation is only available in months from
April until September northern 40° N latitude, which is
northern from Madrid [12]. Therefore, most humans liv-
ing in Europe, northern Asia and North America are not
adequately supplied with vitamin D throughout the year
from sunlight alone. Vitamin D is additionally contained
in nourishment, such as oily fish, liver (beef), eggs, milk,
cheese soy and mushrooms [13, 14]. It plays an important
role in the mineral homeostasis by stimulating intestinal
absorption of calcium and phosphate [15]. It also regu-
lates the bone metabolism and bone mineralization by
activating osteoclasts and osteoblasts [5, 16, 17].

Vitamin D is available in different sources and, there-
fore, has different versions. Ergocalciferol (Vitamin D,)
is the versions contained in plants and Cholecalciferol
(Vitamin D) in animals and humans [18, 19] (Fig. 1).
There are also active and inactive versions of vitamin D
depending on the way of hydroxylation. For laboratory
measurements 25 (OH) vitamin D status is determined,

since it is a metabolite with a high concentration and a
relatively long half-life. The active version, however, is
1,25 (OH) vitamin D. Since the laboratory measurement
detects only the level of 25 (OH) vitamin D and solely in
the bloodstream it is not a perfectly accurate method to
measure all disposable vitamin D inside the body. How-
ever, it is a good measurement of the available vitamin D
in the bloodstream and the established marker of vitamin
D status [19, 20]. Furthermore, multiple laboratory meas-
urements are available to determine the concentration of
other vitamin D metabolites, but none of them were part
of studies included in this systematic review.
Schulze-Spite et al. [21] assessed the biological effect of
systemic vitamin D supplementation on bone cells. This
randomized, double-blind, placebo-controlled clinical
investigation showed that patients supplemented with
vitamin D demonstrate a higher osteoclast activity com-
pared with control. Both positive [22-27] and negative
[28] effects of vitamin D supplementation on BIC have
been mentioned in the previous literature. Liu et al. [24]
and Zhou et al. [25] for instance showed a significant
enhanced bone volume and osseointegration compared
with control. However, Naito et al. [29] and Akhavan
et al. [30] did not show a significant effect of vitamin D
supplementation in terms of increased BIC. Concern-
ing vitamin D deficiency, all studies [23, 31, 32] showed
a significant decreasing BIC or new bone formation com-
pared to control or vitamin D supplemented rats. There
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Fig. 2 Flow chart showing the search strategy that was adopted to
identify studies that fulfilled the eligibility criteria. This flow chart was
constructed in accordance with the Preferred Reporting Items for
Systematic Review and Meta-Analysis guidelines

seems to be a disagreement over the efficacy of vitamin
D supplementation concerning the augmenting BIC.
Hence the aim of this study was to systematically review
the available evidence to evaluate the efficacy of vitamin
D supplementation or vitamin D depletion on the osse-
ointegration of implants.

Materials and methods

Focused questions

Based on the preferred reporting items for systematic
reviews and meta-analysis (PRISMA) guidelines, two
particular questions were created according to the partic-
ipants, intervention, control, outcomes (PICO) principle
(Fig. 2). The constructed Questions were:

(1) Do vitamin D deficient subjects treated with (den-
tal) implants have an inferior osseointegration than
subjects with adequate serum vitamin D level and.

(2) do vitamin D supplemented subjects treated with
(dental) implants have a superior osseointegration
than subjects with adequate serum vitamin D level?

(1)

(P) Participants: it was crucial for subjects (animals or
humans) to have undergone implant treatment.

() Types of interventions: the intervention of
interest was the effect of vitamin D deficiency on
osseointegration.
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(C) Control intervention: osseointegration with ade-
quate vitamin D serum level.

(O) Outcome measures: bone to implant contact
(BIC), new bone formation (NBF) and/or Implant resist-
ance, bone volume/tissue volume (BV/TV) around the
implants with and without vitamin D deficiency.

2)

(P) Participants: it was crucial for subjects (animals or
humans) to have undergone implant treatment.

() Types of intervention: the intervention of inter-
est was the effect of vitamin D supplementation on
osseointegration.

(C) Control intervention: osseointegration with ade-
quate vitamin D serum level.

(O) Outcome measures: bone to implant contact
(BIC), new bone formation (NBF) and/or Implant resist-
ance, bone volume/tissue volume (BV/TV) around the
implants with and without vitamin D supplementation.

Eligibility criteria

The eligibility criteria were as follows: (a) original studies
or case reports (clinical and experimental), (b) inclusion
of a control group (osseointegration around implants
without vitamin D supplementation/deficiency) (c) inter-
vention: effect of vitamin D supplementation/deficiency
on osseointegration (d) conservative non-intervention
studies and (e) studies published in English and German
language. Letters to the editor, historic reviews and com-
mentaries were excluded.

Literature search protocol

PubMed/Medline (National library of Medicine, Wash-
ington, DC, USA), Cochane library and Google-Scholar
databases was searched from 1969 to March 2021 using
different combination of the following terms: “implant’,
“bone to implant contact’, “vitamin D” and “osseointegra-
tion” Titles and abstracts of studies identified using the
above-described protocol were screened by the author
(JW). Full texts of studies judged by title and abstract to
be relevant were read and independently evaluated for
the stated eligibility criteria. Reference lists of potentially
relevant original and review articles were hand searched
to identify any studies that could have remained uniden-
tified in the previous step. The pattern of the present
systematic review was customized to mainly summarize
the relevant data. The initial search yielded 60 studies.
Forty two studies which did not fulfill the eligibility cri-
teria were excluded. In total, 18 experimental [22-35]
(Table 1) and non-intervention clinical studies [36] and
case reports [37-39] were included and processed for
data extraction (Table 2).
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Results

Results of studies carried out with animals

General characteristics

The majority [22-34] of the studies were performed with
animals. Few studies [35, 36] and case reports [37-39]
were performed with humans, respectively. One study
[24] was performed with mice. Eight studies [22, 23, 25,
30-34] were performed with rats, of which six stud-
ies involved only one sex. Each sex was included three
times separately, male [22, 32, 33] and female [23, 25,
34] rats. In two [30, 31] studies the sex of the used rats
was not reported. Three studies [27-29] included rab-
bits of which one [28] was performed with females only.
One study [26] was performed with dogs. In almost all
animal studies [22-31, 33, 34] Ti implants were used,
one study [32] was performed with Demineralized Allo-
geneic Bone Matrix (DABM) as implant material. The
number of inserted implants ranged between 24 and 168.
The number of placed implants was not reported in two
studies [22, 29]. Dimensions (diameter x length in mil-
limeters) ranged between 1x2, 6.25x2 and 1.4 x 23.
Implants were placed in tibia, femur and jaw in seven [23,
25, 27-30, 33], four [22, 24, 31, 34] and one study [26],
respectively. In the study by Vandersteenhoven et al.
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[32] the region of the implantation was subcutaneously
in abdominal sites. The follow-up period of the studies
ranged between 1 and 8 weeks. In four studies [26—29]
vitamin D coated and non-coated implants were evalu-
ated on their impact on osseointegration. Moreover, the
effect of vitamin D supplementation on osseointegration
was assessed in ovariectomized rats [23, 25, 34], diabetic
rats [22, 30], nephrectomized mice [24] and vitamin D
deficient rats [23, 31, 32].

Assessment of osseointegration

In eleven studies [22-27, 29-32, 34] histological analy-
sis was used to assess the osseointegration. In six stud-
ies [22, 25, 28, 31, 33, 34] the implant resistance was
assessed due to biomechanical tests, the new bone for-
mation and strength of the newly formed bone around
the implant were measured. In three studies [22, 25, 33]
the new bone formation around implants was assessed
using a three-dimensional (3D) microscopic computer-
ized tomography (micro-CT), two studies [24, 26] used
conventional two-dimensional (2D) radiography to verify
implant osseointegration and to assess changes in post-
surgical crestal bone levels, respectively. In seven stud-
ies [22-27, 29, 32] histomorphometry was used to assess

Vitamin D deficiency

* Declined NBF and/or BIC

Main Results of studies carried out with animals:

Adequately provided with
Vitamin D (via supplementation)

* Enhanced NBF and/or BIC
in healthy subjects

* Enhanced NBF in diabetic rats
(combined treatment with insulin)

* Enhanced NBF and BIC in
nephrectomized mice

* Improved Implant resistance and
bone area density in ovariectomized
rats (combined treatment with
Alendronate)

Fig. 3 Overview concerning the main results of studies carried out with animals. NBF: New bone formation, BIC: Bone to implant contact. Including
histological pictures published by Naito et al. 2014 (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4219862/), no changes have been made to the
Figure. Copyrig ht® Naito Y, Jimbo R, Bryington MS, Vandeweghe S, Chrcanovic BR, Tovar N, Ichikawa T, Coelho PG, Wennerberg A. (http://creativeco
mmons.org/licenses/by-nc-nd/3.0/)
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the osseointegration around the implants and scanning
electron microscope (SEM) was used in two studies [31,
34]. Wound fluid analysis was performed in the study by
Satué et al. [28] to assess the cellular activity while osse-
ointegration. Serum vitamin D level have been measured
in one study [22].

Main outcome

The results of three animal studies [23, 31, 32] showed
that vitamin D deficiency declined new bone formation
and/or BIC around implants. Eight studies [22-27, 32,
34] involving animals provided adequately with vitamin
D showed that vitamin D supplementation enhanced new
bone formation and/or BIC around implants. Four stud-
ies reported no statistically significant differences in BIC
and/or new bone formation around vitamin D coated
implants [28, 29] or systemic vitamin D supplementation
[30, 33]. Diabetic rats had an improved osseointegration
when treated with insulin [22]. Additional vitamin D sup-
plementation enhanced the new bone formation around
implants in diabetic rats [22], while vitamin D supple-
mentation solely had no significant statistical effect [30].
A different study [24] reported significant enhanced new
bone formation and BIC in nephrectomized mice when
supplemented with vitamin D. Significant improvement
in implant resistance and bone area density was achieved
in ovariectomized rats after treatment with a combina-
tion of vitamin D and Alendronate [34] (Fig. 3).

Results of clinical studies

General characteristics

Humans were subjects in two studies [35, 36] and three
case reports [37-39]. The case reports were developed
with male patients only. In all studies and case reports
[35-39] humans had undergone dental implant treat-
ment with Ti [35-38] or TiZr [39] implants. The number
of inserted implants ranged between 4 and 1740. Dimen-
sions (diameter x length in millimeters) ranged between
3.3 mm x 8 mm, 4.1 mm x 12 mm and 4.3 mm x 7 mm.
The follow-up period of the studies ranged between
12 weeks and 7 months. One study [35] evaluated the
effect of vitamin D supplementation on changes in the
bone level at implant site during the process of osseointe-
gration. A different study [36] aimed to discover the ratio
of early dental implant failures (EDIF=i.e., failure that
occurs within 4 months after placement, before the con-
nection of the prosthetic abutment) in correlation with
the serum 25 (OH) vitamin D level. Moreover, the effect
of vitamin D supplementation on osseointegration was
assessed in human patients with end-stage renal disease
(ESRD) [37] or vitamin D deficiency [38, 39] by the case
reports.
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Assessment of osseointegration

Kwiatek et al. [35] used conventional two-dimensional
(2D) radiography to verify implant osseointegration and
to assess changes in post-surgical crestal bone levels,
respectively. In addition, they used ISQ (Implant stabil-
ity quotient) measurement to assess the implant stability
due to osseointegration. Serum vitamin D level have been
measured in four studies [35, 36, 38, 39].

Main outcome

Two case reports [38, 39] with human subjects described
those three patients have been losing their dental implant
while having a vitamin D deficiency. Mangano et al. [36]
discovered that patients with a low serum vitamin D level
have a higher tendency to exhibit an EDIF.

Kwiatek et al. [35] showed in their study that vitamin
D supplementation has an increasing influence on the
change of bone level around dental implants. Fretwurst
et al. [39] reported two cases in which vitamin D defi-
cient patients have been successfully treated with dental
implants after one or two consecutive dental implant fail-
ures, due to vitamin D supplementation. Flanagan et al.
[37] reports one case in which a patient with ESRD was
successfully treated with dental implants due to vitamin
D supplementation and additional medication (Fig. 4).

Discussion

From the literature reviewed, 18 studies [22-39] fulfilled
our eligibility criteria; however, results from all animal
studies [23, 31, 32] which compared vitamin D deficient
to non-deficient subjects showed that BIC or new bone
formation have been declined. According to the Institute
of medicine (IOM) approximately 20-100% of the adult
women and men living in northern Europe and North
America appear to have vitamin D deficiency [5, 40—44].
Therefore, this finding seems to have a high clinical rel-
evance on dental treatment in these regions.

The result from 75% [22-25, 32, 34] of the studies
showed that systemically vitamin D supplementation
enhanced new bone formation around dental implants.
However, Pimentel et al. [33] and Akhavan et al. [30]
showed no significant difference of new bone formation
or bone to implant contact in subjects with systematically
vitamin D supplementation. In fact, the study of Pimentel
et al. [33] has been the only study with healthy systemati-
cally vitamin D supplemented animals. The supplementa-
tion of healthy subjects with vitamin D has only a weak
improving effect. Vitamin D sufficient or insufficient
patients benefit less of a vitamin D supplementation than
deficient patients [45]. In healthy patients a high-dose
vitamin D supplementation can cause a lower bone min-
eral density [4].
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Main Results of clinical studies:

Vitamin D deficiency

* Patients have a higher
tendency to exhibit an EDIF

(http://creativecommons.org/licenses/by/4.0/).

Fig. 4 Overview concerning the main results of clinical studies. ESRD: End-stage renal failure, EDIF: Early dental implant failure. Including
orthopantomogram pictures published by Fretwurst et al. 2016 (https:/link.springer.com/content/pdf/10.1186/540729-016-0056-0.pdf), no
changes have been made to the figure. Copyright® Tobias Fretwurst, Sebastian Grunert, Johan P. Woelber, Katja Nelson and Wiebke Semper-Hogg

Adequately provided with
Vitamin D (via supplementation)

* Successful reimplantation after
implant failure (in presence of a
vitamin D deficiency)

* Successful implantation in a
Patient with ESRD (in combination
with additional medication)

Two studies [22, 30] have assessed the effect of vitamin
D supplementation on osseointegration of diabetic rats.
Both couldn't show a statistically significant difference
between vitamin D supplemented and not supplemented
rats regarding BIC and new bone formation. The com-
bined treatment of insulin and vitamin D supplementa-
tion [22] led to a significant higher BIC and BA compared
to not treated diabetic rats and similar results as rats in
the healthy control group. However, the supplementation
of vitamin D in pre-diabetic, vitamin D deficient patients
could reduce the risk of developing type 2 diabetes by
62% [45].

The period of vitamin D supplementation in the animal
studies ranged between 7 day post-surgery and 8 week
pre-surgery and 4 week post-surgery. Most studies [22,
25, 30, 33, 34] started post-surgery with the vitamin D
supplementation. Only three studies [20, 21, 31] started
pre-surgery. Dvorak et al. [23] and Nakamura et al. [34]
assessed the effect of different supplementation periods
on the osseointegration. Dvorak et al. [23] discovered
that the deficient group had significantly less cortical
BIC compared to the group which was supplemented
8 week pre-surgery and 14 day post-surgery. A different
group which was supplemented 14 day pre-surgery and
post-surgery had no significant change in BIC; however,
the BV/TV was significantly decreased compared to the
two other groups. Nakamura et al. [34] could not show a

statistically significant difference between pre-surgery or
post-surgery supplemented, ovariectomized rats. Neither
in animals nor in humans there is a common recommen-
dation on how and when to supplement or measure the
25 (OH) vitamin D level [46, 47].

Analog to animals, humans also showed a negative
effect of low vitamin D levels on the osseointegration of
dental implants. Mangano et al. [36] discovered that the
number of EDIF’s has a tendency to increase when the
patients show lower vitamin D levels. This finding leads
to the hypothesis that humans similar to animals may
also have an inferior osseointegration of implants due
to vitamin D deficiency compared with subjects with an
adequate vitamin D level. Furthermore, Kwiatek et al.
[35] showed that systemically vitamin D supplementation
enhanced new bone formation around dental implants.
This result is similar to most of the studies carried out
with animals and is slight evidence for a commonality
with animals in this feature. All case reports [37-39] sup-
port the assumption that human beings have comparable
symptoms when vitamin D deficient, supplementation
of vitamin D seems to reduce these symptoms and help
patients with a disturbed mineral homeostasis.

Only 50% of the animal studies [26, 27] showed that
local vitamin D supplementation enhanced the bone to
implant contact. The other two studies [28, 29] did not
show significant difference in bone to implant contact,
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though on a cellular level there was a certain differ-
ence. Satué et al. [28] reported a significantly higher
level of LHD around implants coated with a high dose
of UV-irradiated vitamin D precursor and vitamin E
compared to control. However, the low dosed coated
implants had a significantly higher level of ALP (Alka-
line phosphatase) compared with the high dosed coated
implants. The osteocalcin level was significantly higher
in the group of low doses coated implants. These results
lead to the hypothesis that different concentrations of
implant coatings have oppositional effects on the sur-
rounding bone tissue.

It is relevant to mention that the majority of the
studies [22—34] which assessed the effect of vitamin D
deficiency or supplementation on osteogenesis around
implants were performed in animals and the used meth-
ods remarkably varied among the studies included. The
subjects in which the osseointegration around implants
were assessed were mice, rats, rabbits and dogs. Some
studies relied on histological analysis [22-27, 29, 30,
32] to evaluate new bone formation, others based on
micro-CT analysis [22, 25, 33], while different depend
on SEM analysis [31, 34]. Micro-CTs have higher reso-
lution than computed tomography used for patients
and are able to measure the bone mineral density. Can-
cellous bone can be evaluated by means of the trabec-
ulae characteristics and their connectivity [48]. This
enables a far more distinct assessment of the bone and
bone—implant interface. Histological analysis continues
to be the gold standard for assessing bone formation on
a cellular basis; however, they both provided compara-
ble results for BIC, BA and bone—implant volume [49,
50].

Due to the very short follow-up period of the ani-
mal studies (up to 12 weeks) only little is known about
the long-term effects of vitamin D supplementation on
the survival rate of implants. Further studies are neces-
sary to evaluate these long-term effects on the implant
survival and may provide stronger evidence for the sup-
porting effect of vitamin D on osseointegration. Animals
with systemic diseases such as diabetes, osteoporosis and
CKD did have a great benefit of BIC and/or new bone
formation after a combined treatment with their stand-
ard medication plus vitamin D supplementation. Longi-
tudinal, randomized controlled trials with human beings
are needed to test whether this positive effect of vitamin
D supplementation also applies on human beings and,
therefore, improve the implant treatment of patients with
these diseases.

Since there was just a small number of studies
[35, 36] their results imply only weak evidence of the
improvement on osseointegration due to vitamin D
supplementation in humans. The case reports [37-39]
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investigating the effect of vitamin D on osseointegra-
tion in humans have a high risk of bias. Especially the
effect of vitamin D supplementation on osseointegra-
tion in patients with diseases such as diabetes, osteopo-
rosis, vitamin D deficiency and kidney diseases remains
widely unknown.

Conclusions

Within the limitation of the present systematic review,
it is concluded that vitamin D deficiency seems to have
a negative effect on the osseointegration of implants in
animals. The supplementation of vitamin D appears to
enhance the osseointegration in animals with systemic
diseases, such as vitamin D deficiency, diabetes mellitus,
osteoporosis and CKD. The effect of vitamin D coated
implants on the osseointegration remains controver-
sial. Only slight evidence supports the hypothesis that
humans similarly benefit from vitamin D supplementa-
tion in terms of osseointegration. Further investigations
on the effect of vitamin D on osseointegration of den-
tal implants in humans are required to maintain these
assumptions.
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