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Abstract
Vitamin D (VD) is important for the development and maintenance of bone tissue. This study used clinical and radiographic evaluations to
analyze whether insufficient VD levels affect the periimplant health of patients with implant-supported prostheses. Data were collected for
33 patients with implant-supported prostheses: probing depth (PD); width of keratinized mucosa (wKM); bleeding index (mBI); periimplant
plaque index (mPI); distance from implant to bone crest and VD level using chemiluminescence. After 1 year of implant-supported prosthesis
installation, patients with levels under 30 ng/ml at baseline received 50000 IU of VD per week for 8 weeks (post treatment, PT), when clinical
and radiographic evaluations were repeated for the control (n=19) and the VD (n=14) groups. Clinical and radiographic results were compared
at baseline and at PT. There were differences in PD (p=0.0247) and distance from implant to bone crest (p<0.0001), but there were not
statistically different after supplementation. wMK, mBI and mPI were not statistically different between groups. VD levels were 24.95 ± 0.96
ng/mL in the VD group (42.42% of patients), whereas 57.57% of all participants had a mean VD value of 40.99 ± 1.23 ng/mL, a statistically
significant difference (p = 0.0034). According to clinical and radiographic findings, VD serum levels do not seem to affect periimplant health.
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Resumo
A vitamina D (VD) é importante para o desenvolvimento e a manutenção do tecido ósseo. Este estudo clínico e radiográfico avaliou a
reposição dos níveis de vitamina D na saúde periimplantar de pacientes com próteses implantossuportadas. Profundidade bolsa a sondagem
(PS), largura da mucosa queratinizada (LMQ), sangramento a sondagem (mBI), presença de placa bacteriana (mPI), distância entre implante
e cristas ósseas e dosagem de VD utilizando o teste de quimioluminescência, foram medidos em 33 pacientes. Pacientes com dosagens acima
de 30 ng/ml foram classificados como suficientes de VD (grupo controle, n = 19). Pacientes com menos de 30ng/ml (grupo VD, n = 14)
receberam, após 1 ano da instalação da prótese sobre implante, reposição de 50.000 UI por semana durante 8 semanas, quando os exames
foram repetidos. Dados iniciais intragrupos, bem como dados iniciais e pós-tratamento (PT) intergrupos e intragrupos, foram comparados.
Diferenças estatísticas foram encontradas em PS (p=0.0247) e distância entre crista óssea e implante (p<0.0001) entre os grupos, mas não
após reposição. Não houve diferença em LMQ, mBI e mPI entre os grupos. O valor médio de VD do grupo VD foi 24,95±0.96 ng/ml para
42,42% dos pacientes, enquanto 57,57% da amostra apresentaram valor médio de 40,99±1.23 ng/ml, demonstrando diferença estatística
(p=0.0034). A reposição de VD não parece influenciar os achados clínicos e radiográficos da saúde periimplantar.
Palavras-chave: Densidade Óssea. Estudo Clínico. Implantação Dentária.

1 Introduction
Vitamin D (VD) is known for its role in bone development
and maintenance, as well as in calcium and phosphorus
homeostasis1. A decrease in the VD levels leads to a reduction
of its absorption in the intestines and hypocalcemia. In this
condition, calcium homeostasis is a result of secondary
hyperparathyroidism, as bone calcium mobilization increases
and calcium renal clearance decreases. At the same time, the
intestinal absorption of phosphate is reduced, which results in
hypophosphatemia2.
Mineralization is the physiological process of calcium
and phosphorus deposition on the organic matrix after
osteoblasts have synthesized and formed this matrix.
Adequate amounts of calcium and phosphorus have to be
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available for normal mineralization. In cases of hypocalcemia
or hypophosphatemia, if osteoblasts continue producing bone
matrix that is not adequately mineralized, bone repair may
not occur, and rickets in children, as well as osteomalacia in
adults, may develop. VD insufficiency is inversely correlated
with parathyroid hormone and carboxyl-terminal telopeptide
(CTX), a marker of bone resorption3. Estimates suggest
that about one billion people in the world have vitamin D
deficiency or insufficiency1.
The Endocrine Society guidelines define that the levels of
25(OH) VD are deficient when below 20 ng/mL, insufficient
when between 21 and 29 ng/mL and sufficient when above
30 ng/mL. Supplementation should be 50,000 IU a week for
eight weeks in cases of deficiency in adults4.
Osseointegration, that is, bone repair around implants, has
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been defined as direct bone anchorage to titanium implants,
capable of resisting masticatory loads5,6. Treatment success is
defined by the evaluation of implant at bone level, periimplant
tissues, prosthetics and patient satisfaction7,8. Physiological
success, assessed by measuring the position of the bone crest
in relation to the cervical border of the implant, is defined as
bone loss below 1.5 mm in the first year and up to 0.2 mm
in subsequent years. Periimplant success has been evaluated
using probing depth, suppuration, bleeding, edema, plaque
index, width of keratinized periimplant mucosa, mobility and
infection8.
Few clinical studies have focused on osseointegrated
implants and the important role of VD. This study investigated
whether VD deficiency affects periimplant clinical and
radiographic findings at treatment follow-up, and whether full
doses of VD supplementation may improve prognosis.

measuring 3.75 mm in diameter and 8,9 or 11mm long, were
placed under local anesthesia by one surgeon in a single
intervention. The implants were placed after raising a fullthickness mucoperiosteal flap. The implant site preparation
was performed according to the protocol of the system and
primary stability was always achieved. The implants were
placed 1 to 2mm below the bone crest. After one week,
the sutures were removed and postoperative control was
performed.
Temporary restorations were maintained for a period of
2 months, in order to monitor the peri-implant tissues and
masticatory load and were replaced with final restorations
made of metal porcelain.

2 Material and Methods

Two examiners were calibrated for clinical analysis.
Data collected were statistically analyzed to detect method
error and intra- and interexaminer agreement. Probing depth
(PD): intraexaminer error p(bilateral) = 0.1133; interexaminer
error p(bilateral) = 0.0976; Modified sulcus bleeding index
(mBI): intraexaminer error (Wilcoxon) p(bilateral) = 0.7532;
interexaminer error p(bilateral) = 0.3739; Width of keratinized
mucosa (wKM): intraexaminer error p(bilateral) = 1.000;
interexaminer error p(bilateral) = 1.000; Modified plaque
index (mPI): intraexaminer error (Wilcoxon) p(bilateral) =
0.3137; interexaminer error p(bilateral) = 0.3137.
A one-millimeter implant probe (PCV12KIT6 Colorvue)
was used to assess periimplant tissue health and disease
and determine periimplant indices, such as: 1) PD: depth of
periimplant sulcus measured from the free gingival margin to
the deepest point of the sulcus; 2) wKM: width of gingiva
inserted in the buccal surfaces of implants, measured in
millimeters from the free gingival margin to the border of
the free gingiva. Measures were made for the mesial, distal,
lingual and buccal surfaces of all implants. 3) mBI: 0 = no
bleeding; 1 = isolated bleeding spots; 2 = bleeding formed a
confluent red line on the gingival margin; 3 = heavy or profuse
bleeding. Bleeding was measured at the buccal, medial and
distal surfaces of all implants and 4) mPI: 0 = no plaque; 1
= plaque on implant margin; and 2 = plaque visible to the
naked eye. Plaque was scored on the buccal, lingual, mesial
and distal surfaces of all implants.9 Peri-implant tissues were
examined at baseline and after treatment (PT).
Participants were instructed to keep oral hygiene practices
using the modified Bass technique from baseline to clinical
reexamination10.

2.1 Participant selection
This cross-sectional study was approved by the Ethics and
Research Committee of the institution where it was conducted
and registered in the Brazilian Ethics in Research System
(SISNEP) under no. 202/2012.
Patients that received treatment with osseointegrated tooth
implants in 2011- 2013 were recruited in the Dental Clinics
of State University of West Parana - Unioeste, in the city of
Cascavel, Brazil.
Inclusion criteria were: age 35 to 60 years; both men and
women; adequate oral hygiene; single or multiple implantsupported prosthesis in use for mastication for at least six
months; no periodontal disease.
The minimum age of 35 years was defined to make sure
that bone mass peak had already been reached. Maximum age
of 60 was defined to reduce chances of recruiting individuals
with senile osteoporosis.
Exclusion criteria were: osteoporosis under treatment;
diseases, such as primary hypogonadism, primary
hyperparathyroidism, current hyperthyroidism, Cushing
syndrome,
hyperprolactinemia,
anorexia
nervosa,
osteomalacia, rheumatoid arthritis, chronic obstructive
pulmonary disease, cancer, Marfan’s syndrome, EhlerDanlos syndrome, homocystinuria, diabetes, bleeding
disorders, heart disease; continuous use of corticosteroids,
thyroxin, anticonvulsants, lithium, alendronate, methotrexate;
pregnancy and smoking.
Patients were selected according to their medical records
in the Dental Clinic Institute of Unioeste. Patients were
invited to participate, received information about the study, its
risks and benefits and signed an informed consent term.
2.2 Clinical procedures
Titanium fricctional dental implants (Morse-taper
connection implants, Kopp System, Curitiba, Parana, Brazil),
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2.3 Data collection
2.3.1 Clinical analysis

2.3.2 Radiographic analysis
All participants underwent radiographic evaluations, and
the images were digitalized by technicians in the Oral Diagnose
radiology clinic (CNPJ: 03.645.515/0007-22). A Gnatus X-ray
unit and a digital imaging system (Digora-Optime, Soredex,
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Joinville, Brazil) were used with a positioner to ensure
standardization. The areas of image distortion, structure
overlapping and other artifacts were removed, and the best
images were selected for the measurement of distances from

3 Results and Discussion
The characteristics of patients with sufficient and
insufficient levels of vitamin D are shown in Table 1. Peri-

the bone crest to the implant and for the counting of cancellous

implant parameters are described in Figure 1 and 2. No

pixels at baseline. The same measurements were made at PT.

statistically significant differences were found in mean width

The ImageJ 1.48 (Wayne Rasband, National Institute

of keratinized mucosa (wKM), modified sulcus bleeding index

of Health, USA) was used to measure the distance between
implant cervical area, where the post was placed, and the
mesial and distal bone crest.
2.3.3 Chemical analysis
Blood samples were collected to measure 25(OH) VD
using chemiluminescence in a clinical analysis laboratory
(Álvaro, corporate taxpayer number in Brazil [CNPJ]:
61.486.650/0284-36). Patients with less than 30 ng/mL were
included in the VD insufficiency group and received free
vitamin supplementation with eight 50,000-IU VD capsules
dispensed by a manipulation drugstore (Chamomilla,
CNPJ 01.983.404/0001-05) and administered once a week
as prescribed11.

After that, post-treatment clinical and

radiographic evaluations were conducted.
2.4 Statistical analysis
After normal distribution was tested, ANOVA and the
Tukey test were used to determine differences between the
VD and the control groups, and the Kruskal-Wallis test was
used to analyze data in the control and the VD groups and
determine differences in the same period of time. Prism 5.0

and modified plaque index in the control and VD deficiency
groups at baseline and after treatment (ANOVA and Tukey
test; p>0.05). The results of mean probing depth (PD) and
mean distance from bone crest to implant cervical area in the
control and vitamin D deficiency groups at baseline and after
treatment (PT) are shown in Figure 1A and 2.
Table 1: Summary of patient characteristics
Standard
P value
Deviation
Patient age (years)
Control
19
48.2632
9.6887
0.784
Vitamin D
14
49.1429
8.1227
Patient weight (kg)
Control
19
71.1111
13.9321
0.468
Vitamin D
14
76.0000
22.4870
Patient height (m)
Control
19
1.6828
0.1254
0.8486
Vitamin D
14
1.6743
0.1217
Patients with vitamin D sufficiency/insufficiency
Sufficiency
Insufficiency
Sample size = 33
57.57 %
42.42 %
Mean vitamin D
40.99 (±1.23) 24.95 (±0.96) 0.0034*
level (ng/mL)
Group

Sample

Mean

(GraphPad) was the software used for all calculations. The

*Statistically significant difference between groups.

level of statistical significance was set at p<0.05.

Source: Authors.

Figure 1A -Mean probing depth (PD) in control (C) and VD deficiency groups at baseline and after treatment (PT). ANOVA, Tukey
test; p<0.05; different letters indicate statistically significant differences. 1B: Width of keratinized mucosa (wKM) in control (C) and
VD deficiency groups at baseline and after treatment (PT). ANOVA, Tukey test; p<0.05; there was no significant difference between
groups and periods. 1C: Modified bleeding index (mBI) in control and VD deficiency groups at baseline (C) and after treatment
(PT). Kurskal-Wallis test; p>0.05; there was no significant difference between groups and periods. 1D: Modified plaque index (mPI)
in control and VD deficiency groups at baseline (C) and after treatment (PT). Kurskal-Wallis test; p>0.05; there was no significant
difference between groups and periods

Source: Authors.
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Figure 2 - Comparison of mean distance from bone crest to
implant cervical area in control (C) and VD deficiency groups at
baseline and after treatment (PT). ANOVA, Tukey test; p<0.05;
different letters indicate statistically significant differences

Vitamin D levels in the blood of a population vary
according to age, eating habits, use of sunscreen, seasonality,
geography and cultural and genetic factors3. The inclusion
criteria in this study, however, defined unique population
characteristics, as participant age was narrowly limited, and
participants were all from the same geographic region and
had similar social and cultural backgrounds, which precluded
statistical correlations with findings in other studies.
Peri-implant success was evaluated using probing
depth, suppuration, bleeding, edema, plaque index, width of
keratinized periimplant mucosa, mobility and infection 8.
In a study with periimplant tissues in which probing depth was
3.8 mm + 1.1 mm and osseointegrated implants were followed
up for 7 to 8 years, Araujo and Lindhe 12 defined a probing
depth threshold of 4 mm for healthy tissues. Mombelli and
Lang13 and Fuchigami et al.14 also classified periimplant sites
with probing depths of up to 5 mm as healthy.
Figure 1A shows that the greatest probing depth, which
was not greater than 3 mm, was found in the control group
at PT, and this finding indicated that periimplant tissues
were healthy. The absence of any pathology at clinical
and radiographic evaluations explains why there were no
significant statistical differences in bleeding index between
the two groups at baseline and PT.
In Figure 1D, the modified plaque index at baseline was
greater in both groups at baseline and statistically different in
the VD group between baseline and PT. Our study protocol
defined that VD should be administered for eight weeks
before reevaluation. This contact with the patient, as well as
the weekly administration, may have consciously promoted
better oral hygiene.
One of the several important actions of VD is the
promotion of immune and inflammatory responses, and
VD deficiency is associated with a greater prevalence of
infection15. VD acts as an anti-inflammatory agent, as it
inhibits the expression of inflammatory cytokines and
stimulates monocytes and macrophages to secrete molecules
that have powerful antibiotic effects16 [27]. According to
J Health Sci 2019;21(5esp):518-22

Hiremath et al.17, vitamin D has an effective anti-inflammatory
action when the daily dose is 500 IU to 2000 IU, a treatment
indicated only for patients with levels below 30 ng/mL. In
patients with gingivitis, the desired anti-inflammatory effects
may be achieved by keeping supplementation for two to
three months. Fretwurst et al.18 demonstrated that implant
placement was successful after vitamin D supplementation in
patients with vitamin D deficiency and early failed implants.
Despite that, the results of VD supplementation on clinical
periimplant health parameters were not statistically significant
in our study.
Figure 2 shows that there were statistically significant
differences in the distance from bone crest to implant cervical
area between groups only at baseline, but these measures were
up to 2.2 mm. According to Papaspyridakos et al.8, the criteria
that define success in osseointegration accept a bone loss of
2 mm in the first year and up to 0.2 mm each year thereafter.
The difference in the distance from bone crest to implant
cervical area between baseline and PT in the VD group was
not statistically significant. As the patients in both groups
had already completed their implant rehabilitation treatments
more than a year earlier, and as the 2-month interval of VD
administration was too short for further measurement of
distances from bone crest to implant cervical area, distances
were classified as within the limits prescribed by success
criteria. A more detailed evaluation of bone remodeling,
local clinical conditions and oral hygiene habits should require
clinical and radiographic re-examinations at a longer followup time. Considering the evaluation of clinical parameters
used in this study, our results are not in agreement with studies
that have found positive effects of VD on osseointegration and
bone repair18,19.
4 Conclusion
The clinical and radiographic results of this study suggest
that VD supplementation for patients with insufficient serum
levels does not affect periimplant health.
References
1. Nakashima A., Yokohama K., Yokoo T., Urashima M. Role
of vitamin D in diabetes mellitus and chronic kidney disease.
World J Diabetes 2016;10:89-100. doi: 10.4239/wjd.v7.i5.89
2. Sánchez Muro JM, Fernandez Y, Muñoz M, Cancio F,
Parera A, Lezcano, C. Plasma vitamin D levels in native
and immigrant children under the age of 6 years of different
ethnic origins. An Pediat 2015;82:316-24. doi: 10.1016/j.
anpedi.2014.05.007
3. Premaor MO, Furlanetto TW. Hipovitaminose D em adultos:
entendendo melhor a apresentação de uma velha doença. Arq
Bras Endocrinol Metab 2006;50(1):25-37.
4. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon
CM, Hanley D A, Heaney RP, Murad MH, Weaver CM.
Evaluation, treatment, and prevention of vitamin D
deficiency: an endocrine society clinical practice guideline.
J Clin Endocrinol Metab 2011;96(7):1911-30. doi: 10.1210/
jc.2011-0385
521

Effect of Vitamin D Supplementation on Clinical and Radiographic Evaluation of Oral Rehabilitation with Osseointegrated Implants

5. Chrcanovic B, Kisch J, Albrektsson T, Wennerberg A. A
retrospective study on clinical and radiological outcomes of
oral implants in patients followed up for a minimum of 20
years. Clin Implant Dent Relat Res 2018;20(2):199-207. doi:
10.1111/cid.12571

12. Araujo MG, Lindhe J. Peri-implant health. J Clin Periodontol
2018:45(20):S230-36.

6. Insua A, Monje A, Wang HL, Miron RJ. Basis of bone
metabolism around dental implants during osseointegration
and peri-implant bone loss. J Biomed Mater Res A
2017;105(7):2075-89. doi: 10.1002/jbm.a.36060.

14. Fuchigami K, Munakata M, Kitazume T, Tachikawa N,
Kasugai S, Kuroda S. A diversity of peri‐implant mucosal
thickness by site. Clin Oral Implants Res 2017;28:171-6.

7. Mangano C, Iaculli F, Piattelli A, Mangano F. Fixed
restorations supported by Morse-taper connection implants:
a retrospective clinical study with 10-20 years of follow-up.
Clin Oral Implants Res 2015;26(10):1229-36. doi: 10.1111/
clr.12439.
8. Papaspyridakos P, Chen JC, Singh M, Weber HP,
Gallucci GO. Success criteria in implant dentistry: a
systematic review. J Dent Res 2012;91(3):242-8. doi:
10.1177/0022034511431252.
9. Karoussis IK, Salvi GE, Heitz-Mayfield LJA, Brägger U,
Hammerle CHF, Lang NP. Long-termimplant prognosis in
patients with and without a history of chronic periodontitis: a
10-year prospective cohort study of the ITI® Dental Implant
System. Res Clin Oral Impl 2003;14:329-39.
10. Poyato-Ferrera M, Segura-Egea JJ, Bullón-Fernández
P. Comparison on modified bass technique with normal
toothbrushing practices for efficacy in supragingival plaque
removal. Int J Dent Hyg 2003;1:110-4.
11. Ronchi FC, Sonagli M, Ronchi MGC. Prevalência de
hipovitaminose D em população de consultório médico. Rev
Med Res 2012;13(3):173-80.

J Health Sci 2019;21(5esp):518-22

13. Mombelli A, Lang NP. Clinical parameters for the evaluation
of dental implants. Periodontol 2000 1994;4:81-6.

15. Zittermann A. Vitamin D in preventive medicine: are we
ignoring the evidence? Br J Nutr. 2003;89(5):552-72.
16. Dietrich T, Joshipura KJ, Dawson-Hughes B, BischoffFerrari HA. Association between serum concentrations of
25-hydroxyvitamin D3 and periodontal disease in the US
population. Am J Clin Nutr 2004;80:108-13.
17. Hiremath VP, Rao CB, Naiak V, Prasad K. Antiinflammatory
effect of vitamin d on gingivitis: A dose response randomized
controlled trial. Indian J Public Health 2013;57:29-32. doi:
10.4103/0019-557X.111365.
18. Fretwurst T, Grunert S, Woelber JP, Nelson K, Semper-Hogg
W. Vitamin D deficiency in early implant failure: two case
reports. Int J Imp Dent 2016;2(24):1-6. doi: 10.1186/s40729016-0056-0
19. Mangano FG, Oskouei SG, Paz A, Mangano N, Mangano
C. Low serum vitamin D and early dental implant failure:
Is there a connection? A retrospective clinical study on 1740
implants placed in 885 patients. J Dent Res Dent Clin Dent
Prospect 2018;12(3):174-82. doi: 10.15171/joddd.2018.027

522

