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Abstract  

Background. Since osseointegration depends on bone metabolism, low levels of vitamin D in the blood may negatively 

affect bone formation around dental implants. To date, only a few studies have investigated the possible connection between 

serum levels of vitamin D and early dental implant failure (EDIF), i.e. failure that occurs within 4 months after placement, 

before the connection of the prosthetic abutment. The aim of this study was to investigate whether there is a relationship 

between low serum levels of vitamin D and EDIF. 

Methods. Data used for this retrospective study were derived from the records of a private dental clinic. Inclusion criteria 

were patients who had been treated with dental implants, inserted with a submerged technique from January 2003 to December 

2017. EDIF was the outcome of this study. Chi-squared test was used to investigate the effect of patient-related variables (age, 

gender, smoking habit, history of periodontal disease and serum levels of vitamin D) on EDIF. 

Results. Originally, 885 patients treated with 1,740 fixtures were enrolled in this study. Overall, 35 EDIFs (3.9%) were 

reported. No correlation was found between EDIF and the patients' gender (P=0.998), age (P=0.832), smoking habit (P=0.473) 

or history of periodontal disease (P=0.386). Three EDIFs (11.1%) were reported in 27 patients with serum levels of vitamin 

D <10 ng/mL, 20 EDIFs (4.4%) in 448 patients with levels between 10 and 30 ng/mL, and 12 EDIFs (2.9%) in 410 patients 

with levels >30 ng/mL. Although there was a clear trend toward an increased incidence of EDIF with lowering of serum 

vitamin D levels, no statistically significant difference (P=0.105) was found among these three groups. 

Conclusion. Within its limitations (retrospective design, low number of patients with severe blood levels of vitamin D 

enrolled), this study failed to demonstrate a significant relationship between low serum levels of vitamin D and increased risk 

of EDIF. However, since a dramatic increase in EDIFs with lowering of vitamin D levels in the blood has been reported, 

further clinical studies with appropriate design (prospective or randomized controlled studies on a larger sample of severely 

deficient patients) are needed to better investigate this topic. 
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Introduction   

ental implants are today considered a successful 

treatment for restoring function and aesthetics.1,2 

In fact, dental implant treatment has proven to be a 

predictable modality for replacing missing and failing 

teeth with various types of fixed and removable dental 

prostheses,3,4 with high survival rates even in the long 

term.4,5 

Osseointegration, i.e. the formation of a direct inter-

face between implant and bone, is key for the success 

of a dental implant.5 It is important that the implant be 

integrated into the bone during the initial healing pe-

riod; this results in a clinically asymptomatic fixation 

under functional load, and this integration has to be 

maintained over time.1,6 

Osseointegration of dental implants depends on sev-

eral different factors: surgical and prosthetic factors 

(surgical technique5,7 and operator experience, timing 

and type of prosthetic loading,8 and quality of pros-

thetic rehabilitation4), implant-related factors (mate-

rial, design,9 and surface10), and patient-related fac-

tors (bone volume/quality at the recipient site and host 

response5,6,11).  

In recent years, research has focused mainly on sur-

gical and prosthetic protocols, and on the characteris-

tics of the implant, in order to further reduce implant 

failure rates.9,10 Therefore, new implant design and 

threads have been evaluated, in an effort to improve 

implant stabilization and to reduce the incidence of 

failures.11 In addition, a series of implant modifica-

tions have recently been introduced to accelerate and 

enhance the process of osseointegration, such as mi-

cro- and nano-topographical (surface) treatments, and 

addition of growth (and other) factors; all these mod-

ifications can help to improve osteogenic differentia-

tion of bone marrow stromal cells (BMSCs)12 and to 

stimulate osteoblast activity.13 

Despite the fact that all these improvements have 

contributed to the increase in the survival rate of den-

tal implants, and therefore to make possible the appli-

cation of surgical and prosthetic protocols that were 

previously considered high-risk, such as the immedi-

ate placement of implants in fresh post-extraction 

sockets2,11,14 and the immediate functional load-

ing,15,16 unfortunately there is a percentage of implant 

failures which appear to be difficult to resolve.17 

Based on chronological criteria, failures can be clas-

sified as either “early dental implant failures” (EDIFs) 

or “late dental implant failures” (LDIFs). EDIFs are 

due to unsuccessful osseointegration, indicating im-

paired bone healing, whereas LDIFs are due to loss of 

osseointegration. EDIFs and LDIFs appear to have 

different etiologies.17,18 LDIF is generally associated 

with infection (peri-implantitis), occlusal overload-

ing, and failure or fracture of the implant compo-

nents.19,20 EDIF is thought to usually be caused by fac-

tors such as inappropriate surgical and prosthetic pro-

tocols, surgical complications, low bone volume or 

quality at the recipient site, or habits (smoking and 

parafunctions) that, along with systemic conditions, 

can jeopardize osseointegration.21,22 In particular, 

early failures due to lack of osseointegration are 

among the worst problems in modern implantology. 

They appear to be difficult to resolve and, since they 

seem to occur in particular categories of patients, they 

might be related to the patient's systemic health con-

dition.17,21,22 Recognition of systemic risk factors may 

reduce the failure rate and increase the predictability 

of dental implant treatment.17,18,21,22 Some factors in 

particular, such as vitamin D deficiency in the blood, 

could play an important role in the occurrence of 

EDIFs, but unfortunately are neglected by the dental 

literature.23 

Vitamin D in its inactive form (vitamin D3 or cho-

lecalciferol) is a steroid hormone that is acquired via 

diet or synthesized in the skin from cholesterol with 

adequate exposure to the sun (ultraviolet light).24 Cho-

lesterol is converted to pre-vitamin D3 and then isom-

erized 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-hydroxy vitamin D3 (cal-

cidiol, or 25OHD3).24 

Vitamin D acts as a hormone and is vital for the 

health of the brain,25 for the cardiovascular and respir-

atory tract,26,27 the skin, and the immune and endo-

crine systems.28 It is well known that vitamin D defi-

ciency can impair the correct immune response to oral 

microbial infections, increasing the risk of periodon-

titis.29 Moreover, vitamin D plays an important role in 

the metabolism of bone.30 In the bone, vitamin D stim-

ulates the activity of osteoclasts and increases the pro-

duction of extracellular matrix proteins by osteo-

blasts.30 

Today, vitamin D is considered deficient when se-

rum 25(OH) levels are <10 ng/mL, insufficient when 

serum levels are 10–30 ng/mL, and optimal with se-

rum levels of >30 ng/mL.31 Vitamin D deficiency, 

which can result from inadequate dietary intake to-

gether with insufficient exposure to sunlight, is today 

a worldwide public health concern.31-33 In fact, vita-

min D deficiency is prevalent in the general popula-

tion, particularly in the north of Europe;32,33 and in the 

north of Italy up to 80% of the population can be de-

ficient during the winter season when exposure to the 

D 
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sun is lower.31 This deficiency increases with age and 

encompasses the vast majority of the elderly popula-

tion of northern Italy who are not taking any supple-

ments.31,34 

As osseointegration of dental implants also depends 

on bone metabolism, there is the possibility that low 

levels of vitamin D in the blood can negatively affect 

healing processes and new bone formation on the im-

plant surface.35,36 

However, to date, there are only a few studies in 

specialized dental journals that investigate the corre-

lation between vitamin D levels and EDIF.37-48 Most 

of the studies were have been carried out on animal 

models,37-46 with only a few on humans.45-48 

In a recent retrospective clinical study, we tried to 

investigate whether there is a correlation between 

EDIF and low serum levels of vitamin D.48 Although 

our study failed to prove an effective link between low 

serum levels of vitamin D and an increased risk of 

EDIF, it did show a tendency to a higher incidence of 

early failures in subjects with vitamin D deficient 

states.48 We therefore decided to continue our retro-

spective study, including patients treated during the 

year 2017, to gather more data and to further investi-

gate any possible link between low blood levels of vit-

amin D and EDIF.  

Methods 

Data collection 

All the patients who had been treated with Morse ta-

per connection dental implants (Leone Implant Sys-

tem®, Florence, Italy) at one particular dental center 

(Gravedona, Como, Italy), from January 2003 through 

December 2017, were screened for enrolment in the 

present retrospective study, as previously reported.48 

The inclusion criteria were: patients >18 years of age 

at surgery, with good general oral hygiene, and with-

out any bone regenerative therapy before implant 

placement. Patients with insufficient oral hygiene, un-

controlled diabetes mellitus, immunodeficient states, 

bleeding disorders, alcohol and/or drug abuse, or 

those who underwent radiotherapy and chemotherapy 

treatments, and those who were pregnant or had in-

complete medical records were excluded from this 

study. The data used for the present clinical study 

were retrieved from the medical records of patients 

that met the aforementioned inclusion criteria and that 

did not present any of the aforementioned exclusion 

criteria. The medical records included information 

such as gender, age at time of surgery, smoking hab-

its, history of chronic periodontal disease, and serum 

vitamin D levels. In fact, blood tests were requested 

two weeks prior to surgery to measure vitamin D lev-

els of all the implant patients. The medical records 

also included information regarding the implant site 

(maxilla or mandible) and location (incisor, canine, 

premolar and molar), diameter and length of the fix-

ture, prosthesis type, and loading conditions. Finally, 

any implant failure was also registered in the records, 

including the cause (lack of osseointegration in the 

absence of infection, implant failure due to progres-

sive bone loss caused by prosthetic overload and in-

fection of the peri-implant tissues or peri-implantitis). 

The failures were classified as either “early dental im-

plant failures” (EDIFs) or “late dental implant fail-

ures” (LDIFs). EDIFs were failures occurring in the 

early healing period, within 4 months after implant 

placement and before the placement of restoration. 

LDIFs were late failures that occurred after loading. 

The present retrospective study was conducted fol-

lowing the principles highlighted in the Helsinki Dec-

laration on research on human subjects (2003) and ap-

proved by the Ethics Committee of the University of 

Insubria (2013) under the code 0034086.  

Implants insertion protocol 

All the implants were placed under the same strict 

protocol by the same clinician, who had more than 25 

years’ experience in implant dentistry. The implants 

were placed after raising a full-thickness mucoperios-

teal flap. The implant site preparation and implant 

placement were performed according to the manufac-

turer’s instructions and in compliance with modern 

surgical protocols. Cover screw was placed after 

placement and all the implants were submerged.  The 

patients were prescribed antibiotics after surgery: 2 g 

of amoxicillin (or 600 mg of clindamycin in patients 

allergic to penicillins) for a 6-day period. Postopera-

tive pain was controlled with nimesulide 100 mg daily 

for 2 days. Detailed instructions on oral hygiene were 

given to the patients, and 0.12% chlorhexidine mouth 

rinse was prescribed twice a day for 6 days. Ten days 

after surgery, the patients were recalled for suture re-

moval. Then, for a period of 4 months, the implants 

were left to heal submerged, to allow optimal healing 

and achieve osseointegration. After 4 months, the pa-

tients were recalled for the implant to be uncovered. 

The healing abutment replaced the cover screws, and 

sutures were placed. Two weeks later, the sutures 

were removed and impressions were taken for the 

manufacture of temporary restorations. Temporary 

restorations were maintained for a period of 3 months, 

in order to monitor the response of the implant. The 

peri-implant tissues and masticatory load were also 
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monitored. Once the 3-month period had passed, tem-

porary restorations were replaced with final restora-

tions made of metal porcelain and cemented with a 

zinc oxide–eugenol cement. All the patients were in-

cluded in a follow-up protocol, with at least two an-

nual check-ups.  

Outcome of the study 

The outcome studied was EDIF, which occurred 

within 4 months after implant placement and, there-

fore, before the placement of the prosthetic restoration 

and the functionalization of the fixture. EDIFs were 

classified into two different categories: (a) early fail-

ures due to lack of osseointegration and subsequent 

implant mobility, in the absence of clinical signs of 

infection; and (b) early failures due to infection of the 

bone tissue around the implant, with inflammation of 

peri-implant tissues (peri-implantitis) and the pres-

ence of pain, swelling, fistula, pus, and/or exudate, 

pocket depth >6 mm with bleeding, and marginal 

bone resorption >2.5 mm.  

Statistical analysis 

Data were recorded on a generic spreadsheet (Excel®, 

Microsoft, Redmond, MA, USA) which was used for 

the descriptive, quantitative and qualitative analyses. 

The means, standard deviations, medians and confi-

dence intervals were calculated for the quantitative 

variables (e.g. patient’s age and vitamin D levels in 

serum). To calculate implant survival, a patient-based 

technique was used. The “event” in this analysis was 

early implant failure; thus, if a patient received more 

than one implant, the occurrence of even a single im-

plant failure led to that patient being classified as 

“failure.” The effect of several variables on EDIF was 

investigated. These variables were: gender (male or 

female), age at time of surgery (three groups were de-

fined: <40 years, 40–60 years, and >60 years), smok-

ing habits (three groups were defined: heavy smokers, 

i.e., patients who smoked >15 cigarettes/day; light 

smokers, i.e., patients who smoked 1–15 ciga-

rettes/day; and non-smokers), history of chronic peri-

odontitis (three groups were defined: generalized per-

iodontitis, i.e. patients who experienced chronic peri-

odontitis in more than 10 sites in the  mouth; localized 

periodontitis, i.e. chronic periodontitis that affected 

less than 10 sites in the patient’s mouth; and healthy 

patients with no history of periodontitis), and serum 

levels of vitamin D. Three classes of patients were 

considered in the analysis of serum levels of vitamin 

D: severely deficient patients (serum vitamin D <10 

ng/mL), patients with low levels (serum vitamin D 

10–30 ng/mL), and patients with optimal levels of vit-

amin D (serum vitamin D >30 ng/mL). Chi-squared 

test was used to calculate the effect of each of these 

variables on implant survival and a significance level 

of 0.05 was established. All the computations were 

made using SPSS 17.0.    

Results 

A total of 845 patients who had been treated with 

Morse taper connection implants during the period 

2003–2017 presented no conditions enlisted in the ex-

clusion criteria and were therefore enrolled in this ret-

rospective evaluation. These patients (455 males and 

430 females, with an age range of 18‒94 years, with a 

mean age of 57.3±14.4 years at surgery, median = 58 

Table 1. Number of patients, early failures, failure rates within groups, and differences among groups (chi-squared test) 

 Patients n° Early failures Failure rate (%) P-value* 

Overall 885 35 3.9% – 

Gender 

Males 455 18 3.9% 
0.998 

Females 430 17 3.9% 

Age at surgery 

<40 years 100 5 5.0% 

0.832 40‒60 years 412 15 3.6% 

>60 years 373 15 4.0% 

Smoking habit 

Heavy smokers 

(>15 cigarettes/day) 
98 6 6.1% 

0.473 Light smokers 

(1‒15 cigarettes/day) 
184 8 4.3% 

Non smokers 603 21 3.4% 

History of periodontal disease 

Generalized periodontitis 97 6 6.1% 

0.386 Localized periodontitis 218 10 4.5% 
No periodontitis 570 19 3.3% 

Vitamin D serum levels 

<10 ng/mL 27 3 11.1% 

0.105 10‒30 ng/mL 448 20 4.4% 

>30 ng/mL 410 12 2.9% 

*Chi-squared test, with statistically significant difference set at P<0.05. 
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years, 95% CI: 56.3–58.2) received a total of 1,740 

Morse taper connection implants (210 patients had 

multiple indications for implant therapy). 

The patient distribution by different groups, the re-

lated number of early failures, and the early failure 

rates are summarized in Table 1. Overall, there were 

35 EDIFs (24 of them were attributed to lack of osse-

ointegration and 11 to peri-implantitis). The global 

EDIF rate was therefore 3.9%.  

Considering the different groups, the same inci-

dence of EDIF (3.9%) was found in males and fe-

males, with no statistically significant differences be-

tween genders (P=0.998).  

Similarly, no difference was found in the failure rate 

for age at surgery (P=0.832); in fact, the EDIF rates 

were 5.0%, 3.6%, and 4.0% for patients <40, 40–60 

and >60 years of age, respectively.  

Among the 282 smoking patients, 14 EDIFs were 

reported, for a failure rate of 4.9%. This rate was 

higher than that of non-smokers, the latter having only 

21 early failures in 603 patients (a failure rate of 

3.4%). Heavy smokers (>15 cigarettes/day) had a 

higher failure rate (6.1%) than light smokers (1–15 

cigarettes/day; failure rate of 4.3%). However, no sta-

tistically significant difference was found in the early 

failure rate based on smoking habit (P=0.473).  

Similarly, the incidence of early failures in patients 

who had a history of periodontal disease was higher 

than that in patients who had never been affected by 

periodontitis; in fact, patients who had chronic perio-

dontitis had an early failure rate of 5.0% vs. an early 

failure rate of 3.3% for non-periodontitis patients. 

Moreover, when dividing the periodontitis patients 

into two categories (patients who had generalized 

chronic periodontitis, and patients who suffered from 

localized chronic periodontitis), an even higher differ-

ence emerged, with patients who had a history of gen-

eralized periodontitis displaying a slightly higher in-

cidence of EDIFs (6.1%) than those who had localized 

chronic periodontitis (4.5%). However, no statisti-

cally significant difference was found in the EDIF rate 

with regard to previous periodontal conditions 

(P=0.386). 

Finally, the average vitamin D serum level in the 

overall population was 29.5 ng/mL (±12.1, me-

dian=27, range=5–73, 95% CI: 28.7–30.2). Con-

versely, in patients with early implant failure, the 

mean vitamin D serum level was 25.4 ng/mL (±12.6, 

median=24, range=8–55, 95% CI: 21.2–29.5).  

With regard to the different groups and the distribu-

tion of failures, a rather low incidence of failures 

(2.9%) was reported in patients with a satisfactorily 

high level of vitamin D in the blood (>30 ng/mL). The 

incidence of EDIFs almost doubled (4.4%) in the 

group of patients with insufficient serum levels of vit-

amin D (10–30 ng/mL) and was almost four times 

higher in patients with serious vitamin D deficiency 

in the blood (<10 ng/mL), who had a early failure rate 

of 11.1%. Although this represents a dramatic ten-

dency and a clear trend towards an increased inci-

dence of EDIF, related to the lowering of vitamin D 

levels in the blood, chi-squared test revealed no sta-

tistically significant difference (P=0.105) among the 

groups. Similar findings (P=0.160) were obtained 

comparing the incidence of failure in all of the 475 

vitamin D-deficient patients (27 severely deficient 

plus 448 moderately deficient patients) versus the in-

cidence of failure in the 410 patients with normal se-

rum levels of vitamin D. Again, no statistically signif-

icant difference (P=0.071) was found when compar-

ing the incidence of failure in the 27 severely deficient 

patients and the incidence of failure in all the other 

858 patients enrolled in the study.  

Discussion 

To date, only a few studies in the dental literature have 

investigated the correlation between serum vitamin D 

levels and osseointegration; most of these are experi-

mental animal studies37-46 and only a few of them are 

clinical research in humans.45-48 

In 2008, Alvim-Pereira et al45 clinically investigated 

the association between vitamin D receptor gene pol-

ymorphism and dental implant loss, but no relation 

was found. 

In 2014, Bryce et al49 studied the relation between 

vitamin D deficiency and immediate dental implant 

placement. In this case report, it was revealed that the 

patient was severely vitamin D deficient and that this 

might have contributed to the implant failure.49 Two 

years later, Schulze-Spate et al,46 in a randomized, 

double blind, controlled clinical trial, investigated the 

association between vitamin D supplementation and 

local bone formation after maxillary sinus augmenta-

tion. They histologically compared bone samples 

from a group of patients who took vitamin D3 (5,000 

IU) and calcium (600 mg) to another group of patients 

who received only calcium, six to eight months after 

surgery. Nevertheless, no statistically significant dif-

ference at ahistological level was demonstrated.46 

Regardless of the positive results of vitamin D for 

osseointegration in some preclinical studies,37-46 it is 

still not clear whether vitamin D supplementation can 

effectively promote healing of the peri-implant bone.  

According to Javed et al,35 vitamin D supplementa-

tion could stimulate bone formation and, as a result, 
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augment the contact between the surface of the tita-

nium implants and bone. Studies in rats proved that 

vitamin D deficiency could compromise the osseoin-

tegration of implants and that vitamin D supplemen-

tation stimulated bone formation.39-42 Moreover, the 

bone–implant contact ratio, bone volume around im-

plant, and resistance of the implant to removal were 

improved at 2 weeks in rats suffering from kidney dis-

ease.42 Recent studies in animals have proved that 

coating the surface of the implant with vitamin D en-

hanced osseointegration of the dental implant.43,44 

Nevertheless, despite the promising overtones, more 

studies are needed to demonstrate the efficacy of vit-

amin D supplementation in promoting bone healing 

around dental implants.  

Until a few years ago, the guidelines estimated that 

the daily intake of vitamin D required to maintain ad-

equate levels in the blood was 200 IU (5 mcg) in 

adults 19‒50 years of age, 400 IU (10 mcg) in adults 

51‒69, and at least 600 IU (15 mcg) in those >70.31,34 

These guidelines have now been revised and it is cur-

rently believed that the amount of vitamin D that 

should be taken daily is 2,000 IU (50 mcg) or, in cer-

tain cases (e.g., for pregnant women), up to 4,000 IU 

(100 mcg).31,34 

Recently, a systematic review of the literature 

aimed to explore the relationship between serum vita-

min D levels and periodontal disease.50 This review 

identified 365 studies and analyzed 24 of them.50 

Seven studies fulfilled the inclusion criteria; among 

them, four showed the effect of vitamin D and its me-

tabolites on periodontal health or disease.50 One inter-

ventional study suggested the proposed antiinflamma-

tory role of vitamin D. Two cross-sectional studies 

failed to show a relationship between periodontal dis-

ease and vitamin D deficiency.50 The authors there-

fore concluded that, although some data support a pro-

tective role for vitamin D in healing of periodontium 

and bone, the effect of serum vitamin D levels on per-

iodontal status remains controversial.50 

In 2016, we published the first clinical study that 

retrospectively evaluated the association between low 

serum vitamin D and EDIF in a large number (822) of 

patients.48 In that study, we found 9 early failures 

(9/394 patients, 2.2%) in subjects with serum levels 

of vitamin D >30 ng/mL, 16 early failures (16/406 pa-

tients, 3.9%) in subjects with levels between 10 and 

30 ng/mL, and 2 early failures (2/22 patients, 9.0%) 

in subjects with levels <10 ng/mL.48 Accordingly, 

even though we failed to demonstrate a statistically 

significant connection between low serum levels of 

vitamin D and EDIF, we did find a dramatic increase 

in early failures associated with low vitamin D levels 

in the blood.48 The design of that study had several 

advantages. First, it restricted the analysis to “early 

implant failures” (failures in the first healing period, 

i.e., within 4 months after the submerged placement 

of dental implants). For this reason, confounding fac-

tors such as the prosthesis and the prosthetic load, 

which can affect the survival and success of a dental 

implant, were automatically excluded.48 Moreover, in 

that study, only one implant brand (with the same 

thread design and the same macro- and micro-surface 

topography) was used, installed by the same expert 

operator, under the same surgical protocol.48 It is 

known that implant survival and the success of osse-

ointegration depend on several factors: from the sur-

gical‒prosthetic protocols,4-8 to the experience and 

skill of the operator,5 to the materials used (implant 

design and surface),9,10,12,13 and, obviously, to the pa-

tient’s condition.5,6,11 By eliminating the confounding 

factors related to the surgical protocols, the operator 

and the materials, it is possible to focus more attention 

on the influence of the patient’s condition, which is a 

key factor.6 The analysis of the patient’s condition is 

influenced by local (specifically related to the site re-

ceiving the implant, such as bone quality and quan-

tity) and systemic factors (i.e., systemic diseases that 

may contraindicate the placement of dental im-

plants).5,6,11 In the aforementioned study,48 therefore, 

the only confounding factor could be the local one, 

namely different bone quality/quantity in different pa-

tients. However, in order to limit this bias, in the in-

clusion criteria we excluded all the patients who had 

undergone regenerative bone surgery procedures be-

fore implant placement (to circumscribe the field to 

native bone).48 Moreover, patients with systemic pa-

thologies (such as uncontrolled diabetes mellitus, im-

munodeficient states or bleeding disorders) or those 

who underwent radiotherapy and chemotherapy treat-

ments were excluded from that study.48 

The present retrospective study on 885 patients rep-

resents the development of the aforementioned study 

published in 201648 and seems to confirm the evi-

dence that previously emerged. In fact, a rather low 

incidence of failure (12/410 patients, 2.9%) was re-

ported in patients with satisfactorily high serum levels 

of vitamin D (>30 ng/mL). The incidence of early fail-

ures almost doubled (20/448 patients, 4.4%) in the 

group of patients with insufficient serum levels of vit-

amin D (10–30 ng/mL), and was almost four times 

higher in patients with serious vitamin D deficiency 

in the blood (<10 ng/mL), who had an early failure 

rate of 11.1% (3/27 patients). Once again, the study 

showed a tendency for EDIFs to increase in patients 

with vitamin D–deficient states in the blood, although 
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the difference between the three groups (P=0.105) 

was not statistically significant. This result is particu-

larly interesting and, by itself, could suggest that the 

operator should prescribe patients an oral vitamin D 

supplement in the weeks leading up to the interven-

tion, in order to increase serum values of vitamin D. 

This is also valid considering that, in patients in whom 

early implant failure occurred, the mean vitamin D se-

rum level was 25.4 ng/mL (±12.6; median=24; 

range=8‒55; 95% CI: 21.2‒29.5) versus a mean vita-

min D level of 29.5 ng/mL in the overall population 

of enrolled patients. These levels are lower than the 

ideal ones, and in this sense supplementation might be 

indicated to restore adequate levels of vitamin D in 

the blood. 

Obviously, our present study has some limitations. 

First, the design is retrospective, and, as is well 

known, this represents an intrinsic limitation because 

the best design for drawing more conclusions from a 

scientific work is certainly the prospective one. Un-

fortunately, no prospective studies—nor any random-

ized controlled trials—are available on this topic.47,48 

In the present study, the number of patients having se-

vere deficiency of vitamin D (<10 ng/mL) is rather 

low, to the point that the presence of only one more 

failure in this category would have constituted a sta-

tistically significant difference among the three 

groups. Moreover, this study did not investigate the 

effects of bone quality and, if subjects with low levels 

of vitamin D were also likely to receive more than one 

implant, their risk of being classified as “failures” 

might have increased. And finally, the statistical anal-

ysis employed here is rather simple; a more detailed 

statistical analysis would be more appropriate, not 

only to replicate our results, but also to investigate the 

correlations between variables and the effects on the 

final outcome. 

In conclusion, more clinical trials with a prospective 

design and appropriate statistical analysis are needed, 

to confirm whether or not a relation between low se-

rum levels of vitamin D and an increased rate of EDIF 

exists. It would also be interesting to investigate in 

subsequent scientific studies whether vitamin D sup-

plementation in the weeks leading up to surgery can 

reduce the incidence of EDIFs.  

Conclusion 

The relationship between serum levels of vitamin D 

and osseointegration of dental implants has been ap-

proached in very few studies, most of them in animals. 

These studies have suggested that adequate serum lev-

els of vitamin D can enhance the healing of peri-im-

plant bone tissue. Our present retrospective clinical 

study aimed to investigate whether there is a correla-

tion between low serum levels of vitamin D and 

EDIF. In 885 patients who had been treated with 

1,740 fixtures, 35 EDIF (3.9%) were reported. No sta-

tistically significant correlation was found between 

EDIF and patients' gender (P=0.998), age (P=0.832), 

smoking habit (P=0.473), history of periodontal dis-

ease (P=0.386), and/or vitamin D serum levels 

(P=0.105). However, a clear trend toward an in-

creased incidence of EDIF with lowering of serum 

vitamin D levels was reported, with three EDIFs 

(11.1%) in the 27 patients with serum levels of vita-

min D<10 ng/mL, 20 EDIFs (4.4%) in the 448 pa-

tients with levels between 10 and 30 ng/mL, and 12 

EDIFs (2.9%) in the 410 patients with levels >30 

ng/mL. In cases where a correlation between low se-

rum levels of vitamin D and increased risk of EDIF is 

proved, the clinician could administer a dose of vita-

min D in the weeks before surgery. In this way, the 

clinician could regulate the serum levels and help in-

crease the healing process. Obviously, prospective 

clinical studies and randomized controlled trials are 

needed to demonstrate a significant correlation be-

tween low serum levels of vitamin D and increased 

risk of EDIF, and thus prove that vitamin D supple-

mentation can promote the osseointegration of dental 

implants.  
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39. Dvorak G,Fügl A, Watzek G, Tangl S, Pokorny P, Gruber R. 

Impact of dietary vitamin D on osseointegration in the ovar-

iectomized rat. Clin Oral Implants Res. 2012, 23, 1308–1313.  

doi: 10.1111/j.1600-0501.2011.02346. 

40. Zhou C, Li Y, Wang X, Shui X, Hu J. 1,25Dihydroxy vitamin 

D improves titanium implant osseointegration in osteopo-

rotic rats. Oral Surg Oral Med Oral Pathol Oral Radiol. 2012; 

114, 174–178. doi: 10.1016/j.oooo.2011.09.030 

41. Wu Y, Yu T, Yang X. Vitamin D3 and insulin combined 

treatment promotes titanium implant osseointegration in dia-

betes mellitus rats. Bone. 2013, 52, 1–8. doi: 

10.1016/j.bone.2012.09.005. 

42. Liu W, Zhang S, Zhao D,Zou H, Sun N, Liang X, Dard 

M, Lanske B, Yuan Q. Vitamin D supplementation enhances 

the fixation of titanium implants in chronic kidney disease 

mice. Plos One. 2014. 9 (4): e95689. doi:  10.1371/jour-

nal.pone.0095689 

43. Naito Y, Jimbo R, Bryington M.  Vandeweghe 

S.; Chrcanovic B.R.; Tovar N.; Ichikawa T.; Paulo 

G.C.; Wennerberg A. The influence of 1𝛼.25-dihydroxyvita-

min D3 coating on implant osseointegration in the rabbit 

tibia. J Oral Maxillofac Res 2014;5 (3):e3. doi: 

10.5037/jomr.2014.5303 

44. Salomo-Coll O, Mate-Sanchez de Val J, Ramirez- Fernandez 

M, Hernandez-Alfaro F, Gargallo-Albiol J,Calvo-Guirado J. 

Topical applications of vitamin D on implant surface for 

bone-to-implant contact enhance: a pilot study in dogs part 

II. Clin Oral Implants Res. 2016; 27 (7): 896–903. doi: 

10.1111/clr.12707. 

45. Alvim-Pereira F, Montes CC, Thome G, Olandoski M, Tre-

vilatto PC. Analysis of association of clinical aspects and vit-

amin D receptor gene polymorphism with dental implant 

loss. Clin Oral Implants Res, 2008; 19 (8): 786–795.  doi: 

10.1111/j.1600-0501.2008.01532.x. 

46. Schulze-Spate U, Dietrich T, Wu C, Wang K, Hasturk H, 

Dibart S. Systemic vitamin D supplementation and local 

bone formation after maxillary sinus augmentation—a ran-

domized, double-blind, placebo-controlled clinical investiga-

tion. Clin Oral Implants Res. 2016; 27 (6): 701–706. doi: 

10.1111/clr.12641. 

47. Fretwurst T, Grunert S, Woelber JP, Nelson K, Semper-Hogg 

W. Vitamin D deficiency in early implant failure: two case 

reports. Int J Implant Dent. 2016; 2 (1): 24.  doi 

10.1186/s40729-016-0056-0 

48. Mangano F, Mortellaro C, Mangano N, Mangano C. 

Is Low Serum Vitamin D Associated with Early Dental Im-

plant Failure? A Retrospective Evaluation on 1625 Implants 

Placed in 822 Patients. Mediators Inflamm. 2016; 2016: 

5319718. doi10.1155/2016/5319718 

49. Bryce G, MacBeth N.  Vitamin D deficiency as a suspected 

causative factor in the failure of an immediately placed dental 

implant: a case report. Journal of the RoyalNaval Medical 

2014; 100 (3), 328–332. 

50. Peric M, Cavalier E, Toma S, Lasserre JF. Serum vitamin 

D levels and chronic periodontitis in adult, Caucasian popu-

lation-a systematic review. J Periodontal 

Res. 2018;53(5):645-656. doi: 10.1111/jre.12560. 

 

https://www.ncbi.nlm.nih.gov/pubmed/29590347
https://www.ncbi.nlm.nih.gov/pubmed/29590347
https://www.ncbi.nlm.nih.gov/pubmed/29590347
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trochoutsou%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=25985946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kloukina%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25985946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Samitas%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25985946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xanthou%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25985946
https://www.ncbi.nlm.nih.gov/pubmed/25985946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Low+vitamin+D+status+strongly+associated+with+periodontitis+in+Puerto+Rican+adults
https://www.ncbi.nlm.nih.gov/pubmed/24119980
https://doi.org/10.1007/s00198-003-1390-7
https://www.ncbi.nlm.nih.gov/pubmed/29749981
https://www.ncbi.nlm.nih.gov/pubmed/29749981
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bjelakovic%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24414552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gluud%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=24414552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nikolova%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24414552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whitfield%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24414552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Whitfield%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24414552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wetterslev%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24414552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simonetti%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=24414552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bjelakovic%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24414552
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gluud%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24414552
https://www.ncbi.nlm.nih.gov/pubmed/24414552
https://www.ncbi.nlm.nih.gov/pubmed/29263735
https://www.ncbi.nlm.nih.gov/pubmed/29263735
https://www.ncbi.nlm.nih.gov/pubmed/26886807
https://www.ncbi.nlm.nih.gov/pubmed/26886807
https://www.ncbi.nlm.nih.gov/pubmed/28030966
https://www.ncbi.nlm.nih.gov/pubmed/28030966
https://www.ncbi.nlm.nih.gov/pubmed/28030966
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zou%20H%5BAuthor%5D&cauthor=true&cauthor_uid=24752599
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24752599
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24752599
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dard%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24752599
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dard%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24752599
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lanske%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24752599
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=24752599
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vandeweghe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25386230
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vandeweghe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25386230
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chrcanovic%20BR%5BAuthor%5D&cauthor=true&cauthor_uid=25386230
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tovar%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25386230
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ichikawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25386230
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paulo%20G%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25386230
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paulo%20G%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25386230
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wennerberg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25386230
https://www.ncbi.nlm.nih.gov/pubmed/27888492
https://www.ncbi.nlm.nih.gov/pubmed/27888492
https://doi.org/10.1186/s40729-016-0056-0
https://www.ncbi.nlm.nih.gov/pubmed/27738389
https://www.ncbi.nlm.nih.gov/pubmed/27738389
https://www.ncbi.nlm.nih.gov/pubmed/27738389
https://doi.org/10.1155/2016/5319718
https://www.ncbi.nlm.nih.gov/pubmed/29858878
https://www.ncbi.nlm.nih.gov/pubmed/29858878

