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ABSTRACT

Objectives: Lack of vitamin D can reduce the bone density around the implant which will increase the rate of 
early implant failure by 300%. Acceptable level of vit. D is very important for proper healing of the patient 
especially after placing the implant. 

Materials and Methods: This clinical study was carried out in the department of Oral and Maxillofacial Sur-
gery, Altamash Institute of Dental Medicine, Karachi on thirty healthy individuals with age between 25 to 45 
years, who needed only one dental implant. The patients were classifi ed into group I (>30ng/ml) and group 
II (<20 ng/ml) on the basis of serum vitamin D level. The implant stability (ISQ) was determined at the start 
than 3 months and 6 months intervals by resonance frequency analysis. Crestal bone level and peri-implant 
bone density was estimated by CBCT scanning.

Results: Both groups showed improvements in terms of implant stability during the course of the study pe-
riod, but vitamin D-suffi  cient subjects showed higher ISQ values and better crestal bone support and bone 
density round implants compared to vitamin D-defi cient subjects. The observed diff erences were statistically 
signifi cant (p < 0.05).

Conclusion: Suffi  cient levels of vit. D aff ect osteointegration & success rates of implants in a positive way.
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INTRODUCTION

Dental implants constitute a very viable method 
in restorative dentistry, off ering secure and aestheti-
cally pleasing tooth replacements with high rates of 
success at around 95 percent. However, failure owing 
to inadequate osseointegration remains a source of 

worry. Osseointegration refers to the process of for-
mation of a biological bond among live bone tissue 
and the implant, being essential for the sustainability 
of dental implants. Recent research suggests that 
the health of the body plays a considerable role in 
osseointegration, and especially the signifi cance of 
Vitamin D as a vital mineral1.

The process of osseointegration involves a 
working ankylosis in which BIC occurs through the 
fusion of newly formed bone with the foreign sub-
stance. Vitamin D is known to aff ect bone growth 
and lack of it is associated with diseases such as 
periodontitis, loss of teeth and poor wound healing. It 
stimulates absorption of calcium and phosphate from 
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Altamash Institute of Dental Medicine, Karachi. Eth-
ical approval and informed consent were obtained. 

Participants and Sample Selection: 30 system-
ically healthy patients aged 25 45 years requiring 
single dental implants were enrolled. Serum 25(OH)
D was measured using chemiluminescence immu-
noassay; >30 ng/mL classifi ed as normal (Group 1) 
and <20 ng/mL as defi cient (Group 2).

Sample Size Calculation

The sample size was calculated using G*Power 
software. The calculation was based on the primary 
outcome, implant stability quotient (ISQ), compar-
ing two independent groups. A two-tailed test with 
a signifi cance level (α) of 0.05, statistical power of 
80%, and an allocation ratio of 1:1 was used. Based 
on the assumed eff ect size, the required sample size 
was 30 participants, with 15 participants allocated 
to each group.

Inclusion Criteria: 

• Age 25- 45 years

• Adequate bone volume for implant placement

• Good oral hygiene

• Non-smokers;

• Consented to participate.

Exclusion Criteria: 

• Uncontrolled systemic disease (e.g., diabetes, 
osteoporosis) 

• Current corticosteroid or bisphosphonate ther-
apy 

• Pregnancy or lactation

• Recent bone graft at implant site

• Chronic local infection.

Implant Procedure: Standard two-stage protocol 
with implants placed under local anesthesia follow-
ing manufacturer torque guidelines. Postoperative 
antibiotics and chlorhexidine were prescribed. Pros-
thetic loading after uncovering at 3 months.

Outcome Measures: Primary outcome: Implant 
stability (ISQ) via resonance frequency analysis at 
baseline, 3 and 6 months. Crestal bone level and bone 
density measured on CBCT

the intestines2. Vit. D plays a crucial part in dental 
implant osseointegration by infl uencing immune 
modulation and bone metabolism. While historically, 
the focus has been on implant materials, design, and 
surgical techniques to enhance success rates, the 
direct bone-to-implant interface is vital for implant 
stability and longevity. This method is aff ected by 
both local factors, including surgical methods and 
implant characteristics, as well as systemic factors 
like the hosts bone quality immunological response, 
and overall health3. A higher incidence of delayed 
union is linked to vitamin D insuffi  ciency during 
trauma, according to human research. Furthermore, 
even though the signifi cance of VDRs in inter-organ 
interaction involving skeletal, neurological, & bone 
marrow organs has been extensively explored, more 
research is needed4.

Studies indicate that vitamin D3 defi ciency prev-
alence ranges from 20% to 90% in the Middle East, 
Europe, and the USA, aff ecting both developed and 
developing nations. A substantial body of research 
links vitamin D3 insuffi  ciency to autoimmune dis-
eases, diabetes, cardiovascular, and renal disorders. 
Recent evidence suggests that this defi ciency may 
also negatively impact mineral metabolism in young 
and middle-aged individuals previously not consid-
ered at risk for osteoporosis5.

Society recognition of vitamin D has signifi cant-
ly raised due to the global frequency of vitamin D 
defi ciency (VDD), which is concerning for general 
health, particularly regarding children, pregnancy, 
cancer risk, and infection prevention6-9.

The presence of Vit. D is crucial for maintaining 
not only for keeping the bone healthy but also for 
the restoration of the tissue after the dental implant 
procedure. Although further studies need to be 
conducted to establish how eff ective this vitamin 
can be,  the use of Vit. D in patients defi cient in this 
nutrient can help implants work better. Also, some 
patient-related factors, such as smoking and poorly 
controlled diabetes, have already been identifi ed as 
contributing to the implant failure and recently the 
lack of Vit. D  has been added to the list.

MATERIALS AND METHODS

Study Design and Setting: Randomized con-
trolled clinical trial carried out by the researcher at 
the Department of Oral and Maxillofacial Surgery, 
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Statistical Analysis: Data were processed by the 
means of SPSS v. 25.0. Continuous variables such as  
ISQ, crestal bone level, and peri-implant bone den-
sity were presented in the form of  mean ± standard 
deviation (SD). The normality of distribution of data 
was tested prior to analysis.

To evaluate changes over time and diff erences 
between the two groups, repeated measures ANOVA 
was applied. When statistically signifi cant diff er-
ences were detected, post-hoc Tukey tests were per-
formed to identify specifi c cluster changes. A p-value 
< 0.05 was considered statistically signifi cant.

RESULT

Results from ANOVA indicated significant 
improvement in implant stability over time in both 
groups (p < 0.001). Intergroup comparison revealed 
signifi cantly higher ISQ scores in the vitamin D 
suffi  cient group after both three and six months (p 
= 0.018)

Repeated measures ANOVA indicated signifi -
cant crestal bone loss over time for both groups (p < 
0.05). Notably, the vitamin D defi cient group experi-
enced greater bone loss at three and six months, with 
a signifi cant diff erence involving clusters (p = 0.032).

The statistical analysis indicated that vitamin D 
status signifi cantly infl uences peri-implant healing 
and osseointegration. Patients with adequate vit. D 
levels demonstrated:

Higher implant stability values

Greater increase in peri-implant bone density

Less crestal bone loss

These diff erences were statistically signifi cant 
(p < 0.05).

DISCUSSION

The study describes an important  association 

Table 1: Implant stability was considered utilizing reso-
nance frequency analysis (ISQ) at baseline, three and six 

months.

Time Interval
Group I (>30 ng/

mL)
Group II (<20 ng/

mL)

Baseline 65.2 ± 3.8 63.4 ± 4.1

3 Months 71.6 ± 3.2 67.8 ± 3.9

6 Months 75.9 ± 2.7 71.3 ± 3.4

between the levels of vit. D levels and peri-implant 
bone healing outcomes. Patients having adequate 
level of vit. D demonstrated an increase rate of 
implant stability (high ISQ value) during a period 
of 6 months when compared to patients with low 
levels of Vit. D, indicating the importance of Vit. 
D in promoting the bone remodeling. There was a 
decrease in crestal bone in both the groups, however, 
the group with low level of Vit. D lost more bone 
level, showing the protective eff ect of Vit. D on bone 
level maintenance.In this regard, it is important to 
highlight the possible eff ects of proper pre-implant 
vitamin D status to improve healing processes and 
results. Regarding vitamin D supplementation, one 
may refer to such research works as by Flanagan et 
al10 and Fretwurst11 where positive results are ob-
tained, showing the worth of regulating the level of 
Vit. D to achieve good implant results. It should be 
noted that diff erent techniques of Vit. D supplemen-
tation were used in the mentioned articles. According 
to Kwiatek et al12, the level of Vit. D increased to 33.1 
ng/mL from 23.9 ng/mL in 12 weeks after surgery. 
Additionally, Flanagan et al10 employed Vit. D3 
supplements together with other treatments. Thus, 
one patient in the study by Fretwurst et al11 had a 
considerable improvement in his Vit. D levels which 
reached to 46 μg/L.

The studies13,14 on vitamin D supplementation's 
eff ect on osseointegration in diabetic rats found no 
signifi cant diff erences in bone-implant contact (BIC) 
and new bone production involving supplemented 
and non-supplemented groups. However, when vita-
min D and insulin were co-administered, the treated 
diabetic rats showed signifi cantly higher BIC and 
bone area (BA) compared to untreated rats, similar 

Table 2: Crestal bone level was evaluated using CBCT 
scans at baseline, six months, and three months.

Time Interval Group I Group II

Baseline 0 mm 0 mm

3 Months 0.36 ± 0.18 mm 0.58 ± 0.22 mm

6 Months 0.71 ± 0.24 mm 1.08 ± 0.31 mm

Table 3: Peri-implant bone density was assessed using 
CBCT grey scale values (HU equivalent).

Time Interval Group I Group II

Baseline 712 ± 85    684 ± 92

3 Months 768 ± 88   715 ± 90

6 Months 826 ± 90   741 ± 87
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to healthy controls.according to Nastri L et al15,16.  
Vitamin D improves resistance to bacterial infections 
and aids healing around dental implants, promoting 
secondary stability. However, some studies, includ-
ing those by Alsulaimani L. et al17, found no clear 
link to vitamin D levels, suggesting other factors 
like smoking and poor bone restoration contribute 
to early implant loss.

Implant failures in two clinical cases have been 
found to occur due to the presence of vit. D defi cien-
cy in three patients. Paz et al1 reported an increased 
risk of early implant rejection in patients with low 
serum vitamin D3 levels. Studies conducted on 
human subjects have shown that suffi  cient concen-
tration of vit. D is correlated with improved rate of 
osseointegration of dental implants18. The presence 
of suffi  cient amounts of vit. D is required for proper 
osseointegration because of case studies by Sundar 
et al18 and Flanagan et al19 on the primary catastro-
phe of implants in vit. D defi cient individuals that 
resolved after treatment. According to Burt et al20

individuals with low serum levels of vit. D are at 
threat of primary failure of dental implants but vita-
min D supplementation promotes bone development.

LIMITATION

Our study's limitation was that it was limited to 
a specifi c geographic area and only included patients 
who reported to a certain hospital.

CONCLUSION 

Within the limitations of this study, it is clear 
that the status of Vit. D aff ects the healing of implant 
and the peri-implant bone response. Patients with 
suffi  cient Vit. D levels showed more stable implants, 
increased bone density, and less crestal bone loss 
than those with inadequate vitamin D. Based on 
these results, the assessment of Vit. D levels before 
the insertion of implant may contribute to improved 
clinical outcomes. 

REFERENCES

1. Paz A, Stanley M, Mangano FG, Miron RJ. Vitamin 
D defi ciency and early implant failure: outcomes from 
a pre-surgical supplementation program on vitamin D 
levels and antioxidant scores. Oral health & preventive 
dentistry. 2021 Sep 30;19:b2082063. 

2. Werny JG, Sagheb K, Diaz L, Kämmerer PW, Al-Nawas 
B, Schiegnitz E. Does vitamin D have an eff ect on os-
seointegration of dental implants? A systematic review. 

Int J Implant Dent. 2022 Apr 11;8(1):16. doi: 10.1186/
s40729-022-00414-6.

3. Miron RJ, Estrin NE, Paz A, Gruber R, Farshidfar N, 
Zhang Y, et al. Relationship between vitamin D defi -
ciency and early implant failure and osseointegration. 
J Periodontal Res. 2025 Oct 30.

4. Markopoulos G, Lepetsos P, Perrea D N, et al. (April 26, 
2021) Possible Roles of Vitamin D in Bone Grafting. 
Cureus 13(4): e14688  doi:10.7759/cureus.14688

5. Diachkova E, Skachkova M, Zhilkov Y, Kerimov M, 
Tarasenko S, Babkova A, Zhukova N, Bokareva S, 
Taschieri S, Corbella S. Dental implants rehabilitation 
in patients with vitamin D imbalance: a randomized 
controlled trial. Applied Sciences. 2025;15(17):9490. 
doi.org/10.3390/app15179490

6. Botelho J, Machado V, Proença L, Delgado AS, Mendes 
JJ. Vitamin D Defi ciency and Oral Health: A Compre-
hensive Review. Nutrients. 2020 May 19;12(5):1471. 
doi: 10.3390/nu12051471.

7. Holick M.F., Chen T.C. Vitamin D deficiency: A 
worldwide problem with health consequences. Am. 
J. Clin. Nutr. 2008;87:1080–1086. doi: 10.1093/
ajcn/87.4.1080S. 

8. Turck D., Bresson J.L., Burlingame B., Dean T., Fair-
weather-Tait S., Heinonen M., Hirsch-Ernst K.I., Man-
gelsdorf I., McArdle H.J., Naska A., et al. Update of the 
tolerable upper intake level for vitamin D for infants. 
EFSA J. 2018;16:1–118. doi: 10.2903/j.efsa.2018.5365

9. Lanham-New S.A., Wilson L.R. Vitamin D—Has the 
new dawn for dietary recommendations arrived? Nutr. 
Bull. 2016;41:2–5

10. Flanagan D., Mancini M. Bimaxillary full arch fi xed 
dental implant supported treatment for a patient with 
renal failure and secondary hyperparathyroidism and 
osteodystrophy. J. Oral Implantol. 2015;41:e36–e43. 
doi: 10.1563/AAID-JOI-D-13-00188.

11. Fretwurst T., Grunert S., Woelber J.P., Nelson K., Sem-
per-Hogg W. Vitamin D defi ciency in early implant fail-
ure: Two case reports. Int. J. Implant. Dent. 2016;2:24. 
doi: 10.1186/s40729-016-0056-0. 

12. Kwiatek J., Jaroń A., Trybek G. Impact of the 25-Hy-
droxycholecalciferol Concentration and Vitamin D 
Defi ciency Treatment on Changes in the Bone Level at 
the Implant Site during the Process of Osseointegration: 
A Prospective, Randomized, Controlled Clinical Trial. 
J. Clin. Med. 2021;10:526. doi: 10.3390/jcm10030526

13. Wu Y, Yu T, Yang X, Li F, Ma L, Yang Y. Vitamin D3 
and insulin combined treatment promotes titanium im-
plant osseointegration in diabetes mellitus rats. Bone. 
2013;52(1):1–8. doi: 10.1016/j.bone.2012.09.005.

14. Akhavan A, Noroozi Z, Shafi ei AA, Haghighat A, Jahan-
shahi GR, Mousavi SB. The eff ect of vitamin D supple-



35

Infl uence of vitamin d status on osseointegration and implant.....

J Khyber Coll Dent, Sep 2026, Vol. 16, No. 3

mentation on bone formation around titanium implants 
in diabetic rats. Dent Res J (Isfahan) 2012;9(5):582–587. 
doi: 10.4103/1735-3327.104877.

15. Nastri L, Moretti A, Migliaccio S, Paoletta M, Annunzi-
ata M, Liguori S, Toro G, Bianco M, Cecoro G, Guida L, 
Iolascon G. Do Dietary Supplements and Nutraceuticals 
Have Eff ects on Dental Implant Osseointegration? A 
Scoping Review. Nutrients. 2020 Jan 20;12(1):268. doi: 
10.3390/nu12010268.

16. Öztekin A, Öztekin C. Vitamin D levels in patients with 
recurrent aphthous stomatitis. BMC Oral Health. 2018 
Nov 9;18(1):186. doi: 10.1186/s12903-018-0653-9.

17. Diachkova, Ekaterina & Tarasenko, S.V. & Fadeev, V.V. 
& Vasil'ev, Yuriy & Kipriianov, E.E. & Vorozheykina, 
V.S. & Makeeva, E.Yu & Kuznetsov, A.I.. (2022). Anal-
ysis of the results of dental implantation according to 
a survey of dentists on the example of some regions of 

the Russian Federation. Клиническая стоматология. 
25. 32-37. 10.37988/1811-153X_2022_3_32.

18. Sundar R, Bhagavandas Rai A, Naveen Kumar J, 
Devang Divakar D. The role of Vitamin D as an adjunct 
for bone regeneration: A systematic review of literature. 
Saudi Dent J. 2023 Mar;35(3):220-232. doi: 10.1016/j.
sdentj.2023.02.002

19. Flanagan D, Mancini M. Bimaxillary full arch fi xed 
dental implant supported treatment for a patient with 
renal failure and secondary hyperparathyroidism and os-
teodystrophy. J Oral Implantol. 2015 Apr;41(2):e36-43. 
doi: 10.1563/AAID-JOI-D-13-00188.

20. Burt LA, Billington EO, Rose MS, Raymond DA, 
Hanley DA, Boyd SK. Eff ect of High-Dose Vitamin D 
Supplementation on Volumetric Bone Density and Bone 
Strength: A Randomized Clinical Trial. JAMA. 2019 
Aug 27;322(8):736-745. doi: 10.1001/jama.2019.11889.

AUTHORS’ CONTRIBUTION

The following authors have made substantial contributions to the manuscript as under: 

Conception or Design:  SUS, MS, TK, AMH, RMD, MIM

Acquisition, Analysis or Interpretation of Data: SUS, MS, TK, AMH, RMD, MIM

Manuscript Writing & Approval:  SUS, MS, TK, AMH, RMD, MIM

All the authors agree to be accountable for all aspects of the work in ensuring that questions related to 
the accuracy or integrity of any part of the work are appropriately investigated and resolved.

CONFLICT OF INTEREST
Authors declare no confl ict of interest.

GRANT SUPPORT AND FINANCIAL DISCLOSURE
None declared.

Saeed Ullah Shah, et al. This is an Open Access article distributed under the terms of the Creative Commons 

Attribution-NonCommercial 4.0 International License, which permits unrestricted use, distribution & reproduction 

in any medium provided that original work is cited properly.


