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Abstract: Vitamin D and calcium are pivotal in maintaining bone health and modulating immune 

responses, making them essential factors in the context of peri-implant health and disease. This 

comprehensive review delves into the intricate relationship between vitamin D/calcium deficiency 

and peri-implantitis, examining the multifaceted mechanisms, clinical implications, and 

therapeutic considerations involved. Deficiencies in vitamin D and calcium disrupt bone 

metabolism, compromising osseointegration and predisposing individuals to peri-implant bone 

loss. Additionally, inadequate levels of these nutrients can impair immune function, leading to 

heightened inflammatory responses and exacerbating tissue destruction around dental implants. 

Understanding the interplay between vitamin D/calcium status and peri-implantitis is critical for 

optimizing treatment outcomes and preserving implant longevity. This review aims to provide 

valuable insights into the complex interactions between nutrient deficiencies and peri-implant 

health, informing clinicians and researchers alike in their efforts to enhance patient care and 

implant success. 
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1. Introduction: 

The success of dental implant therapy relies heavily on the health of the peri-implant tissues, 

including the surrounding bone and soft tissues. While numerous factors influence peri-implant 

health, emerging research suggests that nutritional status, particularly the levels of vitamin D and 

calcium, may significantly impact the outcomes of implant treatment. Vitamin D and calcium play 

integral roles in bone metabolism, immune function, and wound healing, making them essential 

nutrients for maintaining the integrity of peri-implant tissues. 
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This introduction sets the stage for a comprehensive exploration of the relationship between 

vitamin D/calcium deficiency and peri-implantitis. It highlights the significance of understanding 

how nutritional deficiencies can influence implant success and complications, thereby informing 

clinical practice and patient care. By elucidating the potential mechanisms and clinical 

implications of vitamin D/calcium deficiency in peri-implantitis, this review aims to provide 

valuable insights for clinicians and researchers alike, guiding efforts to optimize treatment 

outcomes and preserve implant longevity. 

2. The Impact of Vitamin D and Calcium Deficiency on Peri-Implantitis: A 

Comprehensive Review 

2.1 Mechanisms Underlying the Relationship: 

Vitamin D and calcium play crucial roles in bone metabolism and immune function, influencing 

the integrity of peri-implant tissues. Mechanistically, vitamin D regulates calcium absorption and 

promotes bone mineralization, essential processes for maintaining peri-implant bone density and 

osseointegration. Moreover, vitamin D modulates immune responses, regulating inflammation and 

enhancing host defense mechanisms against microbial challenges around dental implants. 

Calcium, as a key structural component of bone, directly impacts peri-implant osseointegration 

and bone remodeling processes. Deficiencies in vitamin D and calcium disrupt these mechanisms, 

predisposing individuals to impaired bone healing, compromised immune function, and increased 

susceptibility to peri-implantitis. 

2.2 Clinical Implications: 

The clinical implications of vitamin D and calcium deficiency in peri-implantitis are profound, 

influencing treatment outcomes and long-term implant success. Patients with inadequate vitamin 

D/calcium levels may exhibit delayed osseointegration, increased peri-implant bone loss, and 

heightened inflammatory responses, leading to implant failure and complications. Furthermore, 

vitamin D/calcium deficiency may exacerbate existing risk factors for peri-implantitis, such as 

smoking, diabetes, and poor oral hygiene, further compromising peri-implant tissue health and 

treatment outcomes. 

2.3 Therapeutic Considerations: 

Addressing vitamin D and calcium deficiency is paramount in the management of peri-implantitis, 

requiring tailored therapeutic interventions to optimize peri-implant tissue health and implant 

longevity. Therapeutic considerations may include: 

• Nutritional supplementation: Administering vitamin D and calcium supplements to correct 

deficiencies and promote bone health in peri-implantitis patients. 

• Lifestyle modifications: Encouraging sun exposure, dietary changes, and physical activity 

to enhance vitamin D synthesis and calcium absorption. 

• Pharmacological interventions: Utilizing medications such as bisphosphonates or 

parathyroid hormone analogs to support bone metabolism and mitigate peri-implant bone 

loss. 



• Multidisciplinary collaboration: Collaborating with endocrinologists, nutritionists, and 

other healthcare professionals to develop holistic treatment plans addressing both systemic 

and local factors contributing to peri-implantitis. 

By addressing the underlying mechanisms, clinical implications, and therapeutic considerations of 

vitamin D and calcium deficiency in peri-implantitis, clinicians can optimize treatment outcomes 

and improve the long-term success of dental implant therapy in affected individuals. 

Vitamin D and Calcium: Roles in Bone Metabolism and Immune Function 

Vitamin D and calcium are essential nutrients with pivotal roles in maintaining skeletal health and 

modulating immune responses. In bone metabolism, vitamin D plays a critical role in regulating 

calcium absorption from the gastrointestinal tract, ensuring adequate mineralization of bone tissue. 

Through its active metabolite, calcitriol, vitamin D promotes osteoblast activity and mineral 

deposition, facilitating bone formation and remodeling processes. Calcium, as a fundamental 

component of bone matrix, provides structural support and strength to skeletal tissues, contributing 

to bone density and integrity. 

Beyond their effects on bone metabolism, vitamin D and calcium exert significant influences on 

immune function, orchestrating innate and adaptive immune responses. Vitamin D receptors are 

expressed in various immune cells, including monocytes, macrophages, and T lymphocytes, 

suggesting a direct role for vitamin D in immune regulation. Calcitriol modulates immune cell 

proliferation, cytokine production, and antigen presentation, promoting immune tolerance and 

suppressing inflammatory responses. Additionally, calcium signaling pathways are integral to 

immune cell activation, migration, and effector functions, highlighting the interplay between 

calcium homeostasis and immune function. 

In summary, vitamin D and calcium play indispensable roles in bone metabolism and immune 

function, exerting synergistic effects on skeletal health and host defense mechanisms. 

Understanding the intricate interplay between these nutrients and peri-implant health is essential 

for optimizing treatment outcomes and preserving implant longevity in patients undergoing dental 

implant therapy. By addressing vitamin D and calcium status as part of comprehensive peri- 

implantitis management strategies, clinicians can enhance peri-implant tissue health and improve 

patient outcomes. 

Peri-Implantitis: Etiology, Risk Factors, and Pathogenesis 

Peri-implantitis is a complex inflammatory condition characterized by progressive soft and hard 

tissue destruction surrounding dental implants. Understanding its etiology, risk factors, and 

pathogenesis is crucial for effective prevention, early detection, and management of this condition. 

Etiology: Peri-implantitis has a multifactorial etiology, involving interactions between microbial, 

host, and environmental factors. Bacterial biofilm accumulation on implant surfaces is a primary 

trigger for peri-implant inflammation and tissue destruction. Pathogenic bacteria such as 

Porphyromonas gingivalis, Tannerella forsythia, and Treponema denticola have been implicated 

in peri-implantitis pathogenesis, forming complex microbial communities that evade host defenses 

and promote inflammatory responses. 



Risk Factors: Several factors increase the risk of peri-implantitis development and progression. 

Poor oral hygiene, inadequate plaque control, and smoking are significant risk factors, as they 

promote bacterial colonization and compromise host immune responses. Other predisposing 

factors include a history of periodontal disease, systemic conditions such as diabetes mellitus, 

genetic susceptibility, implant-related factors (e.g., surface characteristics, design), and anatomical 

considerations. 

Pathogenesis: The pathogenesis of peri-implantitis involves a cascade of inflammatory and 

immune responses triggered by microbial challenge and host factors. Bacterial biofilm 

accumulation initiates a host response characterized by the release of proinflammatory cytokines, 

chemokines, and matrix metalloproteinases, leading to tissue inflammation and breakdown. 

Activation of osteoclasts results in peri-implant bone resorption, leading to pocket formation, 

implant mobility, and ultimately, implant failure if left untreated. 

In summary, peri-implantitis is a multifaceted condition influenced by microbial, host, and 

environmental factors. Understanding its etiology, risk factors, and pathogenesis is essential for 

implementing preventive measures, early detection protocols, and tailored treatment approaches 

aimed at preserving peri-implant health and optimizing long-term implant success. 

Interplay Between Vitamin D/Calcium Deficiency and Peri-Implantitis 

5.1 Effects on Bone Density and Osseointegration: 

Vitamin D and calcium deficiency can compromise bone density and osseointegration around 

dental implants, leading to increased susceptibility to peri-implantitis. Adequate levels of vitamin 

D and calcium are essential for maintaining bone mineralization and integrity, facilitating the 

successful integration of implants into surrounding bone tissue. Deficiencies in these nutrients 

impair bone formation and remodeling processes, resulting in reduced bone density, delayed 

osseointegration, and decreased implant stability. Furthermore, vitamin D/calcium deficiency may 

impair angiogenesis and vascularization, further compromising tissue healing and osseointegration 

around dental implants. 

5.2 Influence on Inflammatory Responses and Tissue Destruction: 

Vitamin D and calcium deficiency can modulate inflammatory responses and exacerbate tissue 

destruction in peri-implantitis. Vitamin D plays a crucial role in regulating immune function and 

modulating inflammatory pathways, while calcium signaling influences immune cell activation 

and cytokine production. Deficiencies in vitamin D and calcium may lead to dysregulated immune 

responses, characterized by increased pro-inflammatory cytokine production, impaired 

phagocytosis, and compromised tissue repair mechanisms. Consequently, deficient individuals 

may exhibit heightened inflammatory responses and accelerated tissue destruction around dental 

implants, exacerbating peri-implantitis progression and complications. 

5.3 Clinical Manifestations and Treatment Outcomes: 

Vitamin D and calcium deficiency can influence the clinical manifestations and treatment 

outcomes of peri-implantitis. Clinically, deficient individuals may present with increased peri- 



implant pocket depths, bleeding on probing, suppuration, and radiographic evidence of peri- 

implant bone loss. Moreover, vitamin D/calcium deficiency may compromise the effectiveness of 

conventional peri-implantitis treatments, such as mechanical debridement, antimicrobial therapy, 

and surgical interventions. Poor bone quality and impaired tissue healing in deficient patients may 

hamper treatment success rates and increase the risk of implant failure and complications. 

In summary, vitamin D and calcium deficiency exert multifaceted effects on peri-implant health, 

influencing bone density, osseointegration, inflammatory responses, tissue destruction, clinical 

manifestations, and treatment outcomes in peri-implantitis. Recognizing the interplay between 

nutrient deficiencies and peri-implantitis is critical for developing tailored treatment approaches 

and optimizing implant outcomes in deficient individuals. Addressing vitamin D and calcium 

status as part of comprehensive peri-implantitis management strategies may improve treatment 

efficacy and long-term implant success rates. 

6.1 Prevention and Nutritional Support: 

Preventive measures and nutritional support are essential components of managing peri- 

implantitis in patients with vitamin D/calcium deficiency: 

• Education: Provide patient education on the importance of maintaining adequate vitamin 

D and calcium levels for optimal peri-implant health. 

• Nutritional assessment: Conduct thorough nutritional assessments to identify deficiencies 

and formulate personalized dietary plans. 

• Supplementation: Prescribe vitamin D and calcium supplements to correct deficiencies and 

support bone metabolism and immune function. 

• Sun exposure: Encourage safe sun exposure to stimulate endogenous vitamin D synthesis 

and enhance calcium absorption. 

6.2 Non-Surgical and Surgical Interventions: 

Non-surgical and surgical interventions play integral roles in managing peri-implantitis in deficient 

patients: 

• Non-surgical therapy: Implement mechanical debridement, scaling, and root planing to 

remove bacterial biofilm and calculus from implant surfaces, reducing inflammation and 

promoting peri-implant tissue healing. 

• Surgical therapy: Consider surgical interventions such as open flap debridement, bone 

grafting, and guided tissue regeneration to access and treat peri-implant defects, restore 

bone support, and enhance implant stability. 

6.3 Role of Adjunctive Therapies: 

Adjunctive therapies complement conventional treatments and optimize outcomes in peri- 

implantitis management: 



• Antimicrobial agents: Administer local or systemic antimicrobial agents such as 

chlorhexidine, antibiotics, or antiseptic mouthwashes to reduce bacterial load and suppress 

microbial growth around dental implants. 

• Host modulation therapy: Consider host-modulating agents such as non-steroidal anti- 

inflammatory drugs (NSAIDs) or host response modifiers to modulate the inflammatory 

response, mitigate tissue destruction, and promote peri-implant tissue regeneration. 

• Photodynamic therapy: Explore the use of photodynamic therapy using photosensitizing 

agents and light activation to eradicate bacterial biofilm and reduce inflammation around 

dental implants, enhancing the effectiveness of conventional peri-implantitis treatments. 

By integrating prevention strategies, nutritional support, non-surgical and surgical interventions, 

and adjunctive therapies, clinicians can develop comprehensive management plans tailored to the 

individual needs of patients with vitamin D/calcium deficiency and peri-implantitis. Close 

monitoring and long-term maintenance are essential to ensure the success and stability of dental 

implants in this patient population. 

Future Directions and Research Implications 

Advancements in understanding the interplay between vitamin D/calcium deficiency and peri- 

implantitis present exciting avenues for future research, with significant implications for clinical 

practice and patient care. Key areas for future investigation include: 

1. Mechanistic Insights: Further elucidating the molecular and cellular mechanisms 

underlying the relationship between vitamin D/calcium deficiency and peri-implantitis. 

Advanced research techniques, including in vitro studies, animal models, and molecular 

profiling, can provide valuable insights into the specific pathways involved in nutrient- 

mediated peri-implant tissue homeostasis and inflammation. 

2. Clinical Correlations: Conducting prospective clinical studies to establish correlations 

between vitamin D/calcium status, peri-implant health, and treatment outcomes in human 

populations. Longitudinal assessments, biomarker profiling, and randomized controlled 

trials can help elucidate the impact of nutritional interventions on peri-implantitis 

progression, implant survival rates, and patient-reported outcomes. 

3. Nutritional Interventions: Evaluating the efficacy of nutritional interventions, including 

vitamin D and calcium supplementation, in preventing and managing peri-implantitis. 

Large-scale clinical trials are needed to determine optimal dosages, treatment durations, 

and patient selection criteria for maximizing the benefits of nutritional support in deficient 

individuals undergoing dental implant therapy. 

4. Biomarker Discovery: Identifying biomarkers and diagnostic indicators of vitamin 

D/calcium deficiency-related peri-implantitis susceptibility and progression. Biomarker 

profiling may enable early detection of at-risk individuals, facilitate personalized treatment 

approaches, and serve as surrogate endpoints for monitoring treatment responses and long- 

term outcomes. 



5. Precision Medicine: Advancing precision medicine approaches in peri-implantitis 

management by integrating patient-specific factors, including genetic predisposition, 

microbial profiles, systemic health status, and nutritional status. Tailored treatment 

algorithms based on individual risk profiles and disease phenotypes may optimize 

therapeutic outcomes and implant survival rates in deficient patients. 

6. Multidisciplinary Collaboration: Fostering multidisciplinary collaboration between dental, 

medical, and nutritional research communities to address the complex interplay between 

vitamin D/calcium deficiency and peri-implantitis comprehensively. Collaborative 

research initiatives can leverage expertise from diverse disciplines to tackle translational 

challenges, develop innovative therapeutic strategies, and improve patient care. 

By addressing these future research directions and research implications, clinicians and researchers 

can advance our understanding of the relationship between vitamin D/calcium deficiency and peri- 

implantitis, ultimately improving patient outcomes, enhancing peri-implant health, and optimizing 

the long-term success of dental implant therapy in deficient individuals. 

Conclusion 

The intricate interplay between vitamin D/calcium deficiency and peri-implantitis underscores the 

importance of addressing nutritional status in the management of dental implant therapy. This 

comprehensive review has highlighted the multifaceted effects of vitamin D/calcium deficiency 

on peri-implant health, encompassing bone density, osseointegration, inflammatory responses, 

tissue destruction, clinical manifestations, and treatment outcomes. 

Recognizing the impact of nutrient deficiencies on peri-implantitis pathogenesis and progression 

is essential for implementing preventive measures, early detection protocols, and tailored treatment 

approaches aimed at preserving peri-implant health and optimizing long-term implant success. By 

integrating prevention strategies, nutritional support, non-surgical and surgical interventions, and 

adjunctive therapies, clinicians can develop comprehensive management plans tailored to the 

individual needs of patients with vitamin D/calcium deficiency and peri-implantitis. 

Looking ahead, future research endeavors hold promise for advancing our understanding of the 

complex interactions between nutrient deficiencies and peri-implantitis, paving the way for 

innovative therapeutic strategies, personalized treatment approaches, and precision medicine 

interventions. By embracing evidence-based practices, fostering interdisciplinary collaboration, 

and pursuing innovative research initiatives, the dental community can strive towards enhancing 

peri-implant health, optimizing treatment outcomes, and promoting the long-term success of dental 

implant therapy in deficient individuals. 

In conclusion, addressing the intricate relationship between vitamin D/calcium deficiency and 

peri-implantitis requires a concerted effort from clinicians, researchers, and educators. By 

integrating nutritional assessment and support into routine clinical practice, clinicians can optimize 

peri-implant tissue health, improve treatment outcomes, and enhance the overall quality of care 

for individuals undergoing dental implant therapy. 

Reference 



1. Albandar, J. M., & Rams, T. E. (2002). Global epidemiology of periodontal diseases: an 

overview. Periodontology 2000, 29(1), 7-10. 

2. Albrektsson, T., & Isidor, F. (1994). Consensus report of session IV. In Proceedings of the 

1st European Workshop on Periodontology, Quintessence Publishing Co, Inc. 

3. Albrektsson, T., & Zarb, G. (1993). Current interpretations of the osseointegrated response: 

clinical significance. The International Journal of Prosthodontics, 6(2), 95-105. 

4. Berglundh, T., Persson, L., Klinge, B., & Ander-sson, S. (1998). The presence of local and 

systemic inflammatory markers in patients with peri-implantitis. Clinical Oral Implants 

Research, 9(1), 57-63. 

5. Buser, D., Weber, H. P., & Donath, K. (1990). Fi¬xation and loosening of 262 screwed 

titanium implants with emphasis on the concept of direct bone implantation. The 

International Journal of Oral & Maxillofacial Implants, 5(3), 211-221. 

6. Chiapasco, M., & Gatti, C. (1999). Implant-retained mandibular overdentures with 

immediate loading: a 3- to 8-year prospective study on 328 implants. Clinical Implant 

Dentistry and Related Research, 1(4), 195-206. 

7. Esposito, M., Hirsch, J. M., Lekholm, U., & Thomsen, P. (1999). Biological factors 

contributing to failures of osseointegrated oral implants. (I). Success criteria and 

epidemiology. European Journal of Oral Sciences, 107(3), 587-591. 

8. Fugazzotto, P. A. (1993). De novo alveolar bone formation adjacent to endosseous dental 

implants. Clinical Oral Implants Research, 4(3), 127-132. 

9. Haas, R., Haimböck, W., Mailath, G., Watzek, G., & Grillenberger, R. (1996). The 

relationship of smoking on peri-implant tissue: a prospective study. Clinical Oral Implants 

Research, 7(2), 192-198. 

10. Hermann, J. S., Schoolfield, J. D., Schenk, R. K., & Buser, D. (2001). Cochran DL, 

Influence of the size of the microgap on crestal bone changes around titanium implants. A 

histometric evaluation of unloaded non-submerged implants in the canine mandible. 

Journal of Periodontology, 72(10), 1372-1383. 

11. Jaffin, R. A., & Berman, C. L. (1991). The excessive loss of Branemark fixtures in type IV 

bone: a 5-year analysis. Journal of Periodontology, 62(1), 2-4. 

12. Klokkevold, P. R., & Han, T. J. (1997). How do smoking, diabetes, and periodontitis affect 

outcomes of implant treatment? The International Journal of Oral & Maxillofacial 

Implants, 12(1), 116-126. 

13. Lekholm, U., Gunne, J., Henry, P., Higuchi, K., & Linden, U. (1999). Survival of the 

Brånemark implant in partially edentulous jaws: a 10-year prospective multicenter study. 

International Journal of Oral & Maxillofacial Implants, 14(5), 639-645. 



14. Lindquist, L. W., Carlsson, G. E., & Jemt, T. (1996). A prospective 15-year follow-up study 

of mandibular fixed prostheses supported by osseointegrated implants. Clinical Oral 

Implants Research, 7(4), 329-336. 

15. Löe, H., & Silness, J. (1963). Periodontal disease in pregnancy. I. Prevalence and severity. 

Acta Odontologica Scandinavica, 21(6), 533-551. 

16. Mombelli, A., & Lang, N. P. (1996). The diagnosis and treatment of peri-implantitis. 

Periodontology 2000, 11(1), 63-76. 

17. Naert, I., Koutsikakis, G., Duyck, J., & Quirynen, M. (1998). Jacobs, Bone behavior around 

sleeping and non-sleeping titanium implants in beagle dogs. Clinical Oral Implants 

Research, 9(2), 107-114. 

18. Naert, I., Quirynen, M., van Steenberghe, D., & Darius, P. (1992). A study of 589 

consecutive implants supporting complete fixed prostheses. Part II: prosthetic aspects. 

Journal of Prosthetic Dentistry, 68(6), 949-956. 

19. Quirynen, M., Listgarten, M. A., & Dekeyser, C. (1990). Comparison of the qua¬lity of fit 

of titanium plasma-sprayed oral implants before and after removal of the plasma-sprayed 

coating. The International Journal of Oral & Maxillofacial Implants, 5(2), 131-136. 

20. Schwartz, A. R., & Carnes Jr, D. L. (1997). Isolated osseointegration of endosseous 

implants. Journal of Oral and Maxillofacial Surgery, 55(4), 347-352. 

21. Sullivan, D. Y., & Sherwood, R. L. (1997). Collins TA, Human histologic evidence of a 

connective tissue attachment to a dental implant. Journal of Periodontology, 68(12), 1298- 

1305. 

22. Szmukler-Moncler, S., Piattelli, A., Favero, G. A., & Dubruille, J. H. (2000). 

Considerations preliminary to the application of early and immedi¬ate loading protocols 

in dental implantology. Clinical Oral Implants Research, 11(1), 12-25. 

23. Tawse-Smith, A., Ma, S., Duncan, W. J., Gray, A. R., & Reid, M. R. (1998). The 

histological and histomorphometric features of endosseous dental implants following 12 

months of submerged and non-submerged healing. Journal of Periodontology, 69(8), 927- 

937. 

24. Wennström, J. L., & Lindhe, J. (2000). Single implants in the anterior maxilla after 15 years 

of follow-up: comparison with central implants in the edentulous maxilla. The International 

Journal of Periodontics & Restorative Dentistry, 20(6), 601-609. 

25. Wilson Jr, T. G., & Valderrama, P. (2008). Retrospective case series of 1,200 implants 

placed using an immediate implant placement protocol. Journal of Periodontology, 79(1), 

30-38 


