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  ABSTRACT  
Vitamin D3, Dental Implant, 

biochemical markers. 

 To investigate the effects of systemic supplementation with vitamin D3 

on serum Vitamin D3, alkaline phosphatase, serum CRP and serum 

calcium in patients treated with dental implants. Twelve patients were 

classified into two groups: control group: receiving dental implants in 

posterior maxillary extraction sites whom did not receive any 

medication, and treatment group: receiving dental implants in posterior 

maxillary extraction sites with 1000 I/U per day oral tablet of vitamin 

D3 supplement for 3 months. Blood samples were collected on the 1st 

day of study (after the insertion of dental implant), 1 week after, and 

once again three months later for biochemical analysis of serum alkaline 

phosphatase, C-reactive protein(CPR), calcium and vitamin D3. 

Differences were observed between control and treatment groups 

throughout the 3 months of the study yet was not significant. Vitamin D 

supplementation has a non-significant effect on serum alkaline 

phosphatase, serum CRP and serum calcium in patients treated with 

dental implants. 

 

 
 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Dental implants have shown to be clinically reliable over time, although their failure at initial stages of 

osseointegration has been documented. Low vitamin D levels have been linked to the development of 

periprosthetic joint infections in orthopedics. A previous study in rodents showed that vitamin D causes 

bone growth around implants. To yet, no definite link between bone metabolism, vitamin D, and early 

implant failure in humans has been established [1]. Vitamin D is a biomolecule that plays an important role 

in bone and calcium homeostasis by directly influencing calcium absorption in the intestines and kidney. 

Vitamin D receptors are found in osteoblasts and have a direct influence on cells through influencing gene 

expression and other proteins involved in bone formation, such as osteocalcin. Vitamin D is essential for 

bone health. Almost solely in dental implantology, vitamin D has been researched as a factor impacting BIC 

(bone to implant contact) and implant stability. Vitamin D influences bone metabolism in a variety of ways, 

including increasing extracellular matrix protein formation by osteoblasts and stimulating osteoclast activity 

through influencing the gene expression of osteocalcin, osteopontin, and 24-hydroxylase [2]. Vitamin D 

insufficiency is currently defined as a serum level between 21 and 29 g/l, whereas vitamin D deficiency is 
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defined as a serum level below 20 g/l (severe deficit 10 g/l). Vitamin D deficiency can be caused by 

malnutrition, lack of sun exposure, preterm and dysmature birth, pigmented skin, obesity, and advanced 

age. A recent review study calls for more research on vitamin D insufficiency and dental implant problems. 

The margin of safety for VD3 consumption for adult are ten times greater than recommended dose. The 

food and Nutrition Board of USA has been recommended 2000 IU/day as the safe upper limit of vitamin D. 

It can be safely supplemented orally in dose ranging from 500-2000 IU for 2 to 3 months to get the desired 

result for patients with inflammatory conditions regardless its serum level [3], [4]. Vitamin D is one of the 

key regulators of inflammation. Cytokines are proteins that play a vital multi-functional role in cell to cell 

communication such as IL-6 and TNF-α which adjust a number of physiological and pathological 

conditions, like inflammation, development, and cell apoptosis [5]. The C reactive protein (CRP) is an 

acute-phase reactant that has been shown to stimulate the synthesis of cellular adhesion molecules, allowing 

leukocytes to attach to vascular endothelial cells CRP has long been assumed to be an inflammatory marker 

due to its association with endothelial cell damage. CRP has lately received a lot of attention. C Reactive 

Protein levels have been examined in peri-implantitis patients [6]. 

 

The presence of CRP in this cluster may have a role in the stimulation of the immune response. CRP might 

thus be used as a biomarker for poor biocompatibility. Increased levels of CRP may have a significant 

influence on the success of osseointegration [6]. Another biomarker is alkaline Phosphatase, a phosphate 

ester hydrolyzing enzyme present on cell membranes that results in the release of inorganic phosphate. The 

expression of alkaline phosphatase (ALP) is connected with osteoblast development, allowing for a certain 

amount of osteoblast activity and differentiation. The blood level of alkaline phosphatase is a systemic 

biomarker of bone development. Calcium, one of the most important minerals for cellular function, is a 

fundamental mineral component of bone. As a result, the body has evolved complex systems to maintain 

calcium homeostasis. Skeletal calcium, like the other ions in the crystal lattice, is usually in a crystalline 

state that resembles the mineral hydroxyapatite. The steady-state calcium content of bone reflects the net 

impact of bone resorption and formation [7]. In the trials, the evidence for a relationship between vitamin D 

and implant was inconsistent. Vitamin D, through its effect on immune system control, may be able to aid 

increase implant success. The association between blood Vitamin D levels and dental implant healing has 

only been explored in a few studies, the majority of which were animal-based [8- 10]. Supplementation 

with vitamin D appears to improve osseointegration in animals with systemic diseases, such as vitamin D 

deficiency, diabetes mellitus, osteoporosis, and CKD. Slight evidence supports the hypothesis that humans 

similarly benefit from vitamin D supplementation in terms of osseointegration. Further investigation is 

required to maintain these assumptions [11]. The aim of the current study was to investigate the effects of 

systemic supplementation with vitamin D3 on serum Vitamin D3, alkaline phosphatase, serum CRP and 

serum calcium in patients treated with dental implants. 

 

2. MATERIALS AND METHODS 

Approval of this study was given from the Ethical Research and Scientific Committee in the Department of 

Dental Basic Sciences / College of Dentistry / University of Mosul under the number UoM.Dent/H.L4/22. 

The location of the study was in a private dental clinic in the Province of Zakho / Kurdistan Region / Iraq in 

the period extending from (1/1/2022) to (1/5/2022)The study involved a total of twelve individuals who met 

the following research requirements: subjects aging 25 to 50 years with vitamin D deficiency (below 30 

IU), no history of systemic diseases that would hamper healing, non-pregnant and non- lactating females, 

no history of vitamin D allergy, do not take any drug or supplement for the previous three months, non-

smoking, and non-alcoholic and filled out and signed a consent form to participate in this study. Any patient 

who did not meet any of the aforementioned criteria was ruled out. All surgical operations were conducted 

by the same oral surgeon utilizing а uniform surgical method and equipment. Two groups of patients were 
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formed: a control group and a treatment group; each patient in both groups received one dental implant in 

the posterior maxillary extraction sites. In the treatment group, each patient was to receive a 

supplementation dose of vitamin D 1000 I/U per day for 3 months. Preoperative evaluation for each patient 

included a clinical examination, periapical and panoramic radiographs as primary radiographic 

investigations and a cone beam computed tomography (CBCT) scan were taken to detect any periapical 

pathology, to assess bone volume (height / width) for implant placement in three dimensions, bone density 

according to Misch classification and the dimensions of the dental implant to be used which was to be 

standardized for both control and study groups. 

 

Table 1. Materials, instruments and drugs. 

No. Material and instruments Source 

1 Adhesive first aid plaster Turkey 

2 Alcohol spray 70% Jordan 

3 Analgesics – paracetamol 500 mg thrice/day France 

4 Antibiotics - Amoxil capsule 500mg 1*3 Al Hikma - Jordan 

5 Bard- Parker® scalpel handle no.3 USA 

6 Biopsy punch Dentium Corp. / South Korea 

7 Chlorhexidine gluconate 0.2% Kin / Spain 

8 Dentium surgical kit super line Implantium Dentium Corp. / South Korea 

9 Diagnostic set (mirror, probe, and tweezer) China 

10 Disposable gauge 27 / long sterile dental needles Korea 

11 Disposable sucker tube China 

12 Disposable surgical face masks Malaysia 

13 Disposable surgical gloves China 

14 Flap retractor Pakistan 

15 Local anesthesia (4% Articaine with Epinephrine 1:100,000) New Static / Colombia 

16 Medical tourniquet China 

17 Needle holder Pakistan 

18 Mouth probe Pakistan 

19 Non-absorbable 3-0 black silk suture Starsilk™/ USA 

20 Scissor Pakistan 

21 Stainless steel dental cartridge syringe Pakistan 

22 Sterile 2*2 gauze swabs Pujiang Jianyu Co. / China 

23 Sterile 21gauge blood collection needles/ 21G 

*1.1/2 

Germany 

24 Sterile normal saline solution 0.9% NaCl Haidylena / Egypt 

25 Sterile scalpel blade no. 15(Carbon steel) Germany 

26 Sterile towels China 

27 Vacutainer glass-coated plastic blood collection plain tubes 10 ml AFOVAC / Jordan 

28 Vacutainer Tube holder Germany 

 

Table 2. Study devices 

No Device Source 

1 Cobas 311 Germany 
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2 Cobas 411 Germany 

3 Cone-beam computed tomography China 

 

2.1 Surgery of dental implant 

Each patient was instructed to irrigate his mouth with a half cup filled with 0.2% chlorhexidine mouth wash 

(Kin/Spain) for one minute before administration of local anesthetic agent. Infiltration anesthesia buccally 

and palatally was applied. Two cartilages of 4% Articaine hydrochloride solution with 1:100.000 

epinephrine (Colombia) were given. Following the induction of surgical local anesthesia as assessed by 

deep probing, a crestal incision (based slightly palatally) was made along the surgical site using scalpel 

blade (no.15) and a three-sided mucoperiosteal flap was gently raised and reflected using a mucoperiosteal 

elevator. The crestal ridge was cleared and a standard surgical osteotomy for installation of a dental implant 

fixture as supplied from the manufacturer (Dentium / South Korea (diameter of 4 mm and length of 12 mm) 

was prepared using angled surgical handpiece under copious cooled 0.9% saline solution. The implant 

fixture was then gently screwed into its osteotomy bed and healing screw placed. Before closure of surgical 

site, the area was inspected and irrigated with chlorhexidine solution. The flap was replaced and sutured to 

its original area using non-absorbable 3-0 black silk suture. A sterile gauze damped in 0.2 % chlorhexidine 

gluconate was placed over the surgical area and the patient was instructed to gently bite on it for 30 

minutes. Proper post-operative instructions were to follow. Amoxicillin tab 500 mg /three times daily for 5 

days were prescribed with pain relievers (paracetamol tabs) 500 mg daily every 8 hours. Every patient was 

instructed to perform the normal saline mouthwashes twice daily till suture removal after ten days. 

 

2.2 Blood samples collection 

In the current study, the blood samples were collected before the insertion of dental implant for vitamin D3, 

alkaline phosphatase, C-reactive protein (CPR), and serum calcium 1 week after for biochemical analysis of 

alkaline phosphatase, C-reactive protein (CPR), and serum calcium and once again three months later for 

biochemical analysis of vitamin D3, alkaline phosphatase, C-reactive protein (CPR), and serum calcium. 

The vein chosen for the venipuncture was the median cubital vein in the antecubital fossa, 10 cc of blood 

were collected using a 21-gauge needle in glass-coated plastic vacutainer tubes. The blood was examined 

and the results were obtained with Cobas 311 for CRP, alkaline phosphatase and serum calcium, Cobas 411 

for vitamin D total, with kits made by Roche company. 

 

2.3 Statistical Analysis 

Data are expressed as mean ± SD. p- value of less than 0.05 was accepted as being significant and at P ≤ 

0.01 as highly significant in all types of statistical tests. The current study was analyzed using SPSS 

program version 27.0. The following statistical methods were used:  Independent two samples student t-test 

was used to compare between the treatment and control groups nd Analysis of variances (ANOVA) test and 

post hoc Waller Duncan test were used to identify the differences of various parameters between the study 

groups.  

 

3. RESULTS 

The study included 12 patients (1:1 gender ratio). The age of patients who participated in the study was 

between 25-50 years with a mean age of 40 years. The total number of dental implants installed were 12 in 

which 6 implants were for the control group and 6 implants were used in the study group. The post-

operative healing period was uneventful for all cases and all cases showed a 100% survival rate to the point 

of prosthetic part placement. For all cases, bone quality around implants at the site of surgery was judged 

based on the Lekholm and Zarb classification to be type D3 in control patients and type D3 in treatment 
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patients. 

 

Statistical analysis of data in this study show a non-significant differences in serum Alkaline Phosphatase, 

Calcium, CRP and Vitamin D for the 1st records between control and treatment groups, while in 2nd and 3rd 

records a significant differences are found between study groups during the whole study period. Table (3). 

 

Table 3. Comparisons in serum biochemical markers between study groups 

  Mean ± SD 

Independent 

Samples 

t-test 

p value 

1st Alkaline Phosphatase  (IU/dl) 
Control 78.833 ± 8.035 

0.595 0.567 
Treatment 81.166 ± 5.269 

2nd Alkaline Phosphatase  (IU/dl) 
Control 124.333 ± 9.136 

13.186 0.0001** 
Treatment 70.000 ± 4.289 

3rd  Alkaline Phosphatase (IU/dl) 
Control 98.666 ± 7.229 

12.092 0.0001** 
Treatment 58.000 ± 3.949 

1st  Calcium (mg/dl) 
Control 9.616 ± 0.331 

1.161 0.275 
Treatment 9.350 ± 0.454 

2nd  Calcium (mg/dl) 
Control 10.533 ± 1.550 

3.076 0.021* 
Treatment 8.483 ± 0.511 

3rd  Calcium (mg/dl) 
Control 10.133 ± 1.684 

4.266 0.007** 
Treatment 7.166 ± 0.250 

1st  CRP (mg/l) 
Control 5.900 ± 0.244 

0.128 0.901 
Treatment 5.9167 ± 0.204 

2nd  CRP (mg/l) 
Control 7.9500 ± 0.225 

19.934 0.0001** 
Treatment 3.500 ± 0.498 

3rd  CRP (mg/l) 
Control 7.000 ± 0.734 

16.018 0.0001** 
Treatment 2.116 ± 0.132 

1st  Vitamin D (ng/ml) 
Control 19.650 ± 6.166 

0.004 0.997 
Treatment 19.666 ± 8.437 

2nd  Vitamin D (ng/ml) 
Control 18.583 ± 6.255 

1.944 0.086 
Treatment 27.783 ± 9.756 

3rd  Vitamin D (ng/ml) 
Control 17.516 ± 6.080 

5.264 0.0001** 
Treatment 35.550 ± 5.784 

* Significant at P ≤ 0.05, ** Highly Significant at P ≤ 0.01. 

 

4. DISCUSSION 

Vitamin D has long been recognized to have an effect on one of the "traditional" tissue targets named the 

bones. This vitamin is required for bone metabolism. It regulates calcium and phosphate homeostasis in the 

tissues and is essential for bone and teeth mineralization [12], [13]. When it comes to restoring function and 

aesthetics in dental patients, the use of dental implants is increasingly a popular and effective therapy [14], 

[15]. In reality, while deciding whether to replace lost teeth with a permanent or removable prosthesis, a 

predictable treatment plan with high survival rates stands out [16], [17]. Vitamin D3 is implied decreased 

bone loss. Also it is involved in the generation of anti-inflammatory cytokines and a decrease in the 

quantity of pro-inflammatory cytokines, which reduces the body's response to surgical intervention, 

including dental implant surgery [18], [19]. Vitamin D supplementation is an excellent way to improve the 

vitamin D level inside the body [20]. In the current investigation, vitamin D supplementation (1000IU/day) 

for three months resulted in beneficial improvements in blood vitamin D levels. Previous studies showed 

that treatment vitamin D3 deficiency, have a positive impact on the radiologically measured increase in 

bone level at the implant site during the osseointegration process [19]. Vitamin D3 has been intensively 
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researched for its dual function of stimulating bone remodeling and preventing bone loss [19]. Because 

osseointegration of dental implants is also dependent on bone metabolism, low Vitamin D levels in the 

blood may have a detrimental impact on healing processes and new bone creation on the implant surface 

[20]. Vitamin D deficiency may also impair bone remodeling activities surrounding dental implants, thereby 

lengthening the healing time for osseointegration [21]. Vitamin D supplementation may improve calcium 

availability in bone specially around dental implant during osseointegration, which may accelerate the 

mineralization rate of new bone [22]. When compared to the control group, the level of alkaline 

phosphatase in the treatment group dropped, which is one of the favorable signals for enhancing the 

probability of implant success., According to [22], the activity of alkaline phosphatase was higher in the 

group of patients with an adverse effect of dental implantation than in the group of patients without 

rejection of dental implants. A number of other studies have demonstrated a link between an increase in 

alkaline phosphatase levels and the prognostic risk of dental implant disintegration [23], Tirachaimongkol 

and colleagues discovered a link between alkaline phosphatase markers and implant stability quotient 

values at all measures taken from 1 week after implantation to the 12th week after implantation in their 

study [24]. The low degree of correlation might be interpreted as a larger increase in alkaline phosphatase 

only during the development of peri-implant disease, but no implant loss was seen in Tirachaimongkol's 

research during the monitoring period [23]. In addition, [24], found that patients with a higher content of 

serum ionized calcium and an increase in the activity of alkaline phosphatase in blood plasma had poor 

integration of dental implants [25]. 

 

Results of this study show significant increase in serum calcium of control group compared to treatment 

group. Higher serum calcium levels, which could lead to lower parathyroid hormone levels and hence lower 

bone turnover, resulting in delayed bone deposition around surgical area [26]. CRP is a well-known risk 

factor for heart problems. It's part of the pentraxin family of serum proteins, which may identify antigens, 

activate the immune system (for example, immunoglobulins), and interact with the complement system. In 

fact, one of the earliest roles of CRP was to activate the entire classical complement system6. C3a and C5b 

are both in charge of drawing immune cells like macrophages to the activation site and activating them. 

Complement-activated macrophages regulate fibrogenesis by increasing cytokine secretion and cell 

migration, resulting in fibroblast proliferation and collagen synthesis. They act by secreting pro-fibrogenic 

chemicals, inducing the fibrous capsule to form and mature around the implanted material, and encouraging 

fibrogenesis in fibroblasts. The thickness of the generated fibrous capsule may interfere with the 

biomaterial's function depending on the degree of the immune/inflammatory response. The presence of CRP 

in this cluster might have a role in the immune response's activation. High CRP in serum might thus be 

offered as a marker of poor biocompatibility, within the restrictions of this investigation, if it is identified at 

significantly higher levels on biomaterial surfaces. Increased levels of CRP, one of these proteins, may have 

a major impact on osseointegration success6. Following implant placement, the host's bone tissue may 

respond in one of three ways: an acute or chronic inflammatory process that leads to sooner implant failure, 

the creation of connective tissue around the implant that leads to osseointegration failure, or bone tissue 

forming around the implants that leads to osseointegration failure [26], [27]. The implant dentist could be 

the first to notice signs of bone deterioration. Chemical confirmation is based on the patient's calcium and 

alkaline phosphatase levels in the blood. The element of bone metabolism which includes skeletal mass 

preservation is known as calcium conservation. A patient's bone mass may be insufficient for reconstructive 

dentistry if calcium conservation is compromised due to one or combined metabolic, biomechanical, and 

pharmacological issues [28]. [29] evaluated blood concentrations of osteocalcin, total alkaline phosphatase, 

and bone alkaline phosphatase in skeletally mature lambs under controlled environmental conditions. The 

relationship between these minerals and the serum minerals (calcium, phosphorous, magnesium, and 

ionized calcium) was examined. A substantial link among total alkaline phosphatase and calcium was 
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discovered, which might be owing to calcium's essential involvement in this enzyme's enzymatic activities. 

Maintaining serum 25(OH)D3 levels above those necessary for sufficient circulation 1,25(OH)2D3 

production by the kidney and intestinal calcium metabolism is advantageous to bone health when given as a 

supplement to patients. A dietary vitamin D depletion research in 7-month-old rats showed considerable 

bone resorption in a dose-dependent fashion as a result of accelerated bone resorption when blood 

25(OH)D3 levels were lowered from 110 to 20 nmol/L [30]. Effects of vitamin D metabolism in bone cells 

on bone form and strength. 347: 42–47 in Mol Cell Endocrinol. It is necessary to have a molecular 

knowledge as to how Vitamin D3 receptors (VDR) transmission influences bone turnover. When looking 

for the cell origin that controls the reduction of bone mineralization caused by increasing Vitamin D3 

levels, VDR signaling in mature osteoblasts and potentially osteocytes became clear [31]. 

 

5. Conclusion 

Vitamin D has an enhancing effect on dental implant healing through a positive effect on some of the 

biological markers in the body serum (CRP and alkaline phosphatase) by reducing the inflammatory 

response of the body to dental implant surgery, and increasing the availability of calcium for better osseo-

integration of the implant. 
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