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Abstract

Dental implants are generally considered a safe and highly predictable surgical procedure
performed by many dental surgeons with the aim of replacing missing teeth. Yet to this day,
a number of implants are lost every year for yet explained reasons. Dental implants remain
one of the only transmucosal implant utilized in medicine; meaning they integrate directly
into bone (a phenomenon called osseointegration) yet span into the oral cavity through
transmucosal tissues. In this area, a number of bacteria co-exist with host living cells (primarily
epithelial and immune cells) creating peri-implant pockets. Here an array of cytokines and
highly active complex compounds are secreted and may reduce host defense/antibacterial
properties. This book chapter discusses the importance and relevance of tissue homeostasis
as it relates to oxidative stress. Furthermore, one of the most prominent vitamin deficiencies
known to mankind, that of vitamin D, is discussed as a primary cause linked with early dental
implant failure. Recommended doses and guidelines are provided with ongoing future research
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presented as it relates to 6 week pre-surgical supplementation program aimed at reducing early
implant failure.

1. Introduction

Vitamin D deficiency is a worldwide public health problem that spans across all age
groups from children to adults. Naturally, as we age, our ability to absorb vitamin D is also
decreased. The major source of vitamin D is directly from sunlight exposure with very few
foods that naturally contain sufficient doses. Unfortunately, direct sunlight has tremendously
decreased in modern society with the increased number of desk-related jobs. Epidemiological
studies have now shown that roughly 70% of society is deficient [1].

Vitamin D deficiency is most known for its association in osteoporotic and menopausal
women. Few realize however its drastic and substantial role in various other diseases. These
include depression, dementia, Alzheimer’s disease, asthma, cancer, cardiovascular disease,
diabetes among others highlighted throughout this textbook. Vitamin D is essential for
gastrointestinal calcium absorption, mineralization of osteoid tissue and maintenance of serum
1onized calcium level. It is also important for other physiological functions, such as muscle
strength, neuromuscular coordination, and hormone release [2]. More recently, vitamin D
deficiency has also been associated with up to a 300% increase in dental implant failure and
associations with other dental-related complications are increasing [3-12]. Optimizing levels
prior to surgery therefore becomes fundamental for maximizing wound healing and this chapter
discusses its association with dental implant-related failures and bone grafting complications.

2. Optimizing Vitamin D levels

Serum 25-hydroxy vitamin D (25-OHD) is the reliable marker of vitamin D status and a
level below 20 ng/ml defines deficiency. Optimal levels above 30 ng/ml is required to maximize
the bone health and non-skeletal benefits of vitamin D (Table 1). For individuals undergoing
any type of dental related procedures, levels between 40-60 ng/ml are generally recommended
since it is known that following a period of stress (simply a dental surgical intervention), levels
may decrease substantially.
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Table 1: Vitamin D concentrations in humans in both deficiency, optimal and toxic levels.

Status Serum 25 OH Vitamin D Concentration
Severe Deficiency <10 ng/ml <25 nmol/liter
Deficiency <20 ng/ml <50 nmol/l
Insufficiency 21 —29 ng/ml 50 — 74 nmol/l
Sufficiency 30 — 100 ng/ml 75 —250 nmol/l
Optimal 30 — 60 ng/ml 75 — 150 nmol/l
Toxic >150 ng/ml >375 nmol/l
Pre-surgery 40-60 ng/ml 100-150 nml/1

Unfortunately, foods do not contain sufficient levels. Examples are Cod liver oil (400—
1,000 IU/teaspoon), fresh caught salmon (600—-1,000 1U/3.5 ozvitamin D3), tuna (236 1U/3.5
oz vitamin D3), egg yolk (20 [U/yolk vitamin D3or D2), and fortified milk, cheese or yogurt
(100 1U/3 oz, usually vitamin D3). These are low levels considering deficiency should be
treated with 4000-6000 1U/day for a 6-8 week period to restore levels to sufficient values.

According to the American Association of Clinical Endocrinologists (AACE) and the
American College of Endocrinology (ACE) guidelines it is recommended supplementation to
maintain levels above 30ng/ml [13]. The Endocrine society in the USA recommends achieving
a concentration of more than 30 ng /ml (>75 nmol/L) of serum 25 (OH)D, and considers
the optimal range 40-60 ng/ml (100-150nmol/L). The Endocrine society also advocates an
intake of 1500-2000 IU/day (37,5-50 pug) in adults, regarding that obese patients (BMI> 30kg/
m?) should take three times more the normal adult daily vitamin dose [13]. Unfortunately,
epidemiological studies across United States has routinely shown that deficiencies of Vitamin
D are typically found with approximately 70% of the population and this deficiency is only
expected to increase as the population works more indoors. The following chapters describes
the marked impact on dental implant failure as a result.

3. Dental-Related Complications

Vitamin D plays an important role in supporting the immune system and integration of
various biomaterials. It is also relevant for decreasing general oxidative stress and minimizing
additional inflammation caused by surgery. As expressed previously, Vitamin D is also involved
in biomaterial integration and other metabolic process such as bone remodeling. Therefore,
some complications had been related to vitamin D deficiency in the dental field.

In 2009, a first animal study investigated the role of Vitamin D on dental implant
osseointegration [9]. Utilizing a rat model, implants were placed in both normal control
and vitamin D-deficient animals and subject to implant push out tests as well as histological
analysis. The push-out tests revealed an approximate 66% decrease in value in the vitamin D

deficient group and also revealed significantly lower bone to implant contact as early as 14
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days post-implant placement. It was concluded from this study that the effect of vitamin D
deficiency was unexpectedly profound. It was further addressed that future clinical research
would benefit patient care owing to these observations.

Following years of initial pre-clinical studies demonstrating the marked impact of
vitamin D deficiency on osseointegration, additional clinical studies were then reported. These
began initially as case reports. In 2014, Bryce and MacBeth reported that vitamin D deficiency
was suspected as a causative factor in the failure of immediate implants [4]. In summary, it was
reported that vitamin D deficiency was directly associated with early implant failure. It was
also advised that the assessment of vitamin D prior to implant surgery be performed, especially
in patients having undergone either long-term hospital care or a recent traumatic injury/event
[4]. Additionally, in the same year, it was also noted that low vitamin D deficiency may be a
risk factor for implant osseointegration and also bone graft infection [5].

In 2016, Fretwurst et al. reported that the unexpected implant removal in a dental
university clinic were subject to much controversy for potential causes [6]. These random
implants were often removed after only 15 days following placement and therefore patients
were then sent for various blood analysis. It was found in each case report that extremely low
serum vitamin D levels (serum vitamin D level <20 pg/l) were reported in all cases. This study
group described that after a six month period of healing and vitamin D supplementation levels
were raised (>46 pg/l), and implants were successful osseointegrated in all cases following
adequate supplementation [6]. It was recommended that future randomized clinical trials
be utilized to investigate the relationship between vitamin D deficiency and implant failure,
osteoimmunology and early implant complications [6].

In 2017, Insua et al. wrote an extensive review article on the concept of peri-implant
disease being driven by osteoimmunology, osteal macrophages and their related breakdown
and maintenance [8]. An entire section was dedicated to Vitamin D and its correlation with
lower bone to implant contact and potential complications and peri-implant bone loss over
time. Furthermore, the immune system was also discussed during homeostasis of peri-implant
tissue/osseointegration [8].

In 2019, Mangano et al. published a retrospective study whereby nearly 2000 implants
were investigated in nearly 1000 patients (Table 2) [7]. To date, this represents the largest study
on the topic where implant failure rates were gathered along with other known complications
associated with dental implant failure such as smoking and generalized periodontitis. In that
study, it was reported that heavy smoking (defined as 15 cigarettes per day) was found to be
associated with approximately a 50% increase in early implant failure. Similar, generalized
periodontitis was also associated with an approximate 50% increase in dental implant failure.
Interesting, severe vitamin D deficiency (defined as serum levels <10ng/mL) was reported
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at nearly a 300% increase in overall implant failure rates when compared to controls [7].
The conclusions from this study demonstrate the need for adequate testing, prevention and
supplementation prior to dental implant placement and maintenance [7].

Table 2: Number Of Patients, Early Dental Implant Failures, And Failure Rates Within Groups, And Differences Among
Groups (Chi-Squared Test)

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%
40-60 years 412 15 3.6% 0.832

>60 years 373 15 4.0%

Smoking habit

Heavy smokers (>15 cigarettes/day) 98 6 6.1%
Light smokers (1-15 cigarettes/day) 184 8 4.3% 0.473

Non smokers 603 21 3.4%

History of periodontal disease

Generalized periodontitis 97 6 6.1%
Localized periodontitis 218 10 4.5% 0.386

No periodontitis 570 19 3.3%

Vitamin D serum levels

<10 ng/ml 27 3 11.1%
10-30 ng/ml 448 20 4.4% 0.105

>30 ng/ml 410 12 2.9%

*Chi-squared test, with statistically significant difference set at p<0.05

4. Testing Vitamin D Levels

Standard vitamin D tests are routinely performed by measuring serum vitamin D levels
in whole blood serum. Naturally this provides an adequate analysis of blood vitamin D levels
however the issue is the inconvenience to the patient seeking routine dental work. NanoSpeed
has since developed a novel vitamin D test kit that is based on a simple finger prick test (Figure
1). Within 10 minutes, vitamin D levels can be reported in office with a simple finger prick
test. The easy to use test is cost effective as compared to competing technologies that require
venous blood.
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10 min Vitamin D test

Complete Test4D kit Put a drop of blood
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Test report in nmol/L or ng/mL

Figure 1: Step-by-step instructions to utilizing the 10 minute Vitamin D detection system from a simple finger-prick
test.

The technology is based on the principle of a competitive immunoassay. The assay is
based on the competition for 25-OH Vitamin D present in blood/serum sample and Vitamin
D present on the test line for fixed number of antibody-gold conjugate. Depending upon the
concentration of Vitamin D in blood/serum, there will be varying number of free antibody-
gold conjugate molecule that will bind to Vitamin D on the test strip and will show a colored
line in the test line zone.

During the specimen preparation, the blood sample (10ul) is placed on the assay (red
mark) according to Figure 1. Then 3 full drops of the Chase buffer is added into the square

buffer well of the cassette. Within 10 minutes, the Vitamin D measurement may be obtained.

Owing to the technological advancement, it therefore becomes possible to utilize the
equipment prior to dental implant placement or bone grafting surgery to determine optimal
levels to minimize implant/graft failure. When deficient, it is clear patients need a solution and
typically supplementation is recommended as highlighted below.

5. Supplemental Recovery Program — The Science behind Dental Healing

Owing to the impact of vitamin D deficiency-related complications and failures in
dentistry, one key component of a supplemental recovery program (DentaMedica®, San
Diego, California) is that patients adequately reach optimal levels of vitamin D and and
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related co-factors prior to dental surgery (Figure 2). Bone-related support includes Vitamin
K, magnesium, calcium, manganese, boron amongst others. The 6-week program is designed
to boost levels prior to surgery (6000 IU/day) for 4 weeks with 2 weeks of maintenance post-
surgery. Noteworthy, for patients over 65 years of age, for diabetics, smokers, or patients with
reported immune-compromised or on corticosteroids, a 12 week program is recommended (8

weeks prior to surgery and 4 weeks post-surgery).
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Figure 2: DentaMedica’s 6 week recovery program aimed at optimizing vitamin D levels and antioxidant levels prior
to implant placement.

6. Antioxidants and Their Role In Wound Healing

Several factors can impair wound healing such as oxygenation defects, aging, and
overall stress. Furthermore, a number of other factors such as infection found in periodontal
disease, diabetes, alcohol overuse, smoking and impaired nutritional status may also result
in deficient wound healing. Growing evidence suggests that reactive oxygen species (ROS)
are crucial regulators of several phases of wound healing. In recent years, ROS has gained
attention because of their central role to the progression of many inflammatory diseases [14].
Excessive production of ROS or impaired ROS detoxification causes oxidative damage, which
has been shown to be a main cause of non-healing chronic wounds and tissue degeneration
[15,16].

In simple terms, ROS are oxygen free radicals and other non-radical oxygen derivatives
involved in tissue degradation [17]. They are produced during normal cellular metabolism by
cells in most tissues. To combat oxidative stress, all cells in the body are equipped with an
intrinsic store of molecules known as “antioxidants” which prevents tissue damage [18]. When
this balance is shifted however, high levels and activity of ROS causes DNA damage, protein
damage, and lipid peroxidation. This in term leads to impaired wound healing and many long-
term chronic degenerative diseases and whole body tissue inflammation, are linked to common
diseases such as dementia and various cancers.

Unfortunately a large percentage of the population today suffers from vitamin and mineral
deficiencies which help increase antioxidant levels. In particular, absorption of vitamins and
minerals is decreased with poor diet, aging, diabetics, those treated with immunosuppressive
drugs, as well as chemo- or radiotherapy. Furthermore, alcohol consumption [19], smoking
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[20] and hypertension [21] are all associated with higher rates of vitamin deficiencies and/or
oxidative stress and its associated with oral health diseases such as periodontitis.

Supplementation with low molecular weight antioxidants and ROS-detoxifying
enzymes has become vital for many individuals with deficiencies [22]. There are 2 categories
of antioxidants including 1) enzymatic antioxidants such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase/reductase, DNA repair enzymes, and various metal
ion sequestrators. Secondly, scavenging antioxidants or chain breaking antioxidants such as
ascorbic acid (vitamin C), carotenoids (including retinol-vitamin A), uric acid, a-tocopherol
(vitamin E), coenzyme Q, and polyphenols (flavenoids) are all potent antioxidants commonly

associated with improved wound healing.

In an effort towards the maintenance of optimal levels of the aforementioned antioxidants
(as well as the overall desire for patients to improve general health), additional supplementation
with vitamins and minerals to treat nutritional deficiencies have become routine in modern

culture.
7. Overall Antioxidant Deficiency in Modern Culture

Antioxidants in the diet have some remarkable benefits and valuable properties that play
an irreplaceable role in the maintenance of periodontal health, bone physiology and soft tissue
wound healing. Epidemiological studies from the United States has demonstrated that vitamin

deficiencies range dramatically among the population (Table 3).
Table 3: Vitamin Deficiency in the General US population

Vitamin A = 34% deficient

Vitamin C = 25% deficient

Vitamin D = 70% deficient

Vitamin E = 60% deficient

Calcium = 38% deficient

Magnesium = 45% deficient

As a result, it is clear that prior to any type of surgery, vitamin recovery programs are
indispensable to restore levels in patients prior to surgical procedures since failure may occur
as a result of any of the above-mentioned deficiencies. Importantly, Vitamin D deficiency in
particular has been shown to be linked to a much greater implant failure rate in dentistry, and is
also the highest known vitamin deficiency in mankind worldwide. As highlighted throughout
the rest of this book, vitamin D deficiency is also linked to a number of other health issues
including depression, Alzheimer’s disease, asthma, alopecia, cardiovascular disease, cancer,
diabetes, hypertension, multiple sclerosis, Parkinson’s disease, rickets, among other diseases.
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8. Necessary Vitamins/Minerals for Healing and Recovery

Vitamin D is an extremely important vitamin for bone metabolism and is well known for
its role in calcium homeostasis as previously mentioned. It also acts as a powerful antioxidant
with anti-inflammatory activity because it acts directly on immune cell cytokine expression
[23]. Unfortunately, it is majorly synthesized in the human body following sun exposure. With
the increasing population being interior and the number of desk jobs continuously rising, it is
one of the most prevalent vitamin deficiencies known to man worldwide. Unfortunately, foods
in general have extremely low levels and supplementation therefore becomes a requirement
when deficiency is present.

Vitamin C plays a significant role in periodontal health and maintenance. Vitamin C is a
potent antioxidant which has a primary function as a radical scavenger [24] and is required for
the synthesis of collagen hydroxylation in humans [24]. It also contributes to immune defense
by supporting various cellular functions of both the innate and adaptive immune system.
Vitamin C supports epithelial barrier function against pathogens and promotes the oxidant
scavenging activity of the soft tissues, thereby potentially protecting against environmental
oxidative stress by ultimately killing the microbia. Vitamin C deficiency results in impaired
immunity and higher susceptibility to infections. Furthermore, infections significantly impact

on vitamin C levels due to enhanced inflammation and metabolic requirements [25].

Vitamin C is rapidly depleted and oxidized within the extracellular fluids during
oxidative stress [26]. It is especially important for bone forming osteoblasts to lay new bone
matrix. Sources of vitamin C include natural fruits and vegetables such as gooseberry, broccoli,
kiwi, grapefruits, citrus fruits, cauliflower, strawberries, pineapple, cherries, and potatoes. It is
recommended to eat high levels prior to dental surgery.

Flavonoids are polyphenolic compounds found in plants known to contain potent
antioxidant, anti-inflammatory, anti-allergic, antiplatelet, and antitumor activities [27]. It also
has a positive effect against diverse diseases such as cancer, neurodegenerative or cardiovascular
disease [28]. There exists a potent synergistic relationship between flavonoids and vitamin C as
a powerful antioxidant combo [29]. Flavonoids also help to protect blood vessels from rupture
or leakage. A popular source of flavonoids is green tea. Other sources include parsley, onions,
blueberries and other berries, bananas, citrus fruits, Ginkgo biloba, red wine, sea buckthorns,
and dark chocolates (with a cocoa content of >70%).

B-Vitamins: Vitamin B1 (also called thiamin), Vitamin B2 (also called riboflavin) are
both vitamins that help convert food into energy. Vitamin B1 is a hydrosoluble vitamin that
plays a role in several biological processes mainly in glucose metabolism [30]. Vitamin B2
helps maintain eyesight. Vitamin B12 helps regulate the nervous system and plays a role in
growth and red blood cell formation. It is found primarily in meat and dairy product. Vitamin
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B6 (also called pyridoxine) helps the body fight infections. It is primarily found in chickpeas,
tuna, salmon, whole grains and cereals, beef liver, ground beef and chicken breast. Biotin is
a water-soluble vitamin that's a part of the vitamin B family that also helps convert certain
nutrients into energy. It also plays an important role in the health of your hair, skin, and nails.

Carotenoids are a set of naturally colored pigments. Vitamin A is one of the major
carotenoids. They are antioxidant in nature and have protective effects on vitamins C and E.
They also show synergistic effects by scavenging reactive nitrogen species. Beta-Carotene
is the main source of vitamin A in the diet. Carotenoids have a significant influence on other
antioxidants, and hence they are considered vital in antioxidant defense mechanisms. Sources

include tomatoes, apricots, guavas, watermelons, papayas, and pink grapefruits.

Magnesium is a cofactor in more than 300 enzyme systems that regulate diverse
biochemical reactions in the body, including protein synthesis, muscle and nerve function,
blood glucose control, and blood pressure regulation [31, 32]. Magnesium is also required for
energy production, oxidative phosphorylation, and glycolysis. It contributes to the structural
development of bone and is required for the synthesis of DNA, RNA, and the antioxidant
glutathione. Magnesium also plays a role in the active transport of calcium and potassium
1ons across cell membranes. Mostly consumed in nuts, almonds, cashews, peanuts and spinach
[32].

Zinc is an essential trace element (micronutrient) which plays important roles in human
physiology. Zinc is a cofactor for many metalloenzymes required for cell membrane repair, cell
proliferation, growth and immune system function. The pathological effects of zinc deficiency
include the occurrence of skin lesions, growth retardation, impaired immune function and
compromised would healing [33].

Manganese is predominantly stored in the bones, liver, kidney, and pancreas and
provides a role in the formation of connective tissue, bones, blood-clotting factors, and sex
hormones. It assists in fat and carbohydrate metabolism, calcium absorption, and blood sugar
regulation.

Selenium i1s yet another powerful antioxidant that fights oxidative stress and helps
defend the body from chronic diseases. In addition to the aforementioned antioxidants, there
are a number of other micronutrients and macronutrients, which may play a significant role in
periodontal health and disease prevention. All recovery programs should provide antioxidants
as their major beneficial component in the prevention of disease and implemented wound
healing.

9. Case Report of Implant Failure as a Suspected Result of Vitamin D Deficiency

Routinely dental implants are placed with long-term success rates above 90-95% [34-
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37]. Yet for relatively unknown reasons, a small percentage of implants are lost each year with
yet explained findings. Figure 3 demonstrates an initial ridge in a 73 year old male patient with
sufficient bone ridge width for implant placement. The patient was not on any medication and
was considered healthy. Following midcrestal flap elevation, a bone reduction was performed
to allow adequate width for implant placement with 1-2 mm of remaining width on the buccal
and lingual (Figure 4). Note the excellent ridge width. Figure 5 demonstrating the implant
osteotomies with adequate bone width on either side. Following implant placement at torque
values of 40 N.cms (Figure 6), soft tissue closure was obtained and the implant was advised to
maintain hygiene and salt water rinsing following meals (Figure 7). A peri-apical X-ray was
taken following implant placement demonstrating adequate bone levels (Figure 8).

Figure 3: Mandibular ridge missing 2 posterior teeth.
Ridge width demonstrates adequate bone width.

Figure 4: Following mid-crestal flap elevation and
bone reduction, adequate bone width is observed
clinically.

e 4
Figure 6: Implant placement with adequate
bone width around both implants.

Figure 8: Peri-apical X-ray taken immediately after

Figure 7: Soft tissue closure. ‘ )
surgery demonstrating excellent implant placement.

Figure 9: 1 month post-op patient presents with implant
mobility. Note the radiolucency around both implants
which were both removed for yet known reasons. (Case
performed by Dr. Mark Bishara)
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At the 2 week recall, suture removal was performed and patient was advised to be seen 1
month later. At 1 month post-op, a subsequent peri-apical X-ray was taken where severe bone
loss was noted around the implant and clinical mobility was observed (Figure 9). The implants
were therefore removed and the patient was sent for medical analysis. This case highlights a
typical case whereby simple osseointegration is expected in a relatively straightforward case

yet unexplained early implant failure occurred.

Upon testing of a full blood workup, the main finding was the patient’s low vitamin D
levels. The patient reported levels of vitamin D deficiency. The patient was then supplemented
with a 12 week recovery program of supplements (DentaMedica®) and implant placement was
successful thereafter. This case represents a standard recovery program and timeline following
early implant failure for yet known reasons to promote local healing and recovery of vitamin
and mineral levels.

10. Patient Testing And Supplementation

Owing to recent evidence suggesting a strong correlation between vitamin D deficiency
and early implant failure, vitamin D testing pre-bone grafting and pre-implant placement has
therefore been recommended. While blood work is not always common/available within a
dental office, the ability to adequately test vitamin D levels within 10 minutes with a simple
finger prick test becomes a highly valuable tool within dental offices. Upon discovery of low
patient vitamin D levels, it becomes essential to supplement patients adequately prior to implant
placement or bone grafting procedures. Another alternative is the use of supplementation prior
to implant surgery and bone graft surgery. A minimum 4 week supplementation program is
recommended to elevate all vitamin and mineral levels prior to surgery followed by 2 weeks
post-op.

11. Conclusion

The present book chapter highlights the effects of vitamin D deficiency on early implant
failure and bone graft complications. Vitamin D remains one of the most highly prevalent vitamin
deficiencies known to man and a direct link with bone tissue homeostasis and remodeling has
been reported in the literature. Noteworthy, vitamin D is also linked with the immune system
whereby introduced biomaterials into the body (especially in bone) such as dental implants
may be compromised when vitamin D deficiency is observed. This chapter highlights the fact
that recent studies have demonstrated a marked and significant additional increase in early
failure of dental implants roughly 300% higher than standard healthy implants. Furthermore,
discussion over supplementation and a recovery program is discussed as a means to assist
patients in the recovery both pre-surgically as well as in the recovery of patients demonstrating

low vitamin D levels.
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