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IMPLANTS

Vitamin D Deficiency
and Early Implant Failure

What Every Clinician Should Know

INTRODUCTION

Dental implants are generally considered a safe and
highly predictable surgical procedure performed by
many clinicians with the aim of replacing missing
teeth. Yet, to this day, a number of implants placed
in adequate bone volume are lost each year withina
2- to B-week period following implant placement for
unexplained reasons. As sociely continues to con-
sume lower-quality foods and rely more heavily on
fast foods, a large percentage of today's population
is increasingly demonstrating generic vitamin defi-
clency upon testing, owing to this lack of nutritional
intake, These deficiencies are even maore pronounced
in the aging population, where a greater percentage
of dental implants are placed. Unfortunately, one
of the most prominent deficiencies known to man
kind is that of vitamin D, a watersoluble vitamin
critical for proper immune function as well as bone
homeostasis.

Overthe past decade, vitamin D deficiency has been
observed in ~70% of the population and particularly
in postmenopausal osteoporotic women, for whom
vitamin [ is commonly prescribed (with various co-
factors, such as vitamin K) with the aim of further
optimizing bone density and halting disease progres-
sion. Interestingly, recent dental implant studies have
found thatwhile smoking and generalized periodonti-
tis are penerally associated with an approximate s0%
to 200% Increase in dental implant faikure, vitamin [}
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deficiency is associated with up to a 300% increase in
early implant failure, These shocking findings further
highlight the fact that systemic health, including ade-
quate intake of vitaming and minerals, play a critical
role in biomaterial/dental implant integration,

The aim of this article is to brie{ly present recent
research on the prominent links between vita-
min deficiencies (particularly vitamin DY) and early
implant failure. Thereafter, a very quick and easy
in-office testing kit for vitamin D is presented that
utilizes a simple finger-prick test similar to glucose
testing (1o minutes total for testing). Lastly, supple
mentation guidelines and recommendations from
the American Association of Clinical Endocrinolo-
gists (AACE) and the American College of Endocri-
nology (ACE) are presented for deficient patients
with the aim of minimizing early implant failure
potentially caused by vitamin deficiencies,

Vitamin D Deficiency

Vitamin D deficiency is a worldwide public health
problem that spans across all age groups from chil-
dren to adults. Naturally, as we age, our ability to
absorh vitamin D is also decreased. The major
source of vitamin D is directly from sunlight expo
sure along with the very few foods that naturally
contain sufficient doses. Unfortunately, direct sun-
light has tremendously decreased in modern society

continued on page T4
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with the increased number of desk-
related jobs. Epidemiological stud
ies have now shown thal roughly
70% of society is deficient.!

Vitamin D deficiency is muost
known for its association in osteopo
rotic and menopausal women. Few
realize, however, its drastic and sub-
stantial rolein various other diseages,
These include depression, dementia,
Alzheimer's disease, asthma, cancer,
cardiovascular disease, and diabetes,
amang others. Vitamin D is essential
for gastreintestinal calcium absorp
tion, mineralization of ostecid tissue,
and maintenance of serumionized
calcium levels, It is also important
for other physiological functions,
such as muscle strength, neuromus
cular conrdination, hormone release,
and immune cell function” More
recently, vitamin D deficiency has
also been linked with up to a 300%
increase in dental implant failure,
and associations with other dental
related complications are increas
ing.? ™ Optimizing vitamin D levels
prior to surgery, therefore, becomes
fundamental for maximizing wound
healing, and this article aims to dis-
cuss the relevant research on the
topic and its association with dental
implant-related failures and bone
grafting complications,

Optimizing Vitamin D Levels
Serum 25-hydroxy vitamin D (25-
OH) is the reliable marker of vita
min D status, and a level below 20
ng/ml defines deficiency. Optimal
levels above 30 ng/ml are required
to maximize the bone health and
non-skeletal benefits of vitamin D
{Table 1), For individuals undergo-
ing any type of dental-related pro-
cedures, levels between 4o and 6o
ng/ml are generally recommended
since it is known that levels may
decrease  substantially following
a period of stress (simply, a dental
surgical intervention). Unfortu
nately, foods do not contain suf
ficient levels. Examples are cod
liver oil {400 10 1,000 TU/teaspoon);
fresh-caught salmon (6oo to 1,000
Il/3.5 oz vitamin D3); tuna (236
111/ 3.5 oz vitamin D3); egg yolk (20
IWiyolk vitamin D3 or Dz); and for
tified milk, cheese, or yogurt (100
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IU/3 oz, usually vitamin D3}, These
are low levels considering defi-
ciency should he treated with 4,000
to 6000 IU/day for a & to 8week
period to restore levels to sufficient
values. According to AACE and ACE
guidelines, it is recommended that
supplementation maintain levels
above 30 ng'ml®? The Endocrine
Society in the United States recom-
mends achieving a concentration

Related Dental Complications
Associated With
Vitamin D Deficiency

Vitamin D plays an important role
in supporling the iImmune sys-
tem and the integration of vari
ous 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 metabalic
processes, such as bene remodel-
ing. Therefore, some complications
have been related to vitamin D defi-
ciency in the dental field.

In 2000, a first animal study
investigated theroleof vitamin Din
dental implant ossecintegration.”
Utilizing a ratmodel, implants were
placed in both normal control and
vitamin D-deficient animals and
subjected toimplant push-out tests,
as well as histological analysis. The

summary, it was reported that vita-
min [ deficiency was directly asso-
ciated with early implant failure. It
was also advised that the assessment
of vitamin D prior toimplantsurgery
be analyzed, especially in patients
having undergone either long-term
hospital care or a recent traumatic
injury'event.! 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®

In 2016, Fretwurst etal” reported
that unexpected implant removal
in a dental university clinic was
subject to much controversy
around potential causes, These ran-
dom implants were often removed
after only 15 days following place-
ment and, therefore, patients were
then sent for vanous blood analy-
ses. It was found in each case that
extremely low serum  vitamin
D levels (serum vitamin D ley-

Table 1. Vitamin D concentrations in humans in terms of deficient, optimal, and toxic levels.

Status Serum Vitamin D 25-0H Vitamin D Concentration
Severe Deficiency < 10 ng/mL <25 nmol/L

Deficiency < 20 ng/mL < 50 nmol/L

Insufficiency 21 to 28 ng/mlL 50 to 74 nmol/L
Sufficiency 30 to 100 ng/mL 75 to 2580 nmol/L

Optimal 30 to 80 ng/mL 75 to 150 nmol/L

Toxic = 150 ng/mL =375 nmol/L
Pre-surgery 40 to 60 ng/mL 100 to 150 nmol/L

of more than 3ong/ml {» 75 nmol/L)
of serum 250H,considering the
optimal range is 40 to 6o ngml
(roo to 150 nmol/L). The Endocrine
Society also advocates an intake
of 1,500 to 2,000 IUMay (37.5 to
so pg) in adults, and that obese
patients (BMI : 3o kg/m®} should
take 3 times more than the normal
adult daily vitamin dose.”? TUnfor-
tunately, epidemiological studies
across the United States have rou-
tinely shown that deficiencies of
vitamin D are typically found in
approximately 7o0% of the popu-
lation, and this deficiency is only
expected to increase as the popula-
tion works more indoors. The fol-
lowing research articles focus on
the link between these deficiencies
and the associated risk for early
dental implant failure.

push-out tests revealed an approxi
mate 66% decrease in value in the
vitamin D-deficient group and also
revealed significantly lower bone-
to-implant contact as early as 14
days postimplant placement It
was concluded from this study that
the effect of vitamin D deficiency
was unexpectedly profound. It was
further addressed that future clini-
cal research would benefit patient
care, owing to these observations.
Following years of mnitial pre-
clinical studies demonstrating the
marked impact of vitamin D def-
ciency on osseaintegration, climical
studies were then reported. These
began initially as case reports. In
2014, Bryce and MacBeth* reported
that vitamin Tt deficiency was sus-
pected as a causative factor in the
failure of immediate implants. In

els ¢ 20 pg/L) were reported. This
study group described that after
a 6-month period of healing and
vitamin D supplementation, lev-
els were raised (> 46 pp/l), and
implants were successfully ossen-
integrated in all cases following
adequate supplementation.”

In 2017, Insua et al® wrote an
extensive review article on the con-
cept of peri-implant disease being
driven by osteoimmunology, osteal
macrophages, and their related
breakdowns and maintenance. An
entire section was dedicated to vita-
min D and its correlation with lower
bone-to-implant contact and poten-
tial complications and periimplant
bone loss over time. Furthermore, the
immune system was alo discussed
during the homeostasis of peri

conlinued on page 78
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implant tiqme!ngsenimegratiﬂns

In zo1g, Mangano et al’ pub-
lished a retrospective study
whereby nearly 2000 implants
were investigated in nearly 1,000
patients (Table 2). To date, this rep-
resents the largest study on the
topic where implant failure rates
were gathered along with data on
otherknowncomplications,suchas
smoking and generalized periodon-
titis. In this study, it was reported
that heavy smoking (defined as 15
cigarettes per day) was found to be
associated with an approximately
50% increase in early implant fail
ures. Similarly, generalized peri-
odontitis was also associated with
an approximate s5o% increase in
dental implant failures. Interest
ingly, severe vitamin D deficiency
(defined as serum levels < 1ong/ml)
was reported with a nearly 300%
increase in overall implant failure
rates when compared to controls.”
The conclusions from this study
highlight the need for adequate
testing, prevention, and supple-
mentation prior to dental implant
placement and maintenance.”

Testing Vitamin D Levels
Standard vitamin D} tests are rou-
tinely performed by measuring
serum vitamin D levels in whaole
blood serum. Naturally, this pro-
vides an adequate analysis of blood
vitamin D levels; however, the issue
is the inconvenience to the patient
seeking routine dental work. Nano-
Speed Technologies has since devel-
oped 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. This easyto-use test is
cost effective and virtually painless
when compared to competing tech-
nologies that require venous blood
The technology is based on the
principle of a competitive immu-
noassay. Depending upon the con-
centration of vitamin D' in blood/
serum, there will be a varying num-
ber of free antibody-gold conjugate
malecules 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,
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Table 2. Number of patients, early failures, and failure rates within groups.

Mumber of Patients Number of Early Failures | Failure Rates (%)
Overall 885 35 3.9%
Gender
Males 455 18 3.9%
Females 430 7 3.9%
Age at surgery
= 40 years 100 a5 5.0%
40 to 60 years 412 15 3.6%
= Bl years 373 15 4.0%
Smoking habit
{Hf Tgcsi;;ﬁfsf day) o - AN
(110 15 sgareiay/ow) 1 5 =
Mon-smokers 603 21 3.4%
History of periodontal disease
Generalized penodontitis a7 B B6.1%
Localized periodontitis 218 10 4.5%
No periodontitis 570 19 3.3%
Vitamin D serum levels
=10 ng/mi 27 3 11.1%
10 to 30 ng/ml 448 20 4.4%
= 30 ng/mi 410 12 2.9%
the blood sample (10 ul) are placed  Supplemental Recovery Program:  expectations within reasonable time-
on the assay (red mark), according The Sclence frames. Over the vears, it has become

to Figure 1. Then 3 full drops of the
kit's "Chase” buffer is added into the
square buffer well of the cassette,
Within 10 minutes, the vitamin D
measurement may be obtained.
Owing to this technological
advancement, it becomes possible
to utilize the equipment prior Lo
dental implant placement or bone
grafting surgery to determine lev-
els/potential deficiencies  prior
to implant/graft surgery. When
deficient, it is clear patients need
a solution, and, typically, supple
mentation is recommended.

Behind Dental Healing
Owing to the impact of vitamin D
defidency-related complications and
failures in dentistry, clinicians are
advised to use vitamin D supplements
when deficiency is observed Typi-
cally, 5,000 IU/day is recommended
by the AACE; however, an & to
rz-week supplementation period
is needed to reach adequate levels,
This timeframe makes implant den
fistry quite inconvenient, owing to
theoften-encounteredneedto restore
teeth at earlier timepoints, along
with the necessity to satisfy patient

increasingly clear that vitamin D
absorption is further optimized with
several co-factors, These include vita-
min K. magnesium, calcium, man-
ganese, and boron, among others.
These co-factors, when present, help
absorb vitamin D toward optimal
levels in shorter healing periods.
Several supplementation recovery
programs have been designed spe-
cifically for dentistry and implant/
bone grafting procedures (Denta-
Medica) (Figure 2) with the aim of
elevating levels prior to implant

continued on page T8
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surgery within a 4-week period.
Noteworthy research, however,
has demonstrated that patients
older than 65 years of age, diabet-
ics, smokers, obese patients, and
patients with reported compro-
mised immune systems typically
require double this timeframe of
supplementation requirements.

The Role of Antioxidants
in Wound Healing

In addition to bonerelated defi-
ciencies, several additional factors
can impair wound healing, such as
infection found in periodontal dis
ease, poor diet, aging, diabetes, alco
hol overuse, smoking, stress, and
impaired nutritional status.*** In
recent years, reactive oxygen spe
cies (ROS) have gained attention
because of their central role to the
progression of many inflammatory
discases.” 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 tis-
sue degeneration.'**

To combat oxidative siress, all
cells in the body require an intrinsic
store of molecules known as “anti-
oxidants,” which prevent tissue dam-
age.” When this balance is shifted,
however, high levels and activity
of ROS cause DNA damage, protein
damage, and lipid peroxidation. This
leads to impairments in wound heal:
ing and many longterm chronic
degenerative diseases and whaole
body tissue inflammation, which are
linked to common diseases such as
dementia and various cancers.

Unfartunately, a large percentage
of the population today suffers from
vitamin and mineral deficiencies
directly linked 1o antioxidant levels
{Table 3). As a result, it is clear that
prior to any major surgery, vitamin
TECOVeTy programs are indispensable
to help restore the patient’s levels
prior tosurgery to prevent failure and/
or delayed wound healing Further-
more, restoring patient antioxidant
levels remains a relatively easy and
inexpensive task.

Vitamin Cis, perhaps, one of the
maost well-known antioxidants and
has a primary function as a radical
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Table 3. Vitamin deficiency
In the general US population.

34% deficient

25% deficient

705 deficient

60% deficient

38% deficient

45% deficient

Figure 5. Implant osteolomles were
created.

scavengerandin the synthesisofcol-
lagen hydroxylation in humans.*' It
also contributes to immune defense
by supporting various cellular func-
tions of both the innate and adaptive
immune systems. Vitamin C defi-
ciency results in impaired immu-
nity and higher susceptibility to
infections.** Vitamin C is found in
many natural fruits and vegetables,
yel the population remains rela-
tively deficient, owing to the poor
nutritional status encountered in
many patients.

Otherimportant vitaminsinclude
flaven oids:polyphenoliccom pounds
found in plants known to contain
potent antioxidants, as well as anti-
inflammatory, anti-allergic, and anti-
tumor properties ™ Additionally, the
vitamin B complex® carotenocids
(vitamin A), magnesium,™*" zinc, ¥
manganese, and selenium are but a
few important mineralsandvitamins
that aid in wound healing. Needless
to say, with the population being
increasingly more deficient in key
vitamins/minerals, their particular
relationship with potential implant
complications/failure remains to be
investigated. To date, only a strong
link between vitamin D deficiency
and early implant failure has been
reparted, but it remains to be seen if
other relationships exist.

Figure 3. A mand ibular ndge, missing 2
posteror teeth. The ridge width demon-
strated adequate bone width,

Figure 8. Implant placement was done
with adeguate bone width around both
Implans.

Figure 4. Following mid-crestal fiap
elevation and bone reduction, adequate
bone width was observed elinlcally

Figure T. Soft-tissue closure.

Figure 8. The perapical mdiograph taken
Immediately after surgery, demonstrating
excellent implant placement.

CASE REPORT
Example of Early Implant Failure
as a Suspected Result
of Vitamin D Deficlency
Routinely, dental implants are

placed with long-term success rates
of go% to g5%.* ** However, forrel
atively unknown reasons, a small
percentage of implants are lost each
year with unexplained 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 mid-
crestal full-thickness flap elevation,
a bone reduction alveoplasty pro-
cedure was done to allow adequate

Figure 9. Cne-month postoperative, 1he
patient presents with implant maobil-

Ity Mote the radiolecency around bath
implants, which were both removed for
Unk Rt reasons, (Case performed by Or
Bishara.)

width for implant placement with
.o to 20 mm of remaming width
on the buccal and lingual aspects
(Figure 4). Note the excellent ridge
width. Figure 5 demonstrates the
implant osteotomies with adequate
bone width on eitherside. Following
implant placement at torgue values
of 40 Nem (Figure 6), soft-tissue clo-
sure was obtained, and the patient
was advised o maintain good
hygiene home care that included
saltwater rinses following meals
(Figure 7). A periapical radiograph
was taken following implant place-
ment, demonstrating adequate bone
levels (Figure 8).

At the 2-week recall, suture
removal was performed, and the



patient was advised to be seen 1
month later. At r-month postopera-
tive, a subsequent periapical radio-
graph was taken in which severe
bone loss was noted around the
implant and clinical mobility was
observed (Fgure ¢). The implants
were therefore removed, and the
patient was sent for medical analy-
sis. This highlights a typical case
whereby simple  ossecintegration
was expected in a relatively straight-
forward case, and 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

surgery and bone graft surgery. A
minimum g-week supplementation
program is recommended to elevate
all vitamin and mineral levels prior
to surgery, followed by anadditional
2 weeks post-op.

CLOSING COMMENTS
This article highlights the effects of
vitamin D deficiency onearly implant
fathure and bone graft complications.
Vitamin D remains one of the most
highly prevalent vitamin deficiencies
lenowm 1o man, and a direct link with
bone tissue homeostasis and remod-
eling has been reported in the litera:
ture. It’s noteworthy that vitamin D is
also linked with the immune system,

...one of the most prominent deficiencies known
to mankind is that of vitamin D....

D deficiency. The patient was then
supplemented with a 12-week recov-
ery program of supplements (Denta-
Medica), and implant placement was
successful thereafter. This case rep-
resents a standard recovery program
and timeline following early implant
failure for unknown reasons to pro-
mote local healing and recovery of
vitamin and mineral levels Vitamin
D testing postearly implant fail-
ure almost always results in cases
reported to be vitamin D-deficient.

Patient Testing and
Supplementation
Owing to recent evidence suggest-
ing a strong correlation between
vitamin D deficiency and early
implant failure, vitamin D testing
hefore bone grafting and implant
placement has therefore been rec
ommended. While blood work isnot
always common and/or 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
{Figure 1). Upon discovery of low
patient vitamin I levels, it becomes
essential to supplement patients
adequately prior to implant place-
ment or bane grafting procedures
Another alternative is the use of
supplementation prior to implant

whereby introduced biomaterials in
the body (especially in bone) such
as dental implants may be compio.
mised when vitamin D defidency is
observed. Recent studies have dem-
onstrated a marked and significant
additional increase in eardy dental
implant failure of mughly 300%
higher in implants placed in vitamin
Drdeficient patients than in healthy
patients. Furthermore, supplementa-
tion and a recovery program are dis
cussed as a means to assist patients
both presurgically as well as in the
recovery phase+
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uted In reganaative dentistry, including his
moat recent n 209, tited Next Gensrafion
Biomaterdals for Bone and Perodontal Regen-
erafian, and his 2017 testhook, titked Platssr
Rich Fibrin in Reganerative Dentistric From
Biategiical Background to Chinieal indications.
He can be reached at rck@themironiab. com.

Deschosure: D, Miron 15 8 member of the
DentaMedica adwsory bDoard and Is involved
fn continuous research profects on the fomcs
discissed hereln.

Dr. Plkos graduated with honors from The
Ohio State University (O5L) College of Den-
tistry and completad an Intemship at Miami
Maliey Hospial and residency training in oral
and maxiiioBcil suigery at the University of
Pittsbirgh, Montefiore Hoapital, He is a Dip-
lomate of the American Board of Oral and
Maxillofacial Surgery, the American Board of
Oral Implantology, Implant Dentistry, and the
Imtemational Congress of O Imglantolo-
gists and a Felow of the American Collags of
Dentista. He is alzo an adjunct assatant pro-
fessor in the Department of Oral and Maxile
facial Sungery at The 05U College of Dentistry
and Nova Southeastern University College of
Dental Medicine: He is also 8 courtesy elin-
cal associate professor in the Departmoent
of Periodontology and Department of Prosth-
odontics at the University of Forida College
of Dentistry. He |s the founder and CEQ of
the Pikos Instifute. Sinee 1820, he has been
teaching advanced bone and soft-tissue graft-
ing courses with alumni that now number
more than 4, 100 from all 50 states and 43
countries Dr. Pikos maintaing a povate prac-
tice, which is limied sxclushely to implant
surgery, In Trinity, Fla (piosinatitute com). He
can be reached at lam@pikosinstitute.com.
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Dr. Bishara complsted his undergraduate
gtudies in medical blophysics at the Linves
sity of Western Ontario. He went on 1o com-
plete his DDS degree at the Schulich School
of Maedicing and Dentistry. Since graduat-
i, he practices in the Durham region with
a focus on dighal workdflow, dental implants,
bone grafting material regeneration, and tis-
sue regeneraton. He currently collaborates
with members of the Miron Lab on tissue
regeneration utilizing platelet-rieh fiorn (PRE),
He i a pubdished suthor on PRE immediate
dental implants, and clinical applications. He
is the president and founder of the Canadian
Implant Dentisty Network (CIDN), Canada’s
largest onling implant community with ower
11,000 members focused on adancing
impdant dentistry He can be reached at infod
cdnimplants.com,
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