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ABSTRACT
Objectives: The aim of this study was to evaluate the bone density of the

implant site with panoramic radiomorphometric parameters [mandibular
cortical index (MCI), mental index (MI)], and to investigate the relationships
between bone density, vitamin D, HDL, and LDL.

Materials and Methods: Forty patients with mandibular first molar or
second molar tooth deficiency who had undergone implant surgery were
included in the study. Blood samples and panoramic MCI and MI parameters
were used to evaluate mandibular bone density. Data were analyzed using the
Mann-Whitney U and Kruskal-Wallis tests. The relationships between Ml
and the study variables were assessed by Spearman’s correlation coefficient.
The Chi-square or Fisher’s exact tests were used to determine the
relationships between MCI and the study variables. p< 0.05 was considered
statistically significant.

Results: There were significant weak positive correlationsof MI with
Vitamin D and LDL (r = 0.329, p = 0.038; r = 0.341, p = 0.031). Vitamin D,
LDL, and HDL measurements were not statistically different among the MCI
groups (p=0.100, p=0.119, p=0.840, respectively).

Conclusions: Vitamin D level may carry importance in addition to
radiographic and clinical parameters; thus, patients should be evaluated in
this respect. Further studies involvinglarger patient groups are needed to
conclude the relationship between vitamin D level and bone quality.

Keywords: Dental implant, bone remodeling, Vitamin D, HDL cholesterol,
LDL cholesterol.
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INTRODUCTION

Dental implant surgeries are the most common
treatments in patients with missing teeth. The
quality or density of the available bone is the most
critical factor for success in implant surgeries. The
bone density in the toothless region, treatment
planning, the structure of the implant, surgical
approach, healing time, and loading are the criteria
that affect the loading process during the prosthetic
stage. The alveolar bone structure of the implant
drilling site defines the success of anchored
endosseous implants. In the presence of a toothless
crest, dense or porous cortical bone can be found
on the outer surface of the bone, and sometimes the
trabecular bone inside the cortical bone, whether
the crest is thick or thin. While the cortical bone
has the function of withstanding torsional loading
and provides higher initial stability, cancellous
bone is more abundant in vascular canals and thus,
vasculature supplying mesenchymal progenitor
cells. Therefore, it is essential to evaluate the bone
quality and quantity in potential implant sites."
Accurate evaluation of the bone structure and
planning of surgery before placement of the
implant affect the success and survival rates of the
implant.® Mandibular radiomorphometric
parameters such as the Mandibular Cortical Index
(MCI) and the Mental Index (MI) are used to
evaluate the bone quality of the mandible.>*

MCI classifies the visibility of the cortical
bone at the lower edge of the mandible. Ml is the
amount of cortical bone thickness measured at the
mental foramen region.’ Although different
reference ranges have been reported in various
studies, it has been concluded that asymptomatic
dental patients with an MI<3 mm without
osteoporosis might be referred for bone mineral
density measurement and must be evaluated for
osteoporosis risk.® These indices play critical roles
in the identification and evaluation of patients with
osteoporosi sor low mineral density.>” Qualitative
and quantitative panoramic indices, including MCI,
Ml,and PMI (Panoramic Mandibular Index), are
the measurements developed in order to evaluate
the quality and quantity of mandibular bone density
on panoramic radiographs and to identify the
resorption points. MI is the best predictor of
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reduced cortex width under the two mental
foramina. Osteopenia can be defined by measuring
the cortical thickness at the lower border of the
mandible. Thin mandibular cortical width is a
finding that shows reduced skeletal bone mineral
density (BMD).” MCI shows the porosity of the
mandible but is also associated with BMD.® MCI
has been found to be useful in demonstrating
osteoporosis.

One of the hypotheses of failure after implant
or graft applications in recent years is the presence
of underlying biological disorders affecting bone
metabolism. There is evidence that LDL (low-
density lipoprotein) cholesterol (dyslipidemia)
slows bone metabolism or reduces the
osseointegration of dental implants. It is also
known that Vitamin D is the key to natural and
acquired immunity and that both immunities are
impaired in vitamin D deficiency. Therefore,
vitamin D deficiency slows the osseointegration of
the implant or increases the risk of graft infection.* *°

Today, the wuse ofdental implants for
rehabilitation of missing teeth is increasing day by
day. In this parallel, complications of peri-implant
tissues and implant failureshave become more
common. The most important criteria for implant
success are the quantity and quality of the available
bone. Therefore, it is crucial to evaluate factors that
may negatively affect the density, quantity, quality,
or metabolism of the bone before the procedure. In
the present study, we evaluated the radiographic
and biochemical parameters and posterior bone
structure of patients who were planned to undergo
implant surgery, and we think that this can help to
prevent further possible complications. The aim of
the study was to evaluate the bone density of the
implant site with panoramic radiomorphometric
indices and to investigate the relationships between
bone density and biochemical parameters.

MATERIALS AND METHODS

The study was conducted on patients aged 18-49
years who had undergone mandibular molar region
implant surgery in the Department of
Dentomaxillofacial ~ Radiology = of  Baskent
University Faculty of Dentistry. MCI and MI
indexes were measured by three radiologists on
digital panoramic radiographs. The study protocol
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was conducted in full accordance with the Helsinki
Declaration and was approved by Baskent
University Institutional Review Board and Ethics
Committee (Project no: D-KA18/21). Written
informed consent was obtained from all subjects.

Panoramic radiographs were taken with the
same device (Veraviewpocs 2D, Morita, Japan) and
with the same technical parameters (6466 kVp; 6—
9 mA; 10 s and voxel size 0.08 mm3). Klemetti et
al.” defined MCI as C1, C2, C3 according to the
visibility of the mandibular cortical bone. Cortical
bone thickness was measured at the site of mental
foramen using Clearcanvas (Synaptive Medical,
Toronto, Canada) program for MI. The standard
magnification value of the panoramic device used
in Ml was 10%.

C1: Normal cortex, cortical bone on hoth sides
regular and continuous,

C2: Moderately eroded cortex, half-moon defects,
and stratification in cortical bone,

C3: Severely eroded cortex, extreme irregularity in
cortical bone, and significant porosity. It was
reported that the C3 category should be evaluated
in terms of the risk of osteoporosis.®

LDL, HDL (high-density lipoprotein), and
vitamin D levels in blood samples were obtained
from patients who accepted implant surgery.
Inserum, the reference value for HDL cholesterol
was between 35-55 mg/dL and for LDL
cholesterol, <130 mg/dL. For  25-OH-
cholecalciferol, reference value between 6.2-45.5
ng/mL was used.

Inclusion criteria for the study were as follows:

1) No drug or systemic disease affecting bone
metabolism,

2) Missing teeth only in the first molaror second
molar region of the mandible,

3) No periodontal disease,

4) No diagnosis of menopause.
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Statistical Analysis

Statistical analysis of the data was performed by
SPSS (Version 22.0, SPSS Inc., Chicago, IL,
USA). Descriptive statistics were presented with
mean + standard deviation and median (min-max)
for continuous variables in accordance with the
data distribution. Categorical variables were
expressed as numbers and percentages. The
distribution of normality of data for statistical test
selection was examined by the Shapiro-Wilk test.
Since parametric test assumptions were not met,
Mental Index (MI) values in sex and smoking
groups and Vitamin D, LDL, and HDL
measurements in Mandibular Cortical Index (MCI)
groups were compared using the Mann-Whitney U
test. Mental index (MI) values were compared with
the Kruskal-Wallis test in the tooth-loss year
groups. The relationships between MI and tooth-
loss year, Vitamin D, HDL, and LDL were
investigated ~ with ~ Spearman’s  correlation
coefficient according to data distribution. The
relationships between MCI and gender, smoking,
tooth-loss year, LDL, and HDL were investigated
by Chi-square or Fisher exact test. The statistical
significance level was considered as p <0.05.

RESULTS

In the present study, there were 14 (35%) females
and 26 (65%) males. The mean age of the patients
was 38.8 + 5.90 (23-49) years. The mean age of
females was 36.93 + 7.10 (23-48) years, and the
mean age of males was 39.81 + 5 (29-49) years.
The mean ages of male and female patient groups
were not statistically different (p = 0.143). Eighteen
(45%) of the patients reported smoking, while 22
(55%) stated that they did not smoke. Smoking
rates of men and women were similar according to
gender groups (p = 0.257). 57.1% (n = 8) of
females were smoking and 38.5% (h = 10) of males
were smoking. The average vitamin D level was
found to be 16.38 + 9.69 ng / mL in the 40
subjects,whereas the average LDL value was 129.5
+ 47.91 mg/dL, and the average HDLvalue was
43.5+9.47 mg/dL (Table 1).
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Table 1. Mean Vitamin D, LDL, and HDL levels in study patients

Variables N Mean+SD Median (min-max)
Vitamin D ng/ mL 40 16.38+9.69 14.75 (7.1-44,9)
LDL mg/dL 40 129.52447.91 129 (46-209)
HDL mg / dL 40 43.62+9.74 435 (19-63.6)

MCI, C1, and C2 ratios were similar in was no significant difference between C1 and C2
females and males (p = 0.641). There was no ratios, according to the toothless period (p=0.849)
statistically significant difference between C1 and (Table 2).

C2 rates of smoking groups (p = 0.064). There

Table 2.Comparison of Mandibular Cortical Index (MCI) by gender, smoking, and period of tooth loss
MCI

Total
C1 c2 N P-value
N(%) N(%)
Female 7 (50%) 7 (50%) 14 +
Gender 0.641
Male 11 (42.3%) 15 (57.7%) 26
. No-smoking 7 (31.8%) 15 (68.2%) 22 +
Smoking . 0.064
Smoking 11 (61.1%) 7 (38.9%) 18
5 years and less 5 (38.5%) 8 (61.5%) 13
Periodof 5 14 vears 8 (47.1%) 9 (52.9%) 17 0.849"
Tooth Loss ' ' '
More than 10 years 5 (50%) 5 (50%) 10
T Chi-square test, * Fisher exact test
MI measurements according to demographic significantly regardinggender, smoking, and the
and clinical characteristics of the patients were toothless period (p = 0.944, p = 0.946, p = 0.552,
shown in Table 3. The mean MI did not differ respectively).

Table 3. Comparison of Mental Index (MI) measurements according to demographic and clinical characteristics of
patients

N Mi P value
Mean+SD Median (min-max)
Female 14 5.29+0.72 5 (4-7) T
Gender Male 26 5.42+1.41 5 (4-10) 0.944
. No-smoking 22 5.45+1.50 5 (4-10) q
Smoking Smoking 18 5.280.75 5 (4-7) 0.946
5 years or less 13 5.15£1.28 5 (4-7) .
Tooth loss time 5-10 years 17 5.65+1.41 5 (4-10) 0.552°
More than 10 years 10 5.20+0.63 5 (4-6)
“Mann Whitney U test
¥ Kruskal-Wallis test
SD: Standart Deviation:
Vitamin D, LDL, and HDL measurements groups (p = 0.100, p = 0.119, p = 0.840,
were not statistically different between the MCI respectively) (Table 4).
Table 4. Comparison of Vitamin D, LDL, and HDL levels according to Mandibular Cortical Index (MCI) groups.
MCI groups N Mean+=SD Median (min-max) p value
Vit D C1 18 13.61+6.87 10 (7-26) 0.1009
c2 22 18.64+11.16 16 (7-45)
LDL C1 18 116.5+49.69 107.5 (46-209) 0.1199
C2 22 140.23+44.69 141 (74-206)
HDL C1 18 42.78+11.52 435 (19-64) 0.8409
C2 22 44.36+8.28 43,5 (33-60)

¥ Mann Whitney U test
SD: Standart deviation

64



Orhan K, et al.

Significant positive weak correlations of MI with
VitaminD and LDL were determined to be

present(r = 0.329, p = 0.038; r = 0.341, p = 0.031)
(Table 5).

Table 5. Results of correlation analysis between Mental Index (MI) and VitD, HDL and LDL

VitD LDL HDL

R 0.329* 0.341* 0.063

Ml P 0.038 0.031 0.698
N 0.038 40 40

* Spearman's rho correlation statistically significant

DISCUSSION

Vitamin D is a fat-soluble vitamin derived from
endogenous production in the skin following
exposure to adequate sunlight (cholecalciferol) or
obtained through dietary means (ergocalciferol and
cholecalciferol), then converted in the liver to 25-
hydroxyvitamin D (25(0OH) D). Thereafter, 25
(OH)D is converted in the kidney to its active form
1,25-hydroxyvitamin D (1,25 (OH)D)." Vitamin D
is involved in the intestinal absorption and
regulation of calcium homeostasis and is crucial for
bone and overall health® This vitamin can
stimulate osteoblastic bone matrix production,
coupling bone resorption to bone formation, and
optimizing bone remodeling.™ It increases calcium
absorption in the intestine, leading to a reduction in
PTH (parathyroid hormone) secretion and lowers
systemic bone resorption with a possible inhibition
of osteoclastogenesis. 1, 25-dihydroxyvitamin D3
can stimulate bone resorption by binding to vitamin
D receptors of osteoblasts and by altering the
balance between RANKL and osteoprotegerin.'**
Although vitamin D has been widely used in the
treatment and prevention of osteoporosis in recent
years, studies investigating its effects on implant
osseointegration are limited.>*®

In an animal experiment, Kelly et al."

observed low bone-implant connection (BIC) in
rats with vitamin D deficiency two weeks after
implant placement. However, the same study
emphasized that the prevalence of vitamin D
deficiency might vary in different populations.
Recently, the effect of topical application of
vitamin D (10%) and melatonin (5%) solutions on
the surface of immediate implants placed in dogs
was evaluated. Both topical applications improved
new bone formation around implants significantly
and reduced crestal bone loss at 12 weeks
following surgery, indicating the positive
correlation between vitamin D and early stages of
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osseointegration.”® Aydin et al.'® reported a

significant increase in the amount of vitamin D in
propolis groups and stated that the healing of the
implanted bone was improved.

A retrospective study with the purpose of
investigating a correlation between early implant
failure and low serum level of vitamin D showed a
higher incidence of the implant failure rate in these
patients, but a correlation between the two factors
could not be determined.?

The results of the current study revealed that
vitamin D level was below the threshold of 20
ng/mL in thirty individuals included in the study.
The World Health Organization reported that the
insufficiency of vitamin D could be considered in
levels below 20 ng/mL (50 nmol/L), and the
deficiency of vitamin D levels could be considered
below 10 ng/mL (25 nmol/L).** % We think that the
probability of implant failure in these individuals
may be higher in subsequent implant applications.
These individuals may be offered vitamin D
supplementation before implant surgery, and
patients maybe needed to be kept under control for
peri-implantitis following implant surgery.

The results showed that there was no
relationship between MCI and vitamin D level,
whereas there was a weak positive correlation
between MI and vitamin D level. This result shows
that the vitamin D level may affect bone
metabolism and structure.

Animal experiments showed that there were
more bone resorption and less bone formation,
together with higher levels of bone turnover marker
after high cholesterol diets.®** During et al.”®
reported that fatty acids and high cholesterol levels
may adversely affect the rate of bone formation /
bone destruction by down-regulating the Wnt
signaling pathway. Wnt pathway balances
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mesenchymal cell differentiation by inhibiting
adipogenesis  and  stimulating  osteoblasts
proliferation, maturation, and differentiation.
Although the adverse effects of obesity and
increased cholesterol and triglycerides are widely
known in the medical field, the effect of
hyperlipidemia on osseointegration of dental
implants is not fully known.”® In a study, it was
reported decreased bone formation and poor bone-
implant attachment after 12 weeks of a high-fat
diet.* However, in a study conducted by Diindar et
al.®, no change in the status of bone-implant
connections after a 3-month high-fat diet was
determined in post-implant 12-week evaluations in
rabbits.

According to the results of the present study,
there were no correlations between the MCI index,
HDL, and LDL, whereas there was a weak positive
correlation between Ml and LDL. As mentioned in
the literature, we think that hyperlipidemia may
affect bone quality and density, but adverse effects
may be speculated in implant osseointegration. In
addition, meaningful results may be obtained in
studies with more substantial-sized samples.

In this study, no significant relationship was
found between the duration of tooth loss and
radiomorphometric indices. This can be explained
by the presence of the natural teeth at the mesial
and distal of the edentulous crest in the patients. In
the literature, it has been reported that the presence
of natural teeth, partial and total edentulism can be
related to these indices.”’

CONCLUSIONS

Panoramic radiographs are frequently used before
implant surgery. It was concluded that biomarkers
such as Vitamin D might be relevant in addition to
radiographic and clinical parameters, and patients
should be evaluated in this respect.

In addition, the inverse relationship between
plasma 25-OH D and serum PTH levels is very
well  known®?PTH plays a central role in
calcium-phosphorus  homeostasis.  Thus, a
combined evaluation of vitamin D and PTH levels
may provide an accurate assessment. The limitation
of the current study is the small sample size.
However, vitamin D insufficiency was observed in
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the majority of the patient group in the study, and
the issue of whether vitamin D supplementation
would be necessary before implant surgery was
raised. Future studies are needed to evaluate
vitamin D and PTH together and to evaluate the
rate of peri-implantitis in patients with vitamin D
deficiency after implant surgery.
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Dental Implant Cerrahisi Planlanan Hastalarda Dijital
Panoramik Radyografi ile Degerlendirilen Mandibular
Kemik Kalitesi ile Serum Biyolojik Parametreler
Arasindaki Iliski

oz

Amag: Bu calismanin
radyomorfometrik indeksler [mandibular kortikal indeks
(MKI), mental indeks (MI)] kullanilarak implant
bolgelerinde kemik densitesini degerlendirmek ve kemik
densitesi ile D vitamini, HDL ve LDL arasindaki iliskiyi

incelemektir.

amaci, panoramik

Gere¢ ve Yontemler: Calismaya
mandibular birinci molar veya ikinci molar dis eksikligi
olup implant cerrahisi planlanan 40 hasta dabhil
edilmistir. Mandibular kemik dansitesini degerlendirmek
icin  kan ve panoramik MKI ve MI

kullamlmigtir.  Veriler Mann-Whitney U ve Kruskal-

ornekleri

Wallis testleri kullamlarak analiz edildi. MI ve ¢alisma
degiskenleri arasindaki iligki Spearman Kkorelasyon
MKI  ve
degiskenleri arasindaki iliskiyi belirlemek icin Ki-kare

katsayist ile  degerlendirildi. calisma
veya Fisher exact testleri kullanildi. p degerinin <0,05
olmast anlamli kabul edildi. Bulgular: Ml ile D vitamini
ve LDL arasinda anlaml zayif pozitif korelasyon
bulunmustur (r=0,329, p=0,038; r=0,341, p=0,031).
MKI gruplart arasinda D vitamini, LDL ve HDL
olarak  fark
bulunamamistir (siraswla p=0,100, p=0,119, p= 0,840).
Sonuclar: D vitamini klinik ve radyolojik parametrelere

degerleri  bakimindan  istatistiksel

ek olarak énemli bir faktor olabilmektedir ve hastalar bu
acgidan degerlendirilmelidir. D vitamini ile kemik kalitesi
arasindaki iligkiyi arastiran daha ¢ok sayida hastanin
Anahtar

implantlart, yeniden
vitamin D, HDL kolesterol, LDL

dahil edildigi ¢alismalara ihtiya¢ vardir.
Kelimeler:  dig kemigin
sekillendirilmesi,
kolesterol.
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