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Abstract

Introduction: The aim of this study is to assess the osseointegration of different dental implants surfaces in diabetic rats. Materials and Methods:
In this study, were used 56 male Wistar rats, average weight of 300-350 g. Diabetes was induced by a single intraperitoneal injection of
Streptozotocin. The glucose levels and weight of rats were periodically evaluated. After the diabetes mellitus is confirmed, the sandblasted,
large-grit, acid-etched (SLA) and SLActive endosseous dental implants (TAG dental implants, TAG Medical, Israel), made of titanium alloy,
Ti-6Al-4V, 1 mm diameter and 3 mm in length were inserted in the distal metaphysis of the left femur. Results: Diabetic rats have naturally
lower number of bone cells and bone-implant contact (BIC%) than healthy rats when using the SLA implant, but when using SLActive
implant, diabetic and healthy rats have the same numbers. Conclusions: The use of the SLActive surface resulted in positive effects in
healthy and especially in diabetic animals, which demonstrate that could improve the osseointegration progress in humans with diabetes.
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=& Introduction

Oral implants, generally made of pure titanium or
titanium-based alloys, are widely used in the prosthetic
rehabilitation of fully and partially edentulous patients.

The ultimate goal in implant therapy is to achieve
an early and strong implant fixation into the native
surrounding bone tissue. Although titanium is commonly
used as a favorable bone implant material due to its
mechanical properties, its bioactive and osteoconductive
capacity is relatively low [1]. Therefore, implant surface
modification experiments intend to improve the early
process of osseointegration, as characterized by an
increased bone-to-implant contact and enhanced bone
volume in the area surrounding the implant [2]. For this
purpose, different surface modification approaches have
been explored to optimize the interaction between implants
and native bone tissue. By altering either surface topo-
graphy (i.e., grit blasting and acid etching) or changing
the physicochemical properties of the surface (i.e., coating
deposition), both the bioactive and osteoconductive
properties of the surface can be improved [3].

In view of topographical approaches, it is generally
accepted that moderately roughened titanium implants have
a superior influence on the bone response in comparison
with polished “smooth” implant surfaces [3]. Alternatively,
physicochemical surface alterations, such as coating

deposition with osteopromotive compounds, have been
shown to be of special interest in the contemporary field
of research [4, 5].

In many cases, studies of osseointegration of implants
in diabetic animals have involved a problem with study
design: the time between the induction of diabetes and the
implantation was not appropriate. Consequently, patho-
logical changes in soft tissue or bone metabolism are not
likely to have occurred. A study evaluating the establish-
ment of a diabetic pig model showed that significant
changes in blood vessels or hard tissues take place after
6—12 months at the earliest [6].

This study aims to assess by scanning electron
microscopy (SEM) and histomorphometry, the osseo-
integration of sandblasted, large-grit, acid-etched (SLA)
and SLActive implants surfaces and peri-implant bone
in diabetic rats.

= Materials and Methods

The implants used were TAG" dental implants (TAG
Medical, Israel) made of titanium alloy (Ti-6Al1-4V ELI)
with a diameter of 1 mm and a length of 3 mm. Two surface
modifications were tested. The TAG surface was used
as a control group. This surface is sandblasted and acid-
etched, resulting in a microroughened surface topology.

The experimental surface used was the surface
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produced by conditioning the conventional sandblasted
and acid-etched surface in a nitrogen atmosphere and
preserving it in an isotonic sodium chloride solution to
avoid contamination with extrinsic molecules (SLActive),
which are otherwise deposited in the micropores of the
surface.

Animal model and implant procedure

For this study, 56 male Wistar rats were acclimatized
to the study conditions for a period of 14 days before
the induction of diabetes. All experimental designs and
procedures have received approval of the Animal Ethics
Committee of the “Grigore T. Popa” University of Medicine
and Pharmacy, lasi, Romania. The animals were housed
individually, at 25°C. They were strictly pair-fed a laboratory
diet containing 15% casein, 0.8% phosphorus, 1% calcium,
70-80% carbohydrates, and 5% fat throughout the experi-
mental period. Demineralized water was available ad libitum.

Diabetes has been obtained by intraperitoneally
administration of Streptozotocin (Sigma-Aldrich, Dorset,
UK) 40 mg/kg dissolved in 10 mM sodium citrate (pH 4.5),
following sedation of the animals with Azaperone [1 mg/kg
body weight (b.w.)] and Midazolam (1 mg/kg b.w.). The
subjects were diagnosed with diabetes, if the values of
glycemia were over 200 mg/dL. In this study, we evaluated

P .

acid-etched.

At 60 days after surgery, 10 healthy and 10 diabetic
animals were sacrificed, representing an early implant
loading approach. Two diabetic animals died before
day 60 and were therefore excluded from the study. The
remaining 18 healthy and 16 diabetic animals were
sacrificed at 120 days after surgery.

Each animal was sedated with an intramuscular
injection of Ketamine (40 mg/kg b.w) and Midazolam
(1 mg/kg b.w), followed by an intravascular injection of
20% Pentobarbital solution into an ear vein until cardiac
arrest occurred. The finding of absence of vital signs
(respiratory movements, heartbeat, reflexes) animals will
be dissected to harvest the femur.

SEM analyses

Immediately after euthanasia of animals, all samples
were provided by performing an incomplete osteotomy
with a rotary cylinder at the site where each implant
has been inserted, and subsequent fracture of the bone
fragments in the area of weakness. Subsequently, the
samples were prefixed with 3% Glutaraldehyde solution
and stored at 40°C until the examination by electron
microscopy. After obtaining the biological samples,

Figure 1 — (a) Preparation of osteotomies. (b) The SLA and SLActive implants inserted. SLA: Sandblasted, large-grit,

the blood glucose levels measured by Accu-Check Active®
glucometer.

At three months after the administration of Strepto-
zotocin, the implants were placed in the left femur,
according to protocol. All animals received peri-operative
antibiotics (Penicillin G®, Jenapharm GmbH & Co. KG,
Jena, Germany) from one hour before surgery to five days
after surgery, to reduce the risk of infections. Anesthesia
was initiated with Ketamine HCI (Ketavet”, Ratiopharm,
Ulm, Germany), followed by administration of inhalation
anesthesia (Isoflurane™, Pharmacia & Upjohn GmbH,
Erlangen, Germany). A local anesthetic (Ultracain® D-S
Forte, Sanofi-Aventis Deutschland GmbH, Frankfurt am
Main, Germany) was also injected into the left femur of
each animal, an incision was made at the distal metaphysis
of the left femur and the bone was uncovered.

After the randomized placement of two implants per
animal (each one SLA® and one SLActive® implants per
animal; 112 implants in total), according to the standard
protocol for the implant system used (TAG® implants,
TAG Medical, Israel), the periosteum and skin were
sutured in two layers (Vicryl 5-0, Ethicon GmbH & Co.
KG, Norderstedt, Germany) (Figure 1). To reduce post-
operative pain, Butorphanol (0.05 mg/kg b.w.) was injected
subcutaneously every 12 hours for five days.

48 . - z

they were examined by SEM using a microscope type
Tescan Vega Il LMU with an accelerating voltage of 30 kV
electron beam, scoring a 30 pA current sample, a diameter
of electron beam interaction with the sample surface
corresponding to a distance between the spot four, one
pole piece of the microscope and the surface of the sample
between 10 and 13 mm.

One quantitative parameter was assessed:

* Number of bone cells (NrO). The number of the
bone cells from the surface of the implants was assessed
in four rectangular regions of interest (ROIs); ROI 1 and
ROI 2 were defined from the first coronal up to the third
microthread of the implant; ROI 3 and ROI 4 were defined
for the last three microthreads of the apical region of the
implant. Number of bone cells was defined as the total
number of bone cells found between the microthread from
each region of interest (Figure 2). The bone cells are
represented by the all bone cells: osteoblasts and osteo-
cytes attached to microthreads of the implant.

Histological and histomorphometry analyses

The bone samples were fixed in 10% neutral buffered
formalin (2448 hours) and then decalcified in Bouin’s
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solution 72%. After tissue processing, the specimens were
embedded into paraffin blocks (Leica TP1020, Leica
Microsystems GmbH, Germany). The paraffin blocks were
cut into 5 pm sections using Microtome SLEE CUT 6062
(SLEE Medical GmbH, Germany). The sliced sections
were deparaffinized and stained with Masson’s trichrome
techniques.

Histomorphometry was performed using digital image
analysis software (Leica Qwin Pro-image Leica Imaging
Systems, Cambridge, UK).

One quantitative parameter was assessed:
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. 7 Date(midfy): 0612414 microscope
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= Percentage of bone-to-implant contact (BIC%).
Bone contact was assessed along the total length of the
implant in four rectangular regions of interest, starting at
the first coronal up to the third microthread of the implant
for ROI 1 and ROI 2 and for the last three microthread
of the apex of the implant for ROI 3 and ROI 4. BIC%
was defined as the percentage of the implant surface in
direct contact with bone without intervening fibrous tissue
layers (Figure 3). BIC% was calculated as total BIC
divided by total circumference implant from each region
of interest x100.
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Figure 2 — Four regions of interest (ROIs) for the evaluation of the number of the bone cells in the SLA and SLActive

implants groups. SLA: Sandblasted, large-grit, acid-etched.

15.80mm

Figure 3 — Four regions of interest (ROIs) for the
evaluation of bone implant contact in the SLA (a) and
SLActive (b) implants groups. SLA: Sandblasted, large-
grit, acid-etched.

Statistics

All measurements were statistically evaluated using
Statistical Package for the Social Sciences (SPSS) 19.0
for Windows (SPSS Inc., Chicago, IL, USA). Mean values
and standard deviations (SDs) were calculated. Mann—
Whitney test for non-parametric statistics was performed
for the analysis of BIC and number of bone cells. A
Wilcoxon signed-rank test was performed, with a signi-
ficance level set at p<0.005.

& Results
Clinical results

At 60 days after surgery, when the sacrification was
performed, it was clinically found out that two implants
with sandblasted and acid-etched surface from each group,
healthy and diabetic, were not osseointegrated. At 120
days after surgery, it was clinically found out that three
implants with sandblasted and acid-etched surface and
one implant with experimental surface from diabetic group
were not osseointegrated.

Scanning electron microscopy results

In the healthy rats, there is a significant difference in
the mean bone cells number between day 60 and day 120,
when the SLA implant and when the SLActive implant are
used, the number of bone cells being higher at day 120
compared to day 60. In the healthy rats, there is a signi-
ficant difference in the mean bone cells number at day
60 and at day 120, between SLA implant and SLActive
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implant, the number of bone cells being higher with the
SLActive implant compared to the SLA implant.

In the diabetic rats, there is no difference in the bone
cells number between day 60 and day 120, when the SLA
implant and SLActive implant are used. In the diabetic
rats, there is a significant difference in the number of
bone cells between the SLA implant and the SLActive
implant at day 60 and day 120.

Using the implant, the healthy rats have an increase
in the number of bone cells between day 60 and day
120, and the diabetic rats do not have this increase.
Using the SLA implant, there is no difference in the
number of bone cells between diabetes and healthy rats
at day 60, but there is a significant difference at day 120
(Table 1).

Table 1 — Mean values of bone cells number

Day 60

Day 120

Implant SLA, diabetic

235.500 (43.3)

237.462 (31.6)

Implant SLA, healthy

248.125 (52.4)

304.167 (46.8)

Implant SLActive, diabetic

410.000 (57)

478.200 (91)

Implant SLActive, healthy

424.100 (53.8)

538.611 (70.5)

SLA: Sandblasted, large-grit, acid-etched.

Histological and histomorphometric results

In the healthy rats, there is a significant difference in
the mean BIC% between day 60 and day 120, when the
SLA implant and when the SLActive implant are used,
the BIC% being higher at day 120 compared to day 60.
In the healthy rats, there is a significant difference in the
mean BIC% at day 60 and at day 120 between SLA
implant and SLActive implant, the BIC% being higher
with the SLActive implant compared to the SLA implant.
SLActive implant increases the number of bone cells and
BIC% at day 60 and day 120 in the healthy rats.

In the diabetic rats, there is a significant difference
in the mean BIC% between day 60 and day 120, when
the SLA implant and when the SLActive implant are
used, the BIC% being higher at day 120 compared to day
60. In the diabetic rats, there is a significant difference
in the mean BIC% at day 60 and at day 120, between
SLA implant and SLActive implant, the BIC% being
higher with the SLActive implant compared to the SLA
implant.

In the diabetic rats, there is no increase in the number
of bone cells between day 60 and day 120 but there is an
increase in the BIC% (Figures 4 and 5). The number of
bone cells and BIC% is higher with SLActive implant
than with the SLA implant. SLActive implant increases
number of bone cells and BIC% in healthy and diabetic
rats at day 60 and at day 120. Using the implant, the
healthy rats and the diabetic rats have an increase in BIC%
between day 60 and day 120. There is a significant
difference in the BIC% between diabetes and healthy
rats at day 60 and at day 120.

Diabetic rats have naturally lower number of bone
cells and BIC% than healthy rats when using the SLA
implant, but when using SLActive implant, diabetic and
healthy rats have the same numbers (Table 2).
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Figure 4 — Distribution of number of bone cells (a)
and BIC% (b) at 60 days after surgery at the diabetic
subjects with experimental implant surface (SLActive).
SLA: Sandblasted, large-grit, acid-etched.
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Figure S5 — Distribution of number of bone cells (a)
and BICY% (b) at 120 days after surgery at the diabetic
subjects with experimental implant surface (SLActive).
SLA: Sandblasted, large-grit, acid-etched.

Table 2 — Mean values of BIC%

Day 60 Day 120

Implant SLA, diabetic ~ 150.125 (27.8)  182.077 (27)

Implant SLA, healthy ~ 221.375 (43.2)  290.222 (45.5)

Implant SLActive, diabetic 287.700 (16.8)  331.533 (18.2)

Implant SLActive, healthy 309.400 (25.1)  335.889 (20)

BIC%: Percentage of bone-to-implant contact; SLA: Sandblasted,
large-grit, acid-etched.

& Discussion

The primary question of this study was the evaluation
of the BIC in diabetic compared with healthy animals.
Diabetes was not treated in this study, so the hard tissue
around the implant was premature and less organized
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compared with healthy animals, as seen in previous
studies [6, 7]. A quantitative and qualitative deficiency of
the peri-implant bone in diabetic compared with healthy
organisms is therefore expected [8]. The TAG surface
used as a control group is sandblasted and acid-etched,
resulting in a microroughened surface topology. The
outcome is improved adhesion of bone cells [9, 10].

The experimental surface used was a conditioning
conventional sandblasted and acid-etched surface in a
nitrogen atmosphere and preserving it in an isotonic
sodium chloride solution to avoid contamination with
extrinsic molecules (SLActive), which are otherwise
deposited in the micropores of the surface. Thus, the
surface becomes hydrophilic, creating an ideal wettability
and ideal conditions for the apposition of blood and bone
cells [11-16]. The current study showed that diabetes
led to significantly lower BIC% rates after 60 and 120
days.

After 120 days, the BIC% of SLActive implants in
diabetic animals was significantly higher than the contact
value of the SLA implants. Furthermore, the value of
the SLActive implants in diabetic animals reached the
BIC% found in the SLA group in healthy animals. The
modified surface thus compensated for the negative
influence of diabetes mellitus on osseointegration. Although
findings in the literature support these results of an
improved osseointegration of SLActive implants, a positive
effect of this surface on osseointegration in healthy
animals was not confirmed in our study [11, 13].

Because of the modified surface design of the
SLActive implants, this hydrophilic surface seemingly
leads to improved differentiation of bone cells and
enhanced expression of growth factors, like in chronic
thyroiditis [17]. The histomorphometric results in diabetic
animals can be explained by the pathological changes
identified in previous studies, such as reduced bone cells’
expression, reduced osteoid production, and impaired bone
apposition to implants [18-24].

& Conclusions

Diabetes mellitus has pathological effects on osseo-
integration of dental implants. This study showed an
impaired BIC% in the diabetic group at both points in time.
The use of the hydrophilic SLActive surface resulted in
positive effects in healthy and diabetic animals. Therefore,
this surface seems especially suitable for compromised
patients.

Conflict of interests
The authors declare that they have no conflict of
interests.

References

[11 Al-Hamdan K, Al-Moaber SH, Junker R, Jansen JA. Effect
of implant surface properties on peri-implant bone healing:
a histological and histomorphometric study in dogs. Clin Oral
Implants Res, 2011, 22(4):399-405.

[2] Barrére F, van der Valk CM, Meijer G, Dalmeijer RA, de
Groot K, Layrolle P. Osteointegration of biomimetic apatite
coating applied onto dense and porous metal implants in
femurs of goats. J Biomed Mater Res B Appl Biomater,
2003, 67(1):655-665.

[3] Buser D, Broggini N, Wieland M, Schenk RK, Denzer AJ,
Cochran DL, Hoffmann B, Lussi A, Steinemann SG. Enhanced
bone apposition to a chemically modified SLA titanium surface.
J Dent Res, 2004, 83(7):529-533.

[4] Davies JE. Understanding peri-implant endosseous healing.
J Dent Educ, 2003, 67(8):932—-949.

[6] Fontana F, Rocchietta I, Addis A, Schupbach P, Zanotti G,
Simion M. Effects of a calcium phosphate coating on the
osseointegration of endosseous implants in a rabbit model.
Clin Oral Implants Res, 2011, 22(7):760-766.

[6] Gerritsen M, Lutterman JA, Jansen JA. Wound healing around
bone-anchored percutaneous devices in experimental diabetes
mellitus. J Biomed Mater Res, 2000, 53(6):702—709.

[7] Giglio MJ, Giannunzio G, Olmedo D, Guglielmotti MB.
Histomorphometric study of bone healing around laminar
implants in experimental diabetes. Implant Dent, 2000, 9(2):
143-149.

[8] Hasegawa H, Ozawa S, Hashimoto K, Takeichi T, Ogawa T.
Type 2 diabetes impairs implant osseointegration capacity
in rats. Int J Oral Maxillofac Implants, 2008, 23(2):237—246.

[9] lyama S, Takeshita F, Ayukawa Y, Kido MA, Suetsugu T,
Tanaka T. A study of the regional distribution of bone formed
around hydroxyapatite implants in the tibiae of streptozotocin-
induced diabetic rats using multiple fluorescent labeling and
confocal laser scanning microscopy. J Periodontol, 1997,
68(12):1169-1175.

[10] Lang NP, Salvi GE, Huynh-Ba G, lvanovski S, Donos N,
Bosshardt DD. Early osseointegration to hydrophilic and
hydrophobic implant surfaces in humans. Clin Oral Implants
Res, 2011, 22(4):349-356.

[11] Le Guéhennec L, Soueidan A, Layrolle P, Amouriq Y. Surface
treatments of titanium dental implants for rapid osseointe-
gration. Dent Mater, 2007, 23(7):844—854.

[12] Mamalis AA, Markopoulou C, Vrotsos |, Koutsilirieris M.
Chemical modification of an implant surface increases osteo-
genesis and simultaneously reduces osteoclastogenesis: an
in vitro study. Clin Oral Implants Res, 2011, 22(6):619-626.

[13] Mardas N, Schwarz F, Petrie A, Hakimi AR, Donos N. The
effect of SLActive surface in guided bone formation in
osteoporotic-like conditions. Clin Oral Implants Res, 2011,
22(4):406-415.

[14] Mellado-Valero A, Ferrer Garcia JC, Herrera Ballester A,
Labaig Rueda C. Effects of diabetes on the osseointegration
of dental implants. Med Oral Patol Oral Cir Bucal, 2007,
12(1):E38-E43.

[15] Nevins ML, Karimbux NY, Weber HP, Giannobile WV,
Fiorellini JP. Wound healing around endosseous implants in
experimental diabetes. Int J Oral Maxillofac Implants, 1998,
13(5):620-629.

[16] Sorodoc V, Sorodoc L, Ungureanu D, Sava A, Jaba IM.
Cardiac troponin T and NT-proBNP as biomarkers of early
myocardial damage in amitriptyline-induced cardiovascular
toxicity in rats. Int J Toxicol, 2013, 32(5):351-357.

[17] Sava A, Dumitrescu GF, Haba D, Hodorog D, Mihailov C,
Sapte E. The Fahr syndrome and the chronic lymphocytic
thyroiditis. Rom J Morphol Embryol, 2013, 54(1):195-200.

[18] Nikolidakis D, van den Dolder J, Wolke JGC, Stoelinga PJW,
Jansen JA. The effect of platelet-rich plasma on the bone
healing around calcium phosphate-coated and non-coated
oral implants in trabecular bone. Tissue Eng, 2006, 12(9):
2555-2563.

[19] Ottoni CE, Chopard RP. Histomorphometric evaluation of
new bone formation in diabetic rats submitted to insertion of
temporary implants. Braz Dent J, 2004, 15(2):87-92.

[20] Schliephake H, Aref A, Scharnweber D, Bierbaum S, Sewing A.
Effect of modifications of dual acid-etched implant surfaces
on peri-implant bone formation. Part I: organic coatings. Clin
Oral Implants Res, 2009, 20(1):31-37.

[21] Siqueira JT, Cavalher-Machado SC, Arana-Chavez VE,
Sannomiya P. Bone formation around titanium implants in
the rat tibia: role of insulin. Implant Dent, 2003, 12(3):242—
251.

[22] Verhaeghe J, van Herck E, Visser WJ, Suiker AM, Thomasset M,
Einhorn TA, Faierman E, Bouillon R. Bone and mineral
metabolism in BB rats with long-term diabetes. Decreased
bone turnover and osteoporosis. Diabetes, 1990, 39(4):477—
482.




886 Alexandru Nemtoi et al.

[23] von Wilmowsky C, Stockmann P, Metzler P, Harsch IA, [24] Wennerberg A, Albrektsson T. Effects of titanium surface
Amann K, Schlegel KA. Establishment of a streptozotocin- topography on bone integration: a systematic review. Clin Oral
induced diabetic domestic pig model and a systematic Implants Res, 2009, 20(Suppl 4):172-184.
evaluation of pathological changes in the hard and soft tissue
over a 12-month period. Clin Oral Implants Res, 2010, 21(7):

709-717.

Corresponding author

Violeta Trandafir, Assistant Professor, DMD, PhD, Department of Oral and Maxillofacial Surgery, Faculty of Dental
Medicine, “Grigore T. Popa” University of Medicine and Pharmacy, 16 Universitatii Street, 700115 lasi, Romania;
Phone +40754-243 135, e-mail: violeta.trandafir@gmail.com

Received: November 10, 2016

Accepted: December 10, 2017




