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RESUMO

A hiperglicemia cronica decorrente do diabetes mellitus tipo I (DMTI) afeta
multiplos 6rgdos interferindo na qualidade de vida dos portadores da doenga. No osso e,
consequentemente na osseointegracdo de implantes dentarios, esse quadro altera o
metabolismo 6sseo, comprometendo o reparo e as propriedades biomecanicas dsseas.
Terapias coadjuvantes como insulinoterapia e alteragdes nas superficies dos implantes
tém sido propostas para favorecer a osseointegragdo e melhorar as condi¢des teciduais ao
redor dos implantes. O objetivo geral deste estudo foi avaliar o efeito da insulinoterapia
e de superficies hidrofilicas e super-hidrofilicas na microarquitetura, biomecanica e
osseointegragdo de implantes em ossos de ratos com diabetes mellitus tipo I (DMTI).
Foram utilizadas analises por meio de micro-tomografia computadorizada (MicroCT),
analise biomecanica, espectroscopia no infravermelho transformada de Fourier (FTIR) e
microscopia eletronica de varredura (MEV). Os resultados mostraram que o DMTI altera
a microestrutura, composi¢ao ¢ dureza da matriz 6ssea, pela reducao da superficie dssea,
espessura cortical, anisotropia, dimensao fractal, maturacdo e mineralizagdo do colageno
e microdureza 6ssea. O DMTI causou alteragdes estruturais no tecido 6ssco afetando a
osseointegragdo de implantes diminuindo o processo de neoformacdo Ossea. A
insulinoterapia minimizou o efeito do DMTI na espessura cortical e matriz
organica/mineral no osso cortical de um modelo experimental de rato. A terapia com
insulina mostrou resultados favoraveis para a osseointegracdo, no entanto, nao
normalizou o reparo, permanecendo significativamente diferente dos animais
normoglicémicos. Os implantes com superficie super-hidrofilica favoreceram a

osseointegra¢do, quando associados a insulinoterapia.

Palavras-chaves: Diabetes mellitus; osseointegracdo; insulinoterapia



ABSTRACT

Chronic hyperglycemia resulting from type I diabetes mellitus (DMTI)
affects multiple organs, interfering with the quality of life of patients with the disease. In
bone and, consequently, in the osseointegration of dental implants, this condition alters
bone metabolism, compromising bone repair and biomechanical properties. Adjuvant
therapies such as insulin therapy and changes in implant surfaces have been proposed to
favor osseointegration and improve tissue conditions around implants. The general
objective of this study was to evaluate the effect of insulin therapy and hydrophilic and
superhydrophilic surfaces on the microarchitecture, biomechanics and osseointegration
of implants in bones of rats with type I diabetes mellitus (DMTI). Analyzes by micro-
computed tomography (MicroCT), biomechanical analysis, Fourier transform infrared
spectroscopy (FTIR) and scanning electron microscopy (SEM) were used. The results
showed that DMTI alters the microstructure, composition and hardness of the bone
matrix, by reducing bone surface, cortical thickness, anisotropy, fractal dimension,
collagen maturation and mineralization and bone microhardness. DMTI caused structural
changes in bone tissue, affecting the osseointegration of implants, decreasing the process
of bone neoformation. Insulin therapy minimized the effect of DMTI on cortical thickness
and organic/mineral matrix in cortical bone in an experimental rat model. Insulin therapy
showed favorable results for osseointegration, however, it did not normalize the repair,
remaining significantly different from normoglycemic animals. Implants with a

superhydrophilic surface favored osseointegration when associated with insulin therapy.

Keywords: Diabetes mellitus; osseointegration; insulin therapy
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1 - INTRODUCAO E REFERENCIAL TEORICO

A perda de dentes permanentes, como resultado de trauma ou doenga,
continua sendo um problema frequente em todo o mundo. Atualmente, a reabilitagdo com
implantes dentdrios osseointegrados tem sido considerada a terapia de escolha para a
restauragdo de areas edéntulas, pois oferece biocompatibilidade e resultados previsiveis,
para a maioria dos pacientes (1,2). Os implantes dentarios foram desenvolvidos para
aumentar o conforto e a qualidade das reabilitagdes orais complexas. Nas ultimas décadas
houve aumento pela procura tanto dos pacientes, como dos cirurgides dentistas, por
solugdes estéticas e funcionais mais adequadas, com maior durabilidade e minimamente
invasivas. Porém, com o crescimento desses dispositivos instalados, as complicagdes t€ém

ficado cada vez mais frequentes (3).

O conceito classico de osseointegragdo, descrito anteriormente por
Branemark, como um contato direto entre osso e implante (4), foi recentemente proposto
como um fendomeno de resposta de corpo estranho associado a estimulacdo inflamatoéria
continua (5). Uma resposta imune ¢ iniciada apds a insercao do implante com o objetivo
de isolar a superficie de titdnio, em conjunto com a inflamacdo cronica dos tecidos moles
(6,7). A interface estabelecida entre a superficie do implante e o osso neoformado foi
descrita anteriormente como sendo composta por uma camada de matriz dssea pouco
mineralizada, com a presenga de ostedcitos em intimo contato com o titdnio, combinada
com sec¢des estreitas por onde se ancoram extensdes dendriticas dos ostedcitos ao
implante, apoiando a osseointegragdo a longo prazo (8). Uma vez rompido o equilibrio

sobre esses processos, o sucesso da reabilitacdo com implantes pode ser comprometido.

O diabetes mellitus deve ser reconhecido como um fator de risco potencial
para osseointegracao, ocorréncia de inflamagdo peri-implantar e baixa sobrevida do
implante, e deve ser levado em consideragdo no manejo do paciente e nas decisdes de
tratamento, bem como nos cuidados de acompanhamento (3). Estudos mostraram que a
HbAlc (Hemoglobina Glicada) mal controlada pode ter efeitos negativos na

osseointegragdo e estabilidade primaria dos implantes dentarios (9).
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Diabetes mellitus, bem como condigdes pré-diabéticas, representam um
problema de saude comum e crescente (International Diabetes Federation in IDF Diabetes
Atlas, International Diabetes Federation, Bruxelas, 2019) e com extensos efeitos nocivos
em todo o organismo. (10). Diabetes mellitus tipo 1 (DMTI) corresponde ao grupo
heterogéneo de doencas caracterizadas pela destruicdo autoimune das células 3
produtoras de insulina do pancreas, normalmente, levando a deficiéncia absoluta de
insulina (11). Geralmente, ocorre como consequéncia de quebra na regulacdo imune,
resultando em expansao das células T auto-reativas CD41 e CD81, linfocitos B e ativacao
do sistema imune inato, que colabora para destruir células B produtoras de insulina
(12,13). Os critérios diagnosticos para diabetes mellitus sdo uma glicemia de jejum no
plasma venoso com uma concentragao de >126 mg/dL, uma HbA1¢>6,5%, uma medi¢ao
de glicose plasmatica pos-carga de 2 horas de >200 mg/dL ou uma glicose plasmatica
aleatoria >200 mg/dL na presenca de sintomas de hiperglicemia, como polidipsia ou

politria (10).

A hiperglicemia reduz a taxa de marcadores de formagdo 0ssea, incluindo
osteocalcina, fosfatase alcalina especifica do osso (bALP) (14-16) e propeptideo
Nterminal do procolageno tipo 1 (PINP) (17), bem como marcadores de reabsorcdo ossea,
incluindo soro C-terminal telopeptideo de coldgeno tipo I (CTX), (18,19). O aumento da
osteoprotegerina sérica (OPG), um inibidor da reabsor¢do Ossea, também foi relatado
apos hiperglicemia (20). A hiperglicemia também resulta no acimulo de produtos finais
de glicagdo avangada (AGEs), que afetam a estrutura do coldgeno, resultando em uma
qualidade da matriz 6ssea organica comprometida (21,22). Esses AGEs também podem
reduzir a proliferagdo e funcdo dos osteoblastos (23) e aumentar a reabsor¢do dOssea
relacionada aos osteoclastos (24), levando a uma deterioracdo geral da qualidade 6ssea.
Evidéncias adicionais para o efeito adverso que a hiperglicemia tem na fun¢do dos
osteoblastos foram fornecidas por estudos in vitro usando osteoblastos humanos
primarios (HOBs), onde altos niveis de glicose demonstraram suprimir a fun¢do das

células osteoblasticas (25).

Ha evidéncias crescentes de que o DMTI prejudica o metabolismo 6sseo ao
redor dos implantes dentdrios. Apesar das taxas de falha de implante parecerem
semelhantes as de individuos saudaveis (26-29), e a doenca esta claramente associada a

um risco elevado de complicacdes periimplantares (9,30,31). Além disso, os mecanismos

12



subjacentes da osseointegragdo anormal sdo complexos e ainda ndo completamente

compreendidos.

Diferentes aspectos da interagdo entre DMTI e o tecido dsseo ao redor dos
implantes tém sido explorados. As alteracdes ultra estruturais da matriz dssea em
condigdes hiperglicémicas foram detalhadas como desorganizada, com presenga de
trabéculas delgadas e pontos vazios, além de contetido exacerbado de proteoglicanos (32).
Da mesma forma, analises histomorfométricas e biomecanicas revelaram
consistentemente comprometimento da reparagdo Ossea (33,34). Também foi
demonstrada limitada formacao Ossea primaria, correlacionada com niveis elevados de
fator de necrose tumoral alfa (TNF-a), um reconhecido marcador do processo
inflamatorio (33). Além disso, o DMTI impacta negativamente o estado dsseo de
implantes ja osseointegrados, embora em ritmo mais lento e em menor grau. Estudos
observaram redu¢ao do contato osso-implante e menores valores de remog¢ao de torque

(35) e redugdo da densidade 6ssea (36).

O titanio e suas ligas sdo os materiais de implantes dentarios mais utilizados
devido a resisténcia mecanica, inércia quimica e biocompatibilidade (37,38). Varios
estudos relataram que implantes com superficie e poros rugosos foram benéficos para a
osseointegracdo de implantes e que a superficie do implante ¢ um ponto chave para o
sucesso da osseointegracdo durante o estdgio inicial da reparagdo dssea (39). Assim, a

maioria dos estudos concentraram-se nas propriedades de superficie dos implantes (40).

Atualmente, estudos tém investigado as propriedades de superficie de
implantes relacionadas aos aspectos biologicos do processo de osseointegracao (41,42).
Diferentes abordagens de modificacdo da superficie tém sido exploradas para otimizar a
interagdo entre o implante e o tecido 6sseo. Ao alterar as propriedades fisico-quimicas,
propriedades osteocondutoras da superficie podem ser melhoradas auxiliando assim a
adesdo e fixacao da célula ao implante e, consequentemente, a proliferagao celular (43—

45).

As superficies super-hidrofilicas e hidrofilicas tém mostrado melhora na
molhabilidade (hidrofilicidade), aumento do contato célula-implante e maior osteogénese
(46,47), auxiliando na diferenciacdo de células mesenquimais (48) promovendo a
mineralizacdo precoce por meio de modulagdo da resposta inflamatoria (42,49).

Implantes super-hidrofilicos com tratamento de superficie quimicamente modificada

13



mostraram uma maior area de contato osso implante ¢ maior molhabilidade quando
comparado a implantes hidrofilicos (50) resultando em uma osseointegracdo precoce
(51). Assim, esse tipo de superficie tem sido avaliado para melhorar ainda mais o processo

de formacao 6ssea em condic¢des diabéticas e osteopordticas (52,53).

O contato osso-implante parece ser menor em ratos diabéticos (54). No
entanto, estudos em animais t€ém demonstrado que a administragdo de insulina pode
melhor esse contato, possivelmente, por meio da melhora na formagao 6ssea e inibi¢ao
da reabsor¢ao devido ao controle metabdlico com insulina (55-57). O processo de
osseointegracao dos implantes em DMTI e o efeito da insulina ainda sdo parcialmente
compreendidos € mais estudos sdo necessarios em situagdes de reparo tecidual

prejudicado (45).

Embora o diabetes mellitus tenha sido considerado um fator de risco relativo
para a reabilitacdo com implantes, varias estratégias terapéuticas sdo utilizadas para
limitar o progresso do diabético, para melhorar a qualidade de vida, como controle
dietético, exercicios fisicos e terapia de reposi¢ao de insulina. A terapia com insulina
acompanhada pela reducdo da glicemia parece ser o ponto central no tratamento e
prevencao de distirbios 6sseos na TIDM (58,59). Alguns estudos mostraram que a
injecdo de insulina reduz a produgdo endogena de glicose, glicemia de jejum e
hemoglobina glicada Alc (HbAlc), o que melhora o controle glicémico corporal (60,61).
Além disso, a insulina possui propriedades osteogénicas que promovem a proliferagdo e
aumentam a atividade da fosfatase alcalina e a sintese de colageno nas células

osteoblasticas por meio de a¢des diretas mediadas pelo receptor de insulina (62,63).

Terapias coadjuvantes que favorecam o restabelecimento da normalidade da
morfologia e funcao tecidual 6ssea, que reduzam possiveis prejuizos ao processo natural
do reparo Osseo e, consequentemente favoregam a osseointegracdo de implantes
dentarios, seriam interessantes em diversas situagdes clinicas. Dessa forma, neste estudo,
foi avaliada a influéncia da insulinoterapia e das diferentes superficies de implantes no
reparo e na qualidade do tecido 6sseo normal ou comprometido pelo diabetes mellitus

tipo 1.
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Abstract: Backgrouna: The aim of this study was to evaluate the microarchitecture, composition
and mechanical propertics of cortical bone of rats with type | diabetes mellitus (TIDM) and subrmitt-
ed to insulin therapy (IT).

Methods: Thirty rats were divided into three groups {#=10): non-diabetic, diabetic and diabetic+in-
sulin. TIDM was induced by intravenous injection of streptozotocin. In diabetic+insulin group, 41U
insulin was administered twice per day (11 U at 7 am and 31 U at 7 pm). The animals were euth-
anized five weeks after TIDM induction: the tibiae were removed and submitted to microcomputed
tomography (micro-CT, 8 pm), founer transform infrared spectroscopy (FTIR) and dynamic micro-
hardness mdentation.

ARTICLE HISTORY

Received: Awgus 25, 3021 Resules: Micro-CT B.I'IBJ."."!IS showed that diabetic group had lower bone surl"acr.l'tl_ssu: volume ratio
Rervaed: ., 21 (BS/BV) (p=0.018), cortical thickness {(Ct.Th) (p=<0.001) and degree of anisotropy (CtA)
Acceptedt: Octaber 10, 221 (7=1.034) values compared to non-diabetic group. The diabetic group showed lower Ct.Th than dia-
o betic + insulin group (p=0.018). The non-diabetic group had lower fractal dimension (Ct.FD) val-
J8ZITHSTATRRRIREEGINIII0NA2ISE  neg compared to diabetic groups (p<0.001). The ATR-FTIR analyses showed lower values for all
measured parameters in the diabetic group than the non-diabetic group (amide | ratio: p=0.046;
@ Crosshfark crystallinity index: p=0.038; matrix:mineral ratios - M:M1: p=0.006; M:MIIL: p=0.028). The diabet-
ictinsulin group showed a lower crystallinity index (p=0.022) and M:MI ratio (p=0_002) than non-
diabetic and diabetic groups, respectively. The diabetic group showed lower Vickers hardness val-

ues than non-diabetic (p=<0.001) and diabetic+insulin {p=0.003) groups.

Concfusion: TIDM negatively affects bone microarchitecture, collagen maturation, mineralization
and bone microhardness. Moreover, insulin minimized the effect of TIDM on cortical thickness
and organic/mineral matrix.

Keywords: Diabetes mellitus, type 1, insulin, cortical bone, x-ray microtomography, hardness tests.

L INTRODUCTION depend on the specific arrangement and interaction between

Bone 15 a multiscale material made mostly of organic e organic matrix and mincral apatite cryséals [2].

and inorganic matrix [1]. The organic mairix consisis mainly The subsianiial contribution of the collagen network and
(~90 %) of type | collagen, which is a triple helical molecule mineral crystals to the mechanical changes in bone structure
that is specifically arranged in hierarchical levels to provide was identified in several bone pathologies, such as tvpe [ dia-
bone elasticity and hardness [2]. The bone mineral matrix is betes mellitus (TIDM) [4, 5]. TIDM is an inflammatory au-
composed of small, poorly crystalline and highly substituted toimmune disease characterized by the destruction of pancre-
apatite crysials that contribute to bone strength and stiffness atic beta cells, which resulis in insulin deficiency and leads
[3]. The bone microarchiteciure and mechanical properties to chronic hyperglycemia [6]. Some studies showed that in-

sulin deficiency in young patients with TIDM reduces peak

: PTE——— T bone mass and impairs bone formation [7-9]. Moreover,
Address mmﬁporuience 10 Thas aulhor at partment o Ellagy, : : = - . . i
Riomedical Science Institute, University of Ubertindia_ Avenida Pard 1730, chronic hyperglycemia causes excessive formation of ad

Campus Umuarama, Bloco 2B, Bairro Umusrama, Uberlindia, Minas vanced glycation end products (AGEs) that leads to nonenzy-
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al., showed that increased AGEs levels in TIDM decreases
the cortical bone surface area, volume, mineral density and
reduces the bone biomechanical strength [12].

Several therapeutic strategies are used to limit diabetic
progress to improve quality of life, such as dietary control,
exercises, and insulin replacement therapy. Insulin therapy
accompanied by reduction of glycaemia seems to be the piv-
otal point in the treatment and prevention of bone disorder
in TIDM [13, 14]. Some studies showed that insulin injec-
tion reduces endogenous glucose production, fasting blood
glucose and hemoglobin Ale (HbhAle), which improves the
body glycemic control [15, 16]). Moreover, insulin has osteo-
genic properties that promotes proliferation and increases al-
kaline phosphatase activity and collagen synthesis in os-
teoblastic cells via direct actions mediated by the insulin re-
ceptor [17, 18]. However, the effects of insulin therapy on
the structural cortical bone matrix of TIDM condition re-
mains unknown.

We hypothesized that decreased hyperglycemia from in-
sulin therapy could minimize the negative effects of TIDM
on bone matrix microarchitecture, composition and mechani-
cal properties, reestablishing the normal condition. There-
fore, the aim of this study was to evaluate the effects of
TIDM and insulin therapy on the rat tibia using microcom-
puted tomography (micro-CT), attenuated total reflectance
Fourier transform infrared spectroscopy (ATR-FTIR) and dy-
namic microhardness indentation.

2. MATERIAL AND METHODS

2.1. Experimental Protocol

All experimental protocols with animals were approved
by the Committee of the Ethies of Animal Use and Care of
the Federal University of Uberlindia (permit number
026/14). All procedures were carried out in strict accordance
with the recommendations in the Guide for the National In-
stitutes of Health guide for the care and use of Laboratory an-
imals (NIH Publications No. 8023, revised 1978).

Thirty male Wistar rats (Rattus norvegicus) weighing
240 £ 20 g (8 weeks of age) were housed in standard condi-
tions {12 hour light/dark cycle, temperature of 2241 *C and
relative humidity of 50- 60 %), with food (composition: hu-
midity, crude protein, ethereal extract, mineral, crude fiber,
calcium and phosphorus) and water ad libitum. After one
week of acclimatization, the animals were randomly as-
signed and equally distributed into the following three
groups (#=10): non-diabetic, diabetic and diabetic + insulin.
All animals were euthanized five weeks after the induction
of diabetes.

The TIDM induction protocol began by fasting the rats
for 24 hours. Anesthesia was performed via the intraperi-
toneal pathway using Tmg/kg xylazine (2 %, muscle relaxan-
t) and 100 mgfkg ketamine hydrochloride (10 %, anesthetic
and analgesic). Then, a single dose of streptozotocin (STZ,
Sigma-Aldrich, Inc. St. Louis, MO, USA) was administered
intravenously through a penile vein puncture at a dose of 60

e30T121 198427
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mgfkg body weight, diluted in 0.1 M citrate buffer (pH 4.5)
[4]. Equal protocol of anesthesia and volumes of vehicle
was injected in the control rats. The hyperglycemia was con-
firmed by a glucometer (Aceu Check Active, Roche,
Jaguaré, SP, Brazil) after 24 hours of the induction, collect-
ing a blood drop from the tail of each animal. Follow up of
the glycemic rates was done one, two, three, four and five
weeks after induction and animals that maintained blood glu-
cose levels higher than 250 mg/dL were considered diabetic.
Clinical diabetic signs such as polyphagia, polydipsia, po-
Iyuria, and bodyweight loss were also monitored in a qualita-
tive analysis. The animals that did not reach the glycemic tar-
get were excluded from the study.

Thereafier, the diabetes confirmation, the amimals of dia-
betic + insulin group received daily subcutaneous doses of 4
Ul I at 7am. and 3 IU at 7 p.m.) with neutral protamine
Hagedorn insulin (Humulin U-100, 100 UfmL, Eli Lilly, Sio
Paulo, Brazil) diluted in 0.9 % NaCl. The insulin doses were
applied using a pen (Eli Lilly Humapen Savvio, Eli Lilly,
S#o Paulo, Brazil) to reduce stress and performed under the
same standardized conditions as previous pilot siudy (glu-
cose concenirations were evaluated throughout the day over
four weeks).

The animals were euthanized five weeks after diabetes
induciion by intraperitoneal injection with sodium thiopenial
and lidocaine in compliance with the principles of the Uni-
versal Declaration on Animal Welfare. The left and right tibi-
ae were removed by disarticulation, immediately placed in
gauze with physiological saline solution and kept frozen in a
freezer (-20 °C). Twenty-four hours before the micro-CT
analyses, the tibiae were defrosted in phosphate-buffered sa-
line and then divided into fragments. From the tibia mid-dia-
physis, 2mm was sectioned, in transversal axis, with a dia-
mond disk under constant irrigation to ATR-FTIR analyses.
The proximal and distal tibia were submitted to micro-CT
and dynamic microhardness indentation test, respectively
(Fig. 1).

2.2. Micro-computed Tomography Analvses (Micro-CT)

The proximal tibia was scanned to obtain high-quality
images_ and the cortical bone was selected as the region of
interest (ROI). All scans were performed using a micro-CT
scanner (Sky-5can 1272, Bruker, Kontich, Belgium), and
the images were obtained under the following conditions: 80
kV voltage: 125 pA tube current; | mm aluminum filter:
180° rotation; (L6 rotation step: and ¥ pm resolution pixel
size. Using a calibration scan of 2 hydroxyapatite (HA) phan-
tom, the linear X-ray attenuation coefficients were convert-
ed to the volumetric tissue mineral density [19]. All of the re-
sulting images were reconstructed using NRecon software
(v.1.6.9.10, Bruker, Kontich, Belgium) [20]. For all recon-
structed images, the ROI was defined as 4 mm of the tibia at
2 mm distant from the growth plate Fig. (2). The trabecular
and cortical bone were distinguished and separated by auto-
matic processes, and only cortical bone was analyzed (CT
Analyzer, v. 1.14.4.1+(64-bit), SkyScan, Bruker, Kontich,
Belgium).
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Proximal tibia
miere-CT analyses

i Mid-diaphysis
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i —* Dynamic microhardness
indentation test
|
A
¢ i
-

Fig. (1). Macroscopic evaluation of representative tibia specimen. Each tibia segments used in each methodology are separately represented
(4 higher resolution / eolour version of this figure is available in the electronic copy of the article).

Growth plate

Fig. (2). Micro-CT scout-view image of the proximal tibia showed the region of interest (blue line) that included 4 mm of the tibia. at 2 mm
(red arrow) from the growth plate (white arrow) (4 higher resolution / colowr version of this figure iz available in the efectronic copy of the
article).
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The global threshold used for bone segmentation (0.60
gfem’) was chosen to differentiate the pores from bone tis-
sue in all groups. The following parameters were measured
im the cortical ROL: tissue mineral density (TMD, gﬂ'cmj:l;
bone surface/bone volume (BS/BVY, mm™): thickness (Ct.Th,
pm); porosity (Cr.Po, %); degree of anisotropy (Ct.DA); and
fractal dimension (CLFD) [19, 20].

2.3, Attenuated Total Reflectance (ATR)-Fourier Trans-
form Infrared Spectroscopy (FTIR) Analysis

The fragment (2 mm) mid-diaphysis tibia was sectioned
on the longitudinal axis with a diamond disk under constant
irrigation in order to obtain two fragments of 2x2 mm. The
bone fragments were dehydrated in an oven at 37 *C for one
day, and then placed against the diamond crystal of the
ATR-FTIR unit, pressed with a force gauge at a constant
pressure to facilitate contact. The mean of spectra values of
the cortical surface was obtained. Data were recorded and an-
alyzed with OPUS 6.5 software (Bruker, Ettlingen, Ger-
many). The bone composition was analyzed using Fourier
transform infrared spectroscopy (FTIR, Vertex 70 Bruker,
Ettlingen, Germany) equipped with an accessory that al-
lowed spectrum acquisitions in the attenvated reflectance (A-
TR) mode. The spectra were recorded in the range of
400+4.000 cm™ at a 4 cm™ resolution, and the mean of 32
scans per fragment analyzed was used. Vector normalization
and baseline correction were performed in all spectra, and th-
ese were considered absorbance height ratios.

The spectra were further analyzed by calculating the fol-
lowing parameters: amide | band {collagen ratio between the
mature pyridinoline crosslink peaks (PYR) £ 1660 cm™ and

e30T121198427
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the immature crosslinking dibydroxynorleucine (DHLMNL) -
1690 em™); crystallinity Index (the intensity ratio of peaks
551 and 597 em™ for 588 cm'",l: and matrix-to-mineral ratios
of amide I + [fhydroxyapatite (HA) (M:MI) (the ratio be-
tween the integrated areas of amide [+ II (15201720 ::ln"]l
for HA (91621180 cm™)) and amide 111 + collagen/HA
(M:MIII) (the ratio between the integrated areas of amide 111
(12101270 r:m"] with itwo collagen bands {1269+ 1296
cm™ and 118021213 cm™) for HA (9161180 cm™) [4].

2.4. Dynamic Microhardness Indentation Test

The distal tibia diaphysis samples were stabilized in po-
Ivester resin (Instrumentos de Medi¢ho Lida, Sio Paulo, 3P,
Brazil) using a metallic device (Metalon; Metalon Pooled In-
dustries, Nova Iguagu, BRI, Brazil) that measure 50 mm long,
30 mm wide and 10 mm tall. The distal diaphysis samples
were positioned perpendicular to the basal surface (Fig. 3A).
After the samples were stabilized in the polyester resin, the
surfaces were polished using 600, 800, 1200 and 2000 grit
silicon-carbide papers (Norton, Campinas, 5P, Brazil) and
with metallographic diamond pastes (6, 3, 1, % pm; Arotec,
S0 Paulo, 5P, Brazil). The metallic devices with the stabil-
ized tiblae were washed in an ultrasonic bath (Cristofoli,
Campoe Mourfio, PR, Brazil) with absolute aleohol for 10
minutes, between papers, to remove the debris [21).

Vickers hardness (VHN, expressed in N!mnf] of the
bone was assessed by using a microhardness indenter (Mi-
crohardness FM T00; Future Tech, Kawasaki, Japan). The
test was performed with a load of 200 g applied for 15 s and
five continuous indentations were made at a distance of 0.5
mim apart perpendicular to the cortical bone cross-section re-

gion (Fig. 3B).

Fig. (3. (A) - Metallic device with ubiae embedded in polyester resin. (B) - Five indentations in cortical bone cross-section. (4 higher resoln-
tion / colowr version of this figure is available in the elecrronic copy of the article).
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1.5, Statistical Analysis

The data from all measured parameters were tested for
normal distribution (Shapiro-Wilk) and the equality of
variances (Levene’s test). One-way analysis of variance
(ANOVA) was performed followed by the Tukey test. All
tests employed a level of significance of o=0.05 and all sta-
tistical analyses were carried out with Sigma Plot version
13.1 (Systat Software Inc., San Jose, CA, USA).

3. RESULTS

Throughout the experimental procedure it was observed
that diabetic group maintained weight loss, polyphagia, poly-
dipsia and polyuria, determined by the increased intake of
feed, water and urinary excretion. The diabetic group

e3NI121198427
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(486.29 + 3212, mg/dl) showed higher glyvcemic rates com-
pared to non-diabetic (106.21 £ 11.21, mg/dl) and diabetic +
insulin (132.76 + 13.57, mg/dl) groups (p<0.012). More-
over, the non-diabetic and diabetic + insulin groups showed
no significant difference statistical analysis (p=]1.376).

The mean and standard deviation values of all parame-
ters caleulated by using micro-CT analyses for all groups are
shown in Fig. (4). The diabetic group showed lower values
of BS/BV (p=0.018), Ct.Th (p<0.001), and CtDA (p=0.034)
comparéd to non-diabetic group. The diabetic group showed
lower values of Ct.Th compared to diabetic + insulin group
(p=0.018). The non-diabetic group had lower CL.FD values
coimpared to diabetic groups (p<0.001). TMD (p=0.979) and
Ct.Po (p=w0.091) showed no significant differences among
groups.
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Fig. (4). The micro-CT analysis (#=1{). The parameters evaluated, mean + SD of the non-diabetic, diabetic and diabetic + insulin groups fol-
low, respectively: BS/BY (46.0 £ 6.6, 32.1 £ 4.1 and 38.% £ 5.5); CLTh (0.6 0002, 0.5 £ 0.05 and 0.5 £ 0.01); CrDa (03 £ 0,03, 0.3 + 0.01
and 0.3 £ 0,02); CLFD (2.5 £ 0.01, 2.6 + 0.01 and 2.5 £ 0.01); TMD (0.6 4 0.01, 0.5 £ 0.01 and 0.5 + 0.01); Ct.Po (1.3 £ 0.3, 1.8 £ 0.4 and

L = 0.4). *Indicates a sigmificant difference - Tukey's test (P<(0L035).
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Fig. (5). ATR-FTIR analysis (r=10). The parameters evaluated, mean + SD of the non-diabetic, diabetic and diabetic + insulin groups fol-
low, respectively: Amide [ ratio (3.0+ 02, 2.8 + 0.2 and 2.9+ 0.2); Crystallinity index (3.1 £ 02,27+ 0.3 and 2.7 + 0.3); M:MIL{0.7 £ 0.1,
0.2 = 0,04 and 0.6 = 0.1); M:MIL (0.5 £ 0.1, 0.1 £ 0,02 and 0.4 £ 0.1). *Indicates a significant difference - Tukey's test (P<0L.05).

Vickers hardness
50 - _ * *
45 -
40 -
35
fas
z 20 A
15 4
10 A
5 .
0 . : ;
Healthy Diabetic DiabeticHnsulin

Fig. (6). Microhardness analysis (r=10). The mean + 5[} of the non-diabetic. diabetic and diabetic + insulin groups follows, respectively:
432443372+ 1.5, 42319, N/mm2. *Indicates a significant difference - Tukeys test (P<0.05).
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The mean and standard deviation values of all parame-
ters calculated by using ATR-FTIR for all groups are shown
in Fig. (5). The spectra in ATR-FTIR analysis show the
main bands that are characteristic of bone components. The
diabetic group showed significantly lower values for the
amide I ratio {p=0.046), crystallinity index (p=0.022), and
matrix:mineral ratios (M:MI - p=0.002) and M:MII -
p=0.028) compared to non=diabetic group. In addition, the di-
abetic + insulin group showed lower values in the crystallini-
ty index (p=0.038) compared to the non-diabetic group and
lower values in the M:MI (p=0.006) ratio compared to the di-
abetic group.

In the microhardmess analyses, the diabetic group
showed significantly lower VHN values compared to non-di-
abetic and diabetic + insulin groups (p<0.001) (Fig. &).

4. DISCUSSION

The present study hypothesized that decreased hyperg-
lycemia with insulin therapy minimizes the negative effects
of TIDM on cortical bone microarchitecture, matrix compo-
sition and mechanical properties, maintaining the physiologi-
cal conditions. In fact, our results showed that insulin mini-
mized the deleterious effects of TIDM on bone microarchi-
tecture, collagen maturation, crystalline HA content and me-
chanical properties of cortical bone. A recent study in hu-
mans showed that TIDM negatively affects the organic and
mineral matrix, decreasing the mechanical properties in tra-
becular bone, whereas, only trends were found in cortical
bone [22].

Considering the limitations in ethical guidelines in the
human study, the present study used an animal model to eval-
uate the structural changes of the cortical bone. The present
study chose TIDM rodent models due to the injection of a
high dose of STZ has been described as the method to estab-
lish TIDM rodent models [23]; STZ destroys pancreatic i
cells and resulis in typical human TIDM symptoms [24]. A
significant reduction in blood glucose concentration was ob-
served in the animals subjected to insulin therapy, confirm-
ing the efficacy of the insulin protocol [25, 26).

Micro-CT is an important methodology for analyzing
bone microarchitecture and allows the characterization of
changes in bone arrangement [20]. The lower BS/BV and
Ct.Th values observed in the diabetic group compared to
non-diabetic group suggest that TIDM decreased bone for-
mation, leading to the loss of bone mass [27]. Some studies
have shown that hyperglycemia reduces osteoblast function
by oxidative stress |28, 29], decreasing bone matrix synthe-
sis [5). The diabetic + insulin group showed no difference in
BS/BV and Ct.Th compared to non-diabetic group, which
could be due to the insulin effects on bone cells. Insulin regu-
lates the process of proliferation and differentiation of mes-
enchymal stem cells into osteoblasts, and these cells secrete
osteocalcin [25, 30] that acts as a functional link between
bone metabolism and glucose homeostasis [31].

The lower CLDA and higher CLFD in diabetic group
showed that TIDM bone structure organization pattern was
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more isotropic and heterogeneous compared to non-diabetic
bone. The present study suggests that TIDM causes signifi-
cant alteration or absence of bone channels alignment along
the load directional axis [32], leading to more heterogeneity
on spatial structure of network bone channels. This reduces
cortical complexity [33], contributing to bone fragility [32,
34].

In addition, the diabetic + nsulin group showed higher
CtFD compared to non-diabetic and no significant differ-
ence was found in Ct.DA compared to the other groups.
This suggesis that insulin therapy was not able fo prevent
changes in the channels network caused by disease, probab-
Iy, 1t is due to partial glycemic conirol. Insulin therapy
through injections does not allow full glycemic control, so
there are periods of hypo (after the application moment) and
hyperglycemia (before next application) [35). This variation
in glycemic control reduced TIDM effect on bone formation
[25]. leading to show a greater level of anisotropy, but not
enough to maintain the CLFD in normal condition.

The lower VHN values of the diabetie group corroborat-
ed the findings that TIDM modifies bone microarchitecture,
as shown in the Ct.DA and CLFD results. Also, the lower
VHN values in the diabetic animals might have been in-
duced by modifications of mineral erystal [36] and collagen
|2] arrangement. In addition, our results suggest that the in-
sulin therapy reduced TIDM effects on the mineral structure
and collagen integrity, maintaining normal microhardness
[37]- This could be due to normalization of matrix produc-
tion (organic and inorganic) by osteoblasts [25].

Bone mechanical properties depend on the HA crystal
composite, type [ collagen and the interaction between them
[2. 36). Fourier transform infrared spectroscopy (FTIR) can
be used to refine investigations of molecular alterations on
bone matrix that affect microhardness. This method allows
the bone matrix evaluation in order to characterize the miner-
al content, crysial size and collagen arrangement [38]. The
lower amide I in the diabetic group suggests that there was a
higher level of intrafibrillar (immature) dihydroxylysinonor-
leucine (DHLNL) than interfibrillar (mature) pyridinoline
|4]. This greater immature crosslinks might have been in-
duced by accumulate irreversible AGEs [11]. The AGEs are
formed when free-floating sugars interact with exposed ami-
no acid residues in collagen [39), impairing crosslink matura-
tion [11], that can decrease tensile strength of collagen
molecules [4, 38]. In addition, the diabetic + insulin group
showed no significant difference in amide [ ratio compared
to the other groups. This might be due to blood glucose vari-
ation inherent to the insulin therapy, which did not prevent
the changes in the collagen maturation process.

Mieczkowska er al., 2015 [40] showed that collagen ma-
turity in diabetic mice increased compared to non-diabetic
ones. The authors discussed their ouicome supporting in re-
duction of immature cross-links, reported in the Saito ef al,
2006 [41] study. However, Saito ef al. used genetically modi-
fied WBN / kob rats, which exhibit a pre-diabetic stage, mak-
ing limited comparison with the results found in STZ-in-
duced mice used by Mieczkowska er al., [40]. Throughout
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bone matrix formation, in non-diabetic animals, occur in-
crease of mature cross-links and in collagen maturity ratio,
as found in the present study and in some other studies [4,
11, 38). Furthermore, the mature collagen fibrils serve as
scaffolds for bone mineral crystal growth, position and ar-
rangement. These two processes are intimately correlated,
considering the fact that collagen fibril structure and organi-
zation can limit the size of the crystals and their orientation
[42]. Thus, the lower collagen crosslinks and collagen matu-
ration disturbances can affect the mineralization process
[43].

The crystallinity index lower in the diabetic groups
suggest that TIDM increased the presence of large HA erys-
tals, decreased the surface area in collagen fibrils [44] and
that insulin therapy was not sufficient to minimize these dele-
terious effects. Studies have shown that the mineral crys-
tallinity index (crystal sizefperfection) must be separated
from the mineral maturity (progressive transformation of
non-apatite into poorly then cryvstallized apatite) [36, 44].
The present study suggests that, even though the crystallini-
ty index was low with insulin therapy, there could be an in-
erease in erystal maturity, contributing to the no significant
difference between diabetic + insulin and non-diabetic
groups in microhardness analyses.

In the diabetic group, lower M:MI and M:MIII ratios
were observed, suggesting that TIDM affected collagen ma-
turity (organic matrix) more than crystallinity (inorganic ma-
irix), as shown in the collagen maturation analysis. A recent
study used similar experimental protocols showing no differ-
ence between diabetic and non-diabetic animals in ma-
trix:mineral analysis [4]). However, the sample size in the
present siudy was larger than the cited article, which increas-
es the detection of small differences between groups. The di-
abetic + insulin group showed a higher M:MI ratio than the
diabetic group and similar values to those of the non-diabet-
ic groups. This suggests that insulin decreases collagen
degradation [25, 37], which could have inhibited the deleteri-
ous effects on bone tissue hardness.

Our resulis showed no differences in the TMD and Ct Po
parameters. However, it is necessary to consider that the mi-
cro-CT methodology has some himitations that could prevent
accurate TMD measurements. These limitations include po-
Iychromatic X-ray specira that could lead to beam-hardening
artifacts and limited spatial resolution that could lead to par-
tial volume effects, especially in relatively porous samples
such as bone [45].

The present study suggesis that TIDM had a discrete in-
fluence on bone mineralization disruption in cortical bone,
as shown in the ATR-FTIR analyses, and minimal differ-
ences between groups would not be detected by the mi-
cro-CT resolution [45]. Therefore, the associate different
methodologies, such as micro-CT, ATR-FTIR and Vickers
microhardness analyses, are valuable tools to characienze
microarchitecture, quality of mineral and organic bone ma-
trix components and mechanical properties. This model sup-
poris the idea of a link between elastic properiies, mineral
content and plastic behavior with collagen maturity at the os-
teon level [36].
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CONCLUSION

The present study demonstrated that TIDM changes the
micro-structure, composition and hardness of the bone ma-
trix, by reduced bone surface, cortical thickness, anisotropy,
fractal dimension, collagen maturation and mineralization,
and bone microhardness. Moreover, insulin minimized the
effect of TIDM on cortical thickness and organic/mineral
matrix in the cortical bone of an experimental rat model.
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What is known

Diabetes mellitus impairs the osseointegration of dental implants’.
Some studies show the causes and some therapies for better results.
What this study adds

This literature review brings the different studies published in an attempt to show
the ways that type 1 diabetes mellitus negatively affects osseointegration and the

alternatives currently available to improve osseointegration.
Abstract

Diabetes mellitus is a metabolic disorder widely known to negatively impact bone
healing, especially interfering with the osseointegration of dental implants. Several
mechanisms lead to abnormal osseointegration, including overexpression of reactive
oxygen species (ROS), accumulation of advanced glycation end products (AGEs),
impaired angiogenesis and altered expression of proteoglycan and bone-related
biomarkers. However, bone development impairment is not fully understood and requires
further investigation. In order to overcome the effect of hyperglycemia in dental implant
therapy, investigations have focused on experimental alternatives, such as insulin therapy,
hypoglycemic agents, hyperbaric oxygen treatment, parathyroid hormone therapy,
implant surface modification, naturally occurring substances, mesenchymal stem cell
management, gene expression and growth factor modulation. The aim of the present
review was to explore the mechanisms involved in metabolic bone changes around dental
implants under high glucose levels, as well as the available therapeutic strategies to

improve osseointegration.

Keywords: Diabetes Mellitus, Dental Implants, Osseointegration
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Introduction

The loss of permanent teeth, weather as a result of trauma or disease, remains a frequent
problem worldwide. Currently, rehabilitation with osseointegrated dental implants is
considered the therapy of choice for the restoration of edentulous areas, as it offers
biocompatibility and predictable outcomes for most patients '>. However, local and
systemic factors may limit the efficiency of the technique or even lead to failure,
especially in conditions that affect the bone metabolism, for instance diabetes mellitus

(DM) 3,

DM is characterized as a set of chronic metabolic disorders, subsequent to elevated
plasma glucose levels resulting from complications in the mechanism of insulin
production, insulin action or both situations. Type 1 diabetes mellitus is caused by
autoimmune destruction of pancreatic insulin-producing f-cells, leading to total
deficiency, and represents 5—10% of the diabetic population. Whereas type 2 is related to
insulin resistance or partial reduction of its production, being more frequently observed
(90-95% of diabetes cases) *. Regardless of pathophysiology, there is a straight
correlation between deleterious effects of DM on the oral bone and the risk of failure in

osseointegration process>®.

Diabetic patients, especially uncontrolled, present altered levels of a series of bone-
related biomarkers, due to a state of chronic inflammation, which is mostly characterized
by overproduction of reactive oxygen species (ROS) and advanced glycation end
products (AGEs) 8. Under these conditions, peri-implant bone tissue development and

vascularization are negatively affected in terms of quantity and quality *'°.

According to data from the International Diabetes Federation, the exponential increase in
the number of DM cases is worthy of concern, accounting for 6.7 million deaths in 2021
with an updated projection of 783 million people affected worldwide by 2045 4.
Considering the metabolic disorder of hyperglycemia in the microenvironment
surrounding dental implants, it is essential to understand the mechanisms underlying the
impaired osseointegration related to this patient profile. Therefore, the aim of the present
review was to explore the deleterious effects of DM on bone health and provide an
overview of the available adjunctive strategies to help oral health practitioners achieving

successful outcomes in dental implant rehabilitation.
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Understanding the effects of diabetes mellitus on osseointegration

Adequate bone remodeling conditions are necessary for primary biomechanical stability
and long-term maintenance of dental implants '!. The classic concept of osseointegration,
previously described by Branemark as a direct contact between bone and implant '2, has
recently been proposed as a foreign body response phenomenon associated with
continuous inflammatory stimulation '*. An immune response is initiated after implant
insertion with the purpose of isolating the titanium surface, in conjunction with chronic
inflammation of soft tissues '*!°. The interface established between the implant surface
and the newly formed bone was previously described as being composed of a poorly
mineralized bone matrix layer, with the presence of osteocytes in intimate contact with
the titanium, combined with narrow sections through which dendritic extensions of the
osteocytes anchor to the implant, supporting long-term osseointegration '°. Once the
balance over these processes is disrupted, the success of implant rehabilitation may be

compromised.

There is growing evidence that DM impairs bone metabolism surrounding dental
implants. Despite implant failure rates seem to be similar to those of healthy individuals
1720 the disease is clearly associated with an elevated risk of peri-implant complications
3521 Furthermore, the underlying mechanisms of abnormal osseointegration are complex
and not yet thoroughly understood. Here, we summarize the main findings described in
the scientific literature regarding metabolic bone changes around dental implants in the

presence of hyperglycemia.
Reactive oxygen species (ROS)

ROS overproduction and chronic inflammation have long been recognized to play a
central role in the progress of metabolic disorders. Oxidative stress caused by excessive
presence of these molecules in the intracellular environment leads to structural
modification in numerous cell types, thus affecting their proper functioning 223, This
process is no different in the bone-implant interface. In vitro investigations revealed
significantly heightened ROS expression, associated with impaired proliferation and
calcification potential of bone marrow-derived mesenchymal stem cells cultured on

titanium >*. Likewise, it was demonstrated in an osteoblast culture model that cell exhibit
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altered structure, reduced activity and elevated levels of apoptosis, correlated with
increased presence of ROS, possibly due to disturbances in mitochondrial function 2. Ma
et al. (2021) demonstrated on 3D-printed titanium implants that osteoblasts display
abnormal functioning upon overexpression of ROS, correlated with up-regulation of the
NF-«B signaling pathway ¢, Suppression of Wnt/B-catenin signaling pathway in DM may
also increase ROS levels, with a negative impact on bone formation 7. Saito et al. (2022)
observed pronounced expression of ROS in peri-implant bone, with reduced levels of
proliferation and calcification in vivo >*. Furthermore, oxidative stress apparently induces
dysfunction of vascular endothelial cells subjected to hyperglycemic conditions on

titanium surfaces, therefore compromising the angiogenesis process 2’.

Accumulation of advanced glycation end products (AGEs)

Hyperglycemia induces intensified production of AGEs, possibly as a reflection of
excessive oxidative stress. AGEs induce altered cell behavior, considerably interfering
with bone metabolism, which ultimately culminates in poor quality bone tissue 2%, It
has been reported that high concentrations of AGEs suppress bone turnover by inhibiting
the differentiation and functioning of osteoblasts and osteoclasts, in addition to interfering
with the collagen cross-linking process *°. Research revealed that accumulation of AGEs
restricts bone formation through impaired bone marrow mesenchymal stem cells
proliferation and differentiation, mediated by reduced osteoblastic autophagy *'. AGEs
are also thought to affect osteocyte mechanosensitivity *? and induce osteoblast apoptosis

33, interfering with bone matrix synthesis and maintenance, and also inhibit osteoblastic

mineralization when associated with high glucose levels *.

Changes in the peri-implant microenvironment leading to inadequate osseointegration are
also expected. It was identified in animal model that the presence of AGEs reduces bone
to implant contact, hindering the stability of dental implants *°. Clinically, through peri-
implant sulcular fluid analysis, elevated levels of AGEs in diabetic patients were
correlated with greater probing depth and marginal bone loss %3 Fiorellini et al. (2020)
reported that osteoblast adhesion to titanium implant surfaces is limited under
hyperglycemic conditions, mediated by AGEs production, thus reflecting the impact of

host serum quality during the early stages of bone healing >®.
Impaired angiogenesis
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Adequate blood supply is critical during bone tissue neoformation and maintenance.
Blood vessels actively participate in the cross-talk between bone and adjacent tissues to
deliver nutrients, cells, cytokines, growth factors, and other molecules required for
osteogenesis >°. However, the mechanisms by which impaired angiogenesis occurs under
hyperglycemic conditions, specifically at the bone-implant interface, have not yet been
fully understood. Vascular endothelial cell dysfunction due to oxidative stress mediated
by excessive production of AGEs and ROS overexpression has been proposed as a central
pathway of compromised bone healing 2. In addition, Xiang et al. (2020) recently
identified that DM-induced M1 macrophage polarization negatively affects
neovascularization around titanium implants, which was indirectly reversed with M2
macrophage polarization stimulation by sitagliptin, a dipeptidyl peptidase-4 suppressing

agent which is used to control blood glucose levels *°
Proteoglycan expression

Extracellular matrix proteoglycans are glycosaminoglycan binding protein compounds,
which are essential in maintaining the balance of homeostatic functions by controlling
different cellular mechanisms *!. With regard to bone tissue, these biomolecules play an
important role in modulating osteogenesis and bone remodeling, by regulating the
formation and development of collagen fibrils and directly interacting with a series of
cytokines and growth factors 2. In fact, up-regulated expression of proteoglycans is
expected during the initial phases of bone healing, reaching the highest values within 7-
14 days ®. In contrast, proteoglycan deficiency can be observed in hyperglycemic
circumstances, either by reduced synthesis or increased elimination, although the exact

mechanisms are not yet fully understood **.

It has long been recognized that a slender layer of proteoglycans is formed at the bone-
implant interface, supporting the inflammatory response modulation after implant
placement *°. Interestingly, Sousa et al. (2020) observed large amounts of proteoglycans
correlated with disorganized peri-implant bone tissue under hyperglycemic conditions.
Further observation was made that proteoglycans were present to a lower extent upon

insulin therapy, suggesting a mechanism of delayed osseointegration *°.

Bone-related biomarkers expression
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The gene expression of several modulators of bone activity is altered in diabetic peri-
implant domains. Receptor activator of nuclear factor-kappa B ligand (RANKL) together
with osteoprotegerin (OPG) are well known to have a regulatory role in osteoclast
activity. OPG prevents the RANK-RANKL receptor interplay, limiting
osteoclastogenesis and subsequent bone resorption 8. In a study that evaluated bone
biopsies from diabetic patients receiving dental implants, up-regulated RANKL
expression, higher RANKL/OPG ratio and a trend towards reduced OPG were associated
with an osteoclastic profile #°. Likewise, Correa et al. (2020) found increased expression
of RANKL, in contrast to reduced levels of OPG, associated with compromised bone-
implant contact and lower counter-torque parameters in diabetic animals compared to

healthy animals >°.

Another factor altered by DM is the Runt-related transcription factor 2 (Runx2), an
imperative transcription factor for satisfactory bone development, which controls the
differentiation of osteoblast progenitor cells °!. Studies have confirmed that DM induces
significant reduction in Runx2 gene expression, thus affecting dental implant
osseointegration >*>2. Downregulation of other molecules that actively participate in the
bone tissue formation and mineralization process has been observed, such as osteocalcin,
osteopontin, transforming growth factor-B1, bone morphogenetic protein-252 >3, bone
morphogenetic protein-455 and microRNA-491-5p . In addition, Smpd3 and Itgal0 hub
genes, along with rno-mir-207 microRNA, have been identified as possible biomarkers

of impaired osseointegration in DM *°,

Additionally, atypical peri-implant protein content limits cell adhesion to the implant
surface. Liu et al. (2015) identified diabetes-induced downregulated expression of
fibronectin and integrin a5f1, its primary receptor, which play an important role in

stimulating binding action of osteoblasts and subsequent bone neoformation °.
Implant osseointegration in experimental models of diabetes mellitus

Different aspects of the interplay between DM and the bone tissue around implants have
been explored. The ultrastructural changes of the bone matrix under hyperglycemic
conditions were detailed in a recent study by scanning electron microscopy, which
described it as disorganized, with the presence of slender trabeculae and empty spots, in

addition to an exacerbated content of proteoglycans *°. Similarly, histomorphometric and
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biomechanical analyzes consistently revealed bone healing impairment >3, Coelho et al.
(2018), demonstrated limited primary bone formation in a diabetic minipig model,
correlated with elevated levels of tumor necrosis factor-alpha (TNF-a), an acknowledged

marker of the inflammatory process °’.

In addition, DM negatively impacts the bone status of already osseointegrated implants,
though at a slower pace and to a minor extent. In the study by de Molon et al. (2013),
reduced bone-to-implant contact and lower torque removal values were observed in a 4-
month follow-up period in rats, with diabetes induction 60 days after implant placement
39 Likewise, de Morais et al. (2009) identified reduced bone density by means of a digital

subtraction method .

Therapeutic approaches to assist dental implant osseointegration

Several investigations have focused on therapies in an attempt to minimize or avoid the
effect of hyperglycemia in dental implant therapy, such as insulin therapy, hypoglycemic
agents, hyperbaric oxygen treatment, parathyroid hormone therapy, implant modification,
naturally occurring substances, mesenchymal stem cell management, gene expression and
growth factor modulation "%, However, these therapies are still seen as experimental

methods, requiring further research and clinical validation ©'.
Insulin therapy

Insulin remains the mainstay therapy for type 1 diabetic patients. Several treatment
regimens are used for glucose level management, including daily injections of rapid-
action insulin combined with basal insulin, as well as continuous subcutaneous infusion
% Maintaining strict glycemic control has been shown to reduce the long-term risk of
macro and microvascular disease in both type 1 and type 2 diabetes ®’. Survival of
implants could be improved in patients with diabetes if the plasma glucose concentration
was controlled 6. However, normal glucose levels obtained by insulin therapy might not

restore all alterations yielded by diabetes 5.

In diabetic animals, insulin therapy prevented the occurrence of bone abnormalities >,

0

was able to maintain bone density *° and osseointegration was not compromised ,

although it was not possible to reach the results obtained in the control group . Upon
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insulin therapy, diabetic rats presented blood glucose levels reduced to normal, elevated
body weight, slightly increased implant stability ¢°, and increased implant fixation in 12
weeks after implantation 7°. However, micro-CT and histomorphometry indicated
impaired implant osseointegration and peri-implant trabecular microstructure not as well

organized as control groups 7.
Naturally occurring substances

Investigations have focused on more predictable therapeutic alternatives with fewer side
effects for use in diabetic patients in need of bone repair, benefiting both the treatment
and prevention of related complications 2. Resveratrol is one of these active substances
derived from plants and food with numerous pharmacological activities ”°, including
potential to prevent islet B-cell apoptosis, improve insulin action, regulate glucose

metabolism 7473

, and inhibitory impact on osteoclast differentiation 6. It has been shown
to increase peri-implant bone density, improve trabecular architecture and enhance
biomechanical fixation °*7’. However, the level of osseointegration was lower than that

observed in control groups, according to histological and micro-CT analyses >*7’.

Berberine, the main component of Rhizoma Coptidis (of Chinese herbal medicine),
promotes B-cell regeneration '8, regulates the release of insulin-like peptide 1 7, inhibits
inflammation and exhibits hypoglycemic effect ®. Berberine has been shown to act as an
efficient agent to osseointegration in diabetes, which indicates it might be a good strategy
for dental implants in diabetic patients 3!. In addition, its combination with insulin was

more effective than when administrated as monotherapy 5.

Curcumin has been used as a spice, herbal supplement, and traditional medicine in Asia
for more than 4000 years. It has been widely studied with respect to many diseases and is

considered to have potential medical benefit **

. The potential effects of this nutraceutical
with regard to its anti-bacterial, anti-inflammatory, and anti-oxidant properties have been
studied in vitro and in vivo 8%, Curcumin reverses the harmful effects of diabetes in
bone healing, contributing to the modulation of bone-related markers, especially in
association with insulin therapy. Additional use of curcumin, could represent an

interesting therapeutic for diabetic patients undergoing dental implants %7,

Genipin is an active constituent isolated from the fruit of Gardenia Jasminoides, which is

widely used in traditional oriental medicine as an anti-inflammatory *, antiangiogenic %,
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antioxidant %, antidiabetic agent 7192, It has been suggested that genipin in combination
with insulin could be an effective method for promoting implant osseointegration in type

2 diabetes rats ¢
Mesenchymal stem cell management, gene expression and growth factor modulation

Bone marrow is a potential source of multipotent adult stem cells, which are known to
have high osteogenic ability *>°*. Stem cell therapy with osteoinductive bone marrow
mesenchymal stromal cells and platelet-rich plasma may offer a novel approach to
enhance the osseointegration of dental implants in uncontrolled diabetic patients. Micro-

CT scan analysis revealed improved osseointegration around implants in diabetic rabbits
95

Studies have demonstrated that a chronic high glucose level results in defective response
of tissues to hypoxic conditions by impairing the function of hypoxia-inducible factor 1
alpha %, and influences numerous target genes, such as vascular endothelial growth factor
and Runx2, which is associated with angiogenesis and osteogenesis °’. Oh et al. (2019)
showed that local administration of hypoxia-inducible factor 1 alpha via protein
transduction domain-mediated DNA delivery system may boost bone formation around

implants and induce gene expression favorable to bone formation in diabetic mice %%,

Basic fibroblast growth factor (bFGF) plays an important role in bone healing as a potent
stimulator of osteoblastic proliferation *. Studies have affirmed that bFGF regulates
extracellular matrix production of osteoblastic cells in vitro and, when systemically
administered in vivo, increased endosteal bone formation in rats '%. Therefore, local
delivery of bFGF from poly (lactide-co-glycolide) microspheres to areas around titanium

implants may improve osseointegration in diabetic rats '°!.

Parathyroid hormone (PTH) has significant effects in regulating bone metabolism !, The
synthesis and secretion of PTH are sensitively controlled by the calcium concentration
detection mechanism. PTH exerts anabolic effects on both osteoblasts and osteocytes by
regulating bone remodeling ', and mesenchymal stem cell differentiation fluctuates
following PTH changes '°*. PTH has been shown to promote the osteogenic potential of
mesenchymal stem cells from ovariectomized rats ', which provides new insights into

106

a potential strategy for managing diabetic bone loss However, metabolic
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characteristics of the diabetic rats produced a condition that was unable to respond to PTH

treatment, with or without associated insulin >'%7.

Hypoglycemic agents

Metformin is one of the most used pharmacological means to control blood glucose
levels. Its action occurs in fasting and postprandial state, acting to reduce gluconeogenesis
and hepatic glucose production and/or increase glucose uptake in skeletal muscle '8,
Improvements in blood glucose levels and healing around implants were observed in
diabetic rats using metformin '%°, in addition to increased OPG expression and decreased
RANKL/OPG ratio in the medullary area ®*. Despite this, negative results were also found
where there was no modulation of the harmful effect of hyperglycemia on bone healing
%4 or reduced percentage of bone to implant contact and increased expression of RANKL
around implants ''°. Therefore, this drug may be insufficient to reverse the negative

influence of hyperglycemia around bone implants.
Hyperbaric oxygen treatment

Hyperbaric oxygen therapy is a treatment with inhalation of 100% oxygen in a closed air
chamber, where the atmospheric pressure is increased and controlled °!. It stimulates
angiogenesis, fibroblast activity and collagen synthesis '!'!. Oxygen levels are increased
along the periphery of ischemic wounds, promoting the formation of oxygen-dependent

collagen matrix necessary for angiogenesis, thus improving wound healing 2.

Hyperbaric oxygen therapy, either before or after the installation of implants, increased
the bone-to-implant contact in diabetic rats to the level of healthy rats ''°.
Histomorphometry findings suggest that hyperbaric oxygen therapy has positive effect
on implant osseointegration in the early healing period in diabetic rabbits. However, in
clinical repercussion, the improvements on osseointegration are not enough to increase

implant mechanical stability ®.
Implant modification

Titanium and its alloys are the most used dental implants materials due to mechanical
strength, chemical inertness and biocompatibility !'*. Several studies have reported that

implants with rough surface and pores were beneficial for osseointegration and that
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implant surface is a key point during the early stages of bone healing !'. Therefore, a

large number of studies have focused on the surface properties of implants '®.

Implants with hydrophilic surfaces have been utilized to improve osseointegration in
challenging scenarios, such as patients with diabetes. It is suggested that hydrophilic
surfaces have the potential to modulate the osseointegration process yielding more
predictable results ''7!8. Schuster et al. (2021) compared the bone neoformation of a
hydrophilic surface (Acqua®) and a hydrophobic surface (Neoporos®) in diabetics rats.
The diabetic group, after a 7-day healing period, yielded with the Acqua implants
presented significantly higher total bone-implant contact and trabecular bone-implant
contact values in comparison to the Neoporos implants. The positive effects of the Acqua
surface were able to counteract the adverse impact of uncontrolled diabetes at early
osseointegration periods. However, after 28 days in vivo, the metabolic systemic

impairment caused by diabetes overcame the surface treatment effect ''°.

SLA implants are sandblasted, large grain, acid etched implants and SLActive
additionally feature hydrophilic surfaces. Experimental studies revealed that SLActive
implants led to significantly higher bone-implant contact compared with SLA in diabetic

11

animals ', and bone-implant contact comparable to that observed in healthy animals

120.121 " Hydrophilic surfaces resulted in positive effects in healthy and especially in
diabetic animals, which demonstrates that it could improve the osseointegration progress
in diabetic humans ''7!2°, Furthermore, SLActive titanium implants showed a trend of
promoting superior total bone formation at the early osseointegration 2!, suggesting that

a better prognosis is possible for implant treatment of diabetic patients.

Ti02 nanotubes prepared by the anodic oxidation technique mimic the fundamental
nanoscale structure of the bone '?*!2, Compared to SLA surfaces, implants with TiO2
nanotube surface reduced the osteogenetic inhibition induced by high-glucose states by
reversing ROS overproduction in vitro. Micro-CT scan analysis further confirmed, in
vivo, the better osteogenetic ability of TiO2 nanotube surface implants in diabetic rats.
This strategy may provide more favorable implant surfaces than mechanically polished

and SLA surfaces for patients with diabetes 2.

Strontium (Sr) has been widely studied in bone tissue engineering because it can not only

stimulate bone formation but also inhibit bone resorption 2. In vivo it could prevent bone
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structural mechanical changes as a consequence of diabetes '*°. Strontium may also
stimulate osteoblasts to osteogenesis '2’. SLA-Sr surfaces showed significantly higher
bone-implant contact at 4 and 8 weeks and upregulated osteoprotegerin expression at 4
weeks in diabetic rats. Besides, it displayed higher bone-implant contact at 4 weeks in
normoglycemic rats. It is suggested that strontium-incorporated titanium implant surfaces

could enhance implant osseointegration in diabetic rats %,

Large-grit sandblasting with micro-arc oxidation implants (SL-MAO) and implants with
interconnected 3D tubulous structures (I3D) have the potential to be tested under
hyperglycemic conditions. SL-MAQO surface modification created a topographic
morphology characterized by both micron-sized craters and sub-micron-scale pits. This
surface resulted in superior chemical composition, which promoted cell adhesion,
proliferation, and osteogenic differentiation. SL-MAO modified titanium implants
osseointegrated more efficiently than SLA or MAO controls, with significantly higher
bone-area ratio and bone-implant contact in the peri-implant region '?°. The tube-shaped
structure of the I3D implants allows the storage of chemoattractants to mobilize stem
cells, improving osseointegration. It was reported greater calcium deposition and torque

force required to remove 13D implants compared to solid implants '*°,

Conclusion

In conclusion, this review highlights the range of factors that negatively influence bone
neoformation under hyperglycemic conditions and elucidates possible strategies to
improve osseointegration. Although promising, it is worth noting the experimental nature

of these therapies and the need for additional research and clinical validation.
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What is known

A large number of studies have focused on increasing dental implants’ stability.

Some studies showed that hydrophilicity surface improves osseointegration at

various levels.
What this study adds

This study is showed that type 1 diabetes mellitus impaired bone formation around
the dental implant surface. The insulin therapy associated with superhydrophilic surface

minimized the diabetes effects on the early stage of the osseointegration process.

Abstract

The aim of present study was to evaluate the stability, morphology and chemical
components on osseointegration process of dental implants with superhydrophilic
(Acqua®) and hydrophilic (NeoPoros®) surface in diabetic rats, submitted to insulin
therapy (IT). Thirty male rats were randomly assigned into the following three groups
(n=10): non-diabetic, diabetic and diabetic+insulin. Type 1 diabetes mellitus (TIDM) was
induced by intravenous injection of streptozotocin. In diabetic+insulin group, 41U insulin
was administered twice per day. After 1 week of TIDM induction, all animals were
submitted to implant placement, with superhydrophilic and hydrophilic surface in left and
right tibiae, respectively. The animals were euthanized two weeks after surgical
procedure and the samples were submitted to removal torque test (N/cm), energy-
dispersive X-ray spectroscopy (%, EDS) and scanning electron microscopy (SEM). The
analysis of maximum torque removal force showed that diabetic group had lower values
on hydrophilic and superhydrophilic surfaces compared non-diabetic and
diabetict+insulin groups. The non-diabetic group showed higher values compared to the
others groups. The EDS showed that diabetic group had lower values of calcium
compared to non-diabetic and diabetict+insulin groups. In oxygen analysis, the non-
diabetic group showed lower values compared to diabetic and diabetic + insulin groups.
In addition, the superhydrophilic surface showed higher values in diabetic group
compared to diabetict+insulin. The superhydrophilic surface showed higher value of

calcium and lower values of oxygen compared to hydrophilic surface in diabetic+insulin
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group. In SEM analysis, the diabetic group showed bone structure loose-looking bone
matrix, irregular arrangement, thin trabeculae and more empty spaces compared to non-
diabetic and diabetic+insulin. Moreover, the superhydrophilic surface showed more bone
distribution along the implant surface and intimate contact with grooves. The present
study showed that TIDM impaired bone formation around dental implant surface and the
insulin therapy associated to superhydrophilic surface minimized the diabetes effects on

early stage of osseointegration process.

Keywords: Dental implants; ossseointegration; diabetes mellitus, type 1; hydrophilic

surface; insulin

Introduction

The rehabilitations with dental implants for replacing missing teeth may be
considered an important therapeutic alternative to adequate masticatory and aesthetics
function, and prevent atrophy alveolar bone, improving the life quality of patients 2. The
long-term clinical success of dental implantation depends on the degree of
osseointegration > that is defined as a direct bone-to-implant contact without interposition
of any other tissue *. According to Albrektson et al., 1981, some requisites are important
for achieving osseointegration, including the material biocompatibility, surgical
technique, implant design, condition of applied loads after implant placement, implant

surface quality, site of installation and host systemic condition °.

Some studies showed that type 1 diabetes mellitus (TIDM) have a deleterious
effect on the success of osseointegration process 7. TIDM is an inflammatory
autoimmune disease characterized by the destruction of pancreatic beta cells, which
results in insulin deficiency and leads to chronic hyperglycemia ®. The hyperglycemic

microenvironment reduces angiogenesis process °

and increases the production of
advanced glycation end products (AGESs) that, by interacting with specific osteoblastic
receptors (RAGEs), damage the proliferation, differentiation, and activity of osteoblasts

10 impaired bone formation around dental implants '! 12,
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Insulin therapy accompanied by reduction of glycaemia has been to be the pivotal
point in treatment and prevention of TIDM effects '* 4. Insulin injection reduces
endogenous glucose production, fasting blood glucose and hemoglobin Alc (HbAlc),
which that improves the body glycemic control !> 16, Recent findings suggest that dental
implant treatment can be safely carried out in diabetic patients with well-controlled blood
glucose ' '¥, However, it has been shown that maintenance of excellent glycemic stability
is difficult to achieve, and hyperglycemia impairs bone healing and osseointegration '*

19 Consequently, therapies to improve the early stages of osseointegration in diabetic

patients are demanding.

Considering that the implant surface is a key point of successful osseointegration
at the early stage of bone healing, a large number of studies have focused on increasing
dental implants’ stability. The strategy for this has been managing the surface properties
of the implants, to reduce the failure rate and recovery time after implantation 2%2!, Some
studies showed that hydrophilicity surface improves osseointegration at various levels,
directly promoting early expression of the pathways involved in cell proliferation and
differentiation of osteoblast precursors, alongside regulation of angiogenesis, bone

mineralization, and bone remodeling 2% %3

Therefore, the present study hypothesized that decrease hyperglycemia from
insulin therapy associated to hydrophilic surface accelerate the osseointegration in the
early stages, reducing the negative effects of TIDM in dental implants installation. The
aim of present study was to evaluate the stability, morphology and chemical components
on osseointegration process of dental implants with superhydrophilic (Acqua®) and
hydrophilic (NeoPoros®) surface in diabetic rats submitted to insulin therapy (IT), using
removal torque test, scanning electron microscopy (SEM) and energy-dispersive X-ray

spectroscopy (EDS).

Material and Methods
Experimental protocol

All experimental protocols with animals were approved by the Committee of the
Ethics of Animal Use and Care of the Federal University of Uberlandia (permit number

022/17). All procedures were carried out in strict accordance with the recommendations
58



in the Guide for the National Institutes of Health guide for the care and use of Laboratory
animals (NIH Publications No. 8023, revised 1978).

Thirty male Wistar rats (Rattus norvegicus) weighing 240 + 20 g (8 weeks of age)
were housed in standard conditions (12 hour light/dark cycle, temperature of 224+1°C and
relative humidity of 50— 60%), with food (composition: humidity, crude protein, ethereal
extract, mineral, crude fiber, calcium and phosphorus) and water ad libitum. After one
week of acclimatization, the animals were randomly assigned and equally distributed into
the following three groups (n=10): non-diabetic, diabetic and diabetic + insulin therapy.
After 1 week of TIDM induction in diabetics groups, all animals were submitted to
implant placement, with superhydrophilic (Acqua®) and hydrophilic (NeoPoros®)
surface in left and right tibiae, respectively. All the animals were euthanized two weeks

after the surgical procedure.

Type 1 diabetes mellitus (T1DM) induction and Insulin therapy

The TIDM induction and insulin therapy protocol were performed following
previously described methodology %*. A single dose of streptozotocin (STZ, Sigma-
Aldrich, Inc. St. Louis, MO, USA) was administered in diabetic and diabetic + insulin
groups by intravenously through a penile vein puncture at a dose of 45 mg/kg body
weight, diluted in 0.1 M citrate buffer (pH 4.5). Equal protocol of anesthesia and volumes
of vehicle were injected in the control rats (non-diabetic group). The hyperglycemia was
confirmed by a glucometer (Accu Check Active, Roche, Jaguaré, SP, Brazil) after 48
hours of the induction, collecting a blood drop from the tail of each animal. Follow up of
the glycemic rates was done one, two and three weeks after induction and animals that
maintained blood glucose levels higher than 200 mg/dL were considered diabetic.
Clinical diabetic signs such as polyphagia, polydipsia, polyuria, and bodyweight loss
were also monitored in a qualitative analysis. The animals that did not reach the glycemic
target were excluded from the study. Thereafter the diabetes confirmation, the animals of
diabetic + insulin group received daily subcutaneous doses of 4 IU (1 IU at 7 a.m. and 3
IU at 7 p.m.) with neutral protamine Hagedorn insulin (Humulin U-100, 100 U/mL, Eli
Lilly, Sao Paulo, Brazil) diluted in 0.9% NaCl.
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Implant placement surgery

One week after the animals submitted to diabetes induction or receive vehicle
injection, the dental implants were placement. Initially, general anesthesia was done by
intraperitoneal injections of 7 mg/kg xylazine (2%, muscle relaxant) and 100 mg/kg
ketamine hydrochloride (10%, anesthetic and analgesic). The animals were submitted to
a trichotomy in the inner leg and after disinfection with iodine solution, a 2 ¢cm incision
was performed on the internal side of the right hind leg, just below the knee, and the tibial
metaphysis was exposed by blunt dissection. Then, the osteotomy was performed using a
progressive sequence of drills under profuse saline irrigation. The implants measuring 4.0
mm length and 2.2 mm diameter (Neodent®, Curitiba, PR, Brasil) were placement until
the screw thread had been completely introduced into the cortical bone, with
superhydrophilic (Acqua®) and hydrophilic (NeoPoros®) surface in left and right tibiae,
respectively 2°. Incisions were then closed in layers. The fascia and skin were sutured
separately using nylon sutures. Analgesics (tramadol 1 mg/kg) and antibiotics (cefazolin
25 mg/ kg) were administered via the intramuscular route and twice per day for 3 days
after the operation. All implants at the end procedure were in good stability and without

mobility signs.

The animals were euthanized two weeks after surgical procedure by
intraperitoneal injection with sodium thiopental and lidocaine in compliance with the
principles of the Universal Declaration on Animal Welfare. The removal torque test was
made after the animals’ sacrifices and the implants collect were submitted to a scanning

electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS).

Removal torque testing

The tibiae without disarticulating were dissected to expose the implant and the
cover screws and attach to a suitable device. A torque meter (Tohnichi, Model STC400,
Tokyo, Japan) with a scale range of 3—24 N/cm and divisions of 0.05 N/cm was used for
the test (Figure 1A). A wrench was inserted to the implant head to apply torque in the
reverse direction of implant placement until rupture of the bone-implant interface was
signaled by rotation of the implant (Figure 1B). The torque force value (N/cm) achieved

was considered as the torque required for the interruption of osseointegration 2.

60



Figure 1. A- Torque meter with attached digital wrench. B- Device attached to the

implant rat tibia to perform reverse torque until interrupted osseointegration.

Scanning Electron Microscopy (SEM) and Energy-Dispersive X-ray Spectroscopy
(EDS) analysis

The implants obtained from removal torque test were immersed in a 3% sodium
hypochlorite solution for 20 minutes, followed by washing in running water for 10
minutes, dehydrated an increasing series of alcohol (50; 75; 90; 100%) and dried in a
device (critical point device) (Balzers CPD -300 - Leica Microsystems Vienna, Austria).
Then, the samples were pulverized with gold in a vacuum metallizing machine (Bal-Tec
SCD-050, Leica Microsystems; Wetzlar, Germany). High resolution micrographs
obtained in SEM (LEO-1430; Carl Zeiss, BW, Oberkochen, Germany) operated at 15 kV
were performed on two selected regions of each implant (apex and cervical) at
magnifications of 50x to 50,000x in the vertical and horizontal position. In the qualitative

analyzed was observed the characteristics of the newly formed peri-implant bone 2’.

The chemical composition of the bone remnant on the surface of the implants was
analyzed by EDS (Oxford Instruments, England) coupled to the SEM. The implants were
positioned horizontally and the regions of interest were magnified at 90x. The
composition and distribution of organic and inorganic elements were analyzed by weight

concentrations of the following chemical elements: Ca (calcium), O (oxygen), and C
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(carbon) on the surface of each implant. Results were expressed as the mean value of all

measurements and performed in triplicate 2.

Statistical analysis

The data from all measured parameters were tested for normal distribution
(Shapiro-Wilk) and the equality of variances (Levene’s test). Two-way analysis of
variance (ANOVA) was performed followed by the Tukey test. All tests employed a level
of significance of a=0.05 and all statistical analyses were carried out with Sigma Plot

version 13.1 (Systat Software Inc., San Jose, CA, USA).

Results

Throughout the experimental procedure it was observed in qualitative analysis that
diabetic group maintained weight loss, polyphagia, polydipsia and polyuria, determined
by the increased intake of feed, water and urinary excretion. The diabetic group (486.29
+ 32.12, mg/dl) showed higher glycemic rates compared to non-diabetic (106.21 £ 11.21,
mg/dl) and diabetic + insulin (132.76 + 13.57, mg/dl) groups (p<0.012). Moreover, the
non-diabetic and diabetic + insulin groups showed no significant difference statistical

analysis (p=1.376).

The analysis of maximum torque removal force (N/cm) showed that diabetic
group had lower values of hydrophilic (8.38 + 3.33) and superhydrophilic (8.98 + 2.73)
surfaces compared non-diabetic (hydrophilic: 17.64 £ 1.80, p<0.001; superhydrophilic:
19.32 £ 2.20, p<0001) and diabetic + insulin (hydrophilic: 12.35 £ 2.71), p=0.008;
superhydrophilic: 12.70 £+ 3.07, p=0.014) groups, among the respective surfaces. The
non-diabetic group showed significant higher values compared to diabetic + insulin
group, among the respective surfaces (hydrophilic: p=0.004; superhydrophilic: p<0001)
(Figure 2).
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Figure 2. Results of removal torque testing. —— (p<0.05)

Chemical composition analysis (EDS) showed that hydrophilic and
superhydrophilic surface of diabetic group had lower values of calcium compared to non-
diabetic (hydrophilic: p=0.009; superhydrophilic: p=0.023) and diabetic + insulin
(hydrophilic: p=0.038; superhydrophilic: p=0.008) groups, among the respective
surfaces. In oxygen analysis, the non-diabetic group showed that hydrophilic and
superhydrophilic surface had lower values compared to diabetic (hydrophilic: p=0.038;
superhydrophilic: p=0.021) and diabetic + insulin groups (hydrophilic: p=0.043;
superhydrophilic: p=0.033), among the respective surfaces. In addition, the
superhydrophilic surface showed higher values in diabetic group compared to diabetic +
insulin group (p=0.041). The superhydrophilic surface showed higher value of calcium
(p=0.047) and lower values of O (p=0.012) compared to hydrophilic surface in diabetic
+ insulin group. In carbon analysis, no statistical difference was observed between the
groups and surfaces (p>0.514) (Figure 3). The mean and standard deviation were showed

in Table 1.
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Figure 3. Results of chemical composition analysis (EDS). —— (p<0.05)

Table 1: The mean and standard deviation of chemical composition analysis (EDS).

Non-diabetic Di Diabetic + Insulin
Measures/ Groups Hydrophilic Superhydrophilic Hydrophilic Superhydrophilic Hydrophilic Superhydrophilic
Calcium 10.02+2.40 10.61+1.76 6.42+1.29 7.28+2.24 9.25+2.26 11.38+2.40
Oxygen 40.33+2.49 39.86+2.84 43.26+1.13 42.86+1.29 42.75+1.34 40.75+2.30
Carbon 17.72+4.33 16.54+1.82 19.99+5.74 18.01+6.41 19.10+6.36 18.8245.56

In the ultrastructural qualitative analyzes of SEM, differences matrix composition

were more evident between diabetic and non-diabetic groups. In diabetic group, the bone

structure presented loose-looking bone matrix, irregular arrangement, thin trabeculae and

more empty spaces compared to non-diabetic and diabetic + insulin groups. The non-

diabetic group presenting a denser bone structure, with few empty spaces and; the diabetic

+ insulin group showed intermediate morphological aspects between these two groups

comparing the same surface. The superhydrophilic surface showed more bone

distribution along the implant surface and intimate contact with grooves. At a small

magnification (70x) that allowing a more panoramic view of the implants, the non-

diabetic and diabetic + insulin groups showed, a bone tissue formed along the entire

surface with more distribution (Figure 4).
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o,

Hydrophilic
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Figure 4. 70x - Low-magnification scanning electron microscopy shows the panoramic
viewer of dental implants. 300x — High-magnification images shows the dental implant
surface with the remaining osseointegrated bone tissue from the torque removal test. The

red arrows showed the dental implant surface and yellow arrows were the bone tissue.

Discussion

The present study showed that decrease hyperglycemia with insulin therapy
associated to superhydrophilic surface, improve the osseointegration process in TIDM
condition. The frequency of opportunities regarding perioperative systemic management
for medically compromised patients with diabetes mellitus is steadily increasing in dental
implantology. It is essential to understand the pathologic mechanism of the disease on
osseointegration to determine the ideal method of treatment for these underrepresented
patients 23,
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Considering the limitations of ethical guidelines in human study, the present study
used animal model to improving our understanding of treatments to minimize the
hyperglycemia effects on osseointegration process. The induction hyperglycemia by
destroys pancreatic 3 cells with injection a single high dose of STZ, have resemblance
characteristic to pathogenesis and natural disease progression of TIDM in human
population 2%, A significant reduction blood glucose concentration was observed in the
animals received insulin therapy, confirming the efficacy of the protocol *!:*2. Moreover,
the proximal tibia was used to implant placement that surgery access was easier and the
more trabecular with limited cortical bone provides a better environment for evaluate
vascularization response of hyperglycemia condition **. The evaluation time of 2 weeks
after implant placement was used to analyze the early stage that characterized to osteoid

matrix formation and integration around the implant surface **.

The biomechanical analysis showed that diabetic group has lower values of torque
removal compared to other groups. This study suggest that hyperglycemia decreases
mineralization process of osteoid matrix, compromising the mechanical retention of

bone-implant surface 2> 3°

. Some studies showed that free-floating sugars create
irreversible compounds of advanced glycation end products (AGEs) % %7, which that

reduce collagen formation and affect the differentiation and function of osteoblastic cells
38,39

Indeed, the EDS analysis showed that diabetic group has lower values of calcium
and higher oxygen compared to other groups. These results associated to empty bone
lacunae around the implants surface shown in diabetic group at qualitative SEM analysis,
suggest that a delay organization and maturation of osseointegration process **!. The
early process of osseointegration was characterization that cellular and plasmatic
hemostasis lead to fibrin polymerization and the formation a blood clot, which serves as
a matrix for neoangiogenesis, extracellular matrix deposition, and invasion of bone
forming cells *>**. Some studies showed that diabetes induce vascular endothelial cells
dysfunction and angiogenesis impairment by increase cellular oxidative stress and
) 4

decrease vascular endothelial growth factor (VEGF) ™, which plays a critical role of

recruitment osteogenic cells around dental implant >4, showed in our results.

Therefore, identification of new management strategies to minimize TIDM

impaired osseointegration process is a major focus in the prevention dental implants loss
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47 Our results showed that insulin therapy (diabetic+insulin group) was able to keep
decrease the deleterious effects of diabetes, but not similar to non-diabetic group. The
osseointegration is a relatively long healing process, maintaining the well-controlled
glycemic status might not be possible during all phases . This suggests that insulin was
not able to prevent damages in the osseointegration process caused by disease, probably,
it is due the partial glycemic control. Some studies showed that insulin therapy through
injections does not allow full glycemic control, so there are periods of hypo (after the

application moment) and hyperglycemia (before next application) #.

In addition, the association of superhydrophilic surface with insulin therapy has
shown higher potential to minimize the deleterious effects of TIDM in early stage of
osseointegration. The period immediately following installation is an increased
involvement of genes linked to the inflammatory response, blood vessel development,
coagulation, angiogenesis, complex interaction, and cell adhesion on the implant surface
22 This study suggest that superhydrophilic surface associate with insulin therapy
enhances bone formation compared to diabetic group at multiple levels by directly
promoting an earlier expression of pathways involved in cell proliferation and osteoblast
precursor differentiation but also by positively regulating angiogenesis, bone

mineralization, and bone remodeling °°.

The superhydrophilic surface had a higher affinity of the initial blood clot, an
enhanced neoangiogenesis, increased bone-to-implant contact, and greater bone density
were described within the first 2 weeks of bone healing °!. Some studies showed that
storage implants in isotonic NaCl solution contribute to the high surface energy is
sustained by a hydroxylated/hydrated surface that minimizes the absorption of
contaminating hydrocarbons and carbonates from air >>. In addition, the important step
in the wound healing process around the implant is the formation of a fibrin blood clot
that serves as a bridging scaffold for migrating cells. The moderate immune response >°
and lower activation of thrombocytes **, found on superhydrophilic surfaces compared to
hydrophilic can facilitate the invasion and mobilization of the blood clot by mesenchymal
stem cells (MSCs) °°, considered as one of the initial non-hematopoietic cell types to

colonize an implantation site %% 7.

Thus, despite the positive findings observed in this study, the effects of the insulin

and superhydrophilic surface on TIDM implant osseointegration was evaluate in other
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factors specific to the intraoral environment, such as the presence of biofilm, implant

loading in secondary stability, and masticatory function could influence this process *.

Thus, it is important to consider intraoral clinical situations to evaluate the
osseointegration process in future studies 2*. Moreover, the patients with diabetes who are
undergoing surgery, appropriate glycemic control throughout the perioperative period
needs to be maintained to conserve the endocrine-metabolic balance between insulin and

hyperglycemia-promoting hormones *°.

Conclusion

The present study showed that TIDM impaired bone formation around dental
implant surface and; the insulin therapy associated to superhydrophilic surface minimized

the diabetes effects on early stage of osseointegration process.
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3 - CONCLUSAO

Pode-se concluir do presente estudo que:

* Os resultados mostraram que o diabetes mellitus tipo 1 altera a
microestrutura, composicao e dureza da matriz 6ssea, pela reducao da superficie 6ssea,
espessura cortical, anisotropia, dimensao fractal, maturacdo e mineralizagdo do colageno
e microdureza 6ssea. Causou, ainda, altera¢des estruturais no tecido 6sseo afetando a
osseointegracao de implantes em tibia de ratos diabéticos diminuindo o processo de

neoformagao oOssea.

* A insulina minimizou o efeito do diabetes mellitus tipo 1 na espessura
cortical e matriz organica/mineral no osso cortical de um modelo experimental de rato.
Além disso, a terapia com insulina mostrou resultados favoraveis para a osseointegracao,

no entanto, ndo chegou proximo as condigdes encontradas no grupo controle.

* Os implantes com superficie super-hidrofilica mostraram uma melhor
neoformacdo oOssea comparado a superficie hidrofilica em condigoes de DMTI1

submetidos a insulina.
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4 — ANEXOS

1 —Certificado do parecer de ética em utilizagao de animais

Cominsio de EScanu

- Comisséo de Etica na Utilizagéo de Animais — LRlzagia de Animass
CELA

@ | Universidade Federal de Uberlandia ( ‘

CERTIFICADO

Certificamos que o projeto intitulado “Efeito da oxigenoterapia
hiperbarica e insulinoterapia na osseointegracdo em ratos
diabéticos”, protocolo n° 022/17, sob a responsabilidade de Paula
Dechichi — que envolve a produgdo, manutengao e/ou utilizacao de
animais pertencentes ao filo Chordata, subfilo Vertebrata, para fins
de pesquisa cientifica — encontra-se de acordo com os preceitos da
Lei n°® 11.794, de 8 de outubro de 2008, do Decreto n® 6.899, de 15
de julho de 2009, e com as normas editadas pelo Conselho
Nacional de Controle da Experimentacao Animal (CONCEA), e foi
APROVADA pela COMISSAO DE ETICA NA UTILIZACAO DE
ANIMAIS (CEUA) da UNIVERSIDADE FEDERAL DE
UBERLANDIA, em reunido de 26 de maio de 2017.

(We certify that the project enfitled "Efeito da oxigenoterapia hiperbarica e insulinoterapia na
osseointegragdo em ratos diabéticos”, protocol 022/17, under the responsibility of Paula
Dechichi - involving the production, maintenance and/or use of animals belonging to the phylum
Chordata, subphylum Vertebrata, for purposes of scientific research - is in accordance with the
provisions of Law n® 11.794, of October 8th, 2008, of Decree n® 6.899 of July 15th, 2009, and
the rules issued by the Mational Council for Control of Animal Experimentation (COMCEA) and it
was approved for ETHICS COMMISSION ON AMIMAL USE (CEUA) from FEDERAL
UNIVERSITY OF UBERLAMDIA, in meeting of May 26th, 2017).

Vigéncia do Projeto Inicio: 01/06/2017 Término: 01/04/2019
Especie / Linhagem / Grupos Taxondmicos Rato heterogénico Wistar

MNimero de animais 120

Peso / ldade 300 g/ 18 semanas

Sexo Machos

QOrigem / Local CBEA

Mimero da Autorizagdo SISBIO -

Atividade(s)

Uberlandia, 30 de maio de 2017.

i)

Prof. Dr. Lucio Vilela Carneiro Girdo
Coordenador da CEUA/UFLU
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1. Submission and Peer Review Process

Mew submissions should be made via the Research Exchange submission

portal https:iiwiley.atyponrex.com/journal/CID. Should your manuscript proceed to the revision stage, you will be
directed to make your revisions via the same submission portal. You may check the status of your submission at
anytime by logging on to submission.wiley.com and clicking the “My Submissions” button. For technical help with the
submission system, please review our FAQs or contact submissionhelp@wiley.com.
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Wiley Editing Services offers expert help with English Language Editing, as well as translation, manuscript
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confidence.

Also, check out our resources for Breparing Your Article for general guidance about writing and preparing your
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pay an Article Publication Charge (APC) to make the article immediately, freely available online for all to read,
download, and share. You can learn more on our Qpen Access page.

Preprint policy:
Please find the Wiley preprint policy here.
Clinical implant Dentistry and Related Research will consider for review articles previously available as preprints. You

may also post the submitted version of a manuscript to a preprint server at any time. You are requested to update any
pre-publication versions with a link to the final published article.

Data Sharing and Data Availability

Clinical implant Dentistry and Related Research expects that data supporting the results in the paper will be archived
in an appropriate public repository. Authors are required to provide a data availability statement to describe the
availability or the absence of shared data. Review Wiley’s Data Sharing policy where you will be able to see and
select the data availability statement that is right for your submission.

When data have been shared, authors are required to include in their data availability statement a link to the
repository they have used, and to cite the data they have shared. Whenever possible the scripts and other artefacts
used to generate the analyses presented in the paper should also be publicly archived. If sharing data compromises
ethical standards or legal requirements, then authors are not expected to share it.

Data Citation
Please review Wiley's Data Citation policy.

ORCID
This journal requires ORCID. Please refer to Wiley's resources on ORCID.

Reproduction of Copyright Material

If excerpts from copyrighted works owned by third parties are included, credit must be shown in the contribution. It is
your responsibility to also obtain written permission for reproduction from the copyright owners. For more information
visit Wiley’s Copyright Terms & Conditions FAQ.

The corresponding author is responsible for obtaining written permission to reproduce the material "in print and other
media” from the publisher of the ariginal source, and for supplying Wiley with that permission upon submission.

Cover Letter

Cover letters are mandatory and should explain in a paragraph what novel contribution the submitted article makes to
the existing literature. There should be a few sentences what is known on the topic. Useful information on what is
known could include the first study published on the topic and a most recent systematic review. The authors should
provide an explanation as to how their submitted manuscript contributes novel information to this body of knowledge.

Title Page
The title page should contain:
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. & brief informative title containing the major key words. The title should not contain abbreviations (see Wiley's
best practice SEO tips). The title needs to follow EQUATOR guidelines. l.e. the title should include the
specification of the study design (e.g. randomized clinical trial, case-control study, cohort study, cross-sectional
study, case-series, case-report) or a key word identifying the study as a diagnostic accuracy study (e.g.,
sensitivity, specificity, efc.)

ii. A short running title of less than 40 characters;

iii. The full names of the authors;

iv. The authors' institutional affiliations where the work was conducted, with a footnote for the author's present
address if different from where the work was conducted;

v. The name, mailing address and e-mail address of the designated corresponding author;

vi. A conflict of interest statement. Please note the any funding received to conduct a study needs to be reported. If
authors have no conflict of interest relevant to the content of the submission, please state “The authors declare
no conflict of interest”;

wii. An author contribution statement for each author. Examples of categories for authors' contributions:
Concept/Design, Data analysisfinterpretation, Drafting article, Critical revision of article, Approval of article,
Statistics, Funding secured by, Data collection, Other. The author contributions should specify who was
responsible for the data analyses.

viii. Acknowledgments. Contributions from anyone who does not meet the criteria for authorship should be listed,

with permission from the contributor. Financial and material support should also be mentioned.

Conflict of Interest

The Corresponding Author and all co-authors listed on the manuscript titte page must submit a conflict of interest form
before publication. The form should be included with your other manuscript files either at initial submission, when you
submit your revision, or during our final acceptance process. Accepted manuscripts will not be submitted to
production for publication until all forms are received.

Guidelines for reporting conflicts of interest are available on the ICMJE website, where you can also find a standard
conflict of interest disclosure form.

Authorship

All listed authors should have contributed to the manuscript substantially and have agreed to the final submitted
version. Review editorial standards and scroll down for a description of authorship criteria.

All those designated as authors must meet all four criteria for authorship as defined by the ICMJE.

Funding

You should list all funding sources in the Acknowledgments section. You are responsible for the accuracy of their
funder designation. If in doubt, please check the Open Funder Registry for the comrect nomenclature.

Summary Box

Authors must include a summary box after the tile page and before the abstract. This summary box should be no
more than 100 words and should not be a repetition of the abstract. The purpose of the Summary Box is to provide a
quick synopsis of the study. It should provide a clear and concise explanation of what was known before and of how
the presented results advance knowledge of this field. The summary box should be structured as follows:

= A first header with what is known on the topic, followed by 1-3 bullet points.
« A second header with what the submitted study adds, followed by 1-2 bullet points.

Example:

What is known:
A recent systematic review suggested that short and long dental implants have the same survival

probability.
Most of the studies in this systematic review were observational studies and suffered from several biases.

What this study adds:
This study is the 3™ registered randomized confrolled trial on this topic and suggests that long dental
implants have a better survival probability.

Authors should pay particular attention to this text as it will be published in a highlighted box within their

manuscript; ideally, reading this section should leave reader wishing to learn more about the topic and
encourage them to read the full article.
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Main Text File

Manuscripts can be uploaded either as a single document (containing the main text, tables and figures). or with figures
and tables provided as separate files. Should your manuscript reach revision stage, figures and tables must be
provided as separate files. The main manuscript file can be submitted in Microsoft Word (.doc or .docx).

Your main document file should include:

+ A short informative title containing the major key words. The title should not contain abbreviations

+ The full names of the authors with institutional affiliations where the work was conducted, with a footnote for the
author's present address if different from where the work was conducted;

Acknowledgments;

Abstract structured (intro/methods/results/iconclusion) or unstructured

Up to seven keywords;

Main body: formatted as introduction, materials & methods, results, discussion, conclusion

References;

Tables (each table complete with title and footnotes);

Figures: Figure legends must be added beneath each individual image during upload AMD as a complete list in
the text.

Reference Style
This journal uses the AMA reference style. Review your reference style guidelines prior to submission.

Figures and Supporting Information

Figures, supporting information, and appendices should be supplied as separate files. You should review the basic
figure requirements for manuscripts for peer review, as well as the more detailed post-acceptance figure
requirements. View Wiley's FAQs on supporting information.

Please Note: If you are submitting a revised manuscript, please make sure all changes are underlined or
highlighted in blue or yellow in the manuscript document.

Cover Image Submissions

This journal accepts artwork submissions for Cover Images. This is an optional service you can use to help increase
article exposure and showcase your research. For more information, including artwork guidelines, pricing, and
submission details, please visit the Journal Cover Image page.

Wiley Editing Services offers a professional cover image design service that creates eye-catching images, ready to
be showcased on the journal cover.

2. Article Types

Required
Article Type Abstract Description Reporting
Guidelines

Randomized controlled trials COMSORT

Case-control/cohort/cross-sectional studies STROBE

Diagnostic/prognostic studies STARD
Original Article Yes

Animal pre-clinical studies ARRIVE

For Original Articles involving clinical studies
all cases must have a minimum follow-up of 1
year.
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Review Yes New developments in basic sciences related fo
implant dentistry and clinically applied concepts
Systematic
Review and Yes Systematic reviews and meta-analyses PRISMA
Meta-analysis
Preliminary findings of research in progress
providing or documenting new fundamental ARE
Case Ruports Yo knowledge in language understandable to the CARE
clinician
c tari N Evidence-based opinion pieces involving areas of
ommentaries o broad interest and invited commentaries.
Comments on published articles or current implant
Lather b the No dentistry topics are welcome and will be published
Editor h .
if appropriate.

All submitted clinical studies should have a minimum of 20 patients with complete observations, regardiess
of sample size calculations. Studies submitted with a smaller sample size will only rarely be considered and
should provide an explicit justification for sample size smaller than 20 in the cover letter.

It was reported in 2012 that 98.6% of studies employed the implant as the unit of analysis with litle consideration of
clustering within patients and that the periodontal and general health of study groups was unclear for more than 80%
studies!. We aim to improve these statistics. Studies with more than one cbservation per patient (e.g., multiple dental
implants, multiple measures on one dental implant, etc.) need to consider the within-patient comelation of such
measures. Authors are recommended to follow the guidelines laid out in the following report: “Stafistical Analyses and
Methods in the Published Literature: The SAMPL Guidelines*” (hitps:l'www equator-network.orglwp-
content/uploads/2013/03/SAMPL -Guidelines-3-13-13. pdf). Studies should describe the patient population in terms
of the prevalence of systemic diseases, nutrition, and smoking.

Any reporting guidelines listed on the EQUATOR network are acceptable (https:/iwww.equator-network.orgl)

Priority for Publication

1st Priority: Randomized Controlled Clinical Trials with minimal follow-up of 1 year for all enrolled trial participants.
Trials which were registered in a readily accessible datahase prior fo the first patient enrollment will receive priority.
Please note, trial registration is different from obtaining human subjects’ approval.

2nd Priority: Systematic reviews of randomized controlled trials. Please note that the conduct of systematic reviews
in dental implant research i= complex as most studies fail to consider the within-patient comelation of dental implant
observations. Submitted systematic reviews need to report on which of the included studies reported results based on
inappropriate analyses and report how inappropriate analyses were adjusted for by means of imputed within-patient
comelation coefficients. Submitted systematic reviews should also report whether trials were registered prior to patient
enrollment.

3rd Priority: Cohort studies, case-control studies, cross-sectional studies on exposures which cannot be randomly
assigned (e.9., smoking, diabetes etc.). Diagnostic/prognostic studies on dental implant-related topics.

4th Priority: Studies reporting on In Vitro results, systematic reviews of observational studies or animal experiments,
animal studies, and case reports have the lowest priority for review and publication.

Peer Review

This journal operates under a single-blind peer review model. Papers will only be sent to review if the Editors-in-Chief
determine that the paper meets the appropriate quality and relevance requirements.

In-house submissions, i.e. papers authored by Editors or Editorial Board members of the title, will be sent to Editors
unaffiliated with the author or institution and monitored carefully to ensure there is no peer review bias.

Wiley's policy on the confidentiality of the review process is available here.
It is required that authors suggest two recommended reviewers upon submission.
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Guidelines on Publishing and Research Ethics in Journal Articles

The journal requires that you include in the manuscript details: IRB approvals, ethical treatment of human and animal
research participants, and gathering of informed consent, as appropriate. You will be expected to declare all conflicts
of interest, or none, on submission. Please review Wiley's policies surrounding human studies, animal studies,
clinical trial registration, biosecurity, and research reporting guidelines. A statement regarding the fact that the
study has been independently reviewed and approved by an ethical board must also be included. Editors
reserve the right to reject papers if there are doubts as to whether appropriate procedures have been used.

Clinical Trial Registration

The journal requires that all clinical trials which have a commencement date after 31st January 2017 are prospectively
registered in a publicly accessible database. Clinical trial registration numbers should be listed at the end of the
abstract. In addition to the clinical trial registration number, authors are also asked to include the name of the trial
register and a link to it. The cover letter should explain the reasons if a trial was not registered, or registered
retrospectively.

Research Reporting Guidelines

Accurate and complete reporting enables readers to fully appraise research, replicate it, and use it. Authors are
required to adhere to recognized research reporting standards. The EQUATOR Network collects more than 370
reporting guidelines for many study types, including for:

+ Randomised trials : CONSORT or its extensions
Clinical trials should be reported using the CONSORT guidelines. A CONSORT checklist should also be
included in the submission material under “Supplementary Files for Review”.
+ DObservational studies : STROBE or its extensions
Clinical Implant Denfistry and Related Research requires authors of human observational studies in
epidemiology to review and submit a STROBE statement. Authors who have completed the STROBE checklist
should include as the last sentence in the Methods section a sentence stating compliance with the appropriate
guidelines/checklist. Checklists should be included in the submission material under “Supplementary Files for
Review™. Please indicate on the STROBE checklist the page number where the comresponding item can be
located within the manuscript e.g. Page 4.
Systematic reviews | PRISMA or its extensions
Case reports : CARE or its extensions
Qualitative research : SRUR or COREQ
Diagnostic / prognostic studies : STARD or TRIPOD
Quality improvement studies : SQUIRE
Economic evaluations : CHEERS
Pre-clinical in vivo studies : ARRIVE
Clinical Implant Dentistry and Related Research requires authors of pre-clinical in vivo studies submit with their
manuscript the Animal Research: Reporting In Vivo Expeniments (ARRIVE) guidelines checklist. Authors who
hawve completed the ARRIVE guidelines checklist should include as the last sentence in the Methods section a
sentence stating compliance with the appropriate guidelines/checklist. Checklists should be included in the
submission material under “Supplementary Files for Review”.
+ Study protocols : SPIRIT
= Clinical practice guidelines : AGREE
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We also encourage authors to refer to and follow guidelines from:

Future of Research Communications and e-Scholarship (FORCE11)

Mational Research Council's Institute for Laboratory Animal Research guidelines

The Gold Standard Publication Checklist from Hooijmans and colleagues

Minimum Information Guidelines from Diverse Bioscience Communities (MIBBI) website
FAIRsharing website
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This journal follows the core practices of the Committee on Publication Ethics (COPE) and handles cases of
research and publication misconduct accordingly (hittps://publicationethics.org/core-practices).

This journal uses iThenticate’s CrossCheck software to detect instances of overlapping and similar text in submitted
manuscripts. Read Wiley's Top 10 Publishing Ethics Tips for Authors and Wiley's Publication Ethics
Guidelines.

3. After Acceptance
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After your paper is accepted, your files will be assessed by the editorial office to ensure they are ready for production.
You may be contacted if any updates or final files are required. Otherwise, your paper will be sent to the production
team.

Wiley Author Services

When an accepied arlicle is received by Wiley's production team, the corresponding author will receive an email
asking them fto login or register with Wiley Author Services. You will be asked to sign a publication license at this
point.

Author Licensing

You may choose to publish under the terms of the journal’s standard copyright agreement, or Open Access under the
terms of a Creafive Commons License.

Standard re-use and licensing rights vary by journal. Review the Creative Commens License options available to
you under Open ACCBSS.

Self-Archiving Definitions and Policies: Note that the journal's standard copyright agreement allows for gelf-
archiving of different versions of the article under specific conditions.

Publication Charges

Page charges. Aricles exceeding 7 published pages (including figures and tables) are subject to a mandatory charge
of $100.00 per additional page. Page charges are not assessed until after a manuscript is accepted, and payment is
not a factor in the review process. For guidance purposes, one published page amounts to approximately 5,500
characters. You will be notified of the cost of your page charges when you receive your proofs, along with instructions
on how to pay for the charges. If authors are unable to pay additional page fees they will need to reduce the length of
their articles.

Early View

Clinical Implant Dentistry and Related Research offers rapid publication via Wiley's Early View service. Early.
View (Online Version of Record) articles are published on Wiley Online Library before inclusion in an issue. Before we
can publish an article, we require a signed license (authors should login or register with Wiley Author Services). Once
the article is published on Early View, no further changes to the article are possible. The Early View article is fully
citable and carries an online publication date and DO for citations.

Proofs
Awuthors will receive an e-mail notification with a link and instructions for accessing HTML page proofs online. Authors

should also make sure that any renumbered tables, figures, or references match text citations and that figure legends
correspond with text citations and actual figures. Proofs must be returned within 48 hours of receipt of the email.

Wiley's Author Name Change Policy

In cases where authors wish to change their name following publication, Wiley will update and republish the paper and
redeliver the updated metadata to indexing services. Our editorial and production teams will use discretion in
recognizing that name changes may be of a sensitive and private nature for various reasons including (but not limited
to) alignment with gender identity, or as a result of mamiage, divorce, or religious conversion. Accordingly, to protect
the author’s privacy, we will not publish a correction notice to the paper, and we will not notify co-authors of the
change. Authors should contact the journal's Editorial Office with their name change request.

Data Protection

By submitting a manuscript to or reviewing for this publication, your name, email address, and affiliation, and other
contact details the publication might require, will be used for the regular operations of the publication, including, when
necessary, sharing with the publisher (Wiley) and pariners for production and publication. The publication and the
publisher recognize the importance of protecting the personal information collected from users in the operation of
these services, and have practices in place to ensure that steps are taken to maintain the security, integrity, and
privacy of the personal data collected and processed. You can learmn more

at https:/lauthorservices. wiley.com/statements/data-protection-policy.html.
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Questions about a submission from Morth America, South America, and Asia should be addressed to:
Philippe Hujoel
Co-Editor-in-Chief
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Professor, Oral Health Sciences
Adjunct Professor, Epidemiology
University of Washington

g-mail: CIDRR@protonmail.com

Questions about a submission from Europe, Australia, and Africa should be addressed to:

Hugo deBruyn

Co-Editor-in-Chief

Radboud universitair medisch centrum
Afdeling Tandheelkunde

Huispost 309, route 342

Postbus 9101

6500 HB Mijmegen

e-mail: hugo.debruyni@radboudumc.nl
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reference group(s) to evaluate and compare implant success and failure. J Clin Periodonfol. 2012;39 Suppl
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