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RESUMO

Capitulo 1. O presente estudo histolégico avaliou dois implantes de
macrogeometrias distintas: implantes com roscas tradicionais em comparacéao
com implantes com desenho especifico para criacdo de camaras de
osseointegracao, inseridos com dois protocolos de instrumentacdo. Quarenta
implantes dentarios (4.1mm de didmetro) foram inseridos na tlbia de 10 cées
Beagle, o torque de insercdo maximo foram anotados para todas amostras. As
técnicas de instrumentacao utilizadas nos dois tipos de implantes foram:
instrumentacao com diametro final de fresagem de 3.75mm (grupo regular); e
instrumentacao final com 4.0mm de diametro (grupo de sobre-instrumentacao).
Ap6s 2 e 4 semanas, as amostras foram processadas para avaliagao
histomorfométrica. Para o torque de insercao, BIC e BAFO, um modelo linear
geralizado foi aplicado, incluindo técnica de instrumentacdo e tempo in vivo
como fatores independentes. O torque de insercao registrado para cada tipo de
implante diminuiu significativamente em fungdo do aumento do didmetro da
perfuracdo para ambos os desenhos de implantes (p <0,001). Nao foram
detectadas diferencas significativas entre os tipos de implantes para cada
técnica de perfuracao (p> 0,18). Foi observado um aumento significativo em
BIC a partir de 2 semanas para 4 semanas de implantacdo para os dois
modelos de implantes utilizados com a técnica de sobrefresagem (p <0,03).
Quando ambos os implantes foram colocados nos locais de fresagem de 3,75
mm, nao foram detectadas diferencas significativas em BIC ao longo do tempo
(p> 0,32). Apesar das diferengas entre macrogeometrias dos implantes e da
técnica de fresagem d&ssea o0 tipo de osseointegracdo prevalente foi a

intramembranosa.

Capitulo 2. O objetivo deste estudo histolégico preliminar foi
determinar se alteracbes nos protocolos de instrumentacdo (sub-
instrumentacado, intermediaria, sobre-instrumentagdo) determinam respostas
bioldgicas distintas no estagio inicial de 02 semanas de osseointegracao.
Foram adiquiridos dez caes, os quais foram submetidos a cirurgia na tibia, e

apos 02 semanas foi realizada a euthanasia. Durante a cirurgia trés implantes



de 4mm de diametro por 10mm de comprimento, foram inseridos em sitios
cirurgicos com diametro final de 3.5mm, 3.75mm e 4.0mm. Os torques de
insercdo e remocao foram anotados para todas as amostras. A avaliacao
estatistica foi realizada com 95% de nivel de significAncia e o nimero de caes
foi considerado como a unidade estatistica para todas as comparacées. Para o
torque, BIC e BAFO, modelo geral linear foi utilizado incluindo técnica de
instrumentacao e tempo in vivo. Em geral, com a diminuigdo do didmetro final
de fresagem houve aumento do torque de insercdo de 4.0mm, para 3.75mm,
para 3.5mm, com diferencas estatesticas significantes entre todos os grupos
(p<0.001). Avaliagéo estatistica para BIC e BAFO demosntrou maiores valores
significativos para o grupo de 3.75mm de instrumentagdo em comparagao aos
outros dois grupos (p<0.001). As diferentes técnicas de instrumentagao
resultaram em variacdes nos torques de insercao (estabilidade primaria) e em

distintas vias de osseointegragéo foram observadas entre os grupos.

Capitulo 3. O presente trabalho avaliou o efeito de diferentes
dimensdes de fresagem (sub-instrumentacédo, regular, sobre-instrumentacao)
no torque de insercdo e remocao de implantes dentarios inseridos em caes
beagle. Foram utilizados seis cdes com realizacao de cirurgia em ambos os
ossos radio nos periodos de 1 e 3 semanas prévios a euthanasia. Durante a
cirurgia, 3 implantes de 4.0mm de didmetro por 10mm de comprimento foram
inseridos em sitios cirurgicos de diametro final de fresagem de 3.2mm, 3.5mm,
e 3.8mm. Os torque de insercdao e remocgao foram avaliados para todas
amostras. Avaliacao estatistica foi realizada por teste t pareado para medicoes
repetidas (nivel de significAncia de 95%). Em geral, os torques de insercao e
remocao foram inversamente proporcionais a dimensao de fresagem, sendo
detectada diferencga significativa entre grupos de 3.2mm e 3.5mm em relagéao
ao de 3.8mm (P<0.03). Na avaliacdo pareada para torque de insercdo e
remocao ndo foram encontradas diferencas significativas entre grupos de
3.5mm e 3.8mm. Apesar disto, foi observado uma diminuicdo significativa do

torque de remocdo em comparagcao ao torque de insercdo para o grupo de



3.2mm. Entre os diferentes grupos foram observadas distintas formas de
osseintegracao e da interface de remodelagao.



ABSTRACT

Capitulo 1. This study histologically evaluated two implant designs: a
classic thread design versus another specifically designed for healing chamber
formation placed with two drilling protocols. Forty dental implants (4.1 mm
diameter) with two different macrogeometries were inserted in the tibia of 10
Beagle dogs, and maximum insertion torque was recorded. Drilling techniques
were: until 3.75 mm (regular-group); and until 4.0 mm diameter (overdrilling-
group) for both implant designs. At 2 and 4 weeks, samples were retrieved and
processed for histomorphometric analysis. For torque and BIC (bone-to-implant
contact) and BAFO (bone area fraction occupied), a general-linear model was
employed including instrumentation technique and time in vivo as independent.
The insertion torque recorded for each implant design and drilling group
significantly decreased as a function of increasing drilling diameter for both
implant designs (p<0.001). No significant differences were detected between
implant designs for each drilling technique (p>0.18). A significant increase in
BIC was observed from 2 to 4 weeks for both implants placed with the
overdrilling technique (p<0.03) only, but not for those placed in the 3.75 mm
drilling sites (p>0.32). Despite the differences between implant designs and
drilling technique an intramembranous-like healing mode with newly formed

woven bone prevailed.

Capitulo 2. The objective of this preliminary histologic study was to
determine whether the alteration of drilling protocols (oversized, intermediate,
undersized drilling) present different biologic responses at early healing periods
of 2 weeks in vivo in a beagle dog model. Ten beagle dogs were acquired and
subjected to surgeries in the tibia 2 weeks before euthanasia. During surgery, 3
implants, 4 mm in diameter by 10 mm in length, were placed in bone sites
drilled to 3.5 mm, 3.75 mm, and 4.0 mm in final diameter. The insertion and
removal torque was recorded for all samples. Statistical significance was set to
95% level of confidence and the number of dogs was considered as the
statistical unit for all comparisons. For the torque and BIC and BAFO, a general

linear model was employed including instrumentation technique and time in vivo



as independent. Overall, the insertion torque increased as a function of drilling
diameter from 4.0 mm, to 3.75 mm, to 3.5 mm, with a significant difference in
torque levels between all groups (p<0.001). Statistical assessment of BIC and
BAFO showed significantly higher values for the 3.75 mm (recommended)
drilling group was observed relative to the other two groups (p<0.001). Different
drilling dimensions resulted in variations in insertion torque values (primary
stability) and different pattern of healing and interfacial remodeling was
observed for the different groups.

Capitulo 3. The present study evaluated the effect of different drilling
dimensions (undersized, regular, and oversized) in the insertion and removal
torques of dental implants in a beagle dog model. Six beagle dogs were
acquired and subjected to bilateral surgeries in the radii 1 and 3 weeks before
euthanasia. During surgery, 3 implants, 4 mm in diameter by 10 mm in length,
were placed in bone sites drilled to 3.2 mm, 3.5 mm, and 3.8 mm in final
diameter. The insertion and removal torque was recorded for all samples.
Statistical analysis was performed by paired t tests for repeated measures and
by t tests assuming unequal variances (all at the 95% level of significance).
Overall, the insertion torque and removal torque levels obtained were inversely
proportional to the drilling dimension, with a significant difference detected
between the 3.2 mm and 3.5 mm relative to the 3.8 mm groups (P < 0.03).
Although insertion torque—removal torque paired observations was statis- tically
maintained for the 3.5 mm and 3.8 mm groups, a significant decrease in
removal torque values relative to insertion torque levels was observed for the
3.2 mm group. A different pattern of healing and interfacial remodeling was
observed for the different groups. Different drilling dimensions resulted in
variations in insertion torque values (primary stability) and stability maintenance

over the first weeks of bone healing.



OBJETIVO GERAL

Os presentes trabalhos tém como objetivo a avaliacdo dos estagios
iniciais da osseointegracdo de implantes dentarios com diferentes
macrogeomterias inseridos em sitios cirdrgicos com diametro final de

instrumentacao distintos.

OBJETIVOS ESPECIFICOS

Capitulo 1. Avaliar histolégicamente dois sistemas de implantes distintos, um
com desenho de roscas tradicionais em comparacdo com implantes
especialmente desenhados para criar camaras de osseointegracdo. Implantes
estes inseridos com dois protocolos de instrumentagdo que conferiram
diferentes niveis de estabilidade primaria assim como na relacao da interface
implante-0sso.

Capitulo 2. Determinar se alteracdes nos protocolos de instrumentacao (sobre-
instrumnetacao, intermediaria, sub-instrumentacdo) apresentam diferentes
respostas biolégicas nos esagios iniciais de 02 semanas in vivo em um modelo
de estudo animal.

Capitulo 3. Investigar a relacdo entre torque de insercao e remogao de de
implantes dentarios inseridos em sitios cirurgicos com diferentes didmetros

finais de fresagem, apds 1 e 3 semanas in vivo.



1. INTRODUCAO E REFERENCIAL TEORICO

Ap6s o surgimento de nova tecnologia, indiferente de sua
aplicabilidade, quanto mais usual ela for, mais rapido os seus limites serdo
testados, assim como havera aumento na demanda quanto a necessidade de
ocorrerem refinamentos e melhoras nessa tecnologia (Davies, 2003). Na area
da implantodontia isso ndo pode ser diferente. A necessidade de diminuir o
tempo clinico de tratamento e melhorar a resposta 6ssea em torno de
implantes para otimizar o tratamento em regides de qualidade O&ssea
comprometida. A partir da década de 90 do século passado, estudos
relacionados a microtopografia dos implantes iniciaram nova era dos implantes
dentarios: as modificacdes de superficie, apresentando resultados promissores,
que aceleram a velocidade de osseointegracdo e modulam positivamente a
resposta do tecido ésseo (Wennerberg et al., 1993; Wennerberg et al., 1997,
Albrektsson & Wennerberg, 2004; Albrekisson et al, 2008). A osteogénese na
regido peri-implante ocorre em duas dire¢des, havendo formacao éssea do sitio
receptor em direcdo ao implante (osteogénese a distancia), assim como do
implante em direcdo as paredes Osseas adjacentes, denominada de
osteogénese de contato (Puelo & Nanci, 1999; Davies, 2000; Marco et al.,
2005). Existem evidéncias de que a osteogénese de contato apresente
velocidade de formacdo déssea 30% maior em relacdo a osteogénese a
distancia (Puelo & Nanci, 1999). Por meio da alteracdo do formato dos
implantes e da técnica cirargica de fresagem pode se direcionar entre estes
dois tipos de formagdo d&ssea peri-implante nos estagios iniciais da
osseointegragao.

Na pratica clinica atual, os implantes dentarios parafusados sao os
mais utilizados, outro tipo empregado, em menor escala, sao os implantes em
forma de platés. As taxas de sucesso para estes dois tipos sdo semelhantes
(Chuang et al. 2002a). Os implantes na forma de platdés se diferem dos
convencionais pela presenga de pequenas camaras de osseointegracao na
interface com o0 osso. Nas camaras observa-se predominancia da osteogénese

de contato. Este tipo de implante ndo € parafusado no 0sso previamente



fresado, mas sim pressionado na loja cirurgica que apresenta diametro igual ao
do implante. Esta associacdo permite a criacdo das camaras de
osseointegracdo entre as paredes 6sseas e o0 didmetro interno do implante
(Granato et al., 2008; Coelho et al., 2009b; Leonardo et al., 2009). A utilizacao
dos implantes parafusos aliado a técnica cirurgica € uma alternativa para a
criagcdo das camaras de osseointegracao (Coelho et al., 2009b). Na interface
entre as paredes Osseas e a superficie destes implantes predominam as
osteogéneses de contato e osteogénese a distancia.

Recentemente a carga imediata em implantes dentarios ganhou
popularidade devido a reducao no tempo de tratamento e da morbidade, assim
como beneficios estéticos e psicoldgicos para o paciente (Javed & Romanos,
2010). Tradicionalmente os implantes dentarios sao colocados em funcao apo6s
3 a 6 meses de osseointegracdo na interface osso-implante (Branemark, 1977),
ja 0s que sao submetidos a carga imediata sdo colocados em funcéo logo apds
a sua insercao, sem esse longo periodo de espera. O sucesso do tratamento
da carga imediata tem sido relacionado ao estabelecimento de uma boa
estabilidade primaria, que pode ser definida pela criacdo de rigida interface
entre osso-implante, em outras palavras, a falta de mobilidade do implante
apds sua insercdao (Javed & Romanos, 2010). A percepcao clinica de
estabilidade primaria do implante € comumente relacionada a resisténcia
rotacional (torque de insercédo) durante a colocacao do implante. Alguns fatores
estdo relacionados a aquisicdo da estabilidade priméaria, como a técnica de
insercdo (velocidade de fresagem, tamanho das fresas, proporcdo entre
diametro final das fresas e diametro do implante, parafusos auto-perfurantes ou
nao, etc.), a geometria do implante (implantes cénicos, sélidos, diametro do
implante), a qualidade (proporcao entre osso compacto e trabecular) e
quantidade éssea (Sennerby et al.,, 1992; Meredith, 1998; O’Sullivan et al.,
2000; O’Sullivan et al., 2004).

Para adquirir maior estabilidade primaria é pratica comum realizar
dimensdes de fresagem menores em relagdo ao didmentro do implante
(O’Sullivan et al., 2000). Entretanto, apesar de adquirirem maiores valores de

torque de insercao por meio da colocacao de implantes em sitios cirargicos de



menor dimensdo, a resposta inicial da area hospedeira podera ser afetada
pelos maiores niveis de compressdo Ossea. No estagios iniciais de
osseointegracdo os fatores bioldgicos e biomeénicos variam ao longo do
tempo. Mais precisamente, observa-se uma queda da estabilidade em
implantes inseridos com alto torque de insercdo. Em contrapartida, os
implantes com baixa estabilidade primaria observa-se aumento na estabilidade
com a evolugao da osseointegracao (Coelho et al., 2014). Portanto, a transi¢ao
entre a estabilidade primaria (mecénica) e secundaria (biolégica) deve ser
avaliada nos estagios iniciais da osseoitegracdo. Comumente, se utiliza os
periodos de 1 a 6 semanas de osseointegracdo no caes, pois € hipotetizado
que nos estagios tardios da osseointegracao as formacoes ésseas se tornam
equivalentes.

Teoricamente, tem sido sugerido que o tecido 6sseo € um material
elastico previamente ao seu ponto de deformacao, o que indica ser capaz de
suportar determinados niveis de forcas de compressao (Jimbo et al., 2013). Em
contrapartida, quando a tensdo exercida excede o moddulo de elasticidade
0ssea, ocorrem pequenas microfraturas 6sseas. Em associa¢cao, a compressao
capilar, que leva a necrose 6ssea isquémica, associado ou nao a fratura 6ssea
(Bashutski et al., 2009).
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Introduction

Osseointegration has been thoroughly reported in literature and has
become one of the most effective treatments in medicine and dentistry. While
highly successful for anchoring load bearing capable metallic devices through
established surgical and prosthetic techniques, a plethora of scientific work
regarding osseocintegration’s fundamental mechanisms as a function of multiple

variables has been published over the last decade’.

Being the implant surface the first part of the implant to interact with the
host, a large amount of work has established surface modifications as one
possible design parameter capable of substantially decrease osseointegration
time® . For that purpose, surface texturing has become the most utilized
approach and work regarding texturing at both micrometer scale and nanometer
scale is ongoing in an attempt to find the optimal pattern to hasten early
osseninteg;atjcn“'ﬁ. In addition, recent work on how the dimensional interplay
between implant macro-geometry and surgical instrumentation affects the bone
healing pathway has provided new insight regarding how implant systems can be
further modified to provide scenarios where implant stability can be immediately

achieved and temporally maximized™ ",

While it has been previously demonstrated that surgical instrumentation
and implant design may result in high degrees of contact between implant and

bone immediately after placement providing higher resistance to micromotion



(thus improving the likelihood of osseointegration compared to fibrous
integratinn}'1, several studies have shown that this initially contacting bone
gradually resorbs resulting in an implant stability dip™ * . Such decrease in
implant resistance to micromotion has been experimentally demonstrated to be
posteriorly compensated by new bone formation at regions where bone
resorption occurred '*'°. Such scenario has been suggested to arise from the
excessive strain or compression that the implant exerts on the surrounding bone

that exceeds the physiological limit and triggers bone fesnrplinn.fremﬂde!'lng”_

Alternatively, void spaces left between bone and implant bulk that will fill
with a blot clot immediately after placement and will not contribute to primary
stability are known to rapidly fill with woven bone, being a key contributor to
secondary stability as it does not have to undergo remodeling due to its different
healing pattern ™ 7. The mode and kinetics of bone formation in such healing
chambers has been discussed in detail by Berglundh et al. " while the effect of
healing chamber size and shape on bone formation has been explored by Marin
et al.”. In addition, studies comparing implants that were tightly fit into their drilling
sites with implants that were simply taped into oversized drilling sites or lightly
screwed in larger drilling sites have shown that at the same time that bone
resorption was occurring in regions that were compressed by the implant, bone
filing was already occurring in healing chambers ™ * '* "% Altogether, these
studies have led to an initial platform for designing implant systems that combine

instrumentation and implant geometrical configurations that attempt to maximize



implant stability over time. For this purpose, several investigators have employed
either experimental implant designs with an outer thread design that provided
stability while the inner thread and ostectomy dimensions allowed healing

chambers'® % &

or alterations in osteotomy dimensions in large thread pitch
implant designs™ "2, While it is obvious that most threaded implant systems may
present healing chambers if expanded drilling dimensions are utilized, the
combination of the initial mechanical stability and related healing may not
necessarily lead to satisfactory degrees of atemporal stability. Thus, the ocbjective
of the present study was to histologically evaluate two different implant systems,
a classic thread design versus another specifically designed for healing chamber

formation along with primary stability, placed into two drilling schemes that

allowed different initial stability and interplay between implant and bone.



Materials and Methods

Implants of 4.1 mm diameter and 10 mm length of two different
macrogeometries (n=40 of each type) were utilized in the present study, namely
Strong SW and Unitite (SIN, S8o Paulo, SP, Brazil). Both implants presented
similar conical profiles and the main difference between the designs comprised
the thread profile, where the SW presented a single thread design and the Unitite
presented a dual thread (thread within thread profile). Both implants presented a
dual acid etched surface that has been previously characterized?’. Two drilling
techniques were utilized for each of the implant designs, a technigue to the final
diameter recommended by the manufacturer (3.75 mm- regular group) and a
technique where the final diameter was larger than recommended by the
manufacturer (4.0 mm- overdrilling group). For the laboratory in vivo model, ten
adult male beagle dogs with approximately 1.5 years of age were acquired
following the approval of the Ethics Committee for Animal Research at
“Institution's name can not be mentioned accoding to author's guidelines”,

(protocolfapproval number CEUAUFL 0B2/12).

Prior to general anesthesia, IM atropine sulfate (0,044 mg/kg) and
xilazyne chlorate (B mg/kg) were administered. A 15mg/Kg ketamine chlorate

dose was then utilized to achieve general anesthesia.

The surgical site was the proximal tibia. Following hair shaving, skin

exposure, and antiseptic cleaning with iodine solution at the surgical and



surrounding area, a 5 cm length incision to access the periosteum was

performed and a flap reflected for bone exposure.

Four implants were placed along the tibia from proximal to distal in an
alternated implant design and drilling technique distribution, being interchanged
in every tibia to minimize bias from different implantation sites (sites 1 to 4 from
proximal to distal). Therefore, the 40 implants of each design in each drilling
technigue remained in wivo for either 2 or 4 weeks, respectively, and were thus
allocated in sites 1 to 4 in an equal distribution. This approach resulted in
balanced surgical procedures that allowed the comparison of the same number
of implant design and drilling technigue per time in wivo, limb, surgical site (1
through 4), and animal. The implants were placed at distances of 1 cm from
each other along the central region of the bone. The implants were inserted in
the drilled sites and the maximum insertion torgue was recorded with a portable
digital torquemeter (Tohnichi, Tokyo, Japan) with a 200 Ncm load cell for each

implant placed.

Following placement, each implant received its proprietary cover screw to
avoid tissue overgrowth. The soft tissue was sutured in layers following standard
procedures, where the periosteurn was sutured with vicryl 4-0 (Ethicon Johnson,

Miami, FL, USA) and the skin with 4-0 nylon (Ethicon Johnson, Miami, FL, USA).

Post-operative anti-biotic and anti-inflammatory medication included a

single dose of Benzyl Penicilin Benzatine (20.000 Ul/Kg) IM and Ketoprofen 1%



(1mifaKg). The animals were euthanized by anesthesia overdose and the limbs
were retrieved by sharp dissection. The soft tissue was removed by surgical
blades, and initial clinical evaluation was performed to determine implant stability.

If an implant was clinically unstable, it was excluded from the study.

The bones containing the implants were reduced to blocks and immersed
in 10% buffered formalin solution for 24h. The blocks were then washed in
running water for 24h, and steadily dehydrated in a series of alcohol solutions
ranging from 70-100% ethanol. Following dehydration, the samples were
embedded in a methacrylate-based resin (Technovit 9100, Heraeus Kulzer
GmbH, Wehrheim, Germany) according to the manufacturer's instructions. The
blocks were then cut into slices (~300 um thickness) aiming the center of the
implant along its long axis with a precision diamond saw (lsomet 2000, Buehler
Ltd., Lake Bluff, USA), glued to acrylic plates with an acrylate-based cement, and
a 24h setting time was allowed prior to grinding and polishing. The sections were
then reduced to a final thickness of ~30 pm by means of a series of SiC abrasive
papers (400, 600, 800, 1200 and 2400) (Buehler Ltd., Lake Bluff, IL, USA) in a
grinding/polishing machine (Metaserv 3000, Buehler Ltd., Lake Bluff, USA) under
water irﬁgatinn"‘z. The sections were then toluidine blue stained and referred to
optical microscopy at 50X-200X magnification (Leica DM2500M, Leica

Microsystems GmbH, Wetzlar, Germany) for histornorphologic evaluation.

The bone-to-implant contact (BIC) was determined at 50X-200X

magnification (Leica DM2500M, Leica Microsystems GmbH, Wetzlar, Germany)



by means of computer software (Leica Application Suite, Leica Microsystems
GmbH, Wetzlar, Germany). The regions of bone-to-implant contact along the
implant perimeter were subtracted from the total implant perimeter, and
calculations were performed to determine the BIC. The bone area fraction
occupied (BAFQ) between threads in trabecular bone regions was determined at
100X magnification (Leica DM2500M, Leica Microsystems GmbH, Wetzlar,
Germany)} by means of a computer software (Leica Application Suite, Leica
Microsystems GmbH, Woetzlar, Germany). The areas occupied by bone were
subtracted from the total area between threads, and calculations were performed
to determine the BAFO (reported in percentage values of bone area fraction

occupied)'®,

For all outcomes, statistical significance was set to 95% level of
confidence and the number of dogs was considered as the statistical unit for all
comparisons. For the torque and histomorphometric dependent variables BIC
and BAFO, a general linear model was employed including implant design,
instrumentation technigue, and time in wivo as independent variables (surgical
site position was preliminarily evaluated and due to a lack of effect on Torgue,
BIC, and BAFQ was excluded from further analysis) (IBM SPSS Statistics, v. 19

IBM, New York, NY, LUSA).



Results

No complications regarding procedural conditions or other immediate
clinical concerns were observed during immediate follow up and throughout the
entire study in wivo period. No post-operative complication was detected and no
implant was excluded from the study due to clinical instability of all implants after

euthanization.

Overall torque (when both drilling techniques were collapsed for each
separate implant design) showed no significant difference between implant
designs (Figure 1a). The insertion torque recorded for each implant design and
drilling group is presented in Figure 2, where the torque significantly decreased
as a function of increasing drilling diameter for both implant designs (p<0.001).
No significant differences were detected between implant designs for each

drilling technigue (p>0.18).

Qualitative evaluation of the biological response showed intimate contact
between cortical and trabecular bone for all groups at both implantation times,
including regions that were in close proximity or substantially away from the
osteotomy walls (Figures 3 and 4). For both implant designs and all drilling
technigues employed, the toluidine blue stained thin sections presented an
appositional bone healing mode at regions where intimate contact existed

between implant surfaces and bone immediately after placement (Figures 3 and
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4). These regions comprised the wvast majority of the perimeter of the SW
implants placed into 3.75 mm drilling sites (Figure 3a and 4a), and the outer
aspects of the threads of the Unitite implants placed into the 375
(recommended, Figures 3b and 4b) and both Unitite and SW implants placed in

4.0 mm (overdrilling, Figures 3c-d and 4c-d) drilling sites.

At two weeks, the SW implants placed into the 3.75 mm drilling sites
presented necrotic spots and bone remodeling sites (Figure 3a) along the
perimeter of the implant/bone contact especially in regions in close proximity with
the implant inner diameter. At 4 weeks in vivo, the SW implants placed into the
3.75 mm drilling sites presented initial bone formation in the void space between
threads that originated from remodeling of the necrotic spots, and remodeling

sites were observed at bone regions in proximity with the thread tips (Figure 4a).

For both Unitite groups and the SW implant placed in the 4.0 mm drilling
sites, where a mismatch occurred between the implant inner diameter and the
larger drilling site diameter (forming healing chambers), bone healing followed an
intramembranous-type healing mode (Figures 3b-d and 4b-d). At the 2 week
time point, these implant groups presented spots of necrotic bone/ remodeling
areas with bone resorption, and a chamber filled with osteogenic tissue between
the implant inner diameter and the drilled wall along with newly formed woven
bone (Figure 3b-d). Primary engagement by the threads outer region without
extensive necrotic bone areas was observed (Figure 3b-d). At 4 weeks, the

healing chamber regions presented higher amounts of newly formed woven



bone, and regions where primary engagement between implant and bone
occurred presented newly formed bone partially filling void regions where bone

remodeling occurred (Figure 4b-d).

Statistical assessment of overall BIC as collapsed over implant design did
not show significant differences between implant design groups (p=0.92, Figure
1b). Within the different implantation times and drilling techniques, no significant
differences were observed between implant designs (Figure 5). A significant
increase in BIC was observed from 2 weeks to 4 weeks implantation time for the
both implant designs placed with the overdrilling technigue (p<0.03). When both
implants were placed in the 3.75 mm drilling sites, no significant differences were

detected in BIC over time (p>0.32) (Figure 5).

A significant effect (p=0.044) of implant design was detected for BAFO
measurements, where the Unitite implant presented higher values compared to
the SW implants (Figure 1c). An overall significant increase in BAFO was
observed as a function of time /n vivo (p<0.01). A significant increase in BAFQ as
a function of time was observed for all groups (all p<0.02) except for the Unitite
implant design placed in 3.75 mm drilling sites (p=0.40), group that presented the
highest BAFO levels at both evaluation times (Figure 6). At 2 weeks, the Unitite
implant design presented higher values at both drilling technigues (statistically
significant for the recommended 3.75 mm drilling sites, p<0.03) (Figure 6). At 4
weeks, no significant differences in BAFO were observed between implant

designs for each drilling technique (p>0.35) (Figure 6).



The present study evaluated two different implant designs placed into two
different drilling dimensions, one recommended by the manufacturer and another
drilling scheme where a larger final drill outer diameter was utilized. Since the
implant designs selected were from the same implant manufacturer and
presented the same body diameter and overall shape, the surgical drills were
exactly the same. Both implants, as per the manufacturer, have the exact same
indications and placement sequence. In general, the overall histometric results
obtained in the present study were not surprising since BIC and BAFO were
larger for the recommended drilling technigue relative to the overdrilling for both
implants. Mot surprisingly, higher insertion torque values were observed for the
smaller diameter instrumentation relative to the larger diameter instrumentation.
However, osseointegration pathways and kinetics substantially varied between

designs depending on the drilling scheme utilized.

The rationale for the selection of the two drilling schemes on the two
selected implant designs is that recent experimental preclinical work has shown
the feasibilty of achieving primary stability of dental implants through
engagement of the implant thread outer portions while allowing for the formation
of void spaces between implant and bone immediately after placement (healing
chambers)'%. Since no bone resorption occurs in healing chambers and healing
at those regions take place in an intramembranous-like rapid woven bone

fmmaﬂun“, such rapid bone growth may compensate for the implant stability



loss due to compression regions where implant contacts bone for primary
stability. From a clinical perspective, this phenomenon is of special interest in the
rehabilitation with immediate/early functional loading of single implant crowns at
regions of poor guality bone biomechanics, such as type IV bone. Theoretically, a
higher amount of necrotic dieback and interfacial remodeling will take place,
potentially decreasing implant stability over time until secondary stability is
achieved through new bone formation between the implant surface and pristine
bone. Although a clinical study has shown no differences in survival rates of
implants placed in poor bone density under a regular or undersized drilling
protocol, no information regarding prostheses loading schedule was provided,

dl\i

except that no immediate loading was performed®’. Therefore such information

warrants further clinical investigation.

Previous studies have shown that healing chamber bone filling happens in
tandem with the remodeling process at compression regions * ™, and the results
obtained in the present study further support this finding since imespective of
implant design and drilling scheme, regions compressed by the implant in close
contact with bone underwent resorption and regions where void spaces were
formed presented newly formed bone as early as at the 2 weeks time point.
However, healing patterns substantially differed between designs and drilling

techniques.

These differences in healing pattern were more remarkable between

implants for the recommended drilling technique, where healing chambers were



formed for the Unitite implant (as per its design rationale — healing chamber
formation under the recommended drilling dimension) and direct contact
occurred for most of the SW implant perimeter with bone. Thus, while bone was
being resorbed between the SW thread regions due to compressive forces, new
bone was filing the void spaces that were allowed by the Unitite implant
geometry and associated drilling dimension. Therefore, substantial remodeling
occurred around the SW implant leading new contact between bone and implant
taking place at 4 weeks (after interfacial remodeling). On the other hand, the
Unitite implant presented remodeling taking place to lesser extent at the outer
thread regions while presenting new bone in intimate contact with the implant as
early as 2 weeks in vivo at the healing chamber regions. Due to the healing
pathway dictated by the interplay between implant and surgical drilling
dimension, histomorphometric analysis showed significantly higher BAFO for the
Unitite implant relative to the SW at 2 weeks in wivo. Such significant difference
was not observed at 4 weeks as new bone replaced the necrotic and void areas
around the SW implant placed in the recommended drilling sites at 2 weeks. It is
worth noting that such BAFO difference at 2 weeks in vivo between the SW and
Unitite implants provided enough statistical size effect to deem significantly
higher BAFO values for the Unitite implant relative to the SW when drilling

technigue and time in wvo were collapsed.

No differences in BIC were detected between implant designs under the

recommended drilling procedure at 2 and 4 weeks and these results were likely



due to the substantially different healing dynamics between the two different
implant designs. It must be noted that while BIC is am important
histomorphometric indication of osseointegration, it by no means represents the
overall implant in bone system biomechanical competence, especially in cases

where different implant designs are directly compared* £,

Healing patterns were similar between the SW and Unitite implants when
the overdrilling scheme was employed since larger healing chamber size was
allowed for the Unitite implant while a healing chamber was formed for the SW
implant. No difference in BIC and BAFO was observed between implant designs
placed under both drilling schemes and besides BIC and BAFO values for both
implants placed in the overdrilling sites being significantly lower compared fto
their recommended drilling scheme counterparts at both times in wivo, their
increase over time was higher, once again suggesting alterations in

osseointegration pathway and kinetics between the experimental groups.
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Figure 1: Overall (a) insertion torque, (b) BIC, and (c) BAFO for the two different
implant designs. The error bars represent the 95% confidence interval and
letters represent statistically homogeneous groups.
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Figure 2: Insertion torque values for the two different implant designs placed
with the recommended and the over drilling instrumentation protocol. The error
bars represent the 95% confidence interval and letters represent statistically
homogeneous groups.



Figure 3: Optical micrographs at 2 weeks in vivo for the (a) SW recommended
instrumentation, (b) Unitite recommended instrumentation, (c) SW overdrilling
instrumentation, and (d) Unitite overdrilling instrumentation. The red arrows
depict newly formed bone at the healing chambers regions; yellow arrows
depict bone remodeling regions.



Figure 4: Optical micrographs at 4 weeks in vivo for the (a) SW recommended
instrumentation, (b) Unitite recommended instrumentation, (c) SW overdrilling
instrumentation, and (d) Unitite overdrilling instrumentation. The red arrows
depict newly formed bone at the healing chambers regions.
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Figure 5: Bone-to-implant contact (BAFO) values for the two different implants
placed under the recommended and the over drilling instrumentation protocols
at 2 and 4 weeks. The error bars represent the 95% confidence interval and
letters represent statistically homogeneous groups.
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Figure 6: Bone area fraction occupancy (BAFO) values for the two different
implants placed under the recommended and the over drilling instrumentation
protocols at 2 and 4 weeks. The error bars represent the 95% confidence
interval and letters represent statistically homogeneous groups.
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Abstract

Purpose: The objective of this preliminary histologic study was o delermine
whethear the alteration of drlling protocols [oversized, intermediate, undersized
drilling) present different biologic responses at early healing periods of 2 weeks

irn vive in a beagle dog model.

Materials and Methods: Ten beagle dogs were acguired and subjected 1o
surgeras in the tibia 2 weeks before euthanasia. During surgery, 3 implants, 4
mm in diameter by 10 mm in length, were placed in bone sites drilled o 3.5 mm,
A.75 mm, and 4.0 mm in final diameater. The inserion and removal torgue was
recorded for all samples. Statistical significance was sel to 85% level of
confidence and the number of dogs was considerad as the stabstical unit for all
comparisons. For the torque and BIC and BAFQ, a general linear modeal was
employed including instrumentation technique and time in vivo as independent.

Results: Overall, the insardion torque increased as a function of drilling diameter
from 4.0 mm, to 3.75 mm, to 3.5 mm, with a significant difference in torque levels
betwean all groups (p<0.001). Statistical assassment of BIC and BAFO showed
significantly higher values for the 3.75 mm (recommended) drlling group was
obsarved relative to the other two groups (p<0.001).

Conclusions: Different drilling dimensions resulted in variations in insartion
torque values [primary slabilty) and different pattern of healing and nterfacial
remodeling was observed for the different groups.



Introduction

Obfaining an adeqguate slabilty (primary stability) after implant placement
has been regarded as one of the essenbal factors for the achievement of
sacondary stability {ossecintegration). Insufficient primary stability levels results
in increased micromaotion and micromotion of more than 50-150 pm results in

subsequent soft tissue encapsulation of the implant [1].

Theoratically, it has been suggesied that the bone s an elastic material
befora its yielding poind, which is an indication that a certain level of strain can be
tolecated due fo a relaxation affect [Z]. On the other hand, once tha strain in the
bone exceeds the yielding point, numerous microfraciures along with blood
capillary overcomprassion provokes schamic necrosis or in the worst scenario,
complete bone fracture [3]. It has been acknowledged that ischemia andior
pressure necrosis have an impact on rapid bone resorption [4], however, reports
suggest that the living bone can tolerate cerain levels of overcomprassion
(beyond the yield strain) withoul provoking negative bone responses [5, 6)
Based on this theoradical and experimental knowledge and the emerging dinical
demands for an implant fo be loaded immediately, a number of differant implant
macro dasigns challengs the limi in order to oblaim maximuom primary stakility [7-

8], however, the dafinite level that would provoke rapid bone loss is uncedain.

In general, the contact area betweean the implant and the bone influences



primary slability, since the primary siabilly is a pure mechanical interaction
invalving friction and compression fo the bone. Clinically, the friction and
comprassion by the implant inserion has been controlled by altering the drilling
protacol. In brief, the discrepancy bebween the size of the osteotomy site and the
implant diameter creates different contact situations between the implant and the
bona, which the implani macrodesign acts as an influential factor [10-12].
Hypothetically, the undersized drilling, which provides the largest initial contact
area between the implant presents the highest primary stability. Moreover, in
many of the cases, these implants present high inserlion forque values. Thus, if
the degree of inserion forgque is considered equivalent to the primary siabiliy,
the alteration of drlling prodocols may have a greal impact on the subseguent

biclogical [secondary) stability.

Thus, the objective of this preliminary histologic study was to determine
whether the alteration of drilling protocols {oversized, inlermediale, undersized
drilling) presant different biologic responses at early healing periods of 2 weaks
in vive in a beagle dog model. t was hypothesized that the higher levels of

insarbion torque would presant lower micromotion and the degree of

ossaointegration would be proportional o the nserlion forque values.

Materials and Methods

Thirty Unitite [S5IM, Sao Paulo, Brazil) implants of 4.1 mm diameter and 10

mm length wera utilized in the present study. All implants presented a dual acid



ptched surface that has been  previously characterized. Threa
drillingfinstrumentation techniques wera ulilized, a technique to the final diameter
recommended by the manufacturer (to a final diameter of 3.75 mm- regular
group), a technique where the final diameater was smaller than recommeanded by
the manufaciurer (o a final diameater of 3.5 mm- tight group), and a technigue
where the final diameter was larger than recommended by the manufacturer (o a
final diameter of 4.0 mm- overdrilling growp). For the laboratory in vive model, ten
adult male beagle dogs with approximately 1.5 years of age were acquired
following the approval of the Ethics Commiftee for Animal Research at
Universidade Federal de Uberandia, Brazil {protocolfapproval numbers CEUA-

UFU 0821 2).

Pricr to genaral anesthesia, IM atropine sulfate (0,044 mg'kg) and xilazyne

chlorate (8 mg'kg) were adminisierad. A 15mg/Kg ketamine chiorate dose was

then utilized to achieve general anesthasia.

The surgical site was the proximal tiba. Following hair shaving, skin
axposure, and antiseplic cleaning with icdine solution at the surgical and
surrounding area, a 5 cm length incision o access the periosteum was

perfarmed and a flap reflected for bone exposure.

Thres implants were placed along the lefl tibia from proximal to distal in an
aliernated driling technigque distribution, being interchanged i every tibia o
minimize bias from different implanialion sites (sites 1 o 3 from proximal 1o

distal). The implants remained in vivo for a period of 2 weeks, and were allocated



im sites 1 o0 3 in an egual distribution. This approach resulled in balanced
surgical proceduras that allowed the comparison of the same numbear of implanis
placad under the diffgrent drilling lechnigue per timea in wivo, sungical site {1
through 3), and animal. The implanis were placed at distances of 1 cm from
each oiher along the ceniral region of the bona. The implants were insarted in
ther drilled sites and the maximum insartion torgue was recorded with a portable
digital torguamelier (Tohnichi, Tokyo, Japan) with a 2008cm load cell for each

implant placed.

Following placemsant, each implant received s proprietary cover screnw bo
awvaid fissue avergrowth. The soft issue was sutured in layers following standard
procedures, whers the periosteum was sutured with vicryl -0 (Ethicon Johnson,

Miami, FL, USA] and the skin with 4-0 nylon (Ethicon Johnson, Miami, FL, USA).

Post-operative  anti-biatic and  ant-inflammatory . medication included a
single dose of Banzyl Panicllin Benzatine (20,000 UlKg) IM and Keloprofen 1%
(TmlEkKg). The animals ware authanized by anesthesia overdose and fhe limbs
were relrieaved by sharp dissection. The soff tissue was removed by surgical
blades, and initial dinical evaluaton was performed 1o determine imolant stability.

Ifan implant was clinically unstable, it was excleded from tha stuedy.

The bones containing the implants was reduced to blocks and immersad in
10% buffered formalin solulion for 24h. The blocks were than washed in running
waler for 24h, and steadily dehydrated in a saries of alcohol solutions ranging

froem 7O-100% athanol. Following dehydralion, the samples were embadded in a



methacrylale-based resin (Technovit 9100, Herasus Kulzer GmbH, Wehrhaim,
armany] according to the manufaciurer's insiructions. The blocks wers than cut
into slices (-300 pm thickness) aiming the canter of the implant along its long
axis with a precision diamond saw (lsomei 2000, Bushler Lid., Lake Bluff, USA],
glued to acrylic plates with an acrylate-based cement, and a 24h selting tme was
allowed prior to grinding and polishing. The sections were then reduced to a final
thickness of <30 um by means of a series of 5iC abrasive papers (400, 600, 800,
1200 and 2400} {Buehler Lid., Lake Bluff, IL, USA) in a grindimg'polishing
machine {Metaserv 3000, Buehler Ltd, Lake Biluff, USA)} under water
irrigation.(20] The sections were fhen oludine Dlue stained and referred o
optical microscopy at 5S0X-200X magnification {Leica DM2500M, Leica

Microsystems GmbH, Welzlar, Garmany] for hislomorphoalogic evaluation.

The bone-lo-implant confact (BIC) was determined at 50X-200X
magnification [Leica DM25308, Leica Microsystems GmbH, Welzlar, Garmany)
by means of computer software (Leica Application Suife, Leica Microsystemns
GmbH, Wetzlar, Garmany). The regions of bone-lo-implant confact along the
implant perimeter wera sublracted from the fofal implant perimeter, and
calculations weare perfformed o defermine the BIC. The Done arsa fraclion
occcupiad (BAFO) betweesn threads in trabecular bone regions was delermined at
100X magnificabion (Leica DM2S00M, Leica Microsystems GmbH, Welkzlar,
Garmany) by means of a computer software (Leica Application Suite, Leica
Microsystemns GmbH, Welzlar, Germany). The areas occupied by bone were

subtracted from the tolal arsa bebteeen threads, and calculations wese parfarmed



to detarming the BAFO (reparted in percentage walues of bone area fraction

occupiad) (21).

For all cutcomes, statistical significance was sat to 835% level of confidence
and the number of dogs was considered as the statistical unit for all
comparisons. For the forque and histormorphometric dependent variables BIC
and BAFO, a general linear model was employed including instrumentation
techniguws and time in vivo as independent variables {surgical site posifion was
pralminarily evaluated and due to a lack of effect on Torgue, BIC, and BAFD

was excluded from further analysis).

Rasults

The surgical procedures and follow-up throught the length of the stedy
demonsirated no complications regarding procedural conditions or  other
immediate clinical concerns. No post-operalive complication was detected and
na implant was excleded from the sfudy due to clinical instability of all implants

afier euthanization.

The insertion torque recorded for each drlling group is presented in Figure
1, whema the torgue increased as a funcbon of drilling diameter from 4.0 mm
fovardrillimg), fo 375 mm (recommendead), to 3.5 mm {ight). & significant

differance in lorque kvals was obsanved babwaen all groups (pe0.001).

Qualitative evaluation of the biclogical response showed intimate confact
batweaen corical and frabecular bone for all groups at 2 weeks in vivo, incleding

regions which were in close proximity or substantialty away from the osteatomy



walls {Figure 2).

The fofuidine blue stained thin sectons presented an apposifional bone
healing mode at regions where intimale contact existed between implant
surfaces and bone immediately afler placement (Figures 2a-c). Thessa regions
comprisad the vast majority of the permeter of implants placed into 3.5 mm
itight) sites {Figure Za), and the outer aspects of the threads of implants placed
into the 375 (recommended, Figure 2b) and 4.0 mm (overdrilling, Figure 2c)
drilling sies. In confrast to implants placed into 3.5 mm (light) sites that
presented substantial bone remodeling along the perimeter of the implantbone
contact (Figure 2a), the initial healing patlern observed in praximity of the implant
imnes thread diameier and drilled walls (forming healing chambers) when
implants were placed into the 3.75 mm and 2.0 mm driling sites followed an

intramembranous-lype healing mode (Figures Z2b-c).

Al the 2 week time point, the implants placed into 3.5 mm (tight) drilling
sites presented exlensive necrotic bone/remodeling areas with bone resorpion
areas in the region between the implant threads (Figure 2a). The 375 mm
(recommended) and 4.0 mm {overdrilling) presented spots of necrolic bone!
remadealing areas with bone resorplion, and a chamber filled with osteogenic
tissue betwsan the implant inner diameatar and the drilled wall along with newly
formed woven bone (Figure Z2b-c). Primary engagement by the threads ouwter

region without extensive necrotic bone areas was obsarved (Figure 2a-c).

Statistical assessment of BIC showed significantly higher BIC values for the



3.75 mm {recommended) drlling group was obsarved relative to the other bwo
groups (Figure 3) (p=<0.001). The overdrilling group presented significanily higher
BIC wvalues relative to the fight group (Figure 3). The BAFO resulls (Figura 4)
showad a lrend identical to the BIC results, where significanily higher BAFD
valuas for the 375 mm {recommeandad) drilling group was obsarved relative bo
the ofher two groups (Figura 4] (p=0.001). The overdrlling group presented

significantly higher BAFC values relative to the tight group (Figure 4).

Discussion

This preliminary study investigated the affect of different drilling profocols on
early asseointegration. The early time point of 2 wesks was selected in order bo
oheserve the bansiion from the mechanical {primary) stability to the biologic
stability, since il is thought that at ater timepainis, the bone formation arowund the
implant would be comparable. |t was hypothesized that the higher levels of
primary stability expressed dinically as highar insertion forque values positively

influenced ossecintegration.

The insedion torque testing showed that the final drill size significanily
influenced the inserion torgue values with the owversized drilling group presaniing
the lowest values and the undersized drilling group (Tight) presenting the highest
values. However, the histologic micrographs clearly prasented thal new bone
formation was maost active in proximily of the implani surface for the implanis
placed with the intermediate drilling profocols. Moreover, both the BIC and the

BAFQ showed that the infermediate drlling profocols presented the highest



histomorphometric values suggesting that the alteration from primary to biologic

stability was most active for this group.

The reasons for the unproportional biologic response could be that the
insartion torgue values may not be fully representing the primary slability of this
spacific implant design. It has been suggested by Moron thal depending on
implant systems, the low levels of rotational stability at the fime of implant
insartion is may nolt be an indication for high micromotion [13, 14]. Thus,
conceming the implant design utilized in the current study, the application of
intermediate drlling could have provided the lowest micromation, which resulted

im an active bone apposition at an early healing stage of 2 weeks.

Furthermora, due to the low micromotion and the adequate space provided
betwean the implant and the bone for the intermediate drilling group seemed to
have created a possibility for direct bone apposition. This is in accordance with
several reports where it was suggested that a closed chamber betwesen the
implant and the bone allowed blood fil and subsequent new bone formafion
comparad to the press-fit group [15, 16]. The authors suggested that the bone in
direct contact to the implant initially for the press-fit group seemed 1o first
undergo bone resorplion before new bone was formed. Therefora, the biologic
procass observed for the undersized drilling in the current study at the time of 2

weaks in viva might have baen an ongoing bone remodeling procedura.

The ovarsized drilling group presanted the lowest histomorphometric values

and this may be due to the gap generated batween the implant o the osteatomy



wall, which s evident in the hisiologic micrograph. The distance betwesn the
implant and the bone was wider than the inlermediate group, which may reguire
more time for bone regeneralion; furthermore, the low levels of pimary stability
may nal have been the optimal basis for bone formalion. This has been indicated
in our pravious study that the less stable implant created by ovandrilling do not

contribute fo subssquent assecintegration [10].

The resulis of this current preliminary stedy suggested that at the early ime
point of 2 weeks, the inserfion borgue wvalues and ossscintegration s
unproportional and the initial hypothesis was mejected. However, if must be
stressed thal the results oblained can only be applied for this specific implant
dasign and cannot be directly applied o all implant designs. Mare information is
naadad to clarify the influence of implant design and drilling protocols bo abfain

an oplimal surgical setup for different molanks.
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Biomechanical Evaluation of Undersized
Drilling on Implant Biomechanical Stability
at Early Implantation Times

Paulo G. Coelbo, DS, PhD, * Charles Marin, DDS, PhD, { Hellen S. Teixeira, DDS, MS, {
Felipe E. Campos, DDS, MS, § Julio B. Gomes, DDS, MS, || Fernando Guastaldi, DDS, MS,§
Rodolfo B. Anchieta, DDS, MS, # Lucas Silveira, DDS, MS, **
and Estevam A, Bonfante, DDS, PhD{f

Purpose: The present study evaluated the effect of different drilling dimensions {undersized, regular,
and oversized) in the insertion and removal torgues of dental implants inoa beagle dog model
Methods: Six beagle dogs were acquired and subjected to bilateral surgeries in the radii 1 and 3 weeks
before cuthanasia. During surgery, 3 implants, 4 mm in diameter by 10 mm in length, were placed in bone
sites drilled to 3.2 mm, 3.5 mm, and 3.8 mm in final diameter. The insertion and remaoval torgue was
recorded for all samples. Statistical analvsis was performed by paired § tests for repeated measures and
by # tests assuming unequal variances (all at the 95% level of significance).

Results:  Owverall, the insertion torgue and removal torgue levels obtained were inversely proportional to
the drilling dimension, with a significant difference detected between the 3.2 mm and 3.5 mm relative to
the 3.8 mm groups (F < 0.03). Although insertion torgue -remaoval torgue paired observations was statis
tically maintained for the 3.5 mm and 3.8 mm groups, a significant decrease in removal torgue values
relative to insertion torgue levels was observed for the 3.2 mm groop. A different pattern of healing

and interfacial remodeling was chserved for the different groups,

Conclusions: Different drilling dimensions resulted in variations in inserticn torque values (primary
stability) and stability maintenance over the first weeks of bone healing,
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Long-term implant success is dependent on both the
biologic tissue response and mechanical factors.'™
For achieving sucoessful osseointegration, implant
stability is one of the fundamental prereguisites and
must b maintained for the entire healing period w
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as0 DRILLNG DIMENSION AND IMPLANT BIOMECHANICAL STARILITY

phenomenon influenced by the combination of muli-
ple variables that include the quality and quantity of
bone at the recipient site, the surgical technigue
used to place the implant, and macro-microscopic
marphology of the implane* ™

Secondary stability is the progressive increase in
stability as a consequence of the dynamic interrela-
tionship between new bone formation and remodel-
ing occurring at the bonedimplant  intedfacial
zone. " A substantial body of research supports that
achievement of secondary stability is also dependent
on the site bone guality along with instrumentation
and implant design interplay that result in different
bone-to-implant healing patterns." " For instance, it
is known that regions that are in direct contact with
bone will render primary stability o the system for
a given period of time and, because of compression,
will suffer cell-mediated activity and remodeling with
the potential to decrease the initial system stabil-
iL}'.'f'"_' On the other hand, wvoid spaces—Ileft
between bone and implant bulk that will {11 with
a blood clot immediately after placement and will
not contribute to primary stability—are known (o
rapidly All with wowven bone. This is a key
contributor to secondary stability, as the bone does
not have w undergo remodeling because of its
different healing pattern. 13.16,18,19

It is well known by researchers and clinicians that
implant stability immediately and early after place-
ment is desirable, mainly in immediate loading proto-
cols, in an attempt 1o decrease the relative motion
berween implant and bone, which could sk osseoin-
tegration. ¥ % Thus, it is common practice to clinically
adapt the surgical approach by undersizing implant
drilling preparation.® However, although such an
approach will render a perceived higher stability (pre-
vious work has shown that high torque levels will not
necessarily lead vo lower system micromotion), such
approach may, in fact, be detrimental to osseointepra-
tion kinetics because of bone modeling/remodeling
pattern changes due to higher mechanical strain in
the system.'®

In a recent investigation by our group,™ in which
dmmm implants were inserted in bone sites drilled to
3.2 mm, 3.5 mm, and 3.8 mm, substantially different
insertion torque levels and healing patterns were
observed. When implants were placed in sites drilled
te 3.2 mm and 3.5 mm, insertion tonue was signifi-
cantly higher compared with implants placed in sites
drilled to 3.8 mm. Our histologic results at both
1 week and 3 weeks in vivo after implantation showed
significant interfacial remodeling along with minimal
new bone formation for the implants placed in sites
drilled 1o 3.2 mm and 3.5 mm. On the other hand,
we found that, although lower insertion torgue levels
were observed for implants placed in sites drilled o

3.8 mm, new bone formation onset was detecred at
1 week, and substantial new bone formation in prox-
imity and in contact with the implant surface was
observed. Although the primary stability levels and
healing patterns observed by our previous study indi-
cate that, depending on drilling protocol and the inser-
tion torgque levels obtained, scenarios that will result in
higher primary stability (lower drilling diameters) and
higher potential for secondary stability achievement
(larger drilling diameters resulting in bone healing
chambers due 1o the void spaces created because of
surgical  instrumentation and implant  geometric
interplay) mav occur, no biomechanical evaluation
was pedormed after different time periods in vivo.
Thus, the present study investigated the relationship
berween insertion torque and removal tonque of
implants placed in bone sites drilled 1o different
dimensions after 1 week and 3 weeks in vive. The
research hypothesis tested was that discrepancies in
biomechanical fixation would be more pronounced
for implants placed in sites drilled o smaller diame-
ters. It was our specific aim to evaluate the effect of
drilling dimensions for implant placement in Lorgue
at early observation periods as well as in bone healing

pathwavs.

Materials and Methods

Thirty-six commercially pure grade 2 threaded en-
dosgeous implants, 4 mm in diameter and 10 mm in
length {(Colosso, Emfils, Iu, Brawl), with a grit-
blasved and acid-etched surface, were wsed. For the
laboratory in vive model, 6 adult male beagle dogs
approximately 1.5 vears old were acquired after the
approval of the Ethics Committee for Animal Research
at Universidade Federal de Uberlandia, Brazil.

Before general anesthesia, intramuscular atropine
sulfate (0.044 mp/kp) and xylaxine chilorate (8 mp/ke)
were administered. A 15 me/ke ketamine chlorte
dose was then used o achieve general anesthesia.

The surgical site was the central region of the radius
diaphysis, After hair shaving, skin exposure, and anti-
seplic cleaning with iodine solution at the swrgical
sitg and surrounding area, an ~3% cm length incision
was performed to access the periosteum and a flap
reflected for bone exposure.

Three implants were placed along the radius from
proximal o distal in an alternated distribution, with
starting drilling dimension (3.2 mm, 3.5 mm, and
A8 mm hnal drill diameter) intecchanged in every
racdius 1o minimize bias from the different implantation
sites (sites 1 to 3 from proximal to distal). Therefore,
the 36 implants of the drilling rechnigque, remaining
in vivo for either 1 week or 3 weeks (right and left radii
provided samples that remained in vivo for 1 week and
3 weeks, respectively), were allocated wo sites 1 Lo 3 in
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an equal distribution. This approach resubed in bal-
anced surgical procedures that allowed the compari-
son of the same number of implant surfaces per time
in vivo, limb, surgical site (1 through 33, and animal.
The implants were placed at distances of 1 cm from
each other along the central region of the bone. The
implants were inserted in the drilled sites, and the
maximuim insertion torgue was recorded with a porta-
ble digital torquemeter CTohnichi, Tokyo, Japan), with
a 200-N-cm load eell for each implant placed.

After placement, each implant received its proprie-
Lary cover screw Lo aveid tssue overgrowih, The
soft tissue was sutured in layers according to standard
procedures, with the periosteum sutured with ¥icryl
440 (Ethicon, Johnson & Johnson, Miami, FLY and the
skin sutured with 4-0 nvlon (Ethicon).

Postoperative antibiotic and anti-inflammatory med-
ications included a single dose of beneyl penicillin ben-
watine (20,000 Ukg) intramusculary and ketoprofen
1% (1 mL/3 kg). The dogs were euthanized by an anes-
thesia overdose, and the limbs were retrieved by sharp
dissection. The soft tssue was removed by surgical
blades, and an initial clinical evaluation was performed
to determine implant stability. If an implant was clini-
cally unstable, it was excluded from the study.

Afer the experimental periods of 1 and 3 weeks, the
implants were exposed, amd a specially designed key
was connected 1o both the implant and the same porta-
ble digital torguemeter. A counterclockwise movement
wis performed to remove the implant. The maximum
removal torque value for breakage of bone-implant in-
teraction was measured with a 200-N-cm load cell for
each implant placed.

For descriptive purposes, the histologic sections
previously published by our group under an identical
study design are presented in the results section.™

Statistical evaluation of insertion and removal torgue
values for each implant was pedormed by paired { tests.
Statistical evaluation of the owverall insertion and
removal torque values for the different groups and
times in vive was performed by £ tests assurming un-
equil variances, Statistical sipgnificance was set at 95%.

Results

The surgical procedures and follow-up showed no
complications regarding the procedural conditions
or ether immediate clinical concerns. No postopera-
tive complications were detected, and no implam
wis excluded from the study because of clinical
instability.

The overall insertion torgue recorded for each dril-
ling proup and healing period is presented in
Figure 1. Owerall, the highest insertion torque values
were observed for implants placed in sites drilled to
3.2 mm and 3.5 mm compared with implants placed
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FIGURE 1. Mean irserion borque values (& S0 for diferent
exparimantal groups. Significartly higher insericn terque values
were opserved for implants plocad in sites drilled b 3.2 mm and
3.5 mm compared with implants placed ko sites drilled 1o 3.8 mm
[FP<0.001). Same rumber of asterisis indicates no slakistizal signif-
icant difference betwean groups.
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Suerbaliny [ Owerd Meooiliofuc Surg 200 3.

to sites drilled to 3.8 mm (Fig 13 (F < 0.001 when
both 3.2 mem and 3.5 mm groups are compared with
the 3.8 mm group). When comparing implants placed
in sites drilled 1o the same diameter that remained for
different times in vivo (implants placed in the right and
left limbs, respectively) slight, nonsignificant varia-
tions were detected (Fig 2y (F = .73, P = (.61, and
£ =050 for the 3.2 mm, 3.5 mm, and 3.8 mm groups,
respectively).

The insertion and removal torgue recorded for each
drilling group and healing period, statistically evaluated
by paired ¢ vests, are presented in Figure 3. The only sig-
nificant differences observed were between the inser-
tion amd removal torgue values in the 3.2 mm drilling
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FIGURE 2. Maarn insertion torgue values |+ 5D far different axpar.
imental groups os a function of time that the implarts remained in-
viva [1 and 3 weeks, left and right limbs). The number of aserisks
depicts statisheally homoganeous grovps.
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Sterbiiny: F vl Meveilieyfae Sy 2003,
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diameter group (F = 0.04 and £ = (.02 for implants that
rermained for 1 and 3 weeks in vivo, respectively). Non-
significant differences between the insertion and re-
movil torgue values were observed for the other
proups and times in vivo, However, slight decreases in
between insertion and removal torgue values were de-
vected for implants placed in sives drilled o 3.5 mom, amd
renrrkably similar insertion and removal torgue values
were observed for implants placed in sites drilled to
3.8 mm (Fig 3).

The overall removal torgue results recorded for each
drilling group is presented in Figure 4. A significant
difference in removal torgue values was observed
berween the 3.2 mm and 3.5 mm group relative to
the 3.8 mim groug.

The histologic micrographs for the different groups
at 1 and 3 weeks in vivo are presented in Figures 3
and 6. Temporal morphologic changes were observed
for the different experimental groups. At 1 week,
implants placed into 3.2 mm and 3.5 mm drilling sites
presented extensive necrotic bone areas in the region
between the first 3 implant threads (Fig 3A, 1), These
necrotic regions evolved o remodeling  sites  that
were present along with restricted amounes of newly
formed bone at 3 weeks implantation tme (Fg GA_B).
At 1 week, the implams placed into 3.8 mm drilling sites
presented a chamber filled with osteogenic tissue be-
rween the implant inner diameter and the drilled wall
(Fig 3C). Initial osteoid nucleation was observed in mi-
nor amounts within the healing chamber (Fig 3C). Pri-
mary engagement by the thread's outer region
without extensive necrotic bone areas was observed
(Fig 0. At 3 weeks, extensive woven bone formation

o Pe0.02
P = 0uDd L
o 4
*
T Lo
I ==
i® i
b o '
-
al
-
.l
Teges wartes  Gprass  baases  Spageg
- g S
e
i
L
Lo L
ating
e
L. [FE
—

DRILLING DIMENSION AND IMPLANT BIOMECHANICAL STABILITY

100

Rernoval Torgue [N=om)

i =
l A
#0101
P 0.04

1.2 mim 1.5 mm 1R mim

FIGURE 4. Mean removal borque values |2 S0 fer diferent axper
imental graups. Significantly higher remavel torque values were ob-
sarved Fgur the 3.2 mm and 3.5 mm groups relotive to the 3.8 mm.
Mumber of sserisks desict statistically homageneous groups.
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o

was observed at the drilled bone walls, implant surface,
and within the healing chamber volume (Fig 6C).
Discussion

Wariable levels of predictability in implamt dentistry
have been shown with eardy and immediate loading
protocols, as reported by an increasing number of clin-
ical and experimental studies.’*** For such treatment
mendalities, primary stability has been regarded as akey
factor for treatment success, >3

The ideal condition of implant stability during the
early healing periods has been questioned, as several
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FIGURE 3. Mean insertion and removal torgque velues |2 S0 for different experimental groues as a function of Bme in vive, The Pvalues were
derived from paired ffests, ond the number of aserisks depicts stetistically hamoagenecus groups.
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FIGURE 5. Wesk 1 aphical micragraohs of the implantbone inkerfoce shawing that implarts placed inte JA) 3.2-mm and (8] 3.5-mm drilling
siles prasented necratic bone areas in the regian between the First 3 implont Fireads [white arrews). Implants placed inte (C] 3.8-mm drilling sites
presanied a chamber |red arrows) Flled with astecgenic tissue batween the implant inner diameter ard the drilled well. Initial osteaid rucleation

was chaerved in minor amounts within the becling champer (blue errow].
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biomechanical and histologic studies have shown that
even if implant primary stability is rendered during
placement and because of the initial remodeling and
subsequent bone apposition, a decrease in implant sta-
bility is likely to be observed before the bridging of the
old bone and implant sufface renders the system with
secondary stability, "™ g2

Specific to dental implants, insertion torgue bas
been perceived as a reliable measurement of the
implant ability to resist micromotion.” Thus, to
increase torque values during placement (especially
in cases where lower bone density i encountered),
clinicians have undersized the recommended drilling
sites before implant placement despite the fact that
basic engineering mechanics and in vitro testing of
various implamt designs in bonedike mechanical
property materials have shown that high insertion
torgue vialues may not necessarily correlate with lower
micromotion levels,™ In fact, multiple studies have
shown that the healing kinetics and mode around

the same implant system may substantally change
depending on the interplay between drilled sive and
implant macrogeometry dimensions.’ THEA Bor the
implants tested in the present study, the smaller the
drilled site, the more pronounced was the amount of
remodeling at the interface region, 4 condition that
may be detrimental o dental implant  stabilivy,
as new bone formation is necessary 1o replace
bone that s remodeled away, Supplementing the
histologic fAndings from our previous study,” the
present  investigation  evaluated the relationship
between insertion and removal worgques after 1 week
and 3 weeks of placement for implants placed to sites
drilled to the same 3 different dimensions.

The results of the insertion torgue for the different
groups are in agreement with our previous study,™
where significantly higher values were observed for
the 3.2 mm and 3.3 mm groups relative 1o the
3.8 mm groups. The overall lower values obained in
the present study were due 1o the level of insertion,

FIGURE &. Week 3 oplical microgroohs of the implantbone inkerfoce shawing thot implarts placed inta JA4) 3.2-mm and (8] 3.5-mm drilling
siles prasanted extensive remodeling clang with a resiricted amaunt of newly formad bana. At 3 weets, impharts ploced inta [C] 3.8-mm drilling
siles presented extensive wovan bore fermation of the drilled bore walls, implant suface, and within the healing chamber valuma.

Coedbo ef ol Dvilfferg Diweension and Feapleent Biomechamioal Sebiline, § Oral Maxllofue Sueg 2001 5.
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which, in the present study, was down to the first
thread, whereas they were all the way to the implant
cervical in the previous study. The consistency of the
insertion torque values between the implants that
were placed to remain in vivo for 1 and 3 weeks was
remarkably similar, and allowed appropriate evalua-
tion of the potential decreasefincrease in torgue
values as a lunction of tme in vivo, The results of
the present investigation uneguivocally indicave that
under-dimensioned drilling enhances the primary
stability, which is in agreememt with previous
stupalies, 13192730

Although insertion torgque values were inversely
proportional to drilling dimension, decreases in tor-
que values were sipnificant for the 3.2 mm group
and also decreased for the 3.5 mm group. Victwally
no change between insertion and removal torgue
values was observed for the 3.8 mm group.

The significant decrease in torgue values noticed for
the 3.2 mm group is in agreement with the histology
presented as a function of implantation time, where
high degrees of bone remodeling occurred along
with a restricted amount of new bone formation at
both 1 week and 3 weeks, respectively. The same sce-
nario was observed for the 3.5 mm group, for which
slight decreases berween insertion and removal torgue
values were recorded, in agreement with the remodel-
ing interface with little new bone formation taking
place at the bonedmplant interfacial region. The
3.8 mm group was substantially different from the
3.2 mm and 3.5 mm groups when both torgque and
histologic features are considered together. This group
presented stable insertion and removal torgque values
as a function of time, along with little w nonexistent
interfacial remodeling where the implant was engag-
ing bone for its primary stability in andem with
remarkable amounts of new bone formation at the
bone-implant interfacial region.

Considering the tight fit scenario (3. 2mmand 3.5 mm
groups), losses in implant biomechanical stability, be-
cause of necrotic dieback or imeracial remodeling,
may negatively influence the time necessary o new
bone formation render the system secondary stability.
Worth noting is the fact that although high torgue
values are still in place for the 3.2 mm and 3.5 mm
groups at both 1 and 3 weeks relative o implants
placed in sites drilled 1o 3.8 mm, such high torgue
values may not translate into the implant-bone system’s
ability to effectively resist micromaotion,™? potentially
jeopardizing the eardy osseointegration process in
treatment modalities such as early implant [oading.
HRecently, a clinical study of implants placed into fresh
extraction sockets with an insertion torgue of no
muore than 25 Nom and immediately loaded showed
an overall survival rate of 93.5% in 1.25 vears to 9.5
vears. ™ Given that not only such a torque value may

be considered small and that primary stability during
immediate implantation is mainly held apically, the
high survival rates suggests that the insertion torgue
value per se is important, but mey present One among
several other relevant parameters for the restoration
survival such as implam design, bone density, surgical
technigue, and ooclusal stability.

Although all scenarios tested in the present investi-
gation resulted in successful ossecintegration, even
with different healing patterns, the extrapolation
that they would also lead o the same survival rates if
clinically loaded early or immediately should not be
taken for granted. In fact, whereas it is virtually general
consensus that a high insertion torque is necessary for
immediate loading, it is not intriguing that eary load-
ing (2 months) has shown a trend toward [ower sur-
vival rates when compared with both immediate and
conventional loading acoording to a systematic re-
view.™" At early loading stages (2 months), bone re-
modeling, especially in undersized drilled implant
gites, is at its highest peak, alomnge with extensive loss
of primary stability and initial secondary stability
gain.®™**  Loading in such a scenario  seems
challenging especially in nonsplinted single units.
Most importantly, when the number of variables
involved in insertion torgue is considered, such as
the implant svstem’s macrogesmetric configurations
available worldwide, surface treatment, surgical
technigues, bone density, and others, the proposal of
a target value for insertion torque as a decision-
making guide for the tme of implant [oading seems
unsound, empirical, and should be reconsidered
because it is too generic, Therefore, future multivari-
ate analyses considering clinical values for insertion
torgque of specific implant systems and their survival
undler different loading time protocols and prosthesis
configurations are warranted.

Specific to the 3.8 mm group, where virtually atem-
poral torgque values stability was achieved, little o no
dieback was observed, along with rapid bone forma-
tion from placement to 3 weeks in vivo. From a theoret-
ical standpoint, such lack of interfacial remodeling
may provide the same levels of micromotion resis-
tance during early implantation times where extensive
new bone formation is not vet in place and void spaces
are under-filling by woven bone. From an engineering
perspective, the results obtained for different implant/
instrumentation dimension scenarios warrant studies
concerning  macrogeometries that, while allowing
empty spaces between implant and bone for rapid
bone formation that will ultimately result in secondary
stability, will also present thread designs that will max-
imize primary stability. Such implant design may mini-
mize detrimental bone remodeling at its interface at
regions in which the implant engages bone immedi-
ately after placement.
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The research hypothesis that discrepancies in bio-
mechanical fixation would be more pronounced for

implants placed in sites drilled to smaller diameters
was accepted.
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3. CONCLUSOES

Nos estagios imediato e precoce (02 meses) de colocacdo de carga
sobre inplantes dentarios, a remodelacao éssea esta em grande atividade. Em
sitios cirurgicos de sub-instrumentacdo este fenbmeno é mais relevante. O
“turn over” Osseo leva a perda significativa na estabilidade primaria, desta
maneira, colocar implantes em funcdo neste cenario especifico torna-se um
grande desafio. Levando em consideracdo o numero de variaveis envolvidas
neste episddio como sistemas de implantes com diferentes macrogeometrias,
tratamento de superficie, técnica cirlrgica, densidade 6ssea, entre outros, o
objetivo de se conseguir um determinado valor de torque de insercao para se
decider quando colocar o implante em funcéo parece ser empirico. Por ser um
fator de avaliacdo muito genérico, deve ser reconsiderado. Desta maneira,
enfatiza-se a necessidade da realizacdo de futuros trabalhos clinicos
multivaridveis considerando os valores de torque de insercdo de um
especicfico sistema de implantes € o seu sucesso a partir de diferentes

protocolos de colocagdo em fungao e opcdes protéticas

Capitulo 1. As vias de osseointegracao foram similares entre os
implantes testados (SW e Unitite) quando utilizado a técnica de sobre-
instrumentacdo. Haja vista que, foram criadas maiores camaras de
osseointegracdo para os implantes Unitite, enquanto para os SW foram
formadas, em menor tamanho, camaras de osseointegracdo. Nao foram
observadas diferencas significativas entre os implantes testados para os
parametros BIC e BAFO independente da técnica cirurgica. Considerando
ambas geometrias de implantes utilizadas e tempos cirlrgicos, foram
encontrados menores valores de BIC e BAFO quando inseridos nas areas de
sobre-instrumentacdo em comparagcdo aos colocados conforme normas do
fabricante. Apesar disso, 0s implantes inseridos na técnica de sobre-
instrumentacao tiveram maior crescimento nos parametros de osseointegracao

ao longo do tempo. Permitindo, mais uma vez, sugerir que ocorreram



alteracbes nas vias e na cinética da osseointegracao entre o0s grupos

experimentais.

Capitulo 2. Os resultados deste estudo preliminar sugerem que no
estagio inicial de 02 semanas de osseointegracdo, os valores de torque de
insercdo e osseointegracdo ndo sao proporcionais. Entretanto, deve ser
enfatizado que os resultados obtidos devem ser aplicados apenas a este
especifico tipo de implante, ndo devendo ser diretamente aplicado a outros
desenhos de implantes. Mais informacdo €& necessaria para clarificar a
influéncia da geometria do implante e os protocolos de instrumentacdo na

tentativa de maximizar a osseointegracao precocemente.

Capitulo 3. Considerando os valores de torque encontrados para o
grupo de 3.8mm, independente do periodo, foram observados pouca ou
nenhuma areas de reabsorcdo éssea. Neste grupo ocorreu rapida formacao
6ssea do momento da insercao até o periodo de 03 semanas in vivo. Os
diferentes cenarios avalidados obtiveram sucesso na osseointegracao, mesmo
com distintas vias de formacao 6ssea. Apesar disto, ndo pode ser extrapolado
que clinicamente eles teriam as mesmas taxas de sucesso clinico quando

precocemente ou imediatamente colocados em fungao.
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