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RESUMO

A estabilidade primaria e o tipo de rugosidade da superficie
possui uma forte influéncia na osseointegracao de implantes dentarios. Durante
a colocacao do implante, danos na conexdo protética e superficie do implante
podem ocorrer. Devido a deformacdes nestas regides dos implantes, o
presente trabalho analisou os efeitos da insercdo do implante em 0sso com o
mesmo tratamento aplicado e pelo mesmo fabricante de implantes com
macrogeometrias diferentes sobre parametros de rugosidade superficial e
avaliou os niveis de deformacédo de conexdes tipo hexagonos externo (HE)
guando submetidos a toque interno. Para a analise de superficie, trés grupos
de implantes de titanio com diferentes macrogeometrias foram investigados
usando interferometria a laser e microscopia eletronica de varredura.
Parametros de rugosidade superficial relevantes foram calculados para
diferentes regibes de cada implante antes (B) e depois (A) da insercdo em
costelas de porco. Para a deformacao das conexdes HE, foram utilizados dois
tipos de implantes (S e N) e o torque interno foi aplicado. A distancia interna
(ID), a area interna (lA) e externa (EA) do HE foram obtidas. Os topos de rosca
de todos os implantes B obtiveram parametros de rugosidade muito
semelhantes, independentemente da geometria do implante, e depois da
insercdo em 0sso, esta foi a regido que apresentou alteracdes significativas.
Em contraste, os flancos e vales das roscas apresentaram maiores
irregularidades (Sa), com maiores inclinagdes (Sdqg) em todos os implantes B,
especialmente para implantes com altura de rosca menor. Os niveis de
deformacédo do HE foram maiores no grupo S (SIN), em comparacdo com 0O
grupo N (Neodent). Este estudo preliminar demonstrou danos na superficie dos
implantes apés o processo de instalacdo do implante pelas mudancas
observadas nos parametros de rugosidade, afetados pela macrogeometria e o

HE pode ser afetado por diferentes niveis de torque interno.

Palavras-chave: implantes dentarios, topografia de superficie, conexao

protética.



ABSTRACT

Primary stability and the type of surface roughness have a strong
influence on the dental implants osseointegration. During implant placement,
damage on the prosthetic connection and implant surface may occur. Due to
the deformations in this portion of the implants, this work analyzed the effects of
implant insertion into bone on the surface roughness parameters for the same
surface treatment applied by the same manufacturer to implants with different
macro-designs and evaluated the levels of deformation in external hexagon
(EH) connections subjected to internal toque. For the surface analysis, three
groups of titanium implants with different macro-designs were investigated
using laser interferometry and scanning electron microscopy. Relevant surface
roughness parameters were calculated for different regions of each implant
before (B) and after (A) insertion into pork ribs. For the deformation of EH
connections, two types of implants (S and N) were used and internal torque
were applied. The internal distance (ID), internal area (IA) and external area
(EA) of the EH were obtained. The tops of the threads of all B implants had very
similar roughness parameters, independent of the geometry of the implant, after
bone insertion, this was the region that presented significant alterations. In
contrast, the flanks and valleys of the threads presented larger irregularities
(Sa) with higher slopes (Sdqg) on all B implants, particularly for implants with
threads with smaller heights. Levels of EH deformation were greater in the S
group as compared with the N group. This preliminary study demonstrated
surface damage of the implants after the installation process by the changes
observed on roughness parameters, which were affected by the

macrogeometry. The EH may be affected by different internal torque levels.

Key words: dental implants, surface topography, abutment connection.



1. INTRODUCAO E REFERENCIAL TEORICO

A interacdo intima entre implante e o0sso (osseointegracao)
(Branemark et al., 1969) fez dos implantes dentais uma das modalidades de
reabilitacdo de mais sucesso no campo da saude, com taxas de sucesso
frequentemente excedendo 95% por muitos anos (Chuang & Cai 2006; Levine
et al. 2002; Zupnik et al. 2011). Ainda assim, pesquisa e desenvolvimento no
campo da Implantodontia sdo focados com frequéncia no redesenho do
implante (por exemplo, conexdo, topografia, superficie, macrodesenho) para
continuar melhorando as taxas de sucesso.

Novos desenhos de implantes buscam aperfeicoar resultados em
situacdes propicias a falhas, como baixa densidade 6ssea dos maxilares ou
pacientes com doencas sistémicas que comprometem a cicatrizacdo. Esses
emergentes desenvolvimentos sdo baseados, por exemplo, na modificacéo
quimica ou mecéanica do implante. Tais modificacbes objetivam melhorar a
resposta do hospedeiro e acelerar o processo de cicatrizacao.

Achados clinicos sugerem que essas modificacdes, particularmente
no tipo de superficie, ttm ajudado a aumentar a taxa de sucesso de implantes
dentais (Trisi et al. 2003). Uma série de eventos coordenados que incluem
proliferacdo celular, transformacdo de osteoblastos, e formacdo de tecido
0sseo podem ser afetados por diferentes topografias de superficie (Shibli et al.
2007). A quantidade de contato osso implante é um fator determinante para o
sucesso a longo prazo de implantes dentais. Consequentemente, a
maximizacdo desse contato e a osseointegracdo tornaram-se um dos focos do
tratamento, que aparentemente pode ser aumentada por meio da variacdo de
rugosidade da superficie do implante (Soskolne et al., 2002). Avaliacbes
demonstraram que implantes com superficies rugosas mostram melhor
aposicao 6ssea e contato osso-implante que implantes com superficies lisas
(Buser et al. 1999; Buser et al., 1991). A rugosidade superficial também tem
influéncia na migracéo e proliferacdo celular que, em partes, leva ao melhor
contato osso-implante, sugerindo que a microtopografia de implantes de titanio

influencia na interacéo tecido-biomaterial (Abron et al., 2001; Novaes et al.,



2002). A quantificacéo precisa da superficie de um implante € necessaria para
analisar os efeitos dessa microtopografia nos resultados tanto da
osseointegracao quanto do contato osso-implante.

A avaliacdo quantitativa da topografia de superficie pode ser
realizada utilizando instrumentos com métodos de contato mecanico
(perfilometria, microscépio de forca atdmica) ou instrumentos Opticos
(interferometria Optica) (Wennerberg & Albrektsson, 2000). Implantes do tipo
parafuso contém roscas com vales profundos, que torna a avaliacdo por
perfilometria de contato dificil (Kilpadi & Lemons, 1994; Vercaigne et al., 1998).
Microscopia de for¢a atbmica pode detectar alterac6es topograficas ao nivel do
tamanho de uma molécula de proteina, mas é limitada a uma pequena area, o
gue pode nédo ser representativo para a area total do implante (Wennerberg &
Albrektsson, 2000). Instrumentos 6pticos (Bennett & Mattsson, 1999; Dong et
al., 1994a) n&do envolvem contato mecéanico, mas 0s resultados sdo menos
confiaveis quando sdo feitas medicbes em superficies que apresentam
inclinac6es maiores que 15 graus.

Apés a afericdo da superficie do implante, diferentes parametros
podem ser calculados para quantificar sua topografia. O guia 428717 da
Organizagcdo Internacional de Padronizacdo (ISO) define parametros
bidimensionais (2D), e parametros tridimensionais (3D) sdo extrapolacdes dos
seus homologos 2D. Embora os parametros de rugosidade 3D ainda néo
tenham sido inclusos no padrao I1SO, eles sdo bem conhecidos e descritos na
literatura (Stout et al., 1993; Dong et al., 1993; Dong WP, et al., 1994b).

Para implantes dentais, diversos parametros devem ser avaliados:
trés parametros de altura (rugosidade meédia aritmética [Sa], distribuicdo da
altura de picos da topografia, também conhecido como Kurtosis [Sku], e a
assimetria da altura de topografia [Ssk]); um parametro espacial (relagdo do
aspecto de textura superficial [Str]); e dois parametros hibridos (raiz media
quadratica dos picos de superficie [Sdq] e relacdo do aumento da area [Sdr]).

Alteracbes na macrogeometria do implante, com relacédo ao formato,
também podem contribuir para o sucesso do implante dental, afetando

diretamente na estabilidade primaria (Coelho et al., 2011; Deporter D, 2009;



Degidi & Piattelli, 2005). Resultados na literatura (Javed & Romanos, 2010)
sugerem que os torques de insercéo de implantes cOnicos sdo maiores que em
implantes cilindricos. Este comportamento pode ser atribuido as diferencas no
formato de rosca, geometria do implante e area de superficie. A geometria das
roscas desses implantes conicos significa que uma maior area da superficie
esta em contato com tecido do hospedeiro (Elias et al., 2012). Portanto, o
melhor desenho do implante deve ser selecionado para uma instalacdo em
sitios criticos a fim de melhorar a estabilidade primaria. As caracteristicas
macrogeométricas do implante dental, particularmente padrdo e passo de
rosca, podem ser responsaveis por diferencas na quantidade de osso que
circunda o implante e no grau de aposicdo 6ssea (por exemplo) nas roscas
achatadas versus roscas afiladas, e seu impacto no sucesso da estabilizacdo e
manutenc¢ao da osseointegracao do implante (Cardoso et al., 2013).

Foi demonstrado que a rugosidade de superficie pode variar de
acordo com sua localizacdo no implante (Naves et al., 2015). Além disso, em
implante do tipo parafusado é necesséario que a medida de topografia de
superficie seja realizada em trés regides da rosca: flanco, topo e fundo
(Wennerberg & Albrektsson 2000; Gongalves et al., 2012; Rosa et al., 2013).
Recentemente, Rosa et al. (2012) mostraram que quando o0 mesmo método de
modificacdo superficial é aplicado a implantes de titanio produzidos por
diferentes fabricantes, a rugosidade final pode ser significativamente diferente.
Além disso, o tratamento de superficie por si s6 ndo pode determinar a
topografia de superficie final dos implantes. Entretanto os autores né&o
analisaram com detalhes a raz&do dessa diferenca.

A estabilidade primaria também é considerada o fator chave para o
prognoéstico da osseointegracdo (Duyck et al., 2015). O carregamento imediato
requer alta estabilidade primaria (Rea et al., 2015) que pode ser medida pelo
valor do torque aplicado durante a instalacdo cirargica do implante (Barikani et
al., 2014; Shokri & Daraeighadikolaei, 2013). E sabido que a alta estabilidade
primaria diminui a micromovimentacdo dos implantes dentarios e melhora a
interface osso-implante (Alsaadi et al., 2007; Fanuscu et al., 2007; Irinakis &

Wiebe, 2009; Maeda et al., 2006). O controle de torque além de facil de aplicar



e € disponivel, tornando-se um excelente parametro clinico para esta
estabilidade. Valores maiores que 35 N.cm sdo considerados aceitiveis. Este
valor pode ser determinado durante a perfuracdo e fixacdo cirdrgica do
implante, por meio de um torquimetro pré-calibrado (Alsaadi et al., 2007;
Fanuscu et al, 2007; Maeda et al., 2006; Neugebauer et al., 2009).

A obtencdo de uma boa estabilidade priméria depende de alguns
fatores, como caracteristicas macrogeométricas, como formato de rosca e
didmetro, o uso de técnicas de compressao 6ssea, habilidade e experiéncia do
cirurgido ao identificar a densidade 6ssea para escolher brocas finais (Alsaadi
et al., 2007; Irinakis & Wiebe, 2009; Sakoh et al., 2006a; Trisi et al., 2009).
Quando estes fatores estdo presentes de maneira favoravel, situacdo nao
muito frequente, € possivel alcancar alta estabilidade, demandando altos niveis
de torque e tornando a instalagdo do implante dificil. Os adaptadores
convencionais usados para carregar o implante até o alvéolo de insercédo e
rosquear o implante tém sido gradativamente substituidos por adaptadores ou
chaves com conexdes internas diferentes. Estes sistemas utilizam do contato
interno com as paredes do implante ao invés de montadores para aplicar a
forca, o que simplifica o procedimento e diminui o custo do material. No
entanto, 0s mecanismos do sistema sempre atingirdo um limite de resisténcia,
e torgue excessivo pode causar danos a estrutura cervical do implante e a
conexao protética (Alsaadi et al., 2007; Sakoh et al., 2006b).

Diante das possiveis alteragbes micro e macrogeométricas nos
implantes dentais, este estudo analisou a hipétese que certo tipo de
modificacdo de superficie, quando aplicado a diferentes macrogeometrias de
implantes, pode resultar em padrées de rugosidade superficial diferentes,
mesmo se todas as modificacbes sédo produzidas pelo mesmo fabricante, e tal
superficie pode sofrer alteracdes no processo de instalagdo cirdrgica do
implante dental. Além disso, a aplicagdo de torque interno neste mesmo
processo de insercdo do implante pode resultar em danos geométricos na
conexao do tipo hexagono externo.

Assim, o objetivo deste estudo foi caracterizar a topografia de

superficie de trés implantes comercialmente disponiveis com diferentes



macrogeometrias, produzidos pelo mesmo fabricante, que tiveram suas
superficies modificadas pelo processo de jateamento e ataque acido. Esta
caracterizacdo incluiu parametros de altura, espaco e funcionalidade de
rugosidade e analisou o efeito da macrogeometria nestes parametros, antes e
apos o procedimento de insercédo 0ssea. Adicionalmente, objetivou-se avaliar in
vitro os niveis de deformacéo de conexfes hexagono externo de dois sistemas

diferentes submetidas ao torque interno.
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CAPITULO 1

EFFECT OF THE MACROGEOMETRY ON THE SURFACE TOPOGRAPHY
OF DENTAL IMPLANTS

Naves MM, Menezes HH, Magalhdes D, Ferreira JA, Ribeiro SF, de Mello JD,
Costa HL. Effect of Macrogeometry on the Surface Topography of Dental
Implants.

Int J Oral Maxillofac Implants. 2015 Jul-Aug;30(4):789-99.



Effect of Macrogeometry on the
Surface Topography of Dental Implants

Marina Melo Naves, MScl/Helder Henrique Machado Menezes, MSc2/
Denildo Magalhaes, PhD3/Jessica Afonso Ferreira, BS*/Sara Ferreira Ribeiro, BIng®/
José Daniel Biasoli de Mello, Dr Ing®/Henara Lillian Costa, PhD’

Purpose: Because the microtopography of titanium implants influences the biomaterial-tissue interaction,
surface microtexturing treatments are frequently used for dental implants. However, surface treatment alone
may not determine the final microtopography of a dental implant, which can also be influenced by the implant
macrogeometry. This work analyzed the effects on surface roughness parameters of the same treatment
applied by the same manufacturer to implants with differing macro-designs. Materials and Methods: Three
groups of titanium implants with different macro-designs were investigated using laser interferometry and
scanning electron microscopy. Relevant surface roughness parameters were calculated for different regions
of each implant. Two flat disks (treated and untreated) were also investigated for comparison. Results: The
tops of the threads and the nonthreaded regions of all implants had very similar roughness parameters,
independent of the geometry of the implant, which were also very similar to those of flat disks treated with
the same process. In contrast, the flanks and valleys of the threads presented larger irregularities (Sa) with
higher slopes (Sdq) and larger developed surface areas (Sdr) on all implants, particularly for implants with
threads with smaller heights. The flanks and valleys displayed stronger textures (Str), particularly on the
implants with threads with larger internal angles. Conclusion: Parameters associated with the height of the
irregularities (Sa), the slope of the asperities (Sdq), the presence of a surface texture (Str), and the developed
surface area of the irregularities (Sdr) were significantly affected by the macrogeometry of the implants. Flat
disks subjected to the same surface treatment as dental implants reproduced only the surface topography of
the flat regions of the implants. INT J ORAL MAXILLOFAC IMPLANTS 2015;30:789-799. doi: 10.11607/jomi.3934

Key words: dental implants, implant design, osseointegration, surface texturing, surface topography, titanium
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medical field, with success rates often exceeding 95%
over a number of years.>™* Yet, research and develop-
ment in the field of implant dentistry are frequently
focused on implant redesign (eg, topography, implant
surface, macro-design) to continue improving implant
success rates. Newer implant designs seek to address
situations that are prone to failure, such as jawbone
with low density or patients with systemic diseases
that compromise healing. Emerging new develop-
ments are based, for example, on modification of ei-
ther the chemical or the mechanical properties of an
implant. They are expected to improve the host tissue
response and to accelerate the healing process. Clini-
cal findings suggest that these changes, particularly in
implant surface design, have helped increase dental
implant success.’
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The series of coordinated events that includes cell
proliferation, transformation of osteoblasts, and bone
tissue formation might be affected by different sur-
face topographies.® The amount of bone-to-implant
contact (BIC) is an important determinant in the long-
term success of dental implants. Consequently, maxi-
mization of BIC and osseointegration has become a
goal of treatment, which apparently can be enhanced
by varying the roughness of the implant surface.” Eval-
uations have demonstrated that implants with rough
surfaces show better bone apposition and BIC than
implants with smooth surfaces.®® Surface roughness
also has a positive influence on cell migration and pro-
liferation, which in turn leads to better BIC, suggesting
that the microtopography of titanium implants influ-
ences the biomaterial-tissue interaction.'®

Precise quantification of an implant’s surface rough-
nessisnecessary toanalyze the effects ofits microtopog-
raphy on such outcomes as BIC and osseointegration. A
quantitative evaluation of surface topography can be
carried out using instruments with mechanical contact
methods (profilometry, atomic force microscopy) or
optical instruments (optical interferometry).'? Screw-
type implants contain threads with deep valleys, which
makes evaluation by contact profilometry difficult.’'
Although mechanical styluses often have a measuring
range in the vertical direction of several millimeters, it
may be impossible to reach the valley and flank areas
because of the size of the tip, the presence of the can-
tilever, and the small pitch height of the threads of a
dental implant. Atomic force microscopy can detect
changes in the range of a protein molecule size, but it
is limited to a small area, which may not be representa-
tive of the total implant area.’? Optical instruments'5/16
do not involve mechanical contact, but the results are
less reliable when surfaces with slopes greater than 15
degrees are measured.

After the implant’s surface is assessed, different pa-
rameters can be calculated to quantify its topography.
International Organization for Standardization (ISO)
guideline 42877 defines two-dimensional (2D) rough-
ness parameters, and 3D roughness parameters are
extrapolations of their 2D counterparts. Although 3D
roughness parameters have not yet been included in
the ISO standards, they are well known and described
in the literature,'8-20

For dental implants, several parameters should be
evaluated: three height parameters (arithmetic mean
roughness [Sa], peakedness of the topography height
distribution, also known as kurtosis [Sku], and skew-
ness of topography height distribution [Ssk]); one spa-
tial parameter (texture aspect ratio of the surface [Str]);
and two hybrid parameters (root-mean-square slope
of the surface [Sdq] and developed interfacial area ra-
tio [Sdr]).

790 Volume 30, Number 4, 2015

Changes in implant macrogeometry have also con-
tributed to implant success, directly affecting primary
stability.?’=2% Results in the literature?* suggest that the
insertion torque of conical implants is higher than that
of cylindric implants. This behavior can be attributed
to differences in thread shape, implant geometry, and
surface area. The thread geometry of conical implants
means that a larger surface area is in contact with the
host tissue.”® Thus, the best dental implant design
may be chosen for its placement in critical sites to im-
prove primary stability. Dental implant macro-design
features, particularly thread pattern and thread pitch,
can be responsible for differences in the amount of
bone surrounding the implant and in the degree of
bone apposition onto (for example) buttress threads
versus V-threads, and they may impact the success
of the establishment and/or maintenance of implant
osseointegration.28

It has been shown that surface roughness can vary
according to its location on the implant. Therefore, in
screw-type implants it is necessary to measure surface
topography in three regions of the threads: flank, top,
and bottom.,1227:28

Recently, Rosa et al?° showed that when the same
surface modification method is applied to titanium
implants produced by different manufacturers, the
final surface roughness can be significantly different.
Therefore, surface treatment alone cannot determine
the final surface topography of implants. However, the
authors did not analyze in detail the reason for this
difference.

This paper analyzes the hypothesis that a certain
type of surface modification, when applied to implants
with different macrogeometries, can result in different
surface roughness parameters, even if all implants and
modifications are produced by the same manufac-
turer. Particular attention must be paid to different re-
gions of the screw (bottom, top, and flank) because of
the different angles between the regions to be treated
and the source used to modify the surface, most often
a jet used for particle blasting.

Therefore, the aim of this study was to characterize
the surface topography of three commercially avail-
able titanium implants with different macrogeom-
etries, produced by the same manufacturer, which had
their surface modified by a process that includes sand-
blasting and acid etching. This characterization includ-
ed height, spacing, and functional surface roughness
parameters and assessed the effect of the macrogeom-
etry of the implants on those parameters. In addition,
for comparison, measurements were carried out on flat
disks that received the same surface treatment, since
in vitro studies to characterize cell growth as a function
of the surface treatment applied to an implant are typi-
cally carried out on flat disks.?®
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MATERIALS AND METHODS

Description of the Samples

This study investigated three groups (Alvim, Drive,
and Titamax EX) of bone-compacting, commercially
pure (grade 4) titanium implants produced by the
same company (Neodent). Compacting-type implants
were chosen because they present a conical or hy-
brid design, where the apical region is narrower than
the cervical region. All implants featured a Morse ta-
per connection and had a diameter of 3.5 mm and a
length of 13 mm. However, they presented different
macrogeometries, as shown in Fig 1. Three samples of
each implant type were assessed.

The surface modification applied to allimplants was
identical and was a trademark of the company (Neo-
poros, Neodent). The surface modification method
consists of, first, blasting using abrasive particles with
automated control of the velocity, direction, pressure,
and size of particles. In sequence, aluminum oxide par-
ticles of controlled size create craters on the surface of
the implant. Finally, acid etching is used to ensure uni-
form surface topography.

For comparison, two types of flat disks were also
prepared by Neodent. The disks were 6 mm in diam-
eter and 2 mm high. The first flat disk received the same
Neoporos surface treatment to determine whether the
treatment applied to the flat surfaces was the same as
when it was applied to surfaces with different geom-
etries. The second was a disk with a smooth surface ob-
tained by conventional polishing. This was measured
to verify whether any region of any implant would have
surface roughness parameters identical to those of the
smooth disk, which would indicate that the region was
not affected at all by the surface treatment applied.

Surface Characterization
Laser interferometry and scanning electron micros-
copy (SEM) were used for surface characterization of
the implants and disks. A 3D laser interferometer (UBM
MESSTECHNIK MicroFocus) was used to assess the sur-
face topography of the dental implants. Measurement
densities of 1,000 X 1,000 points were used. The mea-
suring rate was 300 points/s, and continuous measure-
ment mode was used. The measurement area (0.8 X
0.4 mm) was chosen so that it could include at least
one thread for all the regions without losing focus.
Because the implants featured complex macroge-
ometry, different areas were measured for each im-
plant, as exemplified in Fig 2. There were 11 samples:
three Drive implants, three Alvim implants, three Tita-
max EX implants, one Neoporos disk, and one smooth
disk. Each implant was divided into three regions (cer-
vical [1], middle body [2], and apical [3]) (Fig 2a). In ad-
dition, the nonthreaded area of each implant was also

a b ; c

Fig 1 Macrogeometry of each implant tested. (a) Drive, (b) Al-
vim, (c) Titamax EX.

Middle

Cervical body

Apical

Fig 2c Areas analyzed in regions
1, 2, and 3.

Fig 2b Region of analysis
of the disks.

measured [4]. Then, for each region (cervical, middle
body, and apical), three consecutive thread tops, three
consecutive thread valleys, and three consecutive
thread flanks were measured separately (Fig 2¢). Three
regions with the same dimensions (0.8 X 0.4 mm) in
the nonthreaded area were also measured, for a total
of 30 measurements per implant.

For the flat disks, three regions with dimensions of
0.8 X 0.4 mm were randomly chosen on the top of the
disk surface (Fig 2b).

Surface topography characterization consists of
three components: form, waviness, and roughness.
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Table 1 Macrogeometric Measurements of

the Implants

oy oy h

Implant/region (deg) (deg) (pm)
Drive

Region 1 45.0 66.0 104

Region 2 46.3 385 149

Region 3 5213 43.5 157

Mean 48.6 137
Alvim

Region 1 373 27.2 223

Region 2 43.9 43.5 184

Region 3 59.4 37.1 138

Mean 41.4 182
Titamax EX

Region 1 18.8 17.4 212

Region 2 35.8 33.2 238

Region 3 29.0 43.6 162

Mean 29.6 204

For topographic evaluation, it is necessary to separate
these components using filters. After form removal,
a filtering process separated waviness and surface
roughness. It used a 50- X 50-um Gaussian filter, ac-
cording to ISO 11562 recommendations.3°

To characterize the macrogeometry of the implants,
profiles of the threads were selected after form removal
(Fig 3). MountainsMap software (Digital Surf) was used
for this purpose, and it also provided visual 2D and 3D
images of the surfaces and numeric descriptions of
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their surface roughness parameters. Vertical heights
(Fig 3a) and angles (Fig 3b) of the threads were mea-
sured to quantify the macrogeometry of each implant.
When the geometry of the thread was complex, the
software MB Ruler (Markus Bader MB Software Solu-
tions) was used to calculate the angles (Fig 3c).

The numeric description of the surface roughness
of the implants in the different regions of the threads
and in the flat regions of the implants and disks used
the following roughness parameters: Sa, Ssk, Sku, Str,
Sdq, and Sdr, as suggested by Wennerberg and Al-
brektsson.'? Mathematic descriptions of those param-
eters can be found in Stout et al.'®

SEM imaging of the tops, flanks, and valleys of the
threads; of the unthreaded areas for the implants; and
of the flat disks was carried out to provide a qualitative
analysis of the surfaces (EVO MA 10, Carl Zeiss) under
different magnifications and an acceleration voltage of
15 kV.

Statistical Analysis

Statistical analysis at a 95% level of significance was
performed via analysis of variance using a factorial
scheme with one additional treatment (the nonthread-
ed areas of each implant) and one control treatment
(the sandblasted acid-etched flat titanium disks). The
factors used were the regions (1, 2, 3, and 4), the areas
(top, flank, and valley) and the macrogeometries of the
implants. After the normality of the data distribution
was verified, the Scott-Knott test3! was used to com-
pare factorial treatment means, and the Dunnett and
Tamhane test3? was used to compare the control treat-
ment with the other factorial treatments.
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Fig 4 SEM images of the implants.
(a) Drive, general view; (b) Alvim, gen-
eral view; (c) Titamax EX, general view;
(d) Drive, top; (e) Alvim, top; (f) Tita-
max EX, top; (g) Drive, flank; (h) Alvim,
flank; (i) Titamax EX, flank; (j) Drive,
valley; (k) Alvim, valley; (/) Titamax EX,
valley; (m) zoom showing a typical top;
(n) Neoporos flat disk; (0) smooth flat
disk. White lines delimit the areas of
interest, and arrows indicate direction
of texture.

RESULTS

Table 1 presents the values for the parameters used to
characterize the threads in the three different regions
of each implant. Some variation in the angles and
heights between the different regions of the same im-
plant was apparent. The Drive implant tended to pres-
ent threads with smaller heights, whereas the implant
Titamax EX tended to present threads with smaller ex-
ternal angles.

The top row of Fig 4 shows global images of all the
implants at low magnifications. When the tops of the
threads were viewed under high magnification, the
morphology of all implants appeared very similar.
When intermediate magnifications (additional rows)
were used to investigate individually each part of the
threads (top, flank, valley), some directionality was
seen for all the flanks (third row, g, h, and i) and for most
valleys (fourth row, j and k). Arrows were added to the
images to indicate the direction of texture, and lines
were added to limit the region under discussion. Also,
those regions appeared rougher than the tops (d, e,

and f). The morphology of the Neoporos flat disk un-
der high magnification (n) was similar to that observed
for the tops of the threads (m). On the other hand, the
morphology of the smooth disk (0) was very different
from those of both the Neoporos flat disk and any re-
gion of the implants.

Figure 5 shows 3D maps of the different regions
measured on the Drive dental implant after the removal
of form and waviness. This figure emphasizes the differ-
ences in the morphology of the surfaces between re-
gions 1, 2, and 3 of the implant (compare horizontally)
and between the top, flank, and valley of each region
(compare vertically). Similar differences were observed
for the Alvim dental implant (Fig 6) and the Titamax EX
dental implant (Fig 7). Figure 8 presents 3D maps for
the flat disks with both treated and smooth surfaces.

The mean values + standard deviations of the sur-
face roughness parameters (Sa, Ssk, Sku, Str, Sdq, and
Sdr) were averaged along regions 1, 2, and 3 of each
type of dental implant and are shown in Table 2. This
table also shows mean values of the surface rough-
ness parameters for the nonthreaded regions of each
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Fig 5 Three-dimensional interferometric maps for Drive implant. (a) D1_t = region 1, top; (b) D2_t = region 2, top; (c) D3_t = region
3, top; (d) D1_f = region 1, flank; (e) D2_f = region 2, flank; (f) D3_f = region 3, flank; (g) D1_v - region 1, valley; (h) D2_v = region 2,

valley; (i) D3_v = region 3, valley.

Fig 6 Three-dimensional interferometric maps for Alvim implant. (a) A1_t = region 1, top; (b) A2_t = region 2, top; (c) A3_t = region
3, top; (d) A1_f = region 1, flank; (e) A2_f = region 2, flank; (f) A3_f = region 3, flank; (g) A1_v = region 1, valley; (h) A2_v = region 2,

valley; (i) A3_v = region 3, valley.

implant and disk. Table 2 shows that for the non-
threaded regions and the tops of the threads, the aver-
age height deviation (Sa) was very similar between the
different implant designs. Moreover, the values of the
Neoporos flat disk and the tops of the threads (ie, non-
threaded areas) were very similar. On the other hand,
all the flanks and valleys presented higher values for
Sa than the nonthreaded regions and the tops of the
threads. Another important observation is that, for the
valleys and flanks of the threads, the dental implant
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macrogeometry had a strong effect on Sa. Finally, the
values of Sa for the smooth disks were smaller than for
all regions of all implants.

The parameters associated with the distribution of
the heights of the deviations are Ssk and Sku. All the
regions of all implants showed Ssk values close to 0
and values of Sku close to 3. Also, no significant dif-
ference between the values of Ssk and Sku for differ-
ent implants and different regions was found from the
statistical analysis.



Naves et al

Fig 7 Three-dimensional interferometric maps for Titamax EX implant. (a) T1_t = region 1, top; (b) T2_t = region 2, top; (c) T3_t
= region 3, top; (d) T1_f = region 1, flank; (e) T2_f = region 2, flank; (f) T3_f = region 3, flank; (g) T1_v = region 1, valley; (h) T2_v =

region 2, valley; (i) T3_v = region 3, valley.

Fig 8 Three-dimensional interferometric
maps for the titanium flat disks. (@) N_d =
Neoporos disk; (b) S_d = smooth disk.

To quantify texture strength, ie, the uniformity of
the texture, the parameter Str, which assesses the tex-
ture aspect ratio of the surfaces, was measured, and
the results are shown in Table 2. All implants showed
smaller values for Str in the flanks and valleys of the
threads than the tops, which suggests a stronger direc-
tionality. These values corroborate the visual images
provided by the 3D maps (Fig 6). One exception is the
valleys of the threads for Titamax EX implants, which
showed Str values similar to those at the tops of the
threads, which confirms the visual indication of more
uniform textures in these regions when compared
with the flanks.

The values of Sdq, which represent the root-mean-
square values of the slopes of the asperities, are also
shown in Table 2. The tops of the threads and the non-
threaded regions showed similarities in this parameter,
independent of the macrogeometry of the implant.
The flanks and valleys of the threads showed asperities
that are more inclined. The largest and most scattered
values for Sdq were found for the flanks and valleys of
the Drive implant.

The values of Sdr were higher for the flanks and
valleys, and the largest and most scattered Sdr values
were seen for the Drive implant.

The results shown in Table 2 show the average re-
sults of the surface roughness parameters for regions
1,2, and 3 distinguished according to macrogeometry
(Alvim, Drive, Titamax EX) and the portion of the thread
(top, flank, or valley). The parameters associated with
the distribution of the heights of the asperities (Ssk
and Sku) were not significantly different, independent
of the geometry of the implant, of the region within
each implant, and of the portion of the thread (top,
flank, or valley). For all other parameters, the differenc-
es between the geometry and between the portion
of the thread (top, flank, valley) were more significant
than the differences between regions, as exemplified
in Tables 3 and 4 for the parameters Sa and Sdq.

The factorial analyses shown in Tables 3 and 4 used
the regions of analysis of the implants (1: cervical, 2:
middle body, 3: apical) as Factor A; the portion of the
thread (1: flank, 2: valley, 3: top) as Factor B; and the
implant designs (1: Alvim, 2: Drive, 3: Titamax EX) as
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Surface Roughness Parameters at Four Different Sites on Commercial Screw-type Implants

Nonthreaded
area Total Neoporos disk Smooth disk
0.25 + 0.02%a 0.81 + 0.64% 0.28 + 0.017F 0.15 + 0.01P8
0.26 + 0.03%2 0.47 £ 0.23"
0.27 £0.01%2 0,43 +0:21F
0.32:4 0,024 1.03 +£ 0.83" 0.35 + 0.01Af 0.18 + 0.0208
0.33 + 0.044a 0.60 + 0.29"
0.35 +0.01%  0.56 +0.27f
0.18 £ 0.16* 0.03 + 0.33 0.04 + 0.03" -0.06 £ 0.238
-0.01 + 0.16* -0.03 + 0.28"
-0.13 £ 0.18* -0.01 + 0.341
8i334 0.32* 3.36 + 0.72f 3.51+0.27t 3.18 + 0.647
3.42 £ 0.28* 3.43 + 0.667
3.50 4 0.36* 3.61+0.77F
0.19 + 0.08%a 0.15 + 0.11F 0.14 + 0.02A1 0.07 + 0.0188
0.18 + 0.03*  0.12 + 0.06"
0.17 + 0.05%a 0.14 + 0.06"
0.41 + 0.05%a 1.26 + 1.007 0.47 + 0.007 0.24 + 0.02P8
0.45 + 0.06%  0.80 + 0.38f
0.48 + 0.02%2 0.78 + 0.39F
7.97 + 1.66"2 56.33 £ 60.86" 10.08 + 0.24A* 2.87 + 0.5208
9.40 + 2.10% 26.84 + 20.11F

Table 2
and Flat Disks Obtained Using Laser Interferometry
Top Flank Valley

Sa

Drive 0.24 +0.04% 1154+ 0.4582 1,23 + 0.6782
Alvim 0.26 + 0.04%2  0.69 +0.138>  0.54 + 0.2
Titamax EX  0.28 £ 0.02%2  0.73 + 0.14%°  0.33 + 0.04A°
Sq

Drive 0.31+0.05% 1.45+0.5782 1.58 + 0.9082
Alvim 0.34 £0.06*" 0.86+0.168°  0.69 + 0.27¢
Titamax EX  0.36 + 0.02%2  0.95+ 0.138°  0.43 + 0.05
Ssk

Drive 0.06 £ 0.16* -0.01 + 0.40* -0.01 + 0.41*
Alvim -0.01 +0.20*% -0.07 + 0.27* —-0.01 + 0.38*
Titamax EX —-0.08 + 0.17*  0.13 £ 0.48* -0.03 + 0.28%*
Sku

Drive 3.47£0.53*  3.31+0.73*  3.31+0.92*
Alvim 3.66 + 0.55*  3.04+0.53* 3.58+0.77*
Titamax EX  3.67 + 0.48*  3.46 + 1.15%  3.75+ 0.58*
Str

Drive 0.23+0.08% 0.11+0.1482 (.09 + 0.0282
Alvim 0.18 £ 0.07*  0.09 + 0.0282  0.09 + 0.0382
Titamax EX  0.18 + 0.04%  0.08 £ 0.0182  0.14 + 0.04°P
Sdq

Drive 0.40 £ 0.09%  1.74+0.6182 1,91+ 1.1382
Alvim 0.45+0.09%  1.16 + 0.258° (.91 + 0.34CP
Titamax EX 0.50 + 0.03*  1.34 + 0.198°  0.61 + 0.08"°
Sdr

Drive 7.66 + 3.07*° 81.86 + 40.158 95,58 + 73.36C2
Alvim 9.62 +3.49% 45.84 + 15.398 30.85 + 17.93%
Titamax EX 11.15 + 1.394% 56,03 + 11.008 15.91 + 3.49A

10.30 + 0.79%@

25.96 + 20.80F

Mean values + standard deviations shown.
Different uppercase letters indicate significant differences in rows; different lowercase letters indicate significant differences in vertical columns;
Scott-Knott and Dunett honestly significant difference tests (P < .05). Different symbols represent significant differences between total results for
each implant design and disks (comparison in lines and rows within the same rough parameter). *No statistically significant differences.

Factor C. For the values of Sa, shown in Table 3, there
was no difference between the tops of the implants for
all regions analyzed (compare AB; X C.). When the
differences between the regions cervical (A,), middle
(A,), and apical (A;) were compared, only the implant
Drive (C,) showed differences between the regions 1,
2,and 3 in the flanks (compare A,B; X C,) and the val-
leys (compare A,B, X C,). The different portions of the
threads (B,: flank, B,: valley, B,: top) were compared,
and the valleys of the implant Drive (C,) were always
significantly rougher than the valleys in the other two
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implants (C; and C;) (compare A;B, X C,). The flanks of
the implant Drive (C,) were also always rougher than
the flanks in the other two implants (C; and C;), ex-
cept for the cervical region (A;) (compare A,B; X C,).
Similar comparisons were done for the parameters
Sdqg and Sdr, as exemplified in Table 4 for Sdq. Differ-
ences between Str measurements were not significant.
Therefore, the statistical analysis confirms that the de-
sign of the implant and the position in the thread (top,
flank, valley) have the strongest influences on surface
topography.
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DISCUSSION

Modifications of implant surface topography and
chemistry may alter the early bone response at dif-
ferent levels. By comparing micro-rough surfaces to a
polished surface, Hempel et al*3 concluded that overall
surface roughness, not only physicochemical proper-
ties, has a pronounced effect on osteoblast morphol-
ogy, proliferation, and differentiation, although Vroom
et al** found, after 12 years of follow-up, no clinical
differences between turned and rough implants for ei-
ther soft or hard tissue parameters.

According to Albrektsson and Wennerberg,®® im-
plants can be divided into four different categories de-
pending on surface roughness: smooth (Sa < 0.5 um),
minimally rough (Sa between 0.5 and 1.0 um), moder-
ately rough (Sa between 1.0 and 2.0 um), and rough (Sa
> 2.0 um). Some studies suggest that an ideal surface
should show values of Sa between 1.0 and 2.0 pm.35-38
In the current study, the majority of the implants pre-
sented values of Sa below 1.0 um (minimally rough).
One exception was the Drive implant, which presented
Sa values in the flank and valley regions of 1.15 + 0.45
and 1.23 £ 0.67, respectively, but the high standard
deviations indicate that there were large differences
between samples.

In terms of the topography of the valleys and flanks
of the threads, the dental implant macrogeometry had
a strong effect on Sa. Drive and Titamax EX implants
have V-threads, and Alvim implants have buttress
threads. The Drive implant tended to present threads
with smaller heights, whereas the Titamax EX tended
to present threads with smaller external angles. Im-
plants with V-threads present better BIC than buttress-
thread implants.?® The results obtained in this study
might suggest that such differences could be associ-
ated with the rougher surfaces produced on the flanks
and valleys of V-thread implants.

The values of Sa for the smooth disks were smaller
than for all regions of all implants, confirming that the
surface topography of the implants was modified in all
regions by the Neoporos surface treatment.

The asymmetry of the distribution of the irregulari-
ties (Ssk) was low, independent of the macrogeometry
of the implant. Since all the regions of all implants
showed Ssk values close to zero, no predominance of
peaks or valleys was observed in any region of any im-
plant. A perfectly symmetric distribution of peaks and
valleys would result in Ssk values equal to 0. It must
be pointed out that the mean values might suggest
a slight predominance of peaks in the nonthreaded
region of the Drive implant (Ssk > 0) and a slight pre-
dominance of valleys in the nonthreaded region of the
Titamax EXimplant (Ssk < 0). However, these values can
still be considered too small to represent any relevant

Table 3 Mean Values of Sq and Results of

Factorial Analysis

Cn

AB,, Gy c, Cs

A,B, 0.9076"a 0.99274d 0.9020%
A,B, 0.852882 2.38444a 0.4269¢°
A,B, 0.34474° 0.3296"¢ 0.34824
A,B, 0.91438a 1.48441 1.021288
A,B, 0.518180 1.1881M 0.44968°
A,B, 0.3410%° 0.2830% 0.3614%°
AB, 0.762882 1.87114° 0.929782
AsB, 0.684882 1.1773M 0.40318°
AsBs, 0.31974° 0.3029% 0.36644

A = the region of analysis (A;: cervical, A,: middle, A;: apical); B = the
portion of the thread (B;: flank, B,: valley, Bs: top); C = the implant
design (C4: Alvim, C,: Drive, C: Titamax EX).

Different lowercase letters in vertical columns indicate significant
differences; different uppercase letters in horizontal rows indicate
significant differences (Scott-Knott test, P < .05).

Table 4 Mean Values of Sdq and Results of

Factorial Analysis

AB,, . c, c.

A.B, 1.2076% 1.30500 1.2893%
A.B, 1.099782 2.9578% 0.6218%
A.B, 0.4786° 0.4359¢ 0.4887%
A,B, 1.180282 1.7523%¢ 1.43568
A,B, 0.727280 1.38114 0.632280
A,Bs 0.45214 0.3602%¢ 0.4932%0
AsB, 1.079882 2.1500% 1.288088
AsB, 0.888382 1.4049A 0.567480
AsBs 0.4331 0.3930%¢ 0.5078

A = the region of analysis (A,: cervical, A,: middle, A;: apical); B = the
portion of the thread (B;: flank, By,: valley, Bj: top); C = the implant
design (C,: Alvim, C,: Drive, Cj: Titamax EX).

Different lowercase letters in vertical columns indicate significant
differences; different uppercase letters in horizontal rows indicate
significant differences (Scott-Knott test; P < .05).

asymmetry.2° Similarly, the mean values for Sku were
close to 3 in all regions of all the implants. Values of
Sku close to 3, presented in conjunction with Ssk val-
ues close to 0, confirm that the topography height dis-
tribution approaches normality, independent of either
the implant macrogeometry or the implant region.

An important visual feature that emerges from the
3D topographic maps shown in Figs 5 to 7 is that some
regions of the examined implants presented a stron-
ger texture. In general, the flanks showed features re-
sembling parallel grooves oriented in one direction,
the tops showed no directionality of the asperities,
and the valleys showed an intermediate behavior. The
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parameter Str, which measures the texture aspect ratio
of the surfaces, is by definition between 0 and 1. Larger
values, say Str > 0.5, indicate a uniform texture in all
directions, ie, no defined lay (isotropy). Smaller values
indicate an increasingly strong directional structure or
lay (anisotropy).'8

To summarize the results, it was verified that ap-
plication of the same surface treatment to different
implants nevertheless resulted in differences in their
surface roughness parameters, depending particularly
on the geometric design of the implant and on the re-
gion of the thread within each implant.

Itis known that the blasting variables, such as blast-
ing media size, velocity, and surface coverage, can
produce different surface topography features3? In
the present study, for all the implants, the flanks and
valleys of the threads presented higher and steeper
asperities than the tops of threads and the nonthread-
ed regions. This may suggest that the angles of the
threads cause abrasive particles to rebounce to/from
flanks and valleys, increasing the severity of material
displacement and/or removal from the surface. These
effects were more relevant for the Drive implant, which
featured threads with smaller heights, for which the in-
teraction from the particles hitting the flanks and val-
leys was probably more intense.

Moreover, the flanks presented stronger textures,
particularly for the implants with threads with larger
internal angles (Drive and Alvim). This may suggest
that, when the abrasive particles that are used to treat
the surfaces impinge the flanks of the threads, the
slope between the thread and the incident particles
leads to their preferential attack at certain angles. Simi-
lar effects were found at the valleys of the threads with
larger internal angles (Drive and Alvim), but not for the
Titamax EX implant, which presents less steep threads.
This suggests that the particles with a preferential at-
tack angle at the flank of the threads still act on the
valleys, mainly when the threads are steep.

The present study only characterized the surface
topography of the implants using laser interferometry
and SEM. Differences in surface topography were seen,
depending on the region and macrogeometry of the
implant. It is expected that these differences in surface
topography could result in differences in cell prolifera-
tion at different regions of an implant. This is an impor-
tant hypothesis to investigate and requires in vitro cell
proliferation studies. The present study showed that
flat disks subjected to the same surface treatment as
dental implants do not represent the surface topogra-
phy of all regions of that implant, but only the regions
that have a similar angle between the surface and the
abrasive particles. Therefore, in vitro studies might ex-
amine commercially available implants in addition to
flat disks to detect possible differences.
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Interestingly, a recent in vitro study investigated
cell adhesion and proliferation directly onto titanium
screws that had been coated with zirconium nitride by
physical vapor deposition.? Although not emphasized
by the authors, the results suggested that cell growth
was much less intense on the tops than on the flanks
and valleys of the screws.

Cell growth studies using both screws and flat disks
to examine the surface treatment used in this study,
as well as other surface treatments, are currently
in progress.

CONCLUSIONS

The results shown in this paper provide evidence that
the macrogeometry of dental implants, which consists
of threaded regions with particular thread angles and
heights, has a significant effect on their surface topog-
raphy parameters. Therefore, knowledge of the type
of surface finish applied to dental implants is not suf-
ficient to characterize their final surface topography.

The macrogeometry of the implants did not influ-
ence parameters associated with the distribution of
the heights of the irregularities (skewness and kurto-
sis). On the other hand, parameters associated with the
height of the irregularities (arithmetical mean rough-
ness), the slope of the asperities (root-mean-square
slope), the presence of a surface texture (texture as-
pect ratio), and the developed surface area of the ir-
regularities (interfacial area ratio) were significantly
affected by the geometry of the implants.

Flat disks subjected to the same surface treatment
applied to a dental implant do not represent the sur-
face topography of all regions of that implant, but only
those regions that have a similar angle between the
surface and the abrasive particles.
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Purpose: Surface treatment alone may not determine the final microtopography
of a dental implant, which can be influenced by the implant design and implant
insertion procedure into bone. This work analyzed the effects of implant
insertion into bone on surface roughness parameters for the same treatment
applied by the same manufacturer for implants with differing macro-designs.
Materials and Methods: Three groups of titanium implants with different macro-
designs were investigated using laser interferometry and scanning electron
microscopy. Relevant surface roughness parameters were calculated for
different regions of each implant before (B) and after (A) insertion into pork ribs.
Results: The tops of the threads of all B implants had very similar roughness
parameters, independent of the geometry of the implant, and after bone
insertion, this was the region that presented significant alterations. In contrast,
the flanks and valleys of the threads presented higher irregularities (Sa) with
greater slopes (Sdq) than the tops on all B implants, particularly for implants
containing threads with smaller heights. The flanks and valleys displayed
stronger textures (Str) than the tops, particularly on the implants with threads
with larger internal angles. Conclusions: This preliminary study demonstrated
surface damage of the implants after implant installation process by the

changes observed on roughness parameters, affected by the macrogeometry.

Key words: dental implants, implant design, osseointegration, surface

texturing, surface topography, titanium
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1. Introduction

The rehabilitation of the odontostomatognathic system by surgical and
prosthetic techniques is frequently allowed by dental implants. The long-term
success of the implant is determined by several factors (1-3) among which
osseointegration (4-6) plays a dominant role as pointed out early in the 1970s
by Branemark (7-9). In addition to biocompatible chemistry of the material, the
surface morphology of the implant is important for both primary stability and
long-term bone integration (10-15). Research and development in the field of
implant dentistry are frequently focused on implant redesign (eg, topography,
implant surface, macro-design) to continue improving implant success rates.
Newer implant designs seek to address situations that are prone to failure, such
as jawbone with low density or patients with systemic diseases that compromise
healing, and to reduce bone trauma and prosthetic fractures especially when an
immediate load is applied. Emerging new developments are based, for
example, on modification of either the chemical or the mechanical properties of
an implant. They are expected to improve the host tissue response and to
accelerate the healing process, allowing the best coupling to bone tissue.
(4,16).

The amount of bone-to-implant contact (BIC) is an important determinant
in the long-term success of dental implants. Consequently, maximization of BIC
and osseointegration has become a goal of treatment, which apparently can be
enhanced by varying the roughness of the implant surface (17). Evaluations
have demonstrated that implants with rough surfaces show better bone

apposition and BIC than implants with smooth surfaces (18, 19). Surface
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roughness also has a positive influence on cell migration and proliferation,
which in turn leads to better BIC, suggesting that the microtopography of
titanium implants influences the biomaterial-tissue interaction (20, 21). Precise
quantification of an implant’s surface roughness is necessary to analyze the
effects of its microtopography on such outcomes as BIC and osseointegration.

A quantitative evaluation of surface topography can be carried out using
instruments with mechanical contact methods (perfilometry, atomic force
microscopy) or optical instruments (optical interferometry) (22). Screw-type
implants contain threads with deep valleys, which makes evaluation by optical
interferometry better (23, 24). After the implant’s surface is assessed, different
parameters (two-dimensional - 2D roughness parameters and three-
dimensional - 3D roughness parameters) can be calculated to quantify its
topography (25-27).

For dental implants, several parameters should be evaluated: three
height parameters (arithmetic mean roughness [Sa], peakedness of the
topography height distribution, also known as kurtosis [Sku], and skewness of
topography height distribution [Ssk]); one spatial parameter (texture aspect ratio
of the surface [Str]); and one hybrid parameter (root-mean-square slope of the
surface [Sdq])).

Changes in implant macrogeometry have also contributed to implant
success, directly affecting primary stability (28-30). Results in the literature (31)
suggest that the insertion torque of conical implants is higher than that of
cylindric implants. This behavior can be attributed to differences in thread

shape, implant geometry, and surface area. The thread geometry of conical
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implants means that a larger surface area is in contact with the host tissue (32).
Thus, the best dental implant design may be chosen for its placement in critical
sites to improve primary stability. Dental implant macro-design features,
particularly thread pattern and thread pitch, can be responsible for differences in
the amount of bone surrounding the implant and in the degree of bone
apposition, and they may impact the success of the establishment and/or
maintenance of implant osseointegration (33).

It has been shown that surface roughness can vary according to its
location on the implant, and the flat disks do not represent the implant surface
(34). Therefore, in screw-type implants it is necessary to measure suface
topography in three regions of the threads: flank, top, and bottom (22, 35, 36).
Although this characterization is well defined, it is unclear whether the
increasingly complex surface features found on modern dental implants are
retained after bone insertion.

During placement of osseointegrated implants, the insertion torque may
result in varied levels of compressive stresses transmitted to the adjacent bone,
given that the implant bed is slightly narrower than the diameter of the implant
to be placed in order to optimize primary stabilization (37, 38). Clinical studies
have demonstrated a close relationship between initial stabilization and the
success of an osseointegrated implant (39-41), which can be measured by the
insertion torque during implant placement (40). The insertion torque must
exceed 30 N.cm to obtain predictable success rates (40), aiming to avoid
implant micromovement and consequent connective tissue formation (41).

However, an excessively high insertion torque, above 50 N.cm (42), can occur
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during dense bone implant placement (40, 43), resulting in the transmission of
high compressive stresses to the adjacent bone, in addition to compromising
osseointegration success (44).

The understanding of the effect of insertion torque that can be used
during implant placement, without causing excessive stress in the bone tissue,
is decisive for the success of implant osseointegration, since this procedure do
not change topography. A few studies (45-47) demonstrated that shearing
forces during the insertion procedure alters the surface of dental implants.

However, considering the lack of studies associating surface
characteristics to its maintenance during implant placement and the unclear
methodology to analyze this procedure related to implant design, this paper
analyzes the hypothesis that a certain type of surface modification, when
applied to implants with different macrogeometries, can result in different
surface roughness parameters, and the effect of insertion torque used during
implant placement can change topography.

Therefore, the aim of this study was to characterize the surface
topography of three commercially available titanium implants with different
macrogeometries, produced by the same manufacturer, which had their surface
modified by a process that includes sandblasting and acid etching. In addition, it
was evaluated the influence of implant placement on surface topography in
cortical and cancellous bones on its surface topography was evaluated. The
applicability of the methodology for morphological characterization of implants

before and after implantation was also tested.
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2. Materials and methods

2.1. Description of the Samples

This study investigated three groups (Drive, Alvim, and Titamax EX) of
bone-compacting, commercially pure (grade 4) titanium implants produced by
the same company (Neodent). Compacting-type implants were chosen because
they present a conical or hybrid design, where the apical region is narrower
than the cervical region. All implants featured a Morse taper connection and had
a diameter of 3.5 mm and a length of 13 mm. However, they presented with
different macrogeometries, as shown in Fig 1 (34). Three samples of each
implant type were assessed before (B) and other three samples were assessed

after (A) implant placement in pork ribs.

Figure 1. Implant macrogeometries. (a) Drive; (b) Alvim; (c) Titamax EX.

The surface modification applied to all implants was identical and was a
trademark of the company (Neoporos, Neodent). The surface modification
method, sand blasted acid etching (SBAE) consists of, first, blasting using

abrasive particles with automated control of the velocity, direction, pressure,
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and size of particles. In sequence, the aluminum oxide particles of controlled
size create craters on the surface of the implant. Finally, acid etching is used to

ensure uniform surface topography.

2.2. Implant placement into pork ribs

Fresh pork ribs were prepared and used as experimental model. Three
implants of each design (n=9) was inserted into fresh porcine ribs (D3 quality)
(48), with 15 mm height and 150 mm length. Considering that the pigs were not
sacrificed for research matters, this study did not have the necessity of ethical
animal committee approval (49, 50). The ribs were fixed on a clamp with
manual adjustment. The insertion of the dental implants were made according
to manufacturer instructions, up to 13mm depth (Fig. 2A, 2B). The distance
between each implant was 20 mm. The implant fixture was inserted using a
dynamometric driver set to maximum 60 Ncm torque. Computed tomography
(CT) was used to verify the exact position of each screw (Fig. 2C, 2D, 2E, 2F,
2G). After insertion, the implant was removed using lateral cutting of bone with
piezoelectric instrument, taking care not to affect the sample surfaces, i.e. the

removal procedure did not damage the implant surface.
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Figure 2. (a) Pork rib. (b) Pork rib of Drive implants sectioned. (c, d) transversal
CT of Titamax EX implants. (e, f, g) axial CT of pork rib with Titamax EX

implants.

The implants were cleaned from osseous matter by submerging them
into a glass tube in purified water (30 minutes) and acetone (10 minutes) to
remove residual bone debris from the surface, as suggested by Senna et al.
(47). Acetone is an organic solvent known to be nonreactive to titanium and

ceramics and commonly used to remove contaminants from titanium implants.
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2.3. Surface Characterization

Laser interferometry and scanning electron microscopy (SEM) were used
for surface characterization of the implants. A 3D laser interferometer (UBM
MESSTECHNIK MicroFocus) was used to assess the surface topography of the
dental implants. Measurement densities of 1,000 x 1,000 points were used. The
measuring rate was 300 points/s and continuous measurement mode was used.
The measurement area (0.8 x 0.4 mm) was chosen so that it could include at
least one thread for all the regions without losing focus (34).

Because the implants featured complex macrogeometry, different areas
were measured for each implant, as exemplified in Fig 3. There were 18
samples: six Drive implants, six Alvim implants, six Titamax EX implants, all
finished by sand blasting acid etching (SBAE). Each implant was divided into
three regions (cervical [1], middle body [2], and apical [3]) (Fig 3a). Then, for
each region (cervical, middle body, and apical), three consecutive thread tops,
three consecutive thread valleys, and three consecutive thread flanks were
measured separately (Fig 3b) with dimensions (0.8 x 0.4 mm), for a total of 27

measurements per implant.

Cervical Middle

Figure 3. (a) Regions of analysis of the implants. (b) Analysed areas of regions 1, 2

and 3.
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Surface topography characterization consists of three components: form,
waviness, and roughness. For topographic evaluation, it is necessary to
separate these components using filters. After form removal, a filtering process
separated waviness and surface roughness. It used a 50 x 50um Gaussian
filter, according to ISO 11562 (51) recommendations. To characterize the
macrogeometry of the implants, profiles of the threads were selected after form
removal (Fig 4). MountainsMap software (Digital Surf) was used for this
purpose, and it also provided visual 2D and 3D images of the surfaces and
numeric descriptions of their surface roughness parameters. Vertical heights
(Fig 4a) and angles (Fig 4b) of the threads were measured to quantify the
macrogeometry of the each implant (34). When the geometry of the thread was
complex, the software MB Ruler (Markus Bader MB-Software solutions,
Iffezheim, Germany) was used to calculate the angles (Fig 4c).

(a)

T
3

a e o

o &6 o o6

\

-------
\ 4

(b) frmasir, > . (c)
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Figure 4. Parameters measured to characterize the macrogeometry of the implants. (a)
Thread height. (b) Thread angles. (c) Scheme for angle measurement in threads with

complex shape (34)
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The numeric description of the surface roughness of the implants in the
different regions of the threads used the following roughness parameters: Sa,
Ssk, Sku, Str and Sdq, as suggested by Wennerberg and Albrektsson (22).
Mathematic descriptions of those parameters can be found in Stout et al. (25).
SEM imaging of the tops, flanks, and valleys of the threads, was carried out
before and after implantation to provide a qualitative analysis of the surfaces
(EVO MA 10, Carl Zeiss) under different magnifications and an acceleration
voltage of 15 kV. This surface characterization was conducted in three implants
of each macrogeometry before the placement into pork ribs (B implants) and
three implants of each macrogeometry after placement into pork ribs (A

implants).

2.4. Statistical analysis

For each parameter, mean and SD were calculated for each implant
before and after implant insertion. To evaluate the statistical significance, the
roughness parameters data before and after implant insertion were analyzed by

paired t-test (a = 0.05) (SPSS Statistics Base 17.0 — IBM, Chicago, USA).

3. Results

Implant insertion torque never exceeded the maximum value

recommended by the manufacturer. Average insertion torque (Ncm) of 600,

60+0, and 50+8.6 was calculated for Drive, Alvim, and Titamax EX implants,

respectively.

34



Table 1 presents the values for the parameters used to characterize the
threads in the three different regions of each B implant (34). Some variation in
the angles and heights between the different regions of the same implant was
apparent. The Drive implant tended to present threads with smaller heights,
whereas the implant Titamax EX tended to present threads with smaller

external angles.

Table 1: Macrogeometrical measurements of the implants, where a; and a, are the

internal angles of the threads and h is the height of the fillets.

Implant Region a, (degrees) o, (degrees) Height, i (um)
Region 1 450 66.0 104
Drive Region 2 46.3 38.5 149
Region 3 52.3 435 157
Mean 48.6 137
Region 1 37.3 27.2 223
Alvim Region 2 439 435 184
Region 3 59.4 371 138
Mean 41.4 182
Region 1 18.8 17.4 212
. Region 2 35.8 33.2 238
Titamax EX Region 3 29.0 436 162
Mean 29.6 204

The top two rows of Fig 5 shows global images of all the implants before
osseous insertion (B) at low magnifications (Fig. 5A, 5B, 5C) (34)., and after
bone insertion (A) (Fig 5d, 5e, 5f). Although images are very similar for both
conditions, it is possible to observe regions of a small surface deformation
(arrow, f) and contamination (arrow, d) on SEM of A implants. When the tops of
the threads were viewed under high magnification, the morphology of all B

implants appeared very similar (Fig. 5g, 5h, 5i) (34). For all A implants, it is
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possible to observe minor changes, suggesting a small plastic deformation of

the surface irregularities for the three different implants (Fig. 5j, 5k, 5I).

Figure 5. SEM of the implants: (A) Drive B, top, (B) Alvim B, top, (C) Titamax EX B, top;
(D) Drive A, top, (E) Alvim A, top, (F) Titamax EX A, top; (G) zoom showing a typical
top of Drive B, (H) top of Alvim B, (I) top of Titamax EX B, (J) zoom showing a typical

top of Drive A, (K) top of Alvim A, (L) top of Titamax EX A .

36



The mean values+ standard deviations of the surface roughness
parameters (Sa, Ssk, Sku, Str, and Sdq) were averaged along regions 1, 2, and
3 of each type of dental implant (B and A) and are shown in Table 2. For the
valleys and flanks of the threads the dental implant macrogeometry had a
strong effect on Sa. Values for Sa of flank and valley for Drive and Alvim
implants had a significant reduction after bone insertion (flank: Drive p=.005 /
Alvim p=.045 and valley: Drive p=.000 / Alvim p=.022). For Titamax EX implant,
these values of Sa for tops and flanks had increased, but not statistically
significant. For the top, Sa increased after osseous insertion for all implants,
mainly on Alvim (p=.0009). As the standard deviation was high, the top of the
threads may present irregular surface on A implants.

The parameters associated with the distribution of the heights of the
surface irregularities are Ssk and Sku. All the regions of all B and A implants
showed Ssk values close to 0 and values of Sku close to 3 (Fig. 6). Ssk values
of top for the Drive implant became negative, indicating discrete deformation of
roughness peaks (p<.04) (Tab. 2). Other implant design and areas did not have

Ssk values significantly changed.
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Table 2: Surface roughness parameters measured at four different sites on commercial

screw-type implants before — B (34) and after — A osseous insertion using laser

interferometry — mean values * standard deviation (SD) (*p < .05 between before and

after bone insertion implants)

Implant Before/After Top Flank Valley total
Sa (SD) um
Drive B 0.24+0.04 1.15+0.45 1.23+0.67 0.81+0.64
A 0.3740.41  0.71+0.57* 0.43+0.36* 0.51+0.41*
Alvim B 0.26+0.04 0.69+0.13 0.54+0.21 0.47+0.23
A 0.63+0.66*  0.58+0.22* 0.42+0.19* 0.51+0.41
Titamax B 0.28+0.02 0.73+0.14 0.33+0.04 0.43+0.21
EX A 0.33+0.27 0.87+0.58 0.45+0.71 0.52+0.57
Ssk (SD)
B 0.06 £0.16  -0.01+0.40 -0.01+0.41 0.03+0.33
Drive -
A 0.07+0.24* 0.14+0.59 -0.07+0.25 0.00+0.38
Alvim B -0.01+0.20  -0.07+0.27 -0.01+0.38 -0.03+0.28
A 0.16+0.59  -0.12+0.44 0.08+0.59 0.04+0.54
Titamax B -0.08+0.17  0.13+0.48 -0.03+0.28 -0.01+0.34
EX A -0.20+0.53  0.16+0.41 -0.12+0.20 -0.05+£0.40
Sku (SD)
Drive B 3.47+0.53 3.31+0.73 3.31+0.92 3.36+0.72
A 4.07+£1.67 3.72+1.64 3.20+0.61 3.64+1.36
Alvim B 3.66+0.55 3.04+0.53 3.58+0.77 3.43+0.66
A 4.83+3.93 3.81+1.97 4.40+4.04 4.24+3.27
Titamax B 3.67+0.48 3.46+1.15 3.75+0.58 3.61+0.77
EX A 5.01+3.41 3.58+1.47 3.52+0.58 3.99+2.15
Str (SD) um
Drive B 0.23+0.08 0.11+0.14 0.09+0.02 0.15+0.11
A 0.18+0.10*  0.15+0.25 0.12+0.09 0.15+0.16
Alvim B 0.18+0.07 0.09+0.02 0.09+0.03 0.12+0.06
A 0.11+0.07*  0.04+0.03* 0.09+0.09 0.09+0.08*
Titamax B 0.18+0.04 0.08+0.01 0.14+0.04 0.14+0.06
EX A 0.21+0.12  0.03+0.02* 0.23+0.17* 0.16+0.14
Sdq (SD) um
Drive B 0.40+0.09 1.74+0.61 1.91+1.13 1.26+1.00
A 0.62+0.68  1.03+0.69* 0.69+0.57* 0.74+0.64*
Alvim B 0.45+0.09 1.16+0.25 0.91+0.34 0.80+0.38
A 0.82+0.64*  0.89+0.36* 0.67+0.31 0.74+0.47
Titamax B 0.50+0.03 1.34+0.19 0.61+0.08 0.78+0.39
EX A 0.53+0.33 1.49+1.34 0.72+1.09 0.86+1.05
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Although Sku values for top and flank had increased for all

implants after bone insertion, this aspect is not significant when we consider the

physical meaning of statistical numerical values as a general observation, all

implants had their Sku values higher after bone insertion, indicating discrete

deformation of the surface peaks (Fig. 6) Also, no significant difference between

values of Sku was found before and after bone insertion for different implants

and different regions from the statistical analysis.
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Figure 6. Ssk (x) x Sku (y) parameter for B and A implants (DB — Drive Before; DA —

Drive After; AB — Alvim Before; AA — Alvim After; TB — Titamax Before; TA — Titamax

After)

To quantify texture strength, ie, the uniformity of the texture, the

parameter Str, which assesses the texture aspect ratio of the surfaces, was

measured, and the results for B and A implants are shown in Table 2. All

39



implants showed smaller values for Str in the flanks and valleys of the threads
than the tops, which suggests a stronger directionality on B implants (34). After
osseous insertion, all implants kept their general characteristics of anisotropic
surface for all regions. The top of Drive and Alvim implants increased their
directionality after bone insertion (p<.049 and p<.008, respectively). The flank of
Alvim and Titamax EX had a decrease of Str values after bone insertion,
indicating an increase of directionality statistically different (p<.000) when
compared to the same situation before bone insertion.

The values of Sdq, which represent the root-meansquare values of the
slopes of the asperities, are also shown in Table 2. The tops of the threads
showed similarities in this parameter for B implants, independent of the
macrogeometry (34). After osseous insertion, A implants presented higher
values of Sdq on the tops of all macrogeometries, but only on Alvim implant all
regions were statistically different after bone insertion. The flanks and valleys of
the threads showed asperities that are more inclined. The largest and most
scattered values for Sdq were found for the flanks and valleys of the Drive B
implant (34), and after osseous insertion the flank and valley of Drive implant
had a strong and significant reduction (p<.001 and p<.000, respectively).
Titamax EX had no statistical significant difference on Sdq values when
comparing surface before and after bone insertion.

The results shown in Table 2 show the average results of the surface
roughness parameters before (B) and after (A) osseous insertion for regions 1,
2, and 3 distinguished according to macrogeometry (Alvim B, Drive B, Titamax

EX B) and the portion of the thread (top, flank, or valley). The statistical
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analysis is also showed on table 2 and confirms that the design of the implant
and the position in the thread (top, flank, valley) have the strongest influences

on surface topography.

4. Discussion

Concerning the measurement methods, previous studies addressing
surface damage also used scanning electron microscopy and interferometry
(45-47). As optical interferometry is suggested to better quantify surface
topography of screw type implants (22-24), we analyzed the same parameters
(2D and 3D roughness parameters) before and after the implants were inserted
into pork ribs. In order to provide a significant picture of the implant surfaces,
SEM was also conducted in this study. To remove contaminants of implant
surface after bone insertion, we followed the protocol suggested by Salermo et
al. (46), and most bone residuals were removed. Observing the CT images, it
was possible to evaluate the characteristic of pork ribs, presenting similarity of
cortical and cancellous dimensions when compared to human jaw.

According to Albrektsson and Wennerberg (52), implants can be divided
into four different categories depending on surface roughness: smooth (Sa <
0.5 ym), minimally rough (Sa between 0.5 and 1.0 um), moderately rough (Sa
between 1.0 and 2.0 um), and rough (Sa > 2.0 ym). Some studies suggest that
an ideal surface should show values of Sa between 1.0 and 2.0 ym (13, 52, 53).
In the current study, which is based on results of Naves et al (34), the majority

of the implants before osseous insertion (B) presented values of Sa below 1.0
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pm  (minimally rough). One exception was the Drive implant (B), which
presented Sa values in the flank and valley regions of 1.15+0.45 and 1.23+0.67,
respectively, but the high standard deviations indicate that there were large
differences between samples. Before implantation, the dental implant
macrogeometry had a strong effect on Sa. Drive and Titamax EX implants have
V-threads and Alvim implants have buttress threads. The Drive implant tended
to present threads with smaller heights, whereas the Titamax EX tended to
present threads with smaller external angles (34). Implants with V-threads
present better BIC than buttressthread implants (33). The results obtained in the
previous study (34) might suggest that such differences could be associated
with the rougher surfaces produced on the flanks and valleys of V-thread
implants. Also, the insertion process may damage mainly the top of the threads
with increase of Sa values. After osseous insertion, the Drive implant was the
only macrogeometry that presented a strong reduction of Sa values on flank
and valley, which may be attributed to the small height of the thread.

The asymmetry of the distribution of the irregularities (Ssk) was low,
independent of the macrogeometry of the implant. Since all the regions of all
implants showed Ssk values close to zero, no predominance of peaks or valleys
was observed in any region of any implant before or after bone insertion. The
top of Drive implant was the main area where deformation of the irregularities
occurred, because there was predominance of peaks before bone insertion, and
after this processes the top presented negative Ssk values, indicating
predominance of valleys. This may be explained by the morphology of the top of

the thread of Drive implant, presenting the largest top area between all samples
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of this study. However, these values can still be considered too small to
represent any relevant asymmetry (27).

Similarly, the mean values for Sku were close to 3 in all regions of all the
implants. There were a small increase of these values on the top and flank of all
implants after bone insertion independent of the macrogeometry. Although
values of Sku were not statistically different before and after bone insertion, the
increasing of these values for the top and flank of the A implants may be
explained by deformation of the higher asperities during insertion process (45,
47). Values of Sku close to 3, presented in conjunction with Ssk values close to
0, confirm that the topography height distribution approaches normality,
independent of either the implant macrogeometry or the implant region. As this
two parameters can vary strongly with of small variations on topography, such
as contaminants, it is prudent to evaluate morphological space instead the
numbers on their own (54)

The parameter Str, which measures the texture aspect ratio of the
surfaces, is by definition between 0 and 1. Larger values, say Str > 0.5, indicate
a uniform texture in all directions, ie, no defined lay (isotropy). Smaller values
indicate an increasingly strong directional structure or lay (anisotropy) (25). To
summarize the results, it was verified that application of the same surface
treatment to different implants nevertheless resulted in differences in their
surface roughness parameters due to blasting variables (55), depending
particularly on the geometric design of the implant and on the region of the
thread within each implant (34). The flanks and valleys of the threads presented

higher and steeper asperities than the tops of threads for all implants before
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osseous insertion. After bone insertion, the top of the threads presented more
alterations on asperities than other areas of the threads, specially for Drive and
Alvim implants. This is expected because the top is the portion of the thread
that has major contact with bone tissue during insertion in one direction,
increasing directionality. On a general basis, B and A implants had their
anisotropic characteristics kept. In addition, as this study did not applied
removal torque on the implants as suggested by Mint et al. (45) and Senna et
al. (47), the results are more trustful when compared to the study of Salerno et
al. (46), where values of topography deformation showed no major changes in
the apex surface micro-structure, probably due to this reverse process.

The only implant that had an increase in Sdq values on flank and valley
was Titamax EX. This may be explained due to the smaller insertion torque of
these implants.

The present study only characterized the surface topography of the
implants using laser interferometry and SEM, before and after bone insertion.
Differences in surface topography were seen, depending on the area and
macrogeometry of the implant. It is expected that these differences after bone
insertion in surface topography could result in differences in cell proliferation.
This is an important hypothesis to investigate and requires in vitro cell
proliferation studies. The present study showed that, after the implant insertion
process, surface topography may change, mainly on the top of all implants. In
general, the implant with smaller height of threads presented a reduction of
roughness (Sa). The implant with the largest heights and smaller internal angles

of the threads showed less alterations when compared to other
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macrogeometries. Cell growth studies using both pre and post-insertion screws
to examine the surface treatment used in this study, as well as other surface
treatments are currently in progress. Within the limitations of this in vitro study,
we conclude that the procedure set is appropriate for quantitative evaluation of

the surface of different dental implants.

5. Conclusions

The results shown in this paper provide evidence that the
macrogeometry of dental implants, which consists of threaded regions with
particular thread angles and heights, has a significant effect on their surface
topography parameters, except on parameters associated with the distribution
of the heights of the irregularities. In addition, the insertion into bone changes
topography parameters, especially on implants with larger internal angles of the
threads and larger area of the tops. A small alteration for most parameters (Sa,
Str, Sdq) was observed after bone insertion, except for Ssk and Sku.

It can be concluded that the methodology used on this study is adequate
to verify surface alterations on implant placement process. Within the limitations
of this in vitro study, we conclude that the procedure set is appropriate for
guantitative evaluation of the surface of different implants designs and surface

roughness may lightly change after implant placement.
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CAPITULO 3

IN VITRO ASSESSMENT OF THE LEVEL OF DEFORMATION IN
EXTERNAL HEXAGON OF IMPLANT SUBJECTED TO INTERNAL
TORQUE

Magalhédes, Denildo; Naves, Marina Melo; Menezes, Helder Henrique Machado
de; Bataglion, César ; Magalhdes, Guilherme Carminati; Santos-Filho, Paulo
César. In vitro assessment of the level of deformation in external hexagon of

implant subjected to internal torque. Brazilian Dental Journal, 2015.
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External Hexagon Deformation in
Implants Subjected to Internal Torque

Denildo Magalhies', Marina Melo Naves', Helder Henrique Machado
Menezes?, César Bataglion®, Guilherme Carminati Magalhaes*, Paulo César
Freitas Santos Filho®

Failures may occur in the connections of dental implants, especially in external hexagon
(EH). Due to the deformations in this portion of implants, this study aimed to evaluate
the levels of deformation of EH connections subjected to internal toque. Two types of
implants were used: N group and S group. Torques of 0, 32, 45, 60 and 80 Ncm were
applied to the N group, and torques of 0, 30, 40, 60 and infinite Ncm were applied to the
S group implants. The internal distance (ID), internal area (IA) and external area (EA) of
the EH were obtained from digital pictures, which were analyzed by a specific software.
Statistical analysis was performed by the Scott-Knott test. The results showed that the
higher the torque applied, the greater were the changes in the evaluated dimensions
in both groups. In the S group, torque levels equal or greater than 40 Nem and 30 Nem
caused greater deformation of EA and IA respectively, while in the N group, torque levels
equal or greater than 60 Nem and 32 Nem caused greater deformation of EA and A
respectively. Levels of deformation were greater in the S group as compared with the
N group. These findings suggest that the IA, EA and ID of the EH may be affected by
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different internal torque levels.

Introduction

In the last few years osseointegrated implants have
provided important contributions to dental implant therapy
and improvements in the functional and esthetic quality
of edentulous rehabilitation. Considering that successful
establishment and maintenance of osseointegration are
affected by biomechanics (1), numerous studies have been
conducted on the engineering properties of dental implants,
e.g., the types of implant-abutment connections (2-4).

The external hexagon (EH) implant system was initially
designed to transmit the rotational torque, which was
applied on the external surface of the EH (external torque),
for dental implant placement (5). Although these implants
have been the most frequently performed, fatigue or
overload failures such as deformation of the hexagon may
occur during surgical placement of the implants, due to
their different manufacturing tolerances. Higher insertion
torque values reduce the risk of implant micromovements
at the bone-implant interface, thereby obtaining higher
rates of success of immediately loaded implants (6,7).
On the other hand, implants can undergo morphological
changes during torsion when inserted into bone (8). These
changes, associated with the masticatory load, may affect
the rotational freedom between implant and abutment
and, hence, affect the implant/abutment stability (9-11).

abutment connection, torque.

Therefore, an accurate adaptation between the EH and the
prosthetic component results in good biomechanical and
aesthetic conditions for rehabilitation by osseointegrated
implants (9).

Application of rotational force to the internal surface
of the EH (internal torque) has been suggested to reduce
the possibility of geometrical deformation of the EH (14),
due to the greater resistance of the internal surface as
compared to the external surface (9). These systems use
the internal contact with the implant walls instead of
mounting devices to apply the force, which simplifies the
procedure and diminishes the cost of materials. However,
system mechanisms will always reach limited resistance,
and excessive torque may cause damage to the upper part
of the implant, and to the connection to which prosthetic
components are attached (13,14). In view of the possibility
that external torque may affect the EH geometrical
integrity, one may hypothesize that the application of
internal forces may also cause changes in the EH external
surface. The aim of this study was to evaluate, in vitro,
the levels of deformation of EH following the application
of internal torque.

Material and Methods

Forty implants (13.0 mm long x 3.75 mm wide, 4.1 mm
platform) with EH and internal torque from two commercial



brands - Titamax Tiimplants (N group, 20 implants; Neodent,
Curitiba, PR, Brazil) and Tryon implants (S group, 20
implants; SIN, Sdo Paulo, SP, Brazil) were used (Figs. 1A and
1B). The implants were positioned in a stainless steel matrix
(30 mm x 125 mm), with four regularly, linearly distributed
3.0 cm holes on the bottom and fixed in acrylic resin (VIPI
Class, Pirassununga, SP, Brazil) in order to maintain a static
positioning. These holes enabled stabilization of the implant
in the matrix from outside using healing abutments (2 mm
high), and also to simulate the final position of the implant
in relation to the bone, i.e., the prosthetic fit at bone level
and exposure of the implant.

Following the attachment of the implant to the stainless
steel matrix, the matrix was lubricated with liquid paraffin
(Farmax, Juiz de Fora, MG, Brazil), filled with chemically
activated acrylic resin and heat-polymerized at 4.0 bar
pressure for 10 min (Auto pressure polymerizer; Mestra
Polyplus, Belo Horizonte, MG, Brazil). The models were
then numbered from 1 to 4, and the implants identified
with a number corresponding to the torque values, which
were established based on the specifications given by the
manufacturer of each group (N - Neodent /S - SIN), which
were divided into 5 subgroups. In the N group, Model #1
(NO) did not receive torque and was used as control, Model
#2 (N32) was subjected to a 32 Nem torque, Model #3 (N45)
to 45 Nem torque, Model #4 (N60) to 60 Nem torque and
Model #5 (N80) to 80 Nem torque. In the S group, Model
#1 (SO) did not receive torque and was used as control,
Model #2 (S30) was subjected to a 30 Nem torque, Model
#3 (S40) to 40 Nem torque, Model #4 (S60) to 60 Nem of
torque and Model #5 (Seo) to infinite torque (>60 Ncm).
Specific ratchet torque wrenches were used for each group,
following the specifications set by the manufacturers (Figs.
2A and 2B), and one torque wrench was used for each
implant model to avoid deformation of the wrench. The
application of torques was performed by a single operator,
who simulated the surgical procedure of dental implant, as
follows: first the models were statically attached to a lathe,
the operator positioned the internal wrench in the EH and
then performed one slow, continuous, rotational movement,

Figure 1. External and internal view of the N implant (A) and S implant (B).
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until the desired torque was achieved. This procedure was
repeated with all implant models (Figs. 3A and 3B).

The implants were photographed by a digital
camera attached to a copy stand, which was positioned
perpendicular to the hexagon and the platform before
and after torque application. Hexagon deformation was
calculated by the Image Tools 3.0 software (UTHSCSA,
San Antonio, TX, USA), which was developed for image
processing and analysis in terms of distance, angle,
perimeter and area. Also, spatial calibration of the software
enabled capturing the images in millimeters. The following
EH measures were performed - internal dimensions (ID)
(mm): distance between opposite vertices of the hexagon,
measured on its internal face, with A2/B2/C2 defined as
the distance between the two central points of opposite
vertices, A1/B1/C1 defined as the distance between the
points located at 0.25 mm to the left of each opposite
vertix, A3/B3/C3 defined as the distance between the
points located at 0.25 mm to the right of each opposite
vertix; internal area (IA) (mm?) defined as the area of the
EH internal face; and external area (EA) (mm?) defined as
the area of the EH external face (Fig. 4). Mean values of
ID, IA and EA obtained before and after torque application
and the percentage of deformation were calculated. The
Scott-Knott test was used for multiple comparisons, using
a univariate cluster analysis (15).

Results

Means and standard deviations of ID deformation (%) by

-
HR

= [
gy

o

Figure 2. Implants of N group (A) and S group (B) and respective ratchet
torque wrenches used for each group, following the specifications set
by the manufactures.
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group are presented in Figures 5A and 5B. Increase in all EH
measures was observed, which was related to the increase
of torque. The measure with the greatest deformation
percentage was A3/B3/C3.

The N60 and N80 implant models in the N group
(Table 1) and the S60 and Seo in the S group (Table 2)
showed statistically significant ID deformation (%) for all
measures. The |A and EA values are shown in Figures 6A
and 6B. Similar initial and final mean values of IA and EA
were obtained for NO (IA: 3.70 mm?2; EA: 6.40 mm?) and SO
(IA: 3.70 mm?; EA: 6.48 mm?). The other implants showed
increased IA and EA values with the increase of torque,
except for the EA of N32, N45 and S30 (Fig. 6A). In the N
group, changes in the IA were equal or less than 0.09 mm?
for N32, N45 and N60, and 0.13 mm? for N80. Changes in
the EA were found in lesser extent than in IA, observed in
N45 (0.01 mm?) and N60 (0.03 mm?) only. In the S group,
except for the S30 model, significant increases in the 1A
and EA following torque application were observed for all
implant models (Fig. 6B). The IA deformation values were
0.07 mm?2 (S30), 0.09 mm?2 (S45), 0.12 mm?2 (S60) and 0.14
mm?2 (Se0), and the EA deformation values were 0.03 mm?
(S45), 0.11 mm?2 (S60) and 0.138 mm? (Se).

Discussion

The EH implantinterface transmits the rotational force
for insertion of the implant into the bone by applying an
external or internal torque, whereas the EH/prosthetic
abutment interface provides physical stability to the
abutment on inserted implant. Both junctions require a
dimensional freedom for an accurate, passive fit of the
abutment to implant connection (4,11).

Deformationsin the geometry of EH caused by external
torque (16) have led to the use of internal torque, since
the internal area of the implant exhibits greater resistance
as compared to the external area. Therefore, in order to
identify possible changes in the internal area of the implant

and to exclude interfering variables, the static positioning
of the implants into the acrylic model was chosen for the
application of torque in this study. This was highlighted
by the comparisons between the implant models and the
controls (NO and S0), which showed similar initial and final
measures and, hence, no EH deformation, as depicted in
Figure 5 and Tables 1 and 2. Although the acrylic resin
does not simulate bone tissue, it allowed excluding the
effect of macrogeometry on susceptible movements of
insertion torque.

Many factors may affect the quality of implant
insertion, including bone density. When high values of
torque are applied during EH implant surgical placement,
the rotational freedom of the implant abutment can be
increased due to changes in the internal angle or area of
the EH. Any deformity on the external hexagon can derail
prosthetic rehabilitation, especially in single crowns. The ID

EXTERNAL AREA

INTERNAL AREA

Figure 4. Representation of internal dimension measures, internal and
external area of EH.

Figure 3. N group model (A) and S group model (B), used for torque application.
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measures (Fig. 4) quantified the geometry of internal angles
in relation to their equivalent opposites before and after
the torque was applied. In both groups, the application of
torques yielded changes in the evaluated measures (Tables
1 and 2). These changes were not statistically different in
N32 and S30, indicating the capacity of these models to
resist the torque applied by the operator. For N45 and S40
models, some measures (A2, B1, B3, C2 for N45 and A1, BT,
B2, B3, C1, C3 for S40) showed significant deformation,
suggesting that these models could also resist the torque
applied, despite occurring some changes in the angle
values. The other models (N60, N80, S60, Se) showed
statistically significant changes for all measures, indicating
an increased rotational freedom of the implant abutment.
Figure 6 shows a progressive increase of all measuresin both
groups, illustrating a tendency for abutment displacement
toward the rotational direction, i.e. the A3, B3 and C3 values
were greater than the A2, B2 and C2 values, which were
greater than the A1, B1 and C1 values, resulting in greater
differences in the N group compared with the S group.
These changes could be identified by the determination
of IA measurements, as it was observed increase in the
internal area with the increase of the torque values (Fig.
6). It is noteworthy that the N60, N80, S40, S60 and Seo
dimensions were near or greater than 0.1 mm?, and thus
capable to increase the rotational freedom of the implant.
In addition, the standard deviation values were not high in

Braz Dent J 26(4) 2015

comparison with the means, indicating that the number of
samples used in this study represents the behavior of EH
in response to the torque applied. Therefore, considering
that changes in both ID and IA occur simultaneously, it is
important to consider the impact of such changes, especially
in areas of higher bone density, on a greater rotational
freedom of implant/abutment interface.

Passive fit between the screw-retained implant
prosthesis and EH is fundamental for the biomechanical
stability of the osseointegrated implant, which is negatively
affected by changes on the external surface. In this study,
although the application of torque caused changes in the
ID and IA, most of the implant models showed minimal
(N60) or no changes (N32, N45, S30) in the EA (Fig. 6).
However, the level of changes observed in the EA of both
N80 and S40, 0.59% (0.038 mm?) and 0.49% (0.032 mm?)
respectively, may affect the correct fit of the prosthesis to
the implant. Studies indicate a direct correlation between
implant-abutment rotational misfit and screw loosening
(10,16-19).

The greatest changes were observed in the S60 (1.69%,
0.110 mm?) and See models (2.12%, 0.138 mm?), exceeding
the 0.1 mm?2 value, and hence hindering the EH/prosthetic
abutment junction (7). The higher values of hexagon
deformation for S group may be related to the morphology
of the inner portion of the implant, where the connection
key adapts. There is an internal stop for N implants that

Table 1. Results of multiple comparisons of internal dimension deformations (mm) at the measuring points (A1, A2, A3, B1, B2, B3, C1, C2 and C3)

in response to different levels of torque in the N group

Al A2 A3 B1 B2 B3 C1 C2 a3
NO 0.000 @ 0.000 @ 0.000 @ 0.000 ® 0.000 @ 0.000 ® 0.000 @ 0.000 @ 0.000 @
N32 0.008 @ 0.008 @ 0.023 2 0.009 2 0.008 @ 0.023 2 0.007 @ 0.010 2 0.027 2
N45 0.010 2 0.018 ® 0.034 2 0.014® 0.019 @ 0.035 " 0.012 2 0.019® 0.033 2
N60 0.019® 0.031 ¢ 0.040® 0.022 © 0.030 ® 0.040 © 0.022° 0.026 ® 0.038 ©
N80 0.024 ° 0.040 9 0.045° 0.027 © 0.036° 0.044 4 0.027 ® 0.036 © 0.044 ©

Same letters between lines indicate lack of statistical difference; Scott-Knott test for multiple comparisons of the means; significance level of 0.05.

Table 2. Results of multiple comparisons of internal dimension deformations (mm) at the measuring points (A1, A2, A3, B1, B2, B3, C1, C2 and C3)

in response to different levels of torque in the S group

Al A2 A3 B1 B2 B3 C1 C2 C3
sO 0.000 ® 0.000 @ 0.000 @ 0.000 @ 0.000 ® 0.000 ® 0.000 ® 0.000 @ 0.000 @
s30 0.009 ® 0.012 2 0.032° 0.012 2 0.012 2 0.030 ® 0.011 2 0.0152 0.032°
s40 0.018 0.018 2 0.036 ° 0.016 " 0.020 " 0.036 " 0.021° 0.021 2 0.038°
s60 0.023 " 0.031° 0.042° 0.031 ¢ 0.029 © 0.041° 0.018 © 0.031° 0.042 ©
So0 0.033 ¢ 0.036° 0.047 © 0.033 ¢ 0.032 ¢ 0.048 © 0.032 ¢ 0.035° 0.047 ©

Same letters between lines indicate lack of statistical difference; Scott-Knott test for multiple comparisons of the means; significance level of 0.05.
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may affect positively the resistance of hexagon, while were evaluated the levels of deformation of EH following
the connection key of S implants is larger near external the application of torque in vitro, it is suggested that the
hexagon, touching this portion of S implants (Fig. 2). This levels of deformation in dynamic conditions or clinical
fact may cause lower resistance on EH of S group. Although settings be investigated in further studies.

external hexagon implants using a mounting device

present higher resistance to insertion torque compared Resumo

with other systems with smaller hexagon connections or Falhas podem ocorrer em conexdes de implantes dentarios, em especial
internal connections (20)' it is important to analyze the em hexagonos externos (EH). Devido & ocorréncia de deformagdo nesta

porcdo dos implantes, este estudo objetivou avaliar os niveis de deformagdo
de conexdes EH submetidas ao torque interno. Dois tipos de implantes
of the present study. foram utilizados: grupo N e grupo S. Foram aplicados torques de 0, 32,

These findingssuggestthat the 1A, EAand ID of EH may 45, 60 e 80 Ncm nos implantes do grupo N e torques de 0, 30, 40, 60

be aff d by diff | Is. Th h Nem e infinito nos implantes do grupo S. Medidas referentes a distancia
e affected by different torque levels. These changes are interna (ID), area interna (Al) e area externa (AE) foram obtidas por meio

directly related to the increase in torque and were greater in de fotos digitais analisadas em software. A analise estatistica foi feita pelo

the S group compared with the N group The importance of teste de Scott-Knott. Os resultados demonstraram que quanto maior o
torque aplicado, maior a alteracdo de todas as dimensdes avaliadas em

these comparative mechanical studies lies on the collection ambos 0s grupos. No grupo S, torques iguais ou superiores a 40 Nem e 30

of information concerning the limitations of different EH Nem causaram maior deformagao na AE e Al respectivamente, enquanto
no grupo N, torques iguais ou superiores a 60 Ncm e 32 Nem causaram

geometry of internal connection according to the results

connections, information of great clinical relevance. Since

Q Deformation @ Deformation
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Figure 5. A: Mean and standard deviations of deformations (%) in response to the different levels of torque applied at points A1, A2, A3, B1, B2, B3,
C1, C2 and C3 in the N group. B: Mean and standard deviations of deformations (%) in response to the different levels of torque applied at points
A1, A2, A3, B1, B2, B3, C1, C2 and C3 in the S group.
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Figure 6. A: Internal and external areas (mm2) in response to the different levels of torque applied in the N group. B: Internal and external areas
(mm2) in response to the different levels of torque applied in the S group.
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maior deformacdo na AE e Al respectivamente. Os niveis de deformacéo
foram maiores no grupo S em comparacdo ao grupo N. Nossos resultados
indicam que a Al, a AE e a DI do EH podem ser influenciadas pelos
diferentes torques internos.
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3. CONSIDERACOES GERAIS

v" Os discos planos de titanio submetidos ao mesmo tratamento superficial
nao representam adequadamente a topografia de superficie de todas as
regides dos implantes, mas somente as regides que tem angulacéo

similar entre particulas abrasivas e superficies;

v A macrogeometria dos implantes dentais tem forte influéncia nos
parametros de rugosidade superficial dos implantes dentérios. Logo, o
conhecimento de um tipo de superficie aplicada a implantes dentéarios de
macrogeometrias diferentes ndo é suficiente para caracterizar sua

topografia final.

v' A instalacdo de implantes dentarios de diferentes macrogeometrias em
0sso pode alterar os parametros de rugosidade superficial,
principalmente em implantes com maiores angulos internos de rosca e
area de topo maior. Parametros que caracterizam a distribuicdo de altura
das irregularidades nao séo alterados significativamente.

v A geometria interna da conexdo tipo hexagono externo tem forte
influéncia na deformacgéo deste tipo de conexdo durante o processo de
instalacdo de implantes dentarios submetidos a torque interno. Quanto

maior o torque aplicado, maior a deformagéao desta por¢ao do implante.
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