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Dental Implant Surface Roughness and Topography: A Review of the Literature
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The present review deals with the future perspectives regarding the topography of the implant surface which could be
beneficial to implant surgery when implemented in practice. A systematic online review of the main database and a
manual search of relevant articles from refereed journals were performed. Thirty articles about surface roughness
were found, of which only 77 had information necessary to carry out statistical analysis. The categories were sepa-
rated into normal bone tissué1 /77 articlesCJand augmented bone tissué]/7 articles[]

The category of normal bone tissue was subdivided into three groups: in vivo animal studies/[7 articles/Jin vivo hu-
man studies 77 articles/Jand in vitro studies7[7 articlesJ All articles that belonged to the augmented bone tissue
category were in vivo studies carried out in humans. A total of /777 patients received (7777 implants, of which (177

implants had accurate data.

SncelI117, several average degrees of roughness have been suggested to enhance implant osseointegration as fol-
lows. ({1 min/I117 and [I117, O min[I777, and OO0 m inZ1T7-[T777; however, these averages vary
considerably, which might reflect the different types of measurements and techniques used by each author. As a result,
thereis currently no consensus in the degree of surface roughness that is optimum for bone cell attachment.
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INTRODUCTION

Dental implant quality depends on the chemical, physical, me-
chanical, and topographic characteristics of the surface™ These
different properties interact and determine the activity of the at-
tached cells that are close against the dental implant surface.
Dental implants have been designed to provide textures and
shapes that may enhance cellular activity and direct bone apposi-
tiori] osseointegration1”. Osteogenesis at the implant surface is
influenced by several mechanisms. A series of coordinated
events, including cell proliferation, transformation of osteoblasts
and bone tissue formation might be affected by different surface
topographies™. There is a clinical impression that the amount of
bone-to-implant contact] BICOis an important determinant in
the long-term success of dental implants. Consequently, maxi-
mizing the BIC and osseointegration has become a goal of treat-
ment, which is enhanced by implant surface roughness™”.

The present literature review aimed to elucidate implant sur-
face topography and to obtain a future perspective regarding the
topography of the implant surface which could be beneficial to
implant surgery when implemented in practice.

MATERIALS

A systematic online review of the main database and a manual
search of relevant articles from refereed journals were per-
formed. Thirty articles about surface roughness were reviewed,
of which only[T] had the necessary information to carry out sta-
tistical analysis. The categories were classified into normal bone
tissue and augmented bone tissue. Of the[1] articles reviewed,
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(] belonged to the category of normal bone tissue andC to the
category of augmented bone tissue.
0 O Normal Bone Tissue

The influence of surface roughness on implant osseointegra-
tion in normal bone tissue has been studied by various research-
ers for several years, including several in vivo and in vitro stud-
ies] Tablesd,00 anddJ0O Buser et al.”” evaluated the influence of
different surface characteristics on the bone integration of tita-
nium implants and the highest extent of BIC was observed in
sandblasted acid-etched surfaces with mean values of (01110
and with an average roughness of (0-£u m. Wong et al.”” found
an excellent correlation between the average roughness of the
implant surface and pushout failure load. InCITT], it was sug-
gested that the interface shear strength of titanium implants is
significantly influenced by their surface characteristics™. Also, it
has been suggested that only a very specific surface topography
with a R. valud] arithmetic average of absolute values of all pro-
file points[1"" between andO I m provides an optimal surface
for bone integration™.

Studies have shown that cells, including blood monocytes/
macrophages, are amongst the first cells to come into contact
with the implant surface after its insertion. Monocytes/macro-
phages have the potential to secrete a range of cytokines and
growth factors, which have the capability of initiating both tissue
destruction as well as healing or reparative responses. Soskolne
et al.”” examined monocyte adherence to titanium discs with four
different degrees of surface roughness and plastic surfaces. The
results indicated that the number of monocytes attached to
blasted titanium surfaces was significantly greater than to ma-
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Tabled Invitro studies in normal bone tissue

AUTHOR YEAR SAMPLE TYPE OBSERVATION  SIGNIFICANT ROUGHNESS
OF PERIOD DIFFERENCES (um)
SAMPLE
Martin 1995 48 Ti disks - 24-48 hr YES Zo= 1828
cell
cultures
Schwartz 1999 24 Ti disks - 24-72 hr YES Ry= 67
cell
cultures
Soskolne 2002 24 Ti disks - 7 days YES S,= 1.86
cell
cultures
Sammons 2005 7 Pocket 2 and 4 weeks YES Ry=2.75
culture
Marinucci 2006 90 Ti disks - 24-48 hr YES R,=3
cell
cultures
Z.0 average profile height] Martin(T"
R.00 mean height of roughness] Schwartz™, Sammons"", Marinucci’ O
S.0 average height deviatiorid Soskolne™, Ivanoff™0
Tabled Invivo studies in animals
AUTHOR YEAR SAMPLE TYPE OF PLACED HEALING SIGNIFICANT ROUGHNESS
SAMPLE IMPLANTS PERIOD DIFFERENCES (nm)
Buser 1991 6 miniature 72 3-6 weeks YES R,=18-23
pigs
Wong 1995 12 miniature 192 12 weeks YES R,= 6.4
pigs
Buser 1999 9 miniature 54 4,8,12 weeks YES R,=3.1
pigs
Huang 2004 8 monkeys 24 16 weeks YES NA
Gabhlert 2007 13 miniature 78 4,8,12 weeks YES Sp=1.15
pigs
NAQO no available data
R.0 average roughnessC] Buser”", Wong" (I
S.00 mean deviation of the surfaced Gahlert™ (]
Tabled Invivo studies in humans
AUTHOR YEAR SAMPLE TYPE PLACED HEALING SIGNIFICANT ROUGHNESS
OF IMPLANTS PERIOD DIFFERENCES (um)
SAMPLE
Ivanoff 2001 27 humans 54 6 and 3 YES Sex=11.96,
months S.= 143
Ivanoff 2003 20 humans 40 6 and 3 YES Sex=11.57,
h
months S,=1.17
Trisi 2003 11 humans 11 2 months YES NA
Grassi 2006 14 humans 28 2 months YES R,=0.73,
R,=5.67
Shibli 2007 13 humans 26 2 months YES R,=0.87,
R,=5.14

NADO no available data
S« average wavelength crossing the mean pland] lvanoff” 0
S.0 average height deviatiori] Ivanoff™ 0

R.0 arithmetic average of absolute values of all profile point£] Grassi™, Shibli'0
R.O average value of the absolute heights of the five highest peaks and the depths of the five deepest valleysO Grassi™, Shiblf" "0

chined titanium surfaces, demonstrating that the characteristics
of surfaces with which human blood monocytes interact affect
the ability of macrophages to adhere to those surfaces as well as
their ability to secrete various inflammatory mediators™.

On the other hand, Lekholm and Zarb™ have described four

qualities of the jawbone: Type | is composed of homogenous
compact bone; Type Il exhibits a thick layer of compact bone
surrounding a core of dense trabecular bone; Type Il exhibits a
thin layer of cortical bone surrounding dense trabecular bone of
favorable strength; and Type IV exhibits a thin layer of cortical



bone surrounding a core of low density trabecular bone. It has
been shown that the survival rate of oral implants placed into
Type IV bone is markedly decreased compared to other bone
qualities. Type IV bone, which is common in the posterior max-
illa, presents a considerable challenge to successful implant
treatment in this location. In this regard, Huang et al.” evaluated
local bone formation and osseointegration at titanium porous ox-
idé] TPOOmodified implants in Type IV bone. Bone density
reflected the nature of Type IV bone in the posterior maxilla
showing limited bone mass with large marrow spaces. The dif-
ference in density between bone inside and immediately outside
the threads was statistically significant and may be a reflection
of remodeling processes in the immediate osteotomy site. The
results suggested that the TPO surface possesses considerable
osteoconductive potential in promoting a high level of implant
osseointegration in Type IV bone of the posterior maxilla. Mean
peri-implant bone density ranged fromIJO within the threads
of the implant tolTJO immediately outside the threaded area.
Unfortunately, there is no available data about the average
roughness of the implants used in this study.

Sammons et al " compared the interaction between rat calvar-
ial bone osteoblasts and titanium dental implants with different
microstructured surfaces, which include plasma-sprayed, grit-
blasted and/or acid-etched, smooth-machined and anodized tita-
nium. They concluded that a rough surface of the porous micro-
structure may enhance the rate of cell spreading, although differ-
entiation and calcification occurred on the surface of both rough
and smooth microstructures. Furthermore, they found that cell
spreading, morphology and alignment were influenced by sur-
face microstructures in both suspensions and pocket cultures. In
the latter, osteoblasts migrated from bone fragments onto all sur-
faces, and cells proliferated to form multicellular layers overly-
ing the microstructures with extracellular matrix both between
layers and on implant surfaces.

With regard to bone remodeling around the implant rough sur-
face, a systematic review of this topic has been described by
Shalabi et al.™” who searched the literature from(TTT] to(TTTJ
with the following criteria for inclusion: 0Oabstracts of animal
studies investigating implant surface roughness and bone heal-
ing;00abservations of three-month bone healing, surface topog-
raphy measurements, and biomechanical tests; anddOprovision
of data on surface roughness, BIC, and biomechanical test val-
ues. The literature search revealedTTT] abstracts; [TTJ, (1], and
(O articles included the first, second and third selection steps, re-
spectively. Only[T] studies remained for data analysis, all of
which investigated the relation between surface roughness and
BIC. They concluded that statistical analysis on the available
data provided supportive evidence of a positive relationship be-
tween BIC and surface roughness. At present, the consensus is
that the implant-bone response is influenced by the topographic
surface of the implant.

Roughness not only provides better mechanical stability be-
tween bone tissue and the implant surface, but is also a configu-
ration that retains blood clots completely and stimulates the
bone-healing process™ In vitro, cultured osteoblasts from hu-
man mandibular bone and three titanium surfaces were studied:
machined titanium, micro-sandblasted titaniuni] average surface
roughness of O[T mO and macro-sandblasted titaniuni] average
surface roughness of Cu m Cell morphology was estimated by
scanning electron microscope] SEMOanalysis and cell prolifera-
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tion by measuring the amount ofJ H-thymidine incorporation
into DNA. mRNA expression of osteonectin, osteopontin, bone
sialoproteiri] BSPOand Runx’/, which are markers of osteoblas-
tic phenotype, were determined by reverse trasncriptase polym-
erase chain reactior] RT-PCROanalysis. Compared with a ma-
chined titanium surface, micro- and macro-sandblasted surface
increased the secretion of TGFB-[1 growth factor involved in os-
teoblast proliferation and differentiationl] expression of Runx7/
Type 1, mRNAJ which regulates the expression of osteoblast
genes that are key players in mineralized phenotype develop-
ment[] BSP, and osteopontin, but not osteonectin. Osteonectin
is mostly expressed late in osteogenesis, and BSP and osteopon-
tin are highly expressed in the early stage of bone maturation,
suggesting that osteoblast differentiation on rough surfaces oc-
curs in the early stage. Moreover, the results indicated that the
macro-sandblasted]Cu mOtitanium surface facilitated the in-
creased expression of BSPs and growth factors more than the
micro-sandblasted 101 [y mOsurface, which favor osteoblast dif-
ferentiation™.

Several investigators have demonstrated higher removal
torque values and the percentage of bone-to-implant contact
O BICO Ofor rough dental implant surfaces compared to ma-
chined surfaces. Furthermore, histological studies suggest that
the sandblasted acid-etched] SLAOsurface provides a better hu-
man bone tissue response than machined implants under un-
loaded conditions after a healing period ofJ months. An impor-
tant feature was that bone density in alTT]4 m-wide zone lateral
to the implant surface around the SLA implants did not differ be-
tween the maxilla and mandible, suggesting that this surface to-
pography may enhance bone quality close to dental implants
placed in soft bone™.

Also, the influence of surface morphology on the osseointe-
gration of zirconia has been studied. Studies suggest that zirco-
nia implants with a sandblasted surfacd] rough, ZrO-rOwith a
roughness value of S.O00IT m can achieve higher stability in
bone than zirconia implants with a machined surfacé] ZrO-m{J
with a roughness value of S.000Tu m. Roughening the sur-
faces of zirconia implants enhances bone apposition and has a
beneficial effect on interfacial shear strength; however, the mean
removal torque values were higher for titanium SLA implants
0 S.000u mOin comparison with the two zirconia implants™.
The state of the bone-implant interface at modified zirconia im-
plants was evaluated after removal torqué] RTQUtesting and
showed a strong bone tissue response to surface-modified zirco-
nia implants afterC) weeks of healing in rabbit bone. The modi-
fied zirconia implants showed resistance to torque forces similar
to that of oxidized implants and a four to fivefold increase com-
pared with machined zirconia implants™™".

0 O Augmented Bone Tissue

Roughened implants have been associated with higher sur-
vival rates than machined implants in grafted sinuses™™". Only
a few controlled longitudinal studies have assessed the impact of
rough surfaces versus machined surfaces on long-term implant
success in conjunction with the sinus augmentation technique
O TableOO The studies have demonstrated that placement of
roughened implants in augmented maxillary sinus has a higher
BICT T,

Studies have shown that the higher the percentage of BIC, the
faster and firmer the bone integration, but the development of
BIC is dependent on the implant surface, bone density, and heal-



TableO Invivo studies in human augmented bone tissue

IMPLANTS STAGE OF
AUTHOR YEAR SAMPLE ROUGHNESS [\ (1 HEALING  SIGNIFICANT
TOTAL  PLACED SUCCESSFUL FAILED (nm) PLACEMENT TERIOD  DIFFERENCES
Rough 163 156 7 NA Simultancous e
60 and delayed
Kan 2002 ymans 228 4 months aft 20-67 YES
Other 65 49 16 NA mmonths after )
sinus lift months
Rough 80 78 2 NA After 6 months 5
25 of graft healing
Pinholt 2003 humans 158 8 months after 6 months YES
Other 78 63 15 NA N after
sinus lift X
loading
” Rough 7 68 4 NA Simultaneous land 5
Hallman 2005 - = 156 and delayed years YES
u Other 84 73 11 NA After sinus lift 1 year
Simultaneous
Rough 4 3 1 S,;=3.3 3 years
Todisco 2006 3 humans 8 Sairxlr‘liu(lit(:r?gSSs YES
Other 4 4 0 Sa=3.6-9.9 and delayed 41 months
30 Rough 62 60 2 NA ! T?:ikslshé}tf ot
Marchetti 2007 140 NO
humans After 6 months
Other 78 73 5 NA . S years
of graft healing
6 months
2% TR 17 13 4 NA 8 “;f;‘fs‘sh‘;tﬂer after
Stavropoulos 2007 h 35 loading *NO
umans Simultaneous land 5
PR 18 16 2 NA
and delayed years
257 Rough NA NA NA NA After sinus lift 1 year
Y ichi 2008 625 i YES
amamient humans Other  NA NA NA NA Simultaneous 5 o
and delayed
NAO no available data
S.0 average surface roughness] Todisco™ 0
TRO totally rough
PRO partially rough
"No significant differences were found between partially rough implants compared with totally rough implants
ing time. Clinical studies have assessed how BIC is influenced
g RESULTS

by different implant surfaces in augmented bone. In(I1TJ, To-
disco and Trisi examined the BIC and osteoconductive capacity
0 OCOof the surface of O different implant surfaces after early
loading in humans, which included a microtextured surface with
an average surface roughnes$] S.0value of DD+ Oy m; tita-
nium plasma sprayed] TPSOwith a reported S, value fromOI
+ 0y m to0+ Oy m; an oxidized surface with a re-
ported S. value of DI+ O m; sandblasted and acid-etched
surface with a reported S. value of D0+ Oy m; acid-etched
surface with a reported S. value of 0+ Oy m; and hy-
droxyapatite treatment with an average surface roughness] aver-
age peak heightOvalue of Oy m. Two implants with different
surfaces were placed side-by-side in the grafted] nOJCOOand non-
grafted] nOO0Osinuses of volunteers, restorations were deliv-
ered[1] days later and afterl] months of full occlusal loading the
implants were retrieved in block sections. Highest BIC and OC
values were exhibited by the microtextured surface, and lowest
values were exhibited by the TPS surface. All other surfaces
showed excellent BIG] OO0 Obut varied widely in surface os-
teoconductivity] range 0[O0 0000 [T~

In addition, implants with a rough surface in their whole
lengthi] FROhave been compared with implants with ald mm
coronal machined portiori] PROwhen used in association with
the sinus-lift procedure, which yielded no significant differences
in terms of the clinical and radiographical characteristics or sur-
vival between both groups™.

The category of normal bone tissue was subdivided into three
groups: in vivo studies carried out in animals, in vivo studies car-
ried out in humans, and in vitro studies. According to the sam-
ple size, (111 implants were analyzed in in vivo studies in ani-
mals, [TTJ implants were analyzed in in vivo studies in humans,
and[T1J samples were analyzed in vitrd] Figm

IN VITRO
25%

IN VIVO
(ANIMALS)
IN VIVO 54%
(HUMANS)
21%

Fig. Sampled] inO Odivided into in vivo studies in animals, in vivo
studies in humans and in vitro studies, which were carried out
in normal bone tissue studies by different authors from[IT1] to
1117, according with the data obtained from the articles.



The average roughness in normal bone tissue varied widely
according to the author and to the unit of measurement used in
each study; in general, it was observed that the range has de-
creased since[TTT], when Buser performed one of the first stud-
ies on this subject] Figm

In respect to the second category] augmented bone tissue] all
were in vivo studies carried out in humans. A total of(ITJ pa-
tients participated in the studies, underwent surgical procedures
for sinus lift, and received[ITT] implantd] corresponding tod
different researches] of which(IT] implants had accurate data
O corresponding to[ different researchesC] The seven studies
were carried out from[ITT] to[TTT] and most authors agreed that
significant differences exist between rough and machined im-
plants in augmented bone tissue for implant osseointegration
O FigMO Some of these studies evaluated differences between
implants placed at same time as the sinus lift procedure and im-
plants that were placed in stage[T] after sinus liftt>™™". The
average healing period was[T] months, ranging from( to(T]
months, and during this time the implants remained functional.
Only one author specified the average roughness of implants
used in his study; thus, we were not able to analyze the average
roughness for augmented bone tissue.

20.0

180 4
16.0 \ ——INVIVO
100 (ANIMALS)
120 + INVIVO

E 100 \ (HUMANS)
z:z NN —+— INVITRO
40
20 %—“"{_‘.
0.0 ; ; ; ; ; ; —

1991 1995 1999 2001 2002 2003 2005 2006 2007
YEAR
Fig. Average roughness suggested by different authors fromTTT]
to[TTT1 in different studies in normal bone tissue, including in
vivo in animals, in vivo in humans and in vitro studies.

100% -
95%
90%
85%
80%
75% -

ROUGH SURFACE

B FAILED

m SUCCESS

OTHER SURFACE

Figll. Percentages of failure and success of rough surface implants
and implants with other surfaces, which were used in aug-
mented bone tissue in vivo studies in humans from{ITT] to
.

DISCUSSION

Some studies that have evaluated osseointegration on ma-
chined surfaces inserted into human jaws showed that the per-
centage of BIC ranged betweenJO and(TJO after alJ£]-month
healing period” ™™™ however, these values were lower than the

results presented by Grassi et al.””, which yielded a mean of
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(OO0 in SLA-surface implants after alJ-month healing pe-
riod; and Shibli et al™ suggested that the oxidized surface with
an R, value of DO+ Oy m had a higher BIC ratd][OID0 O
than machined surfaces1TIIMIO Owith an R, value of O+
OO m under unloaded conditions with a healing period of two
months”™™ Consequently, it has been suggested that rough sur-
face implants can be loaded at an earlier time than machined sur-
faces™™.

Since[TTT], several average degrees of roughness have been
suggested to enhance implant osseointegratiori] Figr1J [77™*™
00 \Wennerberg and Albrektsson® suggested that only a very
specific surface topography with an R, value betweend and O
u m provides an optimal surface for bone integration. In addi-
tion, Marinucci et al.”” demonstrated that an average surface
roughness ofClu m is more suitable thanOIIu m for osteoblast
differentiation in vitro. Todisco and Trisi™ compared six differ-
ent implant surfaces after early loading in humans, in which a
microtextured surface with a reported S. value of [+ O
m achieved the highest BIC and OC values][TJITIO and
(@m0, respectivelyOin grafted bone; however, these averages
varied considerably, which might reflect the different types of
measurements and techniques used by each author. As there is
currently no consensus on the degree of surface roughness that is
optimum for bone cell attachment; further research is needed in
this field.

20.0

18.0 —,

16.0

14.0

12.0

E 100
8.0 \
6.0

4.0

2.0 . \//\\I\\‘

0.0

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
YEAR

Figll. Average roughness suggested by different authors in in vivo
and in vitro studies in normal bone tissue fromTTTJ to[TTT].
A marked decrease of the degree can be seen.
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