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ABSTRACT 
Background: By using the guided tissue regeneration concept it is possible to augment bone, beyond the skeletal envelope, 
provided certain biologic, surgical, and barrier-related demands are met. Among barrier-related factors of importance are 
the surface properties. 
Purpose: The aim of this study was to evaluate whether different surface roughness of the barrier wall influences the amount 
and morphology of augmented bone in a secluded space, using a titanium cylinder as barrier device placed on the rabbit skull. 
Materials and Methods: Cylinders of commercially pure titanium were fabricated by machining, using a turning tool. The 
inner cylinder wall was either left untreated or grit-blasted with titanium dioxide to increase surface roughness. The topo- 
graphic profile of the inner surface of two cylinders ( 1 turned and 1 grit-blasted) was measured in vitro to achieve a numeric 
characterization of each type of surface topography. Two cylinders, one with grit-blasted and one with turned inner walls, 
were surgically placed and secured to the skull bone of each of eight rabbits. The plate of the cortical bone, facing the experi- 
mental area framed by the cylinder wall was removed, and care was taken to ensure total blood f3l of the cylinders. After 3 
months, the animals were sacrificed to obtain histology for histomorphometry. 
Results: The relative volume of augmented tissue in the grit-blasted cylinders (77.9 f 10.5%) did not differ significantly 
from that in the turned cylinders (73.4 f 5.5%, p = .118), neither did the volume of mineralized bone (20.1 f 8.2% vs. 22.1 
f 7.2%, p = .064). The trabecular density of the augmented bone was higher close to the walls of both the turned and the 
grit-blasted cylinders compared to the overall trabecular density within the cylinders, but with no significant difference 
between the two groups. However, the area of mineralized bone in direct contact with the inner surface of the titanium 
cylinder was significantly larger in the grit-blasted (33.9 f 13.3%) compared to the turned cylinders (12.0 f 8.5%,p = .01). 

Conclusions: The use of titanium barriers with a grit-blasted inner surface compared to barriers with a turned surface 
resulted in the formation of similar amounts of bone beyond the skeletal envelope of the rabbit skull. However, a larger area 
of augmented mineralized bone was found in direct contact with the inner surface of the grit-blasted cylinders. 
KEY WORDS: barrier walls, guided bone augmentation, rabbit model, surface roughness 
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y using the guided tissue regeneration (GTR) con- B cept (i.e., using barriers t o  permit ingrowth of 
desired cells and prevent ingrowth of undesired cells 
into a secluded space intended for tissue regeneration),' 
it is possible to generate bone beyond the skeletal enve- 
lope.2-8 A successful outcome using this concept for 
bone generation implies that some basic prerequisites 
for bone formation and bone healing must be fulfilled. 
Such prerequisites are the availability of bone-forming 
cells, ample blood supply, and mechanical support for 
the bone growthgs10 These preconditions are crucial, 
since osteoblast function depends on the presence of 
blood v e ~ s e l s , ~ ? ~  and formation of organized bone 
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tissue requires a mechanically stable surface. In fact, 
bone is deposited only on a solid base.” 

When generating bone, the barrier should ideally 
create and maintain a secluded space and prevent 
ingrowth of undesired cells. Its inner surface should 
also facilitate adhesion of the blood clot and guide the 
generating cells and tissues (i.e., serve as a conductor 
for blood and bone-forming cells), thereby ensuring 
complete bone fill of the space. This is especially 
important when generating bone beyond the skeletal 
envelope, since the barrier in this situation usually con- 
stitutes the major part of the walls surrounding the 
space. This means that the barrier wall has a consider- 
able influence on the healing outcome. A biocompatible 
and stable barrier with favorable surface properties pro- 
vides a desirable solid base for bone growth in addition 
to the donor bone itself. 

Several studies have evaluated the influence of dif- 
ferent surface topography on osseointegration of dental 
implants (i.e., bone response at the implant-bone inter- 
face).12 Some of these studies focused on implants with 
abrasive-blasted  surface^.'^-'^ The results were univocal 
with regard to a larger bone-to-implant contact area for 
blasted compared to turned implants with a smoother 
surface topography. Furthermore, Gotfiedsen et al sug- 
gested that rough-surfaced implants might establish 
bone contact faster than smooth-surfaced implants.” 

Currently, no studies are presented in the literature 
investigating the influence of different surface topogra- 
phy of barriers used for guided bone augmentation. 
The aim of the present study was to evaluate whether 
different surface roughness of a barrier wall influences 
the amount and morphology of generated bone in a 
secluded space, using an experimental titanium cylin- 
der as barrier device placed on the rabbit skull. 

MATERIALS AND METHODS 

Animals and Anesthesia 

Eight adult (7-8 mo) female New Zealand white rabbits 
weighing between 3 and 4 kg were used in the study. 
The animals were kept in a room designed for experi- 
mental animals and were fed ad libitum with standard 
laboratory diet. The study was approved by the Animal 
Research Ethics Committee at Goteborg University, 
Goteborg, Sweden. 

General anesthesia was induced by intramuscular 
injections of Hypnorma (Janssen Pharmaceutica, Brus- 

sels, Belgium) with a dose of 0.2 mLlkg and intraperi- 
toneal injection of  diazepam (Stesolid@, Dumex, 
Copenhagen, Denmark) with a dose of 1.5 mg/kg body 
weight. In addition, approximately 1 mL of local anes- 
thesia (2% lidocaine with epinephrine 12.5 pg/mL; 
Xylocaina adrenalin, Astra AB, Sodertalje, Sweden) was 
deposited under the skin of the skull bone. 

Experimental Device 

Cylinders of commercially pure titanium with an inner 
diameter of 6.0 mm and an inner experimental height 
of 4.5 mm were fabricated by machining, using a turn- 
ing The cylinders for the control group were left 
untreated, whereas the inner wall of the test cylinders 
was grit-blasted with titanium dioxide particles (Astra 
Tech AB, Gothenburg, Sweden). The surface topogra- 
phy of the inner walls of both one grit-blasted and one 
turned cylinder was measured with an optical pro- 
filometer, using a confocal design of the optics (Top- 
Scan 3D, Heidelberg Instrument GmbH, Heidelberg, 
Germany). The system has been described in previous 
p u b l i c a t i o n ~ . l ~ > ~ ~  One grit-blasted and one turned 
cylinder were divided into three samples. The topogra- 
phy of the three samples of each surface (turned and 
grit-blasted) was measured. Each measured area was 
245 x 245 pm. A gaussian filter, 50 x 50 pm, was used 
to separate roughness from form and waviness. For 
numeric characterization, three different surface rough- 
ness parameters were used: Sa describes the average 
height deviation, in micrometers, from a mean plane; 
ScX describes the horizontal distance between the peaks 
crossing the mean plane, in micrometers; Sdr describes 
the surface enlargement in percentage from an imagi- 
nary total flat area (i.e., the ratio between a three- 
dimensional (3D) and a two-dimensional (2D) area). 

The cylinders to be surgically placed on the skull of 
the rabbit were supplied with a Delrin ring (Delrina; 
polyoxymethylene; DuPont AB, Sweden), snapped to a 
circumferential slit on the outer wall of the cylinder at 
its base (Figure 1). The Delrin ring was supplied with 
two holes for mini-screws to retain the device to the 
skull bone. An inner shelf at the top of each cylinder 
wall supported a titanium lid serving as a roof for the 
experimental space. 

The cylinders, Delrin rings, mini-screws, and lids 
were cleaned in an ultrasonic bath, using Extran (MAO1, 
Nobel Biocare AB, Karlskoga, Sweden) and absolute 
ethanol, before autoclaving. 
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Specimen preparation 

All animals were sacrificed after a healing period of 
3 months, by intramuscular injections of 1 mL Hyp- 
norm@ (Janssen Pharmaceutica, Brussels, Belgium), 
followed by intravenous injections of 10 mL of a solu- 
tion of pentobarbital (100 mg/mL, Apoteksbolaget, 
Malmo, Sweden). Biopsies, comprising the skull bone 
with the two titanium cylinders, were removed en bloc 
and fixated by immersion in 10% buffered formalde- 
hyde. The specimens were then dehydrated in a graded 
series of ethanol, and embedded in plastic resin (Tech- 
novit 7200 VCL, Kulzer & Co., Wehrheim, Germany). 
Sagittal sections were obtained from the center of the 
cylinders, using a sawing and grinding technique 
(Exakt cutting and grinding equipment; Exakt Appa- 
ratebau, Norderstedt, Germany). Each section was 
ground down to a thickness of about 10 pm and stained 
with 1% toluidine blue and 1% pyronin G. 

Figure 1. A grit-blasted (B) and a turned (T) titanium cylinder 
together with the lids (L) and the Delrin rings (D). 

Surgery 

Surgery was performed under aseptic conditions. The 
skull bone of the rabbits was exposed and a circular slit, 
about 0.5 mm deep and 0.5 mm wide, was prepared in 
the bone, using a trephine drill with an inner diameter 
of 6 mm. One such slit was prepared on each side of the 
sagittal cranial suture, posterior to the transversal 
frontal suture. On both sides, the outer cortical bone 
layer, demarcated by the circular slit, was removed 
using a round bur to get access to the endosseous bone 
compartment. 

A titanium cylinder was placed in each circular slit 
by press-fit and attached to the cortical bone plate via 
the two mini-screws. One grit-blasted (test) and one 
turned (control) cylinder were placed in each of the 
eight rabbits. The removal of the outer cortical bone 
plate resulted in bleeding. The experimental area was 
clinically inspected. If necessary, additional blood was 
collected from the surgical site lateral to the cylinder or 
from the vein of an ear to ensure that all cylinders were 
completely filled with blood before the placement of 
the titanium lid at the top of the cylinder (Figure 2). 

The skin of the reflected flap was repositioned to 
cover the cylinders and sutured with single sutures 
(Vicryla 5-0; Ethicon, Norderstedt, Germany). The 
height of the cylinder prevented its coverage by the 
periosteum. Postoperatively, the animals received anal- 
gesics (Temgesica, Reckitt and Coleman, Hull, Eng- 
land), with a dose of 0.05 mg/kg, and antibiotics (Pen- 
oveta; 300 mg/mL, Boehringer Ingelheim, Hellerup, 
Denmark) with a dose of 0.1 mL/kg, given as single 
intramuscular injections for 3 days. 

Analysis 

Histologic examination, photography, and morpho- 
metric measurements of the sections were performed 
in a Leitz Orthoplan microscope, equipped with a Leitz 
Microvid Morphometric System, connected to an IBM 
PC. The morphometric measurements were performed 
in one vertical histologic section from each specimen, 
representing the center of the titanium cylinder (Fig- 
ure 3). The measurements comprised assessments of 
the cross-sectional area of 

1. 
2. 

the total experimental area (expressed in mm2), 
the area of all augmented mineralized and non- 
mineralized tissues (expressed in percentage of l) ,  

Figure 2. Two cylinders in place: one (left) has been supplied 
with a lid. The blood fill of the cylinders can be seen (right) 
before the titanium lid has been mounted. 
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Figure 3. Schematic illustrating how measurements were per- 
formed (1) total experimental area, (2) area of all augmented tis- 
sues, (3) augmented mineralized bone area, (4) maximum height 
of augmented mineralized tissue, ( 5 )  length of bone-titanium 
contact, (6) mineralized bone area adjacent to the inner walls. 

3. 

4. 

5. 

6. 

the area of augmented mineralized bone (expressed 
in percentage of 2), 
the maximum height of the augmented mineral- 
ized tissue (expressed in percentage of the total 
height of the experimental area), 
the length of mineralized bone in direct contact 
with the inner surface of the titanium cylinder 
(expressed in percentage of the total height of the 
inner walls), and 
the area of mineralized bone within a rectangular 
frame of approximately 0.2 x 4.5 mm, placed with 
its long side in contact with the inner wall of the 
cylinder and extending into the experimental area 
(expressed in percentage of the area of the frame) 
(see Figure 3). 

All measurements were performed under objective 
times 1.6, except for the length of mineralized bone in 
direct contact with the inner surface of the titanium 
cylinder (6) where objective times 40 was used. The 
cross-sectional area of the measured tissues was con- 
sidered to represent the volume of these tissues within 
the cylinder.20 

Statistics 

The mean and standard deviation values for each para- 
meter were calculated for the two groups. The individ- 
ual values were compared using Wdcoxon’s signed rank 
test for paired analysis. Differences were considered sta- 
tistically significant at p I .05. 

RESULTS 

The in vitro surface roughness analysis demonstrated 
two clearly different degrees of roughness of the two 
types of surfaces. (Table 1 ). 

All experimental sites healed uneventfully. How- 
ever, one turned cylinder, was found clinically to be dis- 
located and mobile at the end of the healing period and 
was not histologically analyzed. The histologic sections 
showed that none of the remaining titanium cylinders 
had been dislocated from their original position. 

In all cylinders, bone augmentation of various 
degrees had occurred. There was no obvious difference 
in the morphologic appearance of the augmented bone 
between test and control sites. The newly formed bone 
consisted of slender trabeculae and large marrow spaces 
(Figure 4). The bone trabeculae adjacent to the surface 
of the inner wall of the cylinders were oriented parallel 
to and in various degrees of intimate contact with the 
surface in both the grit-blasted and turned cylinders 
(Figure 5). 

In the augmented bone of all cylinders, there was 
ongoing bone remodeling, characterized by zones of 
osteoid tissue with osteoblasts and resorption lacunae 
with osteoclasts. The cell population in the nonminer- 
alized tissue of the experimental areas was more 
numerous than in the corresponding tissue underneath 
and lateral to the cylinders, but the composition was 
similar and consisted of bone-forming cells and some 
inflammatory cells. 

In four of the grit-blasted and one of the turned 
cylinders, the lid had an oblique position, creating a 
minor opening toward the surrounding soft tissue, 
which in turn resulted in a limited ingrowth of 
suprabony connective tissue. 

The relative area of augmented tissue in the grit- 
blasted cylinders (77.9 * 10.5%) did not differ signifi- 
cantly from that in the turned cylinders (73.4 k 5.5%, 
p = .118). Neither did the relative area of mineralized 
bone differ significantly between grit-blasted and 
turned cylinders (20.1 k 8.2% vs. 22.1 k 7.2%; p = .064) 
(Table 2).  The maximum height of the augmented, 
mineralized bone was 93.4 f 5.1% of the height of the 

TABLE 1. Numeric Characterization of the Two 
Types of Surfaces Studied  

~ 

Blasted (test)* 1.54 k 0.3 13.62 f 1.2 60 k 0.3 
Turned (control)* 0.49 f 0.3 7.20 f 0.8 16 f 0.2 

~~ 

* mean f SD 
Sa = average height deviation from mean plane; 
SCX = horizontal distance between peaks crossing mean plane; 
Sdr = surface enlargement from an imaginary total flat area. 
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Figure 4. Light micrograph of a transverse cruss-section taken through the center of a grit-blasted [A) and a turned (B) cylinder. Slender 
trabeculae are climbing up along the inner walls of the cylinders. (Objective ~ 1 . 6 .  Staining 1% toluidine blue and 1% pyronin G.) 

grit-blasted cylinders and significantly higher when 
compared to the turned cylinders, which was 85.6 f 
11.1% (p = .05). The area not filled with augmented tis- 
sue or ingrown suprabony connective tissue consisted of 
lytic erythrocytes or appeared empty in the histologic 
sections, indicating exudate-fded spaces in vivo. 

The length of mineralized bone in direct contact 
with the inner surface of the titanium cylinders was sig- 
nificantly larger in the grit-blasted cylinders (33.9 k 
13.3%) compared to the turned cylinders (12.0 f 8.5%, 
p = .01) (Figure 6). The area of mineralized bone 
within the rectangular frame, placed at the inner wall of 
the cylinders, did not differ between the grit-blasted 
and turned cylinders (45.8 k 16.2% vs. 40.3 f 10.0%, p 
= .368). However, this area was significantly larger 
compared to the area of mineralized bone within the 
total area of augmented tissue (Figure 7). 

DISCUSSION 

This study showed that the use of titanium barriers 
with a grit-blasted inner surface, did not result in larger 
amounts of generated bone tissue beyond the skeletal 
envelope of the rabbit skull, compared to the use of 
barriers with a turned surface. However, there was a 
higher degree of direct bone contact with the grit- 
blasted surfaces. Also, the newly formed mineralized 

Figure 5. At higher magnification of Figure 4, A and B, a bone trabecula in close contact with the inner, grit-blasted (A) and turned 
( B )  titanium wall. (Objective ~ 4 0 .  Staining 1% toluidine blue and 1% pyronin G.) 
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TABLE 2 .  Relative A m o u n t  of All Augmented 
Tissue and of  Mineralized Bone 

- 

Blasted Turned 
Relative Amount (n = 8) (n = 7 )  p-Value 

All augmented 77.9% f 10.5% 73.4% f 5.5% .118 NS 

Mineralized bone‘ 20.1% f 8.2% 22.1% k 7.29/0 .064 NS 
tissue* 

~~ ~~ ~ 

‘ mean f SD. NS = not significant. 

bone reached a significantly higher level above the orig- 
inal surface of the donor bone adjacent to the grit- 
blasted cylinder walls. 

The newly formed bone consisted of slender tra- 
beculae and large marrow spaces. The bone trabeculae 
adjacent to the inner wall of the cylinders were oriented 
parallel to and in various degrees in intimate contact 
with the surface in both the grit-blasted and turned 
cylinders (see Figure 4). This is in accordance with pre- 
viously reported  finding^.^^^.^ The amount of mineral- 
ized bone adjacent to the inner wall (i.e., within the 
rectangular frame) did not differ between the grit- 
blasted and turned cylinders but was significantly 
higher compared to the corresponding values for all 
augmented tissue within the cylinders. This suggests 
that bone generation beyond the skeletal envelope was 
facilitated by the walls of the titanium cylinders irre- 
spective of the surface topography (grit-blasted o r  
turned). This, in turn, confirms the statement that 
mechanical support facilitates bone f o r ~ n a t i o n . ~ > ~ ~  

The observed higher degree of direct contact 
between mineralized bone and a grit-blasted titanium 

I * *  

T 

I Blasted Turned 

surface compared to a turned one is in agreement with 
the data presented in studies of bone tissue reactions to 
different surface roughness of osseointegrated dental 
titanium i m p l a n t ~ . l ~ - * ~  One reason for this finding 
could be that the rougher surface exerted a stronger 
attraction to the bone-forming cells, but the reason for 
this phenomenon is not known. 

In vitro studies have shown that many aspects of 
cellular activity are affected by different surface proper- 
ties. The surface topography influences the rate at 
which bone is formed next to the surface and also the 
mineralization, which is substantially enhanced on 
rough surfaces.21*22 This also might explain the finding 
in the present study that the mineralized bone reached 
a higher level above the original surface of the donor 
bone in the cylinders with the grit-blasted compared to 
the turned surfaces. 

Hammerle et al studied bone augmentation using a 
titanium cylinder with a “highly polished” inner sur- 
face.23 In contrast to the results of the present study, 
they found no contact between the augmented bone 
tissue and the inner wall of the cylinders after 3 months 
of healing. They suggested that this could be explained 
by a prevention of cellular adhesion, caused by the pol- 
ished surface. The data obtained by Hammerle et a1 
indicate that there is a lower limit in surface roughness 
below which cells loose their ability to attach to the 
solid wall of a cylinder.23 Obviously, the cylinders with 
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Figure 6. The length of bone-to-metal contact (expressed in 
percentage of the total length of the inner cylinder walls). (Mean 
value f S.D. * p  I . O l . )  

Figure 7. The area of mineralized bone within the rectangular 
frame compared to the area of mineralized bone within the total 
area of augmented tissue. (Mean value f S.D; *p  I .01.) 
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the turned surface in the present study had a surface 
topography rough enough to stimulate migration of 
osteoblasts along the surface (i.e., to achieve a direct 
bone-to-metal contact and a growth pattern that seemed 
to be guided by the inner wall). 

The effect of the rougher, grit-blasted cylinder sur- 
face on bone formation in the present study seemed to 
be limited to the interface between the bone and the 
titanium wall, since the only difference found between 
the two groups was the larger contact area between the 
grit-blasted cylinder walls and the newly formed bone. 
These data corroborate results of other authors. 3-16*24y25 

In the cylinders with turned inner surfaces, the 
mineralized, augmented bone tissue seemed to have 
been locally in direct contact with the surface but had 
been dislocated, probably at specimen preparation. 
This was indicated by the profile of the edges of the 
bone trabeculae facing the titanium wall, since the pro- 
file was congruent with the profile of the titanium sur- 
face. This might be due to a weaker attachment of bone 
to the turned surfaces, and is in accordance with find- 
ings of a lower removal torque value for smoother sur- 
faces when comparing implants with different surface 
topography. I3-l 

In the present study, where intentional blood fill of 
the cylinders was carried out, the amount of augmented 
bone was similar to that obtained in a previous study in 
which no intentional blood fill was performed. This 
indicates that surgical trauma is sufficient to produce 
enough bleeding for bone augmentation. This is in 
agreement with suggestions by Schmid et al.’ 

The reason for using a cylinder supplied with a lid 
was to obtain access to the experimental area to ensure 
that complete blood fill was achieved. The disadvan- 
tage of this arrangement compared to a superiorly 
secluded cylinder, made in one piece, is that ingrowth 
of suprabony connective tissue cannot be predictably 
prevented. 

It was concluded that the use of titanium barriers 
with a grit-blasted inner surface compared to barriers 
with turned surfaces resulted in the formation of simi- 
lar amounts of bone beyond the skeletal envelope on 
the skull of the rabbit. However, the mineralized bone 
did reach a higher level above the surface of the donor 
bone adjacent to the grit-blasted cylinder walls. Also, a 
larger area of augmented mineralized bone in direct 
contact with the inner surface of the titanium cylinder 
was found in the grit-blasted cylinders. 
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