
JOURNAL OF MATERIALS SCIENCE:MATERIALS IN MEDICINE,6(1995)302-309 

An animal study of c.p. titanium screws 
with different surface topographies 

A. WENNERBERG, T. ALBREKTSSON, B. ANDERSSON 
Biomaterials Group/Handicap Research, Institute for Surgical Sciences, Giiteborg 
University, Medicinaregatan 8, 4 13 90 GZiteborg, Sweden 

Sixty screw-shaped commercially pure (c.p.) titanium implants were inserted in the tibia1 
and the femoral metaphyses of adult rabbits. The implants were divided into four groups 
with different surface roughnesses. The surface roughness was characterized before and 
after implant insertion. One group was left as-machined, this group had an initial R, value of 
0.4 pm. Two groups were blasted with 25 pm sized particles of Ti02 and AlzOs, respectively; 
corresponding R, values for these groups were 0.9 pm and 0.8 pm. One group was blasted 
with 250 pm sized particles of AlzOs. The R, value for this last group was 2.1 pm. After 
a healing time of 12 weeks the torque necessary for implant removal and histomorphometric 
evaluations was evaluated. After removal of the implants the R, values for the four above 
mentioned groups were 0.9, 1.3, 1.1 and 1.9 pm, respectively. We found a better bone 
response for implants blasted with 25 pm sized particles compared to an as-machined 
(turned) surface, but no differences between the implants blasted with 25 pm particles and 
the implants blasted with 250 pm sized particles. 

1. Introduction 
A number of studies have investigated different as- 
pects of surface quality for a better understanding of 
the interplay between living tissue and an implant 
surface. Investigations have concerned the surface en- 
ergy, the oxide layer, the surface roughness and the 
chemical compositions [l-5]. Depending on the im- 
plantation site, the demands may differ with respect to 
surface quality. On the one hand, when penetrating 
into the oral cavity a rough surface will collect much 
more bacteria than a smooth one [S-S]. On the other 
hand several authors have stressed the importance of 
a rough surface for hard tissue implants [9-121. 
Mechanical interlocking may be enhanced by increase 
of the surface roughness and the stress distribution 
can be improved [13,14]. These positive effects of an 
increased surface roughness must be balanced with the 
potential negative effects such as a decrease in implant 
stability [15] and an increase of ion release [16, 171. 
The purpose of the present study was to evaluate how 
well defined surface structures respond to removal 
torque and to evaluate the bone-to-metal contact 
for implants with a highly increased surface roughness 
(blasted with 250 urn particles of Al,O,) and for 
implants with a moderately increased surface rough- 
ness (blasted with 25 urn particles of Al,O,). Further- 
more, we wanted to compare the removal torque for 
as-machined implants with that of implants blasted 
with small particles of TiOz (25 pm in size). The sur- 
face roughness was characterized in a three-dimen- 
sional way before and after an implantation time of 
12 weeks. 
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2. Materials and methods 
2.1. Animals and anaesthesia 
A total of ten adult, New Zealand White rabbits of 
mixed sexes were used in the present study. They were 
all aged between 9 and 10 months, with closed physes 
as evidenced by X-rays. The animals were anaesthe- 
tized with intramuscular injections of Hypnorm Vet@, 
(Janssen Farmaceutica, Belgium) at an initial dose of 
0.25 ml per kg body weight and intraperitoneal injec- 
tions of Apozepamm (Apothekarnes Laboratorium, 
Norway) at a dose of 0.25 mg per animal. If necessary, 
additional doses of Hypnorm at a dose of 0.1 ml per 
kg body weight, were given. Locally to the implant 
sites, 1.0 ml of 5% Xylocain@ (Astra Sweden) was 
administered in immediate connection to the surgery. 
Before surgery the animals received an antibiotic, Pe- 
noVet@ (Boeringer, Denmark) at a dose of 5 ml per 
animal. An analgesic Temgesic@ (Reckitt and Colman, 
England) was administered immediately after the sur- 
gery at a dose of 0.3 ml per rabbit. All ten animals 
received the latter two drugs 3 days after implantation. 
Twelve weeks after surgery the animals were eutha- 
nized with an overdose of Mebumal Vet@, Nordvacc. 
Sweden. 

2.2. Implant and surface topography 
characterization 

Sixty screw-shaped c.p. (commercially pure) titanium 
implants with a length of 6 mm, an outer diameter of 
3.7 mm and with a pitch height of 0.6 mm were 
divided into four groups. Group A: 10 screws were left 
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as-machined, i.e. a turned surface. Group B: 10 screws 
were blasted with 25 urn sized particles of TiOz. 
Group C: 20 screws were blasted with 2.5 urn sized 
particles of Al,03. Group D: 20 screws were blasted 
with 250 urn sized particles of A1203. The blasting 
process was performed with Basic Due@ (Renfert, Ger- 
many) blasting equipment. The speed was 3 s/rev and 
the pressure was 0.36 MPa. The implants were cleaned 
in an ultrasonic bath (Trichlorethylene and rinsed in 
absolute ethanol) after the blasting process. A Nikon 
Measurescope lo@ (Nikon, Tokyo, Japan) equipped 
with a digital counter was used to measure the outer 
diameter, the core diameter and the pitch height of 
two randomly chosen screws from each of the four 
groups. These screws were measured on top, mid and 
bottom aspects of the screw and the mean value was 
calculated. For surface topographical characterization 
an optical profilometer developed for three-dimen- 
sional measurements, TopScan 3D@ (Heidelberg In- 
struments GmbH, Germany) was used. A He-Ne laser 
spot of about 1 nm in diameter is scanned over the 
surface. High resolution is achieved due to the con- 
focal design of the profilometer. Numerical values for 
different surface roughness parameters and visual im- 
ages are produced by appropriate software. The sys- 
tem has been described in more detail previously [IS]. 
Two screws, randomly chosen, were measured on 
three flanks, one thread-top and one thread-bottom 
each. The measuring area was 240 x 245 urn for all 
measurements. A Gaussian filter was used to exclude 
form and waviness from roughness. The filter size was 
set to 30 x 30 pm. For numerical descriptions we used 
seven different roughness parameters, five were pure 
height descriptive and two include information from 
space, Aq and h,. 

R, is the arithmetic mean of the departures of the 
roughness profile from the mean line, measured in 
micrometres. This parameter gives a good general 
description of height variations but is insensitive to 
wavelength and occational high peaks and low val- 
leys. 

R, is the root mean square parameter correspond- 
ing to R,, measured in micrometres. 

R, is the maximum peak to valley height in the 
evaluation area, measured in micrometres. This para- 
meter is an extreme value and may have large scatter 
due to random sampling. 

Rsk or skewness is the measure of the symmetry of 
the profile, a surface with more valleys than peaks has 
a negative skewness value, and a positive skewness 
value means there are more peaks than valleys. 

Rku is the measure of the sharpness of the surface 
profile, a perfect Gaussian distribution has a kurtosis 
value of 3, if the area has relatively more peaks and 
valleys the kurtosis value will be > 3. 

Aq is the root mean square slope of the profile 
throughout the assessment area, measured in degrees. 

h, is the root mean square measure of the spacings 
between local peaks and valleys, taking into account 
their relative amplitudes and individual spatial fre- 
quencies, measured in micrometres. After the measur- 
ing procedure all implants were sterilized in an auto- 
clave. 

2.3. Surgical technique and implant inser- 
tion 

Each animal received six implants: in every left femur 
one’turned screw and in every right femur one screw 
blasted with 25 urn sized TiOz particles; in the left 
proximal methaphysis of the tibia two screws blasted 
with 250 urn sized particles of Al,O, and in the right 
tibia1 methaphysis two screws blasted with 25um sized 
AlZ03 particles; the left leg of the rabbit served as 
a control and the right leg served as the test sample. 
The tibia1 implants were placed 5 mm apart. A con- 
trolled surgical technique was used including careful 
drilling with low rotatory speed and profuse saline 
cooling. Immediately after surgery all rabbits were 
allowed full weight bearing. 

2.4. Torque measurements, 
histomorphometric measurements 
and preparation of specimens 

The torque necessary to unscrew the implants im- 
planted in the femur (n = 20) and the implants placed 
most distally in the left and in the right tibia (n = 20) 
was measured with a Tohnichi 6 BTG-N@ (Tohnici 
MFG, Japan) with a measuring range from 
O-74 Ncm. The tibia1 implants placed most prox- 
imally (n = 20) were prepared for histomorphometri- 
cal evaluation. These implants with surrounding bone 
were fixed in 4% neutral buffered formaldehyde and 
embedded in light-curing resin, Technovit 7200 VLC 
(Kultzer & Co., Germany). Cutting and grinding were 
performed in an Exakt sawing machine and grinding 
equipment as described by Donath [19]. The approx- 
imate 10 pm thick sections were stained with toluidine 
blue. The histomorphometric analysis was performed 
with help of a Leitz Microvid equipment connected to 
a PC computer. All measurements were calculated 
with a 10 x magnification objective. Measurements of 
percentage bone-to-metal contact in all threads 
around the implant as well as the three best consecut- 
ive threads in the cortical region (representing the 
major part of the cortical bone) were calculated. The 
amount of bone in the thread area was examined in 
a similar manner. Comparison was made only be- 
tween control and test side in the same animal. 

2.5. Surface topography characterization 
after 12 weeks in rabbit bone 

One screw from each group was randomly chosen after 
the torque measurement. These four screws were placed 
in test tubes containing EDTA (ethylene diamine tetra 
acetic acid) solution and kept at room temperature for 
8 weeks in order to dissolve hard tissue remnants on the 
implant surface; afterwards they were ultrasonically 
cleaned in 70% ethanol. Each screw was measured on 
top, mid and bottom aspects of the screw on nine sites 
each, three flanks, three tops and three valleys. The mea- 
surements were the same as those done before surgery. 

Wilcoxon signed rank test was used to calculate 
p-values for torque measurements and for the his- 
tomorphometric analysis. Each animal served as its 
own control. 
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3. Results 
With respect to the surface analysis, we found the 
screws in group A, (turned surface) to be, the 
smoothest ones included in this study. (Fig. la, lb) 
They had an anisotropic surface, i.e. the surface tex- 
ture has a clear direction; this is in contrast to the 
screws of group B and C where the screws had an 
isotropic structure, i.e. there is no predominant direc- 
tion of the surface texture. Group B and C blasted 
with the same size (25 urn) blasting particles although 
of different materials (TiO, and A1203, respectively) 
exhibited a very similar surface structure (Figs 2a, 2b 

and 3a, 3b). Group D screws blasted with 250 urn sized 
particles of A1203 demonstrated the roughest surface 
evaluated in the present study. The surface structure in 
group D was inhomogenous, small rather smooth 
areas were found between areas with high peaks and 
deep valleys (Fig. 4a, 4b) (Table I). The surface ana- 
lysis performed on the implants after an insertion time 
of 12 weeks in the rabbit bone demonstrated some 
changes compared to the surface analysis performed 
before surgery. All four groups had a more negative 
value of skewness parameter. Group A, B and C had 
all increased their surface roughness, group A more 
than group B and C (Fig. 5). Group D had slightly 
decreased surface roughness (Fig. 6). The R, value for 

Figure I (a) A cp. titanium screw (turned) 6 mm in length, diameter 
of 3.7 mm and pitch height 0.6 mm. (b) A topographical image of 
a thread flank of a turned c.p. titanium screw. Thread flank. 
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Figure 2(a) A cp. titanium screw 6 mm in length, diameter 3.7 mm, 
pitch height 0.6 mm. Surface blasted with 25 urn sized TiOz par- 
titles. (b) Surface structure of a titanium oxide blasted (25 urn 
particles) c.p. titanium screw. Thread flank. 



Figure 3 (a) A c.p. titanium screw 6 mm in length, diameter 3.7 mm, 
pitch height 0.6 mm. Surface blasted with 25 pm sized AlsO par- 
ticles. (b) Surface structure of an aluminium-oxide blasted (25 urn 
particles) c.p. titanium screw. Thread flank. 

group D was about half that before implant insertion, 
while the R, value had increased for group A and 
remained similar for groups B and C. In general, the 
height descriptive parameters had been more in-. 
fluenced by insertion and removal of the implants 
than had the space and height descriptive parameter 
(A, and hq) (Table II). 

We used the Nikon Measurescope 10 equipment to 
ensure that the abrasive blasting had not severely 
diminished the screw outer as well as core diameter. 
Furthermore, we measured the pitch height. We found 
very small differences between the four different 
groups of implants. The small changes for the three 
groups treated with different blasting procedures were 

Figure 4(a) A c.p. titanium screw 6 mm in length, diameter 3.7 mm, 
pitch height 0.6 mm. Surface blasted with 250 urn sized Al,03 
particles. (b) Rough surface demonstrated by a screw blasted with 
250 urn AllO particles. 

within the variation that could occur among the un- 
blasted (as-machined) implants (Table III). 

The torque necessary to loosen the screws was sig- 
nificantly higher for the implants blasted with 25 urn 
sized particles of Ti02 and inserted in the right femur 
(group B) than that for the turned implants inoperated 
in the left femur (group A). The mean value of the 
torque to unscrew the implants in the right femur was 
45.4 Ncm whereas the mean value in the left femur 
was 38.4 Ncm (p = 0.010). There was not a statist- 
ically significant difference between the implants in the 
right tibia (group C) and the implants in the left tibia 
(Group D). The mean value for the screws in the right 
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TABLE I The mean value of seven commonly used surface roughness parameters characterizing the surface structure for differently treated 
titanium implants 

Ra (m) R, (w-4 Rt W) RSk R k” 40 h, (w) 

Group A 
Turned surface 
Screw 1 
Screw 2 
Mean of 1 + 2 

SD1+2 
Group B 
Blasted surface 
TiOz 25 urn 
Screw 1 
Screw 2 
Mean of 1 + 2 

SD 
Group C 
Blasted surface 
A1,Oa 25 pm 
Screw 1 
Screw 2 
Mean of 1 + 2 

SD 
Group D 
Blasted surface 
A1203 250 urn 
Screw 1 
Screw 2 
Mean of 1 + 2 

SD 

0.42 0.59 9.93 - 0.08 19.09 23.57 8.86 
0.34 0.49 6.31 0.17 9.84 20.23 8.62 
0.38 0.54 8.23 0.04 14.47 21.90 8.14 
0.2 0.2 3.8 1.9 9.6 6.9 1.1 

0.85 1.18 18.23 0.37 8.90 35.71 11.77 
0.91 1.04 20.2 0.57 10.76 37.46 12.17 
0.88 1.11 19.23 0.47 9.83 36.58 11.97 
0.2 0.3 5.4 1.0 6.4 5.6 1.1 

0.84 1.29 20.7 1.43 17.89 35.86 12.87 
0.80 1.12 16.46 0.42 10.11 36.62 11.09 
0.82 1.21 18.57 0.93 14.0 36.24 11.98 
0.2 0.3 5.6 1.1 9.4 3.5 2.4 

2.11 3.04 41.18 0.12 8.11 55.21 19.72 
2.11 3.01 45.00 - 0.14 8.48 56.12 19.33 
2.11 3.02 43.09 - 0.01 8.29 55.69 19.53 
0.1 0.3 6.9 0.4 2.6 2.2 1.5 

Figure 5 Topographical image of a turned cp. titanium screw after Figure 6 Thread top of a cp. titanium screw blasted with 250 urn 
an insertion time of 12 weeks. An increased surface roughness is particles of A1203 after implantation in the rabbit bone. The peaks 
shown compared to before implant insertion, demonstrated in have decreased in size and the pits in the surface are now more 
Fig. lb. visible compared to Fig. 4b. 

tibia was 41.7 N cm whereas the mean value for the left 
tibia was 39.8 N cm (p = 0.238) (Table IV). 

The histomorphometric analysis demonstrated 
more bone-to-metal contact when calculated over the 
three best consecutive threads for the implants blasted 
with 25 urn A1203 (mean value 46.4% compared to 
39.2% for the implants blasted with 250 urn A1203 
particles) (p = 0.030). When calculating over all 
threads in the screw, there was no statistically signifi- 
cant difference between the left and the right side. 
Mean value for the right tibia1 implants (25 urn, group 
C) was 27.6% and mean value for the left tibia1 im- 
plants (250 pm, group D) was 24.3% (p = 0.439) 
(Table V) The percentage amount of bone in the 
thread region was similar for right and left side. Calcu- 
lating over the three best consecutive threads in the 
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screws inserted in the right side (25 urn, group C) the 
amount of bone was 72.6%, compared to the screws 
inserted in the left tibia (250 urn, group D) where the 
amount of bone was 68.7% (p = 0.166). Calculating 
over all threads in the screw implanted in the right side 
the amount of bone was 36.9% and the corresponding 
value for the left side was 34.4% (p = 0.399) (Table VI) 
(Figs 7 and 8) 

4. Discussion 
In the present study we found that an increase in 
blasting particle diameter resulted in an increased 
surface roughness, but the type of blasting material 
(TiOz or Al,O,) did not seem to influence the surface 



TABLE II The mean value of seven surface roughness parameters after 12 weeks in rabbit bone. One screw, randomly chosen from each 
group was measured on nine sites 

W’) L (W 

Group A 
Turned surface 
Mean of 9 
measurements 

SD 
Group B 
Blasted surface 
TiO, 25 urn 
Mean of 9 
measurements 

SD 
Group C 
Blasted surface 
AlZ03 25 urn 
Mean of 9 
measurements 

SD 
Group D 
Blasted surface 
AlzO, 250 urn 
Mean of 9 
measurements 

SD 

0.88 1.16 15.32 - 0.46 8.00 41.24 
0.2 0.4 4.6 0.7 2.4 7.1 

10.94 
1.4 

13.77 
1.4 

1.34 
0.3 

1.77 
0.3 

21.46 - 0.35 6.79 46.69 
6.9 0.6 4.9 4.1 

1.06 1.43 14.55 - 0.50 5.4 39.8 
0.2 0.3 4.8 0.6 1.5 6.8 

12.9 
1.2 

1.93 2.63 21.55 - 0.33 5.67 47.1 20.04 
0.5 0.7 11.1 0.5 2.0 9.9 3.8 

TABLE I I I Measurements of the outer diameter, core diameter and pitch height of the four groups after surface modification 

Outer diameter Core diameter 

(mm) (mm) 
Pitch height 
fmml 

Group A 
Turned surface 
Screw 1 
Screw 2 
Mean screw 1 + 2 
SD1+2 
Group B 
Blasted surface 
TiOl 25 urn 
Screw 1 
Screw 2 
Mean screw I + 2 
SD1+2 
Group C 
Blasted surface 
A1203 25 pm 
Screw 1 
Screw 2 
Mean screw 1 + 2 
SDlf2 
Group D 
Blasted surface 
A1,O3 250 urn 
Screw 1 
Screw 2 
Mean screw 1 + 2 
SDl+Z 

3.693 3.071 0.598 
3.701 3.075 0.596 
3.697 3.073 0.597 
0.008 0.005 0.002 

3.697 3.084 0.598 
3.693 3.076 0.599 
3.695 3.079 0.598 
0.008 0.005 0.006 

3.660 3.053 0.603 
3.708 3.104 0.598 
3.684 3.078 0.600 
0.029 0.029 0.006 

3.704 3.083 0.595 
3.699 3.088 0.595 
3.702 3.085 0.595 
0.004 0.005 0.012 

structure or the tissue reactions [20]. We also found the with a previous study [21], where we found when 
blasting procedure to preserve the major shape of the comparing implants inserted in the tibia1 methaphysis, 
implant. The observed differences in bone response, that higher removal torques were required for the 
therefore, can be referred to the different surface struc- TiOz blasted specimens compared to the as-machined 
tures that were investigated. The femoral implants dem- ones. This may indicate that a slight increase of sur- 
onstrated significantly higher removal torques for im- face roughness compared to as-machined implants is 
plants blasted with 25 urn particles of TiOz compared preferable for bone fixation in cancellous as well as 
to the as-machined, turned implants. This is consistent compact bone, at least over a short follow-up time. 
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TABLE IV Removal torques of tibia1 and femoral implants as machined and blasted with 25 urn and 250 urn sized particles, 12 weeks after 
insertion 

Rabbit 
number 

Removal torque (N cm) 

Right femur 
Blasted 
(TiOZ 25 urn) 

Left femur 
Turned 

Right tibia Left tibia 
Blasted Blasted 
(ALO 25 w) (Al,Oa 250 pm) 

1 51 38 36 22 
2 63 56 41 48 
3 36 37 36 44 
4 35 38 31 38 
5 35 21 44 35 
6 38 25 27 28 
I 51 50 51 50 
8 37 31 41 41 
9 42 33 55 41 

10 66 55 55 67 
Mean value 45.4 38.4 41.7 39.8 
SD 11.7 11.9 9.67 13.5 
Min-Max value 35-66 21-56 27-55 22-67 

p-value calculated with Wilcoxon signed rank test 
Femur p-value = 0.01 
Tibia p-value = 0.238 

TABLE V Measured percentage bone-to metal contact of cp. titanium implants blasted with 25 and 250 urn sized aluminum-oxide particles 
12 weeks after insertion. Standard deviation and minimum-maximum values within parenthesis 

Thread 
number 

Bone-metal contact (%) 

Right tibia 
A1,Oa 25 urn 

Left tibia 
AlaO, 250 urn 

1 37.5 
2 42.9 
3 44.6 
4 30.7 
5 18.6 
6 11.8 
1 6.2 

All threads around the screw 27.6 (11) (11-46) 
Three consecutive best threads 46.4 (13) (25-66) 

17.5 
35.4 
45.4 
31.6 
24.8 
21.7 
17.8 

24.3 (5.9) (25-47) 
39.2 (5.9) (25-47) 

p-value calculated with Wilcoxon signed rank test. 
p-value all threads in the tibia p = 0.439 

p-value three consecutive best threads in the tibia p = 0.030 

TABLE VI The average amount of bone (percentage) of thread area of c.p. titanium implants blasted with two sizes of aluminum oxide 
particles, 12 weeks after insertion in the tibia. Standard deviation and minimumPmaximum values within parenthesis 

Thread Bone-in thread area (%) 
number 

1 
2 
3 
4 
5 
6 
I 
All threads around the screw 
Three consecutive best threads 

Right tibia Left tibia 
A1,03 25 urn A1203 250 urn 

68.5, 51.4 
68.8 79.6 
64.4 63.3 
32.5 31.3 
14.2 6.0 

7.7 7.4 
5.8 9.3 

36.9 (8.3) (25-52) 34.9 (6.0) (24-44) 
72.6 (8.2) (61-86) 68.8 (10.3) (48-82) 

p-value calculated with Wilcoxon signed rank test. 
p-value all threads in the tibia p = 0.399 
p-value three consecutive best threads in the tibia p = 0.166 
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Figure 7 Ground section of a c.p. titanium screw blasted with 
25 urn particles of A1203. 

Figure 8 Ground section of a c.p. titanium screw blasted with 
250 urn Al,03 particles. The percentage of bone in contact with the 
metal surface is somewhat less compared to that shown in Fig. 7. 

This study demonstrates no differences between the 
two groups of blasted implants inserted in the tibia. 
Buser et al. [9], concluded that “the extent of 
bone-implant interface is positively correlated with 
an increasing roughness of the implant surface”. How- 
ever, the results from the present study indicate no 
advantage (for a short follow-up time) to increasing 
the blasting particles from 25 urn to 250 urn and there- 
by increasing the surface roughness from a R, value of 
0.8 urn to a R, value of 2.1 urn. In further studies we 
will attempt to add knowledge about bone reactions 
to various surface roughness at a longer follow-up 
time of 1 year. 
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