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Clinical Evaluation of Dental Implants with 
Surfaces Roughened by Anodic Oxidation, Dual
Acid-Etched Implants, and Machined Implants

Alexandre-Amir Aalam, DDS1/Hessam Nowzari, DDS, PhD2

PPuurrppoossee:: The purpose of this study was the clinical and radiographic comparison of dental implants
with surfaces roughened by anodic oxidation (TiUnite), dual acid-etched implants (Osseotite), and
machined implants. MMaatteerriiaallss  aanndd  MMeetthhooddss:: Seventy-four patients (mean age, 52.8 ± 14.2 years;
range, 23 to 80 years; 41 men and 33 women) received 198 dental implants—58 TiUnite implants (25
patients), 52 Osseotite implants (27 patients), and 88 machined implants (22 patients). Clinical mea-
surements and radiographs were evaluated at the time of surgery, at the restorative phase, and 2
years postloading. To account for statistical correlation among multiple implants in the same subject,
a “per patient” mode of analysis was conducted. A 1-way analysis of variance of bone loss was con-
ducted by type of implant as well by area of the mouth. In addition, differences in mean bone loss
were tested for bone density category, gender, and smoking status using Student t tests. RReessuullttss:: Eigh-
teen TiUnite implants (31.0%) were placed in the maxilla and 40 (69.0%) in the mandible. The
Osseotite group included 29 maxillary implants (55.8%) and 23 mandibular implants (44.2%). The
machined group included 49 maxillary implants (55.7%) and 39 mandibular implants (44.3%). All 198
implants were considered radiographically and clinically successful. No mobility, signs of infection, or
inflammation were detected. DDiissccuussssiioonn:: Implant size, location, bone quality, gender, age, and smok-
ing did not influence the comparative clinical outcomes of the 3 groups (P > .05). A trend toward
greater coronal bone loss in the TiUnite group was detected. CCoonncclluussiioonn:: Within the limitations of the
present study, TiUnite, Osseotite, and machined dental implants had similar short-term clinical out-
comes. No statistically significant differences in bone loss could be detected among implant groups or
among the different regions of the oral cavity. The present data underlined the significance of surgical
and prosthetic treatment planning. INT J ORAL MAXILLOFAC IMPLANTS 2005;20:793–798
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In the initially proposed tenets for obtaining
osseointegration, the placement of commercially

pure smooth surface titanium screw-type implants
into the viable bone of completely edentulous maxil-
lae or mandibles with a submerged healing period

was advocated.1,2 Currently, implant utilization has
expanded to include fixed partial dentures (FPDs),
single-tooth replacement,3 and maxillofacial applica-
tions. 4 Immediate implant placement after tooth
extraction,5–9 stability in low-density bone,10 reduc-
tion of the healing period,11 and the use of single-
stage procedures12,13 have increased the challenge of
implant biomechanical properties. To accommodate
the new clinical applications of modern implant den-
tistry, manufacturers have modified the macrostruc-
tures (eg, tapered, conical/tapered, ovoid)14 and the
microstructures (eg, titanium plasma-sprayed,
hydroxyapatite-coated, titanium oxide [TiO2] blasted,
etched)15–20 of dental implants.

Recently, 2 bioengineering processes for roughen-
ing commercially pure titanium implants have
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gained attention: anodic oxidation21 and dual acid-
etching.11 Anodic oxidation is an electrochemical
process that increases the TiO2 surface layer and
roughness. The implant is immersed in a suitable
electrolyte and becomes an anode in an electro-
chemical cell. When a potential is applied to the sam-
ple, ionic transport of charge transfers through the
cell, and an electrolytic reaction takes place at 
the anode, resulting in the growth of an oxide film.
The TiUnite dental implant (Brånemark System,
Nobel Biocare USA, Yorba Linda, CA) is an anodized
commercially pure titanium dental implant. Surface
roughness of the TiUnite implant increases from 1 to
2 µm (peak-to-valley distance) at the coronal part to
7 to 10 µm at the apical part.21

The dual acid-etching process involves the appli-
cation of hydrochloric and sulfuric acid to the com-
mercially pure titanium implant. Osseotite
(3i/Implant Innovations, West Palm Beach, FL) is a
commercially available dental implant bioengineered
by a dual acid-etching process. Small peaks and val-
leys in a uniform pattern with peak-to-peak distances
of 1 to 3 µm and peak-to-valley distances of 5 to 8 µm
characterize the surface of the implant.11

Although the sur face of a machined dental
implant (Brånemark System, Nobel Biocare USA), has
been described as smooth, turning traces have been
found on the surface, conferring upon it a certain
rugosity (about 3 to 4 µm).22

Although there have been in vitro and animal
studies on TiUnite and Osseotite implants, there is a
paucity of information on the clinical use of these
implants. The purpose of the present study was to
report clinical experience with and outcomes of den-
tal implants with the 3 types of surfaces described at
the University of Southern California’s Advanced
Education in Periodontology program.

MATERIALS AND METHODS

Patient Selection
The study included 74 patients who received dental
implant-supported restorations at the University of
Southern California School of Dentistry, Department
of Advanced Periodontics. Fifty-eight TiUnite dental
implants were evaluated in 25 patients, 52 Osseotite
dental implants were evaluated in 27 patients, and
88 machined surface dental implants were evaluated
in 22 patients. Exclusion criteria for implant place-
ment included active infection and inflammation
and systemic conditions compromising healing.
Computerized tomography and periapical radi-
ographs were used to evaluate the potential surgical
site and implant sizes.

Surgical Procedures
For appropriate prosthetic position and to optimize
the healing potential, site development procedures
(sinus elevation, intramembranous osseous transplant)
and adaptation of the original surgical protocol
(immediate implant placement, utilization of
osteotomes, 1-stage surgery) preceded implant place-
ment. Autogenous bone harvested from the intraoral
cavity (symphysis, ramus, or tuberosity) was used for all
site development procedures requiring bone augmen-
tation, and a 4-month period of healing was allowed
prior to implant placement.

Preoperative treatment consisted of prophylactic
antibiotic therapy (2 g amoxicillin or 600 mg clin-
damycin 1 hour before surgery) and oral rinsing with
0.12% chlorhexidine gluconate for 1 minute. Postsur-
gical medication included 400 mg ibuprofen 4 times
a day for 2 days and 500 mg amoxicillin 3 times a day
for 7 days.

Clinical Examinations and Recordings
Postoperative observations were recorded on a stan-
dardized form by 2 calibrated examiners. Repro-
ducibility was greater than 90%. Radiographic exami-
nations consisted of periapical radiographs obtained
at the surgical phase, the restoration phase, and 2
years postloading. Measurements were made from
the mesial and distal of the restorative interface to
the bone crest at 2 years postrestoration, and an
average was calculated. Measurements were made
by 2 examiners with a �7 magnifying loupe (Par-
linda, San Bernardino, CA).

Criteria for success included absence of inflam-
mation, pain, discomfort, mobility, and pathologic
signs of peri-implant radiolucency.23 Implant threads
were used to measure bone loss around the implant
(Fig 1).

Table 1 Descriptive Statistics for Average Bone
Loss (in mm) at 24 Months

Region n Minimum Maximum Mean SD

Maxilla
Anterior 26 1.30 1.50 1.3692 0.06493
Premolar 26 1.30 1.50 1.3513 0.05059
Molar 8 1.30 1.40 1.3375 0.51750

Mandible
Anterior 11 1.30 1.45 1.3441 0.04510
Premolar 21 1.25 1.50 1.3810 0.07496
Molar 19 1.20 1.50 1.3487 0.06794

n = number of patients who had 1 or more implants in each of the 6
regions of the mouth.
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Statistical Analysis
To account for statistical correlation among multiple
implants in the same subject, a “per patient” mode of
analysis was used. Table 1 describes the number of
patients who had 1 or more implants in each of the 6
regions of the mouth. A 1-way analysis of variance
(ANOVA) was conducted regarding bone loss by type
of implant as well as by area of the mouth.

In addition, differences in mean bone loss were
tested for bone density, category, gender, and smok-
ing status using Student t tests. Preliminary analysis
demonstrated that correlations between these
dichotomous variables, region of the mouth, age, and
bone loss were low and did not warrant further
analysis.

RESULTS

Patient Selection and Surgical Procedures
In the TiUnite group, 25 patients (17 male, 8 female),
from 23 to 69 years old (mean age = 50.7 ± 14.0 y)
received 58 dental implants. In 17 patients, implants
were placed after ridge expansion (n = 5, 29.4%) or
sinus elevation (n = 3, 17.6%), using a combination of
drilling and manual osteotomy. Intramembranous
osseous transplants (n = 4, 23.5%) for site develop-
ment as well as immediate implant placement after
tooth extraction were performed (n = 5, 29.4%) when
indicated as described by Nowzari,24 Schincaglia and
Nowzari,25 and D’Addona and Nowzari.26 A 1-stage
approach was applied in 17 patients based on pri-
mary mechanical stability (45 Ncm or more) and the
soft tissue condition evaluation at the time of
implant placement.

In the Osseotite group, 27 patients (14 male, 13
female), from 27 to 68 years old (mean age = 46.9 ±
13.3 y) received 52 dental implants. In 14 patients,
implants were placed after ridge expansion (n = 6,
42.9%), sinus elevation (n = 3, 21.4%), intramembra-
nous osseous transplant (n = 1, 7.1%), or immediate
implant placement after tooth extraction (n = 4,
28.6%). A 1-stage approach was applied in 11
patients based on the primary mechanical stability
and the soft tissue condition evaluation at the time
of implant placement.

In the machined group, 22 patients (10 male, 12
female) from 31 to 80 years old (mean age = 60.7 ±
15.5 y) received 88 dental implants. In 16 patients,
implants were placed after ridge expansion (n = 5,
31.2%), sinus elevation (n = 3, 18.7%), intramembra-
nous osseous transplant (n = 4, 25.0%), or immediate
implant placement after tooth extraction (n = 4,
25.0%). A 1-stage approach was applied in 17
patients based on the primary mechanical stability
and the soft tissue condition evaluation at the time
of implant placement.

Implant Location
Eighteen TiUnite dental implants (31.0%) were
placed in maxillae, and 40 (69.0%) were placed in
mandibles. For the Osseotite group, 29 implants
(57.8%) were placed in maxillae and 23 (44.2%) were
placed in mandibles. Forty-nine machined implants
(55.7%) were placed in  maxillae, and 39 implants
(44.3%) were placed in  mandibles (Fig 2).

Implant Length 
Implants of 6 different lengths ranging from 7 to 15
mm were utilized. The most frequently used length
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FFiigg  11 Marginal bone loss was measured
from the restorative interface. Implant
threads of known dimensions were used to
measure bone loss around the implant.

FFiigg  22 Implant location. Note that none of the TiUnite dental implants were placed in 
posterior maxillae.
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was 13 mm (48.0% of all implants placed). The 13-mm
length was most frequently used in the TiUnite and
machined groups; 43.1% and 51.5%, respectively, of all
implants placed in these groups were 13 mm long.
The 11.5 mm length was the most common length
placed in the Osseotite group; 34.6% of Osseotite
implants placed were 11.5 mm long (Fig 3).

Smoking
Patients smoking more than 10 cigarettes per day were
considered smokers in this study. Four patients (16%)
in the TiUnite group, 6 (22.2%) in the Osseotite group,
and 6 (27.3%) in the machined group were smokers.

Bone Density
For purposes of this study, the Lekholm and Zarb27

classification of bone density was modified and sim-
plified. Bone types 1 and 2 were classified as high-
density bone, and types 3 and 4 were considered
low-density bone. Twelve patients (48.0%) in the TiU-
nite group, 15 (55.6%) in the Osseotite group, and 8
(36.4%) in the machined group presented with high-
density bone.

Bone Level
A “per patient” mode of analysis was conducted to
identify the patients who had 1 or more implants in
each of the 6 regions of the mouth. The regions
where the most patients (n = 26) needed at least 1
implant were the anterior maxilla and the premolar
region of the maxilla. The lowest average bone loss
(1.34 mm) was in the anterior mandible and in the
molar region of the maxilla; the highest average
bone loss (1.38 mm) was in the premolar area of the
mandible (Table 1).

A 1-way ANOVA of bone loss by type of implant
(group) was conducted separately on each area of the

oral cavity. The independent variable was the implant
group, and the dependent variable was the average
bone loss for the specific region of the mouth.
Although the results of the 1-way ANOVA for the pre-
molar region of the maxilla approached significance,
(F [2, 23] = 2.882, P =. 076), the results were not statisti-
cally significant for any of the 6 regions of the mouth
(P < .05). A post-hoc test revealed that the greatest dif-
ference in bone loss appeared to be between the TiU-
nite and machined groups (P = .079). No significant
differences in bone loss in regard to bone density,
gender, or smoking status were observed.

Prostheses
A total of 98 screw-retained prostheses (27 in the
TiUnite group, 34 in the Osseotite group, and 37 in
the machined group) were fabricated and classified
into 4 categories:

• Single-unit prostheses: Twelve (44.0%) were seated
in the TiUnite group, 22 (64.0%) in the Osseotite
group, and 14 (38.0%) in the machined group.

• Short-span fixed partial dentures: Seven (26.0%)
prostheses were seated in the TiUnite group, 6
(18.0%) in the Osseotite group, and 9 (24.0%) in
the machined group.

• Long-span fixed partial dentures: Seven (26.0%)
prostheses were seated in the TiUnite group, 6
(18.0%) in the Osseotite group, and 14 (38.0%) in
the machined group.

• Overdentures: One overdenture prosthesis was
seated in the TiUnite group.

The long-span fixed partial denture (38%) was
most frequently delivered in the machined group,
whereas the single-unit prosthesis was most fre-
quently delivered in the Osseotite group (64%) (Fig 4).
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DISCUSSION

The present study evaluated clinical experience with
and outcomes of TiUnite, Osseotite, and machined
dental implant surfaces. All implants were clinically
successful,26 and the results were in accordance with
previous studies.

In a 3-year study, Olsson and associates28 evalu-
ated 550 machined-surface implants placed in 103
jaws (33 maxillae and 70 mandibles) and reported a
survival rate of 100% for the mandible and 88% for
the maxilla. Friberg and colleagues29 evaluated 180
machined implants placed in 21 mandibles and
reported a success rate of 98.9%. High success rates
(more than 90%) for machined-surface implants have
been reported by several other investigators.2,30–32 In
contrast, Jaffin and Berman33 reported high failure
rates for machined-surface implants in poor-quality
bone (56% in the maxilla and 63% in the mandible)
over a 5-year follow-up period.

Khang and colleagues34 reported a 98.4% success
rate in good-quality bone and a 98.1% success rate in
poor-quality bone using the Osseotite implant over a
60-month trial. The high success rate in poor-quality
bone was attributed to the increased bone-to-implant
contact promoted by roughened dental implant sur-
faces.11,19 In the present study, 63.4 % of the machined
dental implants were placed in low-density bone
(type 3 or 4),27 with clinical success rates similar to
those achieved with TiUnite and Osseotite. Forty-eight
percent of the TiUnite implants and 44.5% of the
Osseotite implants were placed in low-density bone.

The high biologic and mechanical success rates of
both machined dental implants and implants with
roughened surfaces such as TiUnite and Osseotite
could be attributed to appropriate surgical and
restorative phases, emphasizing the significance of
proper diagnosis-based treatment planning.

Smoking did not seem to affect the success rate in
the present study. However, Bain and Moy35 reported
a failure rate of 11.3% in smokers compared to 4.8%
in nonsmokers. More recently, Bain and associates36

reported no difference and attributed the high suc-
cess rate of 98.5% for both groups to a roughened
implant surface.

De Bruyn and Collaert37 evaluated machined sur-
face dental implants in the mandibles of smoking
and nonsmoking patients and reported only 1 failure
of 208 implants placed. They reported higher failure
rates in the maxilla: 10 of 244 implants failed; 7 failed
in smokers and 3 in nonsmokers. The impact and the
significance of smoking in implant dentistry is an
area where further study is needed.

Seventeen patients in the TiUnite group, 14
patients in the Osseotite group, and 17 patients in

the machined group received dental implants placed
after grafting with autogenous bone blocks,26,38

sinus elevation,39, or ridge expansion,25 or immedi-
ately after extraction.5–9 Because of the high clinical
success rates of all implant surfaces, the significance
of enhanced surface properties could not be mea-
sured among the groups.

The differences in bone loss between the 3
groups of implants were not statistically significant
(P > .05). Although not statistically significant (P >
.05), the greatest difference in bone loss was found
between the TiUnite group and the machined group
(P = .079). The slightly greater level of bone loss
observed in the TiUnite group could be attributed to
the roughened surface reaching the most coronal
part of the implant, potentializing microbial colo-
nization.

It is important to note that the total sample sizes
for each region of the mouth ranged from 11 to 26.
Therefore, there may not have been enough power
to detect significant differences.

CONCLUSION

Within the limitations of the present study, TiUnite,
Osseotite, and machined dental implants had similar
short-term clinical outcomes. No statistically signifi-
cant differences in bone loss could be detected
among implant groups or among the different
regions of the oral cavity. The present data under-
lined the significance of surgical and prosthetic treat-
ment planning.
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