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ABSTRACT
Background: Little is known of the long-term clinical and radiographic performance of moderately rough surface implants.

Purpose: The aim of the present retrospective investigation was to study two pioneer cohorts of patients, that is, the first
patients to receive Branemark System® implants with a moderately rough surface (TiUnite™, Nobel Biocare AB, Goteborg,
Sweden) at the present clinic. TiUnite implants were inserted either in compromised bone sites in a mixed-mouth concept
together with turned implants or used solely. Patients were followed up over a period of 5 years with regard to implant
survival and the marginal bone response.

Materials and Methods: Patients who received both implant types (mixed group) comprised 41 subjects, and the second
group (TiUnite group) comprised 70 subjects. A total of 110 turned and 68 TiUnite implants were placed in the mixed
group, and 212 TiUnite implants in the TiUnite group. Follow-up radiographs were obtained at prosthesis placement and
at the 1- and 5-year check-ups, and examined by independent observers.

Results: One turned (0.9%) and two TiUnite (2.9%) implants failed in the mixed group, and three implants (1.6%) failed
in the TiUnite group, indicating no significant differences between surfaces or groups (p <.05). The mean marginal bone
loss at 5 years was 0.6 mm to 0.8 mm, also indicating no significant differences for the two implant types tested in the mixed
group.

Conclusions: Cumulative survival rates for the two implant surfaces were favorable at 5 years, and the marginal bone loss was
low and similar for both implant surfaces.

KEY WORDS: 5-year study, moderately rough surface, oral implants, TiUnite

INTRODUCTION partially and totally edentate maxillae and mandibles

Follow-up reports on the short-term clinical perfor- demonstrate survival rates of 96% to 100% at 6 months

15 : :
mance of implants with an oxidized, moderately rough ~ © 18 months of follow-up.™ Also, in compromised

TiUnite™ surface (Nobel Biocare AB, Géteborg, situations, that is, in connection to 1mplant msertion in

Sweden) in various jaw situations show most favorable the jawbone of limited volume and soft texture, or in

results. Hence, early- or directly-loaded implants in connection to implant insertion in fresh extraction sites

as well as in connection to implant insertion together

*Associated professor, Branemark Clinic, Public Dental Health with augmentation Procedures’ these 1mplants have

Service, Géteborg, Sweden; chairman, Brénemark Clinic, Public ~ indicated survival figures reaching 95% to 100% at 12
Dental Health Service, Goteborg, Sweden; *professor, Department of
Prosthetic Dentistry/Dental Material Science, Sahlgrenska Akademin,
University of Goteborg, Goteborg, Sweden

months to 36 months of follow-up.®'® However, few
reports describe the results after longer functional

Reprint requests: Dr. Bertil Friberg, The Branemark Clinic, Public periods with Tilnite implants, albeit 3-year, 4-year, and

. . . . 11-13
Dental Health Service, Clinic of Odontology, Medicinaregatan 12C, S-year data on immediate loadlng are available and

413 90 Goteborg, Sweden; e-mail: bertil.friberg@vgregion.se showing survival rates of 97% and 100%.

© 2009, Copyright the Authors A series of studies present mean values of marginal
Journal Compilation © 2010, Wiley Periodicals, Inc. bone resorption around TiUnite implants within
DOI 10.1111/j.1708-8208.2009.00222.x 0.4 mm to 1.4 mm during the first year of function,'™"

€95



€96  Clinical Implant Dentistry and Related Research, Volume 12, Supplement 1, 2010

which are in accordance with previous studies on turned
implants."*"> Of more interest, though, is the marginal
bone response over longer time periods around this
moderately rough implant surface. In an experimental
dog model, it has been raised that TiUnite implants may
show more bone loss as compared with other commer-
cially available implants when being exposed to plaque
accumulation after initial ligature exposure.'® Clinical
studies comparing the short-term use of Brdnemark
System® implants with turned and TiUnite surfaces in
various jaw situations have failed to demonstrate such
a relationship, but instead have shown similar bone
response and tendencies toward higher survival rates for
the TiUnite implants.®'>'2

The purpose of the present investigation was retro-
spectively to follow up two cohorts of patients of which
one received both turned and TiUnite implants and one
received TiUnite implants only. Patients were followed
up for 5 years with clinical and radiographic check-ups.
Frequency distributions of implants with various mar-
ginal bone resorption were calculated.

MATERIALS AND METHODS

Altogether, 3,266 patients were referred to the Brane-
mark Clinic (G6teborg, Sweden) for prosthetic consul-
tation or treatment from October 2000 to September
2003. Out of these patients, 1,051 patients received
altogether 3,026 osseointegrated implants at the clinic.
The inclusion period corresponds to when the clinic
first started and gradually changed from the use of
only turned implant surfaces to the TiUnite ones. The
present 5-year follow-up study covers 113 of these first
patients (10.8%), who were provided with at least one
Branemark System implant (Nobel Biocare AB) with a
TiUnite surface. The remaining 938 patients were pro-
vided with implants with only turned surfaces. Patients

included were either part of an early prospective
study on TiUnite surfaces* or chosen by the surgeon
when more difficult sites were identified when placing
implants with turned surfaces. Gradually, there was an
increase of patients that were provided with TiUnite
implants only. Excluded from the present group were
one patient deceased before prosthesis placement
and one patient prosthetically treated by the referral
dentist. The remaining 111 patients were arranged into
two different groups and followed up from implant
placement to the 5-year examination. Accordingly, the
two groups comprised of patients that either received
standard Brdnemark System implants (Nobel Biocare
AB) with turned surfaces, but where one or several
Brénemark System implants with TiUnite surfaces
were placed during the same surgical procedure (mixed
group), or patients who received only Brdnemark
System implants with TiUnite surfaces (TiUnite group)
during the inclusion period. The two groups that
cannot be completely comparable comprised of 41 and
70 subjects, respectively.

Females predominated in the mixed group (n =29),
and the mean age was 59.4 years (SD 13.60) at implant
placement. Age ranged from 17 years to 87 years at the
first surgery. Males predominated in the TiUnite group
(n=39), and the mean age was 49.4 years (SD 22.55)
and ranged from 17 years to 89 years in this group. The
medical history revealed more than 50% healthy sub-
jects in both groups, and 62% and 70% of the patients
denied smoking habits in the mixed and TiUnite groups,
respectively.

Maxillae predominated in the mixed group, while in
the TiUnite group proportionally more mandibles were
treated (Table 1). In the latter group, there was also
a large representation of single-tooth procedures (see
Table 1). Available jawbone quantity and quality was

TABLE 1 Numbers of Prostheses in the Upper and Lower Jaws

Number of Prostheses

Upper Jaws Lower Jaws
Groups Edentulous Partially Edentulous Single Edentulous Partially Edentulous Single
Mixed* 18 17 1
TiUnite" 5 10 19
Total 23 27 20 11

*Two patients provided with one single and one partial prosthesis in the maxilla, and one patient provided with three single crowns in the maxilla.

"Two patients provided with two prostheses each bilaterally in the mandible.
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TABLE 2 Distributions of Implants (%) in the Mixed Group with Regard to

Bone Resorption and Bone Quality at the Implant Site (Index by Lekholm

and Zarb?")

Bone Resorption

Bone Quality A B (63/36) C (29/22) D (14/8) E (4/2)
1 (0/0)

2 (13/7) 4.5/1.5 4.5/2.9 —/4.4 2.7/1.5
3 (80/33) 42.7/26.5 16.4/16.2 12.7/4.4 0.9/1.5
4 (17/28) 10.0/25.0 5.5/13.2 -/2.9 -

Number of implants within parentheses (turned/TiUnite).

judged from preoperative radiographs and from percep-
tion during drilling, and classified according to the pro-
posed criteria by Lekholm and Zarb.* The distributions
of implants with regard to jawbone quality and quantity
at the implant sites for the mixed group are shown in
Table 2. For the TiUnite group, 43.4%, 41.0%, and
15.6% of the implants were placed in bone quality 2, 3,
and 4, respectively.

followed the
described by Widmark and colleagues.” Surgery was

Implant placement guidelines
predominantly performed in two steps, but 18 patients
had implants placed according to a one-stage protocol in
the TiUnite group, mostly performed in the edentulous
mandible."”

Patients of the mixed group received altogether 110
turned and 68 TiUnite Branemark System® Mk III
and Mk IV implants (Nobel Biocare AB), while in the
TiUnite group, 212 TiUnite Mk IIT and Mk IV implants
were inserted (Tables3 and 4). The distribution of
implants with regard to length is shown in Table 5.

All patients provided with implant-supported pros-
theses were followed up according to the same strict

protocol in the clinic. Accordingly, the patients were
scheduled for check-ups after 1 year, 3 years, and 5 years.
Recalls on an individual basis were used when indicated,
and the patients contacted the clinic whenever they had
problems with their prostheses.

Radiographic examinations were scheduled at pros-
thesis placement and at the 1- and 5-year check-ups
using intraoral apical radiographs. Mean levels of mar-
ginal bone (mesial/distal) in relation to the fixture/
abutment junction (FAJ) were assessed at each
examination to the nearest 0.1 mm by two independent
radiologists (bone level). A blinded technique was used
for these measurements, that is, the two observers from
the Department of Oral and Maxillofacial Radiology
(Institute of Odontology, The Sahlgrenska Academy at
Goteborg University, Goteborg, Sweden) were unaware
if turned or TiUnite implants were evaluated. The mar-
ginal bone loss (“bone loss”/“bone resorption”) was cal-
culated as the difference between bone levels at two
different radiographic examinations. Precision of mea-
surements of marginal bone levels has been accounted

for in other publications.”**

TABLE 3 Life Table for Patients and Implants in the Mixed Group

Number of Patients and Implants in the Mixed Group

Patients TiUnite Implants Turned Implants
Followed Lost Followed Lost Failed CSR (%) Followed Lost Failed CSR (%)
Surgery 41 68 100 110 100
Prosthesis 41 66 97.1 110 100
1 year 38 3 62 97.1 101 9 100
5 years 33 5 53 9 97.1 85 15 1 99.1
Total 33 8 53 13 97.1 85 24 1 99.1

CSR is given in percentages.
CSR = cumulative survival rates.
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TABLE 4 Life Table for Patients and Implants in the TiUnite Group

Number of Patients and Implants in the TiUnite Group

Patients Implants
Followed Up Lost Followed Up Lost Failed CSR (%)
Surgery 70 212 100
Prosthesis 69 208 2 2 99.1
1 year 62 7 179 29 99.1
5 years 50 12 142 36 1 98.4
Total 50 20 142 67 3 98.4

CSR is given in percentages.
CSR = cumulative survival rates.

Statistics

Descriptive statistics and life table analyses presenting
implant cumulative survival rates (CSRs) were utilized.

One turned implant and one TiUnite implant per
patient of the mixed group were selected by random for
statistical comparisons. Student’s t-test for paired obser-
vations was used for these calculations with regard to
marginal bone level and bone loss. Failure rates between
test and control groups were compared by means of the
chi-square test (Patients “with”/“without” failure). All
statistics were performed on patient level and conducted
at 5% significance level.

RESULTS

Withdrawals

Altogether, 27 of the patients (24%) provided with 104
implants were lost to follow-up and accordingly with-
drew during the 5 years of follow-up (see Tables 3 and

TABLE 5 Distribution of Implants in Percentage

with Regard to Implant Length (mm) for Both
Groups

Distribution of Implants (%)

Implant Mixed Group TiUnite Group
Length (mm) Turned TiUnite TiUnite
7 8.1 14.5 5.7
8.5 1.8 10.1 3.8
10 9.0 15.9 6.7
11.5 3.6 2.9 11.5
13 15.3 17.4 7.7
15 40.5 27.5 25.4
18 21.6 11.6 39.2

4). Seven of these patients were deceased, 3 patients had
moved, 4 patients were unable to come, and the remain-
ing 13 patients were noncompliant.

Implants

In the mixed group, the TiUnite implants were used in
more compromised sites and, hence, proportionally
more short implants were placed with this surface as
compared with the turned implants in the same patients
as well as compared with the TiUnite implants of the
second group (see Table 5). The TiUnite implants of the
mixed group were also more frequently placed in poste-
rior positions (Table 6) and in sites of osteoporosis-like
bone, while the TiUnite implants of the second group
were more evenly distributed throughout the various
jaw regions accordingly, probably placed in more favor-
able sites (see Table 6).

Altogether, six implants were lost during the
follow-up period. Accordingly, one turned and two
TiUnite implants in the mixed group and three implants
of the TiUnite group were removed during the study
period. The 5-year implant CSRs for the different groups
are presented in Tables 3 and 4.

Prostheses and Maintenance

All prostheses remained stable throughout the study
period and, thus, revealed a prosthesis CSR of 100%.
Altogether, 65 of 83 patients (78.3%) presented a clinical
situation with no problems or adjustments of their pros-
theses during 5 years in function.

Two abutment screws fractured and were replaced
in two TiUnite group patients. Another two patients in
the mixed group had loose prosthetic screws that were
retightened. One patient presented fractures of the resin
veneers.
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TABLE 6 Distributions of Implants with Regard to Positions in the
Quadrant of the Jaw. “Central” Implants are Placed Closest to the

Midline, Followed by Implants in Position No. 2, No. 3, and No. 4,
Respectively

Distribution of Implant with Regard to Position

Implants Central No. 2 No. 3 No. 4
Mixed group
TiUnite 10.3 33.8 47.1 8.8
Turned 52.7 34.5 12.7
TiUnite group
TiUnite 50.0 32.5 16.5 0.9

The remaining comments and problems reported in
the two groups were mainly related to oral maintenance
and mucosal inflammations. Accordingly, one patient
had re-instruction in oral maintenance in the mixed
group, while maintenance and mucosal problems were
noted in five patients in the TiUnite group. Two of these
patients presented fistulae, both in connection to single
implant restorations.

Radiographic Data

The marginal bone levels in relation to the FAJ at
implant placement, at the 1- and the 5-year examina-

tions, were almost identical for the turned and TiUnite
implants of the mixed group (Table 7). Further, no sta-
tistically significant difference (p >.5) was found when
comparing the corresponding data between the two
implant surfaces in the mixed group (see Table 7). Thus,
the mean loss of marginal bone during the whole study
period did not differ significantly (p >.5) between the
two implant types in the mixed group (Table 8), and
neither was there any obvious difference between the
implants of the two patient groups (see Table 8). Also,
frequency distributions of all followed up implants
based on the various intervals of marginal bone loss for

TABLE 7 Mean Marginal Bone Levels in mm for Turned and TiUnite (TiU-M) Implants in the Mixed Group and
TiUnite Implants (TiU) in the TiUnite Group at Prosthesis Placement (Baseline) and After 1 Year and 5 Years in

Function. Numbers of Individual Implants with Regard to Bone Levels at Different Time Intervals are Also
Given

Bone Levels in Relation to FAJ*

Placement After 1 Year After 5 Years
Turned TiU-M TiU Turned TiU-M TiU Turned TiU-M TiU
Patients 37 37 58 32 32 53 33 33 42
Implants 103 60 176 86 52 153 88 52 133
Mean Marginal Bone Level (mm)
Mean 1.4 14 1.2 2.0 2.0 1.8 2.1 2.0 1.8
SD 0.84 0.84 0.80 1.19 1.21 0.68 0.72 0.78 0.88
mm — (thread) Distribution of Number of Implants
=0.0 (FA)) 31 17 85 7 9 34 5 8 24
1.9 — (1st) 43 26 65 38 23 68 36 15 71
2.5—(2nd) 17 10 9 19 6 33 25 17 16
3.1 — (3rd) 6 1 9 10 6 14 10 4 16
3.7 — (4th) 3 2 2 7 1 2 4 5 3
4.3 — (5th) 1 3 2 3 1 1 1 1
>4.3 2 1 4 6 1 2 2

*FAJ = fixture/abutment junction.
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TABLE 8 Mean Marginal Bone Loss in mm for Turned and TiUnite (TiU-M) Implants in the Mixed Group and
TiUnite Implants (TiU) in the TiUnite Group from Baseline to First (0-1 Year) and Fifth (0-5 Years) Years in

Function, and from First to Fifth (1-5 years) Years in Function, Respectivley. Distributions of Individual
Implants with Regard to Amount of Bone Loss during Different Time Intervals are Also Given

Bone Loss during Follow-Up

0 to 1 Year 1 to 5 Years 0 to 5 Years
Turned TiU-M TiU Turned TiU-M TiU Turned TiU-M TiU
Patients 31 31 49 28 28 45 32 32 45
Implants 84 51 148 72 45 122 85 51 129
Mean Marginal Bone Loss (mm)
Mean —0.6 —0.4 —0.6 —0.1 —0.3 —0.2 —0.6 —0.7 —0.8
SD 0.88 0.63 0.66 0.57 0.95 0.68 0.84 1.00 0.93
Bone loss (mm) Distribution of Number of Implants
0.0 19 21 52 37 22 61 22 13 39
0.1-0.6 32 13 48 21 15 33 26 16 31
0.7-1.2 16 9 32 22 17 9 33
1.3-1.8 10 6 11 4 10 10 18
1.9-2.4 2 1 4 — 1 4
2.5-3.0 3 — — — — — — 1
>3.1 2 1 1 1 1 1 2 3

the time periods from placement to 1 year of follow-up,
and from 1 year to 5 years of follow-up, are shown in
Table 8. The same table shows that the prevalence figures
of implants with pronounced bone loss were low and
comparable.

When comparing patients with more bone loss at
individual implants in the mixed group, it could be
observed that these implants were distributed between
different patients. Six implants, observed in three dif-
ferent patients, lost more than 2.5 mm (Table 8) during
the first year in function (five turned, one TiUnite), as
observed in three different patients. Three of these
implants were found in one patient (two turned, one
TiUnite), two in another, and one implant in a third
patient, indicating a tendency of clustering. Seven
implants were found with more than 2.5 mm bone loss
for the entire follow-up period of 5 years in the mixed
group (five turned, two TiUnite). These implants were
placed in six different patients. Two of the implants
were the same for the two time intervals.

DISCUSSION

The present investigation was designed as a retrospective
study, where data were collected after 5 years of func-
tion. The clinical evidence of such an approach can be
considered as weaker as compared with a more strict

prospective study using a randomized control design.
However, all patients in the present clinic are treated and
followed up in accordance to strict clinical and radio-
graphic procedures, where the intention is to allow for
well-controlled quality assessments of any important
changes of the clinical procedure. Thus, according to the
structure of the clinic, it was the intention from the start
to “quality control” the introduction of the new surface
of the implant (TiUnite) after a period of time and to
compare it with the performance of the established
“basic” protocol (i.e., the turned surface). The present
study protocol allows for more patients than is usual for
a prospective study, but with the price of lower strin-
gency than a strict randomized clinical trial study can
offer. This study was based on the pre-established clini-
cal protocols and a step-by-step introduction of the new
surface, in selected cases at first and later followed by a
broader use. The study cannot be classified as a “true”
prospective study, but not as a “true” retrospective study
either. Instead, it can be considered as a transition
between a retrospective study with a prospective char-
acter and a prospective study with a retrospective char-
acter, allowing for clinical evidence somewhere in
between the two alternates. Accordingly, the present
study does not allow for a strict prospective comparison
between two surfaces using a randomized placement of



implants, but it allows for a comparison between sur-
faces where TiUnite implants have been placed in more
compromised sites in the same patient (mixed group). A
randomized selection of one implant surface each in the
same patient provides with some randomization, where
the TiUnite group can be used to support the observa-
tions made from the comparison in the mixed group.

The number of patients withdrawn from the
present study reached 24%, which is a somewhat high
figure. Apart from the deceased, the majority of these
patients was contacted by the investigators and was
offered a follow-up visit. Although not admitting any
subjective problems with their implant constructions,
these patients did not turn up for a clinical and radio-
graphic examination because of severe illness, because
they had moved, or they were just noncompliant.

Patients of the mixed group received both turned
and TiUnite implants, and CSRs at 5 years were 99.1%
and 97.1%, respectively. The result is in accordance with
the ones reported after 3 years to 5 years of clinical use
with TiUnite implants."' ™" It is noteworthy that, in the
mixed group, 38 out of 43 prostheses were placed in the
maxillae with frequently compromised bone qualities
and quantities as compared with mandibles. Further, it
is noteworthy that the TiUnite implants of the mixed
group were selected by the surgeon to be seated in the
most compromised sites, that is, in regions of poor bone
volume and soft bone quality.?' This is also reflected in
Tables 5 and 6, showing that the TiUnite implants of the
mixed group were more often shorter (7-8.5 mm) and
placed in more posterior positions as compared with
the turned ones. Hence, under such circumstances, the
present survival rate of 97.1% at 5 years with TiUnite
implants is most encouraging.

The 5-year outcome of 98.4% of the TiUnite
implants in the second group is also most favorable.
Here, the jaw distribution revealed a higher representa-
tion of single-tooth reconstructions and of mandibles
of less complicated character. The percentage of long
TiUnite implants (15 mm and 18 mm) was much higher
(65%) than the corresponding one of the mixed group
(39%), and the proportion of implants placed in the
soft bone quality 4°' was less in the TiUnite group
(15.6%) than in the mixed group (41.2%). Thus, the
preconditions for a successful outcome of the implants
in the TiUnite group were better than the TiUnite ones
in the mixed group, for, as shown by, for example, Her-
rmann and colleagues,” patients with resorbed jaws and
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soft bone quality have a statistically higher risk for
implant failure.

None of the 34 single-tooth implants was lost and
neither was there a cluster of implant loss in any patient,
the reason why all prostheses remained stable during the
whole study period.

Mean values of the marginal bone level for the dif-
ferent groups and implants at 1 year are in accordance
with those reported for TiUnite implants at 1 year under

similar conditions,>?

and the 5-year figures are in con-
formity with data reported for the same time period by
Glausser and colleagues.” The mean marginal bone
resorption for the TiUnite implants of 0.4 mm to
0.6 mm at the 1-year check-up and of 0.7 mm to
0.8 mm at the 5-year check-up was also comparable
to previous findings.' """

No statistical differences could be found in the
present investigation when comparing values of mar-
ginal bone level and marginal bone resorption around
turned and TiUnite implants at 1 year and 5 years of
function between the randomly selected implants in the
mixed group. This is also in agreement with previous
findings.'>'”" Moreover, frequency distributions of
implants with bone loss of 2 mm or more did not
reveal any obvious difference between the two surfaces,
and the prevalence of implants with such defects was
low for both types. In a dog study by Albouy and col-
leagues,'® it was reported significantly more bone
resorption at implants with the TiUnite surface as
compared with another commercially available
implant surface. A total of four implant surfaces were
tested, and all developed ligature-induced defects. The
spontaneous progression of bone loss was measured
during the subsequent plaque accumulation period.
However, obvious differences could be observed in the
given tables between the implants at baseline,'® indicat-
ing a very similar total average bone level for all the
medium rough implants at the termination of the
study. Nevertheless, concluding observations in this
animal study are not supported in the present long-
term clinical study, indicating similar bone reactions
around the two different implant surfaces in clinical use
(see Table 8). The lack of consistency between experi-
mental animal studies and clinical follow-up studies is
one reason for why most of the established Health
Technology Assessment centers worldwide do not use
animal studies as support for their clinical evidence

statements.
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Registered soft tissue involvements with mainte-
nance problems, mucositis, fistulae, and pus formation
were few for the two implant types (six patients/5.4%).
Whether this is an expression for that the TiUnite
surface over time behaves similarly (or better) as the
turned one, is the result of a too short observation
period, or is just coincidental is not possible to state.
Little is known of the long-term outcome of moderately
rough surfaces, although in a study by Rasmusson
and colleagues,” TiOblast™ implants (Astra Tech AB,
Molndal, Sweden) were followed up with radiographs
for 7 years and with clinical examinations for 10 years.
During this period, no increase in progressive bone loss
or peri-implantitis was reported. However, moderately
rough surfaces differ from each other, and one should
not extrapolate too much from the data of other implant
surfaces. Albeit, the clinical and radiographic outcomes
of the present study were most favorable at 5 years;
longer follow-up periods, covering larger groups of
patients, are needed to evaluate the TiUnite surface.
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