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Products
Abutment ST
Fixture ST

Purpose: This prospective study set out to evalu-
ate the 5-year clinical and radiographic outcome 
of implant supported single-tooth crowns. 

Materials and Methods: Forty-five Astra Tech 
ST implants were inserted into forty healthy 
patients requiring one or more single-tooth im-
plants. A lack of bone volume necessitating aug-
mentation excluded a patient from the study. 
However if dehiscences occurred during im-
plant preparation, these implants were included 
but no efforts were made to cover the dehiscence 
defects. Smokers were included (n = 12). All im-
plants benefited from a two-stage protocol accor-
ding to standard surgical techniques. 89% of im-
plants (n = 40) were inserted into the maxilla. At 
exposure, a prefabricated ST abutment was con-
nected to ensure that the abutment shoulder was 
1-2mm below the mucosal margin and an acrylic 
temporary crown was fabricated chairside. On 
completion of the treatment all patients received 
a ceramometal crown, which was cemented with 
zinc phosphate cement. Patients were followed-
up for 5 years to record the clinical parameters 
including plaque score, mucositis, and pocket 
probing depth and radiographic outcome with 
particular emphasis on monitoring the marginal 
bone changes, which were statistically analyzed. 
Radiographs were taken at crown insertion (base-
line) and annually thereafter. Measurements 
were made by two independent radiographers 
at x7 magnification to determine the distance 
between the implant reference point, at the top 
of the implant and the first point of bone-to-im-
plant contact. Marginal bone data was statistical-
ly analyzed at both the patient level and implant 
level.

Results: Only one implant was known to have 
failed after 2.5 years of function. However 4 im-
plants were lost to follow-up due to death or 

patient relocation, however of these two were 
confirmed to be retained in function without 
complication by telephone interview. Thus the 
overall implant survival rate was 97.4%. One 
abutment screw loosened in two patients, one 
after one year and the other after 4.5 years. In a 
third patient the abutment screw loosened twice 
before the implant eventually failed. This patient 
was diagnosed as a bruxer.

In the first year of function marginal bone loss 
measured 0.02mm and 0.11mm at the end of the 
study period. 24.5% implants appeared to de-
monstrate an improved bone height after 5 years 
of function compared to baseline. These changes 
were not significant. Interestingly there was no 
significant difference between smokers and non-
smokers.

Clinical parameters were stable, with low 
plaque and bleeding scores and the majority of 
pockets measuring <3mm.

Discussion and Conclusion: In the current study 
only minimal changes were seen to the marginal 
bone levels around free-standing Astra Tech ST 
implants. Implant survival was 97.4% and com-
pares favourably with other studies. There was 
a 6.5% technical complication rate due to abut-
ment screw loosening (3/45).

Marginal bone changes were minimal and 
compared very favourably to existing data whe-
re a greater initial bone loss is seen after expo-
sure to baseline, typically 1.5mm. No such bone 
loss was seen at the Astra Tech ST implant with a 
marginal bone loss of only 0.06mm from baseline 
to the first year recall. This is remarkable when 
one considers that approximately one third of 
the implants were associated with a dehiscence 
type defects, which have been shown to result in 
interproximal bone loss if left untreated.

Implant-supported Single-tooth Restorations:     
A 5-year Prospective Study
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Products
Fixture ST 4.5
Profile BiAbutment

Purpose: The purpose of this study was to eva-
luate the clinical and radiographic outcome of 
both teeth and implants used to provide combi-
ned support for 3-unit fixed partial dentures.

Materials and Methods: Twenty-one patients 
were recruited for the restoration of free-end 
saddles using the most distal natural abutment 
and an implant placed distal to that. All natural 
abutments were periodontally healthy.

In 13 cases the implant was placed such that 
there was a middle pontic but in 6 cases the pon-
tic was cantilevered distally and the implant was 
placed directly adjacent to the natural abutment.

A total of 21 Astra Tech ST 4.5mm implants 
were placed according to a conventional proto-
col and were either 9mm (n = 2), 11mm (n = 11) or 
13mm (n = 8) in length. Subsequent to abutment 
connection impressions were taken with the na-
tural abutment prepared to accommodate a gold 
telescopic coping. An implant-head impression 
was also captured so that the technician could 
prepare a Profile BiAbutment parallel to the te-
lescopic coping on the natural tooth. A compo-
site-gold suprastructure was then fabricated on 
a master model of the copings in situ and these 
were secured with temporary cement.

Follow-up radiographs were taken using cus-
tomised holders for the paralleling technique 
and standardization. In addition plaque scores, 
bleeding on probing and probing depths were 
recorded.

Radiographs were evaluated by an indepen-
dent examiner at x7 magnification, to the nearest 
0.1mm. Marginal bone levels were measured 
with respect to the reference point at the top of 
the implant and the crown margin on the natural 
tooth. Tooth intrusion was also measured. Re-
sults were subject to statistical analysis.

Results: Two patients were lost to the study each 
with a middle pontic design and the results are 
therefore expressed for the remaining 19 pa-
tients.

There were no implant failures and all pros-
theses remained in functional occlusion. Plaque 
scores increased from baseline, p < 0.02 however 
this was not reflected in changes for bleeding on 
probing. Probing depths also increased from ba-
seline, p <0.001.

With respect to marginal bone levels the 3 year 
data revealed an increase in bone loss of only 
0.13mm at the implants and 0.39mm at the na-
tural teeth. These changes were not statistically 
significant. The frequency of no bone loss at im-
plants was 53% and at teeth was 42%.

The commonest complication was bridge de-
cementation (42%) and in one site a loose abut-
ment screw was detected. Composite fracture or 
chipping was also recorded for 8 bridges, neces-
sitating repair. No tooth intrusion was noted.

Discussion and Conclusion: In this prospective 
study it was possible to demonstrate the efficacy 
of connecting an Astra Tech ST implant to a sing-
le healthy natural abutment to support either 
a cantilever or mid-pontic 3-unit fixed partial 
denture. Implants and teeth remained immobile, 
with insignificant changes in the marginal bone 
levels. There was no evidence of tooth intrusion. 
Prosthetic complications were mainly restricted 
to decementation, which was addressed by using 
a mid-strength cement and composite fracture, 
which necessitated occlusal refinements and re-
pair. The technique helped to avoid additional 
sinus graft procedures.

A Prospective 3-year Study of Fixed Bridges Linking Astra Tech ST 
Implants to Natural Teeth
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Products
Fixture TiOblast 3.5
Fixture TiOblast 4.0
20° UniAbutment 

Purpose: This prospective study set out to eva-
luate the 10-year cumu-lative survival rate and 
marginal bone levels at 199 TiO2-blasted im-
plants.

Materials and Methods: Patients with either 
edentulous maxillae or mandibles were enrolled 
to the study on a consecutive basis. Patients with 
uncontrolled diabetes, alcoholism, irradiation 
or mental illness were excluded. Smokers (n = 
4) were included. Of the 36 patients enrolled, 28 
were available for their 10-year follow-up, with a 
total of 155 implants.

Implants were inserted according to manu-
facturer’s recommendations and benefitted from 
a submerged healing protocol of 3 to 6 months, at 
which time they were exposed for the connection 
of 20° Uni-Abutments. 
  Intra-oral radiographs were taken using a pa-
ralleling technique both at baseline (insertion of 
prosthesis) and annually thereafter. Radio-graphs 
were analysed using image capture software. All 
bone levels were measured with respect to the 
implant reference point at the base of the most 
coronal bevel. All bone levels above this referen-
ce point were recorded as zero.

A life table was constructed which would 
compensate for the lost data and give a better 
reflection of the likely 10-year outcome for these 
implants.

Results: During the study observation period 
only 6 implants were lost, 3 of which were man-
dibular and 3 maxillary. All failures were early 

losses identified at abutment connection. The cu-
mulative survival rate for all implants was 96.9% 
and for maxillary implants alone this figure was 
96.6%.

There were few prosthetic complications and 
bridge screw fracture only occurred in one pa-
tient, and this was attributed to an ill-fitting 
framework. After a complete re-make no further 
screws broke in this or any other patient. Soft tis-
sues were recorded as healthy with an absence 
of bleeding on probing in greater than 90% of all 
sites.

Marginal bone loss data revealed a mean of 
1.27mm from the reference point at the 7-year 
follow-up.

Discussion and Conclusion: This study repre-
sents the first 10-year follow-up for implants with 
a microtextured surface of the order of 1.10µm. 

The cumulative survival rate was impressive 
being 97.2% for mandibular implants and 96.6% 
for maxillary implants, which is better than rates 
recorded for machined implants. In addition it is 
notewor-thy that all failures were early, and no 
late failures were recorded. It can be speculated 
that TiOblast implants therefore perform better 
in low-density bone. The annual bone loss rate 
equates to 0.15mm/year suggesting marginal 
bone remains stable at these microroughened 
sur-faces. Furthermore the incidence of soft tis-
sue complications appears to remain very low, 
which is likely a function of the conical implant/
abutment joint design.

A 10-year Follow-Up Study of Titanium Dioxide-Blasted Implants
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Products
Fixture TiOblast 3.5
20° UniAbutment 

Purpose: This retrospective study set out to ana-
lyse the effect of cantilevers on marginal bone 
levels at implants supporting freestanding fixed 
partial dentures (FPDs).

Materials and Methods: Fifty-one periodontally 
compromised patients were restored with a total 
of 56 FPDs supported by Astra Tech implants. All 
patients had undergone a comprehensive perio-
dontal program before, during and after implant 
reconstruction. Of the total series 6 FPDs had less 
than 5 years follow-up, 3 FPDs were in patients 
lost to follow-up and a further 3 FPDs failed as a 
result of implant failure two of which had canti-
lever units. Thus 50 FPDs were available for ra-
diographic analysis. Of these 24 had cantilever 
extensions (Group C) and 26 did not (Group 
NC). All FPDs were screw-retained and a clas-
sic healing and two-stage surgical protocol was 
employed. The two groups were comparable for 
age, number of remaining teeth, prevalence for 
smoking, and number of supporting implants 
which was 2.6 as a mean for the cantilever group 
and 2.8 for the non-cantilever group.

For group C, 16 FPDs were maxillary and 8 
were mandibular compared to 12 and 14 respec-
tively for group NC. The mean number of units 
per FPD was 4 for group C and 3 for group NC. 
Cantilevers were on average 9.0mm long. Three 
cantilevers were kept clear of the occlusion.

Radiographs of each implant were obtained 
using standardised long cone radiographs in 
customised film holders. Baseline radiographs 
taken at prosthesis insertion were compared to 
those taken at the 5-year follow-up. Bone levels 
were recorded with respect to the implant-abut-
ment junction. Marginal bone levels were ana-
lysed at the FPD level, the implant level or the 

surface level (i.e. the distal surface of the most 
distal implant related to the cantilever or absence 
thereof.) Results were subject to statistical ana-
lysis.

Results: For the pooled data the mean marginal 
bone loss (xMBL) measured 0.4mm. The xMBL 
for maxillary FPDs measured 0.6mm compared 
to 0.2mm for the mandible, p < 0.05. The xMBL 
for implants in group C measured 0.49mm com-
pared to 0.38mm in group NC. The bone loss 
at the most distal surface of the distal implant 
in both groups measured 0.35mm and 0.22mm 
respectively. 33% of the implants in group C re-
corded a bone loss of >1.0mm compared to only 
19% in the NC group. None of the above results 
demonstrated any significant difference.

When stepwise regression analysis was used, 
the only factors that appeared to influence longi-
tudinal bone changes was smoking and treated 
jaw.

Discussion and Conclusion: In this retrospec-
tive closed cohort study with a 5-year follow up, 
the inclusion of a distal cantilever did not appear 
to negatively influence marginal bone loss data 
whether considered at the FPD level, the implant 
level or more importantly at the level of the im-
plant surface facing a cantilever. However data 
did reveal a tendency towards small increases 
in marginal bone loss for implants supporting 
cantilever prostheses. However this might also 
be a reflection of the fact that a greater propor-
tion of FPDs in group C were maxillary and as 
such may not have been a reflection of the pre-
sence of a cantilever at all. The only other related 
influential factor was smoking.

Bone Level Change at Implant-supported Fixed Partial Dentures 
with and without Cantilever Extension after 5 years in Function
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Oral Rehabilitation with Implant-supported Fixed Partial Dentures 
in Periodontitis Susceptible Subjects. A 5-year Prospective Study

Wennström J
Ekestubbe A.
Gröndahl K.
Karlsson S.
Lindhe J.

J Clin Periodontol
2004; 31: 713-724.

Products
Fixture 3.5 (machined)
Fixture TiOblast 3.5
20° UniAbutment 

Purpose: This study set out to compare the ef-
ficacy of dental implants with either a machined 
or roughened surface when used to rehabilitate 
periodontally susceptible patients in a prospec-
tive randomised controlled clinical trial.

Materials and Methods: Partially dentate perio-
dontally compromised patients were recruited to 
the study. All patients underwent a periodontal 
evaluation and therapy where indicated. Pa-
tients who could not demonstrate an acceptable 
level of plaque control were excluded along with 
diabetics, patients who had been irradiated or 
those requiring bone augmentation. 

Patients were treatment planned for the inser-
tion of 3.5mm Astra Tech implants in bone, which 
ranged in quality and volume from B2 to C3. No 
effort was made to augment crestal dehiscence 
type defects and every second implant was ran-
domly assigned to be a machined surface implant 
with the remainder being TiOblast™. Implants 
were placed in both jaws and benefited from a 
submerged healing phase of 3 to 6 months. All 
implants were restored with screw-retained pro-
stheses on standard 20° UniAbutments.
  Fixed partial dentures (FPDs) were supported 
by 2, 3 or 4 implants and ranged from 2-units 
FPDs to one 7-unit FPD. The majority were 3 or 4 
units supported by either 2 or 3 implants. There 
were 56 prostheses supported by 149 implants. 
Patients were reviewed 4-6 monthly for assess-
ment of BOP (Bleeding on Probing) and annually 
for plaque score, BOP, probing depth, pain, and 
width of keratinised mucosa.

Baseline radiographs were taken at FPD inser-
tion and then annually using standardised radio-
graphs. Measurements were made of the distance 
from the marginal bone to the implant reference 
point over time. In addition the bone-to-implant 
interface was evaluated at x7 magnification to 
identify any radiolucency. Marginal bone level 
data were analysed with respect to the subject-le-
vel, the FPD-level and the implant-level. Results 
were subject to statistical analysis.

Results: A total of 4 implants were lost due to 
either failure to osseointegrate (n=1) or fracture 
(n=3). In the case of the fractures all were sup-
porting FPDs where only 2 implants were used 
and as such the prostheses were lost. Eight im-
plants could not be accounted for at the 5-year 
follow-up. The survival rates were 94.7% for 
FPDs, and 97.3% for implants. Apart from the 
complications listed above, in three sites a retain-
ing screw loosened over the 5-year period, and 
there were 3 cases of porcelain fracture. At the 
5-year review plaque and BOP scores were very 
low. Mean probing depth was 3.1mm and width 
of keratinised tissue was 1.9mm.

Radiographically there were no signs of loss 
of integration. The mean marginal bone change 
over 5 years measured 0.41mm and was identical 
whether considered at the implant-level, FPD- 
level or patient-level. No bone loss occurred for 
41% of TiOblast implants or 46% of machined 
implants. When considering bone loss by jaw 
over the 5-year period, implants in maxillae lost 
0.61mm as a mean compared to only 0.15mm in 
the mandible, p = 0.028. Finally smokers demon-
strated a higher mean marginal bone loss over 5 
years compared to non-smokers and again this 
was statistically significant, p = 0.022.

Discussion and Conclusion: In this controlled 
prospective randomised clinical trial it was pos-
sible to confirm that Astra Tech implants with a 
machined or rough surface perform very well in 
periodontally compromised patients, with only 
a 2.7% failure rate and 0.02mm/year marginal 
bone loss from baseline up to 5 years. The survi-
val of FPDs was comparable to that cited in the 
literature. Implants in the maxilla and in smokers 
performed less well than those in mandibles and 
in non-smokers, however it should be noted that 
76% of all FPDs in smokers were maxillary and 
it is therefore difficult to interpret the over-riding 
causative factor.
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Submerged or Non-submerged Healing of Endosseous Implants 
to be Used in the Rehabilitation of Partially Dentate Patients. 
A Multicenter, Randomized Controlled Clinical Trial

Cecchinato D.
Olsson C.
Lindhe J.

J Clin Periodontol
2004; 31: 299-308

Products
Fixture TiOblast 3.5
Fixture TiOblast 4.0
20° UniAbutment 

Purpose: This  study set out to evaluate the mar-
ginal bone changes at implants placed using a 
one- or two-stage surgical protocol.

Materials and Methods: 84 healthy patients 
were randomly assigned to either a one-stage 
(group A) or two-stage (group B) surgical proto-
col or both for the insertion of 324 Astra Tech im-
plants to support FPDs. As an inclusion criteria, 
patients had to present with adequate bone to re-
ceive implants of at least 9mm in length without 
recourse to grafting. In the current cohort 25% of 
patients were smokers.

Implants were placed according to manu-
facturer’s protocol. For implants in group A a 
standard UniAbutment was connected at the 
same operative procedure and this was left expo-
sed to the oral cavity during the healing phase. 
For implants in group B, cover screws were pla-
ced and the implants submerged for 3 months in 
the mandible and 6 months in the maxilla. At this 
time all submerged implants were exposed in a 
conventional manner and UniAbutments con-
nected.

The  restorative  treatment followed recom-
mended protocol for the fabrication of screw-
retained FPDs. At this time, baseline records 
were taken for plaque score, mucositis, and 
radiographic bone levels of each implant at x7 
magnification. Follow-up data was recorded at 
the one and two-year recalls. Results were statis-
tically analyzed.

Results: 4 implants in group A failed and 3 in 
group B,71% of these implants were recorded as 
having a reduced primary stability. An additio-
nal 14 implants supporting 5 FPDs were lost to 
follow-up. Plaque and mucositis scores were low 
throughout the study.

Radiographic measurements revealed a mean 
bone loss of only 0.02mm for group A implants 
and 0.17mm for group B implants in year 1, with 
no significant differences. Negligable changes 
occured to year 2 in both groups and overall 
there was a small bone gain of 0.02mm between 
years 1 and 2. There was a significant correlation 
between age, gender and bone quality with bone 
loss.

Discussion and Conclusion: The current study 
was conducted as a randomized controlled study 
to determine the influence of a one- or two-stage 
surgical protocol on the marginal bone response. 
Clinical and radiographic outcome variables 
would indicate that the use of a one-stage sur-
gical protocol did not impact upon the implant 
success rate, peri-implant soft tissue health, or 
the change in marginal bone levels which remain-
ed close to the top of the implants.
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Clin Oral Impl Res 
15, 2004; 413-420.

Products
Fixture TiOblast 3.5
Fixture TiOblast 4.0
20° UniAbutment

Purpose: The purpose of this prospective rando-
mised clinical study was to record the changes 
in marginal bone levels at Astra Tech and Brane-
mark system implants over a 5-year follow-up.

Material and Methods: 66 patients were enrol-
led to the study and randomization ensured an 
equal probability of receiving Astra Tech, ATI or 
Branemark, BI. In all 184 ATI and 187 BI were pla-
ced. For ATI the 3.5mm diameter was used in all 
but 2 sites and for BI 3.75mm diameter implants 
were also used in all but 2 sites. The remaining 
sites all received 4.0mm implants.

All implants benefitted from a two stage sur-
gical approach and were inserted according to 
manufacturer’s recommendations. Parameters 
recorded included presence or absence of pain, 
implant mobility, plaque, bleeding on probing 
and suprastructure complications. 

All implants were subject to a radiographic 
evaluation using the paralleling technique at 
1-, 3- and 5-year follow-ups as well as for two 
implants per patient at implant installation and 
abutment connection. The mesial and distal 
bone levels were measured against the implant 
reference point at x7 magnification to the nearest 
0.1mm, by a single independent operator. To en-
sure reliability one implant for every fourth pa-
tient was re-evaluated, approximately 6 months 
after the first reading, in order to calculate the 
coefficient of reliability. Finally the crestal bone 
was subjectively described as diffuse, distinct 
or distinct with corticalization. Radiographic 
results were subject to statistical analysis using 
ANOVA, with non-parametric tests used for the 
other parameters.

Results: The coefficient of reliability was 0.964 
for BI and 0.987 for ATI suggesting a less than 4% 
risk of variance between readings. For both im-
plant systems stable bone levels were recorded 
from baseline prosthesis insertion to the 5-year 
follow-up, with only minor fluctuations. The ma-
jority of marginal bone loss occurring between 
implant insertion and abutment connection for 
the ATI and between abutment connection and 
baseline for the BI.

At the end of the study period the marginal 
bone level in the maxilla was situated 1.9mm 
from the reference point for ATI and 2.2mm for 

BI. In the mandible the figures were 1.1mm and 
1.9mm respectively. There were no significant 
differences between the two implant systems. 
Any changes in bone height over the 5-year fol-
low-up were small usually within +/- 0.5mm. 
More excessive bone loss > 0.9mm between the 
1-year and 5-year review was recorded for 11.2% 
of ATI compared to 7.6% of BI. At the end of the 
study period 35.2% of ATI had a distinct appear-
ance of the crestal border compared to 65.8% 
of BI. Corticalization was evident in 11.4% and 
23.9% respectively.

A total of 3 ATI failed and 10 BI throughout the 
study period giving 98.4% and 94.6% cumulative 
survival rates. This was not statistically signifi-
cant. One patient lost 5 implants in the BI group 
and this was the only patient to lose their pro-
sthesis. Plaque scores and bleeding on probing 
scores remained low throughout the study with 
no significant differences.

Discussion and Conclusions: Within the con-
text of the current study it would appear that 
the differences in macro- and micro-geometry of 
these two implants did not result in significant 
changes in the marginal bone response. While 
the overall results for ATI were better in respect 
of survival data and marginal bone levels, these 
did not reach significance. The greater loss of 
bone between abutment connection and baseline 
for BI as compared to between implant insertion 
and abutment connection might be explained by 
the more extensive surgical procedure required 
for abutment connection with the Branemark 
system. However the earlier bone loss recorded 
around ATI is more difficult to explain. It is pro-
posed that in the absence of countersinking in 
this system, the most crestal bone may be thinner 
and therefore more prone to resorption. While 
the changes in marginal bone levels were limi-
ted (+/-0.5mm) after the first year, a small per-
centage of both implant systems did experience 
higher levels of bone loss. These implants would 
not have been classified as successful according 
to the criteria set out by Albrektsson et al. As 
such one must conclude that the frequency of ra-
diographic follow-up needs to be tailored to the 
individual case.

Astra Tech and Branemark System Implants: a 5-year Prospective 
Study of Marginal Bone Reactions
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Norton M R.

Int J Oral Maxillofac 
Implants
2004: 19: 274-281

Products
Fixture ST 4.5
Abutment ST
Abutment ST Pick-up

Purpose: The purpose of this study was to eva-
luate the short-term clinical outcome of single-
tooth Astra Tech implants placed in the maxilla 
and immediately restored with cementless fric-
tion-fit temporary crowns using the Abutment 
ST and the ST impression coping/healing cap.

Material and Methods: Thirty three patients con-
secutively treatment planned for replacement of 
single missing units were enrolled to the study. 
Patients either presented with a failing natural 
tooth or with an already healed extraction site. 
Patients were required to be systemically healthy 
and smokers were included.

For patients with failing teeth, these were 
atraumatically extracted using the periotome, 
and osteotomy sites were prepared per socket. 
The point of entry for these osteotomies was in 
the most palato-apical position to avoid fenestra-
tion of the delicate labial plate. For healed sites a 
scalloped palatocrestal incision was utilized with 
minimal flap reflection. Osteotomy preparation 
essentially followed manufacturer’s recommen-
dations, except for use of the conical drill which 
was either abandoned or only used against the 
palatal shelf of bone in larger extraction sockets. 
It was a requirement that implants achieved a 
primary rotational stability of 25Ncm otherwise 
they were excluded from the study.
  An abutment ST 0.0mm was routinely used 
and the abutment screw torqued to 25Ncm. An 
ST impression coping was then adjusted into a 
cap and used as a core for the fabrication of a 
chairside temporary crown. This was typically 
achieved by grinding a matching denture tooth 
down to a veneer and bonding it to the cap with 
autopolymerizing methylmethacrylate. This tech-
nique presented the advantage that the tempo-
rary crowns could be left friction fit, without the 
need to initially use cement in a fresh surgical 
site. The crown was kept clear of centric and ex-
cursive contacts. Subsequent regular removal of 
the temporary crown after one month of healing 
allowed for direct submucosal irrigation with 
chlorhexidine to maintain healthy soft tissues.

All patients were followed up regularly un-
til the time of definitive restoration placement 
which was typically of an all-ceramic type. Base-
line radiographs were taken using a Rinn device. 
Patients were reviewed at 6 months, one year and 
annually thereafter. The most recent radiograph 
was used to evaluate marginal bone changes re-
lative to a fixed reference point on the implant at 
the level of the fixture/abutment junction.

Results: Eight patients were excluded due to in-
adequate primary rotational stability of their im-
plants. For the remaining 25 patients 28 implants 
were available for evaluation. Only one implant 
failed due to a perceptible mobility one month 
after surgery. The remaining 96.4% continued to 
survive under occlusal load for up to 30 months 
in function with a mean marginal bone loss of 
only 0.4mm, with 37.5% recording no marginal 
bone loss at all with respect to the reference level. 
Indeed a number of implants demonstrated bone 
above the fixture/abutment junction. Loosening 
or failure of the temporary crowns occurred in 
39% of cases necessitating their cementation or 
re-fabrication. It is clear that early cementation 
would significantly reduce this complication.

Discussion: The current study supports the use 
of the Astra Tech ST system for the immediate 
temporization of implants to replace failed or 
missing teeth. The high survival and excellent 
marginal bone data would indicate that the de-
sign of this implant yields a favorable peri-im-
plant tissue response between marginal bone 
and the fixture/abutment junction. The mean 
distance between these levels was only 0.4mm 
suggesting that favourable soft tissue esthetics 
can be achieved. The use of a friction-fit tempo-
rary crown offered a simple and esthetic solution 
to temporisation. However the use of a small 
amount of temporary cement could help reduce 
incidence of crown loosening and/or fracture.

A Short Term Clinical Evaluation of Immediately Restored   
Maxillary TiOblast Single-tooth Implants
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Products
Fixture ST 4.5
Abutment ST
Profile BiAbutment

Purpose: The purpose of this pilot study was to 
evaluate the biological, technical and aesthetic 
outcome of Astra Tech single-tooth over a 5-year 
period.

Materials and Methods: Two groups each with 
10 patients were recruited for the replacement of 
single maxillary teeth. In group 1 patients had 
implants inserted 4 weeks after extraction with 
the implant levelled at the top of the extraction 
socket. Any circumferential defect was covered 
with a GORE-TEX® membrane. Soft tissues were 
advanced for closure. In group 2 a delay of 12 
weeks was employed for complete socket clo-
sure. At re-entry implants were levelled to the 
mesial and distal bone height and any buccal de-
hiscences were again covered with a membrane. 
In both groups the distance from the top of the 
implant to the adjacent cementoenamel junction,
CEJ, was measured.

All implants benefited from 6 months of sub-
merged healing. At exposure standard ST abut-
ments were secured to the implants in group 1 
while prepable abutments were used on implants 
in group 2. All implants were restored with ce-
mented ceramometal crowns.

One week after crown placement baseline 
measurements were taken for plaque score, blee-
ding, and crown length as measured from the 
gingival zenith to the incisal edge, LIC. A compa-
rable measurement was taken of the juxtaposing 
natural teeth, LTC. In addition the distance from 
the incisal edge to papilla tips was recorded, IP. 
A baseline radiograph was taken using a paral-
leling technique to measure the distance from 
the bone crest to the implant/abutment junction, 
which was the reference point at the top of the 
implant. Finally patients scored their satisfaction 
for function and esthetics over a 3-year period 
on a visual analog scale from 0 to 10 where 10 

represented total satisfaction. An experienced 
independent implantologist also scored each 
crown for esthetics.

Results: All implants osseointegrated and there 
were only 2 cases of tissue dehiscence necessita-
ting early membrane removal.

The distance from c.e.j. to the implant-abut-
ment junction, CIA, measured 3.7mm in group 1 
and 4.5mm in group 2. The mean marginal bone 
loss at the end of the study period measured 
0.34mm in group 1 and 0.26mm in group 2. This 
was comparable to the bone loss seen around 
natural teeth although greater loss was seen at 
teeth adjacent to implants in group 2 between 
fixture placement and crown cementation, none 
of the differences reached significance, and no 
significant differences were seen for any of the 
oral hygiene parameters which were low.

With respect to crown length to the gingival 
zenith, LIC, there was an increase of 0.3mm for 
crowns in group A but a decrease of 0.3mm for 
crowns in group B. The crown height on im-
plants was generally longer than that measured 
at natural teeth. With respect to distance bet-
ween papilla tip to incisal edge, IP, both groups 
demonstrated a decrease, measuring 0.3mm and 
1.0mm for groups A and B respectively. One fis-
tula was noted adjacent to one crown from group 
A, which was thought to be related to an incom-
plete seating of the crown. Two abutment screws 
came loose during the 5-year period in group A, 
resulting in a remake of one of the crowns. Both 
screws were re-tightened.

The mean VASfunction score for patients in 
group A was 9.4 and 9.3 for patients in group B. 
The respective mean VASaesthetics scores by the 
patients were 9.8 and 8.8, which was in contrast 
to those given by the independent clinician who 
scored 5.9 for group 1 and 8.4 for group 2. 

Discussion and Conclusion: In this prospective 
trial it was possible to report a 100% survival for 
Astra Tech single-tooth implants followed up for 
5 years, with a mean marginal bone loss of only 
0.3mm for the total group. Patients gave high 
scores for the functionality of their implants.

Overall the soft tissue esthetics improved over 
time with the majority of implants demonstra-
ting a stable crown length or a reduction due to 
a decrease in the position of the gingival zenith, 
giving rise to a high esthetics score by the pa-
tients. Papilla fill was also seen over time.

A 5-year Prospective Study of Single-tooth Replacements   
Supported by the Astra Tech Implant: A Pilot Study

CIA – connection 
implant/abutment
CEJ – cementoenamel 
junction
LTC – length of tooth 
crown
LIC – length if implant 
crown
IP – incisial – papilla 
top distance
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Int J Oral Maxillofac 
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Products
Fixture TiOblast 3.5
Fixture TiOblast 4.0
Profile BiAbutment
20° UniAbutment 

Purpose: This study was established to deter-
mine the clinical outcome and implant survival 
when extracting teeth, placing implants and im-
mediately loading them with either screw-retain-
ed or cemented acrylic resin fixed dentures.

Materials and Methods: Ten healthy edentulous 
patients were enrolled to the study. All patients 
underwent the initial fabrication of a fully ex-
tended upper denture and a short span acrylic 
denture (second premolar to second premolar), 
set up on mounted and articulated diagnostic 
master casts on a semi-adjustable articulator. 
The mandibular dentures were further amended 
at time of surgery. Prior to processing an interoc-
clusal record was fabricated to record the rela-
tionship between the maxillary and mandibular 
prostheses.

During surgery patients underwent dental 
clearance, alveolectomy and implant placement 
according to manufacturer’s protocol and under 
antibiotic prophylaxis. Extra attention was paid 
to achieving parallelism to aid prosthesis loca-
tion. Only implants achieving a good primary 
fixation were included for immediate loading, 
otherwise cover screws were placed to allow 
for submerged healing. For all other implants, 
modified transmucosal healing abutments were 
secured into the implants and the mucoperio-
steal flaps repositioned and sutured. Modified 
healing abutments were subsequently used for 
customization or were replaced by prefabricated 
screw retaining abutments. Mandibular dentu-
res were hollowed out and located utilizing the 
distal flanges and the occlusal relation with the 
new upper denture. The customized abutments 
or bridge cylinders were captured in the denture 
using autopolymerizing resin. Dentures were 
removed, trimmed appropriately and polished 
before cementation or being secured into place 
by bridge screws.

Patients were asked to keep to a liquid diet for 
one week and to use chlorhexidine rinses. Soft 
diets were required during weeks 2 and 3 post-
op. After 21 days of healing patients diets were 

unrestricted. All patients were definitively restor-
ed with acrylic/gold screw-retained prostheses 
after 3 months.

Results: A total of 54 implants were placed, of 
which 48 achieved good primary fixation and 
were utilized for an immediate loading protocol. 
Healing was uncomplicated for all patients and 
all reported minimal discomfort. At the 3 month 
appointment all submerged implants which had 
been exposed and the immediately loaded im-
plants were immobile and there was a 100% base-
line survival. Bone levels were seen to remain 
close to the top of the implant at the fixture-to-
abutment junction.

The only recorded complications were fracture 
of the provisional bridge in two patients, debon-
ding of the fixed denture in the same two patients 
and a fractured acrylic tooth in one patient.

Discussion: In the current study an immediate 
loading protocol was adopted, such that the im-
plants were provisionally restored within hours 
of placement allowing for an immediate but 
progressive loading of the implants, controlled 
by strict instruction regarding diet. Interestingly 
in the current study no effort was made to over-
engineer the cases to provide insurance against 
implant failures, such that each patient received 
typically 5 to 6 implants, of which a minimum of 
4 were used to support the immediate provisio-
nal bridge. This was considered possible in light 
of previous reports of high success with imme-
diate loading and in recognition of the advanta-
ges of using a micro-roughened implant surface, 
since this is known to aid clot retention, improve 
primary stability and optimize osseointegration. 
The study also demonstrates the efficacy of using 
a two piece modular implant for a one-stage pro-
cedure, thereby allowing abutment changes to 
accommodate shrinkage of soft tissues prior to 
fabrication of the definitive prostheses, and sub-
mergence of those implants which do not attain 
good immediate primary fixation.

Immediate Mandibular Rehabilitation with Endosseous Implants: 
Simultaneous Extraction, Implant Placement and Loading
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Products:
Fixture TiOblast 3.5
Fixture TiOblast 4.0

Purpose: This retrospective study was establish-
ed to reflect on crestal bone levels at moderately 
rough surface implants placed in the posterior 
jaws and loaded for up to 36 months in function 
and to consider the results in light of currently 
established criteria, which cater for up to 1.5mm 
of marginal bone loss within a 12 month period.

Materials and Methods: The radiographs of 48 
consecutively treated patients for the replacement 
of either premolar or molar teeth in both jaws 
were analyzed. All implants were supporting 
fixed partial prostheses and had been in function 
for up to 5 years with a mean of 27 months. In all 
cases TiO2 grit-blasted Astra Tech implants were 
either 3.5mm or 4.0mm in diameter, with lengths 
varying from 8mm to 17mm. All patients benefi-
ted from a two-stage surgical procedure. Radio-
graphs were taken using rectangular collimation 
and a Rinn device at time of implant placement, 
at abutment connection and then at their an-
nual reviews. Crestal bone levels were recorded 
with respect to a reference point on the implant, 
which was the bottom edge of the coronal bevel 
at the top of the implant. Furthermore in order 
to allow for radiographic distortion, individual 
implant dimensions were used to calculate the 
radiographic distortion factor, which was then 
applied to the crestal bone changes, which were 
measured using 7x magnification.

Results: 61 mandibular and 41 maxillary im-
plants were available for radiographic review. 
Analysis revealed that 13.7% of implants had 
>1.0mm of bone loss. One of these was a 3.5mm 
diameter implant with 4.00mm of bone loss 
which subsequently fractured. In contrast 78.4% 
of the total had bone loss of < 1.00mm and of 

these 77.5% had < 0.50mm bone loss. In addition 
4 mandibular implants recorded a bone gain of 
approximately 0.5mm. When comparing implant 
diameters the mean crestal bone loss for 3.5mm 
implants was 0.57mm compared to 0.24mm for 
4.0mm diameter implant, p < 0.051. There was 
no correlation to implant location.

Discussion: Whilst the accuracy of measure-
ments taken by a single examiner were calcula-
ted to be within 0.12mm, it is recognized that 
this retrospective study of non standardized ra-
diographs must be interpreted with care. Nonet-
heless as an indication of crestal bone response, 
it is apparent that crestal bone saucerization ty-
pically seen at machined surface implants does 
not appear to occur with implants roughened by 
TiO2 grit-blasting. These findings are in keeping 
with some comparative implant studies in this 
respect. 

In addition it is worthy of note that the crestal 
bone levels remained remarkably close to the im-
plant/abutment junction, which challenges the 
concept of microleakage as a causative factor in 
crestal bone loss. Other reports have suggested 
that this may be the result of the surface rough-
ness, the internal conical interface (c.f. external 
hex) or the microthreading seen on other Astra 
Tech implants (ST). Indeed it may be the result of 
a combination of these factors.

In one case excessive bone loss gave rise to fix-
ture fracture, however this was the only recor-
ded adverse event and there were no indications 
that the rough surface gave rise to peri-implan-
titis even though it was taken to the very top of 
this implant.

A Retrospective Radiographic Analysis of Bone Loss Following 
Placement of TiO2 Grit-blasted Implants in the Posterior Maxilla 
and Mandible.
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Norton M.R.
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Int. J Oral Maxillofac 
Implants
2002:17: 249-257

Products
Fixture ST

Purpose: This study set out to determine the ef-
ficacy of bioactive glass, a purely synthetic bone 
substitute, for the repair of alveolar extraction 
site defects prior to implant placement by me-
ans of histologic analysis and to subsequently 
record the short term clinical outcome for Astra 
Tech TiOblast implants placed into these grafted 
sites.

Materials and Methods: Seventeen patients 
were enrolled in chronological order according 
to their need for grafting of alveolar extraction 
sites. All patients were consented for the grafting 
of their extraction sites with one of two forms of 
bioactive glass (Perioglas, US Biomaterials) (Bio-
gran, Implant Innovations). In 6 patients the use 
of a Goretex membrane (W.L. Gore) was indica-
ted due to the loss of the buccal/labial cortical 
plate. The host site was debrided and a bleeding 
bone bed induced by intramarrow perforation. 
The graft material was wetted with saline and 
gently packed into the defects and covered by 
a membrane when indicated. Sites were left to 
heal for up to 11 months. At re-entry a 2.5mm 
trephine was used to harvest a core of the tissue 
present at the site of the graft, which was fixed in 
formalin and sent for histologic analysis to deter-
mine the presence of bone within the graft. The 
osteotomy site was then prepared according to 
manufacturer’s recommendations (Astra Tech) 
to accommodate the planned size of implant.

Implants were followed up for two to three ye-
ars in function in order to record cumulative sur-
vival rates (CSR), the maintenance of marginal 
bone and peri-implant soft tissue health.

Results: A total of 40 sites were grafted, 18 with 
Biogran in 6 patients and 21 sites with Perioglas 
in 12 patients (one patient received both types of 
glass in paired defects at 36, 46). Healing after 
grafting was generally uneventful, although 3 
membranes became exposed and required early 
removal. However, in 2 patients osteotomy pre-
paration and implant placement was complica-
ted by an intense unremitting pain which was 

associated with an unusual intense reddish graft 
appearance and rubbery consistency. In these 
two patients a total of 4 implants required remo-
val within the first 2 to 3 weeks of healing. 

For all other implants healing was unevent-
ful and all implants osseointegrated yielding a 
baseline survival rate of 90%. One patient with 
5 implants died after 18 months such that the 
CSR dropped to 88.6%. This figure remained un-
changed up to a mean of 29.2 months in function. 
Cumulative mean marginal bone loss measured 
0.5mm mesially and 0.4mm distally at the end of 
the study period.

Histology demonstrated that there was no in-
corporation of bone up to 6 months. Only small 
amounts of bone were seen to grow from the pe-
riphery in a consistent manner after 7 months of 
healing, which was closely related to the glass 
particles. In some cases bone could be seen 
within the core of glass particles. No difference 
could be detected histologically between the two 
forms of bioactive glass.

Discussion: In the current study, two forms of 
bioactive glass were used as a synthetic bone 
substitute for the repair of extraction socket de-
fects. This material has been shown in animal 
studies to be highly osteoconductive. In contrast 
to this, human histology demonstrated that no 
bone could be seen associated with the glass, 
which was closely related to an adherent con-
nective tissue, up to 6 months after surgery. Only 
after 7 months of healing were small amounts of 
bone consistently seen. Four implants failed to 
integrate and were removed due to an uncharac-
teristic and unremitting pain, with onset imme-
diately post-operatively. At 18 months follow-up 
the survival rate was therefore 90%. At this time 
one patient with 5 successful implants died re-
ducing the CSR to 88.6%. One patient who lost 3 
implants was subsequently diagnosed with car-
cinoma, which may have adversely affected tre-
atment. If this case is removed the CSR increases 
to 96.8%.

Dental Implants Placed in Extraction Sites Implanted with
Bioactive Glass: Human Histology and Clinical Outcome

��
 © Astra Tech AB, Mölndal, Sweden, 2006  



��
 © Astra Tech AB, Mölndal, Sweden, 2006  



© Astra Tech AB, Mölndal, Sweden, 2006  19

Collaert B.
De Bruyn H.

Clin Impl Dent Rel Res
2002; 4: 3: 133-135.

Products
Fixture TiOblast 4.0
20° UniAbutment 

Purpose: The purpose of this study was to report 
on the survival data and marginal bone data for 
Astra Tech implants immediately loaded in the 
mandible, and followed up for a period of 2 ye-
ars.

Materials and Methods: 25 patients referred for 
implant retained mandibular fixed prostheses 
were consecutively treated using an immediate 
loading protocol. Standard surgical protocol 
was employed for the insertion of 4 or 5 Astra 
Tech TiOblast implants per patient in the inter-
foraminal region, attempting to place the long-
est implants that the anatomy would allow. 20° 
UniAbutments were immediately secured to the 
implants and the soft tissues sutured and im-
pressions taken. There was no antibiotic cover 
prescribed but patients receive analgesics where 
appropriate. 

Patients then returned to the referring practi-
tioner for fabrication of the permanent acrylic/
gold screw-retained prosthesis, which was de-
livered anywhere from 5 to 32 days post-opera-
tively.

Patients were followed up to record any sur-
gical or prosthetic complications and radio-
graphs were taken at prosthesis delivery, 7 and 
24 months later. No radiographic data was avail-
able for 6 implants, and the implant was consider-
ed as the unit of analysis.

Results: A total of 114 implants were inserted 
supporting 25 12-unit fixed prostheses. There 
were no complications recorded and no im-
plants or prostheses were lost throughout the 
study. While one patient failed to follow-up due 
to illness the patient’s spouse reported that his 
implants and bridge were still functioning suc-
cessfully and without any pain or complaint.

The mean marginal bone level measured 
0.7mm at the end of the study period but inte-
restingly when considered with respect to abut-
ment length this increased to 1.2mm for 0.0mm 
high UniAbutments compared to only 0.6mm 
for 1.5mm high abutments and 0.4mm for abut-
ments that were 3mm in height or more.

Prosthetic complications were recorded over 
the study period, with no occurrences of loose 
screws.

Discussion and Conclusion: The immediate 
functional loading of Astra Tech implants pla-
ced in the mandible is highly predictable, with a 
100% survival rate in the present study, with up 
to 2 year follow-up.

The marginal bone response also appears 
predictable and comparable to that seen for im-
plants with a conventional loading protocol. The 
relationship between bone loss and abutment 
height may be indicative of the need to establish 
a biologic width.

Early Loading of Four or Five Astra Tech Fixtures with a 
Cross-arch Restoration in the Mandible
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Purpose: This longitudinal, prospective control-
led study looked at the outcome of treatment 
with implant-supported mandibular overdentu-
res in terms of (1) patient satisfaction with bit-
ing and chewing; and (2) chewing efficiency, bite 
force and electromyographic (EMG) recordings, 
in order to determine differences between those 
who were entirely satisfied with treatment and 
those who were not.

Material and Methods: Twelve patients who had 
been edentulous for at least 5 years received new 
dentures. All patients were complaining of gro-
wing difficulties in controlling their unretentive 
lower dentures. Initially patients underwent pre-
prosthetic surgery for sulcus deepening prior to 
fabrication of their new fully extended dentures. 
After 3 months of functioning with the new den-
tures, patients were treatment planned to receive 
two Astra Tech implants in the mandibular ca-
nine region. Abutment connection and prosthe-
sis alteration with attachment incorporation was 
completed six months after implant surgery. Five 
patients were randomly selected to benefit from 
ball attachments and 7 were selected for bar and 
clip attachments. At baseline, 3 months, one year 
and 5 years after completion of treatment each 
patient answered a questionnaire and completed 
a series of functional tests to record chewing ef-
ficiency, bite force and EMG activity.

Results: No implants were lost over the study 
period. Minor adjustments were required to clips 
and for 7 patients, dentures required relining 

and/or a complete remake of their maxillary 
prosthesis.

Functional tests confirmed a high degree of 
chewing efficiency and a bite force which in-
creased in parallel with efficiency. Duration of 
chewing cycle decreased. There was no corre-
lation between the chewing cycles and patients 
who expressed satisfaction versus dissatisfac-
tion. All patients reported an improvement in 
function but those patients who felt the improve-
ment was limited were also those who recorded 
low masseter muscle activity at the commence-
ment of treatment.

Discussion: In this 5-year prospective study 
Astra Tech implants remained 100% successful 
in supporting functional overdentures by means 
of ball attachments or bar and clips. As with pre-
vious studies all patients reported an improve-
ment in denture function which was corroborat-
ed by improvements in all functional recordings 
of chewing efficiency and bite force. However 
despite this evidence 7 patients were not fully 
satisfied. There was no correlation between these 
7 patients and any of the complications or other 
treatment factors which might lead a patient to 
express dissatisfaction. However all these pa-
tients recorded a reduced masseteric activity 
pre-treatment.

This would suggest that patient satisfaction 
may be influenced by and limited by muscle ca-
pacity present at the time of treatment initiation.

Masticatory Function and Patient Satisfaction with Implant-  
supported Mandibular Overdentures: A Prospective 5-year Study
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Purpose: To report on the five-year follow-up 
data on standard Astra Tech implants placed 
into native alveolar bone, and sites grafted with 
iliac crest autogenous bone. The report presents 
data on implant survival, soft tissue indices and 
radiographic bone loss.

Material and Methods: A total of 515 implants 
were placed into 107 patients. Implants were 
either 3.5mm or 4.0mm in diameter and ranged 
in length from 8mm to 19mm in length. Thirty-
eight implants required local osteoplasty and 113 
implants were placed into sites grafted with bone 
from the ilium. Implant locations varied with 
both jaws being treated and in all sextants for the 
treatment of partial or full edentulism. From this 
population 56 patients with 258 implants were 
selected for scrutiny. This group included 79 im-
plants placed into irradiated bone. Plaque index, 
bleeding index, pocket depth, sulcus fluid flow 
rate and implant mobility were all evaluated and 
scored, and marginal bone loss was determined 
from the difference in bone height visualized on 
panoramic radiographs pre- and post-operati-
vely. 

All 107 patients were asked to complete a ques-
tionnaire on their personal impression of the tre-
atment and the success of their implants.

Results: Of the sites treated, the majority of im-
plants were placed anterior to the first premo-
lars to restore fully edentate jaws with full span 
(70%) or shortened dental arch (22%) prostheses. 
A smaller number of implants were also placed 
in both the premolar and molar regions for the 
restoration of partially edentulous spans (8%). 

Of the 515 implants a total of 21 failed yielding 
a 95.9% survival. For implants in irradiated bone 
the survival rate was comparable at 96.2%. Of 
the 258 implants evaluated clinically and radio-
graphically in this 5-year recall, 81% demonstrat-
ed healthy soft tissues with an attached mucosa 
of greater than 1mm in 67% of buccal sites and 
80% of lingual sites. Probing depths measured 
less than 4mm in 81% of sites. Only 3 implants 
recorded a measurable mobility, and the mean 
marginal bone loss measured 1.5mm after a 
mean of 34.2 months in function. The 3 implants 
with recorded mobility all had bone loss greater 
than 4mm.

The questionnaire yielded a 75% response rate. 
Nearly 90% of patients would have the treatment 
again if indicated and 80% rated their treatment 
as excellent or very good and 95% would recom-
mend the procedure to someone else.

Discussion: The 95.9% survival data is encourag-
ing, however the success rate could be re-eva-
luated according to stricter criteria that would 
exclude implants with pocket depths of > 4mm, 
reducing the rate to 77%. In addition only 4 of 
the 15 patients with implant failures were includ-
ed in the evaluation group. Had the remainder 
been included this might have reduced the suc-
cess rate further according to these strict criteria. 
Nonetheless a 95.9% survival rate is compar-
able with other studies and based upon this 5-
year follow-up the Astra Tech standard implant 
would seem to be a useful alternative to existing 
implant systems.

Five-Year Prospective Follow-Up Report of the Astra Tech   
Standard Dental Implant in Clinical Treatment
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Purpose: This 3-year prospective study set out to 
document the survival of Astra Tech Fixture ST 
placed in the anterior maxilla, and subject to a 
rapid loading protocol.

Material and Methods: Patients were recruited 
when requiring replacement of one or two teeth 
in the anterior maxilla. All patients presented 
with bone volume that would allow an implant 
longer than 11 mm to be placed. Patients were 
excluded on the grounds of unstable dental di-
sease, parafunction, occlusal instability, smoking 
or low bone density. A diagnostic work-up with 
mounted study models and tomographs was 
completed for each case.

At time of implant surgery a single-tooth im-
plant (Astra Tech, Fixture ST) was placed accor-
ding to manufacturer’s protocol to achieve good 
primary fixation. A healing abutment was then 
secured using finger pressure so as to effect a 
transmucosal healing. After a 3-week period, the 
healing abutment was removed and a final abut-
ment secured, again with finger pressure, to en-
sure that the restorative margin was 1 mm below 
the mucosal margin. A direct temporary crown 
was fabricated at the chairside using Protemp 
and was cemented with Temp Bond. A baseline 
long-cone radiograph was taken, along with an 
assessment of implant mobility, papilla index, 
presence or absence of inflammation, presence 
or absence of plaque, and width of keratinized 
tissue.
  Eight weeks after surgery the temporary crown 
was removed and a final impression taken for the 
subsequent fabrication and cementation (glass 
ionomer) of the definitive ceramic, or ceramo-
metal crown. At this time the abutment screw 
was tightened to 20 Ncm. Data was collected at 6 
months and 1, 2 and 3 years post insertion of the 
temporary crown. In addition radiographic fol-
low-up allowed the assessment of peri-implant 
radiolucencies, as well as the marginal bone 
changes with respect to an established reference 
point on the implant.

Results: 57 implants were placed in 51 patients, 
however 4 patients were subsequently found to 
be smoking and were excluded. For the remain-
ing 53 implants, the majority of surgical sites pre-
sented with type 2 or 3 bone quality and class A 
or B bone volume. 70% of implants were longer 
than 13 mm and 83% were inserted in the cen-
tral or lateral incisor positions. Of these implants 
one was diagnosed as a failure at time of tempo-
rary crown fabrication and another at 8 weeks, 
when the master impression was due, yielding a 
survival rate of 96.2%. At the 1-year recall there 
was minimal evidence of peri-implant mucosal 
inflammation (3.6%), with a net gain in papilla 
length of 0.61 mm.

Radiographic follow-up revealed a 0.59 mm 
change in marginal bone levels, which appeared 
to stabilize after 9 weeks, with 70% recording a 
bone loss of less than 1 mm.

No complications were recorded with respect 
to abutment screw loosening. Some prosthetic 
complications were recorded with respect to 
crown de-cementation and crown fracture. One 
case of peri-implant mucositis recovered un-
eventfully, when treated with antibiotics.

Discussion: A survival rate of 96.2% is compar-
able with other single-tooth studies utilizing a 
standard protocol for unloaded healing. In ad-
dition tissue response was favorable, with a 
healthy maintenance of marginal bone and fil-
ling out of interdental papillae, aiding a good 
esthetic result. Implant design and the conical 
implant-abutment connection have been cited as 
important factors in the maintenance of these tis-
sues, and also contribute to a stable connection, 
highlighted by an absence of abutment screw 
loosening. In conclusion this study demonstra-
tes that in the presence of good primary stability, 
single-tooth implants can be subject to a rapid 
loading protocol, yielding an efficacious and pre-
dictable result.

A Multicenter 12-month Evaluation of Single-tooth Implants 
Restored 3 Weeks after 1-stage Surgery
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Norton M R.

Clin Impl Dent Rel Res
2001: 3: 214-220

Products
Fixture ST 4.5
Abutment ST

Purpose: To report on the long-term follow-up 
of Astra Tech ST implants in light of marginal 
bone response and to consider the mechanical 
stability of crowns retained by cement on the ST 
abutment.

Materials and Methods: A total of 13 patients 
out of an initial group of 23 were available for 
long-term evaluation after a period of 4 to 7 years 
in function. All patients were contacted by way 
of a questionnaire to answer 6 simple questions 
about whether their implant remained in func-
tion, whether they had seen their dentist for a 
check-up, whether the crown or abutment screw 
had loosened, and if so whether the crown had 
required recementation or had to be remade etc. 
Patients were asked if they would then attend for 
a review of their implant. Eleven of the patients 
attended for review, with a total of 12 implants 
available for evaluation.

Intra-oral radiographs were taken using a 
Rinn device for standardization and marginal 
bone loss was measured from a fixed reference 
point at the base of the most coronal bevel of the 
implant at x8 magnification. An assessment was 
also made of crown/implant mobility, soft tissue 
appearance and the presence (1) or absence (0) of 
bleeding on gentle probing.

Results: All 13 patients responded to their ques-
tionnaires and confirmed that their implants re-
mained in function (n=14). For the 12 implants 
available for clinical and radiographic review, 
the were no mobile implants, but one crown 
was loose due to a loose abutment screw. All 
the crowns were original and none had required 
replacement although 3 crowns required rece-
mentation. For the one loose abutment screw, an 
access cavity was prepared down to the screw, 
which was retightened to 25Ncm. This screw had 
only recently come loose according to the patient 
and had functioned without complication for 6 
years prior to this event.

Soft tissues were generally healthy although 
41% demonstrated some bleeding on light prob-
ing. When considering marginal bone levels, 
the mean marginal bone loss measured 0.49mm 

mesially and 0.76mm distally. Bone loss ranged 
from 0.0mm – 2.9mm, with a frequency of 50%, 
with 6 implants recording no bone loss with re-
spect to the reference point. With reference to the 
earlier data on this group of implants 6 implants 
demonstrated a mean increase in bone loss of 
0.35mm mesially and 0.52mm distally. By cont-
rast two implants recorded an impressive bone 
gain of approximately 1.1mm over a 5 year pe-
riod.

Discussion: The small number of implants in the 
current study is inherent in the rate of patients 
lost to follow-up over the long-term, in particular 
when they are restored by their referring dentist. 
Nonetheless publications on the long-term fol-
low-up of single-tooth implants are few and thus 
the study merits consideration.

The excellent marginal bone levels and soft tis-
sue health recorded are in agreement with other 
studies utilizing the Astra Tech ST implant. The 
presence of bleeding on gentle probing in 41% of 
cases is not a cause for concern due to the recog-
nized problem of long, false pocketing around 
implants, however this is not usually indicative 
of underlying pathology.

Whilst the range of bone loss appeared large, 
the bone levels recorded around the implant with 
the loose abutment screw skewed the data. Such 
abutment screw loosening is rare with this sys-
tem, and it is interesting to note that at the time 
of restoration, this screw did not benefit from 
the use of a torque driver. Another interesting 
feature of the data was that for the 6 implants 
with no recorded bone loss, five had no bone 
loss at the 1-3 year follow-up. This would sug-
gest that if no initial bone loss is recorded these 
implants are unlikely to give rise to bone loss in 
later life. By contrast for those implants, which 
did demonstrate loss of bone, the mean marginal 
bone loss remained well within accepted criteria 
for success at 5 years and two implants actually 
gained bone height. Decementation remained 
a common feature, however it should be noted 
that all crowns were cemented with temporary 
cement only.

Biologic and Mechanical Stability of Single-Tooth Implants:   
4- to 7- Year Follow-up
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Nilner K.

Clin Impl Dent Rel Res
2001:3:125–134.

Products
Fixture TiOblast 3.5
Fixture TiOblast 4.0

Purpose: This prospective study set out to evalu-
ate the short to medium-term outcome of rough 
surface implants used to support fixed prosthe-
ses in totally or partially edentulous patients 
with a history of periodontal disease.

Materials and Methods: 43 patients attending 
a private clinic for periodontal treatment were 
considered for the study when teeth were extract-
ed and when they could demonstrate an impro-
vement in their oral home care with an attendant 
reduction in plaque and gingival inflammation 
scores. Six patients were rendered edentulous. 
All patients consented to implant therapy in pre-
ference to conventional alternatives.

The Astra Tech Implant System was employed, 
with its grit-blasted rough surface, TiOblast. All 
sites were evaluated during planning for bone 
volume and quality. All patients were treatment 
planned for fixed prostheses. Implants were in-
stalled in a two-stage procedure with a healing 
period of 3 to 8 months. If > 30% of fixture th-
reads remained uncovered after installation then 
guided bone regeneration procedures were em-
ployed.

Edentulous patients were asked to refrain 
from wearing their dentures for 10 days. Patients 
were reviewed regularly for their oral hygiene. 
Acrylic-on-gold was used for full-arch prosthe-
ses and porcelain-fused-to-metal for partial pro-
stheses, which were screw retained and inserted 
within 2 to 3 weeks of the abutment connection, 
with cross-arched splinting for edentulous jaws. 
All patients were instructed in oral hygiene, and 
maintenance.

Baseline parameters were recorded at the time 
of prosthesis insertion, and annually thereafter 
to register plaque score (PS), bleeding on pro-
bing (BOP), pocket probing depth (PPD) > 4 mm, 
presence or absence of peri-implant mucositis, 
pain or discomfort, hard or soft tissue complica-
tions, component failure, prosthetic failure (e.g. 

fracture), implant mobility. In addition changes 
in the marginal bone levels were recorded using 
a paralleling technique to allow the accurate as-
sessment of the mesial and distal marginal bone, 
using a computerized measuring program.

Results: 125 implants were placed, 72% of which 
were to support partial prostheses. Approxima-
tely 50% of patients were classified as having a 
bone volume of either category B or C and 80% 
had a bone quality classified as 3. Only 5 patients 
required augmentation procedures. All 125 im-
plants were deemed to have osseointegrated at 
the time of exposure and all have been followed 
up to the 3-year review.
Throughout the study period a positive PS and 
BOP was seen to exist for < 10% of all implant 
sites and no PPD > 4 mm was recorded. There 
were no soft tissue complications or component 
failures. Three episodes of porcelain fracture and 
one de-veneering of acrylic teeth were recorded. 
With respect to changes in marginal bone levels 
81% of implants recorded < 0.5 mm over the 3-
year period with a mean of 0.21 mm. More bone 
resorption was noted around implants in type 
C4 bone with 37% demonstrating > 0.5 mm of 
bone loss.

Discussion: This study reports a 100% implant 
success rate over a 3-year follow-up, with im-
plants placed into bone of quality 3 or 4. There 
were no significant hard or soft tissue complica-
tions and no component failures. Patients main-
tained a high level of oral hygiene, which is re-
flected in the excellent marginal bone response 
with a mean of 0.21 mm bone loss of the 3-year 
follow-up. This study supports the findings of 
other that Astra Tech implants performed well 
in patients with a history of periodontal disease, 
without notable increases in implant failure or 
peri-implant mucositis.

Implant-Supported Fixed Prostheses for the Rehabilitation of 
Periodontally Compromised Dentitions: 
A 3-year Prospective Clinical Study

��
 © Astra Tech AB, Mölndal, Sweden, 2006  



�0
 © Astra Tech AB, Mölndal, Sweden, 2006  



© Astra Tech AB, Mölndal, Sweden, 2006  25

Steveling H.
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Clin Impl Dent Rel Res
2001:3:120–124.

Products
Fixture TiOblast 3.5 
Fixture TiOblast 4.0
Fixture ST 4.5

Purpose: The purpose of the study was to eva-
luate the long-term outcome of Astra Tech im-
plants inserted into the maxilla and loaded after 
only 3 months of healing.

Material and Methods: 15 Astra Tech ST (Fixture 
ST, Ø 4.5 mm) implants and 29 standard Astra 
Tech TiOblast (Ø 3.5/4.0 mm) implants were in-
serted into the maxillae of 17 patients to support 
13 single tooth restorations and 9 fixed bridges. 
The observation period is up to 5 years with 16% 
followed for this period and 50% for 3 years. 
Implants ranged from 9 mm to 17 mm in length 
(majority 13 mm) with bone volume recorded in 
groups A-C with the majority classified as A or 
B. Bone quality was assessed at time of drilling 
and recorded as being in categories 1 to 4 (Lek-
holm & Zarb). Surgery was performed without 
antibiotic prophylaxis and implants were placed 
according to manufacturers protocol. Of the 44 
implants placed, 29 were posterior to the canine 
positions.

Implants were exposed and restored just 3 
months after placement and baseline radio-
graphs were taken using a paralleling technique, 
and then annually to assess any changes in mar-
ginal bone height on the mesial and distal aspect 
of each fixture, using a x8 magnification to within 
0.1 mm. Any gain in bone height was recorded as 
a change of +0.0 mm. Any soft tissue complica-
tions such as peri-implant mucositis was noted.

Results: All patients healed uneventfully, both 
after first and second stage surgery. All implants 
osseointegrated and no failures occurred up to 
the 5 year follow-up. All prostheses remained in 
function throughout the study period and there 
were no recorded adverse events or complica-
tions associated with the prostheses.

When evaluating the radiographs the change 
in bone height from baseline to each year of fol-
low up was 0.6 mm, 0.6 mm, 0.4 mm, 0.6 mm, 
0.9 mm.

Only one implant was recorded as being as-
sociated with a soft tissue inflammation with 
attendant bleeding on probing. However once 
addressed there were no further recordings of 
inflammation or bleeding on probing at any im-
plants.

Discussion: Earlier studies on implant failures 
in the maxilla and more recent studies demon-
strating reduced implant stability in poorer qua-
lity maxillary bone would suggest that the early 
loading of maxillary implants is hazardous. How-
ever, all the studies indicating an increased risk 
for maxillary implants have tended to focus on 
the machine prepared titanium surface, which 
has been largely superseded.

In the current study implants which have 
benefitted from a change in both surface topo-
graphy and geometry have been evaluated over 
5 years, having been loaded just 3 months after 
placement. Both the Astra Tech standard and ST 
implants have previously been shown to respond 
well to early loading, although this has princi-
pally been in the mandible. In the current study 
all implants were placed in the maxilla and 66% 
were placed in posterior locations, in bone asses-
sed as being quality 3. The 100% success rate up 
to the 5 year follow-up in association with a mean 
marginal bone loss of only 0.9 mm from baseline, 
including the first year of function is comparable 
with results for implants which have benefitted 
from the more conventional 6 month period for 
osseointegration.

Maxillary Implants Loaded at 3 Months after Insertion: Results 
with Astra Tech Implants after up to 5 Years
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Gotfredsen K.
Karlsson U.

J Prosthodont
2001:10:2–7.

Products
Fixture Machined
Fixture TiOblast 3.5 
Fixture TiOblast 4.0
20° UniAbutment
45° UniAbutment

Purpose: This study set out to record and com-
pare Astra Tech implants and the marginal bone 
loss at implants with a machined (M) and roug-
hened (TiOblast™, TB) surface when used to 
support fixed partial prostheses over a 5-year 
prospective study.

Materials and Methods: 50 patients were enrol-
led on to the study and presented with partially 
edentulous spans of at least one year standing. 
In the maxilla 45 implants were placed (M = 25 
and TB = 20) and 83 implants were inserted into 
the mandible (M = 39 and TB = 44). Each patient 
received the two surface types alternately to al-
low a within patient comparison and there were 
equal numbers of the two surface types placed (n 
= 64/surface). Surgery was performed according
to manufacturer’s recommendations with a sub-
merged healing of 3 to 7 months depending on 
the jaw. Abutment connection was with the stan-
dard UniAbutment. All partial prostheses were 
screw retained and insertion was always within 
two months of exposure at which time baseline 
radiographic and clinical data was recorded. 
Clinical data included an assessment of all pa-
rameters according to the criteria established by 
Albrektsson et al. Any technical complications 
with either the components or prostheses were 
also noted. In addition patients were indepen-
dently asked to grade function and esthetics as 
good, moderate or poor.

Intra-oral annual radiographs were taken in 
the same standardized manner. Marginal bone 
levels were assessed by an independent radiolo-
gist to determine the amount of bone loss on the 
mesial and distal surfaces of each implant to the 
nearest 0.1 mm.

Statistical analysis was performed at the end 
of the 5-year recall to determine the difference 

between survival rates and marginal bone loss 
for the two implant surfaces. In addition one im-
plant of each type was selected for each patient 
to allow a within patient comparison.

Results: Ten patients with 16 implants were lost 
to follow-up. Over the five year study period 3 
M implants failed such that the cumulative sur-
vival rates were 95.1% and 100% for M and TB 
implants respectively. Mean, marginal bone loss 
measured 0.21 mm and 0.51 mm for M and TB 
implants respectively with only 5 implants re-
cording a bone loss of > 2.0 mm. These differen-
ces were not statistically significant. At the end 
of the study period 6% of both types of implant 
were associated with mucosal inflammation.

With regard to technical complications only 2 
abutments fractured within 2 years of function. 
Five abutments required retightening. A total of 
12 bridge screws in 7 patients required retighten-
ing and 2 bridges were remade. 100% of patients 
recorded the function as good and 79% recorded 
the esthetics as good at the 5-year recall.

Discussion: The current study demonstrated sur-
vival rates for both machined and TiO2-blasted
Astra Tech implants which fall well within the 
criteria for success set out by Albrektsson et al. 
There were 3 failures all of which were implants 
with the machined surface. There was a slightly 
higher rate of marginal bone loss and associated 
soft tissue inflammation recorded for the TB im-
plants, however the differences were not statis-
tically significant and again fall well within es-
tablished criteria for success. The most common 
technical problem of bridge screw loosening was 
restricted to prostheses supported by two im-
plants only.

A Prospective 5-year Study of Fixed Partial Prostheses Supported 
by Implants with a Machined and TiO2-blasted Surface
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2000:13:125–130.

Products
Fixture TiOblast 3.5
Ball Abutment
Bar Attachment

Purpose: This prospective study set out to deter-
mine the health of the peri-implant tissues and 
maintenance requirements for overdentures sup-
ported by either ball or bar attachments.

Material and Methods: 26 patients were includ-
ed in the study, 12 of whom smoked. Optimized 
conventional dentures were fabricated prior to 
the placement of two 3.5 mm diameter Astra 
Tech implants in the mandibular canine regions. 
Implant lengths varied according to available 
bone height, with a mean of 13.7 mm.

All implants were placed according to protocol 
with a submerged healing period. The choice of 
attachment system was randomized and the lo-
wer dentures were adjusted to incorporate two 
clips for the round bar or two ball housings, con-
verting them to overdentures.

Patients attended a hygienist every 3 months 
and every 6 months clinical parameters were me-
asured at four sites around each implant. These 
included: Plaque Index (PI), Gingival Index (GI) 
and Pocket Probing Depth (PPD) for each group. 
Removal of the attachment system was required 
so that a film holder could be screwed directly to 
the abutment heads, in order to obtain reprodu-
cible intra-oral radiographs. Marginal bone loss 
was assessed on the mesial and distal aspects via 
repeat measurements at x7 magnification. All re-
sults were subject to statistical analysis to deter-
mine the presence of any differences between the 
bar and ball groups.

Results: 11 patients were treated with bar at-
tachments and 15 patients with ball attachments. 
One implant failed before baseline and was sub-
sequently replaced. No further implants were 
lost up to the 5-year recall (98%). On average 
76% of surfaces scored 0 for PI and 65% scored 
0 for GI. There was no significant difference bet-
ween the two attachment groups with regards to 
these scores. Nor was there any significant dif-
ference between PPD for the two groups which 

never exceeded 6 mm. Hyperplasia was noted 
for three patients in the bar group, which requir-
ed surgery.

Marginal bone distance to reference point 
measured 0.62 mm at baseline, increasing to 0.72 
mm at the 5-year recall. There was no significant 
difference between the two groups.

A variety of prosthetic complications were 
noted during the study period both with the 
dentures themselves (such as fracture, or reline 
requirements), and also with the clips, which re-
quired reactivation or replacement. Loosening of 
either the attachment or abutment mainly occur-
red as a result of the radiographic procedure. For 
the bar group a total of 53 complications were 
recorded compared to 48 for the ball group. This 
equates to 1 complication/patient/year or 0.6 
complications/patient /year respectively. The 
difference reached significance in the first year, 
p < 0.05 with more complications recorded for 
the bar group.

Discussion: Over the 5-year period there were 
no loaded implant failures, with an excellent 
maintenance of marginal bone and an absence of 
mucositis, regardless of attachment mechanism. 
Three patients required surgery to remove hy-
perplastic tissue from around the bar. These data 
were a reflection of the strict oral hygiene regime 
that had been established. Smoking did not ap-
pear to influence the outcome.

Prosthetic complications were notable but si-
milar to or better than data from other studies. 
The majority of complications were directly rela-
ted to the radiographic procedure. A number of 
opposing dentures required relining or remaking 
because of increased awareness of the looseness 
of these prostheses, subsequent to their conver-
sion to a mandibular overdenture. Nonetheless 
overall satisfaction was high and the prosthetic 
survival rate was 100% over the 5-year period.

Implant-supported Mandibular Overdentures Retained with Ball 
or Bar Attachments: A Randomized Prospective 5-year Study
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Clin Oral Impl Res
2000:11:202–209.

Products
Fixture TiOblast 4.0
20° UniAbutment

Purpose: The aim of this study was to compare 
the tissue response to the surfaces of Astra Tech 
(AT) and Brånemark System (BS) screw-shaped 
implants when placed in the same patients. This 
article presents the two-year data.

Material and Methods: 18 patients were treated 
with both AT 4.0 mm TiOblast and BS Mark II 
self-tapping fixtures. Lengths of implants pla-
ced varied from 8–19 mm for AT and 10–18 mm 
for BS. Surgery was performed according to 
manufacturer’s recommendations.

Time taken for surgical procedures at both in-
sertion and exposure was recorded, as was any 
adverse event. Baseline long cone radiographs 
were taken at prosthesis delivery and then an-
nually to monitor marginal bone levels. Addi-
tionally the presence of plaque, sulcus bleeding, 
and pocket depth were evaluated. Results were 
subject to statistical analysis.

Clinically, difficulties during the prosthetic 
phase were noted.

Results: 50 AT and 45 BS implants were ran-
domly distributed according to the split mouth 
design with 28 maxillary and 22 mandibular 
implants for AT and 23 maxillary and 20 mandi-
bular implants for BS. Bone quantity and quality 
scores were evenly matched for both groups. 16 
AT implants of less than 10 mm in length were 
used, however the Mark II BS implant does not 
come in lengths of less than 10 mm. In these 
circumstances, standard BS implants had to be 
used instead.

Cumulative survival scored 100% for AT and 
97.7% for BS, with the loss of one fixture. There 
was no statistical difference between plaque sco-
res, sulcus bleeding or probing depths even after 
two years.

Baseline bone level with regard to the refe-
rence point of each implant measured 1.48 mm 
for AT and 2.27 mm for BS. The difference was 
statistically significant p < 0.001. These figures 
were 1.66 mm and 2.30 mm respectively after 
two years, and the difference between them still 
remained significant, p < 0.001. Changes compa-
red to baseline data was not significant measur-
ing as a mean 0.2 mm for AT and 0.0 mm for BS 
respectively.

The time for abutment connection was mar-
kedly reduced for AT measuring as a mean 15 
minutes compared to 20 minutes for BS.

More solder joints were required for AT pros-
theses achieving a clinically acceptable fit of the 
framework compared to the BS prostheses.

Discussion: This is the first split mouth design 
comparing two implant systems with differing 
surface roughnesses. The ability of the shortest 
AT implants to withstand high occlusal forces in 
molar regions is attributed to the increased bone-
to-implant contact and interfacial shear strength 
achieved through the rougher TiOblast surface. 
It is also apparent that the marginal bone levels 
are located more coronally around AT implants, 
increasing the total bone-to-implant surface area. 
For those BS selected sites that could not accom-
modate a Mark II 10 mm fixture, a 7 mm standard 
implant was selected. It is notable that 4 out of 5 
of these shorter Brånemark implants failed. The 
cumulative success rate for AT implants of 100% 
is impressive, when compared to other long term 
data utilizing shorter implants. Abutment con-
nection time for BS was 33% longer than for AT.

A Prospective Split-mouth Comparative Study of Two Screw-
shaped Self-tapping Pure Titanium Implant Systems
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Products
Fixture ST 4.5/5.0
Abutment ST

Purpose: To evaluate the Astra Tech single tooth 
implant system over a 5-year follow-up.

Material and Methods: 15 patients each received
one Astra Tech ST implant (Ø 4.5 mm). 11 im-
plants were short, measuring 11 mm and four 
measured 15 mm in length.

Implants were placed according to recom-
mended surgical protocol with the head of the 
implant 2 to 3 mm apical to the cemento-enamel 
junctions of the adjacent teeth. In total 6 central 
incisors, 8 lateral incisors, and 1 bicuspid were 
replaced. No additional ridge expansion or 
grafting procedures were used for any implants.
All implants were left to osseointegrate for 6 
months prior to connection of the 0.0 mm ST 
abutment in 12 cases and the 1.0 mm ST abut-
ment in 3 cases. Implants were temporised either 
with the ST coping or a temporary crown. Ce-
ramometal definitive crowns were placed as 
early as possible.

Patients were followed-up every 6 months to 
determine clinical stability of the crown and tis-
sue health.

Radiographs were taken using a long-cone 
technique at crown cementation and annually 
thereafter, and were assessed at x7 magnification. 
Marginal bone level was measured with referen-
ce to a defined point at the top of the implant. 
Results were subject to statistical analysis.

Results: One patient was lost to follow-up. For 
the remaining 14 patients all have attended their 
review appointments.

No implants have been lost and there have 
been no soft tissue problems and minimal bleed-
ing on probing. Prosthetically there have been no 
recorded cases of abutment screw loosening. One 
crown has decemented and required recementa-
tion after 18 months. One further crown suffered 
porcelain fracture and required replacement.

Mean distance for the marginal bone level me-
asured from the reference point to the most coro-
nal bone to implant contact point was at crown 
cementation (baseline) 0.47 mm and at the 5-year 
follow-up 0.39 mm. 33% of implants measured 
no bone loss and in some cases there was a clear 
bone gain. The changes in marginal bone levels 
were not statistically significant.

Discussion: The Astra Tech single tooth implant 
system was most effective at replacing missing 
teeth.

The system was simple to use and there were 
very few complications. All implants remained 
in function and screw joints remained stable th-
roughout the study. Excellent soft tissue health 
was maintained around all implants.

Marginal bone levels were extremely well 
maintained over the 5-year follow-up and may 
be attributable to the TiOblast surface and micro-
threaded design of the coronal portion of the im-
plant.

A 5-year Prospective Study of Astra Single Tooth Implants
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Products
Fixture ST 4.5
Abutment ST 4.5/5.0
Abutment Screw ST

Purpose: To compare the clinical, radiographic 
and microbiologic status of a matched group of 
teeth and single tooth implants and to determine 
if the implant-abutment joint design or other fea-
tures of the Astra Tech and Brånemark implant 
systems, impact upon the results seen.

Material and Methods: A retrospective collation 
of 30 patients treated for single tooth replace-
ment were matched, with 15 patients each having 
either Brånemark or Astra Tech implants. Those 
in the Brånemark group received machine pre-
pared implants with flat-to-flat fixture/abutment 
interface as with the CeraOne™, while patients 
in the Astra Tech group received Astra Tech ST 
implants with the conically related Abutment ST. 
73% of Astra Tech implants had been in function 
for 6 years, while 66% of Brånemark implants 
had been in function for less than 5 years. Dist-
ribution of implant positions was comparable 
with all but one implant in the anterior maxilla.

Clinical measurements included plaque score, 
sulcus bleeding index, and pocket probing depth 
with a constant force probe. Long-cone peria-
pical radiographs available from the annual re-
views were evaluated for marginal bone levels 
at x7 magnification, with respect to established 
reference landmarks at the top of each fixture.

Subgingival microbiota were sampled by the 
placement of 3 paper points for 10 seconds fol-
lowed by their immersion in transport medium 
prior to processing. The first 100 organisms ran-
domly selected were categorized. Counts were 
carried out blind to avoid bias, and were examin-
ed twice. All results were subject to statistical 
analysis.

Results: Compared to matched control teeth and 
between the two implant types there was no sta-
tistical difference for plaque scores or for sulcus 
bleeding, although there was a small difference 
for sulcus bleeding for the Astra Tech implants 
when compared to control teeth.

Pocket depth was significantly higher around 
implants than control teeth for both groups 
though this was more apparent for Brånemark 
implants (p < 0.001) than for Astra Tech im-
plants, (p < 0.05). This was reflected in the signi-
ficant difference for probing depths around the 
two implant types, which measured as a mean 
1.66 mm for Astra Tech implants and 3.33 mm for 
Brånemark implants, (p < 0.05).

With respect to peri-implant microbiota there 
was no significant difference between implants. 
However more spirochetes were found around 
implants when compared to teeth, p < 0.05. By 
contrast there was a statistically significant dif-
ference (p < 0.001) between marginal bone levels, 
which measured as a mean 0.6 mm mesially and 
0.3 mm distally for Astra implants compared to 
1.6 mm mesially and distally for Brånemark im-
plants.

Discussion: The histomorphological differences 
of the peri-implant tissues compared to the pe-
riodontal tissues will likely explain the signifi-
cantly deeper pockets around the implants com-
pared to the control teeth. This is not likely to be 
a reflection on tissue health but would explain 
higher sulcus bleeding scores, and the signifi-
cantly higher proportion of spirochetes observed 
in otherwise healthy peri-implant sites.

When comparing implant types, deeper pock-
et depths and significantly increased marginal 
bone loss seen around Brånemark implants has 
been explained by others as the result of the mi-
crogap and microleakage of the butt joint design. 
The Conical Seal Design™ of the Astra Tech sys-
tem, removes the irritant gap and eradicates mi-
croleakage. In addition, surface macro- and mi-
cro-modifications of the implant collar, notably 
the Microthread™ and TiOblast™ surface are said 
to yield in an improved cortical bone response.

A Clinical, Radiographic, and Microbiologic Comparison of Astra 
Tech and Brånemark Single Tooth Implants
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BoneTrap™

Purpose: The current study was undertaken to 
evaluate the success of augmenting exposed im-
plant threads with autogenous bone chips collec-
ted in an osseous trap.

Material and Methods: 21 patients treated with 
implants were consecutively assigned to the 
study when a fenestration or dehiscence defect 
resulted in the exposure of four or more threads, 
requiring grafting. Only one implant was used 
per patient.

Implants were placed according to a standard 
surgical protocol and the type of defect and 
number of exposed threads recorded. Bone chips 
were collected using the Astra Tech BoneTrap™

with a Medena M0350 suction tip (Astra Tech 
AB). A separate suction device was used to re-
move saliva. The resultant compacted bone pel-
let was mixed with patient’s blood and the mass 
packed tightly against the exposed implant sur-
face to effect complete coverage of the exposed 
threads. After a 6-month submerged healing pe-
riod all implants were exposed, and re-entry was 
facilitated to visualize the grafted area and mea-
sure the number of threads remaining exposed.

Results: 12 patients presented with dehiscence 
defects and 9 with fenestrations. The number 
of exposed threads ranged from 4 to 14 with a 

mean of 8.4 threads. This equated to a mean ex-
posure of 7 threads for dehiscence defects and 
9.5 threads for fenestration defects. On re-entry 
the total number of threads exposed for the 21 
implants ranged from 0 to 8, with a mean of 1.6. 
By group the mean number of exposed threads 
measured 1.3 and 1.7 for dehiscence and fene-
stration defects respectively. The gain of bone 
coverage was calculated as 81.5%.

Discussion: There is some questions of doubt 
expressed in the literature as to the significance 
of covering exposed threads, and what met-
hod should be utilized, such as the application 
of barrier membranes etc. However the results 
of the present study confirm that autogenous 
bone chips, which can be conveniently collec-
ted during the preparation of the osteotomy site 
using a bone trap, can be placed under the perio-
steum and predictably result in an 80% increase 
in coverage of exposed threads. All augmented 
tissues were hard to probe and bone-like in ap-
pearance. This contrasts the softer tissue that has 
been found under membranes used for guided 
bone regeneration, which have also been associa-
ted with a higher risk of infection. The gain in 
coverage measured approximately 80% although 
some loss of graft volume was noted.

Augmentation of Exposed Implant Threads with Autogenous Bone 
Chips: Prospective Clinical Study
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Fixture MicroThread 3.5 
Fixture MicroThread 4.0
Ball Abutment

Purpose: The aim of the study was to report the 
interim 2-year results of two parasymphyseal 
implants with ball abutments for the support of 
an overdenture and to demonstrate the efficacy 
and to record the long-term outcome over a 5-
year period.

Materials and Methods: 58 patients with an 
atrophic edentulous mandible of at least 10 mm 
in height were enrolled on to the study. All pa-
tients had idealized conventional dentures fabri-
cated prior to implant surgery to define the resto-
rative dimensions and aid in correct location for 
the osteotomy sites. All surgical procedures were 
according to conventional protocol to allow the 
placement of experimental implants based upon 
the standard Astra Tech implant geometry but 
with a microthread of pitch 0.185 mm compared 
with the standard thread pitch of 0.6 mm. Two 
implant diameters were used, Ø 3.5 mm and 4.0 
mm.

In order to create a transmucosal healing with 
one-stage surgery, a healing abutment was loca-
ted in place of the cover screw and the mucosal 
sutured around the abutments. Dentures were 
generously relieved and relined with Coe-Com-
fort. All implants were left to osseointegrate for 
3 months at which time healing abutments were 
replaced by ball abutments and a reline/pick up 
impression taken to allow the incorporation of 
the ball housing into the denture base. Implant 
survival, soft tissue and denture complications 
were recorded.

Results: All patients tolerated the one stage sur-
gical procedure well. During the healing phase 
5 implants were diagnosed as failures in 4 pa-
tients, one of whom was a smoker. None of the 
implants failed as a result of infection, but ap-

pear to have failed to osseointegrate with asso-
ciated pain and/or mobility either prior to or at 
the time of ball abutment connection. This gave 
rise to a 95.7% success rate.

Each patient required a mean of 0.65 visits af-
ter insertion of the overdentures to address any 
complications. One week after the denture reline 
2 ball housings dislodged from the acrylic and 
required a repeat of the reline and re-incorpora-
tion of the housings. In addition there was one 
episode of a fractured abutment, one loose abut-
ment and a denture fracture. There were also 3 
episodes of loose ball housings within the acrylic 
and 2 requests to improve denture retention.

There were no reported adverse events and no 
soft tissue complications. All patients were satis-
fied with their dentures.

Discussion: Previous reports would indicate that 
the application of implants to help retain man-
dibular dentures provides a significant functio-
nal and psychological improvement. This study 
would tend to support this finding.

The use of a one-stage surgical technique is 
finding popularity and the short term data in 
the current study indicates that implants can os-
seointegrate with a high degree of predictability 
when adopting this protocol. In this study an ex-
perimental threaded cylinder implant with a mi-
crothread gave rise to a 95.7% success rate. The 
one-piece ball abutment proved reliable with one 
episode of loosening and one fracture. The ball 
housing proved more problematic, with 3 epi-
sodes of loosening and 2 episodes of dislodging 
from the denture base. All patients were satisfac-
torily restored to full function and with impro-
ved confidence in their dentures.

Treatment of Edentulism Using Astra Tech Implants and   
Ball Abutments to Retain Mandibular Overdentures
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Purpose: To report on the long-term survival of 
both implants and prostheses over a 5-year pro-
spective study period.

Material and Methods: Data was collated from 
two independent prospective studies yielding a 
total of 109 patients treated for mandibular eden-
tulism. Each patient received 4 to 6 Astra Tech 
implants. All implants were submerged and sub-
sequently exposed 3 months later. All patients 
received a screw-retained fixed beam fabricated 
from type III gold and veneered with pink acry-
lic and Ivoclar artificial acrylic teeth.

Baseline clinical measurements taken at bridge 
insertion included plaque score, gingival index, 
sulcus bleeding and pocket probing depth. One 
intra-oral radiograph of each implant was taken 
using a long-cone technique, in addition to a pa-
noramic radiograph. Mesial and distal marginal 
bone levels were measured in tenths of a milli-
meter using x7 magnification. Follow-up radio-
graphs were taken at year 1, 3 and 5 years. Clini-
cal follow-up was annual.

At the 3-and 5-year reviews mobility of the 
prostheses was assessed and then the prosthesis 
removed to assess individual implant mobility. 
Results were judged according to Albrektsson’s 
criteria for success.

Results: A total of 618 implants were inserted 
of which 615 were utilized for reconstruction. 2 
patients were excluded yielding 107 prostheses 
available for follow-up. Over the 5-year period a 
total of 16 prostheses supported by 90 implants 
were lost to follow-up.

Of the original 618 implants inserted only 5 
failed to osseointegrate and 3 were left as sleep-
ers. Two further implants were removed due to 

persistent pain. Finally one further fixture failed 
after 4 years in function. Thus the cumulative 
success rate at 5 years was 98.7%. 100% of pros-
theses remained in function. There was no detec-
table mobility of either prostheses or individual 
implants at the 3- and 5-year follow-ups, and no 
recorded episodes of screw or abutment loosen-
ing or fracture.

Clinical parameters revealed a good level of 
oral hygiene associated with healthy peri-implant 
soft tissues that was consistent throughout the 
study, with less than 1% of sites demonstrating 
any bleeding on probing. Mean probing depth 
measured 1.31 mm at the end of the study.

A total of 517 intra-oral radiographs were avail-
able from the 5-year follow-up. The mean change 
in marginal bone height for these implants when 
compared to baseline measured 0.26 mm.

Discussion: Based upon the criteria set by Al-
brektsson, that an implant should remain im-
mobile, free of pain and infection, and should 
not demonstrate a peri-implant radiolucency or 
a vertical bone loss of > 0.2 mm per year from 
baseline, it is possible to confirm that only 8 im-
plants failed to meet all these conditions neces-
sary for success at the 5-year follow-up.

Thus in the current study a cumulative success 
for implants of 98.7% was recorded, which com-
pares favorably to the recommended minimum 
of 85%. In addition a prosthetic success of 100%, 
the absence of bridge screw or abutment loose-
ning, and a mean marginal bone loss of less than 
0.3 mm from baseline to year 5 would seem to 
support the notion that the system is both biolo-
gically and mechanically sound.

Five-year Prospective Follow-up Report of the Astra Tech Dental 
Implant System in the Treatment of Edentulous Mandibles
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Fixture ST 4.5

Purpose: The purpose of this report was to moni-
tor marginal bone levels at a single tooth implant 
with a coronal conical collar, with titanium that 
had been modified at both the macroscopic and 
microscopic levels, as compared to a machined 
conical collar.

Materials and Methods: 33 consecutively placed 
Astra Tech single tooth implants were monitored 
for maintenance of marginal bone. The implant 
is grit blasted to give a surface roughness of the 
order of 1 to 5 µm, and in addition the conical 
collar which is 5.4 mm in length and 4.5 mm 
in diameter is characterized by a so-called Mi-
crothread™, with a pitch of 0.185 mm. 76% of all 
implants had been in function for greater than 
one year, with all the remaining implants having 
been in function for greater than 6 months. All 
measurements were made on long cone periapi-
cal radiographs by means of x 8 magnification, 
utilizing the Microthreads™ as a gauge. If bone 
gain was apparent this was recorded as 0.0 mm 
bone loss so as not to give a false positive mean. 
Furthermore where bone loss occurred, the soft 
tissue appearance was noted along with bleeding 
on probing to assess soft tissue inflammation.

Results: For the total group of 33 implants, no 
failures occurred, with 67% being recorded as 
having no bone loss. Cumulative mean margi-
nal bone loss ranged from 0.33 mm for the to-
tal group up to one year of loading, to 0.61 mm 
for the 4 implants that had been in function for 
at least four years. Of these four implants, three 
had no bone loss, but one implant, the worst in 
the total group, had up to 2.5 mm bone loss. No 
implants lost bone along the entire length of the 
conical collar. Where bone loss occurred this ge-
nerally stabilized within the first year. For these 
implants no apparent soft tissue inflammation 
was noted clinically.

Discussion: There has been considerable re-
search into roughening of titanium implants to 
enhance the interfacial shear strength of the bone-
to-implant interface. Studies have demonstrated 
that this can result in increased bone-to-implant 
contact and at least a 3-fold increase in removal 
torque forces. By contrast other studies have de-
monstrated that there is an increase in marginal 
bone loss with roughened surfaces such as tita-
nium plasma spray, which if ongoing, threatens 
the long term success of the implant due to in-
creased risk of peri-implant disease. The present 
report, on 33 consecutively placed Astra Tech 
single tooth implants clearly demonstrates that 
a roughened surface of the order of 1–5 µm, the 
so-called Tioblast™ surface, along with the spe-
cial Microthread™ on the coronal conical collar of 
the implant, resulted in maintenance of marginal 
bone over a follow-up period of 1 to 5 years. The 
mean marginal bone loss was only 0.33 mm and 
67% of the implants were recorded as having no 
bone loss.

These results were in stark contrast to a single 
tooth implant of a similar geometry, with a mach-
ined conical collar which was found to loose up 
to 3.6 mm of bone in clinical trials. Since this was 
compared to a similar machined implant without 
a conical collar, it was assumed that this was the 
result of the conical collar geometry and not mi-
croleakage at the implant/abutment junction. 
However by modifying the surface structure of 
the conical collar, this report has shown that it 
can enhance bone maintenance. Additionally it 
was noted for those implants where bone loss 
was recorded, that there were no apparent soft 
tissue complications, and the bone loss seemed 
to stabilize rather than progress.

Marginal Bone Levels at Single Tooth Implants with a Conical Fix-
ture Design. The Influence of Surface Macro- and Microstructure
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Purpose: The purpose of the study was to docu-
ment the results of treating mandibular edentu-
lism with the Astra Tech dental implant over a 
5-year period.

Material and Methods: 33 patients were includ-
ed in the study, subsequent to rigorous clinical 
and radiographical evaluation. All patients had 
been edentulous for at least one year and were 
wearing removable upper and lower dentures. 
Residual mandibular alveolar bone height was 
required to measure > 8 mm. Patients were either 
assigned to the overdenture group (ODG) or the 
fixed prosthesis group (FPG), depending on their 
preference, financial limitations and the number 
of implants that could be placed. The implants 
were of the standard design and either 3.5 mm or 
4.0 mm in diameter, with varying lengths. All im-
plants were placed according to manufacturer’s 
protocol and benefitted from a period of submer-
ged healing for 3–4 months.

All patients in the ODG received 2–4 implants 
while those in the FPG received 5–6 implants. 
All implants were placed in the interforaminal 
region.

Prosthetic treatment followed abutment con-
nection and employed all standard impression, 
registration, and laboratory techniques for the 
fabrication of conventional screw-retained acry-
lic/gold beam bridges, or clip retained overden-
tures on screw retained Dolder bars.

Baseline measurements after prosthesis instal-
lation included plaque score, gingival score, and 
the recording of any complications, either of a 
biological or technical nature. Radiographs were 
taken using the Scanora system. All clinical and 
radiographic measurements were repeated at 
each annual follow-up and changes in marginal 
bone level for each year, per patient, were record-
ed and compared using the unpaired Student t-
test to see if any differences existed between the 
groups. Changes in soft tissue health between 

baseline and year-5 were averaged and then sub-
ject to statistical analysis using Fisher’s permuta-
tion test to determine any significant difference 
between the ODG and the FPG.

Results: 20 patients comprised the ODG with a 
total of 78 implants and 13 patients comprised 
the FPG totalling 77 implants. No long-term sur-
gical complications arose and all but 2 implants 
in 2 patients were found to be osseointegrated, 
yielding a 98.7% success. No further implants 
failed during the remainder of the study period.
Prosthetic complications revealed one loose 
screw in year 1, one bar fracture in year 3, a frame-
work fracture, and a denture fracture in year 4 
and a clip fracture in year 5. Biological complica-
tions noted were implant associated with a peri-
implant infection and marginal bone loss > 1 mm 
in year 5. The maintenance of oral hygiene was 
high in both groups and 95% of all implants in 
both groups were free of gingival inflammation. 
There was no significant difference between the 
two groups.

The mean marginal bone loss at the end of the 
study period measured 0.36 mm in the FPG and 
0.56 mm in the ODG, this was not statistically 
significant. The cumulative implant survival rate 
was 100% for the FPG and 97.4% for the ODG.

Discussion: There is a need for implant sys-
tems to be rigorously evaluated in a prospective 
clinical manner, and it has been suggested that a 
minimum 5-year follow-up is appropriate. The 
current study indicates that the Astra Tech dental 
implant is an effective unit to support both fixed 
prostheses and overdentures for restoration of 
the edentulous mandible. Both implant and pro-
sthesis success was high. Hard and soft tissue re-
sponse over the 5-year follow-up was excellent. 
Very few biological and technical complications 
were reported.

A 5-year Prospective Clinical Study of Astra Tech Dental Implants 
Supporting Fixed Bridges or Overdentures in the Edentulous 
Mandible
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Purpose: The study set out to compare the 
clinical outcome of implants placed into perio-
dontally compromised patients, when employ-
ing a conventional osteotomy preparation or in 
conjunction with a sinus lift procedure.

Material and Methods: Patients with a deficient 
posterior maxillary dentition were enrolled on 
to the study and benefitted from placement of 
either ITI or Astra Tech (AT) TiO2-blasted im-
plants. When implant sites were closely related 
to the maxillary sinus a simultaneous sinus lift 
procedure was undertaken so long as there was 
at least 3 mm of alveolar bone to the sinus floor, 
for primary stabilization. Implant surgery was 
carried out according to manufacturer’s proto-
col and the sinus lift procedure was via a lateral 
window approach. The space created by tenting 
the sinus lining was left to fill with coagulum. 
A total of 80 implants were placed, 38 of which 
involved the maxillary sinus. Twentysix AT and 
12 ITI implants were placed in association with a 
sinus procedure and 25 AT and 17 ITI implants 
were placed in a conventional manner in a total 
of 24 patients. All implants related to a sinus lift 
procedure were buried for a protected 5–6 month 
period of healing. Conventional ITI implants 
were left to heal transmucosally.

All implants were subsequently exposed and 
abutments connected to allow fabrication and 
support of prostheses, at which time baseline 
data for plaque, bleeding on probing (BOP), and 
probing depths (PD) was collected. Patients were 
initially seen every 3 months for oral hygiene. 
Patients were subject to chlorhexidine and/or 
mechanical therapy if there was evidence of pla-
que, BOP or PD > 3 mm. If PD measured > 5 mm 
with radiographic evidence of bone loss, patients 
received antimicrobial therapy. At the annual re-
call four surfaces of each implant were scored for 
plaque, BOP and PD. In addition measurements 
were made of the crestal bone to the shoulder of 

the implant on both the mesial and distal aspects 
of each implant, to the nearest 0.5 mm.

Statistical analyses were used to determine the 
first occurrence for both bone loss and PD at dif-
ferent measurements ranging from 1.5–6.0 mm, 
as well as for implant survival.

Results: The premolar region was the most com-
mon site for treatment. Implants were followed 
up for a mean of 28.9 months. No standard AT 
implants failed (0%) but one AT sinus implant 
failed at 12 months (3.8%), compared to 2 sinus 
implant failures for the ITI system (16.7%) at 12 
and 42 months and 1 standard implant failure at 
11 months (5.9%). 70–80% of AT implants and 
standard ITI implants remained free from bone 
loss > 1.5 mm at 36 months, however only 29% 
of ITI sinus implants satisfied this parameter. 
No AT or ITI implants revealed a PD > 6 mm at 
36 months however between 20 and 54% of im-
plants did reveal a PD > 4 mm. Nonetheless, > 
65% of implants remained free from BOP.

There were no statistical differences for any of 
the parameters when comparing conventional to 
sinus implants for the two systems under study.

Discussion: In the current study two systems, AT 
and ITI were tested in the periodontally compro-
mised patient both in a conventional manner and 
in relation to a sinus lift procedure. Using Kap-
lan-Meier Estimates the survival rates recorded 
were AT conventional 100% > AT sinus 95% > ITI 
conventional 91% > ITI sinus 86%. There were 
no statistically significant differences for any of 
the parameters measured, and data was compa-
rable to that published for implants placed into 
non-periodontally compromised patients. There 
were no significant differences between implants 
placed conventionally or in relation to the sinus, 
although ITI sinus implants did show a trend for 
higher failure, greater bone loss and deeper peri-
implant pockets.

Implant Therapy Involving Maxillary Sinus Lift in Periodontally 
Compromised Patients
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Purpose: The aim of the investigation was to 
assess the survival and prognosis of dental im-
plants placed into periodontally compromised 
patients.

Material and Methods: 68 patients with a history 
of periodontal disease and associated tooth loss 
were enrolled on to the study. Patients were sys-
temically healthy and had responded positively 
to periodontal therapy pre-operatively. Patients 
had a mean age of 60 years. Smokers accounted 
for 64%, and women for 75% of the patient pool. 
Bone loss around natural teeth ranged from 36 
to 50%.

ITI and Astra Tech (AT) implants were 
used and were placed according to standard 
manufacturer’s protocol benefitting from a trans-
mucosal and submerged healing respectively. For 
AT implants exposure for abutment connection 
took place three months after implant insertion. 
All patients were instructed in post operative 
care and maintenance with twice daily rinsing 
with chlorhexidine (0.2%).

A total of 31 AT implants were placed in 19 
patients and 93 ITI implants in 56 patients. After 
3 months for osseointegration, abutments were 
connected and 3 months later baseline data for 
plaque, bleeding on probing (BOP), and probing 
depths (PD) was collated. All implants were sub-
sequently restored. Patients were recalled every 3 
month and the parameters re-evaluated. Patients 
were subject to additional chlorhexidine and/or 
mechanical therapy if there was evidence of pla-
que, BOP or PD > 3 mm. If PD measured > 5 mm 
with radiographic evidence of bone loss, patients 
received antimicrobial therapy. At the annual re-
call four surfaces of each implant were scored for 
plaque, BOP and PD. In addition measurements 
were made of the width of keratinized tissue in 

mm, as was the measurement of crestal bone to 
the shoulder of the implant on both the mesial 
and distal aspects, to the nearest 0.5 mm.

Statistical analyses were used to determine the 
first occurrence for both bone loss and PD at dif-
ferent measurements ranging from 1.5–6.0 mm 
as well as for implant survival.

Results: The premolar region was the most com-
mon site for treatment. Implants were followed 
up for a mean of 31.7 months. No AT implants 
failed (0%), compared to 2 early failures and 1 
late failure for the ITI system (3.2%). When con-
sidering survival by jaw type, data revealed 
97.3% for maxilla vs 92.3% for mandible. 100% 
of AT implants remained free of PD > 6 mm at 
36 months compared to 92.4% for ITI implants, 
while 44.2% and 63.1% remained free of a PD > 
4 mm after a similar period. Nonetheless, 70% of 
implants remained free from BOP at 36 months 
and 86% of AT and 76% of ITI implants remain-
ed free from bone loss > 1.5 mm. Differences in 
plaque, BOP, and PD > 4 mm were higher for im-
plants surrounded by non-keratinized tissue.

Discussion: The survival of implants placed in 
to periodontally compromised patients has been 
questioned, yet the current study clearly indica-
tes a high survival rate up to 5 years in function, 
with 100% of Astra implants in function at 3 ye-
ars and 97.3% of ITI implants at 5 years. Loss of 
marginal bone was insignificant as was PD > 6 
mm. These results are comparable to those in pa-
tients without periodontal disease and indicate 
that AT and ITI implants in periodontally com-
promised patients fulfil recognized criteria for 
success. The presence of non-keratinized tissue 
was more typically associated with PD > 4 mm 
and BOP.

Implant Therapy in Periodontally Compromised Patients
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Purpose: This study was established to evaluate 
the change in marginal bone levels that occur fol-
lowing implant insertion, abutment connection 
and functional loading over time and to analyse 
the tissue response at the bone-to-implant inter-
face.

Material and Methods: The mandibular premo-
lars of 6 beagles were extracted 3 months prior 
to the insertion of 4 Astra Tech implants (ATI) 
on one side and 4 Branemark implants (BI) on 
the contralateral side. The top of the ATI were 
levelled with the bone crest, while the shoulder 
of the BI implants were seated 1.4mm below 
the bone crest according to the manufacturer’s 
recommendations. Radiographs were taken im-
mediately after implant insertion to accurately 
determine the distance between the bone crest 
and the implant/abutment junction of each sys-
tem. After a 3 month osseointegration period all 
implants were exposed and standard abutments 
connected according to protocol. A second set of 
radiographs were taken. 

After a further 3 months, impressions were 
taken for the fabrication of cast gold fixed pros-
theses to be cemented to the maxillary segments 
opposing a screw-retained prosthesis connected 
to the 3 most distal implants on each side. An 
appropriate occlusal scheme was achieved. The 
mesial implant was left as an unloaded control. 
A third set of radiographs were taken and a final 
set after 10 months of functional loading. 

At the end of the study all animals were sacri-
ficed and specimens were harvested en bloc and 
prepared for histologic analysis of 20µm sections 
stained with toluidine blue. Digitized images 
were used for morphometric evaluation of the 
bone-to-implant contact (%BIC), as well as linear 
measurements within the peri-implant mucosal 
cuff at 100x magnification.

Results: All implants osseointegrated. One im-
plant was associated with a minor abscess forma-
tion resulting in a bony defect. This implant was 
excluded from the data gathering. All implants 
remained in function throughout the study pe-
riod and soft tissues health was maintained at all 
sites. Bone changes from implant installation to 

abutment connection measured 0.12mm at ATI 
and 0.53mm at BI, a difference which was statis-
tically significant, p < 0.05. On-going bone loss of 
0.27mm as a mean was noted at BI up to the time 
of bridge connection, while during the same pe-
riod ATI appeared to gain a very small amount of 
bone, 0.05mm. Again these differences were sig-
nificant, p < 0.05. No further changes were noted 
at either system during the 10 months of func-
tional load. Interestingly over the entire study BI 
lost considerably more bone at unloaded control 
implants, 0.74mm versus 0.13mm, p < 0.05 which 
was in close comparison to the differences seen 
at loaded implants over the entire study period, 
0.77mm versus 0.09mm, p < 0.05.

Linear measurements revealed that the dis-
tance from implant/abutment junction to bone 
crest measured 0.75mm and 0.74mm for control 
and test implants respectively. This compared to 
0.52mm and 0.37mm for ATI, p < 0.05. With re-
spect to %BIC it was clear that functional loading 
resulted in an increased contact at both systems 
with control implants recording 77.4% for ATI 
and 61.0% for BI compared to 83.6% and 67.0% 
for test implants respectively. There was a sig-
nificant difference between the systems for both 
groups, p < 0.05. 

Discussion and Conclusions: In the current 
study there was a significant difference in mar-
ginal bone loss between the two systems. If one 
includes the 1.4mm of bone that was initially lost 
at BI to the reference point this would equate to 
approximately 2mm bone loss in total from im-
plant insertion to prosthesis connection, com-
pared to approximately 0.1mm for ATI. Thus it 
can be stated that studies which use prosthesis 
insertion as their baseline will fail to identify this 
difference. Subsequent to loading neither system 
demonstrated any on-going marginal bone loss 
and in fact, while there were significant differen-
ces between the systems for %BIC, both systems 
demonstrated an increase in %BIC for loaded 
implants compared to unloaded controls. Thus 
functional load may in fact enhance bone main-
tenance and osseointegration.

Bone Reactions to Longstanding Functional Load at Implants: 
An Experimental Study in Dogs
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Clin Impl Dent Rel Res 
2003: 5: 82-88.

Products
Fixture TiOblast 3.5
Zebra Healing Abutment
20° UniAbutment
Profile BiAbument

Purpose: The aim of this experimental study was 
to evaluate tissue response following removal of 
healing abutments and placement of definitive 
abutments.

Material and Methods: The mandibular premo-
lars of 6 beagle dogs were extracted 3 months 
prior to re-entry for insertion of three 8 x 3.5mm 
Astra Tech implants bilaterally. Baseline radio-
graphs were taken immediately after fixture 
placement using a customized device to permit 
standardization. Cover screws were placed and 
flaps repositioned for submerged healing. After 
a further three months an exposure procedure 
was carried out via incision and flap elevation 
for removal of cover screws and location of heal-
ing abutments in two of the implants (G1 and 
G2) and a definitive UniAbutment in the third 
implant (Control). After a further two weeks 

the two healing abutments were replaced with 
a UniAbutment (G1) and a Profile BiAbutment 
(G2). The latter had been prepared in a dental la-
boratory and then cleaned in an ultrasonic bath 
and autoclaved. Radiographs were taken again.

All abutments were subject to a rigorous clean-
ing regime and then were assessed clinically and 
radiographically after 3 and 6 months, at which 
point the animals were sacrificed. Their mandi-
bles were removed en bloc to harvest the indivi-
dual implants for preparation using the fracture 
technique to create a buccal and lingual tissue 
portion from around each implant, which were 
then further subdivided mesio-distally. Each 
quarter portion was fully decalcified, sectioned 
to 3µm and stained in periodic acid-Schiff and 
toluidine blue. Five sections from each of the four 
portions were used for histologic and histomorp-
hometric analysis to measure the position of the 
marginal mucosa (PMM), the apical termination 
of the junctional epithelium (aJE), the marginal 
bone-to-implant contact (BIC), the level of the 

fixture/abutment junction (FAJ) and the distanc-
es between these various landmarks. In addition 
the location and size of any inflammatory lesion 
was measured. Finally the content of collagen, 
vessels, fibroblasts, and residual tissue was cal-
culated in a defined periimplant zone.

Results: All implants osseointegrated, and the 
clinical examinations revealed a high degree of 
plaque control at all surfaces. Baseline marginal 
bone levels were similar for all three groups. Ini-
tial bone loss measured 0.7mm to 0.9mm after the 
first 6 months of plaque control. These changes 
were not significant between the control group 
and the two test groups, G1 and G2.

For histometric measurement the distances 
between various levels was comparable with 
PMM-B ranging from 3.11mm to 3.25mm, PMM-
aJE ranging from 1.72mm to 1.76mm, aJE-BIC 
ranging from 1.35mm to 1.48mm and FAJ-BIC 
ranging from 0.72mm to 1.00mm. The differen-
ces were again not significant. However the size 
of the inflammatory lesion was significantly big-
ger by area in the G2 group (0.64 mm2 ) compa-
red to controls (0.07mm2), p < 0.05 and the G1 
group (0.15 mm2 ), p < 0.05. This infiltrate was 
well defined and consistently seen in the con-
nective tissue compartment at the level of the 
FAJ and for G2 implants it extended lateral to 
the barrier epithelium. There was no significant 
difference between the proportion of vessels, col-
lagen, fibroblasts and residual tissue between the 
groups.

Discussion: In the current study it can be con-
cluded that abutment shifting from healing 
abutment to a permanent abutment did not com-
promise the mucosal attachment since the dimen-
sions and character of the mucosal compartment 
were comparable and re-attachment was esta-
blished. In addition the was no notable change 
in marginal bone levels, which remained stable 
once equilibrium was established after exposu-
re. These results are in general agreement with 
other studies.

The presence of an inflammatory infiltrate in 
the connective tissue compartment was routine 
and supports previous findings, however there 
was a significant increase in the area of the infil-
trate for the G2 group which had their healing 
abutments changed for two-piece hollow pre-
pable abutments. The increased infiltrate may 
have resulted from handling in the laboratory or 
due to the increased risk of microleakage that is 
thought to exist at hollow abutments.

Tissue Reactions to Abutment Shift: An Experimental Study

PMM – Position of the 
marginal mucosa
aJE – Apical termination 
of junctional epithelium
FAJ – Fixture/abutment 
junction
B – Bone level
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Products
TiOblast™

Purpose: This study set out to compare the per-
centage bone-to-implant contact and percentage 
bone area for machined prepared titanium (MP) 
and a commercially available TiO2-blasted sur-
face (TB) using microimplants placed into hu-
mans.

Material and Methods: 54 microimplants 2 x 5 
mm in dimension were manufactured from c.p. 
titanium. 27 implants were machine prepared to 
act as controls (MP). The remaining 27 implants 
(TB) were TiO2-blasted with particles of an av-
erage size of 25 µm. A confocal laser profilometer 
(Topscan 3D) was used to characterize the sur-
face topographies by measuring surface parame-
ters of height deviation (Sa), surface enlargement 
(Sdr) and wavelength (Scx).

27 patients planned for conventional implant 
surgery were also consented for the placement of 
one TB and one MP experimental implant placed 
distal to the most distal conventional implant 
inserted. All osteotomies were performed under 
antibiotic cover and copious irrigation using a 
small 1.5 mm twist drill. The experimental im-
plants were screwed in manually. Flaps were 
repositioned and all patients instructed in post-
operative care.

After a period of healing, all experimental im-
plants were retrieved using a 3.0 mm trephine 
with their surrounding bone intact, at the time 
of abutment connection. Specimens were imme-
diately fixed in 4% buffered saline. Specimens 
were then embedded and prepared for ground 
sections and stained with 1% toluidine blue for 
evaluation under a light microscope. Percentage 
bone-to-implant contact (%BIC) was measured 
using the Microvid system. In addition measu-
rements were made of the percentage bone area 
within threads (%BA). All results were subject to 
statistical analysis.

Results: For overall surface roughness parame-
ters Sa and Sdr there was no statistical differen-
ce. However Scx was significantly longer for TB 
implants. When looking to each thread area the 
flanks were rougher for TB implants whereas for 
valleys and tops, the surface was rougher for MP 
controls.

Implants were placed in both jaws with 36 
maxillary and 18 mandibular sites. The mean 
healing period was 6.3 months in the maxilla 
and 3.9 months in the mandible. One patient 
died and these implants were excluded. From 
the remaining 52 implants three of the MP im-
plants failed to integrate, one exfoliating early. 5 
TB and 6 MP implants were exposed early and 
had marginal bone loss. 4 TB implants had bone 
overgrowth. All these implants were included in 
the analysis.

%BIC measured 37% for TB implants and 9% 
for MP implants, p < 0.0001 for the total data set. 
The figures for maxilla (p = 0.0009) and mandi-
ble (p = 0.0077) were comparable. Histological 
all implants were related to some degree of bone 
contact, however the pattern of bone contact was 
different with bone approaching the surface and 
following the thread contour for TB implants. 
Bone was mostly lamellar in structure with some 
woven bone and areas of loose connective mar-
row tissue. % BA measured as a mean 34% for TB 
implants and 22% for MP implants (p = 0.007). 
There was no significant difference for implants 
in the maxilla (p = 0.1337) but significance was 
reached in the mandible (p = 0.0208).

Discussion: The current study indicates minor 
differences in the roughness parameters when 
considering the overall thread profile, but a nota-
ble difference in the character of the topography. 
There was a significant improvement for %BIC 
and %BA for TiO2-blasted implants. This may 
indicate a preference for their anisotropic topo-
graphy or emphasize the importance for an in-
crease in roughness of the flank of the threads. In 
any case it is clear that early failures, presumably 
as a result of pressure from the overlying partial 
dentures was restricted to the machine prepared 
implants, which seemed less able to withstand 
this early functional load, perhaps as a result of 
the reduced %BIC and %BA. Jaw location did 
not appear to influence the outcome.

Histologic Evaluation of the Bone Integration of TiO2 Blasted and 
Turned Titanium Microimplants in Humans
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Products
Fixture ST 4.5
Fixture MicroThread 4.0

Purpose: The current study set out to investigate 
whether an alteration to implant surface texture 
by means of grit-blasting and/or the addition of 
retention elements as a microthread would in-
fluence the healing of marginal bone defects and 
the associated implant stability.

Materials and Methods: Three implant types 
were employed in the study, these were Brå-
nemark System 3.75 x 8.5 mm (BS) which were 
machine prepared, and Astra Tech ST 4.5 x 9 mm 
(ATST) and Astra Tech Microthread 4.0 x 9 mm 
(ATM), which both present with a titanium grit-
blasted surface and so-called microthreads in the 
coronal third of the implant. The ATST implants 
also present with a tapered coronal collar.

One of each implant was immediately insert-
ed into the socket of either P2 or P3 premolars, 
which were extracted bilaterally in each one of 
six greyhound dogs, under anesthesia. Cresto-
buccal bone defects measuring 3 x 3 mm were 
created adjacent to the implants on one side only 
(test side), with the contralateral alveolus being 
left intact to act as control. A transducer was at-
tached to all implants in order to measure their 
baseline resonance frequency (ISQ value) to as-
sess their interfacial stiffness, before flaps were 
repositioned and implants benefitted from sub-
merged healing for 4 months.

After the healing period all animals were sa-
crificed and at that time a second ISQ value re-
corded for each implant, which was removed en
bloc and fixed in formalin. Specimens were em-
bedded, sectioned and ground to 10 µm prior to 
staining with toluidine blue 1% and Pyronin-G. 
Histomorphometric evaluation was carried out 
on both sides of each specimen to measure the 
percentage bone-to-implant contact (BIC), the 
percentage bone area in all threads (BA), and the 
distance from each implant’s reference point to 
the most coronal bone contact.

Results: Healing was uneventful and all implants 
showed some degree of bone regeneration at the 
defect sites.When considering the ISQ values 
there was a typical increase in stiffness for all 
implants as a result of osseointegration in both 
test and control groups, which tended to be more 
significant for ATST and ATM. In addition the 
change in ISQ at 4 months compared to baseline 
for test implants compared to control implants 
reached statistical significance for both Astra Tech 
implant types (p < 0.05). Histomorphometry re-
vealed a statistically significant increase in mean 
BIC for Astra Tech implants compared to the Brå-
nemark implant with 4-month values measuring 
51% (ATM) > 47.4% (ATST) > 23.6% (BS) for test 
and control implants combined. Mean BA mea-
sured 38.9% (ATST) > 36.7% (ATM) > 32.5% (BS) 
for test implants and 42.1% > 41.3% > 34.8% for 
control implants respectively. The mean distance 
from each implant’s reference point to the most 
coronal bone contact was significantly longer for 
the Branemark implants compared to the Astra 
Tech implants (p < 0.05) measuring 2.70 mm (BS) 
> 2.20 mm (ATM) > 2.18 mm (ATST).

Discussion: The finding in this study that im-
plants with a roughened surface result in an in-
creased BIC is supported in the literature from 
human, animal and in vitro studies. It is also in-
teresting to note that the distance to the most co-
ronal bone at defect sites was notably shorter for 
these same roughened implants. This may also 
be related to the microthreads. Increase in ISQ 
values was mostly attributable to osseointegra-
tion, however some notable relative increase in 
ISQ was seen for roughened implants. Whether 
new bone filling in the defects provides any ad-
ditional stability can not be verified. Data would 
suggest this to be unlikely, either due to lack of 
integration or possibly due to its immature struc-
ture.

Effects of Implant Design and Surface on Bone Regeneration and 
Implant Stability: An Experimental Study in the Dog Mandible
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Products
TiOblast™

Purpose: This study set out to determine at the 
histological level, the influence of surface topo-
graphy and surface roughness on the cellular 
activity, matrix formation and mineralization of 
the bovine mandibular osteoblast (BMO) model. 
TiO2 grit-blasted (TGB), and titanium plasma 
(TPS) surfaces were to be compared to machined 
titanium which would act as the control.

Materials and Methods: 3 Titanium discs, 12.5 
mm in diameter were finished to a 600-grit 
roughness, which is comparable to machined ti-
tanium. One disc was then prepared with a TPS 
coating (TPS, Interpore) and another by grit-blas-
ting with TiO2 (TiOblast™, Astra Tech). All discs 
were rinsed in 70% ethanol and dried under UV 
light. The discs were then scanned using atomic 
force microscopy to ascertain surface roughness 
parameters such as median height (mH), peak to 
valley measurements (PVM), and average sur-
face roughness (aSR).

Each disc was cultured with 50,000 fetal BMO 
cells. Cultures were fed by media on day 3 and a 
mineralization media provided for multilayered 
cells at day 5. This was changed daily for 21 days 
and culture samples were collected at day 14 and 
at the end of the culture period.

Cultures were prepared, fixed and embedded 
for sectioning to 5 µm. Sections were stained 
with H&E, PAS Alcian blue, and von Kossa’s 5% 
aq.AgNO3. Immunocytochemical analysis was 
carried out to determine the presence of bone 
sialoprotein (BSP) and osteocalcin (Oc). Sections 
were also prepared and viewed under SEM for 
morphologic and elemental analysis.

Results: The 3 discs displayed unique visual 
topographies. SEM and surface roughness para-
meters confirmed the TPS and TGB discs to be 
notably rougher with an mH of 0.36 µm for the 
machined control compared with 1.5 µm for TGB 
and 1.89 µm for TPS. The PVM for the control 
disc was 0.73 µm, compared with 2.73 µm for 
TGB, and 3.78 µm for TPS. The average rough-
ness, aSR, was 838Å, 3809Å, and 5048Å for con-
trol, TGB and TPS surfaces respectively.

Mineralization was noted at 14 days for all 
surfaces but visually less so for TPS. It was noted 

in this and other studies that cultures often cont-
racted on the TPS surface, such that the cultu-
res were lost to the study. This is seen as a direct 
response to surface morphology, which impacts 
upon the biochemical difference in cell-medi-
ated adhesion. Mineralization was also evident 
for machined > TGB but not on the TPS surface. 
These findings are probably a reflection of the 
fact that TPS-adherent cells are altered in their 
progression from osteoblastic to osteolytic cells. 
Under light microscopy, all cultures demonstra-
ted multilayering and PAS staining of cells was 
evident for cultures on the control and TGB sur-
faces.

In the immunocytochemical analysis, BSP was 
only found in the upper layers of the culture for 
machined and TGB surfaces, but was found only 
within cells adjacent to the substrate for the TPS 
surface. Oc expression was concomitant with the 
visual evidence of mineralization, and was thus 
absent in the TPS culture. Elemental analysis 
revealed calcium phosphate within the mine-
ralized layers of both machined and TGB sur-
face cultures, but was almost absent for the TPS 
coating. The SEM view showed little material 
or adherent cells left attached to the machined 
surface. By contrast the TGB surface had many 
adherent cells and some tenacious remnant ma-
terial, which was also evident in larger quantities 
on the TPS surface, although less adherent cells 
were present on this surface.

Discussion: This study demonstrates that surfa-
ce topography has an influence on the adhesion 
and multilayering of cells, and the process of mi-
neralization. The formation of differing amounts 
of mineral were confirmed by light microscope, 
by elemental analysis and the expression of Oc. 
There was notably less mineral for the TPS sur-
face compared to machined and TGB surfaces. In 
association with the differing distribution of BSP 
and the contraction of cells on the TPS surface, 
this indicates that surface topography might in-
fluence cell adhesion and modulate osteoblast 
differentiation.

Formation of Mineralizing Osteoblast Cultures on Machined, Tita-
nium Oxide Grit-blasted, and Plasma-sprayed Titanium Surfaces
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Products:
Fixture TiOblast 3.5
45° UniAbutment

Purpose: To study the hard and soft tissue in-
tegration around Astra Tech components when 
used in a conventional one-stage and two-stage 
transmucosal surgical technique.

Material and Methods: This animal study used 
the partially edentulated mandibles of 6 beagle 
dogs. Three months post-extraction, 3 Astra 
Tech TiOblast implants 8 x 3.5 mm were inser-
ted unilaterally, with the most coronal bevel of 
the implants at the crestal cortical margin. Cover 
screws were placed and implants submerged 
for 3 months prior to a second surgical proce-
dure to expose and secure Uni-abutments of 1.5 
mm and 3.0 mm in length. At the same time a 
further 3 implants were surgically inserted in 
the contra-lateral side, with the coronal bevel 
of the implants once again level with the crestal 
cortical bone. However for these implants, abut-
ments were placed immediately and soft tissues 
sutured around them for transmucosal healing. 
All dogs were routinely followed-up with daily 
hygiene.

Radiographs were taken using a modified Eg-
gen technique to allow the accurate measure-
ment of mesial and distal bone levels at time of 
fixture placement, 3 months post insertion and 
6 months post insertion. Measurements were 
made mesially and distally using an imaging 
system under light microscope.

Clinical examinations were carried out to re-
cord plaque scores and a modified gingival in-
dex. Animals were sacrificed 9 months after the 
first implantation procedure and implants were 
harvested en bloc prepared and embedded for 
ground sections or for the fracture technique to 
allow histometric analysis of the dimensions and 
type of hard and soft peri-implant tissues, with 
particular attention to the zone of connective tis-
sue integration. In addition a digital assessment of 
bone-to-implant contact in both the coronal un-
threaded and threaded portions of the implant 

were undertaken. Results were subject to statis-
tical analysis.

Results: Clinically all implants included in the 
analysis demonstrated successful osseointegra-
tion and very low levels of plaque and excellent 
soft tissue health. Radiographs revealed that 
over the 9 months follow-up marginal bone loss 
measured as a mean 0.42 mm for implants sub-
jected to the two-stage technique and 0.3 mm for 
those treated transmucosally. Histology revealed 
identical tissue types to be found in relation to 
the various implant components. Histometric 
measurements revealed a very close approxi-
mation for the two groups with the junctional 
epithelium measuring as a mean 1.9 mm, the 
connective tissue compartment measuring 1.17 mm 
and the distance from the abutment/fixture junc-
tion to the marginal bone level measuring 0.8 
mm as a mean. With regards the morphometric 
measurements for the connective tissue zone again 
there was a very close approximation for all frac-
tions including collagen, vessels, fibroblasts and 
residual tissues. Bone-to-implant contact for the 
coronal unthreaded portion measured 75.0% for 
the one-stage implants and 72.6% for the two-
stage implants and 61.4% and 66.7% respectively 
for the threaded portions.

There was no statistical difference for any pa-
rameters measured.

Discussion: The notion that an implant can be 
left exposed at the time of surgical insertion, wit-
hout impacting on the tissue integration has been 
questioned and studied with various implants. 
This study compared the two surgical techni-
ques for the Astra Tech TiOblast fixture and Uni 
abutment. Results clearly indicated that the tis-
sue types, their dimensions and morphometry 
were identical regardless of procedure and that 
the percentage of bone-to-implant contact and 
marginal bone height is also unaffected.

Peri-implant Tissues at Submerged and Non-submerged Titanium 
Implants
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Products
Fixture Machined
Fixture TiOblast 3.5
Fixture Hydroxyapatite

Purpose: To evaluate bone anchorage of endos-
seous implants by means of mechanical and his-
tologic assessment, when comparing a machined 
titanium surface (M), to a TiO2-blasted surface 
(TB) also with an hydroxyapatite coating (HA).

Materials and Methods: 24 female white rabbits, 
were treated for the insertion of transcortical im-
plants into the metaphysis of the tibia, bilaterally. 
The three surfaces preparations, M, HA and TB 
were used on two implant configurations, cylin-
der and screw (10 x 3.5 mm) and each implant 
type benefitted from both 3 weeks and 12 weeks 
of healing. Six rabbits were allocated to 4 groups: 
Screws at 3 weeks and 12 weeks and cylinders 
at 3 weeks and 12 weeks. Each rabbit received 
1 implant of each surface type, bilaterally (n=6). 
All implants were provided with a hex top to al-
low their insertion and removal to measure peak 
removal torque. One operator performed all im-
plant insertion and retrievals according to a spe-
cific protocol.

After the healing periods the three implants 
in the right tibia of each animal were removed 
using a reverse torque and a Tonichi torque 
gauge to measure the peak values. The left tibia 
was removed with implants en bloc, sawn into 
individual implant specimens and ground down 
to 20 µm sections. Histomorphometry was used 
to evaluate percentage bone-to-implant contact 
(BIC) for the entire implant length and in the cor-
tical zones on both mesial and distal aspects.

Implant surfaces were characterized by view-
ing them under scanning electron microscope 
(SEM) and a quantitative evaluation of surface 
roughness (Ra) was undertaken using the optical 
laser profilometry technique (TopScan 3D).

Results: The SEM analysis revealed the HA coa-
ting to be characterized by the most irregular 
surface, compared to the small pits and machi-
ning grooves seen with the TB and M implants. 

The Ra values measured 1.89 for HA > 0.61 for 
TB > 0.31 for M.

When comparing mean peak removal torque 
values, the HA implants required a significantly 
higher removal torque of 107 Ncm, when com-
pared to 58 Ncm for TB implants and 34 Ncm for 
M implants (p < 0.0001, for both screw and cy-
linder configurations). The difference in removal 
torque values between TB and M implants was 
also statistically significant, p = 0.004 for screw 
implants and p < 0.0001 for cylinder implants. 
Cylinder implants also demonstrated a statisti-
cally higher torque requirement when compared 
to screw type implants for TB and M, p = 0.002.
For BIC (screws/cylinders) at 3 weeks HA 
= 25.8% / 18.5%, TB = 20.7% / 14.7% and 
M = 9.7% and 7.6%. At 12 weeks the correspon-
ding values measured 24.1% / 28.2% for HA, 
22.5% /26.1% for TB and 12.5% / 22.1% for M. 
There was a statistical increase in removal torque 
when comparing cylinder implants at 3 and 12 
weeks, p = 0.002.

Discussion: This study corroborates the findings 
of other studies, that rougher surfaces yield a 
higher interfacial shear strength. There was a 
strong correlation between the total BIC and that 
of the cortical zones, which implies a significant 
contributory factor of the bicortical fixation. His-
tology clearly demonstrated an osteoconductive 
property to the TB implants which explains the 
higher BIC when compared to M implants and 
the more rapid osseointegration of the TB im-
plants. While a trend could be seen between BIC 
and removal torque data, no correlation could be 
demonstrated. This suggests that the overriding 
factor was mechanical interlocking as a function 
of surface texture. Histology also revealed incon-
sistency in the HA coating and that HA may be 
subject to biological degradation.

Anchorage of TiO2-blasted, HA-coated, and Machined Implants: 
An Experimental Study with Rabbits
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Purpose: To evaluate the strength of osseointe-
gration of TiO2-blasted screw and cylinder im-
plants compared to machine prepared controls, 
when placed immediately into extraction sock-
ets.

Material and Methods: Test implants were 
blasted with TiO2 particles. Surface topography 
was analyzed under scanning electron micros-
cope (SEM).

1 implant of each type was randomly inserted 
into the immediate premolar extraction sockets 
of 6 beagle dogs, bilaterally. In order to evaluate 
bone repair and osseointegration all dogs were 
placed on a course of tetracycline throughout the 
study. Xylenol Orange and Calcein Green were 
injected at prescribed times, within the study pe-
riod.

Long-cone periapical radiographs were taken 
at 2 weeks post-op and at 12 weeks at the time of 
sacrifice. 2 dogs with a total of 8 implants were 
made available for histologic analysis. Specimens 
were harvested en bloc and prepared for ground 
sections. These were evaluated under light mi-
croscope to allow a quantitative measure of the 
bone-to-implant contact.

Removal torque was measured for 16 implants 
from 4 dogs using a torque gauge, with a range 
of 0 to 150 Ncm. Only after removal was the im-
plant type and surface type revealed.

Results: The SEM indicated that the TiO2-blasted
implants had a rougher surface than the machine 
prepared surface.

Radiographs revealed that vertical defects 
around the implants decreased over 12 weeks 
from a mean of 1.7 mm to 0.4 mm and horizontal 
defects decreased from 0.4 mm to 0.1 mm. His-
tometric analysis revealed a mean percentage 
bone-to-implant contact of 69% for both surfaces 

with histology revealing an intimate relationship 
with all 24 implants and bone fill by periosteal 
apposition.There was no significant differences 
for defect fill or bone-to-implant contact.

By contrast, the torque required to remove the 
implants indicated statistically higher values for 
all implants with the TiO2-blasted surface, p < 
0.001, compared to the machine prepared sur-
face. Median values of 105 Ncm and 35 Ncm re-
spectively. For two TiO2-blasted screw implants, 
the torque limit of 150 Ncm was inadequate to 
remove the implants.

Discussion: The application of a grit blasting 
technique using commercially pure titanium 
powders allowed surface modifications to a 
machine prepared titanium surface, altering the 
surface roughness.
This study compared implants of identical macro-
scopic design but with the TiO2-blasted versus 
the machine “as-is” surfaces. Increased surface 
roughness was confirmed by SEM.

Histologic and radiographic examination re-
vealed that with small extraction defects it was 
possible to achieve osseointegration and good 
defect fill around both types of implant design 
and both surfaces.

While the fraction percentage of bone-to-im-
plant contact was not significantly different, the 
absolute value was higher for the TiO2-blasted
implants, as these provide a larger surface area 
of contact. Indeed the same is true when compa-
ring the screw shape to the cylinder.

These increases may explain the higher tor-
que removal values for screws versus cylinders 
and particularly for TiO2-blasted surface versus 
machined, which was 3-fold and highly statisti-
cally significant, p < 0.001.

Histomorphometric and Removal Torque Analysis for TiO2-blasted
Titanium Implants. An Experimental Study on Dogs

��
 © Astra Tech AB, Mölndal, Sweden, 2006  



��
 © Astra Tech AB, Mölndal, Sweden, 2006  



52 © Astra Tech AB, Mölndal, Sweden, 2006

Hansson S.
Werke M.

J Biomechanics
2003: 36: 1247-1258.

Product
MicroThread™

Purpose: The purpose of this study was to eva-
luate the effect of different thread profiles and 
dimensions on the interfacial bone stress of an 
idealized axially loaded implant using finite ele-
ment analysis (FEA).

Materials and Methods: The Ansys (V5.0) pro-
gram was employed for the FEA utilizing the 
theory of elasticity. A 3.5mm screw shaped im-
plant of infinite length (c.f. Astra Tech) was mo-
del in cortical bone with the threads modelled 
as a bead whose profile and dimension could be 
varied. Thread profile parameters were depth 
(D), top radius of curvature (Rt), bottom radius 
of curvature (Rb) flank angle _, and the straight 
section between the threads (S). The length of the 
base of the thread was designated (L).

A 100% bone-to-implant contact was assumed 
permitting frictionless sliding and only compres-
sive stresses transferred between implant and 
bone. The bone was modelled to be isotropic and 
homogenous with a Poisson’s ratio of 0.3. Test 
analyses were performed to confirm that a high-
er than normal modulus could be applied with-
out affecting the calculated stresses. This was 
necessary to avoid the abruptness of stiffness to 
complete rigidity, which had to be bridged by the 
contact elements between the implant and bone.
An axial load of 5N/mm x implant length was 
applied and the data captured was the peak ten-
sile stress and the peak compressive stress in the 
bone as a function of the values of the differing 
thread profiles. The element mesh was made up 
of 1129 elements, each comprising four nodes. 
Each node had two degrees of freedom.

Results: In all the calculations for the different 
thread profiles the peak tensile stress was loca-

ted outside the top of the thread. The peak com-
pressive stress was located on the lower slope of 
the top radius of curvature except for large flank 
angles combined with long value for S, when the 
peak compressive stress was located close to the 
bottom of the thread flank.

Using convergence analysis it was determined 
that a thread depth of 0.1mm was as effective 
as a thread depth of 0.4mm. As such very small    
threads could in fact prove remarkably effective 
at distributing functional stresses. In addition a 
low ratio between the top radius of the curva-
ture, Rt and thread depth, D should be avoided 
since deep sharp threads gave rise to deleterious 
stress concentrations. 

With regard to the distance between threads 
it appears that the influence of this parameter 
is dependant on other factors, as such for a con-
tinuous thread profile where the distance S is ex-
tremely small, the Rt and flank angle _, influence 
the stresses. In such a case a value for Rt equal to 
0.4 - 1.0 times the thread depth and a value for _ 
equal to 40-60 degrees yields low values for ten-
sile stress. When the threads are separated and 
the distance S is large the flank angle _ should 
be approximating 0 degrees, since for large flank 
angles high tensile stresses are recorded where 
the threads are separated by an increasing dis-
tance S.

Finally with respect to Rb it was assumed that 
a value 0.1 times the thread depth was optimal 
since the stresses were not located in this area.

Discussion: In the current study the model of a 
stiff, infinitely long, axially loaded implant em-
bedded in homogenous, isotropic, cortical bone, 
with a frictionless interface and 100% bone-to-
implant contact is far from clinical reality. How-
ever, the model was established to allow the 
distribution of stress in the bone to be identical 
outside all threads thereby allowing a compari-
son between threads of different size and pro-
file. In addition the attempt to understand the 
pure effect of thread profile and dimension on 
bone stresses warrants this idealistic approach. 
Its findings then require clinical validation. The 
FEA results indicated that the thread profile did 
influence the stress peaks in bone. In addition it 
appeared that subject to a favorable profile, very 
small microthreads were equally as effective as 
large threads. In addition it could be stated that a 
small value for the top radius of the curvature, Rt 
is to be avoided and a large value for the section 
between the threads, S is unfavorable for most 
thread profiles as is a large value for the bottom 
radius of the curvature, Rb.

The Implant Thread as a Retention Element in Cortical Bone: The 
Effect of Thread Size and Thread Profile: A Finite Element Study
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Purpose: This theoretical, mathematical study 
was established to define the value of currently 
used surface roughness parameters as predictors 
of interfacial shear strength.

Method and Results: The surface roughness pa-
rameters Ra, Rq, Rt, Rsk, Rku are commonly quoted 
in studies on implant surface roughness and their 
values attributed to the retention potential of an 
implant, with respect to the bone-to-implant in-
terfacial shear strength. An idealized surface was 
modelled with pits being of equal size and shape, 
and where the pit width, w, the pit depth, d, and 
the distance between pits, s, could be varied. The 
value of the Ra, Rq, Rt, Rsk, Rku parameters were 
calculated in a simplified 2-dimensional model.

In addition the same idealized surface was 
modelled to allow a calculation of the interfacial 
shear strength using the conceptual mathema-
tical model published by Hansson & Norton (J 
Biomechanics 1999) where both the ƒpe and the 
ƒpd could be calculated and the retention potential
of the surface determined when the dimensions 
w, d, and s were assumed to be either constant 
or variable as multiples of the interfacial tissue 
distance L, and the strength of the interface at the 
surface of the implant was assumed to be only 
10% that of the strength of mature bone of full 
mechanical strength.

When increasing the pit width, w, it is appa-
rent that more bone will be incorporated to resist 
shear, and accordingly the model of Hansson & 
Norton calculates an increase in interfacial shear 
strength. Only the parameter Rsk was seen to give 
a positive correlation. However for parameters 
Ra, Rq the correlation is positive when w < 2L,
while for Rku the correlation is negative when w < 
2L. The correlation for these parameters is revers-

ed when w > 2L. The parameter Rt is unaffected 
by changes in w. In the circumstances where w
and s both change and remain equal, the parame-
ters Ra, Rq, Rt, Rsk, Rku do not vary.

In circumstances where pit dimension is un-
changed but spacing s is varied, the conceptual 
theory clearly identifies an increasing retention 
potential for a decreasing spacing of s, as this cor-
relates to an increase in ƒpd. The parameter Rsk is 
the only parameter to give a positive correlation 
regardless of the spacing. However for parame-
ters Ra, Rq the correlation is negative when s < 
10L, while for Rku the correlation is positive when 
s < 10L. The correlation for these parameters is 
reversed when s > 10L. The parameter Rt is unaf-
fected by changes in s.

For increase in d, once again the model indi-
cates an increase in interfacial shear strength. 
However only the parameters Ra, Rq, Rt offer a 
positive correlation, with the other parameters 
being unaffected by changes in pit depth.

By contrast to the above if all dimensions are 
changed equally, in other words there is a chan-
ge of scale, it is apparent that the parameters 
Ra, Rq, Rt will afford a close positive correlation 
and act as a relative predictor of interfacial shear 
strength. However in practical terms when com-
paring surfaces of differing roughness and to-
pography, the differences are more intricate and 
not limited to a change of scale. More likely they 
include a change of pit shape, dimension and 
density. Furthermore the interfacial distance L, is 
assumed to remain unchanged but may well di-
minish with functional loading. In these circum-
stances the parameters typically quoted for sur-
face roughness will have a very limited power as 
predictors of interfacial shear strength.

Surface Roughness Parameters as Predictors of Anchorage 
Strength in Bone: A Critical Analysis
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Purpose: The aim of this study was to evaluate 
the 8-degree internal conical joint used by the ITI 
implant and compare it to the similar 11-degree 
conical joint of the Astra Tech implant when the 
respective implants were subjected to a three-
point bending test.

Materials and Methods: Six test implants and 
abutments of each type were assembled accord-
ing to the manufacturers instructions.

The ITI solid abutment was secured using a 
force of 35 Ncm and the Astra Tech UniAbut-
ment with 25 Ncm. In turn they were each se-
cured in the holding device such that they were 
gripped at a level which was equivalent to that of 
the normal marginal bone position expected for 
an integrated implant.

Each test implant was then loaded at a point 
4 mm from the implant-abutment interface with 
a constant velocity of 1 mm/min. The high load 
tests provided data relating load to displacement 
from which curves were drawn allowing relative 
comparisons. The first point of plastic deforma-
tion and the point of ultimate failure were record-
ed.

The resulting data was compared using 
Fisher’s permutation test to determine the signi-
ficance of the differences between the two inde-
pendent groups at the 5% confidence level.

Results: The mean plastic bending moment for 
the Astra Tech abutment was 4176±103 Nmm 
compared to 2526±111 Nmm for the ITI abut-
ments.

The mean maximum bending moment for the 
Astra Tech abutment was 5507±74 Nmm compar-
ed to 3269±134 Nmm for the ITI abutments.

The plastic bending moment was defined as 
the point at which 0.3 mm of permanent defor-

mation was recorded for each implant. The final 
results were obtained from 6 Astra Tech and 5 ITI 
implants (due to 1 technical failure). The mean 
bending moment of 5507 Nmm for the Astra Tech 
implant corresponded to a load of 220 N, compa-
red to 3269 Nmm for the ITI implant where the 
applied load was 131 N.

Differences in the mode of failure were that 
for the Astra Tech implant the critical zone was 
in the centre of the cylindrical section of the 
Uni-Abutment, whilst for the ITI implant it was 
found at the base of the conical section just above 
the screw-threads.

The loads at which first plastic deformation 
and ultimate failure took place were remarkably 
consistent as demonstrated by the low standard 
deviations. This would affirm the consistency of 
the applied manufacturing tolerances for both of 
the implant systems tested.

Discussion: The conical implant/abutment in-
terface has been shown by a number of studies 
to be mechanically superior to the flat hex-top 
designs when subjected to similar three-point 
bending tests. This is partly attributed to the 
more precise fit that can be achieved with conical 
designs achieving fit accuracies of 1 to 2 µm com-
pared to hex-top designs where it is rarely better 
than 5 to 10 µm.

The mode of failure was entirely consistent 
for both implant types showing that the subtle 
differences in degree of taper and design of the 
screw portion have a significant impact on per-
formance. The design of the Astra Tech cone joint 
appears superior to that of the ITI cone, in that it 
can resist statistically higher bending moments.

In vitro Evaluation of the Strength of the Conical Implant-to-  
Abutment Joint in Two Commercially Available Implant Systems
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Purpose: The aim of this study was to determine 
the impact of having a conical versus a flat-top 
fixture-abutment connection on the induced 
stress patterns within the bone surrounding an 
implant with a microthreaded portion, via finite 
element analysis.

Material and Methods: The finite element met-
hod is a very powerful mathematical tool used 
to calculate the stresses in a structure.

An axisymmetric finite element model of the 
mandible was used, with previously established 
parameters for elastic constants. The bone and 
titanium were assumed to be isotropic, having 
the same elastic properties in all directions. The 
implant was modeled to represent a 3.5 mm dia-
meter implant with either an 11-degree internal 
connection or a flat-to-flat connection. Axial stiff-
ness decreased at the apical end to simulate the 
macrothreads of an implant reducing the overall 
wall thickness compared to the microthreaded 
region.

Axial loads of 1000 N were applied to both sys-
tems, with either an even load distribution over 
the surface or concentrated on selective nodes.

Principal stresses in the bone and the interfa-
cial shear stress were calculated on the assump-
tion that there was no fusion between implant 
and bone, such that the interface could not resist 
tensile stress. Interlocking between implant and 
bone was modeled by connecting interfacial im-
plant and bone nodes in a vertical direction re-
sisting shear.

Results: Peak interfacial shear stresses measured 
between 44 and 100 MPa for the flat-to-flat con-
nection becoming progressively worse when the 
load applied was modeled only on a lateral node 
contact.

For the conical connection the stresses ranged 
from 26 to 32 MPa, when applying the same load. 

In addition the stress distribution patterns were 
markedly different with load being concentra-
ted at the most coronal margin for the flat-to-flat 
connection but being more evenly distributed 
and at a deeper level, on the implant surface in 
the bone, for the conical connection.

A similar pattern was noted for the principle 
stresses which ranged from –32.4 to –277.7 MPa
and from –8.5 to –103.3 MPa for the two connec-
tions respectively. These stresses were compres-
sive in nature.

Discussion: While the principal stresses record-
ed were higher than the interfacial shear stress 
recorded for both connections, the forces were 
compressive in nature, which is well tolerated by 
cortical bone. In this respect the shear stress is 
considered to be of greater significance.

Furthermore while clinical function of im-
plant supported prostheses will lead to a va-
riety of vectorial loads and moments, it is likely 
that only the axial loads will result in interfacial 
shear stresses, and these can be most destructive 
if the shear strength of the interface is exceeded, 
leading to slip and fracture of the interfacial tis-
sues.

In the current finite element analysis it was ap-
parent that the induced stresses were reduced by 
the application of the axial load along the inter-
nal conical surface of the implant. This also re-
sulted in a more even and deeper distribution of 
the stress taking it away from the more delicate 
marginal region. This would indicate that an im-
plant with a conical interface can theoretically resist a 
bigger axial load before triggering bone resorption. In 
general terms the results also indicate that a fa-
vorable stress distribution can be accomplished 
by a more central and deeper application of the 
axial load.

Implant-Abutment Interface:
Biomechanical Study of Flat Top Versus Conical
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Purpose: This study set out to establish the influ-
ence on peak bone stress at the bone-to-implant 
interface by providing retention elements along 
the entire length of the implant neck, and to also 
evaluate the impact of bi-cortical fixation and im-
plant axial stiffness, which have also been shown 
to help in reducing peak bone stresses.

Materials and Methods: Calculations were 
made using finite element analysis. In order to 
obtain sufficient accuracy, initial data was cal-
culated from a 3-dimensional (3-d) model of a 72 
mm long uniform section of a mandible, built up 
with 8 node cubic elements, in order to evaluate 
it’s elastic behavior. Data from this model was 
then transferred into a simpler axisymmetric mo-
del built up with 4 node square elements. This 
axisymmetric model was then adjusted to ensure 
that relative displacement of upper and lower 
cortices under a 200 N centrally located load was 
similar to that obtained in the 3-d model. Certain 
assumptions were incorporated into the model-
ing of the bone to allow for its viscoelastic be-
havior and to avoid the formation of high peak 
stress artifacts which were seen to occur at singu-
lar points. It was also assumed that for a smooth 
implant surface only compressive stresses would 
be resisted, compared to compressive and shear 
stresses for a surface provided with retention ele-
ments.

Into this axisymmetric model a 3.5 mm diame-
ter titanium implant was inserted, built up with 
4 node elements and with appropriate informa-
tion on the modulus of elasticity and Poisson’s 
ratio for titanium. The width of the central bore 
was altered so that the wall thickness varied 
between 0.3–0.8 mm which in turn would affect 
axial stiffness of the implant and its surface was 
either modeled to be smooth or rough by the in-
corporation of retention elements, all the way to 
the top of the implant. Additionally, variations in 

thickness of the cortical bone were modeled and 
the implant length was varied to allow for uni- 
and bi-cortical fixation.

A 1000 N vertical load was applied evenly to 
all upper implant nodes and the influence of sur-
face character, wall thickness and the presence 
of uni- or bi-cortical fixation was calculated with 
regards to the peak interfacial bone stress.

Results: When considering the influence of sur-
face characteristic for implants with bicortical 
fixation, and a wall thickness of 0.6 mm, peak 
interfacial shear stress reduced from 80.6 MPa to 
29.6 MPa when the neck was characterized with 
retention elements. Indeed in all calculations the-
re was always an approximate 60 to 80% decrease 
in peak stress when the implant neck was cha-
racterized with retention elements. An increase 
of wall thickness from 0.3 to 0.8 mm decreased 
peak stresses by only 10 to 20%. The influence of 
uni- or bi-cortical fixation was similar.

Discussion: The majority of implants have a 
smooth cervical portion around which signifi-
cant bone loss has been reported, particularly for 
those with a long conical shaped neck. However 
Palmer at al., have reported remarkable mainte-
nance of marginal bone around similarly shaped 
implants provided with retention elements. It 
has been postulated that with a smooth neck the 
bone does not partake in distributing axial load 
and suffers from atrophy according to Wolff’s 
law. By contrast the interlock afforded by reten-
tion elements allows for the axial load to be dissi-
pated via interfacial shear which has been shown 
to be a critical stressor. It can be concluded that 
the provision of retention elements, an increase 
in axial stiffness of the implant and bi-cortical 
fixation will all enhance the performance of an 
implant to resist higher axial loads.

The Implant Neck: Smooth or Provided with Retention Elements.
A Biomechanical Approach
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Purpose: This study set out to develop a mathe-
matical model for estimation of the inter-facial 
shear strength for a surface roughened implant 
integrated with bone, when the sur-face topo-
graphy is known. In addition, the optimal surfa-
ce topography for good interfacial shear strength 
was determined.

Theoretical Model: The bone-to-implant interfa-
ce has been clearly defined at the ultra-structural 
level as one composed of two zones which se-
parate the implant from mature bone. The inner 
zone represents a layer of amorphous ground 
substance devoid of mineral and collagen and 
therefore assumed to contribute a very limited 
mechanical strength to the interface. The second 
zone is known to posses some collagen with in-
creasing organization with increasing distance 
from the implant. This zone may contribute very 
small amounts of mechanical strength to the in-
terface, until such time at a distance L from the 
surface of the implant there is mature bone of full 
mechanical strength.

With regard to surface roughness it is assumed 
that such a surface is comprised of pits of differ-
ing shapes and dimensions, into which plugs of 
mature bone may protrude, thereby interlocking 
and stabilizing the implant. Due to the viscoe-
lastic nature of bone these plugs can be assumed 
to all fracture at the same time when the ultimate 
shear force is reached. The magnitude of the in-
terfacial shear strength will depend solely on the 
distance L, such that at the surface of the implant 
the shear strength is low and at the distance L
strength increases to the maximum for mature 
bone. Within the interfacial tissues the strength 
can be assumed to increase according to a cosine 
function.

When considering the effectivity of a pit to re-
tain the plug of bone, it is assumed that a direct 
contact would represent the ideal where the dis-
tance L is zero. The ratio of the real (where L is 
equal to approximately 100–500 nm) to the ideal 

interfacial relationship is termed as the pit effec-
tivity factor ƒpe. In addition the dimensions of the 
pits will impact upon the retention of the bone 
plug, where it can be shown mathematically that 
very small pits contribute little strength due to 
their inability to accommodate sizeable plugs of 
mature bone. The retention of bone within the pit 
will also be influenced by its shape, whereby pits 
with a rounded surface angle, are less retentive. 
When comparing pits of differing shape, the half 
spherical pits can be shown mathematically to 
have the highest retention potential.

Finally the number of pits on the surface of 
an implant (which will contribute to the surface 
roughness) will determine the number of in-
terlocking bone plugs and hence the interfacial 
shear strength. The pit density, ƒpd is simply de-
fined mathematically as the total surface area of 
all the pit openings (fracture planes) divided by 
the total surface area of the implant. The shape 
of the pits will influence the manner in which 
they can be packed together, with square pits al-
lowing an optimal pit density compared to the 
more idealized half spherical pit.

The interfacial shear strength of bone can there-
fore be shown to relate in a proportional manner 
to both the ƒpe and the ƒpd.

When considering the ideal implant surface it 
is clear that the pit density should be maximised. 
When considering pit shape the half spherical or 
square pit were seen to yield the most favorable 
ƒpe. For pit dimension, it is apparent within the 
micrometer range that an increasing pit size gi-
ves rise to an increase in resistance to shear, for 
interlocking plugs of mature bone. The zenith 
above which increases in pit size do not yield 
increases in strength will vary according to the 
shape of the pit. For idealized pits this appears 
to be equal to approximately 10L. On this basis 
the pit dimensions should be of the order of 1–5 
microns.

The Relation Between Surface Roughness and Interfacial Shear 
Strength for Bone-anchored Implants. A Mathematical Model
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