











Fabrication of resin patterns

Self-curing acrylic resin (GC pattern resin, GC Corporation, Tokyo, Japan) and the titanium
cylinders provided in the I-Pac™ (Biomain AB) were used for fabrication of the resin
patterns. No abutments were used and the patterns were accordingly designed directly onto
the implant replicas for both implant systems. The resin patterns were individually designed
with bilateral cantilevers of 14-18 mm. The study protocol called for ten individually
numbered resin test patterns to be made for each master model and five additional resin
patterns for the Branemark system® “clinical control” models.

The ten individually numbered resin test patterns and corresponding master models for each
implant system were sent to the manufacturer. The five “clinical controls” were also sent, one
at a time, from different dentists participating in the study, through different laboraties to be
manufactured during a two-month period. The “clinical cases” were not identified by the

manufacturer, thereby simulating a routine clinical protocol.
Fabrication of titanium frameworks

High resolution optical scanning was used to gather information on the contours of the 20
individual acrylic resin test patterns and the implant positions in the two master models. In
accordance with the study protocol, the master models should bee removed, repositioned and
rescanned together with each individual resin test pattern for both implant systems. The data
was used to produce ten individual titanium frameworks for each master model. The
information from the tenth framework for each implant system was used to produce four
additional cloned frameworks, milled from this single scanning procedure. The titanium
frameworks were milled from grade 2 titanium in a CNC-milling machine with five degrees
of freedom. Specific tools were used for milling the mating surface of each cylinder, in order
to optimize surface finish and precision of fit. No manual polishing of the frameworks was

performed before the measuring procedures.

The five “clinical control” resin patterns together with the corresponding models were
scanned one at a time during a two-month period and frameworks were manufactured in

accordance with routine protocols for ordinary production at external laboratories.
Measuring of Master Model and Frameworks

Positions of the centre point of implant replicas in the master models and “clinical cases” and
the matching framework fit surfaces were measured with a Coordinate Measuring Machine

(CMM, Zeiss Prismo Vast, Carl Zeiss Industrielle Messtechnik GmbH, Oberkochen,
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Germany) by an independent laboratory (Mylab AB, Hisings Backa, Sweden). The measuring
machine and procedures were described earlier by Ortorp and colleagues.”*® In brief, the two
master models were measured and used as the reference for comparison of the ten different
and four cloned frameworks for each implant system. For the “clinical controls” each unique

model was measured together with its corresponding framework.

Prior to measuring, all master models and frameworks were placed in a mould seated on a
stable reinforced concrete table (Figure 2). The CMM had a scanning head equipped with a
0.5 mm diameter stylus that could be positioned in any position within the working space of
the CMM. A light force (0.1 N) was applied to the stylus to ensure contact with the surfaces
to be measured and to facilitate the measuring process. Data for each cylinder of the
frameworks and corresponding implant replicas were condensed to a position of the centre
point of the cylinder in 3-D using the x-, y- and z-axis. The nominal linear accuracy of the

machine (1 pm in all axes), was confirmed by Ortorp and colleagues.**®

Analysis of fit

After measurement of all frameworks and master models, data of the centre points of the
implants were analysed for fit between each framework and the corresponding master model.
Data for the ten individual frameworks for each implant system were used to analyse the
reading and milling accuracy. The five cloned frameworks milled from one single scanning
procedure were used to analyze the precision of the CNC-milling procedure. The “least
squares method” described by Biihler was used to analyze distortion between frameworks and
master models. This was performed by superimposing the frameworks to the theoretically best
possible fit on the master models in the computer. The computer program calculated the three-
dimensional directions of displacement of the centre point of all individual framework
cylinders in relation to the centre points of the master model replicas in um. The values were
calculated in real and absolute values (not taking into account the direction of displacement).
Further, the distance between the centre points of the frameworks and the master model
replicas in 3-D was calculated for each individual cylinder using the formula (3-D =
\/x2+y2+22).

An alternative technique for measurement of fit was used for comparison, here called the
“zero method”. With the zero method a specially designed software program placed the centre
point of framework cylinder one at the origin of the corresponding master replica cylinder for

all three coordinates (X, y, z), cylinder five was placed at the origin of the corresponding
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master replica cylinder in the y and z plane and for cylinder three the centre point was placed
in the z-axis. With this orientation of the individual centre points the discrepancy in distance
between the replicas one and five (arch width) and between the centre point for replica three
and a straight line through replicas one and five (arch length) could be calculated for each
framework (Figure 1 page 44). As a result of the orientation procedure with the zero method,
no distortion of individual centre points will be present in cylinder one, in cylinder five
distortion is only possible in the x-axis, in cylinder three distortion can be registered in the x-

and y-axis and in cylinders two and four distortion can be registered in all axes.

Statistical analysis

Study I. The Chi-squared test was used for statistical comparison of complications between
groups of patients with complete dentures and implant-supported prostheses in the opposing
jaw and independent Student’s t-test was used to analyze bone level changes for medially and

distally placed implants. Statistic significance level was set at p< 0.05.

Study II. An Independent-Student’s t-test was used to detect differences between type of
construction (two- and three-implant supported prostheses) and clinical variables. Paired-
Student’s t-test was applied to compare intra-group radiographic bone loss at five- and ten-

year’s follow-up. Statistical significance level was set at p< 0.05.

Study III. Student’s independent t-test was used to compare bone loss between countersunk
and non-countersunk implants, to analyze the bone loss for those implants according to both
loading protocols and to compare the distance between prosthesis and soft tissue for the two
loading protocols. Conventional descriptive statistics were used for bone level changes. The
Mann-Whitney U test was used to analyze differences in the number of scheduled and non-
scheduled visits after prosthesis placement and to analyze the self-administrated
questionnaire. The Chi-squared test was used to analyze differences in prostheses
remade/repaired in the laboratory by loading protocol and a Kruskal-Wallis test was used to
analyze complications with respect to the opposing dentition. Statistical significance level was

set at p< 0.05.

Study IV. A paired Student’s t-test was used to evaluate bone level changes at the implants

placed submerged and non-submerged and to compare distances between soft tissue and
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prosthesis framework at implants placed with one-stage surgery and the contralateral implants
placed with two-stage surgery. One-way analysis of variance (ANOVA) was used to evaluate
bone-loss at implants with or without attached periimplant mucosa and periimplant mucosa
registered as healthy or not. The Chi-squared test was used to evaluate complications such as
loosening of retaining screw, abutment screw and implant fractures between groups with or

without misfit of the framework. The significance level was set at p < 0.05.

Study V. Conventional descriptive statistics were used to present the distortion of
frameworks. All measurements were also calculated in absolute figures to present the degree
of distortion in all axes without consideration of direction of distortion. The paired Student’s
t-test was used to compare the two different analysis methods; zero method and least squares
method. Non-parametric Mann-Whitney U tests were used for comparisons of fit within and
between the groups of frameworks. The Bonferroni-Holms method was used to account for

multiple testing. The level of statistical significance was set at P<(0.05.
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Results

The results obtained in the present work are concisely outlined in this section; for detailed

descriptions the reader is referred to papers [-V.

Part one. Clinical follow-up studies on implant-supported prostheses evaluating reduced

number of implants, loading and surgical concepts.

Patients lost to follow-up
In study I, 21 patients dropped out (17.6%) during the follow-up. Most of the dropouts were
due to death or severe illness; Cumulative survival rates were 100% for prostheses and 99.1%

for implants after five years, Table 4.

Table 4. Study |, distribution of patients/prostheses examined and lost to follow-up and cumulative
survival rate of prostheses and implants.

Period Number of patients lost to follow-up Cumulative
survival rate
No. of Declined
patients to
examined Deceased 1l Moved  participate ~ Withdrawn Prost Impl
Prosthesis 119 100% 100%
inserted
1 year 119 100% 99.6%
2 year 113 2 1 5 100% 99.6%
3 year 105 3 1 100% 99.6%
4 year 77 1 100% 99.6%
5 year 53 1 1 100% 99.1%
6 year 26 2 100% 99.1%
7 year 14 1 100% 99.1%
8 year 9 2 100% 99.1%
9 year 4 1 100% 99.1%
10 year 3 100% 99.1%
11 year 1 100% 99.1%
Total 11 yr 1 11 2 1 6 1 100% 99.1%

One patient was withdrawn after eight years due to additional implant placement after nerve
transposition in order to prevent further loosening and/or fractures of prosthetic screws.

In study II, the 178 patients were provided with a total of 213 prostheses. There was a dropout
of 55 patients (31%) with a total of 67 prostheses. Of these, 29 prostheses were two-implant
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supported and 38 prostheses three-implant supported. Cumulative survival rates after ten-

years were 96.5% for prostheses and 97.7% for implants in two-implant supported prostheses

and for three-implant supported prostheses the survival rates were 98.3% and 97.0%

respectively, Table 5.

Table 5 Study Il, distribution of prostheses examined and lost to follow-up during the inclusion period

and cumulative survival rate of prostheses and implants.

Period No. of Number of prostheses lost to follow-up Cumulative  Cumulative
examined survival survival
Prostheses Deceased 11} Moved/ Withdrawn rate rate
declined 2 -implant  3-implant
(%) (%)
2imp 3imp 2imp 3imp 2imp 3imp 2imp 3imp 2imp 3imp Pro Impl Pro Impl
Placed 184 369 99.5 98.4
implants
Prosthesis 92 121 100 99.5 100 98.4
inserted
1 year 92 118 1 1 99.0 99.0 983 976
2 year 88 114 2 2 2 2 99.0 990 983 976
3 year 82 109 2 2 3 2 1 1 99.0 99.0 983 976
4 year 82 108 1 99.0 990 983 976
5 year 80 105 1 2 1 96.5 97.7 983 973
6 year 71 97 1 1 1 4 1 1 965 977 983 970
7 year 56 83 2 3 3 1 96.5 97.7 983 97.0
8 year 49 69 1 96.5 977 983 970
9 year 40 52 1 1 2 96.5 97.7 983 97.0
10 year 32 42 965 977 983 970
11 year 23 29 1 2 2 96.5 97.7 983 97.0
12 year 16 18 2 1 1 1 96.5 977 983 970
13 year 10 12 1 96.5 97.7 983 97.0
14 year 6 7 1 965 977 983 970
15 year 3 3 1 96.5 97.7 983 97.0
16 year 1 2 96.5 977 983 970
17 year 96.5 977 983 970
18 year 1 965 977 983 970
Total 18 0 1 10 14 5 11 18 2 2 96.5 97.7 983 97.0
yr

One implant was lost and replaced before loading in the two-implant supported prostheses and six
implants were lost before loading in the three-implant supported prostheses; four new implants were
placed before prosthesis provision. Three patients with four prostheses were withdrawn because their
existing prostheses were changed to full arch implant-supported prostheses.
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In study III, 12 patients dropped out (21.8%) in the early loading group and 14 patients
(25.9%) in the delayed loading group with a total of 112 implants. Cumulative survival rates
at five years were 92.5% for prostheses and 94.4% for implants (early loading group) and

98.9% and 97.9% (delayed loading group), Table 6.

Table 6. Study I, distribution of patients/prostheses and implants examined and lost to follow-up and
cumulative survival rate of prostheses and implants.

Period Placed / Examined Deceased 1] Moved Lost Cumulative
or survival rate (%)
declined
Prosth. Implants P I P I P I P | Prosth. Implants
Early loading
Impl placement 248
Prosth inserted 55 248 100% 100%
1 year 49 228 1 5 1 4 4 11 925% 954%
2 year 47 219 1 4 1 5 92.5%  95.4%
3 year 41 187 1 4 1 4 92.5%  95.4%
4 year 33 151 3 12 1 4 92.5%  95.4%
5 year 23 103 1 5 1 5 1 925% 94.4%
Total 5 years 23 103 7 30 1 5 4 17 4 12 925% 94.4%
Delayed loading
Impl placement 243 1 5 97.9%
Prosth inserted 54 242 100% 97.9%
1 year 50 230 2 8 1 4 98.0%  97.9%
2 year 41 181 2 10 1 5 98.0% 97.9%
3 year 35 157 3 12 98.0% 97.9%
4 year 29 129 3 12 98.0%  97.9%
5 year 24 106 1 4 1 5 98.0%  97.9%
Total 5 years 24 106 1 46 1 5 2 9 1 5 98.0%  97.9%

Four prostheses in the early loading group were remade; two as a result of implant losses and two as
a result of misfit. In the delayed loading group one cast titanium framework fractured at the distal
abutment and was replaced by a new framework.

In study IV, five patients dropped out (17.2%) during follow-up. Cumulative survival rates at

five years were 100% for prostheses and 99.4% for implants, Table 7.
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Table 7, Study IV, distribution of patients/prostheses examined and lost to follow-up and cumulative
survival rate of prostheses and implants.

Period Placed/Examined Deceased 11} Lost Cumulative
survival rate
Prosth Impl Prosth Impl Prosth Impl Prosth Impl Prosth Impl

(n=29) (n=168) n n (n) (n) (n) (n) (n) (n)
1

1 st surgery 168 100% 99.4%
Loaded 29 168 100% 99.4%
1 year 27 156 2 12 100% 99.4%
2 year 25 144 1 6 1 6 100% 99.4%
3 year 24 138 1 6 100% 99.4%
4 year 24 138 100% 99.4%
5 year 24 138 100% 99.4%
Total 5 yr 24 138 3 18 2 12 1 100% 99.4%

Three patients died during follow-up and two patients became severely ill and could no longer
participate in the study.

Implant loss

Implant losses were infrequent in all studies; in total 14 early implant losses were

experienced, and 23 implants were lost after loading, Table 8.

Table 8. Implant losses from implant placement to the end of follow-up

Time of Study | Study Il Study IlI Study IV
implant ) .
loss 2 implant 3 implant Early Delayed One Two
loading loading stage stage
Early 0 1 6 0 6 0 1
Late 3 5 12 0 0 0
Total 3 4 1 12 6 0 1

Five of the implant losses before loading were replaced in studies Il and Il and one in study IV by new
implants. Two implant losses after loading in study Il in three-implant supported prostheses were not
replaced and the prostheses have been followed for more than five years without further
complications.

52



In study III there were no differences in implant loses between prostheses supported by four,
five or six implants and all implants lost before loading were in patients treated by
inexperienced surgeons. All implants lost in the early loading group were placed by one of the
more experienced surgeons. One patient in study II experienced two early implant losses; no
more patients lost more than one implant in studies I, II and IV; thus, no clustering of implant
losses was seen in these studies. Conversely, two patients in study III lost all implants (four
and five respectively) in the early loading group and one patient in the delayed loading group
lost two implants before loading. Of the six patients in studies I and III losing one implant

each after loading, all of the implant losses were the distal implant on either side.
Bone loss

Bone loss at the implants was calculated from the radiographs taken at the baseline, one-year,
five-year and ten-year visits. The mean bone loss was small in all four studies; with no study
presenting mean bone loss during the first year exceeding 0.5 mm, Table 9. The range of bone
loss during the first year differed in the studies, in studies I and II the range was from -3.6 mm
to +0.6 mm, in study III from -6 mm to +1.5 mm and in study IV from -5 mm to + 0.3 mm;
the extreme values (>-3.0 mm) not occurring in more than five implants in any of the studies.
More than 60% of the implants in the four studies presented no bone loss from the first year
up to the end of the fifth year. The number and percentage of implants with bone loss from
baseline to the five-year follow-up is presented in Table 10 by extent. No significant
differences in bone loss were seen between implants surrounded by attached or non-attached
periimplant mucosa in studies I, II, ITII. On the other hand, in study IV there was statistically
significantly more bone loss at implants surrounded by non-attached periimplant mucosa
(mean 1.0 mm) than at implants surrounded by attached periimplant mucosa (mean 0.35 mm).

However the number of implants with non-attached periimplant mucosa was few, only 31.

In studies I, IIT and IV mean bone loss from baseline to five-years was greater at medially
placed implants than at distally placed implants. In study I medially placed implants had a
mean bone loss of 0.6 mm compared to 0.3 mm at the distally placed implants; the difference
being statistically significant. In studies III and IV the difference was smaller with a mean of
0.4 respective 0.5 mm for medially placed implants and 0.3 mm for distally placed implants in
both studies (the difference not statistically significant). In study III countersinking of
Brénemark system® fixture conical and ITI® Monotype implants resulted in a significant

increase of bone loss during the first year, with a mean 0.85 mm for Brénemark system® and
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0.92 mm for ITI® Monotype implants. Implants placed without countersinking had a mean

bone loss of 0.23 mm for Branemark system® and 0.21 mm for ITI® Monotype implants.

Table 9. Mean bone loss in mm during the different time intervals in the four studies.

Period Study | Study I Study Il Study IV
2 implant 3 implant Early Delayed One stage Two stage
loading loading

0-1year 0.4 0.3 0.2 0.5 0.3 0.2 0.2
1-5year 0.1 0.1 0.1 0.2 0.1 0.2 0.2
0-5year 0.5 04 0.2 0.7 04 0.4 0.5
5-10 year 0.1 0.1

0-10 year 0.5 0.3

In study I and Il all implants were Branemark system® implants. In study Ill implants were Branemark
system® implants, Astra Tech® implants and e monotype implants; in study IV all implants were
Paragon implants.

Table 10. Number and percentage (%) in brackets of implants presenting bone loss from baseline to
the five-year follow-up according to study.

Bone loss Study | Study Il Study Il Study IV
Inmm n=194 2implant 3 implant Early Delayed One stage Two stage
n=126 n=249  l02ding loading , _gq n =66
n =103 n =106
0 112 (57.7) 70 (55.6) 149(59.8) 40 (38.8) 50 (47.2) 48 (72.7) 38 (57.6)
0<0.6 26 (13.4) 29 (23.0) 48 (19.3) 33 (32.0) 29 (274) 2 (3.00 4 (6.0
06<12 30 (155) 16 (12.7) 33 (13.3) 8 (7.8) 18 (17.0) 3 (46) 14 (21.2)
12<18 17 (88) 8 (63) 14 (56) 8 (78 4 (38 7 (106) 5 (7.6)
1.8<24 4 (21) 1 (08 2 (08 8 (78 1 (09) 3 (4.6) 2 (3.0
24<30 3 (15 2 (16 2 (08 4 (39 1 (09 1 (15
23.0 2 (1) 1 (04) 2 (190 3 (28 2 (3.0) 3 (46)

Most implants displayed bone loss less than 1.2 mm from the first year radiographs to the

five-year radiographic examination with less than 6.5% in all studies, Table 11.
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Table 11. Number of implants presenting bone loss after the first year up to the five-year examination.

Bone loss Study | Study Il Study Il Study IV
2implant 3implant BMK Astra ITI One stage Two stage

<12 185 119 241 141 36 23 57 61
1.2-1.8 7 7 7 5 2 3 2

>1.8 2 1 1

Total 194 126 249 147 36 26 63 63

Surgical complications

Surgical complications were few in the present studies, one patient suffered from paresthesia
of the right lower lip in study I, and another patient in the same study had one implant
removed due to persistent pain when chewing on the implant-supported prosthesis. Delayed
wound healing was seen in a few patients in study III, postponing the prosthetic treatment but

not resulting in implant losses or increased bone loss.
Soft tissue complications

Soft tissues were registered as healthy at most implants in all studies irrespective of the
implants being surrounded by attached or non-attached periimplant mucosa. In study I, one
patient presented hyperplasia at two implants and no signs of periimplantitis were recorded
during the follow-up, in study IV one patient with a systemic disease (Polycythemia Vera)

had recurrent problems with hyperplasia.

Suppuration at implants/abutments occurred in less than 3% of all patients, in study II,
suppuration was observed in 1.5% of the implants in two-implant supported prostheses and in
3.5% of the implants in three-implant supported prostheses. In study III, suppuration was
registered in 3% of the implants in the delayed loading group and in 2% of the implants in the
early loading group. In study IV suppuration was not discovered in any patient at the final
examination.

Peri-implantitis was experienced by three patients in study III with Brnemark system®
implants (two patients with TiUnite™ surfaces and one with the turned surface) and in two

patients in study IV having Paragon implants.
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Soft tissue shrinkage

In studies IIT and IV distances between soft tissue and prostheses were measured by a silicon
impression and a caliper. The distance between the prosthesis and the alveolar crest was less
in the posterior region than anteriorly in both studies with means of 1.0 mm and 1.6 mm
respectively in study III and 0.7 mm and 1.1 mm in study IV. Generally greater distances
between the mucosa on the alveolar crest and the prostheses were registered in the early
loading group in study III and on the side with two-stage surgery in study IV. A trend noticed
was that increased healing time from the latest surgical intervention to impression making

resulted in a better adaptation of the prosthesis to the soft tissue.
Prosthetic complications

Prosthetic complications were prevalent in all four studies; ranging from 23% for the two-
implant supported prostheses in study II to 48% for the full arch prostheses in study IV. The
most frequent problems with full-arch implant-supported prostheses were fracture and wear of
acrylic resin teeth and loose prosthetic or abutment screws. Fractures of frameworks were
only seen in seven patients; five patients in study I (two of 15 laser welded titanium
frameworks and three of 103 gold alloy frameworks fractured), one patient in study II due to a
soldering defect in a four-unit metal-ceramic prosthesis, and in one patient in study III

provided with the only cast titanium framework, which fractured within a year.

The dentition in the maxilla had a significant influence on the incidence of fractures of acrylic
resin and acrylic resin teeth on the mandibular prostheses. Implant-supported prostheses in
both jaws incurred a statistically significant increase in fracture of resin teeth, the number of
patients having implant-supported prostheses also in the maxilla ranged from 18% in the early
loading group in study III to 48% in study IV. Complications of the prostheses are presented
in Table 12.
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Table 12. Complications of full-arch prostheses in studies I, lll and IV and FDPs in study II.

Type of Complication Study | Study Il Study IV Study Il
(n=119) (n=109) (n=29) (n=63) (n=83)

P O P O P o 2impl  3impl

No complication 87 77 15 48 59

Implant loss before loading 3 3 1 1

Implant loss after loading 3 3 5 5

New prosthesis 4 4

Framework fracture 5 5 1 1 1

Relining 4 4

New acrylic teeth 2 2 3 3

Fracture of acrylic resin 25 61 9 14 2 3 4 17

teeth or porcelain veneer

Fracture of acrylic 3 4 4 5 1 2

Fracture abutment screw 1 4 1 1 1 1 2

Loose abutment screw 3 3 2 2 4 6 2

Fracture of retaining screw 1 3 1 4 3 8

Loose retaining screw 2 2 3 4 6 14 2 3

Loss of access hole filling 2 4 12 15 5 10

In study IV prostheses were removed every year to check the stability of individual screws and
implants, which increased the number of loose screws detected. The reasons for remaking of
prostheses in study Ill were implant losses (n=2) and misfit (n=2).

There was a significant difference in the number of acrylic resin teeth fractures in the three
studies on full-arch mandibular fixed prostheses; one reason for this could be that different
resin teeth were used in the studies. In study I, Biodent™ resin teeth were used and in studies
III and IV SR Vivadent® acrylic teeth were used. In study II, fractures of porcelain veneer and
loose retaining/abutment screws were the next most common problem. Fractured veneers
were experienced in 21 of the fixed partial prostheses (17 of them in the three-implant
supported prostheses); most veneer fractures were registered during the first three years.
Loose retaining and abutment screws occurred in 19 of the prostheses, 13 of them in two-
implant supported prostheses. Screw loosening was in most patients only experienced once
and in one third of the prostheses it happened during the first year after prosthesis placement,
Table 13. Fractures of frameworks were only experienced by one patient due to inadequate

soldering of a metal-ceramic prosthesis; the joint was re-soldering during the second year.
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Table 13. Year of retaining and/or abutment screw loosening in FDPs in study Il and total follow-up
time of the prostheses.

Prosthesis No. of Year of follow-up Total
region supporting 1y 2yr 3yr 4yr 5yr 6yr 7yr 8yr 9yr 1oyr follow-
implants up yrs

16-14 2 1 7
15-13 2 1 9
12-21 2 1 9
12-11 2 1 10
11-22 2 1 6
25-26 2 1 7
24-26 2 1 7
24-25 2 1 12
23-25 2 1 13
45-43 2 1 8
45-43 2 1 1 12
35-36 2 1 2
34-35 2 1 5
16-12 3 1 12
12-22 3 1 8
23-26 3 1 12
45-43 3 1 12
46-43 3 1 1 1 9
45-43 3 1 5

Patient satisfaction and evaluation of treatment outcome

Information on patient satisfaction and problems experienced were gathered from patient
records, the interview (study IV) and a questionnaire (study II and III). The questionnaire
comprised 16 questions to which all of the patients participating in the clinical examination
responded. In study IV a reduced number of questions was asked at the final examination. All
patients in study IV, 95% of the patients in study III and 97% of the patients in study II were
satisfied with their chewing ability after receiving implant-supported fixed full arch and
partial prostheses (study II). In Study III more patients treated with the early loading protocol
were satisfied with the treatment protocol than in the delayed loading group (81% versus
71%). The reasons given for this by the patients in the early loading group were: 1) not having
to wear a temporary prosthesis; 2) not having to undergo a second surgery; 3) less time

associated with the treatment.

Speech problems were reported in studies I, III and IV during the first year in 10-13% Most of
the patients who reported speech problems had received a new complete denture in the
maxilla at the time of delivery of the prosthesis.

Food retention problems were reported by 33% in study III and by 44% in study IV.
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Cleansing problems were reported by 27% in study III and 22% in study III.
Cost of treatment

With the reduced number of implants used in study I and II in full arch mandibular prostheses,
and in the two-implant supported prostheses, treatment cost was reduced. In study III early
loaded prostheses needed significantly more adjustments/remakes thus increasing the cost of
the treatment. In study IV one-stage implant placement was comparable with two-stage
placement, indicating that surgical interventions can be reduced to one in the edentulous

mandible.
Part two. In vitro study on precision of fit of CNC-milled frameworks.

Center point distortion

There were significant differences in distortion of frameworks compared to master model and
its dependence on arch width (Figure 1; X-axis page 44) between Branemark system® and
NobelReplace™ (P<0.05) and between Branemark system® and “clinical controls” (P<0.05),
respectively. The arch curvature (Figl; Y-axis) also differed between the groups of
frameworks; Branemark System® and NobelReplace™ showed a reduced arch curvature and
Branemark System® “clinical controls” an increased arch curvature, the differences in sagittal
distortion observed between all three groups being significant (P<0.05)(Table 14).

Table 14. Mean difference (SD) in arch width (X) and arch length (Y) for test and control groups of

frameworks compared with master models in micron. Number of frameworks/master models (n/n) are
given within brackets.

Group of frameworks Difference in arch width Difference in arch curvature

Mean (SD) Min Max Mean (SD) Min  Max

NobelReplace™

NobelReplace™  (n=14/1) 27  (28) 20 65 4 (24 26 51
Branemark system®

Branemark system® (n=14/1) -5 (7) -19 8 -23 5) -30 -16
Clinical control (n=5/1) 48 (15) 35 71 32 (18) 5 55

The mean individual center point distortion did not differ significantly between individual and
cloned frameworks for either of the implant systems used and no significant differences were
seen in range of distortion for cloned and individual frameworks when analyzed according to

zero method and least square method (Table 15).
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The mean distortion in orthogonal directions and in 3-D were small for Branemark system®
and NobelReplace™ frameworks with means less than 12 ym (x), 12 um (y), 2 um (z) and 17
pm (3-D) compared to 23 um, 26 um, 4 pum and 34 um respectively for “clinical control”
cases when analyzed in accordance with the least square method. The mean distortions were
larger in x-, y-axis and 3-D for all groups and smaller in the z-direction for all groups when
analyses were made using the zero method, the differences between the methods being

statistically significant (p<0.05) (Figure 3).

Figure 3. Mean distortion in all axes and 3-D in absolute figures analyzed with zero method (Zero) and
least square (LSQ)
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Table 15. Mean individual center point distortion of frameworks in micron (um) in all axes and 3D for
each framework as analyzed with zero method and least square method in absolute figures.

Implant system

and group Zero method Least Square Method
NobelReplace™ x-axis y-axis z-axis 3-D X-axis y-axis z-axis 3-D
Individual
Framework 1 35 9 1 37 14 7 2 17
Framework 2 10 3 1 11 7 4 1 8
Framework 3 25 12 2 30 14 10 2 18
Framework 4 10 14 1 18 7 1 1 14
Framework 5 12 6 1 15 11 5 1 13
Framework 6 8 11 1 17 10 9 2 14
Framework 7 18 12 1 24 16 11 1 22
Framework 8 15 8 0 18 9 8 0 14
Framework 9 5 17 1 20 5 14 1 16
Framework 10 31 23 2 44 20 19 3 29
Cloned
Framework 1 10 4 2 12 10 9 3 15
Framework 2 27 8 1 30 12 10 1 18
Framework 3 24 26 1 42 19 21 1 30
Framework 4 20 6 1 22 10 7 2 13
mean 18 12 1 24 12 10 2 17
Branemark system®
individual
Framework 1 6 17 1 19 7 14 2 16
Framework 2 8 11 3 15 8 9 3 13
Framework 3 8 15 1 19 8 12 1 15
Framework 4 7 17 2 20 7 12 2 16
Framework 5 6 16 1 18 7 13 1 15
Framework 6 7 13 2 16 7 10 2 14
Framework 7 9 15 1 21 9 12 2 16
Framework 8 6 17 1 18 6 13 1 15
Framework 9 8 15 1 18 8 12 2 15
Framework 10 6 19 1 20 7 15 2 17
Cloned
Framework 1 7 17 2 18 7 13 2 16
Framework 2 9 19 1 22 7 15 2 17
Framework 3 6 13 1 15 7 1 2 13
Framework 4 7 14 1 16 7 1 2 14
Mean 7 16 1 18 7 12 2 15
Clinical control
Framework 1 19 31 3 44 21 24 5 34
Framework 2 26 39 1 52 28 31 2 43
Framework 3 18 25 1 35 18 20 2 28
Framework 4 29 34 3 53 28 29 3 42
Framework 5 25 21 5 37 20 25 7 36
Mean 24 30 3 44 23 26 4 34

The four cloned frameworks were milled from the same readings as the tenth of the individual
frameworks

The range of distortion differed between “clinical controls” and the study frameworks for the
two implant systems when analyzed with both methods. The range of distortion in the x-
direction for NobelReplace™ frameworks was significantly greater than that for the

Brénemark system® (p<0.05). The five “clinical cases” had significantly greater ranges of
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distortion in the x- and y-axes and 3-D than frameworks for Branemark system® and

NobelReplace™ system (Table 16).

Table 16. Min, Max and Range of Individual Center Point Distortion of Frameworks (um) for the
Different Groups of Frameworks and Implant Systems.

Zero method Least square method

Min Max Range Min Max Range
NobelReplace™
Individual frameworks
(n=10)
X-axis -65 32 97 -37 34 71
y-axis -37 46 83 -24 22 46
z-axis -7 6 13 -5 5 10
3-D 0 65 65 3 40 37
Cloned frameworks
(n=5)
x-axis -65 20 85 -34 31 65
y-axis -28 51 79 -27 25 52
z-axis -7 6 13 -4 5 9
3-D 0 65 65 5 40 35
Branemark system®
Individual frameworks
(n=10)
x-axis -13 19 32 -13 12 25
y-axis -32 0 32 -15 19 34
z-axis -3 9 12 -5 6 11
3-D 0 34 34 10 21 11
Cloned frameworks
(n=5)
x-axis -17 8 25 -12 10 22
y-axis -34 0 32 -14 20 34
z-axis -3 6 9 -3 4 7
3-D 0 38 38 11 20 9
Branemark system®
Clinical control (n=5)
X-axis -71 67 138 -48 58 106
y-axis 0 81 81 -54 43 97
z-axis -14 16 30 -8 12 20
3-D 0 103 103 12 71 59

The first of the cloned frameworks is the tenth of the individual frameworks in the NobelReplace™ and
Branemark system® groups.

As a result of the uniformity of results for individual and cloned frameworks for both implant
systems, individual and cloned frameworks were pooled into one group in the further analysis
of mean range of distortion using least square method (Table 17). The mean range of
distortions in the x-direction were larger for NobelReplace™ compared to Branemark
system® and the mean range of distortion in all axes and 3-D were larger for “clinical

controls”, (Table 17).
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Table 17. Mean range of distortion in all axis and 3-D for frameworks in respective group in micron
using least square method.

Least square method
Range (SD) Range (SD) Range (SD) Range (SD)

X Y Y4 3-D

Nobel Replace™

Individual 38 (16) 29 (10) 5 3) 18 (7)
Cloned 43 (12) 34 (13) 6 2) 19 (4)
NobelReplace™ Total 40 (14) 30 (11) 5 (2) 19 (6)
Branemark system®

Individual 21 2) 29 4) 6 ) 7 81)
Cloned 20 1 29 4) 5 ()] 5 1)
Branemark system® Total 21 (2) 29 (4) 6 (2) 6 (1)
Clinical control 86 (12) 73 (10) 12 (6) 44 (8)
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Discussion

Discussion of materials and methods

Part one. Clinical follow-up studies; study design and patients lost to follow-up
In order to produce the most reliable data on the outcomes of different treatment protocols

Randomized Controlled Trials (RCTs) should be performed. However RCT studies often
result in small sample populations if conducted at one clinic, thus reducing the value of the
study. In multi centre studies, diverse expertise and experience of the care providers involved
may result in differences in outcome between treatment protocols at the included clinics due
to treatment bias. Conversely, follow-up studies on patients treated at only one clinic may
only give information on the outcome of a certain protocol in the hands of the clinicians there.
However, follow-up studies on large patient populations may provide useful information on
the outcome of costly and extensive prosthetic rehabilitations.

In the present thesis, studies I, IT and III are retrospective studies on patients treated at one
specialist clinic evaluating different treatment protocols. In studies I and II results are based
on all patients treated according to the inclusion criteria; four implants in the edentulous
mandible and two-implant- or three-implant-supported FPDs. In study III all patients with
edentulous mandibles rehabilitated with fixed prostheses during the inclusion period were
included in the evaluation. With adherence to a strict follow-up regime (offering all patients
scheduled recall visits on a yearly basis) most of the patients were seen by a prosthodontist
and a dental hygienist every year. At recall visits prosthesis stability, occlusion and
periimplant conditions were checked and when necessary occlusal adjustments were
performed. All complications were noted in the patient’s file. The dental hygienists, having
long experience with patients rehabilitated with implant-supported prostheses, registered
periimplant health, performed professional cleaning of prostheses and reinstructed patients in
cleansing of the prostheses. Radiographic examinations were performed at prosthesis

placement and at subsequent one-, five- and ten-year follow-ups.

In study I, no control group was used since practically all patients treated during the actual
period received four implants. Few patients received more than four implants, and those that
did were; patients having undergone mandibular reconstructions, radiation therapy or showing
signs of extensive bruxism. The follow-up times differing from one to eleven years is a

drawback; but a fairly large portion of the study population was followed for at least five
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years; enabling a separate evaluation of the five-year results. There was a drop out of 21
patients (17.6%), which is quite reasonable considering the age distribution of the patient
population. The dropouts were mostly for natural reasons; death or severe illness, which were
identified for all patients. All patients treated with fixed implant-supported prostheses on four
implants were identified and were included in the reported data as long as the patient was
followed. The substantial number of studies reporting five-year follow-up data of implant-
supported prostheses in the edentulous mandible supported by five or six implants provide
comparable survival data for implant losses, bone loss and prosthetic complications, enabling

reasonable comparisons even when the treatment is performed at other centers.

In study II no randomized allocation was made between prostheses supported on two or three
implants; prostheses on two implants were either because the available bone volume did not
permit the placement of a third implant or when only two teeth were to be replaced. However,
the number of prostheses was fairly large and follow-up time was at least five years in both
groups. The number of FPDs with cantilevers was more frequent in the two-implant supported
prostheses. In both groups most prostheses were distal to the remaining dentition. The dropout
in study II was 55 patients (31%); which is comparable with other studies with similar long

1,261 identi i
3891261 A1 dropouts were identified and in most cases the reasons were natural

follow-up.
events. Two subgroups could be identified in the dropouts; younger patients (mean age of 51
years at last visit) who had moved out of the county, and older patients (mean age of 72 at last
visit) who had either died or declined participation due to severe illness. The dropout patients
were to a larger extent treated during the 1980°s; also indicated by a higher proportion of
prostheses fabricated in gold acrylic; 32% compared to 10% for those participating in the
clinical examination. Dropped out patients did not differ from those clinically examined in

respect to implant and bone loss or complications with the prostheses.

In study IIT no randomized allocation was performed; the choice of early or delayed loading
was made jointly by the prosthodontist and maxillofacial surgeon/periodontist. Inexperienced
surgeons (having placed less than 50 implants) placed 24% of the implants in the delayed
loading group and only 1.8% in the early loading group. Follow-up time was short and only
47 patients were followed for five years. All patients treated with fixed implant-supported
prostheses during the inclusion period were identified and were included in the reported data
as long as the patient was followed. There was a dropout of 26 patients (23.9%); in most cases

for natural reasons (18 died and two had moved out of the county), the cause was identified
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for all patients. For comparison of the cost effectiveness of the two treatment methods the
short follow-up is probably less important since different numbers of planned and unplanned
visits only occurred during the first years. Implant losses in patients subjected to early or
delayed loading usually occur during the first years; longer follow-up would probably not
influence the results greatly. However, differences in prosthetic complications with the two
types of frameworks; CNC-milled and cast gold frameworks, may be evident with a longer

follow-up.

Study IV is a prospective RCT performed at another specialist clinic; all patients were
enrolled in a follow-up regime with a standard protocol for the implant-supported prostheses
and periimplant tissue. Patients also received reinstruction in adequate oral hygiene regimes.
All prostheses were removed at the yearly visits (except two cases with damage to the
prosthetic screw heads), but at the five-year follow-up visit all prostheses were removed. The
use of only 29 patients was because only one clinic was involved in the study and the short
inclusion period (18 months) chosen to facilitate follow-up and evaluation of the outcome.
Five patients dropped out (17.2%); all for natural reasons (death or severe illness). The use of
an implant system with a moderately rough surface was due to the increased marketing of
moderately rough surfaces and a decline in the use of implants with a turned surface. A
random allocation of implant placement according to the two surgical techniques (submerged
and non-submerged placement) was performed and final registration of periimplant conditions
and interpretation of radiographs were executed by an observer blinded to the implant

placement procedures.

Radiographic examinations and registrations

Intraoral radiographs have proven to be useful in identifying loss of osseointegration in
implants even though the identification rate is not 100%. By using several radiographs taken
at different years the precision is increased. In a study by Grondahl and Lekholm only 5% of
failing implants were clinically found to be mobile without having been detected
radiographically.?’

In studies I, III and IV intraoral radiographs were used when possible and scanograms were
only used in patients with more pronounced bone resorption. In study II routine intraoral
radiographs were used for all patients. In studies I to III radiographs were taken at the

Department of Oral Radiology in Orebro and in study IV all radiographs were taken at the
Department of Oral Radiology in Uppsala. Primary analysis of all radiographs was performed
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by specialists in Oral Radiology. A reevaluation was performed by a specialist in oral
radiology in study I and by one of the senior Prosthodontists in studies II, IIT and IV. In
studies I and II the bone levels were measured by scores, using the threads of the implants as a
built-in measuring scale at primary analysis for Branemark system® implants. In studies I
and IV the distance from the reference point to the first BIC was registered in mm for all
implants. At the reexamination in study I the level was estimated to the closest 0.6 mm. At the
reexamination in study II, IIT and IV the level was estimated to the closest 0.3 mm. The
reason for not measuring primarily in tenths of a millimeter is the inadequate accuracy of
measurements of marginal bone levels in radiographs. It has been shown that a projection
change of the vertical angulation by one degree will result in a change of the measured bone

271

level of 0.lmm.”"" It has also been reported that the bone loss must exceed 0.47 mm to be

detectable.?’

However, in large patient studies, errors in measured bone height due to
projection and other technical changes will probably be self-compensating. Therefore, the
mean marginal bone loss in the total patient group was calculated in tenths of a millimeter to
permit comparison with other studies. The use of 0.6 mm steps in the reporting on bone loss is
due to measurements performed in 0.3 mm or 0.6 mm and earlier reported data using these

intervals.

Part two. In vitro study on precision of fit of CNC-milled frameworks.
In study V the study protocol was developed in collaboration with Biomain AB the provider

of the CNC-milled I-Bridge® frameworks, and the intention of the study was not blinded for
the technician responsible for fabrication of the individual and cloned frameworks. The
fabrication procedures were preformed without an external observer verifying that scanning
procedures of the two master models were performed in accordance with study protocol. In
order to evaluate the precision of the fabrication technique for routine cases five additional
models were produced and used for “clinical controls”, blinded for the technician producing
the study frameworks. From a statistical viewpoint, the number of blinded control frameworks

should have been equal to the other groups but for economical reasons this was not possible.

Measuring technique and analysis of fit
The measuring technique chosen for study V was the use of a Coordinate Measuring Machine
(CMM); which has proven precision of measurements in all axes of 1 micron (um). The

technique has been used in other studies and the precision of measurements verified by Ortorp
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and colleagues.’*® All measurements were performed by an independent company. Two
evaluation methods were available for calculating center point distortion; the least squares
method described by Biihler and the zero method, used by Ortorp and colleagues.’*® The
methods differ in the calculation process; both methods were used and a statistical test was
performed indicating that the zero method reports slightly larger values of distortion in the x-,
and y-axes and 3-D and less distortion in the z-axis. The least square technique has been used
in studies evaluating fit of frameworks for implant-supported prostheses fabricated with
different techniques using a computer aided evaluation technique.”"***** One of the
drawbacks with both the zero method and the least square methods is that they can report
negative values of z-axis distortion which is not possible from a physical point. Thus the
mean distortions in the z-axis calculated in the computer are smaller than the real vertical
distortion. However, the results achieved with these techniques enable comparison with other

studies performed in a similar way.

Discussion of results
Part one. Clinical follow-up studies.

The first aim was to evaluate the five-year clinical performance on full-arch fixed prosthesis
supported by four implants in the edentulous mandible, concerning complications and

survival of prosthesis and survival and bone loss of the supporting implants.

Studies I and IIT

Implant losses

Study I showed an implant cumulative survival rate of 99.1% after five-years in 53 patients,
which is very satisfying, being on the same level as the best results from other studies using
more implants to support a fixed prosthesis.?**"*">%% In study III a total of 63 of the
included patients were rehabilitated with fixed implant-supported prostheses on four implants,
34 in the delayed loading group and 29 in the early loading group. One patient in the delayed
loading group had five implants installed initially but one implant was lost so the prosthesis
was fabricated using the remaining four implants as support. In the early loading group one
patient experienced four implant losses and received four new implants placed with a

submerged healing and loaded after five months. In the delayed loading group no implants
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were lost before or after loading and the cumulative survival rate at five years was 100%; the
corresponding figure for the early loading group was 96.5%. However, in study III there were
few patients who passed the five-year follow-up; sixteen in the delayed loading group and
seven in the early loading group. The use of only four implants has been reported by Engquist
and colleagues; in early and delayed loading of full arch mandibular prostheses they reported
93.5% survival for early and 97.5% for delayed loading. The differences between groups were
small and not statistically significant.”” The results from study I and III strongly support the
findings of Engquist and co-workers and Brinemark and colleagues®, leading to the
conclusion that the number of implants at least 10 mm long could be reduced to four as
support for a fixed prosthesis in the mandible. Since few implants in the present studies were
shorter than 10 mm the results cannot be extrapolated to support the use of shorter implants.
However, Friberg and colleagues, using four to six short implants (7 mm or shorter) placed in
the severely atrophic mandible supporting fixed prostheses, reported cumulative survival rates
of 95.5% after five years and 92.3% after ten years for the implants; the number of prostheses
supported by only four implants was not reported.'’® Some studies report as few as three
implants supporting fixed prostheses with good results, but the follow-up times are short and

103-108,202 o ®
03-108202 The Brinemark Novum® treatment protocol used for

long-term results are lacking.
most of the patients in these studies uses wide body implants whereas the other studies use
standard implants; whether this will influence the long term results can not be answered from
these studies. With only three implants supporting the prostheses the loss of one implant
inevitably requires in additional implant placement and prosthesis repair/replacement. If one
implant is lost in a four implant situation the three remaining implants can support the
prostheses; but if one of the distal implants is lost the cantilever must be reduced. In study I,
two patients lost one distal implant and continued to wear the prostheses, now with a reduce
number of teeth, without further complications. One problem with implant placement in the
anterior mandible is that the implants sometimes tend to be placed in a reduced arch form due
to the short interforaminal distance. In order to increase the curve of the implant placements,
some surgeons place the distal implants with a distal inclination to enlarge the supporting
area. In studies I and III the posterior implants were sometimes tilted, without any adverse
effects observed for the tilted implants. These results are supported by others using tilted

98,101,102,273,274

implants in edentulous and partially edentulous jaws. Krekmanov and colleagues

reported an increase in the supporting arch in the mandible of 6.5 mm and 9.3 mm in the

maxilla.?”
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Bone loss

In study I mean marginal bone loss after five years was 0.5 mm and in study III it was 0.5 mm
with 71% to 77.4% of the implants presenting no bone loss or bone loss up to 0.6 mm from
baseline to the five-year follow-up. These results meet well the criteria set by Albrektsson and
colleagues and compare well with other studies.”**>**7>7 Six implants in study I and
nineteen in study III showed bone loss of more than three threads between baseline and one-
year follow-up. Some of these implants might be lost in the future, but steady state might also
have been established at the level found after five years. There were only eight (4.1%)
implants in study I and nine in study III (4.3%) presenting bone loss exceeding 1.2 mm
between one-year and five-year follow-up examinations. In study I bone loss was significantly
larger at medially placed implants; 0.6 mm compared to 0.3 mm for distally placed implants.
This difference was less pronounced in study III with 0.4 mm and 0.3 mm respectively.
Similar results were shown by Lindquist and colleagues who reported a significant correlation
between bone loss and smoking / poor oral hygiene, especially for the anteriorly placed

implants.>

Technical complications

The technical complications in study I were somewhat more than reported from other studies,
mainly as a result of a high incidence of resin teeth fractures; however Ortorp and colleagues
reported a high incidence of resin tooth fracture for one of the titanium framework
designs.”’**"* Loose abutment and prosthetic screws were registered in three patients. There
were five framework fractures; two out of fifteen laser-welded Procera® titanium frameworks
fractured. These first generations laser welded Procera® frameworks have been reported to
give some problems.**® The three fractured gold alloy frameworks were technically
unsatisfactory; being incorrectly dimensioned. Framework fractures were also reported for
carlier designs of frameworks by Attard & Zarb.*> Framework fractures occurred at the
cantilever junction at the last gold cylinder; the same as reported by Attard and Zarb and
Ortorp and colleagues.***

The number of resin tooth fractures in the mandibular prostheses was very high in study I.
Two possible reasons for this could be identified; the durability of the resin teeth used in these
prostheses (Biodent™) and the dentition in the maxilla. The incidence of resin tooth fractures
was lower in study III, which may be a result of using different resin teeth (SR-Vivodent®).
Then again, in studies I and III the dental conditions in the maxilla had a considerable

influence on the number of acrylic resin teeth complications. Patients with an implant-
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supported fixed prosthesis also in the maxilla exhibited significantly more resin teeth fractures
than those wearing a complete removable denture (P<0.05). This was also reported by Davis

and colleagues and Carlson & Carlsson, ®""°

although the patient sample analysed by Carlson
& Carlsson was too small for further analysis. A simple explanation of the outcome with
occluding resin teeth in the different groups is that patients with fixed implant-supported
restorations in both jaws applied higher occlusal forces than patients with a complete upper
denture. At the same time they did not have the same tactility as those with natural dentition.

The results from the present two studies and other studies on implant-supported mandibular
prostheses on four implants showing high implant survival rate and favorable marginal bone
levels after five-years indicate that no more than four implants are needed in most edentulous

mandibles to support a fixed prosthesis. From an economic point of view, with a reduced

number of implants the restoration can be made less expensive for the patient.

The second aim was to compare the outcome of implant-supported FPDs on two or three
implants after a mean of nine years concerning complications and survival of prosthesis and

survival and bone loss of the supporting implants.

Study I1

Implant losses

In study II a total of 15 implant losses were recorded; seven implants were lost before loading
and seven patients suffered a total of eight implant losses after FPD placement. Four of the
patients provided with FPDs supported by three implants presented implant losses; one of
them experienced two implant losses in the anterior maxilla due to trauma. There were five-
year cumulative survival rates of 97.7% (implants) and 96.5% (FPDs) of for two-implant
supported FPDs (n=82) and 97.3% (implants) and 98.3% (FPDs) for three-implant supported
FPDs (n=107). One implant was lost in one three-implant supported prosthesis in the present
study between the five- and ten-year follow-ups; thus the ten-year survival rates for FPDs
passing the ten-year follow-up (32 in the two-implant supported prostheses and 42 in the
three-implant supported prostheses) were the same as the five-year results for two-implant
supported prostheses and 97.0% (implants) respective 98.3% (FPDs) for three-implant
supported prostheses. One patient experienced a fractured implant at the six-year follow-up in
a two-unit prosthesis replacing two premolars in the mandible. A customised abutment was
fabricated as a temporary solution and replacement of the implant was planned but the patient

refused further treatment and the patient was lost to follow-up. Romeo and colleagues
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reported 97% survival of implants and 98% for prostheses after a mean follow-up of 3.9 years

in 49 cantilever FPDs supported on two implants.'

High survival rates for implants and
prostheses in FPDs with cantilevers were also reported by Wennstrém and colleagues.''’ The
high survival rates in study II and in the study by Romeo and colleagues compare well with
other studies on implant-supported FPDs regardless of the number of implants supporting the
prostheses, and is above the mean CSR figures found in meta-analyses.*>334%4-57:6280.110 T
stable results between the five-year and the ten-year follow-up registrations in study II were

supported by Naert and colleagues and Ortorp & Jemt.****

Bone loss

Bone loss at individual implants was low at both the five- and ten-year follow-ups; with a
mean bone loss of 0.4 mm at five years and 0.5 at ten years. The mean bone loss was nearly
0.2 mm larger for two-implant supported prostheses from baseline; this difference remained
between the two groups at the five- and ten-year follow-ups. At the ten-year follow-up the
mean bone loss in the two-implant supported prostheses was 0.5 mm, which compares well
with other long-term follow-ups on FPDs.**!'*!11:116243 Thys hone loss in FPDs supported by
two or three implants is comparable with bone loss in full-arch prostheses and the five- and

ten-year figures are well within the criteria proposed by Albrektsson and colleagues.'

Technical complications

Technical complications are frequently reported with implant-supported prostheses, both for
full-arch prostheses and FPDs. In study II prosthetic and abutment screw loosening and
chipping of the veneering porcelain were the most common problems. The incidence of loose
prosthetic and abutment screws was greater in the two-implant supported FPDs. This has also
been reported by others. *!"%!"7 However, this is often easily adjusted in the clinic, and in
most patients in study II this happened only once. If abutment screw fractures occur; this may
cause a problem if the fractured part cannot be removed. However, the reported incidence of
this is fairly low and all three abutment screw fractures experienced in study II could be
removed and replaced with new screws. Many factors may influence the outcome in FPDs;
such as non-axial loading, bruxism, crown to implant ratio and occluding dentition.

In the present study two-implant supported FPDs performed comparably to three-implant
supported prostheses in terms of implant losses, bone loss and FPD survival; indicating that
two implants may be sufficient for three-unit prostheses with a central or cantilever pontic.

73,114

This is supported by other studies. However, great care should be taken when interpreting

72



theses results since the number of FPDs included is small and the results can not be
extrapolated to be valid in all situations. The scientific evidence for treatment of all patients

with three-unit FPDs supported by only two implants without exclusion criteria is still weak.

The third aim was to report on the early results of full-arch implant-supported fixed
prosthesis in the mandible using two loading protocols, early and delayed loading, in terms of
survival of implants and prostheses, number of unscheduled visits, cost of treatment and bone

loss of the supporting implants.

Study III

Implant losses

In study III the cumulative survival rate after five years was 94.4% in the early loading group
and 97.9% in the delayed loading group. Theses figures are lower than that demonstrated in
study I where the five-year cumulative survival rate was 99.1%. The pattern of implant-losses
differed between the groups; four patients in the early loading group lost a total of 12 (5.6%)
implants, two patients lost all installed implants (four and five each) within two months. Two
patients lost one implant each during the first year and one patient lost one implant after five
years; this implant probably lost osseointegration during the first year but the prosthesis was
not removed to test the implant and the patient experienced no pain. One experienced surgeon
who placed more than one third of all implants was responsible for the placement of all the
implants lost during the first year. Both patients who lost all implants were successfully re-
operated with two-stage surgery and delayed loading using the same type of implant. In the
delayed loading group five (2.1%) implants were lost; two patients lost two implants and one
patient lost one implant prior to loading. No implants were lost after loading. Inexperienced
surgeons treated all three patients who lost implants. Four of the lost implants were replaced

by new implants prior to prosthesis placement.

Engquist and colleagues also reported a somewhat higher incidence of implant losses in early
loading of implants in the edentulous mandible; 6.7% compared to 2.5% in the group with
two-stage surgery and delayed loading.”’ Conversely, implants placed with a one-stage
procedure and subjected to delayed loading displayed no differences in implant losses
compared to those subjected to early loading.”” This might indicate that there is no difference
with the implant system used between early and delayed loading protocols, but a difference

may exist between submerged and non-submerged placement. Friberg and colleagues reported
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a significantly lower CSR in the edentulous mandible of 97.5% for early loaded implants with
a turned surface compared to 99.7% for delayed loading.””” However in a recently published
study Friberg and Jemt reported 100% one-year CSR for early loaded implants with a
moderately rough surface in the edentulous mandible.”® There was a difference in time from
implant placement to delivery of the prostheses with a mean of 32 days in the later study and
42 days in the previous study.””’?* Whether the difference in CSR was due to the difference
in time of loading or the difference in surface characteristics may be debated. In study III, the
mean time from implant placement to prosthesis delivery was 2.1 weeks and Engquist and co-
workers reported placement of all but four prostheses within two weeks.”” Still, implant
survival rates were lower in study III and in the study by Engquist and co-workers than with
traditional two-stage surgery and delayed loading using the same type of implants with a
turned surface. On the other hand, a number of animal studies have reported more BIC with
moderately rough surfaces during the first months in loaded and unloaded implants compared

. . 144-147,150-152
to implants with a turned surface. T,150-15

Further, the magnitude of micromovements
tolerated differs between implant designs and surfaces according to Smuckler-Monclear and
colleagues.”® Thus differences in early bone response and time for achieving secondary
implant stability between implants with a turned surface and implants with a moderately
rough surface may be responsible for the increase in early failures when implants with a

turned surface are subjected to immediate or early loading.

Bone loss

Bone loss at individual implants was low for both early and immediate loading in the present
study, and compares well with other studies.’”**">7272% Ap increase in bone loss during the
first year was registered for implants with a conical neck when these implants were counter
sunk at implant placement, placing the turned surface below the bone margin. Nineteen
implants in the early loading group demonstrated bone loss exceeding 1.5 mm during the first
year compared to seven implants in the delayed loading group. Few implants (six in the early
loading group and four in the delayed group) demonstrated bone loss greater than 0.8 mm
from the one- to five-year follow-ups. The mean bone loss from one- to five-year follow-up
did not differ between early and delayed loading protocols; this is supported by the findings
by Engquist and colleagues in a three-year follow-up.”” No significant difference was
demonstrated between different types of implants and mean bone loss was within the criteria

suggested by Albrektsson and colleagues.'
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Technical complications

The technical complications in study III were in most cases related to the acrylic resin teeth
and screw access hole fillings. There were no significant differences in this type of
complication between the two loading protocols. However, in the early loading group four
prostheses required remaking; two due to implant losses and two due to misfit at one of the
implants probably caused by improper mounting of the impression copings. Furthermore, four
prostheses were removed and the base of the prostheses was fitted with acrylic resin to correct
for excessive soft tissue recession leading to patient complaints of food retention between the
prosthesis and alveolar crest. Only one patient experienced framework fracture, six patients
suffered loose or fractured abutment or prosthetic screws. No fractured screws were
experienced by patients with prostheses placed on implant level but screw loosening occurred
in two patients. For the 71 patients with prostheses fabricated on the abutment level; fractures
of abutment and prosthetic screws were demonstrated in two patients and loose prosthetic and
or abutment screw were also recorded in these two patients: two additional patients presented
with loose prosthetic screws.

With the early loading concept used in the present study impressions for the final prostheses
were taken before soft tissue healing, frameworks were fabricated with a close adaptation to
the soft tissue; allowing for soft tissue recession after healing. An attempt was made to
register soft tissue adaptation to prosthesis by a silicone impression at the clinical examination
one to five years after prostheses placement. No significant differences were registered
between prostheses in the early or delayed loading groups, but two prostheses in the early
loading group were remade due to misfit and another four prostheses were adjusted before
registrations, which might have influenced the results. A similar registration with a silicon
impression was used in study IV where small but non-significant differences were registered
between the different sides with implants placed submerged or non-submerged. Moberg and
colleagues comparing ITI® and Brénemark system® implants in the treatment of mandibular
edentulism reported less change in bridge and periimplant mucosa distance in the ITI® group,
but four prostheses in this group had to be removed and adjusted to increase the distance

between prosthesis and soft tissue.'”"

In the study by Moberg and colleagues the time required
for implant placement, prostheses fabrication, and adjustments of prostheses was calculated.
Although the implant placement procedure was shorter for the ITI® group, total time
consumed during the three-year follow-up was shorter for the Branemark system group but

171

the difference was not significant. " In the present study prosthesis remakings/adjustments

after connection were significantly higher in the early loading group resulting in a higher total
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cost. More prosthetic complications in early loading than delayed loading were also reported
by Friberg and colleagues.””’ Attard and colleagues reported a higher cost for immediate
loading of overdentures in the mandible compared to conventionally loaded overdentures.”**
With the treatment protocols used in study III treatment cost was higher for early loading;
thus no cost reduction was achieved by shortening the time from implant placement to
prosthesis delivery, even though patient acceptance of the treatment was higher than for

delayed loading.

The fourth aim was to investigate the five-year clinical and radiographic performance of
implants placed according to one- and two-stage surgery in the edentulous mandible

supporting fixed prostheses.

Study IV

Implant losses

In study IV the cumulative implant and prosthesis survival rate after five years was 99.4%;
however three implants in one patient demonstrated fractures of the coronal part of the
implant. Implant fractures are rare according to Berglundh and colleagues, who reported a
weighted mean of 0.08% implant fractures in studies over five years.” For the fractured
implants in study IV; customized titanium “abutments” were fabricated and the prostheses
could be maintained. Whether these implants should be counted as failures, lost or survivals
could be debated. Since they are still osseointegrated and to some extent supporting the
prostheses they are calculated as survivals in the results. Ericsson and colleagues used a split
mouth study to place 66 implants in 11 patients by one- and two-stage surgery; reporting two
early losses in two non-submerged implants, with no further implant losses during the five-
year follow-up.'” Becktor and colleagues’ multicenter study placed Brénemark system®
implants with a turned surface non-submerged and submerged, reporting implant losses of
8.6% in the non-submerged group and 2.4% in the submerged group.'®® A number of studies
have reported five-year cumulative implant survival rates of 97% to 100% for implants with a
turned surface placed submerged and loaded after a healing period of at least three

26.27.35.3743.44.171.206 YW hether an implant survival rate of less than 97% in the edentulous

months.
mandible is acceptable or not may be debated. For patients suffering implant losses and
having to undergo removal of non-osseointegrated implants and a new implant placement

procedure with a prolonged treatment period as a result the question is easily answered.

76



Bone loss

The mean bone loss was low, with a mean of 0.4 mm after five years in the non-submerged
group and 0.5 mm in the submerged group. Most implants incurred no bone loss but some
implants displayed bone loss exceeding the proposed levels for success.” Three implants
demonstrated bone loss exceeding 1.5 mm during the first year and 18 implants (9 submerged
and 9 non-submerged) presented bone losses of more than 0.8 mm from the one-year to the
five-year follow-up. The number of implants suffering bone loss greater than 0.8 mm after the
first year was comparably higher in study IV than in studies I, IT and III. However, only one
of the implants presenting bone loss greater than 1.5 mm during the first year presented bone
loss more than 0.8 mm from the one- to five-year follow-up. At the five-year follow-up a total
of eight implants presented a bone loss from baseline to five-year follow-up of 2 mm or
greater. With a mean bone loss for all implants of 0.5 mm or less during the five-year follow-

C . . .1
up, mean bone loss was well within the success criteria.'®

Technical complications

Almost half of the patients demonstrated some complication, with a higher frequency of loose
prosthetic and abutment screws than in studies I and III. This may be explained by the fact
that in the present study the screws were checked each year and thus a minor movement in the
screws was noticed, but in the other studies the screws were not checked if the prosthesis was
not mobile. Prosthetic screws in need of retightening have been reported by others without the
prostheses being registered as mobile.'”"*”> The number of screw access hole fillings coming
loose was also higher; probably as a result of fillings being made thinner and easier to remove
at the yearly follow-up examinations, and thus failing more frequently. Fractures of acrylic
resin and acrylic resin teeth were few and compared favorably with studies I and III and other
studies, 2730357
In the present study and a number of other studies non-submerged implant placement was as
predictable as submerged implant placement in the edentulous mandible."%!3*161162171 Tpyg
one-stage surgery can be used in most patients without increasing the risk of implant failures;
however implants with a medium rough surface may be more advantageous than implants

. 168,205-2
with a turned surface.'¢8205-208
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Part two. In vitro study on precision of fit of CNC-milled frameworks

The fifth aim was to evaluate the precision of fit of I-Bridge” CNC-milled frameworks for full-
arch mandibular prostheses using two implant systems and to compare precision of fit of

study frameworks and blinded controls.

Study V

Evaluation of fit

Results from this study indicate that the present new CNC-milled frameworks fabricated for
Branemark system®™ implants and NobelReplace™ implants displayed precision of fit that
compares favorably with cast and CNC-milled frameworks, as shown in other
studies B1H42244245.297 A1l frameworks demonstrated different levels of distortion, with the
“clinical controls” demonstrating significantly higher mean and range of distortion in the x-
and y-axes and 3-D, compared to the study frameworks. The distortion in the x- and y-axes
differed between the groups of frameworks, with frameworks produced for “clinical controls”
and NobelReplace™ master model demonstrating an increase in arch width and frameworks
for the Branemark system™ master model a reduced arch width. The “clinical control”
frameworks also demonstrated an increase in arch curve while the frameworks for Brdnemark
system® master models presented a decrease in arch curve. Nevertheless, the distortions
displayed in all frameworks were within the tolerances built into the I-Bridge®, since all
frameworks could easily be seated on the corresponding model without clinically detectable
misfit. An increase in arch curve was also reported by Al-Fadda and colleagues for CNC-
milled frameworks.>"’

The study protocol called for ten individual and five cloned frameworks to be fabricated; in
order to evaluate the precision of fit and the accuracy of the scanning and milling procedures.
The results demonstrated no differences in mean and range of distortion between individual
and cloned frameworks, suggesting that the optical scanning of the master model was flawless
and that all distortions displayed by the different frameworks were caused by the milling
procedure. However the higher range of distortion in the “clinical control” frameworks
indicates that this may not be the case. Frameworks produced for clinical cases in a routine
manufacturing procedure tend to exhibit higher levels of misfit than frameworks produced for
study purposes. This is also demonstrated by the differences in levels of distortion for
Procera® CNC-milled frameworks reported by Ortorp and colleagues and Al-Fadda and co-

workers. While Ortorp and colleagues used a strict study set up, evaluating cloned
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frameworks fabricated from one single model and scanning procedure, Al-Fadda and co-
workers used a more clinically oriented setup with a blinded procedure and nine different
models, reporting considerably larger distortion than Ortorp and colleagus.?****

With a “virtual” approach in analyzing distortion the limitations of the physical implant and
framework components are disregarded and vertical discrepancies will be underestimated.
Thus the results for vertical distortion should be approached with much caution.

The level of proposed acceptable vertical (z-axis) misfit differs from 30 um to 150 in the
literature, but no consensus has been reached.”'*’® Visual inspection of fit may detect vertical

2 Even if the level of distortion in the x- and y-axes were

gaps in the range of 50 to 100 pm.
considerably larger than distortion in the z-axis, the vertical discrepancies are probably of
more clinical importance in that they will inevitably introduce a preload in the prosthesis-
implant-bone complex and reduce the clamping force in the screw joint. With an increasing
number of prostheses being fabricated on the implant level a high precision of fit is desirable:
the higher tightening torque used on the implant level inevitably increases the preload in the
screw joint, but also increases the stress at the implant-bone interface when misfit is present.
Since no long-term studies are available on prostheses connected on the implant level, the
consequences of this potential risk of higher stress levels due to misfit on the implant-bone
interface are unknown. However, short-term static loading of implants in animal models have
not negatively influenced the osseointegration and bone remodeling at implants.'*%*-!1%
Short-term follow-up studies on prostheses fabricated on the implant level have not presented
any adverse effect; however long-term data is lacking.>>*°

A good clinical fit depends on all steps of the framework fabrication; such as precision of fit
between implant components, copings and replicas as well as impression technique and
fabrication of master cast. Thus frameworks fabricated with a built in tolerance for minor
displacement in x- and y-axes are probably a prerequisite for achieving acceptable clinical fit.
In the present study the levels of distortions for I-Bridge® frameworks was somewhere
between the results of Ortorp and colleagues and Al-Fadda and co-workers, and lower than
those reported for cast and laser welded frameworks.?**"*>* The present data indicate that it
is possible to produce CNC-milled frameworks according to the I-Bridge® technique with a

higher degree of precision and a considerably lower material cost than cast gold alloy

frameworks.
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Main observations and conclusions

1. Four implants are sufficient for supporting fixed full-arch prostheses in the mandible,
at least in a five-year perspective. The number of technical and biological

complications is not affected by reduction of the number of supporting implants.

2. Three-unit FPDs supported by two implants with the pontic placed centrally or as a
cantilever may perform equally as well as three-unit FPDs supported by three
implants: however a slight increase in the incidence of screw loosening may occur for

two-implant supported prostheses.

3. The early loading concept for edentulous mandibles with fixed full-arch prostheses has
a better patient acceptance than delayed loading. Strict surgical and prosthetic
protocols should be used in order not to jeopardize implant and prosthetic outcome. A
high degree of primary implant stability should be observed when early loading is
planned. Time of prosthesis placement and implant surface characteristics may
influence treatment outcome. Treatment time is shortened but the total cost for
treatment may be higher due to an increased number of adjustments after prosthesis

placement.

4. Non-submerged implant placement in the edentulous mandible with or without early
loading may be as predictable as submerged implant placement if strict surgical
protocols are used. A high degree of primary stability should be achieved; otherwise
submerged healing should be utilized. Implant surface characteristics and loading from

a temporary prosthesis may influence treatment outcome.

5. Frameworks fabricated by CNC-milling present a higher degree of fit than cast
frameworks for a lesser material cost. From a biological and technical viewpoint;
frameworks milled from one piece of grade 2 titanium without welded joints are
advantageous as they are bioinert and can be veneered with either porcelain or acrylic

without introducing distortions.
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