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ABSTRACT

Background: Early loading of implant-supported prostheses in the edentulous mandible is widely accepted, but do the
clinical results replicate those of delayed loading?

Purpose: The aim of this study was to evaluate clinical outcome and patient satisfaction with early or delayed loading in
patients treated with fixed prostheses, using three different implant systems.

Materials and Methods: One hundred and nine consecutively treated patients received 490 implants supporting fixed
prostheses; 82 patients with Brdnemark System® implants (Nobel Biocare AB, Géteborg, Sweden), 16 with Astra Tech®
implants (Astra Tech AB Dental Implant system, Molndal, Sweden), and 11 with ITI® MonoType® implants (ITI Dental
Implant System®, Institute Straumann AG, Waldenburg, Switzerland). Prostheses were placed within 2 to 3 weeks in 55
patients; 54 patients underwent a two-stage procedure. Data were collected from patient records and radiographs; 83
patients attended a clinical examination and received a questionnaire.

Results: All patients had fixed prostheses at follow-up with a mean observation time of 3.5 years. Cumulative survival rates
(CSRs) were 92.5% of prostheses and 94.4% of implants for early loading, and 98.0 and 97.9% for delayed loading. The
mean radiographic bone loss after the first year was small, and at 5 years less than 0.2 mm for both groups. With early
loading, significantly more prostheses (p < .05) needed adjustment or replacement.

Conclusion: Statistically significantly more prostheses needed adjustment or replacement in the early group. The present
study suggested lower CSRs for prostheses and implants in the early loading group after 5 years; the difference was not
statistically significant. Larger study samples are needed to verify statistically small differences between treatment
techniques.
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past 20 years, the original Brdnemark protocol has been
reevaluated and significantly modified, by development
of implant design, implant surfaces, surgical technique,
and biomechanical features of the prosthesis.® With the
development of a new implant system, Schroeder et al.
1981 showed that non-submerged dental implants with
a one-stage technique osseointegrated as predictably as
implants installed using the traditional submerged pro-
cedure; subsequently confirmed in numerous animal
and clinical studies.”™"” As a result of these findings and
patients’ demands for a shorter treatment period, differ-
ent techniques have been tested to provide patients with
a fixed interim or permanent prosthesis within the first
weeks after implant placement.'®** The use of immedi-
ate and early loading protocols has obvious advantages
for the patient; for instance, treatment time and the
number of surgical interventions are reduced. Many
researchers, including Branemark and colleagues, have
demonstrated comparable results for integration of
implants placed under immediate and early functional
load.”™

Despite an increasing number of publications on
immediate and early loading reporting high survival
rates, controversy still exists over the reliability of the
reported data, often because of methodological errors
and small study populations.’* Although most results
for early and immediate loading protocols in the inter-
foramina area are convincing, the implant survival
figures presented are somewhat lower than the results
from earlier studies using delayed loading, and the
reason for this has not been elucidated.’®*

Few publications report prosthetic complications
and maintenance procedures during the first years in
function and modification of the prosthesis to accom-
modate the soft tissue.” The aim of this study was
to evaluate retrospectively early loading and delayed
loading treatments in consecutively treated patients with
screw-retained fixed prostheses in the edentulous man-
dible. A further aim was to evaluate the results by bio-
logical and prosthodontic variables such as implant and
bone loss, framework and acrylic teeth fractures, loos-
ening screw joints, and patient satisfaction. The study
reflects the clinical situation where many prosthodon-
tists and oral surgeons are involved in the treatment,
have different expertise and experiences, and more than
one implant system is used. The hypothesis was that
there is no difference between treatment outcomes for
the two methods.

MATERIALS AND METHODS

The early loading protocol of fixed implant-supported
prostheses (ISPs) was adopted at the Department of
Prosthetic Dentistry, Postgraduate Dental Education
Centre, Orebro, Sweden, in March 1999. This retrospec-
tive study includes all consecutive patients treated with
complete arch ISP during the period March 1999 to
December 2004. Ten prosthodontists performed the
prosthetic treatment; five oral and maxillofacial sur-
geons and five periodontists performed the implant
insertions. The evaluation commenced with implant
placement, and the end of the study period was chosen
to make it possible to have at least a 1-year follow-up of
the prosthesis.

One hundred and nine patients with edentulous
mandibles were treated with fixed prostheses, 55 with
early loading and 54 with delayed loading; 83 of these
patients (39 men and 44 women) participated in a clini-
cal follow-up.

Patients having received irradiation to the head and
neck, with diabetes, signs of bruxism, or heavy smokers
(>20 cigarettes/day) were normally allocated to the
delayed loading group; however, there was one patient
with diabetes in the early loading group and patients
smoking <20 cigarettes/day were included in both
groups. For the majority of patients, the choice of treat-
ment method (early or delayed loading concept) was
made by the prosthodontist, and oral and maxillofacial
surgeon/periodontist. Hence, there was no random allo-
cation to the two treatment groups.

Patients were provided with four to six implants
each according to the one-stage surgical procedure
(n=>55) and early loading (loading within the first 3
weeks), or with a standard two-stage surgical procedure
and delayed loading after 3 months of submerged
healing (n = 54). At the time of prosthesis placement, 47
of the patients wore a complete maxillary denture
(Figure 1).

The regional ethics review board in Orebro County
in Sweden approved the study design, and all partici-
pants signed an informed consent form.

Early Loading Group

Fifty-five patients with a mean age of 70 years (range 51
to 90 years, SD 11.20) at follow-up were treated with a
one-stage surgical procedure and early loading proto-
col.”” Experienced surgeons treated all but one patient.
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Early loading

B Natural dentition and/or fixed prostheses
[ Natural dentition and removable prostheses

[ ISFP (implant-supported fixed prostheses)
[l Complete removable prostheses
[J Overdenture

Delayed loading
[ Natural dentition and/or fixed prostheses

[ Natural dentition and removable prostheses
[ ISFP (implant-supported fixed prostheses)
Il Complete removable prostheses

[] Overdenture

Figure 1 Status of the maxilla at the time of prosthesis placement in the mandible for early and delayed loading groups.

They were provided with four to six fixtures each (mean  nected at the same occasion and tightened according to
4.5) (Table 1). Implant placement followed the guide-  the manufacturer’s instruction without counter torque.
lines described by Buser and colleagues.” Impression ~ The mucoperiosteal flaps were closely adapted to the
copings, abutments, or healing abutments were con- impression copings or abutments. Antibiotics and

TABLE 1 Distribution of Patients with Regard to Sex, Implants According to Implant System, Surface

Treatment, Manufacturing Company, and Loading Protocol

Early Loading Delayed Loading
Men Women Men Women Total

Implant Type P | P | P | P | P |
Nobel Biocare Conical machined 13 63 15 67 1 4 0 0 29 134

MK III turned 1 4 1 4 13 58 12 53 27 119

MK III TiUnite 3 15 7 30 9 40 7 32 26 117
Astra Tech TiOblast 3 14 1 5 7 32 5 23 16 74
Straumann ITI MonoType SLA 3 12 8 34 0 0 0 0 11 46
Total 23 108 32 140 30 134 24 108 109 490

I = implants; P = patients.
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TABLE 2 Number and Lengths of Loaded Implants According to Loading Protocol

Manufacturer Type Length Early Loading Delayed Loading Total

Nobel Biocare Brdnemark conical machined 10 11 (1) 11
11.5 0 0
13 31 4 35
15 49 (5) 49
18 38 38
21 9

Brdnemark turned 10 5(1)
11.5 1(1)
13 4 14 18
15 68 (1) 68
18 4 23 27
Bréanemark TiUnite 7 and 8.5 5

10 2 5(1)
13 11 (3) 14 (1) 25
15 32 (2) 42 74
18 6

Astra Tech TiOblast 11 1 4
13 1 9 10
15 14 (1) 29 43
17 3 13 16

Straumann ITI Monotype SLA 10 14 14
12 27 27
15 5 5

Total 248 (12) 242 (5) 490

Implant losses are given in parentheses.

All Nobel Biocare implants were regular platform, Astra Tech implants were 4.0 diameter implants, and the ITI Monotype implants were 4.1 diameter

regular neck implants.

nonsteroidal analgesics were prescribed for a 7-day
period, as was a daily rinse with a 0.2% clorhexidine
(Corsodyl®, GlaxoSmithKline, Brentford, England)
mouthwash. In most cases, sutures were removed at
delivery of the prosthesis, usually 10 to 14 days after
fixture placement. In the one-stage group, three different
implant systems were used: Brdnemark System®
implants (Mk III and fixture conical, Nobel Biocare AB,
Goteborg, Sweden), Astra Tech® implants (Astra Tech
AB Dental Implant system, Molndal, Sweden), and
ITI® MonoType® SLA implants (ITT Dental Implant
System®, Institute Straumann AG, Waldenburg, Switzer-
land) (see Table 1). The Brdnemark system implants
were of two different kinds: the conical fixture with a
turned surface and a 3.5 mm conical neck (fixture
conical, Nobel Biocare AB) and the Mk III fixture with
or without a multiunit abutment. They also had received
two different surface treatments: the traditional turned

surface and the oxidized (TiUnite™, Nobel Biocare AB)
surface. The ITI implants were sandblasted and acid-
etched with the 2.8-mm-long regular neck. The lengths
of the implants used are presented in Table 2.

Delayed Loading Group

Fifty-four patients with a mean age of 69 years (range 47
to 89 years, SD 8.7) received four to six implants each
(mean 4.5) in accordance with the standard two-stage
surgery described by Adell and colleagues® (see Table 1).
Experienced surgeons performed most of the implant
placements, but inexperienced surgeons treated 13
patients. Sutures were removed 10 to 14 days after
implant placement. The antibiotic regime described
earlier was used. The prescribed 3 months of submerged
healing was allowed before second-stage surgery was
undertaken and abutments or healing abutments were
mounted as described earlier.
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In the delayed loading group, patients were treated
with two different implant systems: Branemark system
implants (1 = 42 patients, 187 implants) and Astra Tech
implants (n = 12 patients, 55 implants). The Brdnemark
system implants were Mk III implants either with the
turned surface or the TiUnite surface, and the Astra Tech
implants had the TiOblast™ surface, as used in the early
loading group. The lengths of the implants used are
presented in Table 2.

Prosthetic Procedures

Seventy-one percent of the patients in the early loading
group received impression copings mounted on the
implants at the surgical department, and were then
admitted to the Department of Prosthodontics directly
after suturing of the adapted mucoperiosteal flaps.
Impressions were made using a polyether impression
material (Impregum™, ESPE, Seefeld, Germany), and an
occlusion record was made with silicon putty (Provil®,
Heraeus Kulzer GmbH & Co. KG, Hanau, Germany) or
wax (Tenaxvax, SS White Group, Gloucester, England)
on healing abutments. The tooth arrangement was tried
within the next few days, and in seven cases a try in of
the metal framework was performed separately before
the prosthesis was delivered. In 44 patients, the prosthe-
ses were delivered within 2 weeks. Thirty-four of the
prostheses in the early loading group were fabricated
with metal frameworks in computer numeric controlled
(CNC) milled titanium (Procera® Implant Bridge,
Nobel Biocare AB), and 21 were cast in a high noble alloy
(C3 gold, KAR Sjodings®, Stockholm, Sweden). Acrylic
teeth (SR Vivodent®, Ivoclar Vivadent AG, Schaan,
Liechtenstein) were used for all prostheses.

Occlusal adjustments were performed to ensure an
even distribution of occlusal forces and no contacts on
the cantilevers during excursive movements. A soft diet
was recommended during the first 4 to 6 weeks after
prosthesis placement.

Patients treated according to delayed loading had
their temporary removable prostheses adjusted with soft
relining material (CoeSoft™, GC America, Inc., Alsip, IL,
USA or Viscogel®, Dentsply, DeTrey GmbH, Konstanz,
Germany) 7 to 10 days after implant placement and
again every sixth week until delivery of the final pros-
thesis. For patients not receiving definitive abutments at
second-stage surgery, healing abutments were replaced
with definitive abutments 1 to 3 weeks after second-
stage surgery. Abutments were tightened in accordance

with the manufacturer’s instructions. Impression
copings were adapted, and an impression was made with
Impregum. Fabrication of the prosthesis included the
same procedures as for the early loading group, except
an extra visit was used to check the fit of the framework
before delivery of the prosthesis. Thirty-nine of the
prostheses were delivered within 28 weeks of implant
placement. Forty-seven of the frameworks in the delayed
loading group were cast in high noble alloy, and five
were CNC-milled frameworks; all were fabricated with
acrylic resin teeth as for the early loading group. Two
prostheses were fabricated in metal ceramic using a high

noble alloy and porcelain fused to metal.

Follow-Up and Registered Variables

Radiographs were taken 3 months after implant place-
ment in the early loading group and after prosthesis
placement in the delayed loading group (baseline), and
at the 1- and 5-year checkups. For all patients treated,
information on the number of follow-up visits and
adjustments/repairs of prosthesis was collected from
their dental records. All patients were enrolled in the
clinic’s routine follow-up system with yearly checkups of
the prosthesis and peri-implant tissues. The majority of
the patients also visited a dental hygienist at least once a
year and completed a self-administered questionnaire 6
weeks before the clinical follow-up examination. The
questionnaire covered issues concerning general health
such as type and number of drugs used daily; general
health; smoking habits; temporomandibular disorder
(TMD) symptoms; discomfort associated with the
manufacturing; and use of the ISP in addition to general
satisfaction with speech, hygiene, and aesthetics.

The clinical examination included registration of
variables such as wear of the acrylic teeth, distance
between soft tissue and prosthesis, peri-implant tissue
assessment with respect to keratinized or non-
keratinized attachment, pus, bleeding on probing of the
peri-implant sulcus, and presence of calculus. A silicon
impression (Provil) was made under the prosthesis in
order to establish the distance between the soft tissue
and the prosthesis. The thickness of the impression was
measured in six regions (regions 45, 43, 41, 31, 33, and
35) using a caliper with a 0.1 mm scale. Additional
radiographs were taken for patients presenting signs of
peri-implantitis and those patients having at least 3
years of follow-up, but not having reached the 5-year
follow-up examination.
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At the last recall, the prostheses were not removed to
check individual stability of the implants, which is a
drawback, and excludes the use of success criteria in the
evaluation. However, 33 of the prostheses were removed
at one point or another for other reasons such as repairs
and tightening of loose screws (23 in the early loading
group and 10 in the delayed loading group). Prosthetic
complications such as loosening or fracture of retention
and abutment screws, acrylic fractures, fractures of
acrylic resin teeth, loosening of screw access-hole fill-
ings, and fractures of frameworks were noted. The
number and type of implants used were registered, and
the length of the cantilever from the most distal implant
to the distal end of the prosthesis was measured to the
nearest millimeter. Occlusal tooth wear was registered
as minor (<0.5 mm), moderate (0.5 to 1.0 mm), or
pronounced (>1.0 mm). The opposing dentition and
occlusal relation in the horizontal, vertical, and transver-
sal planes were registered (see Figure 1). Detailed infor-
mation about treatment outcome, number of planned
and unplanned appointments, number of days
requested to complete the rehabilitation, and all compli-
cations during the follow-up period was retrieved from
the patients’ records. Bone level at the implants was
estimated from conventional analogue intraoral radio-
graphs, except a few cases using digital images because of
a change from analogue to digital radiographs at the
Radiographic Department late in 2005. The distance
from the implant—abutment/prosthesis junction to the
most apical marginal bone level in contact with the
implant surface was measured by one of the senior con-
sultants at the Prosthetic Department, using the refer-
ence point described by Astrand and colleagues.** A
peak scale loupe with a magnifying factor of X7 and a
scale graded in 0.1 mm steps was used, and the measure-
ments were made at the mesial and distal surface of the
implant. The mean of the mesial and distal measures
was used in the statistical analyses. The fit of the frame-
work was evaluated both clinically (n =83 patients)
and from the radiographs (n =109 patients). A misfit
was registered when a gap was visible at the junction
between implant and abutment and/or framework clini-
cally or in the radiographs.

Statistical Analysis

All data were analyzed in Statistical Package for Social
Science (SPSS) version 15 (SPSS, Inc., Chicago, IL,
USA). Independent #-test was used to compare bone loss

between countersunk/noncountersunk implants, and to
compare the effect of loading protocol on bone loss for
those implants used according to both loading proto-
cols. Conventional descriptive statistics were used to
characterize bone-level changes. The Mann-Whitney U
test was used to analyze differences in the number
of scheduled and nonscheduled visits after prosthesis
placement, and to analyze the self-administered ques-
tionnaire. The chi-square test was used to analyze differ-
ences in prostheses remade/repaired in the laboratory
according to loading protocol, and a Kruskal-Wallis test
was used to analyze complications with respect to the
opposing dentition.

RESULTS
Patients Lost to Follow-Up

Of the original 109 patients, 83 were examined clinically
after 1 to 6 years in whom a total of 378 implants had
been placed. Twenty-six patients (12 in the early loading
group and 14 in the delayed loading group) with a total
of 112 implants were lost to follow-up; 18 had died, two
had moved out of the county, and another six patients
did not want to continue in the study because of poor
health or lack of interest (Table 3).

Implant Losses

The pattern of implant losses differed between the
groups. In the early loading group, 12 (4.8%) implants
were lost; two patients lost one implant each, and two
patients lost all implants (four and five implants, respec-
tively) during the first year, and one patient lost one
implant after 5 years. One of the patients who lost all
implants was diabetic; the reason for implant loss could
not be established. For the patient losing one implant
after 5 years, radiographs taken at the 1-year follow-up
indicated that this implant probably had lost its osseoin-
tegration already then, but the prosthesis was not
removed in order to check the individual implants.
One experienced surgeon treated all the patients with
implant losses. The implants lost during the first year
were six Brdnemark system implants with a turned
surface, and one patient lost all five TiUnite implants
inserted. The implant lost after 5 years was an Astra Tech
implant with a TiOblast surface. Both patients who lost
all implants were successfully reoperated with two-stage
surgery and delayed loading using the same type of
implant.
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TABLE 3 Distribution of Prostheses and Implants Followed-Up and Lost to Follow-Up in the Early Loading

Group and Delayed Loading Group During the Inclusion Period

Placed/Examined Lost to Follow-Up Failed CSR (%)
Period Prostheses  Implants  Prostheses Implants  Prostheses Implants  Prostheses Implants
Early loading
Implant placement 248
Prostheses inserted 55 248
1 Year 49 228 2 4 11 92.5 95.4
2 Years 47 219 2 92.5 95.4
3 Years 41 187 2 92.5 95.4
4 Years 33 151 4 16 92.5 95.4
5 Years 23 103 2 10 1 92.5 94.4
Total 5 years 23 103 12 52 4 12 92.5 94.4
Delayed loading
Implant placement 243 5 97.9
Prostheses inserted 54 242 100 97.9
1 Year 50 230 3 12 1 98.0 97.9
2 Years 41 181 3 15 98.0 97.9
3 Years 35 157 3 12 98.0 97.9
4 Years 29 129 3 12 98.0 97.9
5 Years 24 106 2 9 98.0 97.9
Total 5 years 24 106 14 60 1 5 98.0 97.9

Reason for patients lost to follow-up: During year 1, two patients did not want to participate in follow-up examinations; three patients died. During year
2, two patients did not want further checkups at the specialist clinic, and three patients died. During year 3, one patient moved out of the county, and four
patients died. During year 4, one patient moved out of the county, and six patients died. During year 5, two patients were too ill to participate, and two

patients died.

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, and no implants were
lost after loading. One of the patients who lost two
implants had oral parafunction; the reason for implant
losses could not be established. The inexperienced sur-
geons treated all three patients who lost implants. The
lost implants were Brdnemark system implants; two
with TiUnite surface and three with a turned surface.
Four of the lost implants were replaced by new implants
prior to prosthesis placement.

Bone Loss

Bone loss was calculated using the baseline and 1- and
5-year radiographs. For 10 patients, radiographs were
not taken at baseline or at the 1-year follow-up. Bone
loss was generally small during the first year of healing
with a mean of 0.49 mm (SD 0.80) in the early loading
group, and 0.25 (SD 0.85) in the delayed loading group.
Most implants (52.5% in the early and 60.4% in the
delayed loading group) presented no bone loss after the

first year. The change in registered bone level during
follow-up was small (Table 4). A few implants displayed
bone loss exceeding 0.6 mm from the 1- to the 5-year
follow-up; 14 (13.2%) in the early loading group and 10
(9.0%) in the delayed group. Only 4.3% of the implants
demonstrated bone loss exceeding 1.2 mm after the first
year (Table 5). For those patients with radiographs avail-
able at the 1- and 5-year follow-up visits, the bone loss
after the first year was small in both groups, with a mean
of 0.18 mm in the early and 0.15 mm in the delayed
loading group at the 5-year follow-up (Table 6).

The bone loss pattern differed between the different
implants and placement techniques used. In the early
loading group, most implants were one-piece implants
with a turned neck (conical fixture, Brdnemark system,
and ITT MonoType). Of these, 36.5% were countersunk
at implant insertion. At the 1-year follow-up, the bone
level was often registered at the first thread of the Brane-
mark system conical fixtures and at the rough surface
of the ITI implants. Countersunk implants incurred
significantly greater bone loss than noncountersunk
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TABLE 4 Mean Marginal Bone Level (mm) in Relation to the Implant

Reference Point (IRP) at Baseline and After 1 and 5 Years of Follow-Up

According to Loading Protocol

Mean Bone Level (SD) in Relation to IRP

Baseline 1 Year 5 Years

Treatment Group n Mean (SD) n Mean (SD) n Mean (SD)
Early loading

NB conical 25 3.79(0.93) 21  4.20(0.79) 14 4.13 (0.90)

NB turned 2 0.50 (0.00) 0.81 (0.26) 1 0.75 (0.00)

NB TiUnite 10 0.93 (0.77) 1.54 (0.80)

ASTRA Tech 4 0.33 (0.54) 0.63 (0.87) 1 0.18 (0.00)

Straumann ITI 11 1.62 (0.69) 11 2.33 (0.53) 7 2.68 (0.82)
Total early loading 52 2.43 (1.66) 46 2.84 (1.50) 23 3.36 (1.41)
Delayed loading

NB turned 22 1.38(0.68) 19  1.48(0.76) 15  1.62 (0.92)

NB TiUnite 15 1.15(0.61) 13  1.68 (1.58) 2 1.84(0.28)

Astra Tech 12 1.00(0.43) 11  1.04(0.32) 7 0.90 (0.23)
Total delayed loading 49 1.22 (0.62) 43 1.43 (1.02) 24 1.43 (0.81)
Total All 101 1.84 (1.40) 89 2.16 (1.47) 47 2.37 (1.50)

n =number of X-rayed patients; NB = Nobel Biocare.

implants (see Table 6) (p <.001). The bone loss regis-
tered during the first and succeeding years up to the
5-year radiographs was small for all implant systems
irrespective of types of implants and surfaces (see
Table 6). No significant differences were seen in bone
loss between the same type of implant for different
loading regimes (p >.05), and so the bone loss for dif-

ferent implant systems is presented without distinguish-
ing by loading protocol (see Table 6).

Soft Tissue Complications

Soft tissue was registered as healthy at most implants
irrespective of attached or nonattached peri-implant
mucosa. Neither were there any statistically significant

TABLE 5 Frequency Distribution of Marginal Bone Loss at the 1-Year (437

Implants) and 5-Year (210 Implants)

Baseline to 1 Year 1to 5 Years
Early Loading Delayed Early Loading Delayed
n =220 n=217 n=99 n=111

Bone Loss (mm) n % n % n % n %
0 80 36.4 116 53.4 52 52.5 67 60.4
>0-0.6 72 32.7 65 29.9 34 34.3 34 30.6
>0.6—-1.2 40 18.2 28 12.9 8 8.1 6 5.4
>1.2-1.8 14 6.4 3 1.4 4.1 2 1.8
>1.8-2.4 3.6 1 0.5 1 1.0 1 0.9
>2.4-3.0 1.8 1 0.5 1 0.9
>3.0 0.9 3 1.4

Radiographic examination according to loading protocol.

n =number of X-rayed implants.
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TABLE 6 Mean Bone Loss (in mm) During Follow-Up at 1 and 5 Years for

Different Implants and Surfaces

Baseline to 1 Year 1 to 5 Years

Implant System n Mean (SD) n Mean (SD)
Nobel conical machined

Noncountersunk 83 —0.32 (0.79) 54 —0.14 (0.45)

Countersunk 24 —0.85 (1.18) 10 —0.03 (0.07)

Total conical machined 111 —0.42 (0.90) 64 —0.13 (0.42)

Nobel MK III machined 106 —0.21 (0.53) 75 —0.18 (0.61)

Nobel MK III TiUnite 105 —0.54 (1.10) 9 —-0.24 (0.24)

Astra Tech TiOblast 70 —0.04 (0.40) 36 —0.05 (0.25)
Strauman ITI Monotype SLA

Noncountersunk 12 —0.25 (0.40) 4 -0.25 (0.38)

Countersunk 34 -0.91 (0.84) 22 —0.50 (0.56)

Total ITI Monotype SLA 46 —-0.72 (0.80) 26 —-0.46 (0.54)
Total 437 —0.37 (0.83) 210 —0.17 (0.52)

Number of implants analyzed at the 1- and 5-year follow-up visits (). Brinemark system conical fixture
and ITI Monotype implants were only used in the early loading group. All other implants were used in

both groups.

differences between type of implant and loading group.
No correlation was seen between attached or nonat-
tached peri-implant mucosa and bone loss. Soft tissue
complications were rare, and peri-implantitis was only
registered in three patients, two in the early loading
group and one in the delayed loading group. These three
patients had Brdnemark system implants, two patients
with TiUnite surfaces and one with the turned surface.

Soft tissue shrinkage after prosthesis placement was
measured by silicon impression and a caliper. The dis-
tance between the ISP and the alveolar crest was less in
the posterior region than anteriorly (Table 7). The mean
distances were 1.1 mm (posterior) and 1.6 mm (ante-
rior) in the early loading group, and 0.9 and 1.5 mm in
the delayed loading group. Generally, greater distances
between the alveolar crest and the ISP were registered in

the early loading group. This was despite prosthesis
adjustment/refashioning after the first delivery in four
patients in the early loading group because of unaccept-
able soft tissue adaptation, or remaking because of misfit
of the framework before the registrations in two
patients.

Prosthetic Complications

All patients participating in the clinical follow-up
examination wore a fixed prosthesis at the follow-up
registration, but the original prosthesis was exchanged
in some patients, and the survival rate for the prostheses
was 92.5% in the early loading group and 98.0% in the
delayed loading group.

Framework fracture occurred in one patient in the
delayed loading group. The framework that fractured

TABLE 7 Distance Between Soft Tissue and the Base of the Implant-Supported Prostheses Measured (in mm)

at the Sites 45, 43, 41, 31, 33, and 35 According to Loading Protocol

Distance Between Soft Tissue and Base of the Prosthesis in Different Regions (mm)

Region 45 Region 43 Region 41 Region 31 Region 33 Region 35
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Early loading 1.17 (0.75) 1.35 (0.80) 1.51 (0.82) 1.74 (0.92) 1.58 (0.91) 0.96 (0.64)
Delayed loading 0.94 (0.71) 1.45 (0.89) 1.57 (0.76) 1.45 (0.79) 1.51 (0.76) 0.88 (0.66)
Total 1.06 (0.74) 1.40 (0.84) 1.54 (0.79) 1.60 (0.87) 1.55 (0.84) 0.92 (0.65)
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TABLE 8 Distribution of Reported Number of Problems Related to the Prosthesis in the Two Groups During the

Follow-Up Period on Patient and Occasion Level

Early Loading Delayed Loading Total
(n =55) (n =54) (n=109)

Type of Problem P I/A () P I/A (0] P I/A (e}
No complication 32 42 74

Implant loss before loading 3 5 3 3 5 3
Implant loss after loading 5 12 5 5 12 5
New implant insertion 2 9 3 2 4 2 4 13 5
New prosthesis 4 4 5 5
Framework fracture 1 1 1 1
Relining 4 4 4 4
New acrylic teeth 3 3 0 0 3 3
Acrylic fracture 4 5 0 0 4 5
Loss of acrylic resin teeth 5 9 4 5 9 14
Abutment screw fracture 1 1 1 1 1 1
Loose abutment screw 1 3 1 1 2 1 2 5
Retaining screw fracture 1 12 4 1 12

Loss of access hole filling 7 12 10 5 5 5 12 17 15
Peri-implantitis 2 3 1 1 3 4 5
Loose retaining screw 2 3 1 1 3

Prosthesis removed for adjustments and/or repair 23 38 10 18 33 56

A = abutments; I = implants; O = occasions; P = patients.

was the only one fabricated in cast titanium and it was
replaced by a new prosthesis within the first year.
Because of implant losses (n=2) and misfit (n=2) of
the prosthesis (as a result of improper mounting of
impression copings and/or insufficient impressions),
four prostheses had to be remade in the early loading
group (all titanium frameworks). Relining of the pros-
theses was also more common in the early loading group
(n =4) because of unacceptable distance between pros-
thesis and peri-implant tissue (Table 8).

Ninety-six of the prostheses were fabricated with
two-unit bilateral cantilevers. The mean number of
acrylic teeth was 11.5 in both groups (range 10 to 13).
Most of the patients examined (n=79) displayed an
angle class I jaw relation; only a few patients (n=4)
presented slight class IT or class III relations. However,
cross-bite was more often found among the early
loading group (nine patients compared to three
patients), and patients with one-piece implants more
often displayed screw access holes on the buccal side.
Complete removable dentures in the maxilla were
used by 42% of the patients, while fixed ISPs in the
opposing jaw were more common in the delayed

loading group, 35 versus 18% in the early group (see
Figure 1).

The amount of tooth wear on the ISP was compa-
rable in the two groups and in most cases was related to
the time in service; no difference was seen between the
sexes. However, in two patients in the early loading
group (titanium frameworks), the tooth wear was so
extensive that the acrylic teeth needed to be replaced
within the first 5 years.

The most common complication was fracture of the
acrylic/acrylic resin teeth, and it was seen more often in
the early loading group; seven patients with 14 occasions
in the early loading group and four patients with five
occasions in the delayed loading group. No significant
differences were noticed between the various framework
materials (p > .05). When analyzed further, patients with
ISPs in the maxilla had significantly more problems
(p <.05) with loose and/or fractured acrylic resin teeth
than patients with natural dentition or removable pros-
theses in the opposing jaw.

The need for emergency visits, additional to sched-
uled appointments after completed treatment during
the first year, was more common in the early loading
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group (3.4 planned and 1.3 unplanned visits) than the
delayed loading group (2.2 and 0.7, respectively).

The mean number of days from implant insertion
to prosthesis placement was 2.07 weeks (range 7 to 49
days, SD 8.4) for the early loading group, and 24.1 weeks
(range 9 to 42 weeks, SD 8.0) for the delayed loading
group. The reason for a delayed prosthesis placement in
the early loading group (after 49 days) was because of
initial problems with wound healing, which postponed
the impression procedure, and later illness, which post-
poned the placement of prosthesis. Implant losses and
additional implant placement in one patient in the
delayed loading group delayed prosthesis placement
until 42 weeks after surgery. The number of scheduled
appointments during manufacture of the prosthesis was
lower for the early loading group.

Loosening and fracture of retaining and abutment
screws were seen in five patients; one patient had recur-
rent problems with a total of 12 fractured retaining
screws during the 5-year follow-up. The patient with
recurrent retaining screw fractures had fixtures placed in
a reduced arch form because of a short interforaminal
distance and signs of bruxism.

Questionnaire

The questionnaire comprised 16 questions, and all of
the patients participating in the clinical examination
responded. The results indicated that significantly more
patients treated according to the early loading protocol
were satisfied with the treatment than in the delayed
loading group (81 vs 71%; p <.05). 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; and (3) less time
associated with the treatment. Most patients in both
groups considered the treatment cost appropriate and
were generally satisfied with the aesthetic result. There
were no differences in self-reported general health, TMD
symptoms, number of drugs used, chewing ability,
hygiene, or speech problems. Most of the patients who
reported speech problems had received a new complete
prosthesis in the maxilla at the time of delivery of the
ISP, and there were no differences between treatment
groups or implant system used.

DISCUSSION

From the originally treated 109 patients, only 83 patients
were available for clinical follow-up, corresponding to a

participation rate of 76%. Seventy-four percent of the 26
patients not attending the follow-up had either died
(63%) or moved from the county (11%). Thus, it was
generally “natural” reasons for not attending, which sug-
gests that the results were not biased by the dropout rate.

The lack of randomization in the two different
and the
implants used in each implant system in the present

treatment groups, different numbers of
study are two drawbacks to the study, which may limit
the interpretation of the results.

Patients with a calculated higher risk of implant
failures were mostly treated according to the delayed
loading protocol. However, one patient with diabetes
was treated according to the early loading protocol and
lost all five implants installed; the reason for implant loss
was not established. The 83 patients answering the ques-
tionnaire reported no differences in general health or
number of drugs taken daily between groups with early
or delayed loading.

Patients in the early loading group had been eden-
tulous in the mandible a shorter time prior to implant
placement, with less than 5% being edentulous for more
than 5 years compared to 23% in the delayed loading
group.

Well-trained surgeons, who had placed more than
500 implants each before the study, performed most of
the implant placement in both groups. However, in 13
patients in the delayed loading group, more inexperi-
enced surgeons performed the implant insertion. All
three patients experiencing implant losses in the delayed
group occurred within these 13 patients. Whether this
was a result of lack of surgical skill or experience could
not be ascertained. However, this may partly be why five
or six fixtures instead of four were placed in some
patients to support an ISP. The standard procedure for
treating routine cases with mandibular implant-retained
fixed prosthesis at the clinic is to place four implants in
the interforaminal area.” Placement of more than four
implants may be because of a higher risk of complica-
tions, such as patients having undergone radiation
therapy and/or mandibular reconstruction, bruxism, or
patients with general health problems. In the present
study, some surgeons used five implants in most of the
early loading patients. It can be speculated that this
reflects the uncertainty in using fewer implants than the
original protocol postulates. When a new method is
tried, it may be safer to use more implants than perhaps
are needed.
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Prostheses in the early loading group did not differ
from prostheses in the delayed loading group with
regard to number of teeth, length of cantilever, and
number of supporting implants. However, there was a
difference in the choice of framework in that most
frameworks in the early loading group were CNC-
milled titanium whereas cast gold frameworks pre-
dominated in the delayed loading group. More
biological and time-consuming technical complications
occurred in the early loading group, as also reported by
Friberg and colleagues.”” The two prostheses remade
because of misfit in the early loading group had
impression copings placed by the surgeon who per-
formed the implant placement. The misfit was prob-
ably a result of incorrect placement of the impression
copings and could have been avoided by taking
radiographs of the copings before the impression was
made.

Divided by group, the survival rates for prostheses
and implants were 92.5 and 94.4% with early load-
ing, and 98.0 and 97.9% with delayed loading. These
results agree with other studies conducted in a similar
manner‘l9,35,41,42

The use of three different implant systems has
probably not influenced bone loss results because
most implants in both groups were Branemark system
implants, and prospective studies comparing Brane-
mark system implants with ITT implants and Astra Tech
implants have shown no significant differences in bone
losses in the different implant systems.*>* In addition,
the bone losses reported for turned and moderately
rough surfaces in different studies are of the same mag-
nitude.***> However, because the two other implant
systems were only used to a minor degree, the difference
in bone loss between the implant systems should be
interpreted carefully. Nevertheless, it could be stated that
the mean marginal bone loss at the 1- and 5-year radio-
graphic examination in the present study was low for
both types of rehabilitation, for all implant systems
used, and compares favorably with other studies.»*>**~*
Countersinking of implants combined with the use of
implants with a turned conical neck had a significant
influence on the bone loss during the first year; in the
present study, it was the main reason for greater mean
bone loss during the first year in the early loading group.
Because of the complex effect on marginal bone loss of
surgically induced trauma, stress distribution, micro-
biota, and host response, the exact role played by

separate implant design and surface characteristics is
difficult to discern.**

Opinions diverge whether submerging of implants
reduces initial bone resorption after implant installa-
tion. However, most reports of the different loading
protocols report comparable bone loss after abutment
connection.”*****! Tmmediate loading protocols may
act as an osteogenic stimulus because of the immediate
transmission of functional forces. Current bone biology
suggests that bone formation is enhanced and bone
density is increased by mechanical stimulation within
certain limits.”>*’ Another explanation could be that the
trauma of the second operation is avoided, thus preserv-
ing biological width by more superficial placement of
implants.'®*>*
Concerning soft tissue condition, differences
between the two groups were observed regarding
implant/abutments penetrating keratinized or non-
keratinized peri-implant mucosa. This was probably
because subjects with more remaining crestal bone were
selected as more suitable for early loading. Differences in
soft tissue appearance could not be substantiated. In
general, the peri-implant mucosal status was good and
soft tissue pathology was seen in only a few cases. This
observation is supported by Esposito and colleagues™
who stated that implants penetrating unattached
peri-implant mucosa were not associated with peri-
implantitis and accompanied bone loss, but did increase
the risk of entrapment of food debris and foreign par-
ticles with obvious consequences.

The technique with early loading has certain advan-
tages, which were reflected in the questionnaire, with a
significant difference in satisfaction between the two
techniques in favor of early loading. More patients were
pleased with the shorter treatment time and just one
surgical intervention and experienced less discomfort
during the manufacturing process than patients treated
according to the original protocol. This is supported by
another study comparing the number of clinic visits for
early loading and conventional loading.” In the present
study, try in of the framework was omitted in the early
loading group, resulting in fewer visits during fabrica-
tion of the prostheses. On the other hand, the early
loading group had more planned visits after prosthesis
placement with a mean of 3.4 compared to 2.2 for the
delayed loading group. However, in the present study,
the total cost for the prostheses was higher in the early
loading group with six prostheses being remade as a
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result of implant losses (n=4) and unacceptable fit
(n=2), and another four prostheses having the base of
the prosthesis adjusted in the dental laboratory as a
result of soft tissue shrinkage.

Because of lack of randomization in the present
study, the two patient populations were probably differ-
ent because of subjective allocation. This is to say that
patients allocated to the early loading group may have
been healthier and subject to fewer conditions which
may prejudice osseointegration, such as having under-
gone radiation therapy, bruxism, and diabetes. A proper
randomization and only experienced surgeons perform-
ing implant placement might have allowed a stronger
difference between the groups to be observed.

CONCLUSIONS

Within the limitations of this study, the following con-
clusions can be made:

1. Acceptable clinical results can be achieved with
early loading of ISP in the mandible with implant
survival rates of 94.4%, when risk patients are
excluded.

2. The frequency of biological and mechanical com-
plications was higher in the early loading group
than in the delayed loading group, resulting in a
higher mean prosthetic cost for prostheses fabri-
cated according to early loading.

3. Patients treated according to the early loading
concept were more satisfied than those treated
according to the original protocol.

4. No differences were seen between the different
implant systems.

ACKNOWLEDGMENT

This study was supported by grants from Public Dental
Health, Orebro County Council.

REFERENCES

1. Ericsson I, Randow K, Glantz PO, Lindhe J, Nilner K. Some
clinical and radiographical features of submerged and non-
submerged titanium implants. A 5-year follow-up study.
Clin Oral Implants Res 1997; 8:422-426.

2. Ericsson I, Randow K, Nilner K, Peterson A. Early functional
loading of Branemark dental implants: 5-year clinical
follow-up study. Clin Implant Dent Relat Res 2000; 2:70-77.

3. Eliasson A, Palmgqvist S, Svenson B, Sondell K. Five-year
results with fixed complete-arch mandibular prostheses

10.

11.

12.

13.

14.

15.

16.

supported by 4 implants. Int J Oral Maxillofac Implants
2000; 15:505-510.

Adell R, Eriksson B, Lekholm U, Brénemark PI, Jemt T.
Long-term follow-up study of osseointegrated implants in
the treatment of totally edentulous jaws. Int ] Oral Maxillo-
fac Implants 1990; 5:347-359.

Henry PJ, Bower RC, Wall CD. Rehabilitation of the eden-
tulous mandible with osseointegrated dental implants:
10-year follow-up. Aust Dent ] 1995; 40:1-9.

Carlsson GE, Lindquist LW, Jemt T. Long-term marginal
periimplant bone loss in edentulous patients. Int J Prosth-
odont 2000; 13:295-302.

Ekelund JA, Lindquist IW, Carlsson GE, Jemt T. Implant
treatment in the edentulous mandible: a prospective study
on Branemark system implants over more than 20 years. Int
] Prosthodont 2003; 16:602—608.

Duyck J, Vandamme K, Geris L, etal. The influence of
micro-motion on the tissue differentiation around immedi-
ately loaded cylindrical turned titanium implants. Arch Oral
Biol 2006; 51:1-9.

Schroeder A, van der Zypen E, Stich H, Sutter F. The reac-
tions of bone, connective tissue, and epithelium to endosteal
implants with titanium-sprayed surfaces. Maxillofac Surg
1981; 9:15-25.

Ericsson I, Nilner K, Klinge B, Glantz PO. Radiogra-
phical and histological characteristics of submerged and
nonsubmerged titanium implants. An experimental study
in the Labrador dog. Clin Oral Implants Res 1996; 7:20—
26.

Abrahamsson I, Berglundh T, Moon IS, Lindhe J. Peri-
implant tissues at submerged and non-submerged titanium
implants. J Clin Periodontol 1999; 26:600-607.
Abrahamsson I, Berglundh T, Linder E, Lang NP, Lindhe J.
Early bone formation adjacent to rough and turned endos-
seous implant surfaces. An experimental study in the dog.
Clin Oral Implants Res 2004; 15:381-392.

Bernard JP, Belser UC, Martinet JP, Borgis SA. Osseointe-
gration of Branemark fixtures using a single-step operating
technique. A preliminary prospective one-year study in the
edentulous mandible. Clin Oral Implants Res 1995; 6:122—
129.

Buser D, Mericske-Stern R, Bernard JP, etal. Long-term
evaluation of non-submerged ITI implants. Part 1: 8-year
life table analysis of a prospective multi-center study
with 2359 implants. Clin Oral Implants Res 1997; 8:161—
172.

Collaert B, De Bruyn H. Comparison of Brdnemark fixture
integration and short-term survival using one-stage or two-
stage surgery in completely and partially edentulous man-
dibles. Clin Oral Implants Res 1998; 9:131-135.
Mericske-Stern R, Aerni D, Buser D, Geering AH. Long-term
evaluation of non-submerged hollow cylinder implants. Clin
Oral Implants Res 2001; 12:252-259.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Analysis of Early and Delayed Loading of Mandibular Prostheses 147

Attard NJ, Zarb GA. Immediate and early implant loading
protocols: a literature review of clinical studies. J Prosthet
Dent 2005; 94:242-258.

Chow J, Hui E, Liu J, et al. The Hong Kong Bridge Protocol.
Immediate loading of mandibular Branemark fixtures
using a fixed provisional prosthesis: preliminary results. Clin
Implant Dent Relat Res 2001; 3:166—174.

Becker W, Becker BE, Huffstetlert S. Early functional loading
at 5 days for Branemark implants placed into edentulous
mandibles: a prospective, open-ended, longitudinal study. J
Periodontol 2003; 74:695-702.

Collaert B, De Bruyn H. Early loading of four or five Astra
Tech fixtures with a fixed cross-arch restoration in the man-
dible. Clin Implant Dent Relat Res 2002; 4:133—135.

Misch CE, Degidi M. Five-year prospective study of
immediate/early loading of fixed prostheses in completely
edentulous jaws with a bone quality-based implant system.
Clin Implant Dent Relat Res 2003; 5:17-28.

Wolfinger GJ, Balshi TJ, Rangert B. Immediate functional
loading of Brdnemark system implants in edentulous man-
dibles: clinical report of the results of developmental and
simplified protocols. Int J Oral Maxillofac Implants 2003;
18:250-257.

Wat PYP, Chow JKF, Chu FCS, Chow TW. Modified man-
dibular complete denture as an interim implant-supported,
cement-retained prosthesis: a clinical technique. Clin
Implant Dent Relat Res 2007; 9:1-5.

Testori T, Meltzer A, Del Fabbro M, et al. Immediate occlusal
loading of Osseotite implants in the lower edentulous jaw. A
multicenter prospective study. Clin Oral Implants Res 2004;
15:278-284.

Branemark PI, Engstrand P, Ohrnell LO, et al. Novum: a new
treatment concept for rehabilitation of the edentulous man-
dible. Preliminary results from a prospective clinical
follow-up study. Clin Implant Dent Relat Res 1999; 1:2—16.
Friberg B, Sennerby L, Linden B, Gréndahl K, Lekholm U.
Stability measurements of one-stage Brdnemark implants
during healing in mandibles. A clinical resonance frequency
analysis study. Int ] Oral Maxillofac Surg 1999; 28:266-272.
Randow K, Ericsson I, Nilner K, Petersson A, Glantz PO.
Immediate functional loading of Brdnemark dental
implants. An 18-month clinical follow-up study. Clin Oral
Implants Res 1999; 10:8-15.

Ericsson I, Randow K, Nilner K, Peterson A. Early functional
loading of Brdnemark dental implants: 5-year clinical
follow-up study. Clin Implant Dent Relat Res 20005 2:70-77.
Engstrand P, Grondahl K, Ohrnell LO, Nilsson P, Nannmark
U, Branemark PI. Prospective follow-up study of 95 patients
with edentulous mandibles treated according to the Brane-
mark Novum concept. Clin Implant Dent Relat Res 2003;
5:3-10.

Friberg B, Henningsson C, Jemt T. Rehabilitation of edentu-
lous mandibles by means of turned Brdnemark system

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

implants after one-stage surgery: a 1-year retrospective study
of 152 patients. Clin Implant Dent Relat Res 2005; 7:1-9.
Nkenke E, Fenner M. Indications for immediate loading of
implants and implant success. Clin Oral Implants Res 2006;
17(Suppl 2):19-34.

Avila G, Galindo P, Rios H, Wang HL. Immediate implant
loading: current status from available literature. Implant
Dent 2007; 16:235-245.

Esposito M, Grusovin MG, Willings M, Coulthard P, Wor-
thington HV. Interventions for replacing missing teeth: dif-
ferent times for loading dental implants. Cochrane Database
Syst Rev 2007; 18:CD003878.

Jokstad A, Carr AB. What is the effect on outcomes of time-
to-loading of a fixed or removable prosthesis placed on
implant(s)? JOMI 2007; 22:19-48.

Engquist B, Astrand P, Anzén B, et al. Simplified methods of
implant treatment in the edentulous lower jaw: a 3-year
follow-up report of a controlled prospective study of one-
stage versus two-stage surgery and early loading. Clin
Implant Dent Relat Res 2005; 7:95-104.

Moberg L-E, Kondell P-A, Sagulin G-B, Bolin A, Heimdahl
A, Gynther GW. Branemark system and ITI Dental Implant
system for treatment of mandibular edentulism. A compara-
tive randomized study: 3-year follow-up. Clin Oral Implants
Res 2001; 12:450—-461.

Aparicio C, Rangert B, Sennerby L. Immediate/early
loading of dental implants: a report from the Sociedad
Espafiola de Implantes World Congress consensus meeting
in Barcelona, Spain, 2002. Clin Implant Dent Relat Res
20035 5:57-60.

Buser D, Weber HP, Brigger U. The treatment of partially
edentulous patients with ITT hollow-screw implants: presur-
gical evaluation and surgical procedures. Int J Oral Maxillo-
fac Implants 1990; 5:165-175.

Adell R, Lekholm U, Branemark P-1. Surgical procedure. In:
Branemark P-1, Zarb GA, Albrektsson T, eds. Tissue inte-
grated prostheses: osseointegration in clinical dentistry.
Chicago, IL: Quintessence, 1985:211-232.

Astrand P, Engquist B, Dahlgren S, Kerstin E, Feldmann H.
Astra Tech and Brdnemark system implants: a 5-year pro-
spective study of marginal bone reactions. Clin Oral
Implants Res 2004; 15:413-420.

De Bruyn H, Collaert B. Early loading of machined-surface
Brénemark implants in completely edentulous mandibles:
healed bone versus fresh extraction sites. Clin Implant Dent
Relat Res 2002; 4:136—-142.

Henry PJ, van Steenberghe D, Blombick U, et al. Prospective
multicenter study on immediate rehabilitation of edentulous
lower jaws according to the Brdnemark Novum protocol.
Clin Implant Dent Relat Res 2003; 5:137—-142.

Astrand P, Engquist B, Anzen B, et al. A three-year follow-up
report of a comparative study of ITI Dental Implants and
Branemark system implants in the treatment of the partially



148

44,

45.

46.

47.

48.

49.

Clinical Implant Dentistry and Related Research, Volume 11, Number 2, 2009

edentulous maxilla. Clin Implant Dent Relat Res 2004;
6:130-141.

Gotfredsen K, Karlsson U. A prospective 5-year study of
fixed partial prostheses supported by implants with
machined and TiO, blast surface. J Prosthodont 2001;
10:2-7.

Van Steenberghe D, De Mars G, Quirynen M, Jacobs R, Naert
I. A prospective split-mouth comparative study of two
screw-shaped self-tapping pure titanium implant systems.
Clin Oral Implants Res 2000; 11:202-209.

Ortorp A, Linden B, Jemt T. Clinical experiences with laser-
welded titanium frameworks supported by implants in the
edentulous mandible: a 5-year follow-up study. Int J Pros-
thodont 1999; 12:65-72.

Ortorp A, Jemt T. Clinical experiences with laser-welded
titanium frameworks supported by implants in the edentu-
lous mandible: a 10-year follow-up study. Clin Implant Dent
Relat Res 2006; 8:198-209.

Wennerberg A, Carlsson GE, Jemt T. Influence of occlusal
factors on treatment outcome: a study of 109 consecutive
patients with mandibular implant-supported fixed prosthe-
ses opposing maxillary complete dentures. Int J Prosthodont
2001; 14:550-555.

Astrand P, Almfeldt I, Brunell G, Hamp SE, Hellem S, Karls-
son U. Non-submerged implants in the treatment of the

50.

51.

52.

53.

54.

55.

edentulous lower jar. A 2-year longitudinal study. Clin Oral
Implants Res 1996; 7:337—344.

Petersson A, Rangert B, Randow K, Ericsson I. Marginal
bone resorption at different treatment concepts using Brane-
mark dental implants in anterior mandibles. Clin Implant
Dent Relat Res 2001; 3:142—-147.

Turkyilmaz I, Téziim TF, Tumer C, Ozbek EN. A 2-year
clinical report of patients treated with two loading protocols
for mandibular overdentures: early versus conventional
loading. ] Periodontol 2006; 77:1998-2004.

Cooper LF, Rahman A, Moriarty J, Chaffee N, Sacco D.
Immediate mandibular rehabilitation with endosseous
implants: simultaneous extraction, implant placement, and
loading. Int J Oral Maxillofac Implants 2002; 17:517-525.
Berglundh T, Abrahamsson I, Lindhe J. Bone reactions to
longstanding functional load at implants: an experimental
study in dogs. J Clin Periodontol 2005; 32:925-932.
Esposito M, Hirsch JM, Lekholm U, Thomsen P. Biological
factors contributing to failures of osseointegrated oral
implants. (I). Success criteria and epidemiology. Eur J Oral
Sci 1998; 106:527-551.

Chee W, Jivraj S. Efficiency of immediately loaded mandibu-
lar full-arch implant restorations. Clin Implant Dent Relat
Res 2003; 5:52-56.



Copyright of Clinical Implant Dentistry & Related Research is the property of Blackwell
Publishing Limited and its content may not be copied or emailed to multiple sites or posted to a

listserv without the copyright holder's express written permission. However, users may print,
download, or email articles for individual use.



