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Problem: Several conditions must be present to obtain implant

integration and long-term clinical success when using the one-stage

implant placement procedure with immediate loading. These

conditions include (1) primary stability, (2) sufficient bone quality,

and (3) elimination of micromovement of the implant before osseous

integration is complete. Purpose: This report presents the results of

research on immediate loading using a new and innovative implant

design, Ankylos. Methods: The author reviewed clinical studies of

immediate loaading or oral implants, including two treatment

options, removable overdentures and fixed reconstructions. Results:

Animal studies have demonstrated that successful osseointegration of

Ankylos implants can occur (Figure 2D) when implants are placed

and loaded immediately in the presence of some specific conditions.

The histological findings involving implants that were placed in

humans and immediately loaded showed no fibrous tissue formation

(encapsulation). The bone-to-implant contact (osseointegration) was

found to be excellent between the immediately-loaded implants and

the surrounding alveolar bone. Conclusions: The Ankylos implant

system with its progressive thread design successfully promotes

primary, clinical stability at the time of implant placement. Several

animal studies have shown that in implant restorations placed in

similar areas of poor bone quality (ie, maxilla and the posterior part of

the mandible), the concept of immediate loading can result in long-

term clinical success, when loading forces are controlled. Immobili-

zation of the implants and soft diet recommendations that reduce

micromovement at the bone-to-implant interface will improve long-

term clinical success. In summary, the Ankylos implant is well

designed for one-stage placement with immediate loading, as well as

for two-stage treatment protocols. Both clinical protocols will result in

long-term clinical survival.

EDITOR’S NOTE: As of the printing date of this publication, the Ankylos SynCone and Cercon abutments were not yet
approved for use in the United States. Ankylos implants are approved for single stage surgical placement and immediate
loading in the United States, but immediate loading is restricted to the anterior mandible, based on 4 intraforaminal placed
implants, and is not indicated for single, unsplinted implants.
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INTRODUCTION

I
n 1983, Branemark recom-
mended that endosseous
dental implants remain
covered and free from
loading for a period of 3
months in the mandible

and 6 months in the maxilla1 to
allow implant-bone integration
(osseointegration). Any micromo-
tion greater than 100 lm during
this healing period can have
a negative effect on the osseous
integration of oral implants.2 If
micromotions are present and
exceed they this level, fibrous
tissue may form at the bone-
implant interface, and the bone
remodeling processes may be
disturbed to an extent that would
eventually lead to implant loss.3-4

Following implant placement
and a short healing period, im-
mediate loading of implants can
have positive social and psycho-
logical effects for patients.5

Currently, a precise definition
for ‘‘immediate loading’’ does not
exist, and this has caused consid-
erable confusion in the dental
implant literature. In some cases,
immediate loading may refer to
a period of a few hours, whereas
in others, it refers to the first 3
days after implant placement and
after the dental restoration has
been placed.6-11 Some clinicians
recommend that a restoration be
inserted after a period of 3 weeks
following implant placement sur-
gery.12,13

In some clinical studies (pri-
mary, 2-stage), submerged im-
plants are placed along with
nonsubmerged (secondary) im-
plants on the same day. The non-
submerged implants are used to
support a temporary restoration.
After healing, the secondary im-
plants are splinted with sub-
merged healed (primary)
implants.8,12,14 These secondary
implants are overloaded and can-

not be comparedwith immediate-
ly-loaded implants. There is
ongoing discussion whether or
not immediately-loaded implants
per definition should have occlusal
contacts within the same day or
a few days after surgery (imme-
diate functional loading), or
whether they should remainwith-
out occlusal contacts (immediate
nonfunctional loading). Under
these 2 different definitions of
loading concepts, functional or
nonfunctional immediate load-
ing is a technique that seems to
give satisfactory results in select-
ed cases.15-16

IMMEDIATE LOADING—
REQUIREMENTS FOR SUCCESS

Several requirements need to be
present to ensure long-term suc-
cess of immediately-loaded im-
plants. These include: (1) excellent
stability of the implant, (2) excel-
lent bone density for the implant
bed, and (3) elimination of micro-
motion in the bone-implant in-
terface during the healing period.

Primary stability

The implant design makes a sig-
nificant contribution to the initial
stability of the implant during
placement surgery. An appropri-
ate thread design has a higher
retention, and may contribute to
a better, long-term clinical prog-
nosis compared to a cylindrical
implant forms.17-18 Moreover, the
implant surface microstructure
(microinterlock) may also con-
tribute significantly to primary
implant stability. Rough implant
surfaces, to a greater extent than
smooth surfaces, demonstrate
a higher attachment of bone cells
and accelerate implant inte-
gration.19-22 In general, when
implants must be loaded imme-
diately, a screw thread implant
design with rough surface is

recommended.5,8,10 Jaffin et al10

reported that immediately-loaded
implants with machined smooth
surfaceshadamuch lower success
rate (83%) compared to implants
with titanium plasma sprayed/
sandblasted large-grit acid-etched
(TPS/SLA) surfaces (99%).

By increasing the implant sur-
face using a sandblasted micro-
texture and a progressive thread
geometry (Ankylos, Friadent
GmbH, Mannheim, Germany), it
is possible to use only one implant
in order to successfully replace
single molars.23 Studies have also
shown that small-diameter im-
plants (3.5 mm in diameter) with
a 14-mm length had a total surface
similar tomultirooted teeth.24 The
Ankylos implant has demonstrat-
ed excellent stability in the initial
stages of healing.25 Its high stabil-
ity may be explained by the high
percentages of bone-to-implant
contact present immediately after
implant insertion. This bone-im-
plant contact has been docu-
mented in different anatomical
studies.26 Moreover, the increased
stability of the progressive thread
design has been demonstrated in
a clinical study showing that small
size, single-tooth Ankylos im-
plants have an excellent, long-
term prognosis. In this study,
a total of 357 implantswere placed
in order to replace missing single
(107 anterior and 250 posterior)
teeth. The implants were restored
after uncovering with single (un-
splinted) crowns. After a total
loading period of 40.9 (631.7)
months, only 8 failures were ob-
served,which represents a success
rate of 97.7%.27

The short integration period,
which is extremely important for
immediate, functional-loading
cases, is believed to be associated
with the surface roughness of
the implant. The surface rough-
ness seems to play an important
role in timing,19 the amount of in-
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tegration,22 and micromotion
tolerance.28-30

Bone quality

Another important parameter
that influences the long-term suc-
cess of oral implants is the bone
quality of the prepared implant
bed. Failure of implants placed
with a 2-stage protocol have been
reported in areas with compro-
mised bone qualities.31 Immedi-
ately-loaded implants can also
fail when they are placed in areas
with poor bone quality; this is
often encountered in the posterior
part of the mandible.8,12,14 Most
clinicians recommend implants
be placed in the mandibular
symphysis, where bone quality
is excellent, and to load them
immediately.6,7,13,32

Reduction of micromotion

Sufficient immobilization (splint-
ing) immediately after surgery
is another requirement in the
immediate-loading protocol. The
implants should be splinted
the same day as surgery using
bar-retained overdentures,6,7,33 or
using a conical, crown-retained
implant-supported overdenture
as a type of a secondary immobi-
lization.34 Implants may also be
splintedwith temporary fixedpros-
thetic restorations8-12,14,35 when
edentulous ridges are to be re-
stored with fixed prosthetic re-
constructions.

Based on the results reported
in different orthopedic studies,
fractured immobilized bones can
be loaded immediately after sur-
gery. This treatment concept is
a daily approach to the treatment
of fractures when functional, sta-
ble osteosynthesis plating sys-
tems are used. Early loading can
be advantageous to healing in
fractured areas.36-39 A significant
increase in blood vessel forma-
tion, as well as active remodeling

in fractured zones, has been
shown under loading.40 Interac-
tive loading, which involves fre-
quent cycling of tension and
compression stress, is one of the
requirements of healing. Contin-
uous loading, however, is to be
avoided. To reduce excessive
loading forces during mastica-
tion, a soft diet is advised for the
first 4–6 weeks of healing.11,41-42

CLINICAL EXPERIENCE WITH

IMMEDIATE LOADING

Immediate-loading of oral im-
plants is an innovative and
attractive treatment method

available in implant dentistry
today. This approach requires
good knowledge of bone biology
and the remodeling processes
that occur during healing. There
are two ways to treat partially or
completely edentulous patients
who need prosthetic rehabilita-
tion. These involve either remov-
able, fixed implant-supported or
implant-retained restorations,
both of which may be used with
the immediate loading concept.

Removable overdentures

The first immediate-loading pro-
tocols were used to restore the

FIGURE 1. (A) Splinting of four implants for immediate loading using a bar-retained
complete overdenture. (B) A clinical case similar to that shown in (A); SynCone
abutments are covered with precision-manufactured copings (telescopic crowns) that
will be incorporated in a temporary denture to provide indirect immobilization of the
implants immediately following placement. (C–E) Implant placement at the upper jaw
for immediate loading. (C) A provisional connection of abutments is necessary to find
the correct position. (D) The final abutments were connected and GBR-technique at
the crestal part of the implants used before flap closure. (E) The final restorations in
the upper and lower jaws present excellent esthetics and (F) no bone loss 2 years after
loading.
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lower jaw using four implants
connected with a bar in the
mandibular symphysis in the first
3 days after surgery (Figure 1A)
to support or retain a removable
overdenture. Using this ap-
proach, a cumulative implant
success rate of more than 88%
has been demonstrated in several
clinical studies and clinical case
reports.6,7,32,33

Recent clinical studies have
documented that indirect immo-
bilization of four primary stable
Ankylos implants (placed in the
anterior region of the mandible)
can also be successfully immedi-
ately-loaded with an implant-
supported overdenture. The im-
plants were not splinted together
with a bar, but were connected
with prefabricated telescopic con-
ical abutments (Figure 1B) having
a 48 angulation (SynCone System,
Friadent, Mannheim, Germany).
These prefabricated abutments
are manufactured with a precise
fit to secondary copings that are
inserted into the base of the den-
ture. The patient should consume
a soft diet, and the denture should
not be removed for 10 days.

This treatment protocol has
been used in a 204 implants
during an observation period of
2 years, and presented a cumula-
tive survival rate of 97.54%.34 The
SynConeprefabricated abutments
with telescopic copings have
many benefits. They significantly
reduce the cost associated with
the fabrication of customized cast-
ings, and they allow better oral
hygiene in comparison to the bar-
retained dentures. A similar con-
ceptwith early-functional loading
(the implants were functionally
loaded within 5 days after sur-
gery) was recently published us-
ing the Branemark implant
system. After 2 years of loading,
a cumulative survival rate of
96.3% has been observed.43

Fixed reconstructions

The restoration of edentulous
jaws with fixed implant-sup-
ported reconstruction generally
requires a higher number of im-
mediately-loaded implants. This
number varies, but 6–12 implants
has been suggested by most clini-
cians.8,10,12,14,16,35,44 Glauser et al45

reported high success rates
(97.1%) after 1 year of loading in
areas of low bone density in the
maxilla or the mandible. The
authors used long implants, and
they excluded patients who dem-
onstrated bruxism.

We have successfully restored
edentulous upper and lower jaws
with only 6 Ankylos implants in
each jaw, and have immediately
loaded the implants after implant
placement surgery using tempo-
rary resin restorations (immedi-
ate functional loading). The final
restorations were placed and ce-
mented with Temp-bond fixation
material approximately 6 weeks
after placement surgery (Figure
1C–E). No crestal bone loss was
evident 2 years after loading
using this concept (Figure 1F).
The complete treatment protocol
for this treatment method has
been published recently.44 The
present results document a high
success rate (97.22%) in 8 patients
with 72 implants after a loading
period of 15.21 (6 7.81) months.46

The two implants that failed and
were removed were maxillary
implants that had been placed in
a patient with a history of brux-
ism. In 5 patients with 6 restora-
tion implants in each lower jaw
(30 Ankylos implants), there was
no evidence of crestal bone loss,
and the implants were 100%
successful after a total loading
period of 20.50 6 9.74 months.
All implants exhibited healthy
peri-implant soft tissues and hard
tissues in contact with the im-
plants.47

The Ankylos implant system
has resulted in highly successful
and predictable osseointegration
for immediately-loaded implants
placed in the posterior part of the
mandible (3 implants connected
together) to restore partially
edentulous jaws. Two protocols
were used in a prospective clini-
cal study involving 12 patients
who were bilaterally partially
edentulous in the posterior part
of the mandible. The first was
a standard loading protocol. It
was used on one side, and was
considered to be the control. The
contralateral side involved the
immediate functional-loading
protocol, and served as the test
side. The results produced excel-
lent healing of the soft and hard,
peri-implant tissues (Figure 2A–
C). After a period of 2 years of
follow up, the cumulative success
rate was 100% for 3 Ankylos
implants connected together and
loaded immediately after sur-
gery.42,48

Histological specimens were
obtained in a clinical study con-
ducted by Rocci et al49 with
oxidized implants that were sub-
jected to either early or immedi-
ate loading, and followed for
a period of 5 to 9 months. All
specimens showed normal heal-
ing around all implants. In this
study, the implants for only 1
patient were subjected to imme-
diate functional loading on the
same day of surgery. The im-
plants in 4 other patients in-
volved early loading; 2 months
after surgery the implants had
occlusal contacts. The investiga-
tors performed additional studies
to determine the success rate of
machined and TiUnite-surfaced
implants. Of the implants placed
and followed in this study, 14.4%
of those with machined surfaces
failed compared to 4.7% of oxi-
dized implants in the first year of
loading. The higher failures for
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the machined-surface implants
occurred more frequently in
patients who smoked and in
those with poor (type IV) bone
qualities.50

The ability to restore upper
and lower jaws using implants
placed immediately following
natural tooth extraction and by
subjecting them to immediate
functional loading represents an
interesting concept. This treat-
ment protocol would provide
many opportunities for patients
with advanced periodontal de-
struction who may not be able to
tolerate a full denture.44 The
excellent primary stability of the
Ankylos implant, with its pro-
gressive thread design and the
root-form design, provides excel-
lent anchorage in the bony socket
immediately after extraction. The
present clinical data show an
impressively high success rate
using this treatment protocol
after clinical loading of the im-
plant for a period of 2 years.41

HISTOLOGICAL OBSERVATIONS OF

IMMEDIATELY LOADED IMPLANTS

Animal studies have demon-
strated that successful osseointe-
gration of Ankylos implants can
occur (Figure 2D) when implants
are placed and loaded immedi-
ately in the presence of some
specific conditions. The implant
surface roughness and the thread
design of these implants are
major factors in realizing this
success.51-56

Comparison of the histological
and histomorphometrical find-
ings of the peri-implant hard
tissues42,55 and soft tissues57 on
immediately-loaded Ankylos im-
plants and for delay-loaded im-
plants did not show any
significant differences in speci-
mens from Macaca fascicularis
monkeys. The mineralized bone

tissues at the interface of imme-
diately-loaded implants ap-
peared to exhibit higher density
compared to the bone tissue
around delay-loaded implants.56

Higher bone density has been
demonstrated at the interface
around both immediate-loaded
or delayed-loaded implants com-
pared to unloaded implants in
monkeys.58 This explains that, in
general, loading of implants
seems to stimulate the formation
of dense bone at the implant-bone
interface, as has been reported
elsewhere.59

The histological findings in-
volving implants that were
placed in humans and immedi-

ately loaded showed no fibrous
tissue formation (encapsulation).
The bone-to-implant contact (os-
seointegration) was found to be
excellent between the immedi-
ately-loaded implants and the
surrounding alveolar bone.
These implants had both blade
designs60 or screw thread de-
signs,53,61 which were removed
because of implant fractures.
Similar findings (unpublished
data) were recorded after a histo-
logical examination of en bloc
human biopsy specimen from
a patient who died from bron-
chial carcinoma. A total of 12
Ankylos implants (6 in the max-
illa and 6 in the mandible) were

FIGURE 2. (A, B) Immediate loading of implants in a posterior mandible with
a temporary fixed restoration. (C) There is no evidence of crestal bone loss after 2 years
of functional loading. (D) Histological specimen from a monkey that demonstrates
excellent healing and bone formation following immediate loading. (E) Histological
specimen from a human biopsy shows excellent bone-to-implant integration without
fibrous tissue formation at the interface 7 months after immediate loading. (F) Higher
magnification demonstrates a mature bone with a high number of osteocytes.

G. E. Romanos
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examined and observed to have
implant-bone integration with-
out epithelial proliferation and
pocket formation (Figure 2E–F).
The histomorphometrical evalu-
ation of bone-to-implant contact
within the threads demonstrated
a mean of about 51%, and
a mean bone volume of about
52% with a tendency toward
higher percentages around the
implants in the upper jaw 7
months after loading (G. E. R.
and C. Johansson, unpublished
data, 2004).

FUTURE DEVELOPMENTS AND

ASPECTS

For implants placed with imme-
diate loading, primary stability is

necessary in order to reduce
micromovement and to establish
long-term success. To improve
primary stability, it is recom-
mended that special surgical tech-
niques be used to increase bone
density in the implant bed before
implant insertion. Special instru-
ments such as osteotomes (Bone
Spreading System, Ustomed
Company, Tuttlingen, Germany)
may be used in areas with poor
bone quality to provide denser
bone structure. Advanced aug-
mentation surgical procedures
should be used with autogenous
bone grafting material from the
tuberosities, the chin, or the retro-
molar areas when implants are
inserted in atrophied alveolar
ridges. There is no doubt that

guided bone regeneration (GBR)
techniques with membranes must
be used with considerable care.

When immediate implant
placement and immediate func-
tional loading are planned, it is
mandatory that a flap be elevated
to allow complete removal of
infected soft tissues in periodontal
pockets. The bone socket remain-
ing following tooth removal must
be carefully prepared to receive
the implant. The preparation
should be made with a minimal
amount of surgical trauma and
should allow a tight fit between
the bone and the implant41; this
will provide the required excel-
lent, primary stability. If these
clinical conditions are established,
the treatment period can be re-
duced considerably, and long-
term success may be achieved
(Figure 3). To date, we have
treated 14 patients using this
concept using 126 immediate im-
plants placed in 12 maxillae and 6
mandibles, loaded immediately
after surgery. After a loading pe-
riod of 14.07 6 5.86 months we
have demonstrated a 97.61% suc-
cess rate (3 immediate implants in
combination with sinus lift and
immediate loading were lost).

Specialized training in ad-
vanced periodontal and implant
surgery as well as in implant
prosthodontics will help dentists
realize a high success rate for
implants. Additional scientific
data for some of these protocols
are necessary before these tech-
niques can be used in dental
offices on a routine basis. The
excellent primary stability of the
Ankylos implant system used in
these clinical situations is abso-
lutely essential in order to obtain
more evidence and scientific data.

SUMMARY AND CONCLUSIONS

The new and innovative Ankylos
implant design provides excellent

FIGURE 3. (A) Radiograph of periodontal disease. (B, C) Teeth were extracted and
implants were immediately placed in a maxillary jaw (B) and a mandibular jaw (C).
(D) Temporary bridges were used to immediately load implants. (E) Final restorations.
(F) Radiograph showing baseline bone levels. (G) Radiograph demonstrates no bone
loss.

IMMEDIATE LOADING OF ORAL IMPLANTS

194 Vol. XXX/No. Three/2004



clinical performance either as
a two-stage or one-stage implant
with immediate loading. It per-
forms well with either immediate
placement and immediate load-
ing following the removal of
natural teeth. As reported by
Chou et al63 and in our clinical
studies, crestal bone loss has not
been a problem with this implant.
We suggest that clinicians who
plan to use immediate loading of
the implant carefully follow the
treatment protocols described in
this paper.
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1. Brånemark PI. Osseointe-
gration and its experimental
background. J Prosthet Dent. 1983;
50:399–410.

2. Brunski JB. Avoid pitfalls
of overloading and micromotion
of intraosseous implants (inter-
view). Dent Implantol Update.
1993;4:77–81.

3. Pilliar RM, Lee JM, Mania-
topoulos C. Observations on the
effect of movement on bone in-
growth into porous-surfaced im-
plants. Clin Orthop. 1986;208:
108–113.

4. Brunski JB. Forces on den-
tal implants and interfacial stress
transfer. In: Laney WR, Tolman
DE, eds. Tissue integration in oral,
orthopaedic and maxillofacial recon-
struction. Chicago, Ill: Quintes-
sence; 1992:108–124

5. Salama H, Rose LF, Salama
M, Betts NJ. Immediate loading
of bilaterally splinted titanium
root-form implants in fixed pros-

thodontics. A technique reex-
amined: two case reports. Int J
Periodontics Restorative Dent.
1995;15:344–361.

6. Ledermann PD. Über
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