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Implant placement in the posterior
mandible is associated with many
problems because of insufficient bone
quality.1–3 Moreover, anatomic limita-
tions, which restrict the amount of
bone available for implant placement
in posterior locations, often mean that
only shorter implants can be placed.
Furthermore, biomechanical factors,
such as increased loading forces in
these locations, may be associated
with higher failure rates,4 and frequent
occurrences of peri-implantitis have
also been reported.5

Immediate loading of implants
placed in the posterior mandible may
be a high-risk clinical situation because
loading immediately after surgery may
result in micromotions at the interface,
thus interfering with the healing
process. If these micromotions are rel-
atively small, the tissue has the capac-
ity to differentiate into bone, similar to
the healing pattern seen in fractured
bones after stabilization with osteosyn-
thesis plates. Larger micromotions,
however, will lead to fibrous tissue for-
mation at the interface,6 which can
result in scar tissue, as in nonstabilized
fractured bones. The critical point for
the clinician is to understand that the
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amount of micromotion that might
occur cannot be clinically evaluated
during surgery. 

In general, the concept of imme-
diate loading in the fully edentulous
mandible is a well-accepted treatment
concept, with a cumulative success
rate of 92% after a mean observation
period of 7.23 years, when four pri-
marily stable implants have been
placed in the anterior part of the
mandible, splinted with a bar, and
loaded with a bar-retained overden-
ture.7 Additional studies using the
same treatment concept also found
high success rates.8,9 The placed
implants were immobilized immedi-
ately after surgery by the bar restora-
tion. Moreover, indirect immobilization
of four implants placed in the anterior
part of the mandible and connected
with prefabricated telescopic crowns
can be done if the dentures are placed
immediately after implant placement
and not removed in the first 2 weeks of
healing.10 

Further studies showed successful
implant treatment when 6 to 10
implants were placed in the mandible
and loaded by a fixed implant-
supported restoration.11–15 In such clin-
ical procedures, the implant success
rate seems to be high because the full-
arch restoration placed immediately
after implant placement minimizes
micromotion as a result of adequate
splinting of the implants in the arch and
the significant reduction of bending
moments. In some studies, immedi-
ately loaded implants that were later
connected to submerged implants12,13,15

presented high success rates. 
From a biomechanical point of

view, increased bending moments can

occur when implants are placed in the
posterior part of the jaw.16 Clinical
studies of immediate loading in the
posterior mandible reported a high
number of failures caused by the
porous nature of the bone in these
areas.17–20 Other authors placed a high
number of implants in the mandible
(including the posterior mandible) and
avoided the removal of the provisional
restoration during the 4- to 6-month
healing period. In addition, they rec-
ommended screw-retained provisional
and noncemented restorations, which
have the advantage of easy removal
and do not cause macromovements
during the healing period.13 Because
of the increased failures seen with
immediately loaded implants placed in
the posterior mandible, the aim of this
study was to compare the success rate
of immediately loaded implants versus
implants loaded in a delayed protocol
placed in the posterior part of the
mandible in a prospective clinical study
of 12 consecutive cases.

Method and materials 

Twelve patients were selected for this
prospective clinical study. Seven male
and five female patients with a mean
age of 50.75 (± 7.95) years were exam-
ined clinically and radiographically by
means of panoramic radiographs
before surgery. All patients were bilat-
erally edentulous in the mandible dis-
tal to the canines or first or second
premolars. In eight patients, the max-
illa had periodontally healthy teeth or
fixed prosthetic reconstructions; the
remaining four patients had remov-
able prostheses in the maxilla.

According to the selection criteria of
this study, all included patients showed
high levels of compliance with 
treatment and were in good general
health. Alcohol-, drug-, or medication-
dependent patients, postradiotherapy
or postchemotherapy patients, and
pregnant subjects were excluded from
the study. Only those patients with 
sufficient bone (more than 11.0 mm in
height and 6.0 mm in width) were
selected for this study. Six patients
were occasional smokers. The study
was approved by the Ethics
Committee of the Johann Wolfgang
Goethe University, Frankfurt, Medical
Faculty, according to the declaration of
Helsinki (1964) (no. 91/99).

Three Ankylos implants (Dentsply
Friadent CeraMed) were placed in
each side of the partially edentulous
posterior mandible. The Ankylos
Implant System has a characteristic
progressive thread design, which
results in better retention, especially at
its apical end (where bone often has
poorer quality) and a conical, tight con-
nection between the abutment and
the implant. 

Four implants replaced first pre-
molars, 20 implants replaced second
premolars, 24 implants replaced first
molars, 20 implants replaced second
molars, and 4 implants replaced third
molars. The implants were 11.0 mm
long and 3.5 mm wide (A-11 implants)
and were placed according to the
experimental design of this study (Fig
1). In areas of compromised bone
anatomy, one implant with a length of
9.5 mm and diameter of 4.5 mm (B-9.5
implants) was placed in each side of
the mandible. No patients with more
than one B-9.5 implant in either the
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test or control groups were included in
this study for statistical comparison. B-
9.5 implants were always placed in
symmetric positions for comparison
purposes. A total of 66 A-11 implants
and 6 B-9.5 implants were placed in
this study using surgical guide splints
fabricated after duplication of the
setup in the study casts. 

Surgical and prosthetic 
procedures

Evaluation of bone quality 
Bone quality, which was evaluated dur-
ing surgery, determined the technique
of implant placement according to the
following criteria:

• Hard: the implant was placed after
tapping with the ratchet

• Normal: the implant was placed
after tapping with the hand wheel 

allowed to heal and osseointegrate for
3 months after surgery; at this point
second-stage surgery was performed
and sulcus formers were placed. One
week later, the healing abutments were
replaced by straight or angulated (15-
degree) standard abutments.
Provisional acrylic resin crowns con-
necting the three implants together
were fabricated chairside with Protemp
(Espe) and cemented temporarily
(Temp Bond, Kerr). 

Test sites 
Test implants were placed on the day
that the control implants were loaded
with provisional restorations. After a
crestal incision was made and a
mucoperiosteal flap was elevated, the
implants were placed; provisional resin
restorations were inserted to load
implants immediately (Figs 3a and 3b).
Suturing of the flap was performed
with 4-0 silk. Provisional crowns, which
splinted together the three implants on

• Soft: the implant was placed without
tapping 

The 72 implants were placed in
areas of different bone qualities. Of
the control (delayed loading) implants,
7 were placed in soft bone, 2 in hard
bone, and 27 in normal bone. Of the
immediately loaded (test) implants, 7
were placed in soft bone, 3 in hard
bone, and 26 in normal bone.

Control sites 
After local anesthesia was induced with
articaine (Ultracain DS, Aventis), a buccal
incision was made and a mucoperi-
osteal flap was elevated. The implants
were placed into predetermined posi-
tions according to the surgical guides
(Fig 2) and the proposed surgical pro-
tocol published by Nentwig et al21 for
the Ankylos Implant System. The flaps
were sutured using 4-0 silk (Resorba).
The sutures were removed 7 to 10 days
after surgery. The implants were
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Fig 1 Experimental outline of the study.
PAR = periodontal measurements; Rö =
radiographic examination.
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each side of the mandible, had
occlusal contact only during maximal
intercuspation (Fig 4). Eccentric con-
tacts during lateral movements of the
mandible were eliminated. Canine or
anterior guidance was used in all clin-
ical cases. One week after insertion of
the provisional dentures, sutures were
removed. The provisional prostheses
stayed in place for a total of 6 weeks
and were then replaced with metal-
ceramic restorations. 

Postoperative care 
For postoperative care, chlorhexidine
digluconate was prescribed until suture
removal. Postoperative antibiotics
were not administered. For pain reduc-

tion, analgesics were recommended
(paracetamol/acetaminophen, 500
mg, three times per day). Patients were
advised to adhere to a soft diet for the
first 4 to 6 weeks of loading. 

Definitive restorations 
Two weeks after placement of the test
implants, the provisional restorations
were removed from all implants, and an
impression was made on both sides of
the mandible with polyether impres-
sion material (Impregum, Espe) using
special Ankylos transfer caps. A face-
bow transfer and interocclusal regis-
tration was performed before master
cast mounting in a SAM-2 articulator
(SAM Präzisionstechnik). Definitive

metal-ceramic restorations of high-
gold alloy (Bioherador N, Heraeus) and
porcelain (Omega 900, Vita) were fab-
ricated in the dental laboratory and
cemented 6 weeks after loading (Figs
5a and 5b).

Clinical and radiographic 
examinations

All implants were examined clinically
and radiographically at different time
intervals. Clinical periodontal mea-
surements, including Plaque Index
according to Silness and Löe,22 Sulcus
Bleeding Index according to
Mühlemann and Son,23 probing
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Fig 2 The implants are placed using a sur-
gical splint for guidance.

Fig 3a Implants are placed for immediate
loading. 

Fig 3b The test implants are loaded
immediately after surgery with acrylic resin
crowns. 

Fig 4 Sufficient occlusal contact occurs
immediately after placement of the test
group implants (left side of the mandible).

Fig 5a The definitive reconstructions in
the test (left mandible) and control (right
mandible) sites. 

Fig 5b Radiographic examination imme-
diately after insertion of the definitive pros-
theses on both sides in the same patient. 
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pocket depth, width of the keratinized
mucosa, and mobility values (Periotest,
Medizintechnik Gulden) according to
Olivé and Aparicio,24 were obtained
after removal of the prostheses at dif-
ferent time intervals. The Periotest
device was placed at the middle of
the buccal surface of each abutment
after removal of the prosthetic restora-
tion. Measurements performed dur-
ing the second week of loading were
defined as baseline (T0). Additional
measurements were obtained on the
day of insertion of the definitive metal-
ceramic restoration (after 6 weeks of
loading). Further Periotest measure-
ments were performed at 3, 6, 9, 12,
18, and 24 months after loading, fol-
lowing the removal of the prosthetic
restoration. At the same time,
panoramic radiographs were obtained
to evaluate crestal bone levels around
both test and control group implants
(see following for method used to eval-
uate bone loss). To ensure fair com-
parison, all implants were placed and
restored prosthetically by one clinician.
The prosthetic restorations were fabri-
cated by a limited number of dental

designated as horizontal; if the angle
was smaller than 45 degrees, the bone
loss was deemed vertical (Fig 6). 

Results

Healing was uneventful, and all
implants osseointegrated successfully.
No complications or postoperative
infections were observed during the
observation period (Figs 7a to 7c). No
visible implant mobility was observed
either immediately after surgery or dur-
ing the loading period in either implant
group after removal of the prosthetic
restoration. 

Clinical evaluation

The examined periodontal measure-
ments are presented in Table 1.

After removal of the prosthetic
restorations, Periotest values were cal-
culated and evaluated statistically. The
data analysis was performed using
Program NCSS2000 (Number
Cruncher Statistical Systems) and pre-

technicians (only three), who were well
instructed in the treatment concept.
The same clinician (GR) evaluated all
the implants clinically and radiograph-
ically. The mean loading period of the
implants was 25.3 ± 4.7 months. 

For each group (test/control) the
implants were loaded for the following
periods: 3 implants were loaded for 36
months; 6 implants were loaded for
30 months; 6 implants were loaded
for 25 months, 12 implants were
loaded for 24 months, 3 implants were
loaded for 23 months, 3 implants 
were loaded for 21 months, and 3
implants were loaded for 18 months.

Peri-implant crestal bone loss was
scored as follows: 0 = no bone loss; 
m = bone loss of less than 2.0 mm; 
1 = bone loss less than one quarter of
the implant length; 2 = bone loss of
less than half of the implant length; 3
= bone loss of less than three quarters
of the implant length. Horizontal and
vertical bone loss was determined
according to the angle between the
long axis of the implant and the crestal
bone margin. If this angle was greater
than 45 degrees, the bone loss was
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Fig 6 Definition of horizontal and vertical
bone loss according to the radiographic
examination.
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sented a normal distribution. The
median, minimum, and maximum
Periotest values obtained at the dif-
ferent time intervals for the test and
control sites are listed in Table 2. 

The peri-implant clinical indices
were compared statistically using the
Mann-Whitney U test for comparison
between the test and control groups.
There were no statistically significant
differences at the 5% level between
the two groups (P > .05). 

Radiographic evaluation

Bone loss was less than 2 mm around
all test and control group implants
(Table 3). A difference in bone loss
between the test and control group
implants was observed during the

loading period. According to these
data, the immediately functional
loaded implants had no or minimal (2
mm or less) vertical or horizontal bone
loss. In the control group, one site had
bone loss of about 3 mm at the final
follow-up evaluation (24 months). 

Discussion

There are various general requirements
for implant success in immediate func-
tional loading. Implants with threads
achieve better primary anchorage
(mechanical stability) in bone immedi-
ately after surgery in comparison to
cylindric implants without threads.25 In
addi-tion, there is an advantage for
implant integration when the surface of
the implant is rough, because bone 
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Figs 7a and 7b Healthy soft tissue condi-
tions are observed around delayed (a, left)
and immediately (b, center) occlusal loaded
implants 2 years after loading. 

Fig 7c (above) Radiographic examination
shows no bone loss around the implants of
the test (left mandible) as well as control
(right mandible) sites versus the baseline
radiograph (see Fig 5b).
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Table 1 Periodontal measurements of the patient sample 

Time/site* PI SBI PPD (mm) KG (mm)

T0

Test 0.5 ± 0.5 0.5 ± 0.6 2.1 ± 0.6 3.3 ± 1.7 

Control 0.2 ± 0.4 0.1 ± 0.2 2.1 ± 0.6 4.0 ± 1.2 

T1

Test 0.3 ± 0.4 0.3 ± 0.4 1.6 ± 0.5 2.6 ± 1.5 

Control 0.4 ± 0.5 0.3 ± 0.5 1.8 ± 0.4 3.7 ± 1.4 

T2

Test 0.2 ± 0.4 0.5 ± 0.5 1.9 ± 0.4 2.4 ± 1.5 

Control 0.1 ± 0.2 0.3 ± 0.4 1.8 ± 0.3 3.3 ± 1.4 

T3

Test 0.3 ± 0.4 0.3 ± 0.5 1.7 ± 0.4 2.3 ± 1.5 

Control 0.1 ± 0.1 0.2 ± 0.4 1.7 ± 0.4 3.2 ± 1.6

T4

Test 0.4 ± 0.6 0.5 ± 0.6 1.9 ± 0.2 2.5 ± 1.2 

Control 0.8 ± 0.7 0.3 ± 0.5 2.1 ± 0.2 3.3 ± 1.4

*For each type of site (test/control), n = 36.
T0 = after 2 weeks of loading;T1 = after 6 weeks of loading;T2 = after 3 months of loading;T3 =
after 6 months of loading;T4 = follow-up evaluation (mean, 24 months of loading).
PI = Plaque Index22; SBI = Sulcus Bleeding Index23; PPD = probing pocket depth; KG = width of
keratinized mucosa.

Table 2 Periotest values obtained at the different time intervals 

Time/site* Median Minimum Maximum

T0

Test –3 –7 22†

Control –3 –6 1 

T1

Test –3 –8 18†

Control –4 –8 3 

T2

Test –3 –5 7

Control –3.5 –7 0 

T3

Test –3 –8 2

Control –3 –5 0 

T4

Test –3.7 –6 –1

Control –3.2 –8 0  

*For each type of site (test/control), n = 36.
†These Periotest values represent mobility values of an implant placed in an area with extremely
poor bone quality.
T0 = after 2 weeks of loading;T1 = after 6 weeks of loading;T2 = after 3 months of loading;T3 =
after 6 months of loading;T4 = follow-up evaluation (mean, 24 months of loading).
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cells attach better to rough surfaces
(biologic stability) and achieve osseoin-
tegration more quickly.26,27 Clinical
studies of immediate loading of
implants with machined (relatively
smooth) surfaces showed high success
rates only in the mandible, not in the
maxilla, because of the frequently
compromised quality of maxillary
bone.28 A study performed by Tarnow
et al13 showed no differences in suc-
cess rates between maxillary and
mandibular arches. Gentle prepara-
tion of the implant bed without tap-
ping, especially in areas of compro-
mised bone quality, is necessary to
increase primary stability. Further sta-
bilization of the implants via splinting
with a bar or a fixed restoration is
mandatory to eliminate possible micro-

motion, which leads to fibrous tissue
formation and prohibits osseointegra-
tion.6 When a bar is fabricated or a
provisional fixed prosthesis is attached,
a precise fit is mandatory.7 The mag-
nitude of loading (masticatory) forces
is also of great importance and must
be minimized. This is possible if
patients are selected carefully for this
loading protocol. Bruxers or patients
with hypertrophic masticatory muscles
may need to be excluded. In addition,
a soft or liquid diet is strongly recom-
mended in immediate loading cases
for the first 4 to 6 weeks of loading.
Some authors prefer to avoid remov-
ing the cemented provisional pros-
theses during the first 6 weeks of heal-
ing,13 because it may lead to loss of
osseointegration of the implants.
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Table 3 Distribution of vertical and horizontal bone loss in
the test and control implant sites

Bone loss/site* T0 T1 T2 T3 T4

Vertical bone loss (n = 36)
Test sites

0 36 32 31 31 29
m 0 4 5 5 7

Control sites
0 32 31 27 27 26
m 4 5 9 9 9
1 0 0 0 0 1 

Horizontal bone loss (n = 36)
Test sites

0 35 31 33 33 28
m 1 5 3 3 8

Control sites
0 33 30 30 30 23
m 3 6 6 6 13

*For each type of site (test/control), n = 36.
T0 = after 2 weeks of loading;T1 = after 6 weeks of loading;T2 = after 3 months of loading;T3 =
after 6 months of loading;T4 = follow-up evaluation (mean, 24 months of loading).
0 = no bone loss; m = less than 2 mm of bone loss; 1 = bone loss less than one quarter of of the
implant length (and more than 2 mm).PI = Plaque Index22; SBI = Sulcus Bleeding Index23; PPD =
probing pocket depth; KG = width of keratinized mucosa.
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However, this did not occur in the pres-
ent 12 cases when we removed the
cemented provisionals at 2 weeks.

Of great importance is the clinical
evaluation of the implant placed at the
second molar site that showed a
Periotest value of +22 immediately after
placement. This value was very high,
and it does not correspond with high
stability. The implant was splinted with
the neighboring implants and showed
a continuous reduction in Periotest 
values during loading. Specifically, this
value was +3 at the time of the place-
ment of the definitive restoration (after
6 weeks of loading); Periotest values
were 0, –1, and –2 after 3, 6, and 9
months of loading, respectively. A 
negative Periotest value of –6 was finally
achieved after 2 years of loading. In only
6 weeks of loading with splinting it was
possible for the Periotest value to reach
an acceptable level (less than +8, which
is the highest level of acceptance). 
This validates the role of adequate
splinting after surgery, when implants
may not be stable because of poor
bone quality in the area of placement. 

Moreover, we used an implant sys-
tem that has adequate macroscopic
and microscopic properties and
enables high primary stability in com-
promised bone. The good stability of
this implant system and its increased
anchorage within cancellous bone has
been reported in previous in vitro pho-
toelastic studies.29 Furthermore, there
is a large total surface area on this
implant, with its special progressive
thread design, which is similar to the
total surface of a multirooted tooth30;
this design has allowed the successful
replacement of one molar with only
one implant with high success rates

and no complications.31 Additional
studies have shown increased initial
stability, comparable with the stability
seen after 3 months of healing, as
assessed by Periotest measurements.32

In addition to the clinical biome-
chanical stability of the Ankylos Implant
System, the peri-implant bone reac-
tions around delayed and immediately
loaded implants have been evaluated
in an animal study. Histologic and his-
tomorphometric observations and
data have already been published33,34

and showed no histologic differences
in the two loading groups. Histo-
morphometric data showed a higher
volume of mineralized tissue within the
threads of the immediately loaded
implants but no difference in bone-to-
implant contact.34 Clinical and radio-
logic findings in another study using
monkeys also showed no statistically
significant differences in the two
groups.35 Radiologic findings in the
present clinical study revealed very low
values for bone loss compared to base-
line (only one site, in the control group,
had more than 2 mm of bone loss at
the time of the follow-up examination). 

It should be noted that the lack of
statistically significant differences
between the two loading groups does
not mean that the peri-implant condi-
tions are the same, because the sam-
ple size in this study was relatively
small. Further studies of immediate
functional loading with a larger number
of patients and with a longer follow-up
in more compromised cases, eg, eden-
tulous patients with insufficient bone
quantity and quality, must be per-
formed in the future to provide more
data for clinical approval of this treat-
ment concept in daily practice. 
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