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Immediate Loading Using Cross-Arch Fixed 
Restorations in Heavy Smokers: Nine Consecutive

Case Reports for Edentulous Arches
George E. Romanos, DDS, Dr Med Dent, PhD1,2/Georg-Hubertus Nentwig, DMD, Dr Med Dent, PhD1

Purpose: Immediate loading of oral implants has been extensively documented in different clinical
indications, but no studies on heavy smokers have been reported. The aim of this study was to evalu-
ate the long-term success and the peri-implant soft and hard tissue conditions around immediately
occlusal loaded implants in edentulous jaws of heavy smokers. Materials and Methods: Implants (pro-
gressive thread design and platform switching) were connected with their abutments and splinted
immediately after surgery using cross-arch fixed temporary restorations. Provisional fixed prostheses
had centric occlusal contacts and group function in the lateral movements of the mandible (immediate
occlusal loading). Patients were advised to adhere to a soft diet for the first 6 to 8 weeks of healing to
reduce excessive loading in the bone-implant interface. The definitive restorations were delivered 4 to
8 weeks after surgery and cemented temporarily to evaluate the peri-implant soft tissue condition
after removal of the restoration. Clinical and radiographic indices were evaluated at the start of load-
ing and at 3-month intervals after loading. Results: After a mean loading period of 33.7 ± 19.0 months
(range, 6 to 66 months), 1 implant was mobile. All clinical indices had values in normal ranges. The
Periotest values decreased with time, indicating increased security of implants in bone. Crestal bone
level was stable, with only 2 sites presenting minimal vertical bone loss and 6 presenting minimal hori-
zontal bone loss. In all other sites no bone loss was observed. Results of this study demonstrated a
long-term success (98.6%) of immediately loaded implants placed in occlusal function in smokers
restored with fixed cross-arch implant-supported restorations. Conclusions: This study showed that
immediate loading of oral implants may be successful in heavy smokers under some circumstances.
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Rehabilitation with dental implants is associated
with a higher failure rate in smokers in compari-

son with nonsmokers.1 In addition, smoking has
been associated with high implant failure rates and
with multiple failures in the same patient.2–6 In a 10-

year study, Lindquist et al7 found greater bone loss
around mandibular implants placed in smokers com-
pared with those placed in nonsmokers. They
noticed a relationship between the amount of ciga-
rette consumption and the amount of peri-implant
marginal bone loss.

In contrast, in a study by Kan et al,8 the implant
failures in smokers were not correlated with daily
nicotine consumption. This was documented in
patients who received implants with different
designs and geometries in grafted sinuses and were
followed for a mean of 41.6 months. However, more
implant failures and healing complications have
been demonstrated in patients who smoke. Specifi-
cally, implant success in cases where maxillary antral-
nasal inlay bone grafts were placed in combination
with the implants was lower in smokers,9 as was the
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success rate of implants placed in grafted maxillary
sinuses (65.3% in smokers versus 82.7% in nonsmok-
ers).8 In general, the incidence of healing complica-
tions after intraoral bone grafting and implant place-
ment seems to be higher in smokers compared to
nonsmokers.10 Furthermore, smoking has been con-
nected to reduced bone mineral density.11

Moreover, a load-free period around endosseous
oral implants was once believed to be a prerequisite to
achieve osseointegration. However, immediate loading
has been established as a successful treatment con-
cept in the edentulous mandible, when primary stabil-
ity can be achieved and the implants are immobilized
by either a bar12–14 or a fixed restoration.15–21 Heavy
smokers have been excluded from studies of immedi-
ate loading concepts.14,18,20,21 Thus, there are no data
of immediately loaded implants placed in heavy smok-
ers. The purpose of this study was to evaluate the suc-
cess rate of immediately loaded implants placed in
heavy smokers in edentulous arches using cross-arch
restorations.

MATERIALS AND METHODS

Nine patients (5 male and 4 female) with a mean age
of 52.4 ± 8.3 years who smoked more than 2 packs a
day for more than 10 years (heavy smokers) were
included in this prospective clinical study.

Seventy-two implants (6 implants in each jaw; 6
maxillae and 6 mandibles) made from commercially
pure titanium (grade II) with a progressive thread
design and a sandblasted surface (Ankylos; Friadent,
Mannheim, Germany) were used. These implants
were placed using a surgical guide splint after clini-
cal and radiologic presurgical diagnostic examina-
tion by a single surgeon (GR) according to the proto-
col of the manufacturer. The implants had a 2.0-mm
machined collar, a diameter of 3.5, 4.5, or 5.5 mm, and
a length of 9.5 mm, 11.0 mm, or 14.0 mm.

Patients were included in the study if they met the
following criteria: (1) complete edentulism in the
maxilla and/or the mandible; (2) rehabilitation with
endosseous dental implants planned (ie, considered
the ideal treatment); (3) written informed consent for
continuous smoking during the entire study period;
(4) physical and mental ability to tolerate conven-
tional surgical and restorative procedures; and (5)
smoking history of 2 packs per day for more than 10
years. The informed consent included information on
the medical and dental benefits of smoking cessa-
tion. Exclusion criteria were (1) active infection in the
sites selected for implant placement, (2) systemic dis-
eases such as uncontrolled diabetes, (3) pregnancy,
and (4) severe bruxism.

Patients had various combinations of teeth and/or
implants in the opposing arch. Three patients had
implant-supported restorations, 1 patient had tooth-
and implant-supported fixed partial dentures, and 4
patients had healthy teeth. One patient was edentu-
lous and had a full denture. All patients had to sign a
special informed consent form in accordance with the
Declaration of Helsinki (no. 91/99; sub-study C). If a
patient decided to reduce or stop smoking during the
study period, he or she was excluded from the study.

The implants were placed using a surgical tem-
plate and connected to abutments (angulated or
straight) immediately after their insertion using a
final torque of 15 or 25 Ncm, respectively. Temporary
healing caps were placed, and the flaps were sutured
using interrupted sutures (4-0 silk suture material;
Resorba, Nuremberg, Germany). All implants were
splinted using a fixed temporary restoration immedi-
ately after surgery. Temporary partial prostheses
were made chairside with Protemp acrylic resin
(Espe, Seefeld, Germany) using a template over the
temporary caps placed on the abutments. No distal
cantilevers were used in the provisional prostheses.
The provisional prostheses were cemented tem-
porarily on the same day as the surgical procedure,
using Temp Bond cement (Kerr, Karlsruhe, Germany).
The temporary restorations had symmetric occlusal
contacts in maximal intercuspation and group func-
tional contacts in lateral movement of the mandible,
which kept the vertical dimension at the correct
height (immediate occlusal, functional loading).

The patients were advised to confine their diets to
soft foods or fluids for the first 6 to 8 weeks of heal-
ing to reduce excessive loading at the bone-implant
interface. Postoperative antibiotic administration was
not given any patient at any time during the treat-
ment period (Figs 1 to 3).

Immediately after surgery, implant stability was
evaluated using the Periotest device (Gulden, Ben-
sheim, Germany). Sutures were removed 1 week after
surgery. Two weeks after surgery, all clinical peri-
implant indices (ie, Plaque Index [PI], Sulcus Bleeding
Index [SBI], mesial and buccal probing pocket depth,
width of the keratinized mucosa) were evaluated
(baseline). Bone loss was measured from the implant
to the marginal crestal bone compared to the base-
line and classified as horizontal or vertical.22,23 Clini-
cal indices were evaluated at the time of the place-
ment of the final restoration, as well as at 3-month
follow-up visits. Panoramic radiographs (10! magni-
fication)were recorded to evaluate the peri-implant
crestal bone levels at the same time intervals.

Three to 4 weeks after surgery the temporary
restorations were removed so that impressions for
the definitive prostheses could be made. No compli-
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cations or failures were observed at that time.23 The
surgeon was also the restorative dentist (GR) for all
patients. Definitive restorations were fabricated in the
dental laboratory by a team of dental technicians and
included only full-arch (1-piece) restorations. Occlusal
registration and measurement of the vertical dimen-
sion were carried out. A custom-made framework was
fabricated for a metalloceramic fixed restoration. The
definitive prostheses were delivered 4 to 8 weeks
after surgery and cemented temporarily so that the
peri-implant soft tissue condition could be evaluated
periodically after removal of the restorations. No
screw-retained restorations were used. The patients
were checked for sufficient occlusal contacts, and
excessive contacts in the lateral movements of the
mandible were eliminated (Fig 4). Patients were eval-
uated once every 3 months for the first year of load-
ing and once a year thereafter.

The criteria for success were (1) no clinically
detectable mobility; (2) no peri-implant radiolu-
cency; (3) no complaint of pain at the implant site; (4)
no recurrent or persistent peri-implant infection; (5)
no neuropathy or paresthesia; (6) less than 1.6 mm of
marginal bone loss in the first year of functional
loading and less than 0.2 mm per year in the follow-
up visits.24

RESULTS

Thirty-six implants were placed in 6 mandibles, and
36 were placed in 6 maxillae. All implants but 1 had a
diameter of 3.5 or 4.5 mm (Table 1). The only 5.5-mm-
diameter implant used was placed in an area with
poor bone quality (very soft bone after condensa-
tion).The implant lengths used are shown in Table 1.

Primary stability was achieved for all implants. Six-
teen implants had an inadequate amount of bone at
the desired site (mesially, buccally, and distally);
exposed threads were covered with autogenous
bone graft harvested from adjacent donor sites. The
augmented areas were covered by a Bio-Gide colla-
gen membrane (Geistlich, Wolhusen, Switzerland),
which was fixed in place with Frios titanium pins (Fri-
adent, Mannheim, Germany). One implant was
placed in combination with an internal sinus lift
(osteotome technique). In 1 case with extreme atro-
phy of the mandible, a customized milled bar
restoration was fabricated to replace the missing soft
and hard tissues with a hybrid-type, fixed detachable
restoration.

After a mean loading period of 33.7 ± 19.0
months (range, 6 to 66 months), 1 implant had a rela-
tive high Periotest value (+9) in the last evaluation.

Fig 1 Implant placement and abutment
connection for immediate loading.

Figs 2 and 3 A provisional prosthesis fabricated chairside for immediate occlusal 
loading.

Fig 4 A definitive restoration in occlusion.

Table 1 Implant Characteristics

Diameter (mm)

Length 3.5 4.5 5.5 Total

9.5 0 6 0 6
11.0 18 14 1 33
14.0 28 5 0 33
Total 46 25 1 72
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Because this patient died due to a heart attack a cou-
ple of months after his last follow-up visit, it was
decided to classify this implant as a “failure.” This
implant was placed in the maxilla and was con-
nected with a distal cantilever, but there was no radio-
lucency, and the probing depth was acceptable.
Therefore, the overall success rate of this study was
71/72. The peri-implant clinical values were evalu-
ated by an independent examiner who was cali-
brated for the periodontal measurements presented
in Table 2. The Periotest values decreased over time,

with a statistically significant difference (Wilcoxon
test; P < .001) between baseline (T0) and the last fol-
low-up visit (T2). All other clinical indices were within
normal ranges, which is in accordance with the
healthy appearance of the peri-implant soft tissue
observed. The bone loss represented by the radio-
graphs (10! magnification) showed vertical bone
loss less than 2 mm (in 2 sites) and horizontal bone
loss less than 2 mm (in 8 sites). In all other sites no
bone loss was observed (Figs 5 to 8).

Table 2 Peri-implant Clinical Examination Results

T0 T1 T2

Mean SD Mean SD Mean SD

PV 0.9 2.6 –0.4 3.2 –1.3 2.5
PI 1.0 1.2 1.2 1.1 1.3 1.1
SBI 0.3 0.6 0.5 0.7 0.7 0.1
PPD (mm) 1.7 0.7 1.7 0.7 2.7 0.9
KM (mm) 4.6 1.1 4.3 1.4 3.3 1.7

T0 = baseline; T1 = placement of the definitive restoration; T2= final
follow-up. PV = Periotest value; PPD = periodontal probing depth; KM
= keratinized mucosa. Baseline was measured immediately after
surgery for Periotest value and 2 weeks after surgery for all other vari-
ables.

Fig 5 (Above) Radiologic evaluation of immediately loaded implants 3 years after loading. 

Figs 6 and 7 (Right) Bone levels 3 years after immediate loading. No bone loss was
observed. Original implant placement was supracrestal.
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DISCUSSION

The present study demonstrated preliminary data for
immediately loaded implants placed in the edentu-
lous arches of heavy smokers. There is no doubt that
a larger patient sample is necessary in order to call
this preliminary study an “evidenced-based study.”

In the present treatment protocol, the final abut-
ments were not removed from the implants at any
time during the loading period. Animal studies have
shown peri-implant crestal bone stability with a vari-
ety of loading protocols.25 In addition, bone stability
seems to be independent of the shape of the
implant platform.22 In the present study, the success
of the immediately loaded implants was not related
to bone quality, diameter, length, and position of the
implant or simultaneous augmentation.

However, we have to accept that smoking is a sig-
nificant factor in the development and progression
of periodontal diseases and that gingival bleeding is
diminished in smokers.26 Bone loss is greater in such
patients.27 Implant failures can be 2.5 times greater
in smokers, whereas the genotype status does not
appear to be a significant factor for implant loss.28

Haas et al29 showed greater gingival bleeding index
scores, peri-implant probing depth, and inflamma-
tion with a greater marginal bone loss around
implants for smokers than for nonsmokers.

Three groups have been studied with respect to
the use of fixed restorations with immediate loading:
nonsmokers,18 occasional smokers (smoking less
than 1 pack/day),15,19–21,30 and heavy smokers.31

However, in other immediate-loading studies there is
no reference to the smoking and nicotine use as an
inclusion or exclusion criterion.16,17,19,32

In a multicenter study (4 centers), Testori et al21

presented data from 325 immediately loaded
Osseotite implants placed in the edentulous
mandibles of 62 patients. No heavy smokers or areas
with augmentation were included. The provisional
prosthesis was delivered in the first 48 hours postop-

eratively, and the definitive restoration was placed 6
months after surgery. The cumulative success rate
using that immediate loading protocol was 99.4%,
with a mean loading period of 29 months (range, 12
to 60 months). In comparison, the concept of imme-
diate loading used in the present study was similar.
Thus, the high success rate achieved in the present
study was similar to results achieved in nonsmokers.
These data are also in accordance with observations
in other nonsmokers or occasional smokers.16–20

The present paper showed that only 6 implants
with a high primary stability and a progressive
thread design are adequate for the restoration of
edentulous arches in heavy smokers. The implants
were loaded immediately after surgery using fixed
restorations with symmetric occlusal contacts the
day of surgery (ie, immediate functional/occlusal
loading). Excellent splinting of the immediately
loaded implants is necessary to avoid excessive
movement at the bone-implant interface.

Because of the high stability of this implant sys-
tem, only 6 implants were necessary per arch, com-
pared with the use of 10 to 12 implants with differ-
ent surfaces and designs in other studies.15,20 In the
present study sample, most dimensions were a
length of 14 mm with a diameter of 3.5 mm. A previ-
ous clinical retrospective study demonstrated a high
success rate for single-tooth implants with implants
of this design and these dimensions.33

The literature conclusively demonstrates that the
immediate loading protocol has promising results, if
some requirements are considered. A soft diet was
advised in the present study for the first 6 to 8 weeks
of loading, especially in cases where the bone quality
was very poor or augmentative procedures were per-
formed simultaneously. The soft-diet protocol has
also been recommended elsewhere.15,17,22,23 Rigid
immobilization of the immediately loaded implants
using a cross-arch restoration to control micromo-
tion, which may jeopardize the osseointegration, is
also important. Some authors recommend the use of

Fig 8 Healthy peri-implant soft tissues in
the (a) maxilla or (b) mandible 3 years after
immediate loading. 
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screw-retained restorations with immediate loading
concepts for easy removal without extensive pull-out
forces.16

Tarnow et al16 placed 69 implants with different
screw designs in 10 consecutive patients and loaded
them immediately. Only 2 failures were reported in
areas with poor bone quality, specifically in the pos-
terior part of the mandible, representing an overall
success rate of 97.10%, which is higher than the suc-
cess rate achieved by Balshi and Wolfinger15 (80%) in
a similar study in the mandible. In a previous study,
the present authors used different thread geome-
tries with a randomized split-mouth protocol in 12
consecutive patients and achieved a 100% success
rate after 2 years of loading in the posterior part of
the mandible.23

Furthermore, the soft tissue around immediately
loaded implants (with a progressive thread design
and platform switching) was examined in monkeys,
and the quality of the soft tissue observed was com-
parable to that observed with delayed loaded
implants.34 The design of the abutment may influ-
ence positively the peri-implant soft tissue stability,35

allowing a horizontal instead of vertical component
(biological width). The shape of the abutment collar
compared to the implant top is probably important
for the integrity of the supracrestal gingival fibers
and their adherence to the abutment surface. This
was also observed in the present clinical study, which
showed clinical values for the peri-implant indices
representing healthy soft tissue conditions. There is
no doubt that plaque control is of importance to
achieve healthy peri-implant soft tissue conditions.
Furthermore, the abutments, which are placed in
their final position during surgery, may be responsi-
ble for connective tissue stability and not the apical
migration of the epithelium, which takes place with
the disconnection of the abutment.36

CONCLUSIONS

Based on the limitations of these consecutive case
reports, immediate loading in edentulous arches of
heavy smokers seems to be successful when the
implant primary stability is high, full-arch splinting is
secure, and initial forces are minimized using a soft
diet. It also may be concluded that the risk of micro-
bial penetration and peri-implant inflammatory reac-
tion may be reduced if the abutments are not
removed for the entire loading period and there is a
precise implant-abutment connection.
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