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Immediate loading/function of a cross-arch splintedimplant-supported fixed prosthesis has become 
an acceptable approach backed by evidence.1–12

Mechanical loading has shown that inducing con-
trolled amounts of strain could lead to excitation of
osteocytes.13

Bone cells can sense mechanical loading. This
could be related to the fluid flow in the lacunar-
canalicular porosity, resulting in an elicited biochemi-
cal response.14 In an in vitro experiment,15 the use of
a strain amplification model resulted in excitation of
osteocytes. Since osteoblasts approach the implant
surface in close contact,13 similar strain would be a
significant influence on the osseointegration process.
Others16 have examined a steady flow shear stress

in bone and have reported a significant increase in
thymidine (an indicator of proliferation) and alkaline
phosphatase activity for osteoblast differentiation. It
is understood that a correlation exists between strain
magnitude as applied by mechanical loading and its
influence on the fate of cells in bone.17 Consequently,
mechanical loading and its biologic factors would
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contribute to well-organized bone,18 an increase in
bone-implant contact,19 and even an increase in its
compact thickness,20 thus resulting in enhanced
osseointegration.
Predictable clinical treatment depends on surgical

and prosthetic factors. Primarily, the establishment of
implant primary stability is mandatory10,11 and
should not be compromised, particularly during the
implant-abutment connection phase. Subsequently,
the prefabricated rigid splinted provisional pros-
thetic framework should be adjusted to achieve opti-
mal occlusion by group function with the opposite
arch.
Implant placement immediately postextraction is

also a reliable, predictable, and successful proce-
dure.21–23 While both techniques are well docu-
mented, comparable data regarding placement of
immediately loaded implants in extraction sites ver-
sus implants placed and loaded in healed edentulous
sites are still inadequate, despite recent reports.24–26

Therefore, the aim of this retrospective study was to
compare the outcome of immediately loaded
implants that were placed either in fresh extraction
sites or in healed edentulous sites with 6, 18, and 36
months of follow-up.

MATERIALS AND METHODS

Fifty-four patients were scheduled for full-arch
implant prosthetic mandibular/maxillary reconstruc-
tion between 2001 and 2005. Once treatment started,
no patients dropped out. In 24 patients, the proce-
dure was repeated on the opposite arch at a later
stage for  reasons of morbidity and occlusal equilibra-
tion. Thus, full cross-arch prosthetic reconstructions
were placed in 78 arches. 

The treatment protocol was identical for all
patients and for both jaws during the surgical and
healing phases and was thoroughly explained.
Patients signed an informed consent document. The
ethics committee of Tel Aviv University approved the
study.
Periodontal status was evaluated by periodontal

parameters. Plaque and bleeding indices, probing
depth, and tooth mobility were recorded.
Any asymptomatic residual/remaining teeth were

extracted on the day of implant placement. However,
this only occurred after implants had first been
placed in healed edentulous areas.
Any emergency care and/or treatment of any per-

sistent uncomfortable conditions was carried out
before initiation of the sequential treatment plan.
Study casts and diagnostic wax-ups were created and
full-mouth and panoramic radiography (Fig 1) and
computed tomography were performed. Implant site
locations were determined according to the treat-
ment plan to provide an optimal full-arch fixed
implant-supported prosthesis.
At the presurgical appointment, impressions were

made; these were used to fabricate provisional
restorations that would be placed immediately post-
surgery. A surgical guide was prepared by an imprint
of the diagnostic wax-up, which was converted to a
working plaster model.
All patients were treated under local anesthesia

using buccal and lingual infiltration of 1% lidocaine
and 1:100,000 epinephrine. A continuous midcrestal
incision with an intrasulcular incision around the
remaining dentition was made using a Bard Parker
No. 15C blade to raise a full mucoperiosteal flap. The
prefabricated acrylic resin surgical guide was then
stabilized onto the remaining natural dentition
(before they were extracted).
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Fig 1 Preoperative full-mouth periapical radiographs revealed severe periodontal damage of the natural dentition.
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Implants (DFI, ITO, and SPI internal-hex implants;
Alpha-Bio Tec) were placed first in the healed edentu-
lous sites. Most of the implants were of a close-
threaded, rough-surfaced, root form configuration (DFI,
n = 515), and the remaining implants featured greater
spaces between threads and were either straight (ITO, 
n = 20) or of a spiral conical shape (SPI, n = 141). The lat-
ter type of implants were placed primarily in bone
types 3 and 4. The implant site was prepared and
implants placed at the planned healed (edentulous)
sites. The guide was then removed, followed by connec-
tion of an implant provisional abutments. Subse-
quently, all multirooted teeth were separated and all
remaining teeth/roots were extracted using root eleva-
tors and periotomes. Next, the surgical guide was
adjusted to accommodate the new implant provisional
prosthetic superstructure. At this stage, implants were
placed in the immediate extraction sites according to
the treatment plan, followed by connection of addi-
tional implant provisional abutments to the newly
placed implants in the fresh socket sites. The implant
neck was positioned at the level of the osseous crest or
the marginal socket walls. Before the provisional abut-
ments were placed, implant primary stability was veri-
fied by a torque wrench of 25 Ncm at both fresh
extraction and healed sites.
Cervical bone augmentation using a biomaterial

bone substitute (Bio-Oss, Geistlich Pharma) overlaid
by a bilayer resorbable collagen membrane (BioGide,
Geistlich Pharma) was applied in 111 sites, where
there was a wide gap of more than 2 mm and/or a
denuded implant thread caused by crestal bone defi-
ciency. Additionally, sinus elevation was performed in
15 sites to host 30 implants where the residual poste-
rior maxillary bone height was less than 10 mm. In all,
676 implants (367 in fresh extraction sites and 309 in
healed edentulous ridge sites) were placed; 374

implants were inserted in the mandible and 302 were
placed in the maxilla.
Soft tissue closure was obtained around the

implant superstructures. A provisional cemented
wire-reinforced acrylic resin prosthesis (n = 69) was
applied when the placed implants were parallel and
in relative proximity to each other, approximately 3
mm apart. Otherwise, a provisional screw-retained
denture (n = 9) was relined and inserted using pre-
fabricated plastic sleeves around the emerging
implant abutments. All  implants were loaded,
whether they had been placed in immediate extrac-
tion sites or in edentulous sites. During this stage,
occlusal adjustments were performed carefully.
Postoperative antibiotics consisted of amoxicillin

(500 mg three times daily for 7 days; Moxypen, Teva
Pharmaceuticals) and an analgesic agent as needed
(200 to 400 mg; Etodolac, Etopan, Taro). Patients were
scheduled for weekly recall and were instructed in
gentle but meticulous oral hygiene. Probing depths
and plaque and bleeding indices were monitored reg-
ularly. However, neither the acrylic resin nor the screw-
retained provisional prostheses were disconnected
during the healing phase in order not to jeopardize
the osseointegration/osseous remodeling formation.
At 3 to 6 months postoperatively, depending on the
complexity of the restorative phase and patient avail-
ability, the definitive prosthetic restoration in either
arch was placed and retained with cement or screws.
Comprehensive clinical and radiographic (Fig 2)

evaluations were performed at 6, 18, and 36 months
after implant placement. At each examination, the
crestal bone level in relation to the implant neck was
measured mesially and distally and recorded digitally
(Fig 3) by orthoradial periapical radiographs (with the
aid of a gutta-percha point at the occlusal plane and
taped to the film for reproducibility).

The International Journal of Oral & Maxillofacial Implants 331

Artzi et al

Fig 2 Panoramic view of the recon-
structed maxilla after 3 years in function. 

Fig 3 Crestal bone level recorded on digi-
tal radiographs mesially and distally at the
implant neck.
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Chi-square tests were used to analyze the success
and failure rates with regard to the different categori-
cal parameters, analysis of variance with repeated
measures was used to analyze the longitudinal data,
and the t test was employed for continuous variables.
Statistical significance was considered at P < .05. All
findings were analyzed statistically in regard to
patient (n = 54) and implant (n = 676) data.

RESULTS 

Patient Data 
There were 21 implant failures (in seven women and
three men, 18.5%); of these, 12 failed in three patients.
These arches were reconstructed with a screw-
retained denture. On average, patients with implant
failures had a higher number of placed implants. How-
ever, this failure tendency was not significant (P = .08).
The study included 31 women (57.4%) and 23 men

(42.6%) ranging in age from 34 to 81 (average, 57.5 ±
9.2 years). Six patients reported controlled diabetes
(three noninsulin-dependent and three insulin-
dependent). Three patients reported osteoporosis,
with long-term use of alendronate sodium (10
mg/day). None of these patients experienced implant
failures. Twenty-one patients (38.9%) reported smok-
ing on a regular basis (more than 15 cigarettes per
day). At least one implant failure occurred in six of the
smoking patients (28.6%), compared to four (12.1%)
nonsmokers.

Because of the small number of patients, no statis-
tically significant differences and/or any conclusions
could be drawn from any of the patient data figures,
regarding gender, age, medical condition, or habits
(smoking, etc).

Implant Data
Table 1 lists the results regarding implants that were
placed and failed. Within the first 2 months, 21 (3.1%)
of the 676 implants failed and were removed: 13
(3.5%) implants had been placed in immediate
extraction sites and 8 (2.6%) had been placed in
healed edentulous sites. The difference was not statis-
tically significant. These failures were disclosed at the
time of the reevaluation, upon the first retrieval of the
provisional prosthesis. Eventually, these implants
failed to integrate.
In some cases, implant length or diameter

appeared to affect survival (Table 1). Twenty percent
of 8-mm-long implants failed; whereas for 10-mm,
11.5-mm, 13-mm, and 16-mm implants, failure rates
were 5.1%, 0%, 3.1%, and 0.7%, respectively. The num-
ber of failures related to implant length was signifi-
cant only at 8 mm (P < .001).
With regard to implant diameter, 8.8% of 3.3-mm-

diameter implants failed, in contrast with 2.5%, 1.8%,
and 3.7% failure rates for 3.7-mm, 4.2-mm, and 
5.0-mm implants, respectively (Table 1). A statistically
significant relationship was found between implant
diameter and failure only for the 3.3-mm implants 
(P = .035).
In the anterior (n = 145) and posterior (n = 157)

maxilla (302 implants; 32 arches), six implants failed
(2.1% and 1.9%, respectively; 98% survival rate). In the
anterior (n = 174) and posterior (n = 200) mandible
(374 implants; 46 arches), 15 implants failed (4.0% for
both; 96% survival rate). Despite these failures, because
of the implants’ distribution, these patients eventually
received their restorations, but with fewer implants.
Cervical bone augmentation was performed

around 111 implants by guided bone regeneration
principles using biomaterial particles protected by a
resorbable membrane. Because five implants (4.5%)
did not achieve osseointegration, they were removed.
Apical augmentation by sinus floor membrane eleva-
tion was performed in 15 patients combined with
placement of 30 implants. All achieved successful
osseointegration.
Crestal bone levels around the implant neck were

recorded at each follow-up evaluation and are listed in
Table 2. At 6 months, there was an average crestal bone
resorption (CBR) of 0.18 mm (range, 0 to 3 mm; SD, 
0.5 mm) at fresh extraction sites compared to 
0.31 mm (range, 0 to 3 mm; SD, 0.5 mm) at healed eden-
tulous sites; this represented a statistically significant
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Table 1   Implant Failure Data

Data No. of implants No. of failures % failure

Type of site
Fresh socket 367 13 3.5
Healed 309 8 2.6
Total 676 21 3.1
Implant length (mm)
8 20 4* 20.0
10 118 6 5.1
11.5 67 0 0
13 324 10 3.1
16 147 1 0.7
Implant diameter (mm)
3.3 68 6** 8.8
3.7 356 9 2.5
4.2 171 3 1.8
5.0 81 3 3.7

*P < .001; **P < .05.
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difference (P = .002). At 18 months, mean CBR was
0.55 mm (range, 0 to 3 mm; SD, 0.9 mm) at fresh socket
sites and 0.78 mm (range, 0 to 3 mm; SD, 1.08 mm) at
healed edentulous sites. This difference was also sta-
tistically significant (P = .03). At 36 months, mean CBR
was 0.79 mm (range, 0 to 2 mm; SD, 1.1 mm) at fresh
socket sites and 1.1 mm (range, 0 to 2 mm; SD, 
1.3 mm) at healed edentulous sites—again represent-
ing a statistically significant difference (P < .05).
The progression of CBR over time was significantly

greater (P < .001) at the healed edentulous sites com-
pared to fresh extraction sites. There was an interac-
tion between time and type of implant site (P = .004):
the course of CBR over time was slower at fresh
extraction sites than at healed edentulous sites. 
CBR at the 111 cervical augmented sites was com-

pared to CBR at the nonaugmented sites (Table 2). At
6 months, the average CBR was 0.37 mm (range, 0 to 
3 mm; SD, 0.63 mm) at augmented sites, compared to
0.22 mm (range, 0 to 3 mm; SD, 0.49 mm) at non -
augmented sites (statistically significant difference; 
P = .019); at 18 months, mean CBR was 0.87 mm
(range, 0 to 2.5 mm; SD, 1.1 mm) at augmented sites
compared to 0.62 mm (range, 0 to 3 mm; SD, 0.96
mm) for nonaugmented sites (P < .05); and after 36
months in function, mean CBR was 1.1 mm (range, 
0 to 2 mm; SD, 1.4 mm) at augmented sites compared
to 0.89 mm (range, 0 to 2 mm; SD, 1.1 mm), for non -
augmented sites (P < .05). The cumulative CBR over
time at augmented sites also showed significantly
greater resorption compared to nonaugmented sites
(P = .017).

DISCUSSION

An immediate functional implant in a cross-arch
splinted restorative mode has proven to be a reliable
and successful implant reconstructive approach.4–6,12

A high survival rate has also been shown regarding
immediate postextraction placement of implants.27

Meta-analysis of immediate versus early versus
delayed loading10 shows no significant difference. Pri-
mary implant stability appears to play a principal role
in predictable success.9–11,28,29

A systematic search of the current literature23 as
related to this procedure showed a survival rate
above 95% in 34 prospective/retrospective studies.
The addition of controlled loading did not affect the
results.3,18,24,25 Furthermore, when other factors such
as a noninflamed environment are excluded, loading
contributes to greater direct bone-implant contact.19

Whether implants were placed in an extraction site or
in a healed alveolar ridge, immediate function did not
compromise their prognosis.

Without interfering with the traditional Brånemark
principles used to achieve osseointegration,30 load-
ing of implants, done with meticulously balanced
cross-arch splinting, could be as predictable and suc-
cessful1,2,6,9 as the two-stage approach. Additionally,
immediately loaded implants as part of the full cross-
arch splinting could be equally successful whether
placed in immediate extraction sites or in healed
sites.24–26,31

An earlier report on the immediate placement/
immediate loading protocol showed a 5-year cumula-
tive survival rate of 80%.5 Only four implants per
patient were loaded immediately in that study.
Apparently, this combined surgical/prosthetic modal-
ity is more appropriately employed with a larger
number of implants. In the current report, the aver-
age number of implants per arch was 8.6.
Davarpanah et al32 reported a relatively high fail-

ure rate in the surgical phase of early loaded implants
in fresh extraction (9%) and healed sites (20%). How-
ever, the loading phase, which indicated screwed
in/out implant superstructure components, occurred
3 to 4 days after implant placement. This could jeop-
ardize the critical wound healing fibrin organization
that benefits early osseointegration. 
As shown in the present data, implant length

and/or diameter could influence the successful out-
come of this technique.33 Despite the low number of
narrow and short implants placed, there were 10 fail-
ures (8 mm in length: n = 20, with 4 failures; 3.3 mm in
diameter: n = 68, with 6 failures), which were statisti-
cally significant with regard to the number placed. It
is noteworthy that 4 of the 6 failed 3.3-mm-diameter
implants and 2 of the 4 failed 8-mm-long implants
were retrieved from extraction sites. Recent data have
shown that diameter and/or length are determinant
factors.34 Short and/or narrow implants are not rec-
ommended for use in a fresh socket. However, the
small number of these implants used in the present
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Table 2   Crestal Bone Levels

Crestal bone resorption (mm)

Site 6 mo 18 mo 36 mo

Extraction site* 0.18 ± 0.5 SD 0.55 ± 0.9 0.79 ± 1.07
Edentulous site* 0.31 ± 0.5 0.78 ± 1.08 1.1 ± 1.26
Cervical augmented site† 0.37 ± 0.63 0.87 ± 1.1 1.1 ± 1.4
Nonaugmented site† 0.22 ± 0.49 0.62 ± 0.96 0.89 ± 1.1

*, † = Progression over time P < .001.
Vertical lines = P < .05.

]   ]   ]
]   ]   ]
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study did not allow for statistical conclusions. In a crit-
ical review of the immediate loading approach,
implant design is suggested as one of the principal
factors in ensuring a successful outcome.4

In the present study, CBR accumulated with time,
which has also been reported after 6 and 12
months.35,36 In both extraction and healed sites, the
rate of resorption slowed over time, as evidenced by
the smaller differences in CBR between the second
and third evaluations. In a recent report of a similar
surgical/prosthetic approach in the maxilla, CBR was
1.6 mm at 8 months, 2 mm at 20 months, and 2.1 mm
at 32 months.8 Although extraction and healed sites
were comparable in success, there was a significant
difference in relation to the CBR around the implant
neck over time between the two sites.
It is noteworthy that, for implants placed in the

fresh extraction sites, CBR was significantly less than
for the healed sites, as measured after 6, 18, and 36
months. This was unexpected to a degree, based on
some short-term histologic findings in dogs.37,38

However, the present results were based on long-
term clinical observations that were based on radi-
ographic interpretation of cases that involved
immediate cross-arch loading. Histologic studies18–20

show that this factor might enhance the quality and
degree of surrounding osseous tissue around the
implant neck and surface. The nature of physiologic
healing in a fresh socket, the osteogenesis cascades
on one side, and the involvement of immediate load-
ing may contribute to greater stability of osseous
healing around the implant neck.
In a 3-year prospective study of immediately func-

tional full-arch implant prostheses in the mandible,9

CBR was 0.8 mm at 1 year, 1 mm at 2 years, and 1.3
mm at 3 years. These figures resemble the results
observed for the healed extraction sites in the pre-
sent study but represent greater resorption than was
seen for the current immediate extraction sites. A dig-
ital radiographic examination of 150 implants after 18
months24 placed in extraction sites and loaded
immediately strengthened and confirmed these
results. A possible explanation could be related to the
nature of healing and continual remodeling of the
organized clotted untouched crestal area of the
extraction site around the immediately placed
implant cervical neck, versus the one after the
implant site preparation by the mechanically rotated
motorized surgical burs at the crestal bone at the
healed site. An extraction site, as an appropriate
implant housing site, is comparable to a healed
osseous table and could be advantageous for healing
around an implant body with an osteoconductive
titanium surface. However, this was not the case
when cervical augmented and nonaugmented sites

were compared. In the present study, there was signif-
icantly greater CBR at augmented sites around the
implant neck compared to nonaugmented sites at 6,
18, and 36 months. Nevertheless, both types of site
showed minor resorption that did not exceed 1 mm
CBR after 3 years.

CONCLUSION

Clinical parameters proved equable whether
implants were placed immediately postextraction or
in a healed alveolar ridge. Cross-arch immediate load-
ing of implants placed in extraction and/or healed
edentulous sites were predictable and maintainable,
as evaluated periodically after 3 years’ observation. 
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