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_Osseointegration is the process by which living
boneattachestotheartificial surface ofanimplantby
the formation of bony tissue without growth of fi-
brous tissue at the bone-implantinterface.

_Introduction

Osseointegration is a highly dynamic process, which
does not only address the formation of bone onto an
implantsurfaceafterithasbeen placed, butitalsoad-
dresses the remodelling or maintenance of bone dur-
ing the life of the implant.

Fig. 1_Directloading at placement
and delayed loading after bone
healing.

Fig. 2_Conventional implant protocol
without any loading performing the
prosthetic in part after bone healing
(e.g. Branemark protocol).

The long term success of an implant treatment is
theoretically determined by factors related to the pa-
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tient, the implant components and the treating clini-
cians.'Before theintroduction of the Prof. Branemark
protocol, dental implants were commonly loaded at
placement because immediate bone stimulation was
considered to avoid crestal bone loss (Fig.1).2The cli-
nician is often faced with the challenge of identifying
the successful osseointegration of implant. Clinical
success is often determined by a lack of mobility and
ability of the implant to resist functional loading.?

Radiographically,bone should appear to be closely
apposed to the implant surface. The current achiev-
able resolution obtained in medical imaging, how-
ever,isabout 10timeslessthanwhatisrequiredtoob-
serve a soft tissue cell. Therefore, radiographic as-
sessment alone is unsuitable to determine with cer-
taintyifasofttissuelayerispresent. Whenanimplant
is exposed to excessive micromotion at the bone-im-
plantinterface during healing, fibrous tissue encap-
sulation of the implant rather than osseointegration
may occur. Conventional implant protocols have
been based on the achievement of primary stability
and prolonged non-loaded healing periods (Fig. 2).*

That was achieved by a two stage technique and
an unloaded healing period of three to six months.
Delayedimplantloading wasempiricallybased on the
belief that the transfer of any micromotion to the im-
plant surface during healing would result in fibrous
encapsulation rather than osseointegration. A per-
ceived psychological, economical and functional ad-
vantage of shortened treatment periods has encour-
aged clinicians to challenge this convention with im-
mediate temporization (Fig. 3) and/or the early and
immediate loading of dental implants.

Therelative meritsof these shortenedloading pro-
tocols will be discussed with respect to their biologi-



cal implication, the current evidence based literature
and the factors that might influence their outcomes.
There is a growing body of published literature sup-
porting reduced implant loading times. Abutment
connection and placement of a restoration in occlu-
sion with the opposing dentition ofanimplantat the
time of surgery or within 48 hours of placementisre-
ferred to as "immediate loading” The functional
restoration of an implant from 48 hours up to 3
months after placement has been defined as "early
loading"® Both the immediate and early functional
loading of implants before lamellar bone formation
carry an inherent biological risk. Shortened loading
protocols may expose the healing bone toimplantin-
terface to mechanical overload as described in Wollfs
Law and Frosts Mechanostat theory (Fig. 4).

Interfacial micromotion above the biological
threshold canresultin the subsequentlossofimplant
stability. Rough titanium surfaces offer better im-
plantanchorage in bone and more rapid bone depo-
sition.® The general applicability of these principles
will be considered as to their biological implications,
the current evidence base and the factors that influ-
ence their results.

_Materials and Methods

Clinical reports on dental implants found in major
scientific journals and through searching in PUB
MED, QUINTESSENZ and MED-LINE, have served as
the basis for this review. The following search terms,
alone or in combination, were used: implant loading,
immediate loading, early loading, delayed loading.
After screening the titles and abstracts for possible
relevance, they were ordered in full text. We also
screened reference list of publications and relevant
systematic reviews. To minimise bias, only RCTs of 0s-
seointegrated dental implants were considered. To be
included, RCTs had to compare the same osseointe-
grated implants loaded at different times for a period
of at least 12 months of loading.

For the purpose of this review immediate loading
was defined as an implant put in function within 48
hours after its placement; early loading as those im-
plants putin function from 48 hours up to 3 months
after placement, and conventional loading as those
implants putin function between 3 to 6 months after
insertion. Implant mobility and removal of stable im-
plants dictated by progressive marginal bone loss or
infection have been assessed. Implant mobility of in-
dividualimplants could be assessed manually or with
devices such as Periotest® (Siemens, Munich, Ger-
many) or Resonance frequency—Analysis—Osstell®
(Integration diagnostics, Géteborg, Sweden). In our
search we aimed at including randomized controlled
trials. Mostclinical reports were ona few implant sys-
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tems only and threaded commercially pure titanium
implants ad modum Branemark dominated the liter-
ature. The quality assessment of the included trials
was undertaken independently. The following quality
criteria were examined:

Allocation concealment was recorded as ade-
quate (A), unclear (B), orinadequate (C), as described
elsewhere [Higgins, Green S.Handbook for systematic
reviews of interventions).

Allocation concealment was considered adequate
if itwas centralized (e.g. Allocation by a central office
unaware of subject characteristics). If randomization
was pharmacy controlled; if prenumbered or coded
identical containers were administered serially to
participants.

A score of A was recorded if there was a clear ex-
planationforawithdrawalsordropoutsineachtreat-
ment group or if there were no dropouts. If clear ex-
planation for any dropouts were given, the risk of bias
of the assessment of reasons for dropping out was
evaluated. A "strong scientific basis" is required as
well. A score of B was recorded if clear explanations
for any dropouts or withdrawals were not provided.
Articles or authors that stated that allocation con-
cealment procedures were implemented but did not
provide details on how this was accomplished were
coded as unclear. A score of C was recorded if there

Fig. 3_Immediate temporization and
delayed loading.

Fig.4_Loading zones acc. to

H. M. Frost
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were "insufficient scientific basis" or any procedure
that was entirely transparent before allocation, such
as an open list of random numbers. Hence, after a
thorough reading of the studies included in this re-
view, one of these scores has been qualified accord-
ing to accuracy and the underlying scientific bases.

_Results

In 2002, a consensus meeting was convened
within the World Congress organized by the Spanish
Board of Implantology in Barcelona.® There was an
agreement on terminology for the timing of loading
(immediate, early, delayed) and for the implant load-
ing (occlusal loading and nonocclusal loading). Ac-
cording to this consensus meeting the following ter-
minology was described:

Immediate loading
The prosthesisisattached totheimplantsthe same
day the implants are placed

Early loading

The prosthesis is attached at a second procedure,
earlier than the conventional healing period of 3 to 6
months. The time of loading is started after some
days/weeks.

Delayed loading
The prosthesis is attached at a second procedure
after a conventional healing period of 3 to 6 months.

Occlusal loading
The crown/bridge is in contact with the opposing
dentition in centric occlusion.

Nonocclusal loading

The crown/ bridge is not in contact in centric oc-
clusionwiththe opposing dentitioninnaturaljaw po-
sition.

Theavailableliterature demonstrates the possibil-
ity of achieving good results with different protocols,
especiallywithimmediateloading protocol,atleastin
good-quality bone, which supports the idea that
these conceptsmayserveasaviableoptioninimplant
dentistry. However, the prerequisites for achieving
and maintaining acceptable results and the limita-
tions of immediate/early loading are not fully known.
Moreover, the terminology used in these protocols is
confusingsince thedifference between different pro-
tocols is not well defined, and publication titles can
therefore be very misleading. Of 26 potential studies,
7 have been excluded because of insufficient patient
selection data or prothesis loading longer than one
day (immediate loading), not corresponding to the
Barcelona consensus,and 5 have been excluded since
the follow up was shorter than 12 months. Fourteen

studies have been introduced in this review, the con-
clusions having been discussed on their basis.

The majority of the studies considered in this re-
view registered a relatively short follow up. In 6 stud-
ies the follow up covered a period longer than 24
months.

Daniel Sullivan, Giampaolo Vicenzi, Sylvan Feld-
man performed a multicenter study:the performance
of Osseotite implants afteran 1stage surgeryand ab-
breviated healing period of 2 months in 10 private
practice centers. 142 patients, partially or completely
edentulous, enrolled in this early loading study, re-
ceived 526 implants, 65.4 % in mandible and 34.6 %
inmaxilla.Implants were loaded afterahealing period
ofabouttwo months.The distribution of the prosthe-
sis types included 118 single tooth restoration (118
implants), 134 short-span prosthesis (327 implants)
and 16 long-span restoration (81 implants).

Eight of the eleven implant failures occurred dur-
ing nonsubmerged healing prior to prosthetic load-
ing. Provisional restoration was placed at 2.1 + 0.5
months, at which time implants were evaluated for
mobility, gingival health and radiolucency.The cumu-
lative success rate of these 526 implants was 97.9 %
at 5years.

These resultssuggest that success can be expected
with Osseotite implants after a nonsubmerged re-
duced healing period of two months in this patient
population.’

Par-Olov Ostman, Mats Hellman, Lars Sennerby
evaluated in a prospective clinical study the radi-
ographic and clinical outcome of immediately load-
ing implants in the partial edentulous mandible over
a 4 year follow up period.

96 patients were evaluated and 77 patients who
met the inclusion criteria were included. Atotal of 111
fixed partial dentures supported by 257 Branemark
System implants (77 turned and 180 Ti Unite im-
plants) was delivered. Four (1.16 %) of the 257 im-
plants did not osseointegrate after 4 years. Three
turned implants (3.9 %) and one oxidized implant
(0.6 %) failed after 4 to 13 months. Immediate load-
ing of implants with firm primary stability in partially
edentulous areas of the mandible appears to be a vi-
able procedure with predictable outcome.®

Richard P. Kinsel, Mindy Liss evaluated in a retro-
spective study the effects of implants dimensions,
surface treatment, location in the dental arch, num-
bers of supporting implantabutments, surgical tech-
nique, and generally recognized risk factors on the
survival of a series of single stage Straumann dental
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implants, placed into edentulous arches using an im-
mediateloading protocol. Data were collected for 344
single-stage implants placed into 56 edentulous
arches (39 maxillae and 17 mandibles) of 43 patients
and immediate loaded with a one piece provisional
fixed prosthesis.

Each patient received between 4 and 18 implants
in one or both dental arches. Periapical radiographs
were obtained over a 2 to 10 year follow up period to
evaluate crestal bone loss following insertion of the
definitive metal-ceramic fixed prostheses. A total of
16implantsfailed tosuccessfullyintegrate. Increased
rates of failure were associated with reduced implant
length, placement in the posterior region of the jaw,
increased implant diameter and surface treatment.
Implant length emerged as the sole significant pre-
dictor of implant failure.

In this prospective analysis, in 56 consecutively
treated edentulous arches with multiple single stage
dentalimplantsloaded immediately, reduced implant
length was the sole significant predictor of failure.®
George Romanos, Georg Hubertus Nentwig evalu-
ated immediate loading of oral implants on heavy
smokers. 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. Sev-
enty two implants, 6 implants in each jaw, 6 maxillae
and 6 mandibles, made from comercially pure tita-
nium (grade 2), with a progressive thread design and
sandblasted surface (Ankylos, Friadent) were used.
Provisional fixed prostheses had centric occlusal con-
tactsand group functionin the lateral movements of
the mandible (immediate occlusal loading). Clinical
and radiographic indices were evaluated at the start
of loading and at 3 month intervals after loading.
After a mean loading period of 33.7 + 19.0 months
(range 6 to 66 months) one implant was mobile. All
clinical indices had values in normal ranges. The Peri-
otestvaluesdecreased with time, indicated increased
security of implants in bone. Crestal bone loss was
stable, with only two sites presented minimal vertical
bone loss and six presented minimal horizontal bone
loss. Thisstudy showed thatimmediate loading of oral
implants may be successful in heavy smokers under
some circumstances.”® Gioacchino Cannizzaro,
Michele Leone,Ugo Con Solo, Vittorio Ferri, Marco Es-
posito compared the efficacy of immediae function-
ally loaded implants placed with a flapless procedure
(test group) versus implants placed after flap eleva-
tion and conventional load-free healing (control
group)in partially edentulous patients. Forty patients
were randomized: 20 to the flapless immediate
loaded group and 20 to the conventional group. Im-
plantsintheimmediatelyloaded group were provided
with full acrylic resin temporary restoration in the

same day. Implants in the conventional group were
submerged (anterior region) or left unsubmerged
(posterior region) and left load-free for 3 months
(mandibles) or 4 months (maxillae). 52 implants were
placed in the in the flapless group and 56 in the con-
ventionally group. After three years no dropouts or
failures occurred.

When comparing baseline data with those at the
years 1,2, and 3 within each group, mean Osstell val-
ues of the flapless group did not increase, whereas
there were statistically significant increases in the
Periotest values.

Implants can be successfully placed flapless and
loaded immediately without compromising success
rates; the procedure decreases treatment time and
patient discomfort."

Roberto Crespi, Paclo Cappare, Enricho Gherlone,
George E. Romanos performed a study to report a
clinicalcomparative assessementofcrestalbonelevel
change around single implants in fresh extraction
sockets in the esthetic zone of the maxilla either im-
mediately loaded or loaded after a delay. Forty pa-
tients were included in a prospective, randomized
study. All patient required 1 tooth extraction. Im-
plants were positioned immediately after tooth ex-
traction and were loaded immediately in the test
group (20implants) and after 3 monthsin the control
group (20 implants). All implants were 13 mm long.
Thirty implants had adiameter of 5mm,and 10 had a
diameter of 3.75 mm. Radiographic examination was
made at baseline, at 6 months and at 24 months. Af-
ter a 24-month follow up period, a cumulative sur-
vival rate of 100 % was reported for all implants. The
success rate and radiographic results of immediate
restorations of dental implants placed in fresh ex-
traction sockets were comparable to those obtained
in delayed loading group.” Two studies registered a
18 month follow up. Joseph Nissan, George E. Ro-
manos, Ofer Mardinger, Gavriel Chaushu assessed the
clinical effectiveness of immediate nonfunctional
loading for single tooth implants placed in the ante-
rior maxilla following augmentation with cancellous
freeze-dried block graft, with clinical outcomes up to
18 months after placement. Implants were immedi-
ately restored with unsplinted acrylic resin provi-
sionalcrowns. Eleven patientsreceived 12implantsin
theanterior maxilla,and intraorally radiographs were
obtained immediate after implant placement and at
6, 12 and 18 months. Survival rate and radiographic
marginal bone loss were evaluated at 0, 6, 12 and 18
months. Marginal bone loss did not extend beyond
the first thread up to a 18 month follow-up.

Within the limits of this study, immediate non-
functional loading for single-tooth implants placed



in the anterior maxilla following augmentation with
cancellous freeze-dried block graft seems a promis-
ing treatment alternative.’

Roberto Crespi, Paolo Cappare, Enricho Gherlone,
George E. Romanos evaluated the clinical and radi-
ographic outcome of dental implants immediate
placed and loaded into fresh extraction sockets after
18 months. Twenty-seven patients, 15 womenand 12
men, received a total of 160implants. 150 were placed
immediately after extraction.The sockets in the study

research _dental implant loading

had fully preserved walls, and 10 were placed in
healed sites. Immediately after surgical procedure, all
patients received the temporary prosthetic recon-
struction in occlusion. Five months post surgery, de-
finitive metal-ceramic restorations were cemented
on abutments. Intraoral digital radiographic exami-
nationwere performed 3and 18 monthsafterimplant
placement. Mean marginal bone loss 18 months after
immediate loading was 0.65 + 0.58 mm to the mesial
side and 0.84 + 0.69 to the distal side in the maxilla
and 1.13 + 0.51T mm mesially and 1.24 + 0.60 distally

Load time

Splint
time

Sit.

Follow
up

No.of pac.
No.of impl.

Tab. 1_Summarized data from the
studies /approaches used in this re-
view with reference to immediate
loading.

Lev. of
evid

Reference

Immediate 1Day | Ed. Novum 12 Months 10 pac. 86.7 % Els De Smet B
loading mand. Branemark 30impl. etal.
Immediate 1Day | Max. Sweden & 24 Months 20 pac. 100 % Roberto Crespi | C
loading estheticzone | Martina 20impl. etal.
Immediate <1Day | Part.ed. TiUnite 48 Months 77 pac. 98.4% Rar-Oslov B
loading mand. Branemark 257 impl. Ostmanetal.
Immediate <1Day | Ed.max. Ankylos 12-60 9 pac. 98.6% George B
loading Ed. mandib. | Friadent Months 72 impl. Romanosetal.
Immediate 1Day | Part. Zimmer 36 Months 20 pac. 100 % Gioacchino B
loading Edent. Swiss Plus 52 impl. Cannizzaro

etal.
Immediate 1Day | Ed.max.39 | Straumann 2-10 56 pac. 95.6 % Richard P. B
loading Ed.man. 17 Years 344 impl. Kinsel etal.
Immediate 1Day | Ant. 31-9impl. 18 Months 11 pac. 100 % Joseph Nissan | B
loading maxila Zimmer-3impl 12 impl. etal.
Immediate <1Day | All Bicon 12 Months 209 pac. 90.3 % Mohamed S. B
loading Edent. 477 impl. Erakatetal.
Immediate <1Day | Llated. Straumann 12 Months 20 pac. 97.5% Roberto B
loading mand. 40impl. Cornelinietal.
Immediate <1Day | Ed.max. Sweden & 18 Months 27 pac. 100 % Roberto Crespi | C
loading part. Martina 160 impl. etal.

(150 after extr.)

Immediate <1Day | Ed.max Zimmer 12 Months 33 pac. 99 % Gioacchino B
loading Swiss Plus 202 impl. Cannizzaro

etal.
Immediate <1Day | Ed.max. Various 60 Months 44 pac. 99.1 % Degidietal. B
loading 338impl.
Immediate 1Day | Ed.mandib. | Straumann 24 Months 9 pac. 100 % Pedro C
loading 36impl. Tortamano

etal.

implants | 1 1
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inthemandible. Withinthe limitsof thisclinical study,
the results indicate that immediate loading of im-
plants placed in immediate extraction sites can be
carried out successfully. Six studies covered a 12
month follow up. Els de Smet, Joke Duyck, Josvander
Sloten, Ignace Naert performed a clinical trial to re-
port on the implant outcome of delayed, early and
immediate loading of implants in the edentulous
mandible.Ona consecutive basis, the firstten patients
received an overdenture retained by 2 ball attach-
ments four months after implantinsertion (delayed),
and the next 10 patients received an overdenture
one week after implant surgery (early). The next ten
patients were treated with a fixed prosthesis on 3
implants (Branemark, Novum) either the day of or
the day after surgery (immediate). All patients were
followed for one year, half were followed for two
years. One patient in each OD group lost both im-
plants.

The losses occurred sixmonthsafter loading in the
delayed group and one month after loading in the
early group. In the immediate group, one patient lost
both distalimplants five months after loading. In two
other patients, one distalimplant failed after one year
of loading. Maximal bite forces increased over time
forall groups. Marginal bone loss was the highest for
the immediate group.

According to this prospective controlled clinical
trial, the results achieved with early implant loading
were comparable to those achieved with implants
loaded after a delay. Distal implants are at higher risk
for failure in the immediate loading protocol.” Pedro
Tortamano, Tadashi Carlos Orii, Julio Yamanochi, At-
las Edson Moleros Nakame, Tatiana de Carvalho
Guarnieri presented a new method for fabricating ef-
fective definitive prostheses to immediate load im-
plants in edentulous patients.Nine patients received
four implants each, and resin metal prostheses were
installed less than 48 hours after implant placement.
Clinical evaluation of soft peri implant tissues was
conducted monthly after the sutures were removed,
and radiographs were obtained 6, 12 and 24 months
after the surgery. The periotest revealed statistical
values that were stable, with no mobility. No signs of
inflammation and/or bleeding were observed.The ra-
diographs did not reveal any continuous areas of ra-
diolucency beyond the first thread of the 36 implants
after 24 months.

Under immediate load, osseointegration of im-
plantsis possible, and the method for the fabrication
of resin-metal prostheses has been reliable and pre-
dictable.'® Giuseppe Luongo, Rosario Di Raimondo,
Paolo Filippini, Federico Gualini, Cesare Paoleschi
evaluated the concept of an immediate loading pro-
tocol in the posterior maxilla and mandible through

analysis of implant survival at 1 year. Eighty two ITI
sandblasted, acid-etched (SLA) implants in 40 pa-
tients were loaded between 0 and 11 days after im-
plant placement. The restorations consisted of either
2 splinted crowns or a 3-unit fixed prosthesis. All
restorations were putinto full functional occlusion.
Periapical radiographs were evaluated for changesin
crestal bone level from baseline to 1year postloading.
Three patients' implants were not loaded because of
lack of primary stability, and a fourth patient was ex-
cluded from the study because of a protocol violation
(more than 4implants were used).The mean bone loss
at 1year 0.52 + 0.98.The early results from this study
indicate that early and immediate loading of two im-
plants in the posterior maxilla and mandible may be
suitable in selected patients. On the basis of one year
observation, the results appear similar to those
achieved with a delayed procedure.”

Mohamed S Erakat, Sung-Kiang Chuang Meghan
Weed, Thomas B. Dodson estimated the 1-year sur-
vival rate of immediate vertical load splinted locking
taper implants and identified the risk factors for im-
plant failure. The study cohort was composed of 209
patients who received 477 implants. The overall one
year Kaplan Mayer survival estimate was 90.3 %. Af-
ter controlling other variables, 3 variables-timing of
implant placementrelative to extraction (delayed im-
plant placement after tooth extraction), coating of
implant (uncoated), and increased number of pon-
tics—were associated with an increased risk for im-
plant failure. An overall 1-year survival estimate of
90.3 % (95 % CL: 86.9 9%, 93.7 %) was calculated for
immediately loaded splinted implants. After control-
ling other variables, 3 variables-timing of implant
placement relative to extraction (delayed implant
placement after tooth extraction), coating of implant
(uncoated), and increased number of pontics—were
associated withanincreased risk forimplant failure.™
Roberto Cornelini, Filippo Cangini, Ugo Covani,
Antonio Barone, Daniel Buser evaluated the succes
rate at 12 months of titanium dental implants placed
in the posterior mandible and immediately loaded
with 3-unit fixed partial dentures. Patients with
missing mandibular premolars and molars were
enrolled in this study. Forty implants with a sand-
blasted, large grit, acid-etched (SLA) surface (Strau-
mann) were placed in 20 patients. Implant stability
was measured with resonance frequency analysis
using the Osstell device. Implants were included in
the study when the stability quotient (ISQ) exceeded
62. At 12 months, only one implant had been lost be-
cause of an acute infection. The remaining 39 im-
plants were successful, resulting in a 1-year success
rate of 97.5 %. Neither peri-implant bone levels,
measured radiographically, nor implant stability
changed significantly from baseline to the 12 month
follow-up.
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Load time No.of pac. Reference
No.of impl.
Early 2 | Ed.max. Osseotite 60 Months 142 pac. 97.9% Sullivan etal.
loading Months | Ed.mandib. 526 impl.
Early 1-1 | Ed.post. Tl 12 Months 40 pac. 98.8 % Giuseppe
loading Days | mandib. Straumann 82 impl. Luongoetal.
Ed. post.
max.
Early 7Days | Ed. Novum 12 Months 10 pac. 90 % Els De Smet
loading mandib. Branemark 20impl. etal.

Load time Follow No.of pac. no.of Reference
up impl.

Delayed 4 | Ed. Novum 1 Year 10 pac. 90 % Els De Smet

loading Months | mandib. Branemark Half2 Years | 20impl. etal.

Delayed 3 | Max. Sweden & 24 Months 20 pac. 100 % Roberto

loading Months | esthetic Martina 20impl. Crespietal.

zone

Delayed 4 | Part. Zimmer 36 Months 20 pac. 100 % Gioacchino

loading Months | Edent. Swiss Plus 56impl. Cannizzaro
etal.

Tab.2_Summarized data from the
studies /approaches used in this
review with reference to early
loading.

Tab. 3_Summarized data from the
studies/approaches used in this
review with reference to delayed
loading.
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The findings from this clinical study showed that
the placement of SLA transmucosal implants in the
mandibular area and their immediate loading with
3-unit fixed partial dentures may be a safe and
successful procedure.” Gioacchino Cannizzaro,
Michele Leone, Marco Esposito have performed a one
year follow-up of a single cohort study. Thirty three
consecutively treated edentulous patients received
202implantsinthe maxila.In 10 patients, 53 implants
wereimmediatelyinserted in fresh extraction sockets.
Threeimplantsintwo patientsdid notreach sufficient
stability and were left to heal for 45 to 90 days. All
restorations (21 fixed prostheses and 12 overden-
tures) were delivered the same day of the surgery. No
major complication occurred. Five patients experi-
enced biologiccomplication, e.g. peri-implantitis; ten
experienced prosthetic complication. Two implants
failed in two patients but were successfully replaced
the same day they were removed. No prosthesis
failed.Implants placed in the edentulous maxilla with
a flapless procedure can be successfully loaded the
same day of surgery.2 The activity around dental im-
plants has been approached by Hiroto Sasaki et al.
who performed a study to determine dynamic
changesin bone metabolism around osseointegrated

titanium implants under mechanical stress. After in-
sertion ofimplants, the uptake ratio increased during
the first week and then decreased gradually. It was
significantly higher than baseline on days 4.7 and 10
(p < 0.01 Friedman test) and during the second and
third week (p < 0.5 Steel test). However, it was not sig-
nificantly higher at 4 weeks and 7 weeks (i.e. meta-
bolic activity had returned to the baseline level). The
uptake ratio changed with the loading. With 2.0 and
4.0-N loading, change of activities over the 7 week
experimental period was almost the same in terms
of magnitude and timing.The ratio reached a maxi-
mum during the first week (more than twice that
without loading) and then decreased a little. Meta-
bolic activity returned to the baseline level at about
2 to 7 weeks after loading. The ratio from 3 days to
6 weeks after loading was significantly higher than
without loading (Friedman and Steel test, P < 0.05).
There was no significant difference 7 weeks after
loading. The results for the 0.5 and 1.0-N loading
groups were similar but different from those for the
2.0 and 4.0-N loading groups. With the smaller
loadings, the uptake ratio gradually increased after
loading and returned to the baseline level at 7 days.
It then decreased, reaching baseline level at 2 to 7



weeks after loading. With 1.0-N loading, the uptake
ratio did not differ among measurement points
(Friedman and Steel tests, P >.05). The uptake ratios
with the 2.0 and 4.0 loads were significantly higher
than those with the 0.5 and 1.0-N loads (Tukey test,
P<0,5.%

_Discussion

Successfully osseointegrated dental implants are
anchored directly to the bone. However, in the pres-
ence of movement, a soft tissue interface may incap-
sulate the implant causing its failure.To minimize the
risk of soft tissue encapsulation, it has been recom-
mended that implants should be kept load-free by
submerging them during the healing period.?*

Immediatly loaded or early loaded implants after
insertion develop specialand specificclinicalimplica-
tions with an impact on the treatment time. If it can
shortened to a very large extent it involves a signifi-
cant fact to the benefit of the patients. The main pur-
pose of these studies is actually the achievement of a
successful final prothesis.Implantlossisasignificant
risk factor in this respect.

This review has been intended for gathering data
and information available in reference literature in
ordertoachievea clinical conclusion as to fixed or re-
movable implant-supported prostheses based on
time of loading. Attempts to use standard systematic
review procedures (application of scientificstrategies
in ways that limit bias to the assembly, critical ap-
praisal and synthesis of all relevant studies that ad-
dress a specific clinical question) have not been en-
tirely possible because of report variability, and this
limits the ability to draw conclusive comments from
the work.

Nowadays, immediate or early dental implants
loading with a careful patients' selection is possible.
Theclinician'sexperienceisan obligatory prerequisite
in reaching optimum results with immediate loading.
Oneoftheconditionsorrequirementsinfluencing the
proceduresuccessappearstobethe high primarysta-
bility of the implant at the insertion time. In future,
additional and well structured studies are important
and necessary to complete a clear protocol forimme-
diate and early loading. No statistic difference for
prothesisand implants success rate or marginal bone
loss with different time of implant loading has been
observed. All known risk factors and contraindica-
tions for osseointegration with a standard protocol
will be equally or even more important with immedi-
ate or early loading protocols. It is thus implied that
successful osseointegration with reduced loading
protocols requires critical case selection and meticu-
lous surgical and prosthetic management.

research _ dental implant loading

Asurgical technique that minimizes heat genera-
tionand pressure necrosisis of particularimportance
with both early and immediate implant loading. Itis
also dependent on the quality and quantity of exist-
ing bone at the implantsite and the ability to achieve
and maintain adequatesstability of theimplantsothat
micromotion is kept below the biological threshold.
The level of skill and experience of the surgeon play a
rolein treatmentoutcomes. The presence of infection
in the implant area will affect osseointegration. Un-
treated periodontitis and periapical pathology must
beaddressed before implant placement, independent
of the loading protocol.

Management of micromotion of the implant is
critical for osseointegration and many studies stress
the importance of minimizing functional loading in
both centric and lateral excursion. Non axial loading
is difficult to measure clinically and the ideal occlusal
scheme has not been outlined. It is therefore impos-
sible to state that parafunction is an implicit contra-
indication toimmediate or early loading butitis gen-
erally considered to be a risk factor.

Relatively few data about the relationship be-
tween soft tissue and immediate or early loading are
available. Marginal recessions around the immedi-
ately loaded implant were comparable to those con-
ventionally loaded.2 %

Smoking has been shown to have a negative im-
pact on osseointegration 2 and, as such, it must be
also considered a potential risk factor forimmediate
and early loading protocols even though some stud-
ies showed that immediate loading of oral implants
may be successful in heavy smokers under some cir-
cumstances.'027.28

Itisfundamentally necessary for a treatment plan
to offer an advantage to the patient. Immediate and
early loading benefits reduce surgical steps by elimi-
nating the second procedure, shorten treatment time
and provide a functional and psychologic advantage
of prosthetic rehabilitation.

Immediate restauration or loading may be partic-
ulary attractive to a patient as temporization with a
removable applianceisnotrequired afterimplant fix-
ture placement.Theadvantage mustbe carefully con-
sidered againsta potential increased risk of failure for
immediate or early loading times.

An increased success rate was generally stated in
the studies; however, two studies "> "® have revealed a
relatively high failure rate. In one study'®, one patient
ofeachgrouplostbothimplants.Theloss occurred six
monthsafterloadingindelayed groupand one month
after loading in early group. In the immediate group,
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one patient lost both distal implants five months af-
ter loading. In two other patients, distal implants
failed after one year of loading. Marginal bone loss
was the highest for the immediate group. In another
study'®, there has been reported a success rate of
90.3 %, i.e. 47 lost implants out of 477 inserted im-
plants, respectively. It might be important to specify
thatBiconimplants were used in the study. Itisworth
mentioning that,in general, the successrate was high
(95.6 % - 100 %), a fact confirming immediate and
early loading of dental implants to be a viable treat-
ment option.”8910M1213141617.19.20 Marginal bone loss
was observed to be higher with immediately loaded
implants.' Furtheron, bone loss has not been ex-
tended beyond the first implant thread.™®Both im-
plant length reducing and diameter shortening in-
crease the risk of failure.’ Another important aspect
is that immediate loading can be achieved under cir-

cumstances of a high primary stability.220.11213.1415,
16,17,18,19,20

_Conclusion and Clinical Relevance

Nowadays,immediate and early loading with out-
comes comparable to conventional resultsis possible.
However, a rigurously and thoroughly selected surgi-
cal and prothetic management is of utmost impor-
tance and necessity in achieving the goal. It is also
compulsory for dental implants to show a very good
primary stability and bone quantitaty and quality as
well as bruxism and parafunctional habits must be
correctly assessed. The risk of failure with immediate
and early loading isextremely high in the lateral max-
illary area due to poor bone quality as well as when
one tooth only is replaced. A high success rate has
been observed when optimum density bone exists
and when the implants are splinted. Biological limits
in the immediate and early loading process of dental
implants have not been entirely defined yet. Further
researches are required and important for a more ac-
curate setting of limits between immediate, earlyand
delayed loading of dental implants.

_Summary

The scope of this review is to find an answer to the
questions "when" and "how" implants can be loaded
in different time after insertion. For the purpose of
this review, immediate loading was defined asan im-
plant put in function within 48 hours after its place-
ment; early loading as those implants putin function
from 48 hours up to 3 months after insertion, and
conventional loading as those implants put in func-
tion between 3 to 6 months after placement. The re-
view has been accomplished on the basis of 14 stud-
jes selected out of 26, with a minimum 12 month fol-
lowup.The concernforimmediate orearlyloadingaf-
ter insertion determines special and specific clinical

implications with an impact on the treatment time
since itis shortened to a very large extent, being thus
a benefit to the patients.

Themain purpose of the studies underlying this re-
view isin fact the success of the final prothesis, since
implantslossengendersagreatrisk for protheses.Im-
mediate or early loading of dental implants is nowa-
days possible for carefully selected patients. All
knownrisk factorsand contraindications for osseoin-
tegration with a standard protocol will be equally or
even more importantwith immediate or early loading
protocols. Itis thus implied that successful osseoin-
tegration with reduced loading protocols requires
critical case selection and meticulous surgical and
prosthetic management. A surgical technique that
minimizes heatgenerationand pressure necrosisis of
particularimportance with both early and immediate
implant loading. It is also dependent on the quality
and quantity of existing bone at the implant site and
the ability to achieve and maintain adequate stability
of the implant so that micromotion is kept below the
biological threshold. The level of skill and experience
of the surgeon play a role in treatment outcomes. Bi-
ological limits in the immediate and early loading
process of dental implants have not been entirely de-
fined yet. Further researches are required and impor-
tantforamoreaccurate setting of limits between im-
mediate, earlyand delayedloading ofdentalimplants.
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