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Abstract

Objective: The aim of this study was to compare the survival rate, the bone loss and soft-
tissue healing patterns of immediately loaded and immediately restored implants in cases
of partial posterior mandibular edentulism.

Material and methods: Fifty patients with partial posterior mandibular edentulism were
randomly selected for two treatments: 25 were included in the immediate loading group
(test) and 25 in the immediate restoration group (control). All implants were placed in
healed sites with a torque of >25N cm. The temporary prosthesis of the immediate
restoration group was placed so as to avoid occlusal contact in centric and lateral
excursions. Both groups received fully occluding final restorations 6 months after surgery.
Mean marginal bone loss was assessed at 6-, 12-, 24- and 36-month follow-up examinations
by a blinded examiner.

Results: A total of 100 implants were placed in the period between February 2004 and
October 2006, of which 42 (42%) were for men and 58 (58%) for women. Five and 7 weeks
after surgery, mobility of one implant was assessed in one (4%) patient in the test group
and one (4%) patient in the control group, respectively. At the 36-month follow-up, the
accumulated mean marginal bone loss was 0.987 mm (SD = 0.375) for the immediate
restoration group (n=48) and 0.947 mm (SD = 0.323) for the immediate loading group
(n=48). There was no statistically significant difference (P> 0.05) for the tested outcome
measures between the two procedures.

Conclusions: This study was unable to detect any statistically significant difference in the
survival rate, bone loss and soft tissue healing patterns between the immediately loaded
and the immediately restored implants in cases of partial posterior mandibular edentulism.
The immediate temporary rehabilitation of the partially edentulous posterior mandible is a
predictable procedure using both procedures.

The rehabilitation of the partially edentu-
lous posterior mandible with immediately
loaded, standard diameter implants, in
cases when there is a suitable bone volume
and quality, has been proposed by many
authors (Glauser et al. 2001, 2005, 2007;
Cannizzaro & Leone 2003; Testori et al.
2003; Degidi et al. 2006; Achilli et al. 2007;

Schincaglia et al. 2007; Galli et al. 2008;
Ganeles et al. 2008). Severe chewing forces
and bruxism are considered to be significant
factors that may compromise the effective-
ness of this treatment option (Glauser et al.
2001), as parafunctional activity in the
posterior regions of the mouth has been
reported as an etiological factor closely
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related to implant failure (Balshi 1996;
Piattelli et al. 1998; Jaffin et al. 2007).
In order to reduce the early risks of mechan-
ical overload, some authors have proposed
to modify the immediate temporary re-
storation to avoid occlusal contact in cen-
tric and lateral excursions (Misch 1998;
Testori et al. 2003; Achilli et al. 2007;
Degidi et al. 2009a). The thus-modified
restoration is still involved in the chewing
process, but the mechanical loading stress is
reduced. Using non-occluding temporary re-
storations supported by immediately restored
implants, a recent study (Galli et al. 2008)
concluded that there were no statistically or
clinically significant differences between im-
mediate and early loading of dental implants
with regard to peri-implant bone and soft
tissue levels. Using two to four immediate
temporary tooth restorations that were out of
occlusal contact, Ganeles et al. (2008) de-
monstrated a safe and predictable outcome,
with survival rates comparable with those for
conventional or delayed loading, even with
poor-quality bone.

A study group, however, reported a suc-
cessful outcome for the immediate rehabi-
litation of the partial edentulous mandible
using temporary restorations placed under
a fully occlusal load (Glauser et al. 2001,
2005, 2007). One study (Cannizzaro &
Leone 2003) also reported that immediate
fully occlusal loading of partial restoration
supported by micro-textured implants in
partially edentulous patients demonstrated
excellent clinical results, with no adverse
periodontal consequences after 24 months
of function in highly motivated patients
with excellent oral hygiene.

A recent systematic review analyzed the
correlation between the indications for im-
mediate loading of implants and implant
success (Nkenke & Fenner 2006). The
authors assessed that several different ap-
proaches to immediate loading could lead
to survival rates in controlled studies com-
parable with those of conventionally loaded
implants, but also that it was not possible
to draw conclusions on the relevance of
immediate functional loading and immedi-
ate non-functional loading under certain
conditions.

Another systematic review of marginal
soft tissue at implants subjected to im-
mediate loading or immediate restoration
(Glauser et al. 2006) concluded that once
immediately loaded or restored, implants
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integrated successfully showed a soft tissue
reaction comparable with those of the con-
ventionally loaded implants and that no
evidence suggested that peri-implant
mucosal complications could be directly
attributed to immediate loading or restora-
tion protocols.

The aim of this randomized clinical trial
was to compare the survival rate, bone loss
and soft tissue healing pattemns of immedi-
ately loaded and immediately restored
implants in cases of partial posterior man-
dibular edentulism, in order to verify the
hypothesis that the full occlusal load would
compromise or jeopardize the osseointegra-

tion process.

Material and methods

The present randomized clinical trial in-
cluded patients aged 18 years or more with
partial posterior mandibular edentulism.
The condition of the opposing dentition
was not considered to be a discriminating
factor. This study was designed and con-
ducted in full accordance with the World
Medical Association Declaration of Hel-
sinki, as revised in 2002. All patients
signed a specific written informed consent
form. Each of them received a fixed tem-
porary restoration that was attached to two
3.4- or 3.8-mm-diameter parallel screw,
grit-blasted and acid-etched implants with
an internal hexagonal connection (XiVe
Plus, DENTSPLY-Friadent, Mannheim,
Germany) positioned in a partially edentu-
lous posterior mandible. Patients were not
included in the study if they met any of the
following exclusion criteria: (1) active in-
fection in the sites intended for implant
placement; (2) systemic disease that could
compromise osseointegration; (3) treat-
ment with radiation therapy in the cranio-
facial region within the previous 12
months; (4) if they smoked > 10 cigarettes
per day; (5) pregnancy or lactation; (6)
presence of bruxism signs or symptoms,
as worn occlusal facets or myalgia; and (7)
unsuitable quantity of bone in the surgery
site or need for bone augmentation proce-
dures before implant placement. All im-
plants were placed in healed sites by one
experienced surgeon (M.D.) in a private
dental office in Bologna, Italy.

During the implant placement proce-
dure, the insertion torque and the implant

stability quotient (ISQ) were registered by a
surgical unit (FRIOS Unit E, W&H Den-
talwerk GmbH, Buermoos, Austria) and a
digital measurement probe (Osstell AB,
Gamlestadsvigen 3B, Goteborg, Sweden).
Patients were excluded from the study if
any of the implants lacked good primary
stability by meeting one of the following
exclusion criteria: (1) insertion torque
<25Ncm and (2) an ISQ of <6o.

Sample size was based on a comparison
of the number of single mandibular
implants placed to support a multiple-
implant partial restoration that was likely
to fail using the immediate loading and the
immediate restoration approach. Average
implant failure percentages were retrieved
from the most recent literature and ana-
lyzed using a computer software program
(Quick Calc, GraphPad Software Inc.,
Avenida de la Playa, La Jolla, CA, USA)
with the following results: an average 1.5 %
of control subjects — immediate restoration
— (Achilli et al. 2007; Galli et al. 2008;
Ganeles et al. 2008; Degidi et al. 2009a,
2009b) and 3.7% of experimental subjects
— immediate loading — (Glauser et al. 2001,
2005, 2007; Cannizzaro & Leone 2003)
had an implant failure, with an absolute
risk increase of 2.2%. This resulted in a
sample size of 46 subjects, meaning that
about one in every 46 single immediate
implants in each group was expected to fail.
This number was increased to 50 implants
to compensate for possible drop-outs.
Cases were randomized following a locked
list created with a non-repeatable compu-
terized random number generator (Quick
Calc, GraphPad Software Inc.). As a mini-
mum of 5o implants were necessary to
obtain a reliable result, we assigned 25
patient subjects with two implants per
person to each of the two groups. The
random number generator is seeded with
the time of day and displays a different
number/letter combination each time.
Each subject is first assigned to a group
non-randomly. Then the assignment of
each subject is swapped with the group
assignment of a randomly chosen subject.
This process is automatically repeated
twice.

Preoperative analysis of anatomical fea-
tures was performed with panoramic radio-
graphy. Impressions were made of the
and laboratory
casts were made. The shade and mold of

maxilla and mandible,
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the prosthetic teeth were selected and
appropriate wear-resistant commercial den-
ture teeth (Vita Physiodens, Vita Zahnfab-
rik, H. Rauter GmbH & Co. KG, Bad
Sickingen, Germany) were chosen. Two or
three teeth were arranged on a cast mounted
on a semi-adjustable articulator and joined
with an auto-polymerizing acrylic resin to
create the temporary restoration.

Anti-microbial prophylaxis was per-
formed with the use of 500mg B-lactam
antibiotic (Amoxicillin, Pfizer Manufac-
turing, Puurs, Belgium) twice daily for 5
days, starting 1h before surgery. Local
anesthesia (2% articaine/adrenaline 1:
100,000) was administered at the time of
surgery. Surgery began with a mid-crestal
incision, a full-thickness flap was elevated
and the crestal ridge was exposed. Two
implants were placed using a surgical tem-
plate with the smooth crestal collar posi-
tioned 0.5 mm above the alveolar crest. If
both implants fulfilled the inclusion cri-
teria, the abutments were splinted using
the intra-oral welding technique (Degidi
et al. 2009a), the temporary acrylic restora-
tion was relined in position with a small
quantity of auto-polymerizing acrylic resin
and the correct vertical dimension was
checked. The restoration was then re-
moved from the oral cavity, completely
filled with  heat-processed acrylic,
trimmed, polished and reinserted. The re-
storation was connected to the abutments
by tightening the titanium retaining screws
with 20N cm of torque. Screw holes were
closed with a light-cured composite resin.
The soft tissue was positioned around the
abutments and sutured into place. A con-
secutive number was then assigned to the
case, and the randomization list was
checked to verify in which group the case
number was allocated.

Twenty-five patients underwent the im-
mediate restoration procedure. The tem-
porary restoration was carefully modified
to avoid occlusal contact in centric and
lateral excursions.

Twenty-five patients underwent the im-
mediate loading procedure. The temporary
restoration was not modified, leaving the
prosthesis under a full occlusal load.

Instructions for oral hygiene were given,
and patients were instructed to have a soft
diet for 8 weeks. Sutures were removed 14
days after surgery (Figs 1 and 2). Twenty
weeks after implant insertion, the provi-
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Fig. 1. Test case, periapical radiograph before surgery, after surgery and 6 months after surgery.

Fig. 2. Control case, periapical radiograph before surgery, after surgery and 6 months after surgery.

sional restoration was removed, implant
mobility was checked, pocket probing
depth was assessed and final impressions
were recorded using polyether impression
material (Impregum, 3M-Espe, St. Paul,
MN, USA). The final fully occluding re-
storation was delivered approximately
6 months after implant insertion.
The following observations were made:

e Implant survival is defined as the pre-
sence of the implant at the time of
follow-up examinations.

e Changes in marginal peri-implant bone
level, defined as the modification of the
distance  between the implant-
abutment junction and the highest
coronal point of the supporting bone,
were assessed using periapical radio-
graphs taken with a customized posi-
tioning jig. Each periapical X-ray was
digitized with a scanner (Epson Expres-
sion 1680 Pro, Epson Italia, Cinisello
Balsamo, Milano, Italy) and coded with
a computerized random list generator
(Quick Calc, GraphPad Software Inc.).
Each coded image was then analyzed
with measurement software (Meazure"
2.0 build 158, C Thing Software, Sun-
nyvale, CA, USA) using platform
height and implant length as double
cross references (Jaffin et al. 2007).

e Level of marginal gingiva was assessed
20 weeks after implant insertion, with
mesial, buccal and distal probing depth
measurements taken using a pressure
of o.15N, frequency of bleeding on
probing.

e Biological or technical complications,
adverse events.

The frequency of the follow-up was:

e To: after surgery and fitting of the
immediate temporary restoration;

e Ti: fitting of the final restoration —
6 months after surgery;

e Ta2: final restoration follow-up - 1 year
after surgery;

e T3 final restoration follow-up — 2 years
after surgery; and

e T4: final restoration follow-up — 3 years
after surgery.

Statistical analysis

Statistically significant mean marginal
bone loss at each follow-up and probing
depth difference 20 weeks after implant
insertion were assessed using the two-
sample t-test with a 95% confidence
interval (P<o0.05).

Results

A total of 100 implants were placed in the
period between February 2004 and October
2006. The mean age of the patients at the
time of surgery was 45.1 years (SD=9.1;
n=s50). Twenty-nine (58.0%) and 21
(42.0%) restorations were, respectively,
placed in an equal number of female and
male patients. All the restorations were
placed in the far posterior position and had
no teeth distal to them. The average
insertion torque and ISQ values are listed
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in Table 1. At the 36-month follow-up,
the accumulated mean marginal bone
loss was 0.987 mm (SD =0.375) for the
immediate restoration group (n=48)
and 0.947 mm (SD=0.323) for the im-
mediate loading group (n=48). No
statistically significant mean marginal
bone loss difference and pocket probing
depth (P<o0.05) were found. The radio-
graphic evaluations and the level of
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marginal gingiva are summarized in
Tables 2 and 3.

Similar early biological complications
were recorded in two patients (Table 4).
Five and 7 weeks after surgery, respec-
tively, one female patient (4%) in the test
group and one male patient (4%) in the
control group reported swelling, discomfort
and pain in the surgical site. The restora-
tions were carefully removed, and mobility

Table 1. Average insertion torque and I1SQ values

Test group

Control group

Torque (N cm)
1SQ (TO, surgery)
I1SQ (T1, 6 months)

30.5 (SD 9.1)
65.9 (SD 7.2) (n=50)
74.1 (SD 9.1) (n=48)

28.7 (SD 5.2)
66.1 (SD 8.6) (n=50)
78.1 (SD 9.3) (n=48)

1SQ, implant stability quotient.

Table 2. Mean measurements of bone loss pattern

Follow-up range Mean (mm) Standard deviation Median
Immediate restoration, control group (n=48)
From TO to T1 0.498 0.192 0.46
From T1 to T2 0.213 0.133 0.2
From T2 to T3 0.152 0.195 0.09
From T3 to T4 0.123 0.149 0.09
From TO to T4 0.987 0.375 0.91
Immediate loading, test group (n =48)
From TO to T1 0.5 0.2 0.47
From T1 to T2 0.188 0.119 0.17
From T2 to T3 0.113 0.097 0.11
From T3 to T4 0.145 0.158 0.11
From TO to T4 0.947 0.323 0.89
Follow-up range Control group mean (mm) Test group mean (mm) P-value

Significant differences between the means of the two groups: two-sample t-test P-values

From TO to T1 0.498
From T1 to T2 0.213
From T2 to T3 0.152
From T3 to T4 0.123
From TO to T4 0.987

0.5 0.9608
0.188 0.3342
0.113 0.2178
0.145 0.4846
0.947 0.5768

Table 3. Mean measurements of pocket probing depth and bleeding on probing frequency

Immediate restoration PPD (mm),
control group

Immediate loading PPD (mm),
test group

Mean Median BOP

Mean

Median BOP

1.612 (SD 0.312) (n=48) 1.59 18.1%

1.601 (SD 0.204) (n=48) 1.57

19.1%

Significant differences between the means of the two groups: two-sample t-test P-values

of one implant was observed. The mobile
implant was removed and the patient un-
derwent an anti-microbial cycle, consisting
of soomg B-lactam antibiotic (Amoxicil-
lin, Pfizer Manufacturing) twice daily for
5 days.

Both cases were classified as implant
failures and were excluded from the
study. Three months after the implant
removal, both patients underwent surgery
again. A new implant was inserted into the
healed site and immediately restored with a
newly made temporary restoration. Six
months after the second operation, both
patients were provided with a final re-
storation.

Discussion

The results of our study showed that there
was no significant difference between im-
mediately loaded and immediately re-
stored implants regarding survival rate
and biological response of the peri-implant
tissues complex in the medium term. Both
soft tissue and bone healed in a very
similar way, in keeping with the observa-
tions already published regarding the re-
storation of the partially edentulous
posterior mandible with immediately
loaded, standard-diameter implants. The
increase of load, applied to the prosthesis
caused by the presence of the normal
occlusal contact, seems to be unable to
jeopardize or alter the healing process of
the implant. Some factors may have con-
tributed to this outcome: the use of a
resilient acrylic resin for the fabrication of
the temporary restoration, the exclusion of
parafunctional bruxist patents and the im-
mediate splinting provided by the intra-
oral welding technique.

The biological differences in peri-im-
plant tissue responses between immedi-
ately loaded and immediately restored
implants were already analyzed in animal

Control group mean Test group mean P-value
1.612mm 1.601 mm 0.8384 models. Meyer et al. (2003, 2004) did not
S0P beed o PPD <ot orobing deoth observe any difference between the ultra-
7 eeding on probing; , pocKke robin e o
gonp J P £ 4P structural morphology of the cells at the
Table 4. Adverse events
Gender Age at Implant Mandible Reason for Time of
surgery (years) failed (mm) site failure failure

Male 53 3.4-13 First molar 3.6 Mobile implant - failed to integrate 7 weeks after surgery
Female 39 3.4-13 Second molar 3.7 Mobile implant — failed to integrate 5 weeks after surgery
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interface in occlusally loaded implants and
non-occlusally loaded implants in the early
phases of the osseointegration. A dog study
(Ghavanati et al. 2006) compared implants
loaded after 2 days and after 1 week with
unloaded control implants and did not find
statistically significant differences in the
bone-to-implant contact percentages of the
three groups.

A recently published human case report
(Degidi et al. 2009b) reported on the
histological and histomorphometrical
analysis of the bone-titanium interface
in implants with and without occlusal
contact. The implants were placed in a
split-mouth configuration in the single
first molar position in the mandible of
the same patient, and they were retrieved
after a healing period of 5 weeks. The
authors reported that both implants were
stable, surrounded by newly formed bone
lamellae and no differences were found in
the histological response of the two im-
plants.

The population of this study was homo-
geneous, came from a similar socio-
economic background and was highly
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