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Abstract

Background and objectives. Immediate implant placement can be considered a
predictable protocol, even in esthetic areas. The objective of this study was to compare the
clinical outcomes and the total costs of immediate and delayed restoration of implants with a
specific design placed into fresh extraction sockets after 1 year from the implant placement.

Materials and Methods. Blossom implants (Ossean, Intra-lock, Boca-Raton, FL, USA)
were used. In this prospective cohort study, marginal bone level, facial soft tissue, width of
keratinized gingiva and papilla index were compared in both groups; correlations with
pristine buccal bone thickness were also investigated.

Results. Marginal bone level records were different in the two groups, while no significant
differences were registered in facial soft tissue and keratinized gingiva width. In the delayed
group, a loss and reassessment of the papillary tissue was recorded at the time of restoration.
The immediate restoration group seemed to show better results in terms of healing time and
total costs.

Discussion and Conclusion. The immediate restoration protocol of immediately placed
implant seemed to have the same efficiency as the delayed restoration, besides offering other
clinical advantages.

Keywords. Bone resorption, dental implants, gingival recession, tooth socket.

1. Introduction

The placement of dental implants for replacing missing teeth is a widely used therapy,
also in esthetic areas. In the conventional protocol, implants are placed after the bone
healing, providing a highly predictable outcome [1,2]. The actual demand for reduced
treatment time and simpler protocol led to the immediate placement protocols, where
implants are put into fresh extraction sockets. Even if it is a technically demanding
procedure, the immediate implant procedure shows to be effective in reducing surgical steps,
overall treatment time, morbidity and costs for the patient [3,4].

Several aspects are involved in order to achieve a satisfactory outcome, such as
avoiding to raise a flap for controlling the facial bone resorption; leaving the buccal plate
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intact; and placing the implant toward the palatal wall of the socket [5-8]. An adequate
surgical protocol can help to overcome the common difficulties of this technique, such as the
tri-dimensional implant positioning, the primary stability and the management of the bone
wall remodeling after a tooth extraction [9]. In particular, augmentation procedures have
shown to be effective in reducing the dimensional changes of the extraction socket and
correcting the peri-implant bone defects [10].

The immediate restoration of single maxillary implants placed in fresh extraction
sockets is a predictable technique with high survival rates [11,12]. The primary implant
stability and the lack of occlusal and eccentric contact during the healing phase are necessary
to achieve a successful result. Den Hartog at al. in a literature review asserted that there were
no differences in terms of survival rates for immediate and conventional load for implants
placed immediately after tooth extraction [13].

A crucial aspect in the anterior maxilla is the esthetics, but no or little information are
found regarding the soft tissues and the esthetic outcome of the immediate implants. Also,
the achievement of a satisfactory esthetics is influenced by the buccal bone remodeling and
the soft tissue healing, which could compromise the final result. Another factor that will
influence the final treatment plan is the cost-effectiveness of dental implant therapy, which
has been studied for more than twenty years [14,15].

The aim of the present study was to compare the overall clinical outcomes of immediate
and conventional restorations on immediate implants. The null hypothesis was that there
were no differences between the two groups, while the alternative hypothesis was that there
was a difference. The study reports the 1-year preliminary data.

2. Materials and Methods
2.1. Patient selection

Consecutively treated patients at Versilia General Hospital, University of Pisa, Lido di
Camaiore, Italy, between June 2008 and November 2010, were included in present
prospective cohort study. The study was conducted according to the principles outlined in the
declaration of Helsinki on clinical research involving human subjects, as revised in 2000. The
two operators involved (UC and AB) received a 1-week session training consisting of
calibration for surgical and follow-up procedures. Patient were included in and excluded
from the study in accordance to the following criteria:

Inclusion criteria:
* 18 years old or older, and able to sign a written informed consent form,;

* patients with cuspid/bicuspid failing tooth in the maxillary/mandibular area
requiring a tooth extraction and immediate dental implant placement, with either
an immediate or delayed restoration; patients whose progress had been followed
for at least one year.

Exclusion criteria:

* history of systemic diseases which would contraindicate surgical treatment;
* long-term steroidal and/or amino-bisphosphonate therapy;

¢ diabetes mellitus;

* pregnant or lactating;
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* uncontrolled periodontal disease;

* patients declaring to smoke more than 10 cigarettes per day. Subjects smoking
less than 10 cigarettes per day were requested to stop smoking before and after
surgery, even though their compliance could not be monitored;

* absence of adjacent teeth;

» extraction sites with a partial or complete deficiency of buccal bone plate;
» failing tooth with acute infection;

* unwillingness to return for the follow-up examination.

For each patient a financial record including cost for clinical treatment and following
aftercare was compiled: total cost for each treatment was calculated [16].

2.2. Surgical Treatment

After an oral hygiene session each patient received clinical evaluation and tooth
extraction at baseline. When immediate implant could not be inserted a ridge preservation
procedure was performed, the patient was excluded from the study.

Blossom Implants with Ossean surface (Intra-lock International, Boca-Raton, FL,
USA) were used [17]. Final insertion torque was measured with a calibrated torque wrench
(Torque-Lock 2, Intralock International, Boca-Raton, FL, USA; torque measurement range
from 20 to 75 Nem). Implants with an insertion torque of at least 45 Ncm were included in
the group of immediate restoration and were temporary restored within 36 hours from
implant placement; if the insertion torque was lower than 45 Ncm, the implant was included
into the delayed restoration group (with a 4 months provisionalization).

All patients received prophylactic antibiotic therapy (2 g of amoxicillin or 600 mg
clindamycin — if allergic to penicillins) 1 hour before the extraction procedure and continued
to take the antibiotic postoperatively (1g amoxicillin or 300 mg clindamycin) three times a
day for 4 days. All patients rinsed for 1 minute with 0.2% chlorhexidine mouthwash prior to
the surgery (and twice a day for the following 3 weeks), and were treated under local
anesthesia using lidocaine with adrenaline 1:50.000. A flapless approach was chosen and
tooth extractions were carried out with or without elevators to minimize the trauma; great
care was taken to maintain the integrity of the buccal bone wall. Ultrasound bone surgery
with specific tips was used at the mesial, distal and lingual/palatal sites to allow easier tooth
extraction. After extraction, the socket was carefully curetted and, subsequently, the implant
bed was prepared according to the standard procedure (with standard drills following the
palatal bony wall as a guide, making maximum use of the bone apical to the removed tooth).
A periodontal probe was used to verify the integrity of the bone walls and to evaluate the
integrity of buccal bone plate after implant osteotomy preparation. The implants (Intra-lock
International, Boca-Raton, FL, USA) were placed with the implant platform at the marginal
level of the palatal/lingual bone wall.

Cortico-cancellous porcine bone particles (Apatos, Osteobiol-Tecnoss, Coazze, Italy)
and a resorbable membrane (Evolution, Osteobiol-Tecnoss, Coazze, Italy) were used to graft
the peri-implant bone defect. Impressions were taken and temporary/resin restorations were
prepared using prefabricated abutments (Intra-lock International, Boca-Raton, FL, USA)
within 36 hours for the immediately restored implants. Secondary soft tissue healing was left
with a collagen membrane exposed to the oral cavity for the delayed restored implants.
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Sutures were removed after 10 days and oral hygiene instructions were given. All
patients underwent appropriate antibiotic and analgesic anti-inflammatory therapy
(generally ibuprofen 600 mg tablets).

The final impressions were made with individual trays using polyvinyl siloxane
material (Flexitime, Heraeus/Kulzer, Hanu, Germany) to prepare the metal-ceramic crowns,
which were cemented on personally tailored titanium abutments.

From each patient, time spent, clinical and financial records were collected. The mean
real salary per hour was obtained from the European Commission website database
<http://ec.europa.eu/index_en.htm> which cites labor costs per hour 2013 in Italy at €27.4.
The time cost for each patient was calculated by multiplying the time per year spent in the
clinic by the mean real salary per hour. The total costs were the costs cumulated during the
twelve months of survey.

2.3. Input variables

Variables were taken by one examiner who was not involved in performing the
surgical treatment, immediately after implant placement (baseline or time o, or T,), at 4
months after placement (time 1, or T;) and at 12 months after dental implant insertion (time
2 orT.).

* MBL: peri-implant marginal bone level was evaluated on intra-oral radiographs at the
mesial and distal sites (mMBLx and dMBLx, with X = 0,1,2) and corresponded to the
distance between the fixture-abutment interface and the most apical point of the
marginal bone level. Digital intra-oral periapical radiographs were taken (70 KVp, 7
mA) using a parallel cone technique with digital sensor (Schick Technologies, Long
Island City, NY, USA). A standardization of the x-ray geometry was applied and the
known diameter, length or thread-pitch distance of the implants (pitch = 1.0 mm)
were used for calibration. Measurements were taken to the nearest mm using
computer software (UTHSCSA Image Tool, Version 3.00, University of Texas Health
Science, San Antonio, TX).

*  WKG: width of keratinized gingiva was the distance between the gingival margin and
the mucogingival junction of the interested area, measured midfacially.

e FST: facial soft tissue level was the distance between a reference line, which
connected the facial soft tissue level of the adjacent teeth, and the soft tissue at
midfacial point amid the two residual teeth adjacent interested area.

* BT: buccal bone thickness was evaluated by means of a surgical caliper at the moment
of tooth extraction and represented the thickness of the buccal bone plate at the most
coronal point of the marginal crest using a surgical caliper.

* Implant failure: it occurred for any mechanical damaging (fracture) or clinical
detriment (peri-implant infection or mobility) which required implant removal.

Cost of the clinical treatment was calculated taking into account the following steps:
preoperative consultations and diagnostic tests, stage-one surgery, number of visits during
the healing phase, stage-two surgery, and the prosthodontics phase of treatment. Additional
clinical costs, including costs for clinical and medical services, and those resulting from time
spent by the patient for staged recall visits (oral hygiene program, with a recall visit every 6
months) and other visits required by the patients, were also calculated.
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2.4. Outcome variables

The outcome variables were obtained subtracting from each input variable the
respective baseline value: a negative value represented a reduction, whereas a gain was given
by a positive value.

* AMBL: change at the marginal bone level was calculated for the mesial and distal
aspects at 4 and 12 months as reported by the following formula:

nAMBLx = nMBL, - nMBL%, (with n as mesial or distal, and X = 1,2)

* AFST: facial soft tissue changes were calculated by subtracting the baseline value from
the respective values at T; or Ts, according to the formula:

AFSTx = FSTx - FST, (with X = 1,2)

* AWKG : changes in the width of keratinized gingiva for times T, or T., according to
the formula

AWKGx = WKGx - WKG, (with X = 1,2)
* IP: the index proposed by Jemt was employed to analyze the status of the interdental
papilla [18]
0 = no papilla;
1 = less than one half papilla is present;

2 = greater than half of the papilla height is present but not to the full extent of
the contact point;

3 = papilla fills the entire proximal space and is in good harmony;
4= papilla is hyperplastic.
* SR and CSR: success rates and respective cumulative value were calculated according
to the criteria suggested by Buser with a registered radiological peri-implant bone

resorption not greater than 1.5 mm, during the first year of loading [19], and 0.2 mm
/ year, during the following years [20].

* Time of clinical treatment calculated from the surgery time to the definitive prosthesis
time.

* Total cost (expressed in labor costs per hour) = Costs for the clinical treatment +
Adjunctive clinical cost.

2.5. Statistical analysis

Acquired data were entered into a database for automatic analysis (Database Toolbox,
MatLab 7.0.1, The MathWorks, Natick, MA). Matrix laboratory tools package were employed
to perform descriptive and statistical analysis (Statistics Toolbox, MatLab 7.0.1, The
MathWorks, Natick, MA). A Lilliefor test was employed to confirm normal distribution of the
data related to each procedure. For each of the outcome variables pairwise comparisons were
performed using the Wilcoxon signed rank test for matched samples and the Wilcoxon rank
sum test for unmatched data and p-values were obtained. All measurements in the text and
tables are described as mean and standard deviation, m=std; for ranked variables the results
were given by median and interquartile range (IQR: the difference between the 75th and 25th
percentiles). The level of statistical significance was set at .01 for all analyses.
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3. Results

Thirty patients were treated with tooth extraction and immediate implant placement.
Immediate prosthetic restoration was performed for 15 patients (age of 44.6+10.2 years
within the range 29-62), whereas delayed restoration (3-4 months) was performed for the
remaining 15 patients (age of 49.1x11.9 years within the range 31-67). Tooth position, age,
gender and patient demographic data were reported in Table 1.

p Immediate prosthetic Delayed prosthetic
rocedure . .
restoration restoration
Sample size 15 15
Age (years) 44.6+10.2 49.1£11.9
Age range (years) 20-62 31-67
Time of clinical
treatment® (days) 120+8 203=11.5
Two years total cost®
(days) 141.9+3.1 179.0+3.2
Genders ratio M/F 7/8 7/8
Cuspld/b::c;;;spld ratio 4/11 2/13
Smoking habit Y/N 6/9 6/9
Buccal plate
thickness (mm) 0.7£0.2 0.6+0.2

Table 1. Demographic data for the two different prosthetic loading with description of
variable data related to measurements, given by median and interquartile range, m (iqr). For both
procedures, a cuspids/bicuspids (C/B) ratio and the thickness value of the buccal plate before dental
implant insertion were given.

The outcome variables were reported in Table 2 for all the time points considered: T,
was the baseline, T, and T, the 4- and 12-month follow-up. Changes of the outcome variables
were calculated giving mesial or distal AMBL, AFST and AWKG between T, and T, (marked
as A;) and between T, and T. (marked as A,). The papilla index values for the two procedures
were also showed in Table 2 as median and interquartile range. The dimensional changes of
the hard and soft tissues were visualized in Figure 1. The comparisons between procedures
showed significant differences for the papilla index. The immediate restoration group at 4-
month analysis had 2(0), at 1-year analysis the mean value was 2(1.5). The delayed
restoration group at 4-month analysis had 0(0), at 1-year analysis the mean value was 2(1)
(with significance ranging from .0098 and 2.6-10%). No significant differences were observed
for changes of facial soft tissue level (AFST) and of the width of keratinized gingiva (AWKG).
The marginal bone level showed significant differences between the 2 groups. The immediate
restoration group showed significant difference between 4-month (AMBL,) and 1 year
analysis (AMBL,) only at the distal sites with values of -0.3£0.5 mm and -0.9+0.4 mm,
respectively (p-value = 0.0039). Conversely, the delayed restoration group showed
significant changes between 4-month and 12-month analysis at mesial (p-value = 0,0049)
and distal (p-value = 0,0098) sites.

No dental implant failure was registered during the considered period of time;
moreover, all implants at the final time of the survey were considered successful.
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Procedure (a) Immediate prosthetic restoration
Values for outcome p-value Wilcoxon
variables signed rank test
Times To T, T, A, As | Tovs. Ty | Tovs. Ta | Ty vs. T | A;vs.As
mMBL 0.9 0.5 0.1 | -0.3 | -0.8 .0156
(mm) +0.7 | 0.9 | +0.8 | +0.5 | 0.4
dMBL 0.9 0.7 0.1 | -0.3 | -0.9 .0039
(mm) +0.8 | *0.7 | 0.7 | +0.5 | 0.4
FST -0.6 | -0.3 | -0.1 | 0.3 | 0.5 .2500
(mm) +0.8 | *0.5 | +0.3 | +0.6 | +0.7
WKG 3.2 3.3 3.2 | 0.1 | 0.0 1
(mm) +0.8 | =1.1 | #1.1 | 0.6 | 0.5
mIP 1(1) | 2(0) | 3(1) .0195 .0012 .0078
dIp 1(1) | 2(1.5) | 3(1) .0703 2.4:104 | .0039
Procedure (b) Delayed prosthetic restoration
Values for outcome p-value Wilcoxon
variables signed rank test
Times To T, T, A, As | Tovs. Ty | Tovs. Ta | Tivs. T2 | A;vS.Ax
mMBL 0.6 0.6 | -0.2 | 0.0 | -0.8 4.9°10-4
(mm) +0.8 | 0.7 | 0.8 | +0.9 | 0.8
dMBL 0.9 | 0.7 | 0.0 | -0.1 | -0.9 9.8-104
(mm) +0.7 | +0.8 | 0.9 | *0.4 | 0.5
FST -0.5 | -0.2 | -0.3 | 0.3 0.3 1
(mm) +0.8 | +0.9 | +0.5 | *0.7 | +0.8
WKG 3.5 3.4 3.1 | -0.1 | -0.3 .2801
(mm) +0.7 | +0.9 | 0.7 | 0.6 | 0.6
mIP 1(1) | o(0o) | 2(1) 1.2:104 .6250 1.2:104
dIp 1(1) | o(o) | 2(0) 6.1:105 | 9.8:104 | 6.1°'10-5
Procedure (c) Comparison between prosthetic restorations
p-value Wilcoxon rank sum test
Times A, or at4 months A. or at12 months
mMBL (mm) .3115 .3610
dMBL (mm) .3856 .9762
FST (mm) .9269 .3110
WKG (mm) .5505 1195
mIP 2.6:10-¢ 5.3'104
dIp 3.8-10-6 .0098

Table 2. Overall outcome variables given by mean and standard deviation, m = std for
continue variables and by median and interquartile range, i (iqr) for ranked variables
for both procedures and overall times: baseline (T,), at 4 (T:) and 12 (T.) after implant placement.
Differential value (A) at 4 (A,) and 12 months (A,) are also given. Costs were given in time (total cost /
labor cost per hour) and the significances of the Wilcoxon two-sided signed rank test for matched
samples and of the Wilcoxon rank sum test for unmatched samples (type of provisionalization) for
overall outcome variables were shown in bold.
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Figure 1. Summary of the overall outcome variables, showed as mean and standard
deviation for all the times: immediate loading was represented in blue, whereas delayed loading
was showed in red. For the pairwise comparisons by the Wilcoxon two-sided rank sum test for
independent samples (°) and the Wilcoxon signed rank test for matched data (*), significant p-values
are shown as brackets (upper and lower, respectively). For the papilla index were given at baseline
(To), at 4 (T,) and 12 months (T.) after implant placement, and for differential value (A) of the
remaining outcome variables at 4 (A;) and 12 months (A»).

The mean values for the operating times for the clinical treatments of the two groups
were 120 days and 203 days, for immediate and delayed restorations, with a statistically
significant (p = 3.32:10°) difference. A difference at a significant level was also obtained
between the medians of the two groups regarding the total costs at year 1 of the survey (141.9
days and 179.0 days for immediate and delayed prosthetic procedures, with p = 2.39-10°)
(Table 2).

4. Discussion

In this cohort study, implant survival, peri-implant mucosal changes, marginal bone
loss and treatment cost of immediate and delayed restorations of immediate single implants
were evaluated and compared. The data were collected after 1 year of function and the two
groups were homogeneous, showing similar baseline parameters.

All the implants placed in fresh extraction sockets survived up to one year of function,
and no technical or biological complications were recorded. The overall success rate of the
immediate implants was 100%, due to the favorable marginal bone changes. The two
experimental groups produced similar outcomes also in soft tissue integration. The results of
this study showed that immediate restorations of immediate implants are at least as effective
and safe as delayed restorations.
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In a recent literature review [21], the authors calculated the overall survival rate of
both immediately and delayed restored dental implants, but no conclusive results were
obtained. Despite other authors’ findings, the present study registered no significant buccal
soft tissue recession in the delayed restoration group.

Several factors should be taken into consideration to explain this discrepancy. First of
all, the extraction sockets included in the experimental groups presented intact buccal bone
plate, adequate soft and hard tissues dimensions and no acute infection. Also, the allocation
to the immediate or delayed restoration was guided by the insertion torque value (cut-off
value 45 Ncm), excluding a randomization process. Furthermore, an augmentation of the
bone contour was performed at all the experimental sites, in order to control the ridge
remodeling after tooth extraction. All these surgical steps contributed in managing the risk of
the procedure and improving the survival rates and the esthetic results.

All soft tissues outcomes showed no significant differences between the two
experimental groups, except for the papilla index. The mesial and distal marginal bone level
in the delayed restoration group registered a statistically significant decrease between the 4
months and the 1-year control. The mesial aspect (mMBL) was 0.5 + 0.9 mm at 4 months
and 0.1 + 0.8 mm at 1 year, the distal aspect (AMBL) was 0.7 + 0.7 at 4 months and 0.1 + 0.7
at 1 year. These findings pointed out that the marginal bone loss started at the same time
with the delayed restoration. On the other hand, in the immediate restoration group, the
bone loss followed a gradual progression, thus resulting in a final value similar to the delayed
group.

In a recent review, Lang et al. [9] analyzed immediate implant placement studies
comparing immediate and conventional loading. The review pointed out that, during the first
year of immediate loading, the bone loss is less than 1 mm, while longer-term studies showed
a stabilization of the bone level after the first year. On the other hand, a bone loss of 0.05 —
1.16 mm was described in the delayed restoration group, where the baseline measurement
was at the time of implant placement.

The soft tissue changes showed similar results in both the immediate and the delayed
group. The buccal mucosal margin (AFST) and the width of attached mucosa (AWKG)
changes were registered at baseline and at final time. The baseline facial soft tissue level was
positively correlated to the buccal bone thickness, confirming that a buccal plate > 0.5 mm
could improve the buccal soft tissues stability, at least in the delayed group. Nevertheless,
both procedures showed a small number of patients presenting a slight soft tissue recession
in both groups and the final results were similar for the immediate and delayed procedure.
The difference between the two groups was connected to the time of the soft tissue
remodeling, since in the immediate restoration it started immediately after the surgery, while
in the delayed group it started at the time of restoration.

Among the soft tissues values, the papilla index (PI) showed the greatest differences
between the two groups. Previous studies observed wider papilla shrinkage in delayed
restored implants when compared to immediate provisional restoration procedure. In this
study, the difference between the PIs of the two protocols was statistically significant at 4
months. As other authors assessed, most of the papilla shrinkage showed up in the delayed
restoration at three months, but after this period a progressive re-growth of the mesial and
distal tissue was observed [9]. After 1 year, the two PIs were comparable. Moreover the
replacement of single tooth seemed to lead to a final positive dimensional change after tooth
extraction when compared to the baseline values (median PI = 1) that were registered for
impaired teeth.
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Results published in the literature seem to confirm that the most of the hard and soft
tissue changes were focused within the first six months following immediate implant
placement; afterwards the papillae regardless of the restoration procedure, both at mesial
and distal aspects, may undergo a positive remodeling phenomenon leading to a gain in
height attested by analysis both of the linear height measurements and of the distribution of
papilla scores [9].

The re-growth of the papillae was observed in both groups and reached the original
heights. However, adopting an immediate restoration protocol could ensure more predictable
soft and hard tissues outcomes. In fact, in the delayed group the soft tissue changes were
evident and seemed to follow a loss and restoration process, while in the immediate group
the modifications were minimal and slow until a steady state was reached. An immediate
provisionalization can improve the patient’s compliance and reduce the overall healing time,
as found in this paper.

Other Authors compared different strategies to treat partially and totally edentulous
patients, reporting long-term costs [22-26]. The results of these studies were not
comparable with the present work. In the present study, the delayed restoration protocol
resulted to be about 26% more expensive due to the adjunctive stage-two surgery and visits
required.

One limit of this study could be the treatment selection, which was assigned to the
clinician, avoiding a randomization system. Beside this, the differences between the two
experimental groups could be so clearly shown because of the absence of a blinded type of
measurement. The results of this paper need to be confirmed by a longer period of
observation and a larger number of implants studies.

5. Conclusion

Immediate implant’s prosthetic restoration could be realized immediately after the
implant surgery or after the bone healing period. Both of the protocols showed similar final
results regarding the negative bone remodeling, but different timing since in the delayed
group the bone resorption was between 4 months and 1 year, while in the immediate group it
was slow and gradual during all the follow-up time. No differences were pointed out in the
midfacial gingival margin and the width of keratinized gingiva. In the delayed restoration
group a loss and regain of the papillae was observed, while slight modifications were
recorded in the immediately restored implants until a complete healing. Regarding the
healing time and costs of the two procedures, immediate restoration appeared to be a more
promising procedure for implant placed in fresh extraction sockets.
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