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Abstract
Purpose: The goal of this study is to assess the survival, marginal bone loss and complications around single-tooth 
implants on which immediate provisionalization was carried out.
Patients and Methods���������������������������������������������������������������������������������������������:�������������������������������������������������������������������������������������������� 78 implants were placed in 57 patients: 56 after extraction and 22 in healed sockets. Imme-
diately after surgery provisional crowns were delivered without contacts in both centric and excursive jaw move-
ments. The final crowns were inserted between 3 to 6 months later. During the study there were 3 x-rays taken 
per patient. The marginal bone loss was measured and complications were recorded. The statistical analysis of the 
data was carried out with the STATA 10® software. 
Results: The mean duration of the study was 92 weeks. Survival rate was 98.7% (1 failure out of 78 implants). The 
mean mesial bone loss was 0.2±0.4 mm and the mean distal bone loss was 0.2±0.4 mm. No statistically significant 
differences were found between immediate or delayed implants. 67 implants showed a bone loss less than 1 mm, 
and 36 did not show any bone loss at all.
The main complications were the uncementing of the crowns (11 crowns), the presence of cement remnants (10 
crowns) and the development of apical lesions around implants (6 implants).
Conclusion: With the limitations of this study, it can be concluded by saying that immediate restoration with 
single-tooth implants and provisional crowns may be considered as a predictable technique.

Key words: Single-tooth implants, post-extraction implants, immediate provisionalization, bone loss, implant 
based aesthetics.
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Introduction
The loss of a single tooth, mainly in the aesthetic zone, 
and its replacement by implants has been a challenge in 
recent decades. There have been two main hurdles to 
overcome: the final aesthetic result and the long waiting 
periods required by conventional implant protocols.
In the early days of implant dentistry, encapsulation by 
fibrous connective tissue was reported when implants 
were immediately loaded, while a period of stress-free 
healing would allow for direct bone-to-implant contact:   
osseointegration (1,2). Therefore the recommended  
waiting time, according to the original Brånemark pro-
tocol, was at least three months in the mandible and six 
months in the maxilla (3).
However, during the past three decades, technological 
developments and continuous clinical research have 
provided us with improved protocols in an attempt to 
meet the expectations of a shorter treatment period, im-
proved aesthetics and more convenience for the patient 
(4,5).
In order to satisfy the demand, modified immediate or 
early loading protocols have been designed and a con-
cept of immediate function has emerged that includes 
the achievement of an immediate aesthetic result with 
or without immediate loading (6).
“Immediate loading” has been defined as that situation 
where the superstructure is connected to implants with-
in a period not longer than 72 hours after surgery and 
where there is occlusion with the teeth of the opposite 
jaw (7). However, the terms “non-functional immediate 
loading”, “immediate restoration” or “immediate provi-
sionalization” are used when the prosthesis is placed on 
implants at some point within the first 72 hours without 
full occlusal contact with the teeth of the opposite jaw 
(8).
One-stage surgical procedures and immediate loading 
of implants at the time of their placement have shown 
promising clinical results. Immediate loading proce-
dures have been implemented successfully for the re-
habilitation of edentulous mandibles, and results were 
even better when implants were splinted (9).
Nonetheless, theoretically, the immediate loading of 
non-splinted single-tooth implants, essentially in the 

maxilla, could be related to an increased failure rate 
since they could undergo noxious forces that might give 
rise to micro-movements jeopardizing their osseointe-
gration (10).
Keeping the provisional restoration out of occlusion has 
to do with the idea of controlling the load on a single 
tooth (10). Several studies have reported a high suc-
cess rate on single-tooth implants placed post-extrac-
tion which received an immediate provisional crown 
(11,12).
The goal of this prospective clinical study was to assess 
the survival rate and bone changes around Astra Tech® 
(Astra Tech Dental, Möndal, Sweden) single-tooth im-
plants placed following the system`s protocol and on 
which immediate provisional restoration with previ-
ously manufactured crowns was carried out.

Patients and Methods
This study was designed as a prospective clinical study 
(Fig. 1). A total of 78 Astra Tech® (Astra Tech Dental, 
Möndal, Sweden) single-tooth implants were placed in 
57 patients who required the replacement of one tooth, 
between January 2004 and December 2007. All the ca-
ses were treated by the same surgeon at a private peri-
odontal clinic.
The inclusion criteria for the patients were: a) enough 
bone height so that it would be possible to place im-
plants of at least 11 mm in length, b) the tooth to be 
replaced should be located in the region between the 
second pre-molars, c) a minimum insertion torque for 
the implant of 30 N/cm2, at the time of the surgery.
The exclusion criteria were: a) the presence of an active 
infection around the tooth to be extracted, b) the impo-
ssibility of achieving the required primary stability, or 
c) a medical record advising against the procedure.
Surgical procedure
All the patients were explored clinically and x-rayed 
and informed about the procedure they were about to 
undergo. They were asked to sign an informed consent 
form. Surgical guides were prepared to set up the proper 
position of the implants.
Once local anaesthesia had been performed on the pa-
tient, there were two different situations: the first one 

Fig. 1. Chronogram showing the study design.
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where the tooth was extracted and immediately re-
placed by an implant (II) and the second one where the 
extraction had already been performed and the socket 
was already healed (DI). In the former (II), luxation of 
the tooth was carried out with a syndesmotome and sub-
sequently, and very carefully, the tooth was extracted 
with a forceps, trying at all times to preserve the integ-
rity of the socket walls and not injure them. If a buccal 
plate defect were found after the extraction, a small full 
thickness flap was raised.
In those cases where the socket was already healed (ID), 
a full thickness flap was raised in order to get to the 
bone crest. In either case, the procedure used to prepare 
the bone site for the implants was carried out following 
the implant system protocol (Astra Tech Dental, Mön-
dal, Sweden).
A connective tissue graft was made or the principle of 
Guided Bone Regeneration (GBR) was implemented 
in those cases where it was thought that this might im-
prove the final aesthetic result or the lasting stability of 
the achieved aesthetic outcome.
Once implant placement had been completed, prosthet-
ic abutments were placed (Direct Abutment™, Astra 
Tech Dental), and over these a previously manufactured 
polycarboxylate crown (Direct Crowns, Svenska Dental 
Instrument, Upplands Väsby, Sweden) was relined by 
means of a self-curing resin (Tab 2000® Kerr Europe 
AG, Basel, Switzerland). Once the resin was cured, the 
restoration was finely adjusted extra-orally on an abut-
ment replica using a fluid composite (Tetric Evoflow, 
Ivoclar Vivadent AG, Schaan, Liechtenstein). The resto-
ration was then cemented (Fleck’s, Mizzy, Inc. Clifton 
Forge, VA24422, U.S.A.) and the occlusion checked, 
paying special attention to leaving it free from load in 
centric occlusion and in excursive movements.
Antibiotics (amoxicillin 500 mg, three times a day, for 
7 days), and analgesics (ibuprofen 600 mg, three times a 
day, for 2-4 days) were prescribed. Patients were asked 
to use a mouth rinse with 0.12% chlorhexidine digluco-
nate (three times a day, for 6 weeks) and they were also 
asked to avoid “excessive loading” on that area.
Patients were then seen: 1) ten days after the procedure, 
2) one month later, when the first x-ray was taken (Xr1), 
and 3) 3-6 months later, when the second x-ray was tak-
en (Xr2), after which they were referred to their usual 
dentist for the final crown. Each patient went through 
several follow-up appointments and a last x-ray was 
taken (Xr3) at the end of the study (Fig. 3b).
X-ray analysis
The x-rays were scanned and magnified x 7 to be sub-
sequently analyzed by the Dental Studio NX 9.0 pro-
gramme (Nemotec, Madrid, Spain). In each of the three 
x-rays the distance in millimetres was measured bet-
ween the implant shoulder and the most coronal bone-
to-implant contact. For each implant and for each x-ray, 

two measurements of that distance were taken, a mesial 
and a distal one.
Statistical Analysis
Two random response variables were created with the 
following names: “mesial bone loss” and “distal bone 
loss”, as the difference between the distal and the mesial 
distances found on the x-rays taken at one month (Xr1) 
and at the end of the patient’s follow up (Xr3). The ran-
dom variable of “mean bone loss” was also estimated, 
as the sum of both the mesial and distal bone loss for 
each implant divided by two. In addition, and for each 
individual implant, the type of placement was recorded 
(immediate or delayed) as well as any complication that 
arose during the entire follow-up. The statistical anal-
ysis of the data was carried out with the STATA 10® 
software, which implements the appropriate procedures 
(Student’s T test) to check the hypothesis that the mean 
bone loss is the same regardless of the placement tech-
nique being used (immediate or delayed). The potential 
associations between bone loss and the patients’ gender 
or age were also studied, as well as with the complica-
tions during the follow-up.

Results
78 Astra Tech® (Astra Tech Dental, Möndal, Sweden) 
implants were placed in 56 patients; 19 males and 37 
females with a mean age of 48.5 years (26 to 78 years 
old). 49 implants were placed in women and the remain-
ing 29 in men.
The most frequently used implant diameter was 4.5 mm 
(n=42), followed by 3.5 mm (n=28). 7 implants were 4.0 
mm in diameter and 1 implant 5 mm in diameter. As far 
as length is concerned, 50 implants were 15 mm long, 
17 implants were 13 mm, 10 implants were 17 mm and 
1 implant was 11 mm long.
Of the 78 implants placed, 56 were placed immediate-
ly after tooth extraction (II) and the other 22 implants 
were placed in healed sockets (DI).
Due to aesthetic reasons, in 3 implants connective ti-
ssue grafts were carried out at the time of their place-
ment (Fig�������������������������������������������. �����������������������������������������2) and in 5 other implants GBR was imple-
mented because they either showed bone dehiscence 
that did not compromise their stability or survival, or 
the buccal bone plate was very thin. 
Seven cases were excluded from the final analysis. One 
immediate implant placed in the upper premolar region 
had an infectious process five weeks after its installa-
tion and it was removed (survival rate 98.7%). After 
the implant site was healed another implant was placed 
using a delayed loading protocol. One implant was ex-
cluded because the prosthodontist decided to include 
it in a fixed partial restoration with adjacent teeth. A-
nother 4 implants were excluded because the patients 
didn’t attend the last follow-up visit. Likewise, another 
DI implant was excluded from the analysis due to a peri-
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implant abscess induced by the big quantity of remnant 
subgingival cement not removed by the prosthodontist 
when cementing the final crown. It caused an important 
bone loss (“outlier”) of 4.5 mm. In consequence, the fi-
nal number of fixations where the bone changes were 
analysed, was 71 (n=71). 
The mean duration of the implant follow-up was simi-
lar in both placement procedures: 93.3 weeks for those 
placed immediately after teeth extraction (II) and 91.4 
weeks for those placed in healed sockets (DI). In 18 im-
plants the follow- up was longer than 133 weeks.
Mesial bone loss was 0.19 ± 0.41 mm [0.17- -2.5] and 
distal 0.20 ± 0.42 mm [0.21- -2.5]. According to the Stu-
dent’s T test, the differences found between immediate 
implants and delayed implants (mesial p = 0.61; distal 
p = 0.32) were not statistically significant. 67 implants 
showed a bone loss lower than 1 mm and 36 implants in 
this study did not show bone loss at all (Fig. 3). In some 
cases a small bone gain could even be seen.
The mean bone loss was 0.1 mm in delayed implants 
(DI) while in immediate implants (II) the mean bone 
loss was 0.4 mm. The difference found in mean bone 
loss was not statistically significant according to Stu-
dent’s T test. In figure 4 a box diagram is shown with 
the distribution of mean bone loss according to the dif-
ferent kinds of placement (immediate or delayed) used 
for this study.
The bone loss median was 0.1 mm for both immedia-
te and delayed implants. A slightly higher variability 
was found in mean bone loss for immediate implants, 
though the comparison between standard deviations 
was not statistically significant.
The most frequent complications were the crown dece-
mentation, involving 11 crowns in 10 patients and the 

Fig. 4. Box diagram showing the distribution of bone loss according to the time of implant placement.

Fig. 3a. X-ray at the time of placing the fixture and the 
provisional crown.
3b. X-ray at the end of the study, 18 months later. Note 
the bone level stability.

Fig. 2a. Absence of an upper central incisor in a patient with ag-
gressive periodontitis, after full periodontal treatment.
2b. Connective tissue graft placed over the fixture and the provi-
sional crown.
2c. Final healing before referring the patient to the prosthodontist. Note 
the shorter length of the provisional crown to avoid occlusal contacts.
2d. Final clinical picture. Note the health of the gingival tissues.
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presence of small cement remnants in the peri-implant 
tissues around 10 crowns in 9 patients. The crowns were 
removed and the cement excess was eliminated as well, 
and no further complications arose. 
In addition, periapical lesions were found around 6 
implants in 3 patients that were solved with antibiotic 
(amoxicillin and metronidazole three times a day, for 
7 days) and anti-inflammatory therapy (Ibuprofen 600 
mg, three times a day, while the inflammation lasted), 
and a slight gingival margin recession that was correc-
ted by changing the provisional crown contour.
No statistically significant differences were found in 
mean bone loss between those implants that showed 
some kind of complication and those that did not.

Discussion
From a clinical point of view, replacing an anterior tooth 
with an implant and a provisional crown provides clear 
benefits: the immediate solution of an aesthetic problem 
that some patients perceive as a tragedy. Nonetheless, 
performing this kind of procedure has been controver-
sial in the literature.
Published reports on immediate restoration with single-
tooth implants show survival rates ranging from 82.4 
to 100% (4,13,14). Caution must be used when reading 
the results published by some of these authors because, 
in many reports, the number of studied cases is very 
low (13,14). Concerning the poor results in the Chaushu 
et al. report (4), the reason may lie in the kind of im-
plants they used: these being impacted implants. Worth 
mentioning is the study by Norton (15) where, using the 
same implant system (Astra Tech®), they found a 96.4% 
survival rate for single-tooth implants after 2.5 years, 
and this result is not far from the 98.7% found in the 
present study.
This study has to do with immediate provisionalization 
and although most published reports are similar to the 
current study, there is no scientific evidence supporting 
the need to avoid such contacts from the beginning of 
loading. This is the case in reports such as Lindeboom’s 
et al. (10), where they compared both situations and did 
not find any statistically significant differences in terms 
of implant stability, or the radiographic results of the 
evaluation at one year. The authors accounted for this 
fact on the basis of the potential tongue pressure and the 
perioral muscles on immediately provisionalized but not 
loaded implants. In any case, it seems prudent to control 
loading during the early stages of osseointegration since 
what patients actually want is to have their teeth as soon 
as possible in order to solve the aesthetic problem.
As to the bone loss found around immediately restored 
single-tooth implants, in general the values found by 
different authors range between 0.2 and 0.5 to 1 mm 
during the first year (10,13,14), so that bone loss is 
smaller than that considered normal in the early days 

of implant dentistry (16). Comparing again the present 
study in terms of similarities to Norton’s report (15), 
the bone loss in the current study was slightly lower, 
0.2 mm versus the bone loss in his study of 0.4 mm, 
although the mean follow-up was longer in the first 
one. It is worth mentioning as well that bone loss, just 
like the survival rate, was similar to that reported for 
single-tooth implants using the same system and placed 
according to a conventional delayed protocol (17).
On the other hand, all the patients in the present study 
had previously periodontally-treated disease. Despite 
this fact and the implementation of an immediate pro-
visionalization protocol, the bone loss found was lower 
than the one reported in the literature for this kind of 
patients in conventional protocols (18).
In addition, several authors state that some bone gain 
could be found in some of their implants. Such is the 
case of Kan et al. (13), where the range was between -1.4 
and +0.5 mm. In this work, the range was between -2.5 
and +0.2 mm and in three implants some bone gain was 
found by the end of the study.
In the present study two different situations occurred: 
implants placed immediately after extraction and im-
plants placed in healed sockets. The results did not show 
any statistically significant differences concerning bone 
loss. Recently, Palatella et al. (19) studied this variable 
and did not find any statistically significant differences 
between both groups, neither in terms of bone loss nor 
in terms of the aesthetic parameters they studied. Con-
versely, Chaushu et al. (4) found an 82.4% survival rate 
in immediate implants versus 100% in implants placed 
in healed areas.
Concerning this point, it is worth mentioning that all 
those cases that showed periapical lesions around im-
plants occurred in post-extraction implants (II). It has 
been suggested that the aetiology of such lesions is mul-
ti-factorial (20) and that the reason could be the exist-
ence of residual microorganisms in the socket or in the 
neighbouring teeth (20,21), bone over-heating generated 
during long implant placement (21,22), bone micro-
fractures due to micro-movements (overloading) (21), as 
well as residual bone cavities left when placing implants 
shorter than the surgical site (23). Several treatments 
have been suggested for this type of lesions: antibiotic 
therapy (24), implant detoxification (24,25), performing 
implant apicoectomy (20), or removing the involved im-
plant (26). In this study, all cases were solved with an-
tibiotic therapy and anti-inflammatory agents and none 
of these implants were lost.
Another frequent complication in the present study was 
the presence of small cement remnants around implant-
supported crowns, both the provisional and the final 
ones. Such remnants may have negative implications for 
the peri-implant tissue, causing swollen and unattractive 
gingival tissues (27) and in some cases implant loss (28). 
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It is worth remembering that, in tissues around implants, 
supracrestal connective fibres do not become attached to 
the implant and therefore would not provide the required 
protection when too much cement is left in the sulcus 
around the implant (29). As previously mentioned, in the 
current study, when the cement remnants were removed, 
all the cases evolved without major complications. 
Note that such cement remnants were not diagnosed 
when the control x-rays were analyzed by the naked eye 
but rather when they were scanned and magnified in or-
der to measure the potential bone loss. This seems to 
suggest the need to magnify the control x-rays for the 
cement-retained implant-supported restorations.
Within the limits of this study, it can be concluded by 
saying that replacing anterior teeth with Astra Tech® 
single-tooth implants, together with provisional crowns 
in non-occlusion, may be considered as a predictable 
technique. Also, no difference was found in this work 
in terms of bone loss between implants placed imme-
diately after extraction and implants placed in healed 
areas. Only the periapical lesions showed differences 
with regard to the complications in the protocols of im-
mediate or deferred placement.
Further studies with larger patient samples and longer 
follow-up periods should be conducted so that these re-
sults can be confirmed and it can be stated that such 
results may last for a long time.
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