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Abstract
Background: The implant-prosthetic restoration in single missing tooth is a viable treatment option for the functional rehabilitation of tooth loss. Several
published studies show that the deadline and the type of functional loading of the implant for single missing teeth is not decisive for the survival and
success rate of the implant. Although the conventional protocol is still the “gold standard”, the immediate loading of dental implants in the fresh postextraction socket of the aesthetic area has an excellent prognosis. Immediate functional loading is successfully adopted to minimize the treatment time
with immediate and impact benefit on the patient’s quality of life and satisfaction. The aesthetic result is not yet systematically included in the success
criteria of the therapy through implant, although a trend for this is more common in recent publications, particularly in publications evaluating the implant
prosthetic rehabilitation in the anterior maxilla and mandible. In order to obtain optimal aesthetic results, it is necessary to take into account the other
aesthetic parameters, together with the chosen material for the fabrication of the implant-supported single crown and the type of prosthetic abutment.
Conclusions: The systematic review of the contemporary specialty literature examines the types of implantations and implant-supported restorations for
single tooth replacement, the survival rates of the implant, the survival of the crown on the implant and the successful implant, incidence of biological,
technical and aesthetical complications of the implants and prosthetic restorations on implants, the quality of life related to the oral health to patients
with implant-prosthetic treatment.
Key words: single missing tooth, implant-prosthetic restoration, success rate, aesthetic result, complications.

of the implant-prosthetic complex: the adjacent teeth are
not affected, the proximal spaces are maintained, no secondary caries appear at the prepared teeth, the alveolar
crest bone is stabilized, the alveolar process is restored as
a neoalveolar process, fixed prosthesis, physionomic prosthesis. Disadvantages of the implant-prosthetic complex:
long-term, but limited result, risk of prosthetic abutment
unscrewing, fracture risk (crown, prosthetic abutment, implant, screw), difficulty in restoring the interdental gingival
papilla, risk of decementation, 2 surgical steps, high cost.
Contraindications of the implant-prosthetic complex: deep
occlusions, modified spaces, poor bone supply, diseases that
contraindicate the surgery [5].
Types of implantations and implant – prosthetic restorations. The primary purpose of dental implants is to act
as an anchoring element for the prosthetic restorations, replacing one or more lost teeth. A necessary condition for a
successful implant-prosthetic treatment is the creation and
maintenance of osteointegration, defined as a “direct contact
between the mature bone and the endobone implant carrying the loading and masticatory pressure”. Osteointegration
is dependent on fundamental factors: biocompatibility, primary stability provided by the design and characteristics of
the implant surface, indicated surgical technique and general condition. Another important factor affecting osteointegration is the time of implantation and loading of the
implant [6].
From a historical point of view, the recommended implant installation protocol consists of 2 surgical steps with

Introduction
Edentulism – a pathological condition characterized by
the absence of one or more teeth in the dental arch – is a
major health problem regardless of societies, regions, ethnicities and social stratification, has a multitude of socioeconomic and health repercussions. The edentulism may be
single (missing one tooth), partial (missing a group of teeth)
and total (all teeth missing). The prevalence of a missing
permanent tooth is 2.8-8.0% (the third molar is excluded),
varying by ethnicity and population. The single tooth loss
is the most common in the posterior areas of the jaws; the
most affected teeth are the second lower premolar, followed
by the upper lateral incisors, the second upper premolar and
lower incisors [1, 2].
Aesthetic and functional restoration is the main motivation of major importance for the treatment of teeth loss.
Traditional methods of solving these situations are: removable prostheses, fixed partial prostheses on the tooth support and prosthetic restorations on dental implant support.
The last two approaches aim for long-term success and the
best aesthetic and functional outcomes: masticatory capacity, aesthetics and patient’s satisfaction [3, 4].
The results of multiple experimental and clinical scientific researches have shown that osteointegrated implants
– the most modern and indicated replacement solution
for lost teeth – are a beneficial alternative to dental bridges. In the last decades, prosthetic restorations on implants
have expanded a lot [3, 4]. However, the method has advantages, disadvantages and contraindications. Advantages
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the implant placement after a healing period without mechanical loading of 3 months for the mandible and 6 months
for the maxilla. However, with increasing requirements for
less invasive and rapid procedures that optimize the aesthetic requirements, a single surgical step with immediate
prosthetic loading was adopted. Immediate loading can be
defined as installing the crown on the implant within one
week after surgery. The installation of single implants can
also be classified as functional or non-functional, depending on the occlusal contact with the antagonist teeth [7].
For the treatment of single missing tooth, the implant
can be installed immediately or post-extraction (immediately or within 48-72 hours after extraction), early or immediately-delayed (4-8 weeks after extraction), delayed or
late, or in the formed alveolar process (4 to 6 months after
extraction) [8, 9]. Implant-prosthetic restoration may be
temporary (provisional) or permanent. Functional implant
loading can be immediate (1 week after implant placement),
early (between 1 week and 2 months after implant placement) and delayed or conventional (2 months after implant
placement) [10, 11, 12, 27]. The prosthesis restoration procedure can be positioned in occlusion (immediate functional loading) or inoclussion (non-functional loading). The
difference between these two procedures is the force exerted
on the implant by the fixed prosthetic restoration [8].
A Cochrane review of the literature, which included 26
controlled randomized clinical studies with a total of 1217
participants and 2120 implants, assessed whether the loading period of the implant had relevant clinical implications,
because the treatment period could be drastically reduced
to the patient’s benefit. The authors assessed the effects of
immediate functional loading (1) (during 1 week after implant placement), early (between 1 to 2 months after the
implant placement) and conventional (2 months after implant placement) of osteointegrated implants; (2) immediate occlusal loading as against the non-occlusal loading
and early occlusal loading as against the non-occlusal loading; (3) direct loading as against the immediate, early, and
conventional progressive loading. Overall, there was no
convincing evidence of a clinically significant difference in
prosthesis deficiency, implant failure or bone loss associated with different loading times for implants. However, the
findings should be treated with caution because of the low
quality of evidence [27].
Systematic reviews of the literature, controlled randomized clinical studies and comparative studies (transversal,
cohort, prospective) that evaluated different implant installation procedures and prosthetic restorations for the treatment of single missing tooth in the aesthetic (anterior) or
posterior area did not find any statistically significant difference in the survival and success (tissue integration, bone
resorption, frequency of implant losses and biological or
technical complications), different periods of installation
and restoration of the implant, including deadlines and type
of functional loading. Thus, there is insufficient evidence to
determine the possible advantages and disadvantages or to

recommend the immediate approach, the early approach
or delayed approach of implant installation and restoration
[8, 9, 12]. However, some authors have mentioned that implants installed immediately and early may be at a higher
risk of implant failure and complications development than
delayed implants, while the aesthetic result may be better
at immediate implant installation after dental extraction. In
addition, the immediate restoration procedure is possibly
more promising in terms of healing time and costs and is associated with a higher rate of patient’s satisfaction [11, 12].
Thirty years of research of ceramics on zirconium has
led to significant improvements in the biomedical field, particularly in dental implantology. Now, zirconium is used not
only as a veneering material, but also for the manufacture
of dental implants that have improved the aesthetics and
functionality for patients. Zirconium oxide dental implants,
due to excellent mechanical properties, good biocompatibility and aesthetically acceptable color, have emerged as
an attractive non-metallic alternative for titanium implants.
Experimental studies on animals have found excellent
bone-implant contact, but not under functional loading
conditions [40]. The use of zirconium dioxide abutments
(materials of crown support) compared to titanium abutments showed a better aesthetic result, although the differences were not statistically significant. However, more technical complications have been noted in the use of zirconium
oxide abutments [41, 42].
Cement-retained single-implant restorations have become a major pillar, but there is a renewed trend towards the
use of screw-retained crowns on implants. Current evidence
indicates that screw-retained single-implant restorations
deserve greater attention and offer clear benefits in many
cases. A review of the specialty literature has revealed the
following advantages of the screw-retained single-implant
crowns compared to the cement-retained single-implant
crowns:
1. Predictable retention and retrievability.
2. No potential for biological consequences associated
with residual cement.
3. As with cement-retained restoration, the choice between metal ceramics or all ceramics.
4. Only one margin at the implant / abutment interface.
5. A single abutment / crown ceramic margin that can
extend gingivally to the implant interface.
6. Nearly imperceptible blend of a composite resin in the
ceramic abutment access openings.
7. One component instead of two, which may simplify
the restorative process [42].
Innovations in implant and ceramic technologies now
give screw-retained prostheses the potential for esthetic,
functional and biological outcomes that are comparable to
those for cement-retained prostheses, while providing the
advantages of predictable retrievability and avoidance of
residual cement. Partial filling of the abutment access channel with the support screw can help reduce the extrusion
of the excess of cement in peri-implantary tissue. Angled
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implants, however, remain a major indication for prostheses
[42, 43].
A meta-analysis of studies published between 1995 and
2015 showed a less marginal bone mass loss and a greater
survival for the cement-retained implant prostheses, but the
differences were small and could not be clinically significant
[44].
Survival rates of the implant and crown. In order to
make the right decision about treatment, it is important
to know survival rates and the incidence of technical and
biological complications not only for implants but also for
prosthetic works. The implant survival rate has always been
the main criterion for the success of any implant-based restoration procedure, but in recent years the implant dentistry
has significantly evolved to optimize the aesthetic appearance, and the preservation of hard and soft peri-implant tissues is now mandatory [13, 34].
In order to evaluate the clinical outcomes of current implant systems, the following success criteria are used: implants inserted must be immobile at the clinical examination (clinical stability), functional and without any discomfort, without suppuration, infections, peri-implant osteolysis zones on the X-ray and fracture of the implant. The loss
of marginal bone mass in the first year after the application
of the prosthesis should be less than 1.5 mm. After one year
of functional loading of the implant, the vertical loss of bone
mass should be less than 0.2 mm per year, irreversible and
/ or persistent signs or symptoms of pain (at palpation, percussion or function), infection, neuropathies, paraesthesia
or perforations of the mandibular canal must be missing.
At the end of the 5-year and 10-year observation periods,
the success rate must reach 85% and 80% respectively [14].
The success of the implant with immediate functional
loading is defined according to the criteria proposed by
Buser and modified by Albrektsson: (1) absence of persistent pain, dysaesthesia or paraesthesia in the implant area;
(2) absence of peri-implant infection with or without suppuration; (3) absence of perceptible implant mobility and
(4) persistent absence of peri-implant bone resorption
greater than 1.5 mm in the first year of loading and 0.2 mm
annually in the following years [15].
Implant failure criteria are due to the following factors:
periodontal disease, smoking, systemic diseases, infections,
aging, short implants, inadequate implants, number of implants, lack or insufficiency of integration with hard and soft
tissues, inappropriate prosthetic design [16].
Dental implants can be classified according to several
parameters: size, material used for manufacturing, type of
implant-abutment connection and treatment steps, the latter being the most frequent. A review of the Cochrane literature identified 40 controlled randomized clinical studies
and compared 18 types of different implants with a followup period of 1 to 5 years. The authors concluded that there
is no evidence that any type of dental implant has a higher
long-term success rate compared to another type [17].
Ignoring the different clinical situations, the types of

implant and implant restoration, cumulative survival rates
of single tooth implants, reported in the specialty literature,
are within 90.7-100% after one year of follow-up [11], 97.6
% (including 99.4% for the implants placement in healed alveolar ridges and 95.6% for the implants placement in postextraction sockets, p = 0.004) for the first year of functional
loading [18], 99.0% for the implants installed in the healed
alveolar ridges and immediate prosthesis (temporary crown
installed on a temporary titanium abutment and functionally loaded 24 hours after surgery, final prosthesis was functionally loaded within 6 months after the implant placement)
after 1 year of functional loading [19 ], 96.9-97.86% for the
first year of functional loading of dental implants installed
transgingival, regardless of the type of restoration - immediate or delayed [11, 12], 97.6-98.4% at 2 years [8, 11], 96.1%
at 3 years [20] and 95.6% at 5 years [21] for conventional
loading and immediate functional loading, 96.2-100% at 5
years for implantation and conventional functional loading
with different neck designs [22], 98% at 5 years of implants
installed in the healed alveolar ridges (up to 3 months after
dental extraction) or in post-extraction sockets of the anterior maxilla with immediate functional loading [23], 95.7%
at 5 years, and 95.7% at 10 years for immediate placement of
implant with immediate functional loading [24].
The obtained outcomes were comparable to single tooth
rehabilitation data using conventional long-term functional
loading. Three previous meta-analyses reported survival
rates of implants estimated from 94.5% to 97.2% at 5 years
and from 89.4% to 95.2% at 10 years for the single tooth
replacement. These results suggest that immediate function
in rehabilitation of a single tooth is long-term predictable,
after short-term confirmation in a meta-analysis of the absence of survival difference or marginal bone resorption
between conventional functional loading and immediate
functional loading [13, 25, 27].
Therefore, the implant-prosthetic treatment for single
missing tooth was documented as a successful procedure
with predictable results during 5 years and, to a limited
extent, up to 10 years of follow-up. However, a follow-up
period of 5-10 years is too short to get clear information
on survival rates and complication rates [13, 25]. Data on
the survival of dental implants over longer periods is very
limited. A retrospective observational study revealed that
the cumulative survival rate of the osteointegrated implant
for the single tooth replacement in maxilla and mandible
was 97.1% after 25 years of follow-up. There were observed
differences in survival rates between implants with different
types of surfaces: for maxilla single missing tooth during 15
years and 10 years, this indicator was 95.8% for processed
surfaces (plane) and 98.5% for moderately rough surfaces
and for the mandibular single missing tooth during 10
and 25 years - 95.1% and 97.2%, respectively. Therefore,
implant-prosthetic treatment in the single tooth gap is a
long-term predictable treatment with a lower failure rate for
implants with moderately rough surfaces in the maxilla implant placement [26].
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A systematic review of the specialty literature, published
in 2016, found that immediate placement and restoration of
implant in single tooth replacement in the anterior maxilla
(8 different implant systems) resulted in success (97.96%)
and survival rate (98,25%) higher after an average followup period of 31.2 months. Single permanent crowns were
restored from 3 to 6 months after the implant placement [9].
A recent meta-analysis compared the implant survival
to patients with immediate functional loading or conventional functional loading of implants placed in the posterior
mandible. The authors did not find a statistically significant
difference between the two functional loading forms (immediate or conventional) for an average monitoring of 31.2
months on the implant survival (91.7-100% and 96.6-100%
respectively; p> 0.05) [7].
A systematic and recent review of the literature evaluated
the efficacy of the treatment of the maxillary and/or mandibular posterior implant supported single tooth restoration.
The observation period ranged from 4 to 96 months. The
survival rate, success rate (marginal bone mass loss, bleeding around the implant when palpating around the implant,
deep probing around the implant), and the average amount
of loss of bone mass for implants with immediate functional
loading and delayed functional loading were, respectively,
96.9% (from 82.64% to 100.0%), 100% and 0.85 mm (from
0.48 mm to 1.31 mm), 96.8%, 94.1% and 0.55 mm. The survival rates, success rates and average amount of loss of bone
mass in the studies, which compared implant placement
with immediate functional loading with delayed functional
loading, were, 96.8% (from 95.7% to 100.0%). and 96.3%
(from 95.5% to 100.0%), 85.8% (from 66.7% to 100.0%) and
93.3% (from 83.3% up to 100.0%), 0.57 ± 0.57 mm (from
0.41 ± 0.57 mm to 0.90 ± 0.3 mm) and 0.55 ± 0.37 mm (from
0.04 ± 0.46 mm to 0.88 ± 0.2 mm), respectively. Although the
data published over the last 5-8 years show a slightly lower
success rate for delayed functional loading implants, the differences in survival and success rates between implants with
immediate functional loading and delayed functional loading were insignificant [14].
The authors concluded that the prognosis for the single
tooth implant placement in the molar area offers a viable
treatment option for the single missing tooth in the maxillary and mandibular posterior areas [14, 28]. There is no significant difference in the survival rates of immediately and
delayed implants placement, although the success rates were
slightly higher to patients with delayed functional loading.
The rates of survival and success of the implants placement
in the posterior quadrant, regardless of the loading protocol, are comparable to those of the implants placement in
the previous regions [14].
Based on two meta-analyses, the survival of implants
with a single crown constituted 96.8-97.2% after 5 years of
function and 95.2% after 10 years of function. The survival
rate of implant-supported single crown consisted of 94.596.3% after 5 years of function and 89.4% after 10 years
of function [2, 13, 25]. The survival rate of metal-ceramic

crowns (95.4%) was statistically significantly (p = 0.005)
higher than the survival rate of full ceramic crowns (91.2%)
[13].
A systematic and meta-analysis of the specialty literature
reviewed the effectiveness of screw-abutments with internal
or external implant-abutment connection for single tooth
replacement. There were studied 586 implants with external connection and 1113 implants with internal connection.
The estimated percentage of single-tooth implants without
complications after 3 years was 97.3% for implants with
external connection and 97.6% for implants with internal
connection. The authors concluded that the geometry of the
implant-abutment connection does not affect the incidence
of loosening of the screws. However, most of the studies included were of a short duration and can not be extrapolated
on long term [39].
The survival, success and stability of the implant, as well
as the aesthetic results of the prosthesis on the implant support, depend on several factors: the anatomical place, the
osteotomy protocol, bone quality and quantity at the implant place, the length, diameter and color of the dental
implant, characteristics and texture of the dental implant
surface, axial load, correct oral hygiene, keratinized gingiva
width, soft tissue level, oral bone thickness [9, 16, 20, 36,
37]. A special feature of immediately restored implants is
the immediate correct modeling of the peri-implant soft tissue in the healed alveolar ridges, by the correct morphological shape of the abutment and / or the cervical portion of the
single temporary crown [9, 38]. It is possible to improve gingival aesthetics by coloring in pale pink the implant’s neck
and abutment, irrespective of the type of implant, obtaining
a more red peri-implant mucous and closer to the natural
gingival color [37].
Therefore, several published studies show that the deadlines and the types of implant placement and loading in single tooth gap are not decisive to the survival of the implant,
and the success rate is, at least, comparable to published
data for single tooth implants placed in accordance with the
standard protocol in the healed alveolar ridges.
Complications of the implants and prosthetic restorations on implants. Technical complications denote the mechanical damage of the implants, implant components and
/ or suprastructures [13], but biological complications – the
lesions of peri-implant soft tissue and the loss of marginal
bone tissue [25].
The systematic reviews of the literature and the metaanalyses of the studies, described above, conclude that, although the survival rates of implants and crowns for single
tooth gap are high, biological complications (loss of osteointegration, signs of mucosal inflammation, fistulas, periimplant mucositis, ache, haemorrhage at palpation, suppuration, dehiscence of soft tissues, progressive loss of bone
mass > 2 mm, occlusal disorders), technical (fractures of the
components – implant, support, crown and support screw,
loss of crown retention, weakening of the support screw, decementation) and aesthetics (soft tissue recession >1 mm,
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an unfavorable crown, visible crown margins, absence of the
papilla) are frequently encountered [13, 29, 30].
A meta-analysis of the longitudinal studies evaluated a
total number of 3223 implants to patients aged between 13
and 94 years. Were analyzed the implant survival, the survival of single crowns on implant support (irrespective of
the reconstruction material and crown fixation method on
the implant) and the incidence of biological, technical and
aesthetic complications for an average follow-up period of at
least 5 years. The evaluation of the biological complications
found a cumulative rate of the soft tissue complications of
7.1% and a cumulative rate of complications for implants
with bone loss> 2 mm of 5.2%. Technical complications
have reached a cumulative incidence of 8.8% for the loss of
screw stability, 4.1% for the loss of retention, and 3.5% for
the fracture of the veneered material. The cumulative rate of
aesthetic complications was 7.1% [25].
A previous meta-analysis and included in the meta-analysis described above, revealed that during the 5-year observation period, the peri-implants and soft tissue complications occurred adjacent to 9.7% of single crowns and 6.3%
of implants had a bone loss of > 2 mm. For this follow-up
period, the cumulative incidence of implant fractures was
0.14%, the cumulative incidence of screw and support abutment weakening was 12.7% and 0.35%, respectively. For
crown complications, the cumulative incidence of ceramic
fractures was 4.5% [13].
The marginal bone level around an implant is an important criterion for the success of the treatment. The loss of
marginal bone tissue following the implant placement poses
not only a risk of implant failure, but reduces the chance of
achieving an optimal aesthetic result, which in turn, can affect the patient’s satisfaction. A systematic and recent review
of the prospective studies, published in 2016, based on periapical radiographs found that the average loss of marginal
bone tissue around the implants placed immediately or
early from the initial time up to the most recent follow-up
visit (between 1 and 10 years) was lower by 1.5 mm. The authors conclude that immediate or early implant placement
after one tooth extraction can be a viable treatment, with
long-term survival rates and conditions of the marginal
bone level corresponding to those implants conventionally
placed in the healed alveolar ridges [46]. A study found that
the local bone loss at the immediate functional loading of
the implant placed either in the post-extraction sockets or
in the healed alveolar ridges, was similar. The average value
of marginal bone loss was 0.267 ± 0.161 mm during 1 year,
0.265 ± 0.171 mm during 3 years and 0.213 ± 0.185 mm
during 5 years after the implant placement in the extraction
sockets, 0.266±0.176 mm during 1 year, 0.219 ± 0.175 mm
during 3 years and 0.194 ± 0.172 mm during 5 years after
the implant was placed in the healed alveolar ridge. The results of this study showed that there is no significant difference in bone mass loss between the two investigated groups.
However, a significant reduction in marginal bone loss was
more pronounced in implants placed in the healed alveolar

ridges (p <0.041), compared to implants installed in fresh
extraction sockets (p <0.54) [47].
A systematic review of the literature, which evaluated
the clinical result of the immediate implant placement in
the aesthetic area, revealed that the deadlines and the type
of functional loading (immediate, early, delayed) were not
associated with the implant survival results, which allow
for immediate functional loading after the immediate implant placement. Regarding the risk factors for marginal
bone level change, the immediate functional loading was
associated with bone mass loss that is a clinically relevant
observation. In addition, the use of a flap or conjunctive tissue graft was significantly associated with greater bone loss.
Unfortunately, the few randomized clinical studies included, were based on the results of a short follow-up period (1
year). Therefore, studies with longer follow-up are required
to predict the long-term aesthetic result [72, 24].
A recent study has prospectively evaluated the result at 12
years of implant-based restorations for single tooth replacement. Initially, through a two-step protocol, were placed 45
Astra Tech TiOblast ST self-tapping implants on 40 subjects
with an average age of 40.9 years. The abutment connection was performed at 3 months for the mandible and at 6
months for the upper jaw after the implant placement, and
the metal-ceramic prosthetic crown was fixed by cement approximately 4 weeks after connecting the abutment. At 12
years, 31 patients and 35 implants were available for evaluation. Cumulative failure was 10.3% at the subject level and
9.1% at the implant level. The total average value of bone
loss was 0.67 mm at the subject level and 0.47 mm at the implant level. Nine implants (25%) showed clinical signs of inflammation, three subjects (10%) and three implants (8.6%)
were diagnosed with peri-implantitis (signs of inflammation in combination with ≥2 mm bone loss radiologically
assessed). Five subjects presented technical complications: 3
incidents of weakening of the abutment screw retention in
the first 5 years and 2 minor ceramic fractures of the crown
between 5 and 12 years of follow-up. Aesthetic complications have not been reported. The authors concluded that
the use of Astra Tech dental implants is a valid treatment
alternative for the single tooth replacement (48).
Based on the findings of 10 clinical studies, with a follow-up period of more than 5 years, a systematic review of
the literature estimated an average failure rate of 4.8% of
implant-supported restorations for single tooth replacement [25]. However, long-term studies (10 years and more)
that document failures and various types of complications
of replacement procedures for a missing tooth are insufficient [49]. In a systematic review of the literature, was described the incidence of biological and biomechanical complications associated with the use of implants to replace a
single tooth. The authors concluded that while all prospective longitudinal studies (over 5 years) included reports on
the frequency of implant loss, only a limited number of publications have presented conclusions related to the biological and technical complications. Because the prevalence of
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complications may increase with the implant function time,
there is a clear need for long-term data (10 years and longer)
from prospective studies of implant-supported restorations
for single tooth replacement [50].
A study, which evaluated the results for a follow-up period of more than 10 years for the Astra Tech single dental
implants placed in the anterior maxilla, reported an average loss of marginal bone of 0.75 mm, a subject (5%) with
bone loss > 2 mm and three subjects (15%) with bone loss
between 1 and 1.4 mm, findings comparable to the previous
study [51].
Another study assessed 40 subjects and 44 implants
(Brånemark) up to 18 years. The average value of marginal
bone loss from the moment of crown placement was 0.4 mm.
A recent publication, which evaluated the survival rate after
10 years of function of 86 implants (Biomet 3i) with immediate restoration for single missing tooth in the anterior maxilla, found an average bone loss of 1.01 mm [52].
Several long-term prospective studies (10 years and
more) reported an incidence of technical complications
varying between 7% and 30% [48], 2 recimented crowns
(10%), 2 minor fractures of ceramic crown (10 %) and
weakening the capacity of retention of the abutment screw
in 2 cases (10%) [51], 2 (3%) patients with weakening of the
retention screw of the abutment and 3 (4%) patients with
minor fractures of the ceramic crown [83].
Following the immediate implant placement, the recession of the peri-implant mucosa > 1 mm occurs in 9-41% of
cases between 1 and 3 years, whereas early implant placement has a very low risk for recession > 1 mm [34]. The level
of the peri-implant papilla for a single tooth in the anterior
maxilla is mainly influenced by the interproximal bone crest
level of the adjacent tooth. The marginal mucosa level is affected by several factors: peri-implant biotype, facial bone
crest level, implant angle, interproximal bone crest level,
and implant platform depth and bone-implant primary
contact level [35].
The overall cumulative rate of complications after 18
years of follow-up was 57% and 1/3 of these complications
require the renewal of at least one component. Over 50% of
the complications occurred during the first 5 years of the
study. In total, 36% of restorations were affected by technical complications, 24% - aesthetic complications and 20%
- biological adverse reactions. The study confirms an over
time increase in complications. The weakening of the support screw, a previous frequent complication, was significantly reduced by the implementation of CeraOne support
abutments [29].
Dental restoration is a difficult procedure, because physicians and patients have established strict success criteria.
This standard has placed the focus of research on improving
the results of hard and soft tissues, the aesthetics of restoration and patient’s satisfaction. In order to evaluate the complete aesthetic restoration, are widely applied the “white aesthetic score” of the implant, the “pink aesthetic score”, to accurately describe all the features of the adjacent soft tissues,

“the aesthetic index of the implant crown” – objective index
that measures the aesthetic result of the implant crown for
one single tooth (shape, color, superficial characteristics)
and of the related mucosa. These indicators became popular
and a standard tool for assessing the aesthetic result of implant restorations in the anterior aesthetic area, determined
mainly by the shape of peri-implant pink soft tissues, the
contour and color of the permanent crown [12, 19, 23].
However, a review of the international specialty literature has revealed that although there seems to be a growing
interest in aesthetics in implant therapy, there are still no
well-defined and universally accepted assessment criteria
for aesthetic outcomes. A wide variety of parameters, methods, units of measurement, and time points used to evaluate
the aesthetics, were found in different studies, which influences the validity and requires prudent interpretation of the
results in comparison of the studies. Generally, until 1990,
researchers were primarily interested in the functional aspects of the implant therapy; the evaluations of aesthetic
results among the criteria for success only appear in more
recent studies and refer mainly to the rehabilitation of the
implants in the anterior maxilla area. It is obvious that the
peri-implant mucosa has a significant influence on the aesthetic outcome of the therapy with dental implants [45].
The replacement of the affected teeth of the patient with
immediate fixed implant-supported prostheses with functional loading represents a major achievement in the reconstructive dentistry. In recent years, the implant dentistry has
increasingly supported the concept of immediate functional
loading, even in the restoration of a single implant. This
operative procedure is a viable and safe treatment option
for both the maxilla and the mandible and has several advantages for the patient. Firstly, it eliminates the removable
prosthesis, and secondly, it allows that most work times to
be concentrated during a single visit, due to the computer
assisted surgery. Many authors have pointed out that immediate functional loading protocols allow for better aesthetic
results compared to delayed functional loading, especially
in post-extraction implant placement, are able to maintain
the original aesthetics of soft tissues. The restriction of bone
remodeling, reduction of procedures number, shortening of
the treatment period, rapid restoration of function and aesthetics contribute to the shortening of the recovery period
with functional, cosmetic and psychological benefits, and
reducing discomfort for patients [6, 12, 14, 18, 30].
Several comparative studies (transversal, cohort, prospective), based on the preliminary clinical and radiographic results, found that after 2 years, about 26% of
cases were esthetic failures (pink aesthetic score <8 and /
or white aesthetic score <6), 13% of cases showed almost
perfect aesthetic results (pink aesthetic score ≥12 and / or
white aesthetic score ≥9) and 61% of cases showed acceptable aesthetic results. Although the rate of aesthetic failure is
quite high, the indicator falls within the range of specialized
publications (5-34%) [10, 31, 32]. Thus, the early and conventional implant-prosthetic treatment of the single missing
60

The Moldovan Medical Journal, February 2018, Vol. 61, No 1

review articles

tooth has comparable aesthetic results. The result is considered satisfactory if the pink aesthetic score is ≥8 and perfect
if the pink aesthetic score is ≥12 [10].
Oral health-related quality of life in patients with
implant-prosthetic restorations. In the field of implant
dentistry, there is an increasing emphasis on the results reported by the patient. Patient’s satisfaction is also essential
for achieving this goal and can truly indicate the success of
implant-prosthetic treatment from the patient’s perspective
[12, 19, 23]. The quality of life related to the oral health is
defined as the effect of deficiencies, disabilities or handicap
from an oral condition to frequent daily activities (masticatory function, speech, tooth cleaning, sleep, smile and social
contact) [33].
Several prospective randomized clinical studies have
comparatively evaluated the patient’s satisfaction based on
the Oral Health Impact Profile (OHIP-14) questionnaire on
immediate functional loading and delayed functional loading of dental implants for single tooth replacement in the
anterior maxilla. After 12 months, has been found a statistically significant overall improvement in the quality of life
related to the oral health for both groups. Significant improvement is, probably, a result of increased comfort during
the ingestion of the food, and a lower sense of insecurity and
embarrassment [6, 19].
The OHIP-14 score for patients with implants placement in the healed alveolar ridges or fresh extraction sockets decreased from 0.50 at baseline to 0.17 at 6 months of
follow-up (p <0.001) - an improvement in all the aspects.
For both groups, the score remained stable for up to 5 years
(p = 0.41). However, after 5 years, the OHIP-14 total score
showed a statistically significant greater improvement in the
group with implants placed in the healed alveolar ridges,
compared to the group with implants placed in the extraction sockets (p = 0.027) [23 ].

4. The chosen reconstruction material and the type of
abutment for manufacturing the implant restoration
do not ensure aesthetic results, if all parameters are
not taken into account.
References
1. Edelmayer M, Woletz K, Ulm C, et al. Patient information on treatment
alternatives for missing single tooth - Systematic review. Eur J Oral
Implantol. 2016;9 Suppl 1:S45-57.
2. Friberg B. Bone augmentation for single tooth implants: A review of
the literature. Eur J Oral Implantol. 2016;9 Suppl 1:S123-34.
3. Karl M. Outcome of bonded vs all-ceramic and metal- ceramic fixed
prostheses for single tooth replacement. Eur J Oral Implantol. 2016;9
Suppl 1:S25-44.
4. Sghaireen MG, Al-Omiri MK. Relationship between impact of maxillary anterior fixed prosthodontic rehabilitation on daily living, satisfaction, and personality profiles. J Prosthet Dent. 2016;115(2):170-6.
5. Dierens M, Vandeweghe S, Kisch J, et al. Cost estimation of singleimplant treatment in the periodontally healthy patient after 16-22 years
of follow-up. Clin Oral Implants Res. 2015;26(11):1288-96.
6. Gjelvold B, Kisch J, Chrcanovic B, et al. Clinical and radiographic
outcome following immediate loading and delayed loading of singletooth implants: Randomized clinical trial. Clin Implant Dent Relat
Res. 2017;19(3):549-58.
7. Moraschini V, Porto Barboza E. Immediate versus conventional loaded
single implants in the posterior mandible: a meta-analysis of randomized controlled trials. Int J Oral Maxillofac Surg. 2016;45(1):85-92.
8. Mangano C, Raes F, Lenzi C, et al. Immediate loading of single implants:
a 2-year prospective multicenter study. Int J Periodontics Restorative
Dent. 2017;37(1):69-78.
9. Weigl P, Strangio A. The impact of immediately placed and restored
single-tooth implants on hard and soft tissues in the anterior maxilla.
Eur J Oral Implantol. 2016;9 Suppl 1:S89-106.
10. Cosyn J, Eghbali A, De Bruyn H, et al. Single implant treatment in
healing versus healed sites of the anterior maxilla: an aesthetic evaluation. Clin Implant Dent Relat Res. 2012;14(4):517-26.
11. Barone A, Toti P, Quaranta A, et al. The clinical outcomes of immediate versus delayed restoration procedures on immediate implants: a
comparative cohort study for single-tooth replacement. Clin Implant
Dent Relat Res. 2015;17(6):1114-26.
12. Slagter KW. Immediate dental implant placement in the aesthetic zone
[thesis]. Drukkerĳ van der Eems, Heerenveen, Netherlands: University
Medical Center Groningen; 2016. 156 p.
13. Jung R, Pjetursson B, Glauser R, et al. A systematic review of the 5-year
survival and complication rates of implant-supported single crowns.
Clin Oral Implants Res. 2008;19(2):119-30.
14. Moy P, Nishimura G, Pozzi A, et al. Single implants in dorsal areas
- A systematic review. Eur J Oral Implantol. 2016;9 Suppl 1:S163-72.
15. Malchiodi L, Cucchi A, Ghensi P, et al. Evaluation of the esthetic
results of 64 nonfunctional immediately loaded postextraction implants in the maxilla: correlation between interproximal alveolar crest
and soft tissues at 3 years of follow-up. Clin Implant Dent Relat Res.
2013;15(1):130-42.
16. Vozza I, Barone A, Quaranta M, et al. A comparison between endodontics and implantology: an 8-year retrospective study. Clin Implant
Dent Relat Res. 2013;15(1):29-36.
17. Esposito M, Ardebili Y, Worthington H. Interventions for replacing
missing teeth: different types of dental implants. Cochrane Database
Syst Rev. 2014;(7):CD003815.
18. Del Fabbro M, Ceresoli V, Taschieri S, et al. Immediate loading of
postextraction implants in the esthetic area: systematic review of the
literature. Clin Implant Dent Relat Res. 2015;17(1):52-70.
19. Fügl A, Zechner W, Pozzi A, et al. An open prospective single cohort
multicenter study evaluating the novel, tapered, conical connection
implants supporting single crowns in the anterior and premolar
maxilla: interim 1-year results. Clin Oral Investig. 2017;21(6):2133-42.
20. Guarnieri R, Grande M, Ippoliti S, et al. Influence of a Laser-Lok
surface on immediate functional loading of implants in single-tooth

Conclusions
1. The implant-prosthetic restoration in single tooth replacement is a viable treatment option for functional
restoration of tooth loss. Several published studies
show that the time and the type of implant functional
loading of single tooth replacement are not decisive to
the survival and success rate of the implant.
2. Although the conventional protocol is still the “gold
standard”, immediate restoration of the implants
placed in the post-extraction sockets of the aesthetic
area has an excellent prognosis. Immediate functional
loading is successfully adopted to minimize the treatment time with immediate benefit and relevant impact on the patient’s quality of life and satisfaction.
3. The aesthetic outcome is not yet systematically included in the success criteria of implant therapy,
although a trend for this is more frequent in recent
publications, particularly in publications evaluating
the implant-supported single tooth restorations in the
anterior maxilla and mandible.
61

review articles

The Moldovan Medical Journal, February 2018, Vol. 61, No 1

replacement: three-year results of a prospective randomized clinical
study on soft tissue response and esthetics. Int J Periodontics Restorative Dent. 2015;35(6):865-75.
21. Donati M, La Scala V, Di Raimondo R, et al. Marginal bone preservation
in single-tooth replacement: a 5-year prospective clinical multicenter
study. Clin Implant Dent Relat Res. 2015;17(3):425-34.
22. den Hartog L, Meijer H, Vissink A, et al. Anterior single implants with
different neck designs: 5 year results of a randomized clinical trial. Clin
Implant Dent Relat Res. 2017;19(4):717-24.
23. Raes S, Raes F, Cooper L, et al. Oral health-related quality of life changes
after placement of immediately loaded single implants in healed alveolar ridges or extraction sockets: a 5-year prospective follow-up study.
Clin Oral Implants Res. 2017;28(6):662-7.
24. Maló P, de Araújo Nobre M, Lopes A, et al. Single-tooth rehabilitations
supported by dental implants used in an immediate-provisionalization
protocol: report on long-term outcome with retrospective follow-up.
Clin Implant Dent Relat Res. 2015;17 Suppl 2:e511-9.
25. Jung R, Zembic A, Pjetursson B, et al. Systematic review of the survival
rate and the incidence of biological, technical, and aesthetic complications of single crowns on implants reported in longitudinal studies
with a mean follow-up of 5 years. Clin Oral Implants Res. 2012;23
Suppl 6:2-21.
26. Jemt T. Single-implant survival: more than 30 years of clinical experience. Int J Prosthodont. 2016;30(6):551-8.
27. Esposito M, Grusovin M, Maghaireh H, et al. Interventions for replacing missing teeth: different times for loading dental implants. Cochrane
Database Syst Rev. 2013;(3):CD003878.
28. Anitua E, Murias-Freijo A, Flores J, et al. Replacement of missing posterior tooth with off-center placed single implant: Long-term follow-up
outcomes. J Prosthet Dent. 2015;114(1);27-33.
29. Dierens M, De Bruyn H, Kisch J, et al. Prosthetic survival and complication rate of single implant treatment in the periodontally healthy
patient after 16 to 22 years of follow-up. Clin Implant Dent Relat Res.
2016;18(1):117-28.
30. Cosyn J, Eghbali A, Hermans A, et al. A 5-year prospective study on
single immediate implants in the aesthetic zone. J Clin Periodontol.
2016;43(8):702-9.
31. Meijndert L, Meijer H, Stellingsma K, et al. Evaluation of aesthetics
of implant-supported single-tooth replacements using different bone
augmentation procedures: a prospective randomized clinical study.
Clin Oral Implants Res. 2007;18(6):715-9.
32. Belser U, Grütter L, Vailati F, et al. Outcome evaluation of early placed
maxillary anterior single-tooth implants using objective esthetic criteria: a cross-sectional, retrospective study in 45 patients with a 2- to
4-year follow-up using pink and white esthetic scores. J Periodontol.
2009;80(1):140-51.
33. Angkaew C, Serichetaphongse P, Krisdapong S, et al. Oral healthrelated quality of life and esthetic outcome in single anterior maxillary
implants. Clin Oral Implants Res. 2017;28(9):1089-96.
34. Boardman N, Darby I, Chen S. A retrospective evaluation of aesthetic
outcomes for single-tooth implants in the anterior maxilla. Clin Oral
Implants Res. 2016;27(4):443-51.
35. Nisapakultorn K, Suphanantachat S, Silkosessak O, et al. Factors affecting soft tissue level around anterior maxillary single-tooth implants.
Clin Oral Implants Res. 2010;21(6):662-70.
36. Kamperos G, Zambara I, Petsinis V, et al. The impact of buccal bone
defects and immediate placement on the esthetic outcome of maxillary
anterior single-tooth implants. J Oral Implantol. 2016;42(4):337-41.

37. Gil M, Ishikawa-Nagai S, Elani H, et al. A prospective clinical trial to
assess the optical efficacy of pink neck implants and pink abutments
on soft tissue esthetics. J Esthet Restor Dent. 2017;29(6):409-15.
38. Schoenbaum TR, Swift EJ Jr. Abutment emergence contours for singleunit implants. J Esthet Restor Dent. 2015;27(1):1-3.
39. Lewis M, Klineberg I. Prosthodontic considerations designed to optimize outcomes for single-tooth implants. A review of the literature.
Aust Dent J. 2011;56(2):181-92.
40. Siddiqi A, Khan A, Zafar S. Thirty years of translational research in
zirconia dental implants: a systematic review of the literature. J Oral
Implantol. 2017;43(4):314-25.
41. Carrillo de Albornoz A, Vignoletti F, Ferrantino L, et al. A randomized
trial on the aesthetic outcomes of implant-supported restorations with
zirconia or titanium abutments. J Clin Periodontol. 2014;41(12):1161-9.
42. Priest G. A current perspective on screw-retained single-implant
restorations: a review of pertinent literature. J Esthet Restor Dent.
2017;29(3):161-71.
43. Al Amri MD, Al-Johany SS, Al-Qarni MN, et al. Influence of space size
of abutment screw access channel on the amount of extruded excess
cement and marginal accuracy of cement-retained single implant
restorations. J Prosthet Dent. Epub 2017 May 26.
44. Lemos CA, de Souza Batista VE, Almeida DA, et al. Evaluation of
cement-retained versus screw-retained implant-supported restorations for marginal bone loss: A systematic review and meta-analysis.
J Prosthet Dent. 2016;115(4):419-27.
45. Annibali S, Bignozzi I, La Monaca G, et al. Usefulness of the aesthetic
result as a success criterion for implant therapy: a review. Clin Implant
Dent Relat Res. 2012;14(1):3-40.
46. Schropp L, Wenzel A. Timing of single implant placement and longterm observation of marginal bone levels. Eur J Oral Implantol. 2016;9
Suppl 1:S107-22.
47. Berberi AN, Sabbagh JM, Aboushelib MN, et al. A 5-year comparison
of marginal bone level following immediate loading of single-tooth
implants placed in healed alveolar ridges and extraction sockets in
the maxilla. Front Physiol. 2014;5:29.
48. Donati M, Ekestubbe A, Lindhe J, et al. Implant-supported singletooth restorations. A 12-year prospective study. Clin Oral Implants
Res. 2016;27(10):1207-11.
49. Scheuber S, Hicklin S, Brägger U. Implants versus short-span fixed
bridges: survival, complications, patients’ benefits. A systematic review
on economic aspects. Clin Oral Implants Res. 2012;23 Suppl 6:50-62.
50. Berglundh T, Persson L, Klinge B. A systematic review of the incidence
of biological and technical complications in implant dentistry reported
in prospective longitudinal studies of at least 5 years. J Clin Periodontol.
2002;29 Suppl 3:197-212.
51. Gotfredsen K. A 10-year prospective study of single tooth implants placed in the anterior maxilla. Clin Implant Dent Relat Res.
2012;14(1):80-7.
52. Bergenblock S, Andersson B, Fürst B, et al. Long-term follow-up of
CeraOne™ single-implant restorations: an 18-year follow-up study
based on a prospective patient cohort. Clin Implant Dent Relat Res.
2012;14(4):471-9.
53. Brägger U, Karoussis I, Persson R, et al. Technical and biological
complications/failures with single crowns and fixed partial dentures
on implants: a 10-year prospective cohort study. Clin Oral Implants
Res. 2005;16(3):326-34.

62

