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ABSTRACT

Dental implants represent a predictable treatment option for replacing missing teeth. However, implant-supported
restorations in the aesthetic zone remain clinically demanding because success depends on the integration of
biological, functional, and patient-centred parameters. This narrative review systematises current evidence and
clinical trends regarding the main prosthodontic considerations involved in aesthetic-zone implant rehabilitation.
Particular attention is given to restoration-driven implant placement, timing of insertion, three-dimensional
positioning, management of single and multiple edentulous spaces, abutment and retention selection, occlusal
factors, provisional soft-tissue conditioning, and aesthetic assessment. The available evidence supports an
interdisciplinary, prosthodontically driven approach in which the definitive restoration guides surgical and
restorative decision-making. Predictable outcomes depend not only on implant survival, but on peri-implant tissue
stability, emergence profile control, functional loading, maintainability, and patient-reported satisfaction.
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INTRODUCTION Although it is commonly defined as the
Dental implants are currently regarded region extending from canine to canine, its
as a reliable and predictable modality for the limits may also include the first or second
replacement of missing teeth. Over the past premolars depending on smile width and the
two decades, their use has expanded degree of tooth display. Implant-supported
substantially in dental practice, particularly restorations in this region are therefore
for single-tooth replacement in the aesthetic directly exposed during smiling, speech, and
zone. This widespread adoption is supported facial expression, making even minor
by favourable long-term outcomes, with discrepancies in crown morphology, colour
reported 10-year survival estimates of integration and gingival contour clinically
approximately 96.4%. Consequently, implant relevant. This is particularly critical in single-
prosthodontics has become increasingly tooth replacements in the anterior maxilla,
established as a routine treatment option, with where the implant-supported crown is
epidemiological data from the USA showing compared directly with adjacent natural teeth
a marked rise in the prevalence of dental [3-8].
implants in older adults, from 0.7% in 1999 Moreover, patients usually present
up to a projected 23% in 2026 [1,2]. with high aesthetic demands that need to be
The aesthetic zone constitutes a highly properly addressed by the prosthodontist
sensitive  area in  implant-supported through efficient communication during
prosthodontics, where the visual integration treatment planning, for a consensus to be
of the restoration within the patient’s smile is reached between the expectations and
critical to therapeutic success, besides therapeutic possibilities. Within the shifting
osseointegration and functional rehabilitation. paradigms of patient-centred care and wish-
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fulfilling dentistry, the implementation of
dental patient reported outcome measures
(dPROMs) thus became another instrument
in improving the predictability of treatments
and patient satisfaction [9,10].

Restorations in the aesthetic zone
prove to be a considerable challenge in
contemporary  dentistry, = where  the
prosthodontists must balance the multiple
functional, periodontal, masticatory,
aesthetic, and occlusal demands. Therefore,
the aim of this narrative review is to
systematise the current evidence and
contemporary clinical trends concerning the

principal prosthodontic determinants of
implant-supported  restorations in  the
aesthetic zone, thereby providing an

evidence-informed framework for restorative
planning and clinical decision-making.

RESTORATION-DRIVEN  IMPLANT
SELECTION AND PLACEMENT

Prosthodontically-driven implant
insertion constitutes a core principle of
implant rehabilitation, where the final
prosthetic reconstruction should determine
the three-dimensional implant position rather
than be adapted to an implant placed solely
according to residual bone availability [11—
14].

Aesthetic success in implant-supported
rehabilitation depends on coordinated
planning between the prosthodontist and the
surgeon, as the surgical and prosthetic phases
are  biologically = and  mechanically
interdependent [11,15]. Adequate bone
volume is required to permit correct three-
dimensional implant placement, and when
deficient, the site must be developed either
before or, in selected cases, simultaneously
with implant insertion [15-19]. The implant
placement must be precise, since spatial
deviations may compromise the emergence
profile, soft-tissue stability, prosthetic axis,
and final aesthetic integration [11,18].
Equally important are a stable implant-
abutment interface [13,18], a minimal
implant-abutment microgap, and a restoration
designed with a cleansable emergence profile
rather than a ridge-lap configuration
[3,11,18]. The definitive prosthesis should
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ultimately reproduce the appearance of the
adjacent natural teeth [5,11,15].

According to the Straightforward,
Advanced, and Complex classification
system of the International Team for
Implantology (ITI), implants placed in the
aesthetic zone of either the maxilla or the
mandible are considered advanced or
complex, depending on technique [3,11,20].

When it comes to implant placement
planning, there are two interdependent
determinants that govern the decision making
process: the timing of insertion and the three-
dimensional position of the implant
[11,16,21].

The timing of implant placement in the
aesthetic zone is commonly classified into
four protocols: immediate placement in the
extraction socket, early placement after soft-
tissue healing, early placement after partial
bone healing, and late placement in a healed
ridge [16,17,22-24]. Among these protocols,
immediate implant placement may provide
favourable aesthetic outcomes in carefully
selected cases, particularly when combined
with adequate socket management and
immediate provisionalisation [6,11,21,23].
Nevertheless, it should not be interpreted as a
universally predictable procedure, since the
literature consistently identifies mid-facial
mucosal recession as a principal aesthetic risk
when implants are placed immediately after
extraction [16,17,25]. The stability of the
peri-implant soft tissues depends largely on
the preservation or reconstruction of facial
tissue volume, which is influenced by the
presence of the facial bone wall, grafting of
the implant—socket gap, and local vascular
support [16]. Bone grafting associated with a
provisional restoration has been shown to
reduce dimensional changes of the facial-
palatal ridge and to support peri-implant soft-
tissue  volume.  Although  soft-tissue
phenotype and connective tissue
augmentation may influence the peri-implant
mucosal profile [16,26], their effect on
aesthetic ~ outcomes  after immediate
placement is less consistent than the evidence
supporting the importance of hard-tissue
support and socket grafting [16,26-29].
Therefore, immediate placement, with or
without immediate
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provisionalisation/loading, should be
regarded as a technique-sensitive protocol
requiring favourable anatomy, adequate
primary stability, strict case selection, and
close surgical-prosthodontic coordination
[11,22,23,30].

Classical protocols for anterior
maxillary implant therapy emphasise that
predictable aesthetic outcomes require ideal
mesio-distal, oro-facial, and apico-coronal
positioning within defined “comfort” zones
[11,16,22,23], with the restorative plan
transferred clinically by means of a surgical
guide [17]. This concept remains central in
contemporary ITI consensus guidance, which
recommends three-dimensional, restoration-
oriented  planning  for  single-tooth
replacement in the anterior maxilla [11],
supported by radiographic and digital
assessment of the implant site, facial bone
wall, prosthetic axis, and abutment options
[16].

Apico-coronal positioning determines
the vertical restorative space available for the
transition from the implant platform to the
gingival margin [15]. In general, the implant
shoulder is positioned approximately 3—4 mm
apical to the planned gingival margin of the
definitive restoration [11,31]. This is
particularly relevant for maxillary central
incisors, where the cervical crown dimension
is expected to measure approximately 7-8
mm mesio-distally and 6 mm facio-lingually,
whereas a standard implant platform may be
approximately 4 mm in diameter [15]. This
vertical distance permits a gradual transition
from the implant platform to the cervical
contour of the future crown. A less apical
position may be sufficient for smaller teeth,
such as maxillary lateral incisors, because
their cervical crown dimensions are reduced
[11,15]. Coronal malposition prevents the
development of an adequate emergence
profile and may result in a short or over-
contoured restoration, whereas excessive
apical placement may induce circumferential
bone loss, compromise the facial bone wall,
complicate impression procedures, and
increase the risk of residual cement when
cement-retained  restorations are used
[15,17,31].
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Mesio-distal positioning is decisive for
interproximal ~ bone  preservation and
papillary support. A minimum distance of
approximately 1.25 mm [31] or 1.5-2.0 mm
[15,16] should be maintained between the
implant and an adjacent natural tooth, since
placement too close to the root may result in
crestal bone resorption and loss of papillary
height [15,17]. When two adjacent implants
are inserted, an interimplant distance of
approximately 3 mm is  generally
recommended to preserve bone between
implant shoulders [16]. The vertical
relationship between the contact point and the
bone crest is also clinically relevant, as a
distance of 5 mm or less is associated with
more predictable papillary fill [15,16,32].
Therefore, adjacent root position, available
restorative space, and, where necessary,
orthodontic root divergence should be
evaluated before implant insertion.

Facio-lingual positioning influences
facial tissue stability, restorative contour,
retention mode, and hygiene access
[11,16,17]. At least 1 mm of bone should
ideally remain on both the facial and
palatal/lingual aspects of the implant;
therefore, a 4 mm diameter implant generally
requires approximately 6 mm of ridge width
[15,16,33]. In the maxillary anterior region,
the implant is usually positioned slightly
palatal to the facial contour of the adjacent
teeth. In aesthetic-zone protocols, the implant
shoulder has also been described within a
restorative “comfort zone,” approximately
1.5-2.0 mm palatal to the anticipated incisal
margin of the definitive crown, while
maintaining sufficient buccal bone thickness,
ideally at least 2 mm where possible [15—
17,31]. Facial malposition may lead to buccal
bone  resorption, mucosal recession,
discoloration, and an elongated restoration,
whereas excessive palatal placement can
produce bulky, non-hygienic contours and
unfavourable biomechanical loading [11,16].
In post-extraction sites, a separate parameter
must also be considered: the horizontal gap
between the implant surface and the inner
aspect of the facial socket wall. A gap of at
least 2 mm has been recommended to allow
grafting and maintenance of facial ridge
contour; when the facial socket wall is thin or
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the outer facial contour is inadequately
supported, internal gap grafting and/or buccal
contour augmentation may be required to
preserve ridge volume and support the peri-
implant mucosa [15-17,33].

Single tooth implants have a high
degree of predictability as the adjacent teeth
can provide the morphological substructure
that is required to restore natural gingival and
papillary architecture [11,31,34].
Replacement of multiple missing teeth in the
aesthetic zone is challenging particularly
when the three-dimensional architecture of
the existing bone and soft tissue is deficient.
The bony housing in this instance would
require  augmentation to provide a
configuration that permits placement of
implants in optimal positions which in turn
would result in pleasing aesthetics.

Extended edentulous spaces in the
aesthetic zone are more difficult to manage
than single-tooth sites because post-
extraction healing of adjacent teeth produces
apical and facio-lingual ridge resorption,
resulting in a flattened edentulous segment.
As in single-tooth replacement, implant
placement must be based on the three-
dimensional configuration of the hard and
soft tissues, with the objective of allowing
implants to be positioned in a prosthetically
and biologically favourable location [15—
17,21,23].

When adjacent implants are placed,

papilla preservation becomes less predictable.

At a tooth—implant interface, papillary
support is largely determined by the height of
the interproximal bone crest of the adjacent
natural tooth [6,11,31]. Between two
implants, however, the interimplant bone
crest may remodel apically, producing loss of
interimplant soft tissue and black triangles.
For this reason, a minimum distance of 3 mm
between adjacent implants at the implant—
abutment level is recommended, since closer
placement may cause overlapping bone
remodeling, vertical crestal bone loss, and
soft-tissue compromise [15-17,32].

These limitations have important
prosthetic consequences. A one-implant-per-
tooth approach may be unfavourable in the
anterior aesthetic zone when several adjacent
teeth are missing, because interimplant
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papillae are difficult to maintain predictably.
In such cases, placing fewer implants farther
apart and restoring the segment with a fixed
dental prosthesis may allow the use of ovate
pontics to sculpt the intervening soft tissue
and create a more convincing illusion of
papillae. Where severe horizontal or vertical
tissue deficiencies persist, hard- and soft-
tissue reconstruction, or artificial gingiva,
may be required to compensate for deficient
tissue volume and restore acceptable tooth
proportions, axis alignment, and lip support
[15-17,27].

The biological state of the area is also
of great importance. Teeth are often extracted
as a result of an irreversible infectious
process, leaving behind a contaminated area.
Previously, any ongoing infective process
represented a contraindication for implant
placement, because of the possibility that the
infection could interfere with the healing
process and prevent osseointegration.
However, later investigations showed that an
accurate socket debridement before implant
placement  could  allow successful
osseointegration, comparable to otherwise
healthy sites [16,35,36].

ABUTMENT SELECTION
RETENTION TYPE

Abutment selection in the aesthetic
zone must be coordinated with implant
position and the cervical contour of the
definitive crown. Although divergent
transmucosal profiles have traditionally been
used to reproduce a natural emergence profile,
excessive divergence may negatively affect
the peri-implant tissues through pressure,
ischemia, and recession. Concave or
gingivally convergent transmucosal profiles
have therefore been proposed to improve
soft-tissue stability and limit recession
[6,13,16,37].

The abutment design also determines
the critical contour required for the final
restoration. When an implant is positioned
according to conventional cingulum-oriented
guidelines and restored with a narrow
shoulderless abutment, light chamfer, or
feather-edge preparation, the crown may
require an excessively convex cervical
contour to reach the expected natural outline.

AND
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Such  contours may deviate from
physiological tooth anatomy and have been
associated with adverse soft-tissue behaviour,
although clear evidence regarding their effect
on tissue stability remains limited. In
cemented crowns, increased cervical
convexity may also create undercuts that
make cement removal more difficult,
increasing the risk of residual cement within
the peri-implant sulcus. For this reason, when
a shoulderless abutment, light chamfer, or
feather-edge preparation is selected instead of
a wide-shoulder abutment, conventional
cingulum- or palatal-oriented implant
placement may be inappropriate. In the
aesthetic zone, the bucco-lingual implant
position should be modified so that the centre
of the implant corresponds to the incisal edge
of the future restoration or adjacent teeth,
provided that 1.5-2.0 mm of buccal bone can
be maintained [7,13,16,37].

Abutment selection in the anterior
region also requires reconciliation of
biological and mechanical predictability with
peri-implant optical integration. Internal-
connection  implants  restored  with
customized metal abutments, such as
titanium or cast metal, appear to be associated
with fewer technical complications. From an
aesthetic  perspective, however, metal
abutments, particularly titanium, may
compromise the colour of the peri-implant
mucosa, an effect of greater relevance in
patients with thin soft tissues or high smile
lines [38]. Ceramic abutments, and especially
zirconia, generally provide a more favourable
soft-tissue colour match than titanium or gold
abutments, although they may still produce
slight discoloration and have been associated
with a low but present risk of abutment failure,
particularly in internal-connection designs.
Gold- or pink-hued metal abutments may
modestly improve colour performance, while
submucosally modified zirconia abutments
have shown encouraging results. Current data
do not indicate significant differences
between abutment materials or retention
types regarding recession, papillary fill, or
biological outcomes [38,39].

For frontal implants, screw retention is
generally preferred when the implant is
correctly positioned and the screw-access
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channel emerges palatally, because it
improves retrievability and avoids residual
cement. Cement retention remains indicated
when screw-access emergence would
compromise aesthetics or occlusion, but it
requires careful margin design and cement
control [40,41]. One study underscores that
the facial emergence angle is significantly
greater for implants in a screw-retained
position, however this may be partially
alleviated by deeper implant placement [42].

OCCLUSAL FACTORS

The occlusal scheme of implant-
supported restorations must be planned to
reduce excessive mechanical stress, as
overload has been associated with crestal
bone loss, peri-implant disease progression,
and prosthetic complications [43,44]. In
single-implant restorations, occlusal contacts
should be designed to minimize loading of
the implant and, when possible, transfer
guidance and force distribution to the natural
dentition [45,46]. Accordingly, anterior and
lateral guidance should preferably be
provided by natural teeth, while working and
non-working contacts on the implant crown
should be avoided [43,45,47]. In maximum
intercuspation, a protective scheme may
involve no contact during light closure and
only light contact during firm closure. Static
contacts should be located on mechanically
supported areas of the restoration: on the
cingulum for anterior implant crowns [43,45].
For anterior implants, long centric freedom is
recommended, with Shimstock pulling
through against an opposing anterior tooth
and passing more freely against an opposing
implant restoration. If an implant crown
contributes to anterior guidance, posterior
dynamic interferences should be absent [43—
45]. These occlusal principles should be
accompanied by patient education, since
implant  therapy does not modify
parafunctional activity, such as clenching or
bruxism, nor does it eliminate the risk of
plaque-induced peri-implant mucositis or
peri-implantitis [43,45,46].

Assessment of restorative space is a
core step in implant treatment planning and
should be performed in relation to the vertical
dimension of occlusion. The available
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restorative space cannot be properly
evaluated until the vertical dimension has
been  established wusing conventional
prosthodontic parameters, including

aesthetics, interocclusal rest space, phonetics,
and facial or lip support. The clinician must
first determine the definitive position of the
prosthetic tooth or teeth and then work
backward to identify the vertical, mesiodistal,
and buccolingual volume required for the
implant components and restoration. For
single-tooth spaces, the vertical dimension
can usually be measured intraorally with a
periodontal probe from the soft tissue of the
edentulous ridge to the opposing dentition
[44,48].

In the anterior region, overbite and
sagittal jaw relationships directly influence
how restorative space is measured. For
mandibular anterior implants, the potential
space is assessed from the edentulous ridge to
the cingulum or lingual aspect of the
maxillary anterior teeth. For maxillary
anterior implants, the relevant measurement
is taken in the projected cingulum region of
the future crown, where implant components
are expected to be positioned, from the soft
tissue or bone to the mandibular incisal edge.
This dimension may be shorter than the
apparent prosthetic tooth length in cases of
horizontal ridge resorption, because the
cervical portion of the planned crown may be
positioned buccal and coronal to the residual
ridge rather than directly over it. Particular
caution is required in Class I jaw
relationships or in patients with marked
maxillary anterior overjet, since the site from
which restorative space is measured may
differ depending on whether the missing teeth
are maxillary or mandibular [48].

PROVISIONAL RESTORATIONS
Provisional restorations represent an
important  prosthodontic  instrument in
aesthetic-zone implant therapy, as they
contribute both to the prediction of the final
aesthetic outcome and to the control of the
definitive prosthetic design [49-51]. Their
principal value lies in soft-tissue management
during  healing, particularly in the
development of an ideal emergence profile.
Acting as a clinical prototype, the provisional
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crown allows evaluation and modification of
the gingival contour, gingival margin level,
zenith position, labial profile, and papillary
support before fabrication of the definitive
restoration.  Soft-tissue  conditioning  is
achieved by controlled pressure from the
provisional contour, which guides tissue
remodeling and helps optimize the peri-
implant mucosal profile [50]. After insertion,
only moderate mucosal blanching is expected,
and this should resolve within approximately
15 minutes [50]. When feasible, screw-
retained provisional restorations are preferred
because they facilitate removability and
repeated contour modification during soft-
tissue management [49-51].

AESTHETIC CONSIDERATIONS IN
TREATMENT PLANNING

Aesthetic assessment of implant-
supported restorations in the aesthetic zone
must be performed both before treatment, as
part of prosthodontic planning, and after
treatment, as part of outcome evaluation.
Preoperatively, esthetic risk assessment
protocols usually analyse the patient’s smile
line, lip length, lip mobility, tooth display,
gingival exposure, existing ridge morphology,
adjacent tooth form, gingival architecture,
and aesthetic expectations, along with
behavioural  risk  factors.  Smile-line
assessment is particularly important because
it determines the visibility of the future
restoration and peri-implant tissues. In an
average smile, approximately 75-100% of
the maxillary incisors and interproximal
gingiva may be displayed, whereas a high
smile line exposes additional gingival tissue
and therefore increases the aesthetic risk of
the case. In such patients, discrepancies in
gingival margin level, papillary fill, tissue
volume, crown contour, or mucosal colour
are more likely to be visible and must be
anticipated  during planning, surgery,
provisionalisation, and definitive restoration
[15,16].

Clinician-based aesthetic evaluation
should include both white and pink
parameters. The implant crown must
reproduce the form, dimension, colour,
surface texture, characterization, and optical
properties of the adjacent dentition, while the
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peri-implant  tissues should provide a
harmonious gingival frame in terms of
margin level, contour, papillary fill, colour,
texture, and volume [3,5-7]. Digital
photographic analysis, smile-design software,
and prosthetic simulations may assist this
stage by visualizing tooth proportions,
gingival display, crown position, and
anticipated restorative contours; however,
these tools remain adjuncts to clinical
diagnosis and  biological  feasibility.
Standardized indices such as the Pink
Esthetic Score (PES) and White Esthetic
Score (WES) provide a structured method for
evaluating anterior implant restorations by
separately assessing peri-implant soft-tissue
parameters and visible crown-related
parameters [34,52,53]. The PES assesses
peri-implant soft-tissue parameters, including
papillae, mucosal level, contour, colour,
texture, and alveolar process deficiency,
whereas the WES evaluates the prosthetic
crown in terms of form, volume, colour,
texture, and translucency/characterization
[52,53].

Nevertheless,  clinician  assessed
aesthetics alone are insufficient, since the
patient’s perception of implant-restorative
success is inherently subjective. Moreover,
numerous studies from various dental
disciplines have revealed that patient
satisfaction may not fully correspond to
professional aesthetic scores [9,34,54], and
the patient’s own perception of appearance,
comfort, smile harmony, and social
acceptability must therefore be incorporated
into assessment [34]. In this context, dental
patient reported outcomes (dPROs) and their
corresponding quantification — dental patient
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