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ABSTRACT

Initial bone remodeling (IBR) around dental implants is a multifactorial process influencing long-term success. While
historical criteria allowed up to 2 mm marginal bone loss in the first year, recent evidence indicates that resorption >0.5
mm within 6-12 months significantly increases long-term peri-implantitis risk. IBR, defined as dimensional bone
changes from implant placement through one year of loading, is non-infective in origin but may predispose to bacterial
colonization if implant treated surface becomes exposed.

Key anatomical determinants include bone density, crestal bone width, and supracrestal tissue height. High-density|
cortical bone, insufficient buccal/palatal bone envelope, or thin supracrestal mucosa correlate with greater marginal bone
resorption. Implant characteristics such as internal conical connections, platform switching, optimized crest module
geometry, and favorable transmucosal profiles can reduce microbial leakage, optimize load distribution, and promote
long-term crestal bone stability.

A critical surgical factor is apico-coronal placement of the implant according to mucosal vertical thickness, ensuring
bone remodeling during supracrestal tissue adhesion occurs coronal to the platform. Depth varies with tissue phenotype
and requires precise assessment. Additional measures include controlling intraosseous temperature and avoiding
excessive insertion torque to limit cortical compression.

In the prosthetic phase, risk factors include repeated abutment dis/reconnections, abutment height <2 mm in bone-level
implants, excess cement, and excessively convex emergence profiles. Mitigation strategies involve “one abutment—one
time” protocols or the use of tissue-level implants, screw-retained or cement-free retention, abutments >2 mm in height,
and emergence profiles that promote soft tissue stability and facilitate plaque control.

Integrating biology-driven site preparation, accurate apico-coronal positioning, selection of macro- and micro-designs|
with documented bone-preserving properties, and evidence-based prosthetic protocols can minimize IBR. This
multidisciplinary approach shifts the objective from accepting early marginal bone loss to its prevention, improving the
predictability, longevity, and biological stability of implant-supported rehabilitations.
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The stability of marginal bone levels has always been
considered among the key parameters for assessing the
long-term success of implant therapy. Traditionally,
radiographic marginal bone loss of up to 1.5-2.0 mm
during the first year of functional loading, followed by
a maximum annual loss of 0.2 mm, was widely
accepted as an indicator for implant success*.
However, advances in implant design, surface
modification, prosthetic connections, and clinical
protocols have significantly improved outcomes in
implant dentistry, suggesting that these traditional
thresholds may no longer represent the most reliable
criteria for success in contemporary practice.

Recent evidence highlights the critical role of
maintaining stable marginal bone levels during the
healing phase after implant placement and throughout
the first year of functional loading.

Galindo-Moreno et al. identified peri-implant bone
loss exceeding 0.44 mm at six months post-loading as
a predictor of progressive bone loss over time®. In a
10-year prospective study, Windael et al. reported that
marginal bone resorption > 0.5 mm after one year of
function was associated with a 5.43-fold increase in
the odds of developing peri-implantitis, with the risk
further amplified when early bone loss exceeded 1-2
mm or occurred in combination with smoking and/or
a history of periodontitis® (Fig. 1). More recently, a
radiographic marginal bone loss threshold of 0.5 mm
at six months following prosthetic loading has been
proposed as a potential objective criterion for defining
the success of osseointegrated implants’.
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Figure 1. Risk matrix for peri-implantitis likelihood
according to Initial Bone Remodeling (IBR) after 1
year and patient-related modifiers (smoking and
history of periodontitis).

As the prevalence of peri-implantitis is quite high (10.3%)
also in pristine bone', representing the major cause of late
implant failure, its prevention is crucial to enhance long-
term success of implant therapy. Nowadays, a better
knowledge of the biological principles underlying peri-
implant hard and soft tissue healing, together with the
selection of appropriate implant features and sound
clinical protocols, may permit to minimize and manage
the initial breakdown of the bone-implant interface at
crestal level.

The present paper aims to summarize the possible causes
of IBR and suggest a comprehensive clinical strategy to
minimize initial marginal bone resorption around dental
implants. In particular, the influence on IBR of site-
specific characteristics, macro- and micro-implant design,
surgical protocols, and prosthetic procedures will be
reviewed.

1.1 Bone Density

Bone architecture at planned implant site should be
carefully evaluated and surgical technique has to be
adapted to the anatomical conditions. Cortical bone
provides mechanical support to the implant and allows to
obtain high primary stability, whilst trabecular bone is the
main source for mesenchymal progenitor cells and blood
supply necessary for osseointegration. These two bone
components present distinct mechanical and biological
properties, heavily influencing their response to surgical
trauma and functional loading. Among them, mean
Young's modulus of trabecular bone (10.4 £ 3.5 GPa) was
demonstrated to be significantly lower than that of
cortical bone (18.6 + 3.5 GPa)'®, indicating a different
elastic response of the two tissues. This factor is reflected
by their biological response: cortical bone, due to its low
deformation properties, is much more susceptible than
trabecular bone to stress and strain application. At crestal
level, where cortical is usually the main bone component,
excessive stress and strain may create microfractures
promoting osteocyte apoptosis and subsequent bone
resorption. Apoptotic osteocytes play a crucial role in
osteoclastogenesis through a direct pathway (production
of chemotactic factors recruiting osteoclasts and
increasing of RANKL levels)’. This biological
mechanism is also amplified by the fact that areas with
apoptotic osteocytes do not produce osteoclast inhibitory
signals®®. Moreover, limited blood supply and poor
cellularity typical of cortical bone reduce the availability
of osteogenetic cells in the bone remodeling area. In some
situations, the minimal density of osteoblastic cells
necessary for bone formation may not be reached,
creating areas where only bone resorption can occur®®.

Therefore, all clinical procedures should be always
conducted with the aim to limit surgical trauma and avoid
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occlusal overload to preserve cortical bone and
prevent IBL. In particular, when high-density bone is
present at implant site, special attention should be paid
in surgical and prosthetic planning.

1.2 Bone Crest Width

Horizontal dimension of the edentulous bone crest
plays a pivotal role on peri-implant bone stability. An
adequate bone envelope surrounding implant at
placement may effectively prevent IBR by
counteracting the action of the various factors which
negatively influence the stability of peri-implant bone
levels. Nonetheless, there is no agreement in the
literature on the minimal buccal and palatal bone
thickness necessary to preserve peri-implant bone
after implant placement. Belser and co-workers
suggested to maintain at least 1 mm of buccal bone at
implant positioning®, Spray et al. recommended
buccal plate thickness >1.8 mm?, other studies
suggested a buccal bone envelope >2.0 mm®*% or
even >2.5 mm®. Opposite results come from a
prospective study by Mehreb and co-workers,
reporting stability of marginal bone levels also for
initially thin (<1 mm) buccal plates?®®. However, the
majority of these studies are narrative reviews, expert
opinions or investigations conducted  with
questionable methodology and/or small sample size.
Recently, a multi-centre  prospective  study
investigated the influence of buccal and palatal bone
thickness at the time of implant placement on
horizontal and vertical IBR during the submerged
healing period, with a strict control of the possible
confounding factors?’. Results suggest that bone
envelope >2 mm on the buccal side and >1 mm on the
palatal side may effectively prevent peri-implant
vertical bone resorption following surgical trauma,
avoiding early implant surface exposure. These
findings are clinically relevant, as a previous study
demonstrated that the presence of a buccal bone
dehiscence at second stage surgery is significantly
correlated with more apically located buccal bone
level at 10 years?®,
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Figure 2. Schematic representation of minimum
crestal bone width requirements for long-term peri-
implant stability.

A buccal bone thickness >1.5 mm and a palatal/ lingual
bone thickness >1.0 mm are associated with reduced risk
of IBR and implant surface exposure.

Even if available data still do not support sufficient
evidence to define precise thresholds, a rational choice of
implant diameter eventually coupled with regenerative
procedures should be planned to obtain an adequate peri-
implant bone envelope helping to maintain marginal bone
stability and obtain optimal aesthetic outcomes® (Fig. 2).

1.3 Supracrestal Tissue Height

Biological width is a histologic concept which has been
described around natural teeth and may be defined as the
physiological and stable vertical space extended from the
alveolar crest to the gingival margin, including sulcular
epithelium, junctional epithelium and connective tissue
attachment®. The traditional term “biological width” has
recently been replaced by the term “supracrestal tissue
attachment™, Similarly, the biological width around
dental implants has been redefined as “supracrestal tissue
height” (STH)*, while the process of its establishment
around the implant is more recently referred to as
“supracrestal tissue adhesion” (STAd)*®. Peri-implant
supracrestal tissue height is the vertical dimension of the
soft tissue surrounding an implant from the crestal bone
to the mucosal margin. Specifically, in corono-apical
direction, STH includes: 1- the sulcular epithelium
between the peri-implant mucosal margin and the most
coronal point of junctional epithelium; 2- the junctional
epithelium; 3- the supracrestal connective tissue between
the most apical point of the junctional epithelium and the
first bone-to-implant contact*. Histologic studies in
humans indicated that vertical dimension of STH around
two-piece implants ranged between 1.8 and 3.6 mm,
being stable and mature after an 8-week healing
period®*®, Tissue-level implants presented a smaller
mean STH (about 2.5 mm): this difference was
determined by a variation in the mean vertical dimension
of supracrestal connective tissue (1.24 mm for tissue-level
versus 1.87 mm for bone-level implants), with the
epithelial portion presenting the same dimension®.

Based upon these premises, initial mucosal dimensions
should be carefully evaluated as they could significantly
influence IBR during STAd. Berglundh and Lindhe
(1996) demonstrated in an animal model that, in presence
of thin mucosa, STAd consistently included marginal
bone resorption to allow the establishment of a stable soft
tissue attachment®. Linkevicius and co-workers
confirmed these preliminary findings with numerous
clinical studies on bone-level implants, showing that the
presence of thin mucosa (<2 mm vertical thickness) at the
time of implant placement is significantly correlated with
the development of crestal bone loss during STAd®*.
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Further supporting this concept, recent studies have
shown that during STAd, tissue-level implants also
exhibit greater IBR at sites with thin mucosa (< 2.5
mm vertical thickness) compared with sites with
medium or thick mucosa, prior to crown delivery and
prosthetic loading***?. Therefore, adequate clinical
surgical and prosthetic strategies are required to limit
and, possibly, overcome this problem.

2.1 Implant-Abutment Connection

In two-piece implants, IBR is influenced by the
presence of a micro-gap at the implant-abutment
interface®. This internal space of variable dimensions
is rapidly colonized by bacteria after abutment
connection*, determining a local inflammatory
reaction characterized by connective tissue infiltration
by neutrophils, lymphocytes, macrophages and plasma
cells (Fig. 3). This infiltrated connective tissue (ICT)
surrounds three-dimensionally the implant-abutment
junction and, in external hex implants, extends about
1.5 mm high and 0.5 mm wide from the micro-gap®.
ICT leads to marginal bone resorption within four
weeks from the exposure of the implant-abutment
junction to the oral cavity*.
T e
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Figure 3 Microscopic image of the implant—abutment
interface showing the microgap and the presence of
bacterial infiltrate.

Mean micro-gap dimension varies among the different
connection types, being significantly greater in
external hex connections (10-50 um) than in internal
connections (<10 pm)*. The consequence is that
crestal bone levels are better maintained in the short to
medium term when internal connections are adopted.
Furthermore, marginal bone loss around implants with

internal, conical connections, is significantly lower than
around implants with internal, non-conical connections®,
An additional strategy to preserve peri-implant bone level
is to increase the distance from the micro-gap (with the
surrounding ICT) to the crestal bone, with the aim to
reduce marginal bone resorption. This concept, named
platform switching, was proposed by Gardner and
Lazzara in the early 2000°s***°, and implies the use of an
abutment narrower than the implant platform, with the
resulting mismatch determining a greater horizontal
distance between the bacterial leakage originating from
the micro-gap and the crestal bone. The clinical
effectiveness of platform-switching design in the
limitation of crestal bone loss around two-piece implants
was subsequently demonstrated by numerous studies both
for equicrestal and subcrestal placement®-*%, However, a
meta-analysis by Atieh and co-workers highlighted that
the amount of marginal bone resorption is inversely
correlated to the extent of implant-abutment mismatch
and, particularly, that a difference >0.4 mm between
implant and abutment diameters is needed to minimize
marginal bone resorption®,

Implant-abutment connection mechanical stability is
another important factor influencing IBR. The application
of functional loading may lead to elastic deformation of
implant-abutment interface, enlarging micro-gap and
allowing fluid infiltration into the inner part of the
implant. This fluid, containing high concentrations of
bacteria, endotoxins and acids, is pumped by cyclical
opening and closing of the microgap, contaminating the
surrounding peri-implant tissue®*¢. Moreover, it was
demonstrated that micro-gap dimension increases after
the application of cycling loading (> 200.000 cycles) due
to wear of metal surfaces®’. As a result of this degradation,
titanium particles are a common finding in soft and hard
peri-implant tissue biopsies and their role in the
pathogenesis of peri-implant diseases is currently under
investigation®®*.  Numerous comparative  studies
demonstrated that conical connections showed no or
reduced micro-gap enlargement during dynamic loading,
when compared with internal flat connections, with
external hex connections showing the worst
biomechanical performance®-,

A completely different option to eliminate the detrimental
effects of micro-gap and poor connection stability on
crestal bone is represented by the use of tissue-level
implants. The absence of a micro-gap at crestal bone level
can limit peri-implant bone resorption and guarantee a
better peri-implant connective tissue organization
compared with bone-level implants. The substantial bone
stability around tissue-level implants is confirmed in
literature by numerous studies: a retrospective analysis
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conducted on 1692 tissue-level implants reports mean
marginal bone loss of 0.14 + 0.41 mm, and 0.17 + 0.45
mm after 7 and 9 years of loading, respectively®.

2.2 Implant Crest Module

The crest module of an implant, defined as the most
coronal portion of the fixture, represents the transition
between the implant body and the prosthetic
component (abutment or crown). Its location varies
according to implant positioning: completely
endosseous in subcrestal implants, transosteal in
equicrestal implants, and transmucosal in tissue-level
implants. Variations in the geometry and surface
characteristics of the crest module influence how
occlusal forces and related stresses are transferred to
the surrounding bone. Since cortical bone—where
most of these forces are dissipated—is more resistant
to compression than to tension (critical thresholds of
170 and 100 MPa, respectively), optimizing load
transfer is crucial to preserving marginal bone®.
Numerous finite element method (FEM) analyses,
particularly on equicrestal implants, have examined
the relationship between crest module design and
stress distribution®. There is general agreement that a
parallel-walled crest module is the least favorable
configuration for cortical load transfer. Evidence is
more controversial when comparing divergent and
convergent crest modules. Some FEM analyses
indicate that a divergent geometry can reduce the
transmission of detrimental tensile and shear forces to
the cortical bone'®®, In contrast, Bozkaya and co-
workers, using a bone overload criterion, found that at
moderate loads (100-300 N) both designs maintained
stress levels within the bone’s physiological limits,
whereas at high loads (1000-1200 N) only convergent
necks avoided compression overload in the crestal
bone®” (Fig. 4). Based on these findings, convergent
crest modules may offer a biomechanical advantage
under heavy occlusal forces, whereas divergent
designs—despite their potential benefits in reducing
tensile and shear stresses—present additional
drawbacks, including the need for a wider alveolar
crest and highly precise cortical preparation to avoid
excessive compression during implant insertion. The
surface texture of the crest module is also a key factor
in limiting IBR. There is broad consensus that a
moderately rough titanium surface (1 um < Ra < 2
um)®, by increasing bone-to-implant contact, can
reduce stress magnitude and promote the transfer of
beneficial compressive rather than detrimental shear
forces to the cortical bone when compared with
smoother surfaces’®®®,

Figure 4 Two dental implants—bone-level (left) and
tissue-level (right)—both featuring a convergent crestal
module.

However, greater roughness may also facilitate bacterial
biofilm adhesion if the collar becomes exposed in the oral
cavity. Achieving an optimal balance between
osseointegration quality and load distribution on one side,
and minimizing plague accumulation on the other, is
essential for long-term success. To address this,
minimally rough crest modules (0.5 pm < Ra < 1 pm)®
have been incorporated into hybrid implants™.

Tissue-level implants, in which the crest module is
located transmucosally, display different biomechanical
behavior under load™*"%. FEM studies have shown that,
compared with bone-level designs, tissue-level implants
distribute lower compressive and tensile stresses to the
peri-implant cortical bone under both vertical and oblique
forces™. Furthermore, a concave or convergent
transmucosal profile appears to be associated with
reduced IBR compared with parallel or divergent
profiles™ 7,

3.1 Avoid Bone Overheating During Site Preparation

Thermal injury to cortical bone is a well-documented
cause of osteocyte apoptosis, osteoclastic activation, and
subsequent marginal bone resorption. Bone heating above
the critical threshold of 47°C for more than one minute
can irreversibly compromise cell viability and
osseointegration. The risk is greater in dense cortical
bone due to its low vascularity and reduced thermal
conductivity. Therefore, osteotomy preparation should be
performed with sharp drills, copious irrigation,
intermittent  drilling with minimal pressure, and
controlled rotational speed. Special attention is needed
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when preparing dense bone: in such cases, the use of
well-irrigated piezoelectric devices or low-speed
drilling can help further reduce temperature rise and
minimize the risk of thermal injury’®.

3.2 Prevent Excessive Cortical Compression at
Implant Insertion

Overcompression of cortical bone during implant
placement can generate microfractures, disrupt
vascular supply, and trigger inflammatory-mediated
bone resorption”’. This risk increases in high-density
bone and in cases with a thin buccal or palatal plate,
where stress concentration is higher®. To avoid
excessive compression, final osteotomy diameter
should be carefully matched to implant dimensions
according to bone density, and insertion torque should
be monitored—maintaining values generally below 50
Ncm to achieve primary stability without overloading
the cortical layer. In dense bone, the use of cortical
taps or countersinks may reduce insertion stress, while
in softer bone, underpreparation can still be applied
strategically to enhance stability without inducing
excessive cortical compression.

3.3 Position the Implant at the Optimal Apico-
Coronal Level

A fundamental surgical objective during STAd is to
maintain complete bone coverage of the treated
implant surface, thereby preventing its exposure to the
oral environment — a condition that promotes
bacterial biofilm formation and increases the risk of
peri-implant disease®. This can be predictably
achieved by calibrating the apico-coronal position of
the implant according to the preoperative
measurement of STH with a tissue probe (Fig. 5):

e thick mucosa (> 3.5 mm): position the implant
platform at crestal level or slightly subcrestal,
the available soft tissue height allows STAd to
be completed without marginal bone
resorption, ensuring the treated surface
remains fully covered,

e medium mucosa (2.5-3.5 mm): position the
platform approximately 1 mm below the bone
crest; this depth accommodates the limited
marginal bone resorption expected in this soft
tissue condition during STAd, which will
occur entirely above the platform;

e thin mucosa (< 2.5 mm): position the platform
approximately 2 mm subcrestal; this ensures
that the marginal bone resorption needed for
STAd takes place completely above the
implant platform, maintaining bone coverage
of the treated surface.

Figure 5 Soft tissue thickness at the implant site
preparation. a) Thin tissues (< 2.0 mm). b) Thick
tissues (=3.5 mm).

By adapting implant depth to soft tissue thickness, bone
resorption during STAd is confined to the peri-implant
bone coronal to the platform (bone remodeling), avoiding
progression to the peri-implant bone apical to the platform
(bone loss)™. This approach is effective only when using
implant-abutment connections with minimal microgap-
induced resorption. External hex designs are unsuitable,
as the inflammatory infiltrate at the microgap predictably
causes bone loss down to the platform®. A platform-
switched internal connection — preferably conical —
provides optimal conditions for preserving crestal bone
stability and maintaining long-term bone coverage of the
treated implant surface.

Even when surgical procedures are performed in full
compliance with biological principles aimed at preserving
peri-implant bone stability, the prosthetic phase still
represents a critical period for marginal bone
preservation. Several technical and biological factors
inherent to prosthetic procedures — if not properly
managed — can trigger inflammation through different
biological mechanisms, potentially leading to marginal
bone loss. Careful attention to these aspects is therefore
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essential to ensure that the stability achieved during
surgery is maintained.

4.1 Abutment Disconnections/Reconnections

In bone-level implants placed at or below the crestal
level, repeated connection and disconnection of
healing or provisional abutments should be strictly
limited.  Multiple  abutment  manipulations—
commonly performed for impression taking,
prosthesis try-in, or adjustments—have been shown to
induce measurable peri-implant marginal bone
resorption'®®#2 This may result from both the
disruption and repeated re-establishment of the peri-
implant soft tissue seal and from potential microbial
contamination of the implant cavity (e.g., via saliva)
during clinical procedures®. The deeper the implant is
positioned, the more these adverse effects are
amplified.

To mitigate this problem, current prosthetic protocols
should be reconsidered. Possible strategies include
selecting configurations that relocate the implant-
abutment interface coronally, within the soft tissue
zone and far from the crestal bone. This is the case for
tissue-level implants, where the connection is
inherently positioned transmucosally, well above the
bone crest; in such designs, repeated connection and
disconnection of prosthetic components can be
performed without affecting the peri-implant bone
interface or triggering marginal bone remodeling.
Alternatively, for bone-level implants, adopting
restorative approaches such as the “one abutment—one
time” concept—where the definitive abutment is
connected at the time of surgery and left undisturbed
thereafter—can help maintain the integrity of the peri-
implant soft tissue seal and reduce the risk of early
bone resorption®,

4.2 Prosthetic Abutment Height

Prosthetic abutment height — defined as the distance
from the implant platform to the apical edge of the
crown — has a decisive influence on marginal bone
stability in bone-level implants placed at or below the
crestal level. Short abutments (< 2 mm) position the
prosthetic emergence profile too close to the peri-
implant bone crest, encroaching upon the supracrestal
tissue height (STH) that has recently formed during
supracrestal tissue adhesion (STAd). This invasion of
the biologic width can force a re-adaptation of the soft
tissue seal, a process frequently accompanied by
coronal bone remodeling and subsequent marginal
bone resorption to recreate a stable STH.

Clinical evidence strongly supports this mechanism.

Galindo-Moreno and colleagues first reported that multi-
unit screw-retained implants restored with abutments
longer than 2 mm exhibited better preservation of IBR
compared with shorter abutments®. Subsequent studies
extended this finding to both cement- and screw-retained
single and multi-unit prostheses, consistently showing an
inverse relationship between abutment height and the
magnitude of IBR®"®, A different scenario applies to
tissue-level implants, where the influence of abutment
height on marginal bone stability is markedly reduced
compared with bone-level designs®. In these implants,
the traditional concept of abutment height is less
applicable; the parameter of interest is the transmucosal
collar height, defined as the distance from the bone crest
to the most apical point of the crown margin. From an
anatomical perspective, the mean supracrestal tissue
height (STH) is significantly lower in tissue-level
implants than in bone-level designs (2.55 + 0.16 mm vs.
3.26 + 0.15 mm)* and may be further reduced when a
convergent transmucosal profile is used instead of a
straight one®™®*. Clinically, in bone-level implants the
choice of abutment height—and consequently the vertical
position of the crown margin—is made without precise
knowledge of individual connective tissue height and
sulcus depth, which increases the risk of encroaching
upon the soft tissue seal. In contrast, with tissue-level
implants the impression directly records the transmucosal
portion of the fixture, allowing accurate reproduction of
the emergence profile and precise crown margin
placement within the gingival sulcus (Fig. 6). This
workflow preserves the established connective tissue
attachment and virtually eliminates the risk — common
in bone-level designs — that an inappropriate abutment
height could disrupt the seal, necessitate its re-adaptation,
and cause marginal bone remodeling.
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Figure 6 Bone-level implant (previous page) versus
tissue-level implant (above). In bone-level implants,
abutment height and crown margin are chosen without
exact reference to connective tissue and sulcus depth,
increasing the risk of soft tissue seal violation. Tissue-
level implants, instead, allow direct recording of the
transmucosal portion, ensuring accurate emergence
profile and crown margin placement.

4.3 Prosthetic Retention

The type of prosthetic retention—cement-retained,
screw-retained, or conometric—can exert a
considerable influence on peri-implant tissue health
and, consequently, on the extent of initial bone
remodeling (IBR). Cement-retained restorations are
associated with a significantly higher risk of peri-
implant inflammation, largely due to undetected
residual cement at the restoration margins®®., This
residual material can elicit an inflammatory response
via two distinct mechanisms: (i) as a foreign-body
stimulus, inducing a local immune reaction, and (ii) by
providing an ideal substrate to bacterial adhesion and
biofilm  maturation.  Both  pathways  may
synergistically promote marginal bone resorption. A
prospective clinical investigation on cemented
restorations reported that 81% of peri-implantitis cases
were attributable to cement remnants, and 74% of
these lesions resolved following their mechanical
removal®. Screw-retained prostheses effectively
eliminate the risk of cement-associated inflammation,
making them the preferred option in implant-
supported rehabilitations. The primary limitation—
compromised aesthetics when the screw access
channel emerges on the buccal aspect—can be
mitigated through careful three-dimensional implant

positioning and, when available, the use of angulated
screw channels. More recently, conometric retention
systems have been introduced, providing a screw-free and
cement-free alternative based on a precision friction-fit
interface between the abutment and the restoration®. This
configuration maintains retrievability while avoiding
cement-associated risks and eliminating the prosthetic
access channel, potentially offering biological and
technical advantages. However, the current lack of robust
long-term clinical evidence suggests caution until further
studies confirm their long-term efficacy and stability.

4.4 Crown Emergence Profile

Although the evidence is still limited, current studies
suggest that also crown emergence profile may play a role
in influencing IBR around dental implants®™%. In
particular, emergence profiles with a marked convexity
—especially when the emergence angle exceeds 30°—
may reduce the space available for soft tissue
accommodation, create mechanical compression of the
peri-implant mucosa, and hinder plague control (Fig. 7).
These conditions could trigger peri-implant soft tissue
inflammation and subsequent bone remodeling aimed at
re-establishing an adequate STH. Conversely, more
concave or flatter emergence profiles may enhance peri-
implant soft tissue stability, favor the formation of a
thicker connective tissue layer, and facilitate access for
oral hygiene, thereby potentially contributing to the
maintenance of marginal bone levels. Despite being
supported by preliminary clinical studies, these concepts
require further research to establish definitive guidelines
for optimal emergence profile design in implant-
supported restorations.

Figure 7 Example of a definitive crown showing a
convex emergence profile with an emergence angle
greater than 30°.
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Maintaining stable marginal bone levels is essential
for the long-term success of implant therapy. Initial
bone remodeling can be minimized through a
combination of careful surgical execution, appropriate
implant selection, and precise prosthetic management
(Table 1).

Table 1. Main clinical determinants of initial bone
remodeling (IBR) around dental implants,
categorized into site-specific characteristics,
implant-related features, surgical strategies, and
prosthetic procedures.
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Site-Specific Characteristics

o Bone Density
e Bone Crest Width
Supracrestal Tissue Height

Implant Characteristics

mplant-Abutment Connection
mplant Crest Module

Surgical Strategies

Avoid Bone Overheating
o Prevent Excessive Cortical Compression
Apico-Coronal Position

Prosthetic Procedures

Abutment Disconnections/Reconnections
Prosthetic Abutment Height
Prosthetic Retention

Crown Emergence Profile

Key factors include preserving cortical bone during
site preparation, ensuring an adequate bone envelope,
and adapting implant depth to soft tissue thickness.
Implant features such as a stable internal conical
connection, favorable crest module design, and
appropriate surface texture further support peri-
implant bone preservation.

During the prosthetic phase, minimizing abutment
manipulations, using adequate abutment height,
avoiding residual cement, and designing restorations
with favorable emergence profiles are all critical.
Rather than accepting marginal bone loss as
inevitable, modern protocols integrating these
principles can significantly reduce its incidence,
enhancing the predictability and longevity of implant-
supported rehabilitations.
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