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Abstract: The Cone Morse (CM) implant-abutment junction is designed to improve screw
mechanics and minimize bacterial leakage through a process known as “cold fusion”. This
research evaluated a clinically stable self-locking CM implant that was retrieved after
30 years of functional loading, focusing on the bone–implant interface. Histological evalua-
tion was conducted to assess the extent of bone-to-implant contact (BIC), identify any tissue
reactions, and determine the overall condition of the interface. The analysis revealed a high
percentage of BIC in the endosseous portion (56.9%) and at the first contact point (77.4%).
Notably, the bone in direct contact with the implant showed healthy integration, indicating
no signs of adverse reactions or degradation despite the long duration of functionality.
Additionally, osteocyte lacunae were found to be more numerous and larger in the coronal
region compared to the apical region. These findings confirmed that the CM implant design
sustains a high degree of BIC in humans, even after extended functional loading. The
absence of epithelial migration, inflammatory infiltrate, and fibrous tissue at the interface
suggests that this type of implant can offer long-term stability and integration.

Keywords: bone-to-implant contact (BIC); Cone Morse implant; histological analysis;
implant stability; long-term functional loading; osseointegration

1. Introduction
A comprehensive understanding of bone–implant interface issues require an in-depth

examination of biopsies from retrieved human implants, particularly as these are more
commonly reported in cases of implant failure, mobility, peri-implantitis, or epithelializa-
tion at the interface. Such examinations provide critical insights into the underlying causes
and mechanisms of these complications [1]. The literature highlights that dental implants
with an intact bone–implant interface are rarely mentioned; instances where implants are
retrieved for non-failure reasons, including autopsy, aesthetic concerns, complications
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from poor oral hygiene, misalignment affecting functionality or comfort, dysesthesia caus-
ing sensory disturbances, or the need for changes in prosthetic protocols, are of primary
importance [2–17].

Histological and histomorphometric analyses of stable, functioning osseointegrated
implants remain relatively uncommon in the dental literature, especially for implants
subjected to prolonged functional loading [18,19]. Functional loading is vital for promoting
bone development and maturation as it stimulates remodeling, matrix formation, and
adaptation to mechanical stresses, thereby enhancing bone strength and integration [20].
Reports indicate that the duration for which an implant is subjected to functional loading
correlates positively with the expected bone-to-implant contact (BIC) [21]. Notably, osseoin-
tegration continues to evolve and improve beyond initial full integration, suggesting that
the bond between the implant and bone has the potential to strengthen over time [21]. The
percentage of BIC (BIC%) is expected to increase due to peri-implant bone remodeling, an
ongoing process involving the resorption of old bone and the formation of new bone around
the implant, ultimately enhancing integration and stability. This BIC% may continue to
improve as the bone adapts to mechanical stresses, thereby contributing to the long-term
success and durability of the implant [22,23].

The Cone Morse (CM) implant-abutment junction is designed to optimize the mechan-
ical stability of the implant-abutment connection while simultaneously reducing bacterial
infiltration. This is achieved through a “cold fusion” mechanism, which relies on a highly
precise conical taper connection between the implant and the abutment. The deep conical
interface facilitates a self-locking mechanism that improves screw mechanics by distribut-
ing occlusal forces more evenly, thus contributing to long-term marginal bone stability and
implant longevity. In contrast, traditional external and internal hex connections often result
in micro-gaps that can allow bacterial infiltration, potentially leading to peri-implantitis
and soft tissue inflammation, although this topic remains a subject of debate [24,25]. Over
the past three decades, the present authors’ laboratory has conducted extensive evaluations
of numerous retrieved human implants, systematically documenting their performance
and outcomes [26–32]. This research has significantly advanced the understanding of their
long-term behavior, efficacy, and durability, with some implants experiencing functional
loading for several years, including instances lasting over two decades. The detailed case
reports resulting from these evaluations have provided invaluable information [33].

The purpose of this case report was to conduct a histological and histomorphometric
evaluation of a clinically stable CM conometric implant that was retrieved after over
30 years of functional loading, necessitated by severe bone loss attributed to peri-implantitis
and the altered prosthetic requirements of the patient. To the authors’ knowledge, this
represents the human-retrieved CM implant with the longest documented functional
loading period in dental literature.

2. Materials and Methods
2.1. Implant Retrieval and Case Overview

The records from the Implant Retrieval Center at the Dental School of the “G. d’Annunzio”
University of Chieti-Pescara in Italy were examined to identify human CM implants that
had been extracted after extended periods of loading for non-failure reasons. This review
identified a single implant that had been loaded for a duration of 30 years.

This implant featured a self-locking CM conometric connection with a 2.5◦ taper,
a sandblasted and acid-etched surface, and a macro-design characterized by large
threads spaced 2 mm apart, along with a reduced transmucosal emergence (MacSystem,
Cabon-Denit, Milan, Italy). It was placed in the premolar region of the upper jaw of a
49-year-old patient as part of a dental bridge. The metal-resin composite prosthesis, fab-
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ricated 30 years prior, extended from the upper left central incisor (2.1) to the upper
left first molar (2.6), with the implant located where the upper left first premolar (2.4)
was situated.

Twenty-seven years after the prosthetic rehabilitation, the patient returned to the
clinical office. The implant showed stability until its removal three years later, necessitated
by the loss of periodontal and bone support related to all adjacent natural teeth, which led
to their extraction. Notably, the implant had experienced peri-implantitis for three years,
accompanied by a significant peri-implant bone defect. Surgical therapies and surface
decontamination were performed twice to address this condition; however, these interven-
tions did not yield favorable results. Furthermore, the continued presence of the implant
could potentially compromise the new proposed prosthetic-surgical planning. The implant
system used at that time is no longer available on the market, resulting in a shortage of
specific prosthetic components.

The actual length of the implant was measured at 12 mm and was used for radiograph-
ical calibration. The length originally in bone contact, measured from the top edge of the
implant to its tip, was 11 mm. Bone loss was calculated from the calibrated radiograph
as the distance between the marginal bone level and the implant apex, totaling 3.5 mm.
Importantly, despite the presence of bone pockets surrounding the first thread, due to se-
vere periodontitis affecting neighboring teeth, pre-removal periapical X-rays (Figure 1) also
indicated consistent osseointegration of the implant, which was subsequently measured
using histological techniques.
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Figure 1. Periapical X-ray before implant retrieval.

Figures 2 and 3 illustrate the case conclusion, featuring an X-ray of the prosthetic
rehabilitation after the extraction of the implant and neighboring teeth, along with an
image of the completed prosthesis.

The use of this specimen for research purposes was approved by the Ethics
Committee of “G. d’Annunzio” University of Chieti-Pescara (CODE: BONEISTO) on
15 September 2019. Informed consent was obtained from the participant. The histolog-
ical slides were obtained from the laboratory records.
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Figure 3. Clinical observation after implant retrieval and rehabilitative restoration.

2.2. Histological Processing and Analysis

The extracted implant and adjacent tissues were immediately preserved in 10% buffered
formalin and prepared for thin ground sections [34]. The specimen underwent dehydration
through a series of graded alcohol solutions before being embedded in glycolmethacrylate
resin. After polymerization, the specimen was cut longitudinally to a thickness of 150 µm
along the major axis of the implant, using a high-precision diamond saw, and further
ground to an approximate thickness of 30 µm. Two slides were prepared from the central
portion of the specimen and stained with acid fuchsin and toluidine blue.

Histomorphometric analysis was carried out to evaluate the average size of osteocyte
lacunae and the osteocyte index (Oi). The Oi was calculated using the following formula:

Oi = N.Ot/B.Ar

where N.Ot represents the number of osteocytes counted at 200× magnification on the sec-
tion plane for a thin section, and B.Ar denotes the total area of the evaluated bone, measured
in square micrometers (or square pixels) [35]. The specimens were examined using a trans-
mitted light microscope (Laborlux S, Leitz, Wetzlar, Germany), which was equipped with a
high-resolution video camera (3CCD, JVCKY-F55B, JVC, Yokohama, Japan) connected to
a monitor and computer (Intel Pentium III 1200 MMX, Intel, Santa Clara, CA, USA). This
setup included a digitizing pad and utilized image-capturing software (mvIMPACT v. 3.0,
Matrix Vision GmbH, Oppenweiler, Germany). Bone area and cell counts were assessed
using image management and analysis software (Image-Pro Plus v. 4.5, Media Cybernetics
Inc., Immagini & Computer Snc, Milan, Italy). A single trained examiner (G.I.), who did
not participate in the surgical procedure, carried out the histological evaluation.
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The images were calibrated using the Pythagorean Theorem to measure distances
between selected points in pixels. The BIC% was calculated around the entire perimeter
of the implant, accounting for the mineralized bone directly in contact with the implant
surface. Additionally, endosseous BIC (EBIC) was evaluated by considering only the
endosseous portion of the implant, while the first point of BIC (FBIC) referred to the initial
contact of bone with the implant.

2.3. Collagen Fiber Orientation Observed with Polarized Light Microscopy

Birefringence was assessed to determine the orientation of transverse collagen fibers
using polarized light. Thin sections of bone were examined under an Axiolab light mi-
croscope (Laborlux S, Leitz, Wetzlar, Germany) equipped with two linear polarizers and
two quarter-wave plates, allowing for the generation of circularly polarized light. Collagen
fibers-oriented perpendicular to the direction of the light (parallel to the plane of the section)
appeared bright due to changes in light refraction, while fibers aligned with the axis of the
light (perpendicular to the plane of the section) exhibited a spectrum of colors.

2.4. Statistical Analysis

The differences in BIC% and osteocyte density between groups were evaluated us-
ing the non-parametric Mann–Whitney U test for independent samples. The results are
presented as means ± standard deviation (SD), with a 95% confidence level used for statis-
tical analysis. Additionally, the Spearman rank correlation test was applied to investigate
potential correlations between BIC% and osteocyte density.

3. Results
At low magnification, bone tissue was examined in relation to the first or second threads

of the implant. The bone displayed a close adherence to the implant surface, with notable
density in the areas near the implant body, while the more distant areas contained larger
marrow spaces (Figure 4).

Eng 2025, 6, x FOR PEER REVIEW 6 of 15 
 

 

 

Figure 4. Histological analysis. Presence of bone tissue beginning from the first or second threads 
of the implant (first bone-to-implant contact: FBIC), rather than from the endosseous portion (en-
dosseous bone-to-implant contact: EBIC). The mature bone (B) in close proximity to the implant 
surface exhibited a denser structure adjacent to the implant body in contrast to the more distant 
regions. In the most coronal area, the marrow spaces (MSs) appeared smaller than those in the apical 
section (acid fuchsin–toluidine blue, magnification 8×). 

 

Figure 4. Histological analysis. Presence of bone tissue beginning from the first or second threads
of the implant (first bone-to-implant contact: FBIC), rather than from the endosseous portion (en-
dosseous bone-to-implant contact: EBIC). The mature bone (B) in close proximity to the implant
surface exhibited a denser structure adjacent to the implant body in contrast to the more distant
regions. In the most coronal area, the marrow spaces (MSs) appeared smaller than those in the apical
section (acid fuchsin–toluidine blue, magnification 8×).



Eng 2025, 6, 58 6 of 14

In the coronal region of the implant, beneath the threads, newly formed bone exhibit-
ing large osteocyte lacunae was observed, indicating a strong affinity for acid fuchsin, a
characteristic suggestive of recent bone formation. Bone remodeling was significantly more
prominent in this coronal area, likely due to the concentration of occlusal forces. As a result,
the dimensions of the osteocyte lacunae were evaluated in both the coronal and apical
regions of the implant. The findings revealed that osteocyte lacunae were not only more
numerous but also larger in the coronal region compared to the apical region (Figure 5).
The Oi and the average area of the osteocyte lacunae are presented in Table 1.
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Figure 5. Coronal portion: (A) in the initial threads on the right side of the implant, newly formed
bone (NB) exhibiting large osteocyte lacunae and MSs was identified. The presence of B was observed
at a considerable distance from the interface (acid fuchsin–toluidine blue, magnification 40×); (C) at
a higher magnification, within the coronal portions beneath the first implant threads, larger osteocyte
lacunae were displayed (black arrows) (acid fuchsin–toluidine blue, magnification 200×); (E) in
the second thread on the left side of the implant, NB exhibiting minimal MSs was located in close
proximity to the implant surface (acid fuchsin–toluidine blue, magnification 40×); (G) the large osteo-
cyte lacunae (black arrows) were closely associated with the implant surface (acid fuchsin–toluidine
blue, magnification 200×). Apical portion: (B) in the right section of the implant, NB was in di-
rect contact with the implant surface and demonstrated large MSs (acid fuchsin–toluidine blue,
magnification 40×); (D) at a higher magnification, the bone beneath the apical threads exhibited
smaller osteocyte lacunae compared to those in the coronal portion (black arrows) (acid fuchsin–
toluidine blue, magnification 200×); (F) in the left portion of the implant, the trabecular bone was
also in direct contact with the implant surface (acid fuchsin–toluidine blue, magnification 40×);
(H) numerous small osteocyte lacunae were noted in proximity to the implant surface (black arrows)
(acid fuchsin–toluidine blue, magnification 200×).
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Table 1. The average area of osteocyte lacunae and the osteocyte index (Oi) were examined in the
coronal and apical regions of the peri-implant bone tissue.

Average Area of Osteocyte
Lacunae (µm2) Osteocyte Index (Oi) (#/mm2)

Coronal Portions 35.290 ± 1.731 736.48 ± 117.695
Apical Portions 16.397 ± 1.362 516.34 ± 21.387

p = 0.006 p = 0.121

However, evidence of bone remodeling was observed in several areas, where os-
teoblasts were actively involved in the deposition of osteoid matrix within the implant
threads. Additionally, blood vessels were identified in the marrow spaces adjacent to the
osteoblasts. In both the middle and apical regions of the implant, a substantial number of
osteons, indicative of a well-organized bone structure, were evident.

Under polarized light examination, the coronal region revealed newly formed bone
characterized by collagen fibers that did not exhibit parallel orientation. In contrast, the
middle and apical sections displayed lamellar bone, wherein the collagen fibers were
oriented parallel to one another (Figure 6).
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Figure 6. (A) Bone remodeling displayed more pronounced activity in the coronal section of
the implant, characterized by a higher presence of NB that showed greater staining intensity
with acid fuchsin. Small MSs were also observed in close proximity to the implant surface (acid
fuchsin–toluidine blue, magnification 100×); (B) examination under polarized light revealed only
a limited area of bone containing a few collagen fibers oriented in parallel (black arrows), which
were not in contact with the implant surface (magnification 100×); (C) in the middle and apical
segments, B at various maturation stages was present, exhibiting numerous secondary osteons
(black *), as well as primary osteon (green *). Reversal lines were also identified between the NB
and B (yellow arrows) (acid fuchsin–toluidine blue, magnification 100×); (D) under polarized light,
lamellar bone featuring parallel-oriented collagen fibers (black arrows) surrounding the osteons (*)
was noted (magnification 100×).
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The histomorphometric analysis indicated a BIC% of 56.9% ± 0.85 when calculated for
the EBIC. Additionally, the BIC was assessed from the FBIC to evaluate BIC independently
of crestal bone resorption, which averaged 3.5 mm (Table 2). The discrepancy between
EBIC and FBIC was found to be statistically significant (p = 0.00001).

Table 2. The percentage of bone-to-implant contact (BIC%) was determined by considering both the
endosseous portion of the implant (EBIC) and the first bone-to-implant contact (FBIC).

EBIC FBIC

BIC% 56.9 ± 0.85 77.4 ± 0.99

4. Discussion
From a scientific standpoint, the success of dental implant integration is primarily as-

sessed by evaluating the long-term stability of the bone–implant interface and the sustained
presence of mineralized tissue at this junction [36–39]. The integrity and functionality of
this interface over time reflect the effectiveness of osseointegration and its ability to support
prosthetic restorations. Despite comprehensive research in this area, our understanding of
the specific mechanisms governing osseointegration in humans remains limited [8]. This
knowledge gap highlights the importance of analyzing retrieved human implants, provid-
ing valuable insights into the long-term dynamics of osseointegration. Such assessments
are vital for optimizing implant design, predicting long-term outcomes, and improving the
overall success of dental implant therapies.

Osteocytes, along with osteoblasts and osteoclasts, play a crucial role in regulating
bone mass and maintaining structural integrity by coordinating complex processes of
bone remodeling and mineralization. Specifically, osteocytes act as mechanosensory and
regulatory cells, responding to mechanical stress and metabolic changes. This response
directly influences osteoblast-mediated bone formation and osteoclast-driven bone re-
sorption, ensuring a dynamic balance in bone homeostasis [40]. Recent studies have
shown that osseointegration is a dynamic and adaptive process, where bone continu-
ously remodels in response to functional loading, improving its mechanical properties
over time, particularly in implants subjected to long-term loading [11,21,41]. Bone re-
modeling is especially pronounced in the coronal regions of implants, where occlusal
forces are most concentrated [38]. Functional loading stimulates increased remodeling at
the implant interface, leading to a higher proportion of lamellar bone, which is indicative
of structural organization and resistance to microdamage [41]. Studies have shown that
loaded implants exhibit significantly more newly formed bone at the interface compared
to non-loaded implants, reinforcing the idea that active bone remodeling is essential for
long-term stability [21,42–44].

This study examined a clinically stable self-locking CM implant, retrieved after over
30 years of functional loading, focusing on its bone–implant interface. The histological
and histomorphometric analyses concentrated on measuring the BIC%, tissue responses to
functional loading, and the overall structural condition of the interface.

Findings revealed clear evidence of active bone remodeling, particularly in the coronal
portion, where osteoblasts actively deposited osteoid matrix within the implant threads.
The middle and apical sections displayed a high density of osteons, indicating well-
organized bone formation. The first coronal implant thread was subjected to substantially
higher mechanical stress due to its proximity to the rigid cortical surface, where greater
occlusal forces are transmitted [40,41]. Furthermore, a direct correlation between bone
remodeling activity and osteocyte lacunar density was observed, reinforcing prior research
from our laboratory. Variations in osteocyte distribution within the lacunae were closely
linked to changes in bone remodeling and overall structural integrity [45]. The mechanical
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load influenced osteocyte lacunar density, highlighting the adaptive nature of osseointe-
gration in response to sustained functional forces [40,45]. In this study, the average area of
osteocyte lacunae was found to be 35.290 ± 1.731 µm2 in the coronal portions, compared
to 16.397 ± 1.362 µm2 observed in the apical portions (p = 0.006). Additionally, the Oi
was significantly elevated in the coronal regions compared to the apical areas, measuring
736.48 ± 117.695 mm2 versus 516.34 ± 21.387 mm2 (p = 0.121). Observations under polar-
ized light further indicated that the coronal region exhibited non-parallel collagen fibers,
whereas the middle and apical sections were characterized by lamellar bone, multiple
secondary osteons, and parallel collagen fiber alignment.

Implants retrieved due to mechanical rather than biological failure are exceptionally
rare, providing a valuable opportunity to conduct a comprehensive investigation of the
characteristics at the implant–bone interface [11]. As previously noted, various factors can
lead to implant removal, including prosthetic complications, misalignment, pain, dysesthe-
sia, hygiene, or psychological factors, despite excellent osseointegration in most cases. The
extent of BIC is a key determinant of long-term implant success, with research showing
a direct correlation between healing duration and the level of BIC [41]. In this study,
the retrieved CM implant, after 30 years of function, exhibited a BIC% of 56.9% ± 0.85
when calculated considering EBIC. The BIC was also derived from the FBIC, which was
77.4% ± 0.99, allowing for an independent assessment of BIC, regardless of crestal bone
resorption, which averaged 3.5 mm. These values aligned with long-term findings from
the Implant Retrieval Center at the Dental School of the “G. d’Annunzio” University of
Chieti-Pescara, Italy, where human-retrieved implants have reported favorable osseointe-
gration and BIC values comparable to this case. For instance, an immediately loaded blade
implant inserted into the mandible exhibited a BIC% of 51% ± 6 over a 20-year period [27].
Implants retrieved between 20 and 27 years showed BIC% values ranging from 37.2% to
76% [29]. Furthermore, an analysis of 17 clinically stable and functioning dental implants
retrieved over the long term indicated BIC% between 32% ± 4.1 and 83% ± 2.9, following
a loading period lasting from 4 to 20 years [30]. Ultimately, a narrative review conducted
by our group on a 30-year evaluation of histological and histomorphometric findings on
the peri-implant bone in loaded and unloaded dental implants retrieved for various causes
confirmed that loaded implants exhibit higher BIC than unloaded ones [46]. This review
found compact, lamellar bone with many Haversian systems and osteons near the implant
surface with a high BIC% (60–90%) and a significantly higher number of osteocytes and
number and thickness of bone trabeculae. In a few implants, a lower BIC%, between 30%
and 40%, was observed, with no significant differences in the BIC% of implants retrieved
for different reasons. In summary, loading altered the microstructure of the peri-implant
bone, and implants were demonstrated to be stable and successful over a wide range of
degrees of osseointegration (from 30% to 90%), with loaded implants presenting a 10–12%
higher BIC compared to submerged, unloaded implants, and rougher surfaces generally
exhibiting about a 10% higher BIC than machined surfaces. Moreover, mineralized bone
was not found in unloaded implants at the base of the threads and, in loaded implants, at
their tip.

An effective dental implant should have a retentive shape, illustrated by screw-shaped
designs. These implants efficiently transmit compressive loads to the surrounding peri-
implant bone tissue while creating lower shear stresses at the interface. Sufficient implant
stability reduces distortional strains in the newly forming tissues and increases the chances
of neo-osteogenesis at the interface. On the other hand, inadequate implant stability may
cause significant distortional strain and the development of fibrous tissue at the interface.
Primary implant stability and the lack of micromovement are critical factors for the success
of dental implants. The macroretention provided by implant threads enhances bone an-
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chorage and reduces the risk of implant movement [40]. Moreover, modifications to the
implant surface are crucial for promoting BIC and ensuring long-term osseointegration.
Traditional surface treatments, like sandblasted, large-grit, acid-etched (SLA) surfaces and
anodized titanium oxide layers (TiUnite), have shown substantial improvements in implant
stability and bone response. SLA surfaces produce a micro- and nano-textured topography
that enhances osteoblast adhesion and supports early bone formation, whereas TiUnite
promotes osseointegration through improved surface wettability and better mechanical
interlocking due to its thicker oxide layer [47]. Recent innovations, such as hydrophilic
modifications (e.g., SLActive), have further refined implant surfaces by reducing protein de-
naturation and speeding up early healing phases [48]. Additionally, bioactive coatings that
include calcium phosphate, nanostructures, or antimicrobial agents have proven effective
in enhancing BIC and decreasing peri-implant inflammation [49]. Future research efforts
should concentrate on the interactions between these advanced surface treatments and
different bone qualities and loading conditions to determine their long-term effectiveness
in clinical applications.

The long-term survival of dental implants depends on several factors, including
prosthetic design, occlusal loading, and implant surface characteristics. In this case, the
metal-resin composite prosthesis made 30 years prior extended from the 2.1 region to
the 2.6 region, with the implant located in the 2.4 region. Over time, the natural teeth
showed signs of periodontal disease, while the implant developed peri-implantitis, which
continued despite repeated interventions. The design of the prosthesis likely led to the
uneven distribution of occlusal loads, placing increased biomechanical stress on the im-
plant. Additionally, the surface characteristics of the implant, typical of early-generation
models, may have encouraged bacterial adhesion and jeopardized long-term bone stability.
Occlusal overloading, alongside progressive bone loss and inflammation, can expedite
peri-implant disease and threaten implant longevity. Ultimately, the condition and posi-
tion of the implant became incompatible with the new implant-prosthetic rehabilitation
plan, forcing its removal after three decades of functionality. These findings underscored
the critical importance of prosthetic planning, load management, and advanced surface
treatments in ensuring the long-term success of implant-supported restorations. When
interpreting the results and assessing the broader applicability of the self-locking CM
implant in clinical practice, it is essential to acknowledge several limitations. The study
consisted of a single-case analysis of only one retrieved implant, which may limit generaliz-
ability. Furthermore, it lacked comparative data with other types of implants or abutment
connections and focused solely on BIC without considering additional factors such as bone
density. Additionally, the retrieval was conducted from one single patient after more than
30 years, raising potential bias concerns. The examination offers only a snapshot of the
implant’s condition, failing to account for potential changes over time and neglecting to
address possible long-term effects beyond the 30-year mark. Lastly, there may be limita-
tions in detecting subtle differences in bone–implant integration due to the histological
methods used. Nonetheless, these findings confirmed that the self-locking CM design
effectively guarantees durable and successful osseointegration in clinical applications. The
CM implant-abutment junction represents a significant advancement in the field of im-
plantology, providing superior mechanical retention, bacterial resistance, and long-term
bone preservation. The cold-fusion effect promotes a highly stable and secure connection,
ultimately enhancing the predictability and success of dental implant restorations [50].
There were no reported cases of epithelial migration, inflammatory infiltration, or fibrous
tissue at the interface, indicating that this type of implant can offer long-term stability and
integration. To the authors’ knowledge, this is the longest-documented functional loading
period for a human implant in the dental literature.
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Positioning these implant-abutment junctions subcrestally has been linked to reduced
or no peri-implant bone resorption. The need for a more apical placement of the micro-
gap is mainly associated with achieving an enhanced and aesthetically pleasing prosthetic
emergence profile, which minimizes the risk of exposing the implant threads [51,52]. Future
studies involving clinical cases or numerical simulations using the finite element method
can help investigate the effects of placing CM dental implants at equicrestal and subcrestal
levels on load distribution and BIC% under functional loading over extended periods.
This could help define an approach that is recommended to minimize peri-implant bone
resorption and ensure long-term implant success [53].
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