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Abstract A variety of implant placement and loading protocols are identified, ranging from
immediate implant placement on the day of extraction to delayed placement for at least 6
months after complete healing. The method of assessment of implant placement and loading
plays an important role in the implantation. The expected clinical outcomes depend largely on
multiple factors, such as the macroscopic design of the implant, surgical technique, and the
quality and quantity of local bone in contact with the implant, which would be described in
detail. The purpose of this literature review was to explore the relationship between the fac-
tors influencing the implant placement stability and implant design. By understanding the orig-
inal appearance of implant design and the stability requirements of implant placement, it is
hoped that more research in the future can meet the needs of dentists and patients.
ª 2023 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Since their introduction in the 1960s, dental implants have
become an important treatment plan option for the
replacing missing natural teeth. Osseointegration is a
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prerequisite for successful dental implants. In the clinical
application of osseointegration systems, Adell et al. sug-
gested that the implant should avoid loading during
osseointegration for a period of typically 3e4 months in the
mandible and 6e8 months in the maxilla.1 This means that
the implant location should remain undisturbed for at least
3e8 months to allow for the wound to heal smoothly and to
maintain osseointegration between the implant and the
bone. This is due to the inevitable occlusal forces during
mastication that produce micromotions of less than 0.1 mm
at implant-bone interfaced, which are present in the early
Publishing services by Elsevier B.V. This is an open access article under
/4.0/).
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stages of immediate loading. The impact of such micro-
motion on the bone not only damages the bone tissue, but
also induces the biomechanical effect that stimulate
cellular signaling pathways to produce biological effects.2

Furthermore, stresses around the bone-implant interface
may induce fibrous tissue formation during wound healing
rather than direct implant-bone contact, leading to failure
of the clinical osseointegration process.3,4

The development of dental implantation must meet the
increasing demands of patients for comfort, aesthetics and
shorter treatment cycles. Advances in biomedical mate-
rials, improvements in implant macro-design,5 implant
micro-surface modification,6 and concepts of biomechan-
ical initial stabilization7 will facilitate the successful clin-
ical practice. Among the essential issues, the outcomes of
implant loading depends on the primary implant stability,
the surgical technique, the quality and quantity of the
bone, and occlusal action, in addition to the implant design
including material in itself and surface microstructure.
Therefore, the purpose of this literature review was to
explore the relationship between the influencing factors of
implant placement stability and implant design, so as to
further provide dentists with consideration of clinical
implant needs.
Bone remodeling around implant after implant
placement

When the implant is placed in the bone tissue, effective
contact between the bone tissue and the implant surface is
achieved through a series of bone remodeling processes.8

The initial stability of the implant in the alveolar bone
will be fixed by the mechanical locking characteristics of
the implant itself. Osteocytes gradually induce secondary
stability of the osseointegration with the implant over time
through resorption of old bone and formation of new bone.
In a study of implant placement in a rat maxillary model,
Fujii et al. found that a thin layer of new bone was in
contact with the implant surface on the fifth day, and also
observed that bone loss exhibits cavitating osteocytes due
to bone damage.9 Two months after implant placement,
the implant surface was covered by new bone with char-
acteristics of cancellous bone. At the same time, the empty
osteocyte lacuna remains. After three months, the original
bone area has been replaced by newly formed bone con-
taining intact bone cells.10 Thus, in the process of bone
remodeling around implant surface, the stability of the
implant supported prosthesis under stress at different time
points was formed by the different ratios of mechanical
locking and new bone formation between the implant and
bone interface.
Methods for the assessment of implant
placement and loading

Generally, during the bone remodeling process around the
implant, the surface treatment of the implant material and
the mechanical stability of the implant design can be used
to accelerate bone growth and maturation and increase
primary stability. Therefore, the maximum implant-bone
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interface contact area can be obtained during the bone
remodeling process. There are several clinical methods
available for assessing implant stability: Insertion torque,
Resonance frequency analysis and X-ray microtomography.

Insertion torque

Among the main parameters that determine loading sta-
bility, the most common index is the value of the torque at
which the implant is inserted. However, the insertion tor-
que (IT) may vary from study to study.11e13 Grandi et al.
used an insertion torque greater than 45 N cm to compare
clinical outcomes after one year follow-up of a single
implant loaded immediately after extraction using a
definitive abutment and a provisional abutment.12 In some
studies, IT � 35 N cm was the clinical loading criterion.13

Others were based on IT �3 0 N cm in prospective clinical
studies.14 The torque value in most studies ranged from 30
to 45 N cm as the immediate loading threshold to ensure
implant stability during osseointegration and to provide
adequate strength for implant-abutment connection.

Resonance frequency analysis

Resonance frequency analysis (RFA) combined with inser-
tion torque is another important evaluation metric for im-
mediate/early loading. In 1998, Meredith et al. introduced
RFA as a non-invasive and objective quantitative clinical
technique to establish valuable information for monitoring
implant success and osseointegration. RFA is measured as
an Implant Stability Quotient (ISQ) on a scale of 1e100,
with relatively stable implants having relatively high ISQ
values (>60).14 Margossian et al. compared the 2-year
success rate of immediate and conventional delayed
loading of partial mandibular implants.13 When the baseline
for success was IT � 30 N cm and ISQ � 60, they found that
the 2-year success rate was 93.3% in the immediate provi-
sionalization with occlusal loading group and 100% in no
occlusal loading group and delayed loading group. In addi-
tion, IT � 25 N cm and ISQ � 60 were proposed by Degidi
et al.15; IT � 20 N cm and ISQ �60 by Fung et al. were also
evaluation criteria for immediate load.16

X-ray microtomography

Histomorphometric data of implant-bone contact (BIC) are
direct evidence for evaluating implant osseointegration.
Under the microscope observation, Zagury et al. found that
a high degree of bone contact along the implant threads
provided anchoring of the implant.17 Greater BIC is gener-
ally believed to result in better implant stability.18 How-
ever, histomorphometry is a destructive method and limits
the analysis of sections along the long axis of the implant.
Sennerby et al. tested a new X-ray microtomography
technique for non-invasive assessment of the structure of
peri-osseous implants.19 In addition, Park et al. analyzed
specimens by 3D microtomography and compared them
with traditional histomorphology.20 A correlation coeffi-
cient of 0.855 was found, which means that the two data
sources are statistically significantly correlated, whereby
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the 3D technique successfully provides non-invasive three-
dimensional imaging for osseointegration assessment.
Factors affecting primary stability

Primary stability of the implant has been identified as a
positive factor for clinical outcome and successful
osseointegration.21 However, the primary stability is
affected by many factors, including macroscopic implant
design and surgical technique as well as the quality and
quantity of local bone in contact with the implant.22

Implant shape

Regarding the macroscopic design, it is mainly the shape of
the implant that is positively correlated with the load on
the bone site and its biomechanical stress distribution.23 In
addition, in the development of mechanical locking of im-
plants, the geometry of implants is mostly considered to
play a key role in providing initial stability.24 The shape of
dental implants can generally be divided into three cate-
gories: subperiosteal implants, transosteal implants, and
endosseous implants. Among them, the endo-osseous
implant has various shapes such as blade shape, needle
shape, cylindrical shape, disc shape, steppe shape and
conical shape.

Subperiosteal implant
A subperiosteal implant is an implant that is placed directly
over the bone and then fixed with locking screws, rather
than drilling the implant into the bone, as described in
Fig. 1.25 This type of implant design is most commonly used
to cover large areas of edentulous and severely atrophied
areas. The advantage of subperiosteal implants is that they
can be directly supported by a large area of atrophic
mandibllar cortical bone. Traditional subperiosteal im-
plants are technically complex and pose unpredictable risks
due to difficult positioning and high complication rates.26,27

A case of chronically infected fistula in a subperiosteal
implant made of cobalt-chromium alloy was described by
Markiewicz et al., which such a large area and rigidity made
its removal and reconstruction relatively difficult.27 Linkow
et al. also reported a lower clinical success rate due to
lower precision of early impression-taking materials and
complex casting techniques in the laboratory, combined
with inadequate framework design and complicated surgi-
cal procedures.26 Kuo et al. observed five removable partial
dentures supported by cobalt-chromium alloy subperiosteal
implants and found common complications of lower lip
Figure 1 Subperiosteal implant.
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numbness and exposure of metal framework, although the
stability of the mandibular dentures was improved the after
1e2 years.28 With the advent of digital dentistry,29 methods
and materials such as cone beam computed tomography
(CBCT),30 intraoral scanners,31 3D printers32 have emerged.
For example, Cohen et al. developed a 3D additive
manufacturing (AM) sintered Tie6Ale4V alloy and a sub-
periosteal implant structure treated with grid sandblasting
and acid etching, and combined with the patient’s
computerized tomography (CT) data. As a result, the pre-
cise fit between the traditional subperiosteal implant shape
and the patient’s bone contour was improved, creating a
high-quality environment for bone cell migration and
attachment.33 In addition, the use of locking screws further
strengthened the stability of the implant during surgery.
The placement of subperiosteal implants re-interprets its
procedure in the context of new technologies and makes
the treatment a highly predictable and safer surgical pro-
cedures, especially for complex jawbone atrophy that an
effective and safe treatment option for those of the elderly
posterior mandibular edentulous patients.33,34 Therefore,
for patients with bone atrophy who do not require exten-
sive bone replacement surgery, it is a practical and quick to
provide primary stability of the implant and immediate
loading of the prosthetic occlusion through the direct
contact between the implant and the cortical bone and the
fixation of the locking screw for possible surgical
tightening.

Transosteal implant
The American Dental Association (ADA) describes the
transosteal implant as a trans-osseous biocompatible de-
vice whose threaded post penetrates the superior and
inferior cortical bone plates of the mandibular symphysis
and exists through the oral mucosa to provide support and
attachment for the prosthesis.35 These implants usually
consist of long screws that go through the bone, making an
incision under the chin that penetrates the entire jawbone
and emerges at the bottom of the chin and holds the top
and bottom pressure plates in place. The top studs are then
attached to the prosthesis as described in Fig. 2. Standard
trans-osseous implants are available in a variety of sizes
and shapes to meet the needs of the patient, including
implants for single teeth, multiple teeth, and complete
denture support, which can provide good primary stability
of the prosthesis. Because it is composed of a base plate
locked at the bottom of the jawbone and several screws
long enough to penetrate the jawbone and pass out of the
oral cavity to fix the lower edge of the bone and carry the
upper edge of the denture restoration. This implant
Figure 2 Transosteal implant.
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structure is more suitable for the mandibular structure with
regular bone blocks.36,37 But this type of implant is no
longer routinely used in current dental practice. The reason
is that the complicated operation can only be used on the
lower jaw and the shape is not easy to conform to the
skeletal morphology of all patients.36,37

Endosseous implant
An endosseous implant is an implant prepared directly in
the jawbone and inserted into the cavity and locked in the
corresponding cavity, as shown in Fig. 3. The shape of the
endosseous implant can be blade-like or root-like.

Blade form implant: It is composed of wide, flat, knife-
like slices embedded in the bone, and is suitable for bone
areas with sufficient height but narrow width. By increasing
the contact friction area between the implant and the
bone, the stability of the implant is increased. Although
blade implants have been used clinically for immediate
loading, the most common complication of endosseous
blade implants is the growth of fibrous tissue on the implant
surface.38 However, Stefano et al. histologically assessed
the peri-implant tissue of immediately loaded blade im-
plants removed after a 20-year loading period due to
abutment fracture. It was found that there was tight,
cortical, mature bone and well-formed bone at the inter-
face of the implant. Bone-implant contact was 51% � 6%.39

Carlo et al. used the distal endosseous extension (EDE)
surgical technique to create a slot on the supralateral side
of the bony ridge into which a blade-like implant was
inserted and pushed back so that the implant was
embedded under the untouched tissue and retains the
cortical bone over it.40 As a result, there was less bone
crest tissue damage during implantation and the immediate
stability of the implant can be achieved. In addition, the
planar contact of the blade-like implant with the bone was
more resistant to lateral loading forces of varying in-
tensities and directions. The 5-year success rate of 97.7%
thus allowed the use of this technique with asymmetric
blade-like implants, recommended for edentulous recon-
struction of narrow vertebrae located in posterior D3-D4
type mandibles. Menchini-Fabris et al. used a retrospective
case series of 40 patients to study the clinical outcomes of
blade implants for the treatment of moderately atrophic
posterior maxillae with residual heights between 4 mm and
8 mm.41 In the absence of extensive reconstructive surgery
and transplantation, the 12-month cumulative survival rate
was 97.5%. Thus, blade implants have been proposed since
Linkow in 1968 to overcome implant limitations in atrophic
ridges with reduced horizontal width. In 2014, the U.S.
Food and Drug Administration (FDA) also reclassified blade
implants from Class III (high-risk devices) to Class II (special
Figure 3 Endosseous implant.
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controls), a fact that suggests that blade implants can be
successfully used with the revised surgical techniques,
which may pave the way and concepts for the introduction
of new blade-type implant shapes into clinical
applications.42

Root form implant: The basic shape is to imitate the
natural tooth root, which can be generally divided into two
categories, the cylindrical implant with a cylindrical main
body and the conical implant with a tapered shape. The
macro-geometry of the implant is thought to play a key role
in maintaining stability due to the development of me-
chanical locking. In 2015, Kan et al. studied 171 implants
from 112 implant patients with immediate implantation and
immediate loading in the aesthetic area of the anterior
teeth, and examined conical and cylindrical implant body
designs according to the criteria of Dellinges and Tebrock
relationship with primary stability.43 Their results showed
that the instability probability of tapered implants was only
1.1%, significantly lower than that of cylindrical implants
(20.5%) and concluded that tapered implants had a greater
distribution of compressive force on the bone surrounding
the implant socket compared to cylindrical implants. Such a
design aids in the compaction of bone in the implant socket
during implant placement, which in turn results in
increased insertion torque and implant stability.44,45 Sie-
gele et al. also studied the stress distribution in the bone
surrounding the implant with different implant shapes
(cylindrical, conical, stepped, screw, hollow-cylindrical) by
means of finite element analysis (FEA).46 They found that
different implant shapes had significantly different stress
distributions in the bone. In particular, conical or stepped
implants had significantly higher stresses than smooth-
shaped implants. It can be seen that the inverted trian-
gular shape of the conical bone implant allows the implant
to pass through the hole-prepared bone more easily when it
is placed, and its compressive force in the bone is better
distributed, and the initial stability obtained by immediate
placement better than cylindrical bone implants. However,
conical or stepped implants with curvature introduce
significantly higher stress peaks at the implant-bone inter-
face than cylindrical implants.
Implant thread

Many implants incorporate thread cutting geometry into
the macrogeometry. Through the effective thread design,
not only the surface area is increased, but also the pressure
is effectively distributed on the surrounding bone and the
lateral thread and the vertical bone have a clamping effect
to improve the primary stability of the implant.47 Thread
geometry includes pitch, depth, and shape; all of these
variables have different effects on the stress distribution of
the peri-implant bone. In a 2D FEA study by Desai et al.,
implants with more microthreads (i.e. smaller pitches)
were found to have better fretting and stress at the bone-
implant interface when immediate loading.48 Ma et al. used
a 3D FEA to study the effect of implant pitch on the primary
stability of the immediately loaded implant and found that
with the increase of the pitch, the resistance to vertical
force also decreased.49 The narrow and shallow threads are
easily self-cutting way locked in dense bone for stability.
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Wide and deep threads appear to have a significant impact
on implant stability, especially in cancellous bone.50

Furthermore, many implants are manufactured not only
using thread cutting geometry in the macrogeometry to
self-tapping, but also bringing in a shallower second cutting
surface to achieve higher stability without increasing
compressive stress of the bone.51

Stability is the ability of the implant to withstand axial,
lateral and rotational loads. Not only the thread pitch and
thread depth are the factors that determine the stability of
the implant, but also the thread shape and face angle are
one of the factors of the implant stability. According to
Mich’s classification, there are roughly four types of thread
shapes currently used in dentistry: square thread, V-shape
thread, buttress thread and reverse buttress thread.52

Ramkumar’s study concluded that the stepped thread has
good primary stability compared to the V-shaped thread.
Implants with buttress threads are more resistant to
extraction forces than V-threads.53 Steigenga et al. re-
ported that implants with a square thread design had
significantly higher BIC and greater reverse torque
compared to V-shaped and reverse buttress thread de-
signs.54 Calı̀ et al. confirmed by using FEA that the model
with square threads and 6� inclination gave the best results,
reducing displacement and equivalent stress peaks in the
immediate postoperative loading.55 From a biomechanical
point of view, the most favorable thread design for imme-
diate implantation and loading is a square thread pitch of
1.6 mm.56 For V-threads, implant spacing of more than
0.8 mm produces the most favorable stress distribution.57

Thread widths between 0.18 mm and 0.30 mm, thread
depths between 0.34 mm and 0.50 mm, and thread tip face
angles of less than 30� reduce stress distribution at the
bone-implant interface, resulting in better load
distribution.58,59

Implant material

In addition to the design of the implant shape, the implant
material is also one of the factors affecting the primary
stability of the immediate implantation. From a chemical
point of view, dental implants can be made of metal,
ceramic or polymer. Titanium metal and its alloys are
currently the most widely used implant materials in
dentistry, not only supported by numerous scientific evi-
dences, but also clinically observed with good long-term
survival rate.60 Although titanium and titanium metal have
a higher modulus of elasticity than bone, they are closer to
bone than any other implant material. Thus, a more
favorable stress distribution is produced at the bone-
implant interface to protect the bone tissue. In addition,
due to the excellent physical properties of titanium,
various implant geometries and sharp thread shapes and
face angles can be faithfully constructed to achieve the
primary stability of immediate placement and loading of
the implant.61 Nevertheless, the surface properties of ti-
tanium need to be modified to improve the surface rough-
ness of the implant and the chemotaxis of osteoblasts to
achieve faster osseointegration. In turn, it can compensate
for the interfacial gap where the primary mechanical sta-
bility of the implant is continuously reduced due to the
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activation of osteoclasts. For example, sand-blasted and
acid-etched (SLA), which is most commonly used at pre-
sent, is one of the surface treatment techniques to provide
a medium-roughness (1 mm < Ra < 2 mm) implant surface. It
can shorten the osseointegrated healing rate to 6 weeks,
which provides immediate implant placement and a large
clinical loading-bearing space.62

Although the success rate of titanium implants is as high
as 90%, however, clinical studies by Olmedo and Egusa
showed a possible association between surface corrosion of
titanium and the risk of host hypersensitivity and peri-
implantitis.63,64 Unlike the aesthetic factors and allergic
reactions of titanium, zirconia implants are increasingly
used in clinical practice. Zirconia has less bacterial adhe-
sion to the surface than titanium. However, the main
disadvantage of zirconia implants is low temperature
degradation (aging), which leads to reduced mechanical
properties (strength and toughness).65 In addition, zirconia
is more brittle and more prone to cracking than titanium, so
that implant geometries used in titanium cannot be trans-
ferred directly to zirconia. The sharp edges common in ti-
tanium implants should also be avoided in zirconia implant
design.66 On the other hand, Arlucea et al. found in an
in vitro study of the primary stability of zirconia and tita-
nium implants that under static compressive loading of
crowns, zirconia implants achieved higher average IT and
RFA values than titanium implants.67 They also found a
strong correlation between ISQ and micromotion measure-
ments for titanium implants and a weak correlation for
zirconia implants, which were associated with a doubling of
the modulus of elasticity between the two. Although the
zirconia implant has a higher average IT and RFA, it has
unstable micromotion characteristics that may affect
future osseointegration. Therefore, there should be more
basic and long-term clinical studies on zirconia implants to
apply the protocol for immediate placement and loading.

The development of implants based on poly-
etheretherketone (PEEK) may be valuable metal-free
implant alternative to traditional titanium implants. How-
ever, Schwitalla’s research showed that PEEK implants in
their current form cannot adequately withstand the inser-
tion torque required to achieve immediate loading for pri-
mary stability. It is necessary to develop new manufacturing
processes.68

Bone quantity and quality for surgical drilling
protocol

Glauser et al. evaluated the success rates of implants
immediately placed and loaded in different regions of the
jaw, which showed a success rate of only 66% in the pos-
terior region of the upper jaw, whereas 91% survived in
other regions of the lower jaw.69 Chaushu et al. compared
the clinical success rates of immediate placement versus
immediate loading of single-tooth implants in freshly
extracted versus healed sites, with two-year survival rates
of 82.4% and 100%, respectively.70 The authors concluded
that, in this patient population, the immediate loading risk
of placing a single-tooth implant at a fresh extraction site
was approximately 20%. The success rate of osseointegra-
tion in the implant-receiving area depends on an adequate
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blood supply to the bone and minimal movement to provide
more bone-graft contact. Bone mass is proportional to the
elastic modulus of the bone. Higher bone density results in
a higher modulus of elasticity, resulting in a larger area in
contact with the implant. The elastic modulus of compact
cortical bone (13.7 GPa) is about ten-fold that of cancellous
bone (1.37 GPa).71 In addition, developing woven bone is
more prone to overloading. Immediate placement of the
implant in this area may result in reduced primary stability
and does not allow micromotion of the implant prior to
osseointegration. Ibrahim et al. assessed the effect of four
different types of bone defects (three-walled, one-walled,
circumferential, and non-defective) on the primary stabil-
ity of the implant.72 The results showed that the implant
stability values decreased in all bone defect types as the
defect size increased, but the loss of stability was most
pronounced in circular defects. In addition, implant sta-
bility was significantly reduced when 50% of the implant
area was not embedded in bone. Therefore, scholars sug-
gest that improved biomechanical bone conditions and
more cortical bone involvement are beneficial to the initial
stability of immediate loading.73

Multiple in vivo studies have revealed that peri-implant
bone regeneration and remodeling can be significantly
enhanced by small-scale drilling protocols that may result
in higher primary implant stability as well as BIC during
healing.74 However, to some extent, uncontrolled IT in-
creases during surgical drilling and implantation will lead to
bone resorption at the implant margin due to stress con-
centrations caused by excessive bone compression.75 On
the other hand, the concept of bone drilling, namely bone
densification implant osteotomy, has also been proposed to
improve the local quality of low-density ridges, thereby
facilitating the primary stability of the implant. Lahens
et al.76 and Mello-Machado et al.77 studied the effect of
bone densification on the initial stability and early
osseointegration of implants in low-density bone in animal
experiments. As a result, BIC was significantly higher with
the bone densification technique compared to conventional
drilling, regardless of the macroscopic geometry of the
implant. Through a systematic search, Padhye et al. found
that insertion torque, BIC and BAF (bone area fraction oc-
cupancy) were increased in the bone densification group
compared with the conventional drilling group.78 There-
fore, the bone densification technique running counter-
clockwise at the osteotomy site can lead to enlargement of
the osteotomy site and increase the bone density near the
osteotomy to increase the BIC area (BIC) and the primary
stability of the implant. Furthermore, in low-density bone,
endosseous implants can exhibit higher insertion torque
when placed at the site of bone densification, without
barriers to osseointegration compared with standard sub-
tractive drilling methods.

In recent years, Chen et al. have used one-drill
osteotomy to create stepped implant preparation holes
with the over-drilling area and under-drilling area
matched to the tapered implant fixture.79 In the under-
drilling area, the shaved autogenous bone debris is
forced to move toward the over-drilling area space to form
frictional stability, and the self-tapping stability obtained
by cooperating with the self-tapping thread system in the
over-drilling hole forms the step-locking claimed by the
1472
author. Not only can excessive bone compression be
avoided but also excellent primary stability can be
obtained.
Discussion

Clinical options for implant placement and loading as
defined by ITI consensus meetings in 2003, 2008 and 2013
and Esposito et al. in a 2013 Cochrane systematic review
article.80,81 Depending on the needs of the patient and
their bone condition, the timing of implant placement and
loading varies from immediate placement on the day of
extraction to delayed placement at least 6 months after the
bone has fully healed. Researchers have developed various
schedules and protocols for various implant placement and
loading. Javed et al. studied the factors related to implant
stability and osseointegration. In conclusion, it emphasized
that bone quality and quantity, implant geometry and sur-
geon’s surgical technique may significantly affect the pri-
mary stability and the success rate of implant
osseointegration.21 Therefore, the expected clinical results
of implant placement time and loading protocol were also
highly dependent on the operator’s experience and many
objective factors: the macroscopic design of the implant,
the surgical technique, and the quality and quantity of the
local bone. Fujii et al. pointed out that when the implant
was implanted, the interface between the implant and the
bone will produce mechanical locking and fixation, and the
formation and maturation of the osteocytes over time lead
to the secondary stability of remodeling.9 Therefore, the
success rate of immediate implant placement has a
considerable correlation with the mechanical locking
capability of the implant itself.

In order to match the residual alveolar bone ridge, even
if the implant shape design is not similar to the tooth shape,
the new design can achieve the primary stability required
for the immediate placement and loading through a special
inter-locking system and self-tapping thread design for
operator’s choice. For example, Mangano et al. used
personalized 3D-printed subperiosteal titanium implants
with locking screws to restore the atrophic posterior jaw of
elderly patients.34 Cohen et al. adopted the AM technology
to sinter the subperiosteal implant structure of Tie6Ale4V
alloy to match the morphology of the patient’s residual
ridge, and increased the contact area by closely fitting the
cortical bone and lateral fixation screws.33 Grids were then
sandblasted and acid etched to improve the contact area
and enhanced bone cell migration and growth, resulting in
improved BIC and primary stability. Carlo et al. improved
the design of the traditional blade implant, made a slot on
the upper side of the bone crest, inserted the blade implant
into it and pushed it back, so that the soft and hard tissues
behind the implant abutment would not be damaged and
the stability of blade implant could be improved.40 Its
clinical outcome can reach 97.7% success rate. Menchini-
Fabris et al. treated patients with moderate atrophy of
the maxillary posterior region with a two-stage newly
manufactured extension implant.41 Positive clinical results
were achieved when the implant was embedded in bone for
3 months to achieve sufficient osseointegration and then
the abutment was connected for loading without extensive
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reconstruction surgery. In a study by Lan et al., cylindrical
bone implants were used for the biomechanical analysis.56

It turned out that the most favorable thread design for
square thread implant stability and bone stress distribution
under loading was 1.6 mm pitch. For V-shaped threads, an
implant thread distance of more than 0.8 mm was consid-
ered by Kong et al. to be the most favorable stress distri-
bution,57 while Lan et al. considered 1.2 mm to be the
optimal pitch of.56 Not only that, but Abuhussein et al.
suggested that narrow and shallow threads were easier to
lock into bone in a self-tapping manner for stability.50

Moreover, both wide and deep threads seemed to have a
significant effect on implant stability in cancellous bone. It
is well-known that through the surface modification of the
implant, a faster rate of osseointegration can be obtained.
Hanawa said that by surface modification such as sand-
blasting and acid etching or titanium plasma spraying (TPS)
on the implant surface, a more suitable surface roughness
and faster osseointegration can be obtained.82 In addition,
hydroxyapatite (HA) and titanium dioxide (TiO2) coatings
prepared by plasma spraying and electrochemical tech-
niques as well as surface alkalization were also effective in
improving hard tissue compatibility.

Over the years, the materials used to manufacture
subperiosteal implants have shifted from chromium-cobalt-
molybdenum to titanium and its alloys,83 and carbon
coatings84 to more biocompatible HA coatings85 to reach
the purpose of osteointegration. Moreover, sandblasting
and acid etching to improve the surface roughness of the
implant and the widespread application of CBCT to favor
the consistency of the implant and bone morphology have
greatly improved the survival rate of implants.83 However,
many of the observed complications such as postoperative
infection, strut dehiscence, bone resorption, and fibrous
cysts are still occasionally reported.86 Early subperiosteal
implants involved a two-stage surgical procedure to com-
plete the implant placement, the first stage involving the
impression of the bone surface required for implant fabri-
cation. With the introduction of CBCT to provide parame-
ters for the manufacture of subperiosteal implants, the
second stage became the only operation required to place
subperiosteal implants, simply exposing the bone, adjusting
the position and fit of the implant, then lock it with fixation
screws.34 However, this implantation process has some
disadvantages, and the positioning of the implant itself is a
very complicated process.

Endosseous implants address some of the limitations of
subperiosteal implants.86 However, standard endosseous
implants offer only a limited selection of standard di-
ameters, lengths, and thread parameters.46 In addition,
prior to implant placement, drilling the bone to prepare the
hole for the implant must be performed. Lack of consistency
between implant design and bone remodeling will result in
reduced stability and formation and accumulation of fibrous
tissue.38 No need to drill bone is one of the advantages of
subperiosteal implants, which increases implant stability by
placing the implant above the available healthy cortical
bone according to the cortical bone geometry. In this case, a
relatively small area is sufficient for good anchorage. In
addition, it has the advantage of retaining the natural
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cortical bone and improving the stress distribution in the
cortical bone after loading of the implant prosthesis.33 The
use of metallic materials in both subperiosteal and endo-
sseous implants is primarily due to their plasticity allowing
the implant to easily conform to the shape of the bone and
the desired design of the implant. However, aesthetic
problems caused by metal exposure are usually associated
with the application of metallic materials, in addition to
possible problems caused by allergic reactions and bacterial
adhesion. Therefore, zirconia implants are an important
alternative to dental implants due to their biocompatibility,
lower bacterial adhesion, high mechanical strength, and
aesthetic color.87,88 However, a potential disadvantage of
zirconia implants is that the material degrades at low tem-
peratures, slowly changing shape and losing durability when
exposed to low temperatures for prolonged periods of time.
Furthermore, another disadvantage of zirconia is its brit-
tleness, which limits their effectiveness in load-bearing
bone, which may vary depending on the implant location
and various factors affecting extrinsic occlusal forces, so
much research is still needed.65,66 On the other hand, how to
densify the osteotomy site of the prepared hole by endo-
sseous implants, select more cortical bone implantation
area, and retain more natural bone implantation cavity area
are all adjuncts to improve the success of immediate implant
placement. Today, optimizing the surgical process and
shortening the healing time is a common expectation of
dentists and patients. By understanding the original
appearance of implant design, it is hoped that more research
in the future can meet the needs of doctors and patients.
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