& frontiers ‘ Frontiers in Dental Medicine

") Check for updates

OPEN ACCESS

EDITED BY
Luca Testarelli,
Sapienza University of Rome, Italy

REVIEWED BY

Gustavo Fernandes,

A.T. Still University, United States

Elena Martinez-Sanz,

Complutense University of Madrid, Spain
Jesus Torres Garcia Denche,

UCM, Spain

Shaoxia Pan,

Peking University Hospital of Stomatology,
China

*CORRESPONDENCE
Eduardo Anitua
eduardo@fundacioneduardoanitua.org

RECEIVED 15 July 2024
ACCEPTED 25 November 2024
PUBLISHED 11 December 2024

CITATION

Anitua E, Piflas L and Alkhraisat MH (2024)
Implant-supported prosthesis under
progressive loading protocol stimulates
alveolar bone growth in patients with severe
alveolar bone atrophy. Retrospective case
series.

Front. Dent. Med 5:1465137.

doi: 10.3389/fdmed.2024.1465137

COPYRIGHT
© 2024 Anitua, Pifias and Alkhraisat. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Dental Medicine

Original Research
11 December 2024
10.3389/fdmed.2024.1465137

Implant-supported prosthesis
under progressive loading
protocol stimulates alveolar bone
growth in patients with severe
alveolar bone atrophy.
Retrospective case series
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Introduction: The jaw with severe bone atrophy is a difficult challenge when
rehabilitating with dental implants. To be able to place dental implants in the
most severe cases and to achieve an increase in bone volume by means of
the tension transmitted by the load is a novelty. This work provides data on
the alveolar bone changes in a severely atrophic mandible that has been
treated with implant supported prosthesis under progressive loading protocol.
Material and methods: This study reported on 3 patients with completely
edentulous mandible. In all cases, implants were inserted in the anterior
region of the mandible and progressive loading was carried out with an
increase in the distal cantilever. The length of the cantilever extension was
adapted to growth of the residual alveolar bone at the mandible body. The
increase in bone height was controlled in the area of implant placement as
well as in the area distal to the implants (1 cm behind the last implant).
Results: This case series described 3 patients where 13 implants were placed.
The patients were followed for 17, 19 and 20 years after implants insertion.
The mean mandibular residual height of the alveolar bone was 7.8 + 2.7 mm
at the implant site. The mean mandibular body height at 1.0 cm distal to the
last implant was 7.0 + 3.9 mm in the third quadrant and 8.1+ 4.4 mm in the
fourth quadrant. The mean height at the last follow-up was 11.0 + 3.2 mm
(+£3.2) in the third quadrant and 11.20 + 4.4 mm in the fourth quadrant.
Conclusions: Implant-supported prosthesis and progressive loading have
resulted in vertical bone growth in a series of patients with extreme atrophy of
the mandible. The long-term follow-up indicated that bone growth is
confined to the dental implants but has been extended to distant regions
resulting in the thickening of the mandibular body and the creation of the
absent mandibular canal.
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Introduction

Alveolar bone atrophy, after tooth loss, is cumulative, progressive
and irreversible (1-3). Once the teeth are lost, the alveolar bone that
depends exclusively on their maintenance is also lost, leaving a basal
bone, very cortical, which also undergoes resorption, but much more
slowly than the alveolar process (1-3). The mandible is more
vulnerable to alveolar bone atrophy than the maxilla (3-5).
Completely edentulous mandible with removal prosthesis can lose
21% of the alveolar bone at three months, 36% at six months, and
44% at 12 months (3, 4). Over a period of 25 years, the mandible
can lose up to 10-12 mm in height, resulting in the surfacing of the
inferior alveolar nerve (5, 6). In the maxilla, the height loss is
slower, and may even be half of that in the mandible (2-5).
Generally, the rate of alveolar bone resorption has been higher in
those patients that lost their teeth more recently (7).

Several anatomical factors predispose the mandible toward
more bone loss: higher cortical bone, the insertion of muscles
and the transmission of forces from the perioral soft tissues (2).
These patterns can also be affected by other co-factors such as
age, bone density, gender and the presence of pathologies
affecting bone mineralization (8).

The loss of teeth imposes changes in mechanical force
transduction to bone. Alsaggaft et al. have shown that the
alveolar bone atrophy in the maxilla and the mandible has been
significantly higher in patients wearing denture (>5 years) than
those who did not (6). The authors have also observed that
severe resorption cases have been mostly observed in the denture
wearers group (6). However, the placement of dental implants to
support an overdenture have significantly influenced the amount
of alveolar bone loss. Sirin et al. (9) have observed that the
alveolar bone loss has been significantly lower in patients with
implant-supported overdenture than those wearing conventional
complete denture. Furthermore, the quality of life is generally
superior in patients treated with implant-supported overdenture
(IOD) than patients treated with complete denture (CD). In a
meta-analysis, Moreno et al. have found statistically significant
differences in favor of IOD in stability, speech, comfort and
overall patients’ satisfaction (10). Gjengedal et al. have reported
in a randomized clinical trial that patients with IOD have
significantly better ability to chew, less avoidance of some food
items and greater willingness to eat more food items (11).

For placing dental implants, sufficient bone quantity should be
available/created to ensure long-term stable outcomes. Different
bone augmentation procedures are available to treat alveolar bone
atrophy. Generally, the incidence of healing complications has been
higher as the bone gain is higher (12). This is an important factor
to be considered in the treatment of patients with severe alveolar
bone atrophy and health status concerns. In such cases, patient
treatment is challenging due to the presence of inferior alveolar
nerve and its mental branch, lacking of keratinized mucosa and the
presence of limited contact area with the denture base (12, 13).

The use of short implants (<10 mm) (14) in completely
edentulous patients is a reliable treatment alternative to bone
augmentation procedures (15-18). This is supported by similar
implant and prosthesis survival rates, less biological complications
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and lower rehabilitation time and costs (15-17). Dynamic loading
may provide a mechanical stimulus to bone formation. Bone
homeostasis is very linked to mechanical stimulation that can
ultimately induce bone formation or bone resorption. For example,
dynamic loading at low magnitude and high frequency has shown
to favor the osteogenesis of alveolar bone (19). This concept has
been studied extensively in the mandibular condyles. Low-
magnitude, high-frequency dynamic loading can have a positive
effect on condylar cartilage and endochondral bone formation in
vivo. This effect has the potential to be used as a treatment for
regenerating condylar cartilage and to enhance the effect of
orthopedic appliances on mandibular growth (19, 20). The question
would be whether mechanical stimulation by implant-supported
prosthesis could favor the osteogenesis of severely atrophied
mandible. This case series provide data on the alveolar bone
changes in a severely atrophic mandible that has been treated with
implant supported prosthesis under progressive loading protocol.

Material and methods

This
retrospective study reported on 3 patients that attended the clinic
with
treatment. Relevant medical data were collected from patient

We have conducted a retrospective case series.

completely edentulous mandible seeking prosthetic
records. The cause of tooth loss was unknown. All patients were
users of conventional complete denture and had extremely
atrophic mandibles. The inferior alveolar nerve was either located
in the submucosa or having 1-2 mm of bone above. The patient
perspective (quality of life) was not recorded.

Implant insertion: In all patients, 4 or 5 implants were placed
between foramina and all implants were anchored in the basal
cortical bone (bicortically stabilized).

For that, low-speed drilling (125 rpm) without irrigation was
employed (biological drilling) (21) to prepare the implant sites. The
drilling sequence for each implant was individualised according to
implant length, diameter and bone density at the insertion site (21).
New set of drills (BTT Biotechnology Institute, Vitoria, Spain) were
used in each patient to decrease the trauma to the alveolar bone.
Before implant insertion, plasma rich in growth factors (PRGF) was
used to irrigate the implant surface and create a bioactive zone to
promote osseointegration (21). The implant insertion was
performed with the surgical motor at a torque of 25 Ncm, then it
was accomplished manually with a calibrated torque wrench. The
final insertion torque was annotated in the patients’ records. PRGF
was prepared with a commercial disposable kit (KMU 15, BTI
Biotechnology Institute, Vitoria, Spain) following the manufacturer
instructions. After blood centrifugation, the plasma column was
fraction into F2 which is the first 2 ml of plasma column just above
the buffy coat and F1 which is the rest of the plasma column. F2
was activated with calcium ions (PRGF activator) and used before
implant insertion.

Loading protocol: An intermediate definitive abutment (Multi-
Im®) was connected to the dental implants and tightened at
25 Ncm. Impression making was performed using Impregum
Penta (3M Espafia, S.A) and impression copings for the
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intermediate abutments. The implants were loaded immediately in
all three patients by a fixed provisional resin prosthesis with a metal
bar structure. Minimal or no cantilever extension was included in
the prosthesis. During the progressive loading a fixed screw-
retained resin denture was delivered. The length of the cantilever
extension was adapted to growth of the residual alveolar bone at
the mandible body. This had 3 stages: three months after
immediate loading (stage 1), evidence of vertical bone growth
(stage 2) and progression of vertical bone growth (stage 3).
Follow-up: The remaining control visits were scheduled every six
months and panoramic radiographs were obtained. When panoramic
radiographs showed evidence of bone thickening, CBCT was obtained
to assess alveolar bone height using the BTI scan software.
Patient-related variables were age, sex, and medical history.
Implant-related variables were anatomical location, implant
dimensions, type of loading, implant survival, changes in the
marginal bone level and radiographic measurements. Changes in
the alveolar bone height were assessed at the region expanding

10.3389/fdmed.2024.1465137

1 cm posteriorly to the last implant using CBCT scan, basal and
after a period in which slight bone thickening is observed around
the dental implants (between six months and one year after
loading) (Figure 1). This load is maintained until growth of the
body of the mandible is observed (between two and three years).
Once the implants have been loaded and the prosthesis verified
to be functioning properly, the cantilever and lever generated by
the prosthesis were increased. This is done by means of a
cone-beam control, which is performed at each stage of the
prosthesis change and at the end of the follow-up (Figure 1).

Results

This case series described 3 patients where 13 implants were
placed to support fixed implant-supported prostheses. The three
patients were female. Their age was 64, 69 and 76 years at the
time of surgery. None of the patients were smokers and the main

. Linear measurement 1.0 cm from this point (for the measurement of bone thickness).

. Height measurement of the alveolar ridge.
. Perpendicular line to the distal end of implant platform.
. Last planned implant.

. Linear measurement 1.0 cm from this point (for the measurement of bone thickness).
. Height measurement of the alveolar ridge.

. Perpendicular line to the distal end of implant platform.
. Position of last dental implant.

FIGURE 1

(a) Measurements taken at the initial cone-beam to estimate the residual bone height of the mandible since the last planned implant

(b) Measurements at the end of follow-up period.
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systemics pathologies were: hypertension in two of the three
patients (on treatment with beta-blockers), type II diabetes in
one of the patients (in treatment with diet only) and
hypercholesterolemia in one of the patients (on treatment with
simvastatin). In no case was there any previous surgical
pathology of interest or diseases requiring prolonged medical
treatment. In two of the cases, four parallel implants were
inserted, while in the third case, five parallel implants were
placed. The positions of the implants corresponded to the
canines and central incisors. In the case of five implants, a
central para-symphyseal implant was additionally inserted. The
diameters of the implants included in the study ranged from 3.5
to 4.5 mm, with the most frequent diameter being 3.5 mm. The

10.3389/fdmed.2024.1465137

lengths of the implants ranged from 5.5 mm to 10 mm, with
8.5 mm being the most frequent (38.5% of the cases). Figure 2
describes the implant dimensions for each patient. The mean
torque of the implants included in the study was 68 Ncm (+12),
with a range between 45 and 60 Ncm.

The completely edentulous maxilla was rehabilitated with
implant-supported fixed prosthesis in all patients. The patients
were followed for 17, 19 and 20 years after implants insertion.
The patient’s assessment with cone-beam CT scan revealed that,
in two patients, the dental nerve was running submucosally
posterior to the dental foramen. In the third patient, only 1 mm
of bone (bilaterally) was available above the inferior alveolar
nerve (Figures 3-5).
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FIGURE 2
Diameters and lengths of the implants included in the study.
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At stage 1, the cantilever extension measured 4.1 £ 0.9 mm in the
third quadrant and 4.1 + 1.67 mm in the fourth quadrant (Table 1).
Stage 2 was observed at 2 years of loading in the first patient, 3 years
in the second patient and 5 years in the third patient. At this stage
the cantilever extensions were increased to 6.5+ 1.3 mm in the third
quadrant and 8.1 £ 2.6 mm in the fourth quadrant (Table 1). Stage 3
was observed at 8 years after loading in the first patient, 5 years in
the second patient, and 7 years in the third patient. At this stage, the
definitive prosthesis was delivered. The cantilever extensions were
112+32mm in the third quadrant and 12.3+5.1 mm in the

10.3389/fdmed.2024.1465137

fourth quadrant (Table 1). The definitive prosthesis was metal-
reinforced resin and screw-retained.

The mean mandibular body height at 1.0 cm distal to the
last implant was 7.0£3.9mm in the third quadrant and
8.13+4,41 mm in the fourth quadrant. The mean height at the
last follow-up was 11.0+3.2 mm (+3.21) in the third quadrant
and 11.20 £ 4.4 mm in the fourth quadrant. Figure 3 shows these
measurements for each quadrant and patient. The mean vertical
alveolar bone gain was 4.0+£0.7 in the third quadrant and
3.1 £1.0 mm in the fourth quadrant (Figure 3).

16
14
12
10

Q) \\

[

| (49)

FIGURE 3

Height of the horizontal mandibular ramus (1 cm distal to the last implant)

3° QUADRANT (3Q)
4° QUADRANT (4Q)

[ Baseline (mm) [[7] Final (mm)

CASE 2

The height of the mandibular bone body in the edentulous section (1 cm linear from the last implant) for each quadrant and patient.

CASE 3

FIGURE 4

the mandibular body (B).

The initial x-ray (A) and three-dimensional reconstruction of the cone-beam of the mandible in the first case revealed significant bone resorption of
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FIGURE 5
A comparison of the initial and final cone-beam images in the patient reveals the extent of the growth achieved at the level of the mandibular body.
This growth has resulted in the regeneration of the inferior dental nerve canal.

At the last follow-up and due to the stimulation of vertical

TABLE 1 The evolution in the cantil extension during the different . .
stages of the fi\{lo‘l:,_lﬁp.' N fever extension during e alveolar bone growth, a neoformation of the mandibular canal

(bone height of 1-2mm above the nerve) was observed in
Cantilever extension (mm)

AL 2 patients where the inferior alveolar nerve was running
(Mean + standard deviation)

submucosally. In the third patient, a thickening of the residual

Stage 1 Stage 2 Stage 3 bone above the nerve was observed. The residual alveolar bone
Third quadrant 41£0.9 6513 112432 height was increased from 1 mm to 2.5 mm.
Fourth quadrant #2167 81226 123451 | Figures 4-11 show the cases included in the study.

FIGURE 6
A comparison of the three-dimensional reconstructions from the cone-beam imaging reveals a clear thickening of the area corresponding to the
mandibular body studied in the first case.
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FIGURE 7
The initial prosthesis was loaded immediately and had minimal cantilever. The second set of prostheses had a wider mandibular body and was placed

at the end of the follow-up at 20 years, with a full cantilever in the first case. Five implants were selected with the most distal third quadrant, with slight
displacement of the dental nerve that was submucosal.

FIGURE 8
The initial x-ray (A) and three-dimensional reconstruction of the mandible in the second case reveals the dental nerve's path through the entire

submucous mandibular body, without a protective bony roof (B).
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FIGURE 9

implants, as evidenced by the detailed image.

Three-dimensional reconstruction of the mandible with the growth achieved at the level of the mandibular body, in this case even apically on the

Discussion

Mechanical stimulation of bone is a critical environmental
factor that commonly generates tensile stress, compressive stress
and fluid shear stress (22).

The merely use of dental implants does not necessarily result in
a biomechanical load that optimize bone remodeling. The implant
distribution, the prosthesis type and the implant dimensions are
influencing factors (23-27).

Implantology, both in its surgical and prosthetic facets, is in a
state of constant evolution. Modifications are being made to the
procedures to achieve the best long-term results with the
minimum intervention (27, 28). Extreme atrophies, such as those
depicted in this study, are challenging to resolve. At that time,
there have been no extra-short or ultra-short implants available
(29-32). Vertical bone growth around dental implants has been
described in the international literature as a surgical technique
that is intentionally performed to achieve 1-2 mm of bone
apposition on the surface of an implant that has been placed
supra-crestal to all or part of the implant (33, 34). In the cases
presented in this work, no specific surgical technique was used to
increase the residual bone volume of the mandible, but vertical
bone growth has been observed.

Frontiers in Dental Medicine

The phenomenon of active and continuous bone remodeling in
the presence of physiological loads is well documented, stimulating
the proliferation of cell lines that should generate active
bone replacement. In general, stresses exceeding those typically
encountered in everyday life (between 0.1% and 0.25%) but below
the elastic limit of the bone result in bone strengthening (35-37).
The stress received at a given point in the bone is transmitted
through the osteocyte channels, resulting in the amplification of the
mechanical signal at a distance. This process activates the osteoblasts
and osteoclasts that reside on the bone surface (35, 38-41). In
implant dentistry, research is being conducted into the phenomenon
of osseointegration and the subsequent bone neoformation. Several
factors have been identified as key to the genesis of new bone
matrix, including the material and design of the implant, the
characteristics of its surface, and its anatomical location (36, 37).

When load is included as an additional factor, it is observed
that progressive loading generates a greater bone-to-implant
contact (BIC) and a greater density in the bone between the
implant threads, with statistically significant differences (42-46).
The work published by Romanos et al. on monkeys highlights
the importance of progressive loading of implants in bone
neoformation and the benefit of provisional prostheses that can
later be changed, generating a phenomenon of slow adaptation

frontiersin.org
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FIGURE 10
Formation of the new dental nerve canal in the third and fourth quadrant of patient n°2, as seen in the images at 17 years at the conclusion of the
follow up period.

(42, 43). The cases presented in this study indicate that a
progressive loading of the implants with increasing tension and
cantilever extension over time may have been a key factor in
vertical growth. Furthermore, bone growth in the mandibular
body was accompanied by regeneration of the dental nerve canal,
which did not exist before in two of the three patients. These
two facts have not been previously reported in the scientific
literature. Molecular response circuits have been described in
bone cells with plasticity like those generated in the nervous
system, which enables this “memory” to occur (44, 47).
Regarding the design of the prosthesis and its cantilever, the
progressive increase in its length has been linked to changes in
the alveolar bone. The distal cantilever generates an increase in
tension in the last implant, which can dissipate through the
mandible and towards the area posterior to the implant. This can
therefore produce an increase in the stimulation of the bone cells
included in that area. The distribution of stress within the bone

Frontiers in Dental Medicine

has been validated by finite element modeling conducted by our
research group in the context of investigating the impact of distal
cantilevers in edentulous mandibles, as demonstrated by the case
series presented here (42, 43). It is not feasible to construct the
cantilever from the outset with the final length achieved in this
instance of severe atrophy. This is because the stress received by
the bone would exceed the threshold of stimulation, leading to
bone resorption and because there is a risk of mandibular
fracture associated with the stress (48, 49). The characteristics of
the bone where the implants are placed and where a prosthesis
with
distribution of stresses within the bone and the potential effects
that can be generated in it. As stated by Chakraborty et al. (42),
the presence of a distal cantilever in the prosthesis structure is

cantilever is made are crucial in determining the

the most influential design factor on bone stresses. These stresses
vary widely, ranging from 28 to 32% depending on the density

and volume of the bone. Therefore, gradual monitored
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FIGURE 11

In the third case, the pre-existing dental canal exhibited an increase in thickness from 1 to 3 mm.

augmentation should be the recommended approach in these
situations to ensure the long-term success of the treatment and
to avoid complications due to bone stress.

In the three patients treated in this work, we have considered
fixed
discarding overdentures. This decision was based mainly on the

implant prostheses as the best therapeutic option,
long-term comfort of the patient, the age of the patients and
their life expectancy, on the maintenance of the crestal bone
around the implants, and on the working philosophy of our
study group (50-52).

This study suffers from the limited sample size and the
limitations of the retrospective design. However, it has reported
novel observations in relation to vertical bone growth in severely
atrophic mandible after being treated with implant-supported
prosthesis. It should also be noted that when the treatment with
implants was performed on these patients (between 17 and 20
years ago) the concept of dynamic loading had not been
identified or studied yet, so the loading process performed on the

Frontiers in Dental Medicine
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implants and the progressive increase of the load was also
something new at the time it was carried out. The long-term
follow-up give a strength to the observation related to a
continuous vertical bone gain. The linear measurements of
marginal bone dynamics have been performed on CBCT images,
however, the beam hardening in the vicinity of the implant
would be a source of error to the measurements as it limits the
precise identification of the marginal bone level. Furthermore,
the 3D reconstruction of CBCT images is subjected to errors and
artifacts due to the lack of reproducibility of the CT numbers
and thus the reproducibility of the 3D reconstruction of
CBCT images.

Conclusions

Implant-supported prosthesis and progressive loading have
resulted in vertical bone growth in a series of patients with
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extreme atrophy of the mandible. The long-term follow-up
indicated alveolar bone growth resulting n the thickening of the
mandibular body and the creation of the absent mandibular canal.

We should select both the patients and the professionals who
treat this type of severe atrophy, since the insertion of implants
in bones with these characteristics can generate complications
such as mandibular fractures. Therefore, we recommend a
detailed analysis of the case and the performance of the surgery

by expert surgeons to obtain the best results.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

Ethical approval was not required for the studies involving
humans because is a case report analysed anonymously. The
studies were conducted in accordance with the local legislation

and institutional requirements.

Author contributions

EA: Conceptualization, Data curation, Formal Analysis,
Methodology, Project
Validation,
Visualization, Writing - original draft, Writing - review &

Funding acquisition, Investigation,

administration, Resources, Software, Supervision,

editing. LP: Conceptualization, Data curation, Formal Analysis,

Funding acquisition, Investigation, Methodology, Project

References

1. Mays S. Resorption of mandibular alveolar bone following loss of molar teeth and
its relationship to age at death in a human skeletal population. Am | Phys Anthropol.
(2014) 153(4):643-52. doi: 10.1002/ajpa.22465

2. Bodic F, Hamel L, Lerouxel E, Baslé MF, Chappard D. Bone loss and teeth. Joint
Bone Spine. (2005) 72(3):215-21. doi: 10.1016/j.jbspin.2004.03.007

3. Carlsson GE, Persson G. Morphologic changes of the mandible after extraction
and wearing of dentures. A longitudinal, clinical, and x-ray cephalometric study
covering 5 years. Odontol Rev. (1967) 18(1):27-54.

4. Carlsson GE, Persson G. Formférandringar av underkikens alveolarutskott efter
total extraktion och protesbehandling [Morphologic changes of the mandible after
total extraction and wearing of dentures]. Sven Tandlak Tidskr. (1970) 63(3):219-32.

5. Sennerby L, Carlsson GE, Bergman B, Warfvinge J. Mandibular bone
resorption in patients treated with tissue-integrated prostheses and in complete-
denture wearers. Acta Odontol Scand. (1988) 46(3):135-40. doi: 10.3109/
00016358809004759

6. Alsaggaf A, Fenlon MR. A case control study to investigate the effects of denture
wear on residual alveolar ridge resorption in edentulous patients. J Dent. (2020)
98:103373. doi: 10.1016/j.jdent.2020.103373

7. Kovaci¢ I, Celebi¢ A, Zlatari¢ DK, Petricevi¢ N, Bukovi¢ D, Bitanga P, et al.
Decreasing of residual alveolar ridge height in complete denture wearers. A five
year follow up study. Coll Antropol. (2010) 34(3):1051-6.

8. Atwood DA, Coy WA. Clinical, cephalometric, and densitometric study of
reduction of residual ridges. ] Prosthet Dent. (1971) 26(3):280-95. doi: 10.1016/
0022-3913(71)90070-9

Frontiers in Dental Medicine

1

10.3389/fdmed.2024.1465137

Validation,
Visualization, Writing - original draft, Writing - review &

administration, Resources, Software, Supervision,
editing. MA: Conceptualization, Data curation, Formal Analysis,
Methodology, Project
Validation,

Visualization, Writing — original draft, Writing - review & editing.

Funding acquisition, Investigation,

administration, Resources, Software, Supervision,

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

EA is the scientific director of BTI Biotechnology Institute, the
company that has developed the Endoret®PRGF"technology and
comercializes BTI implant system. MHA is researchers at BTI
Biotechnology Institute I MAS D.

The remaining author declares that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

9. $irin Saribal G, Ersu N, Canger EM. Effects of conventional complete dentures
and implant-supported overdentures on alveolar ridge height and mandibular bone
structure: 2-year and 6-year follow-up study. Clin Oral Investig. (2022) 26
(9):5643-52. doi: 10.1007/s00784-022-04519-5

10. Egido Moreno S, Ayuso Montero R, Schemel Sudrez M, Roca-Umbert JV,
Izquierdo Gémez K, Lopez Lopez J. Evaluation of the quality of life and satisfaction
in patients using complete dentures versus mandibular overdentures. Systematic
review and meta-analysis. Clin Exp Dent Res. (2021) 7(2):231-41. doi: 10.1002/cre2.
347

11. Gjengedal H, Dahl L, Lavik A, Trovik TA, Berg E, Boe OE, et al. Randomized
clinical trial comparing dietary intake in patients with implant-retained
overdentures and conventionally relined denture. Int ] Prosthodont. (2012) 25
(4):340-7.

12. Alotaibi FF, Rocchietta I, Buti J, D’Aiuto F. Comparative evidence of
different surgical techniques for the management of vertical alveolar ridge
defects in terms of complications and efficacy: a systematic review and
network meta-analysis. J Clin Periodontol. (2023) 50(11):1487-519. doi: 10.1111/
jcpe.13850

13. Filipov I, Chirila L, Cristache CM. Rehabilitation of extremely atrophic
edentulous mandible in elderly patients with associated comorbidities: a case report
and proof of concept. Head Face Med. (2021) 17(1):22. doi: 10.1186/s13005-021-
00274-2

14. Al-Johany SS, Al Amri MD, Alsaeed S, Alalola B. Dental implant length and
diameter: a proposed classification scheme. ] Prosthodont. (2017) 26(3):252-60.
doi: 10.1111/jopr.12517

frontiersin.org


https://doi.org/10.1002/ajpa.22465
https://doi.org/10.1016/j.jbspin.2004.03.007
https://doi.org/10.3109/00016358809004759
https://doi.org/10.3109/00016358809004759
https://doi.org/10.1016/j.jdent.2020.103373
https://doi.org/10.1016/0022-3913(71)90070-9
https://doi.org/10.1016/0022-3913(71)90070-9
https://doi.org/10.1007/s00784-022-04519-5
https://doi.org/10.1002/cre2.347
https://doi.org/10.1002/cre2.347
https://doi.org/10.1111/jcpe.13850
https://doi.org/10.1111/jcpe.13850
https://doi.org/10.1186/s13005-021-00274-2
https://doi.org/10.1186/s13005-021-00274-2
https://doi.org/10.1111/jopr.12517
https://doi.org/10.3389/fdmed.2024.1465137
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/

Anitua et al.

15. Liang L, Wu X, Yan Q, Shi B. Are short implants (<8.5 mm) reliable in the
rehabilitation of completely edentulous patients: a systematic review and meta-
analysis. J Prosthet Dent. (2024) 131(5):826-32. doi: 10.1016/j.prosdent.2022.02.015

16. Ravida A, Serroni M, Borgnakke WS, Romandini M, Wang II, Arena C, et al.
Short (<6 mm) compared with >10-mm dental implants in different clinical
scenarios: a systematic review of randomized clinical trials with meta-analysis, trial
sequential analysis and quality of evidence grading. J Clin Periodontol. (2024) 51
(7):936-65. doi: 10.1111/jcpe.13981

17. Ravida A, Wang IC, Sammartino G, Barootchi S, Tattan M, Troiano G, et al.
Prosthetic rehabilitation of the posterior atrophic maxilla, short (<6 mm) or long
(>10 mm) dental implants? A systematic review, meta-analysis, and trial sequential
analysis: naples consensus report working group A. Implant Dent. (2019) 28
(6):590-602. doi: 10.1097/ID.0000000000000919

18. Fernandes G, Costa B, Trindade HF, Castilho RM, Fernandes J. Comparative
analysis between extra-short implants (<6 mm) and 6 mm-longer implants: a meta-
analysis of randomized controlled trial. Aust Dent J. (2022) 67(3):194-211. doi: 10.
1111/adj.12900

19. Teixeira CC, Abdullah F, Alikhani M, Alansari S, Sangsuwon C, Oliveira S, et al.
Dynamic loading stimulates mandibular condyle remodeling. | World Fed Orthod.
(2022) 11(5):146-55. doi: 10.1016/j.ejwf.2022.08.002

20. Herring SW, Liu ZJ. Loading of the temporomandibular joint: anatomical and in
vivo evidence from the bones. Cells Tissues Organs. (2001) 169(3):193-200. doi: 10.
1159/000047882

21. Anitua E, Alkhraisat MH, Pinas L, Orive G. Efficacy of biologically guided
implant site preparation to obtain adequate primary implant stability. Ann Anat.
(2015) 199:9-15. doi: 10.1016/j.aanat.2014.02.005

22. Ma C, Du T, Niu X, Fan Y. Biomechanics and mechanobiology of the bone
matrix. Bone Res. (2022) 10(1):59. doi: 10.1038/s41413-022-00223-y

23. Ahmad R, Chen J, Abu-Hassan MI, Li Q, Swain MV. Investigation of mucosa-
induced residual ridge resorption under implant-retained overdentures and complete
dentures in the mandible. Int ] Oral Maxillofac Implants. (2015) 30(3):657-66. doi: 10.
11607/jomi.3844

24. Liao X, Cao R, Zhong J, Chen C, Pan S. Influence of implant distribution on the
biomechanical behaviors of mandibular implant-retained overdentures: a three-
dimensional finite element analysis. BMC Oral Health. (2024) 24(1):405. doi: 10.
1186/512903-024-04146-4

25. Alsrouji MS, Ahmad R, Abdul Razak NH, Shuib S, Kuntjoro W, Baba NZ.
Premaxilla stress distribution and bone resorption induced by implant overdenture and
conventional denture. ] Prosthodont. (2019) 28(2):¢764-70. doi: 10.1111/jopr.12954

26. Patil PG, Seow LL, Uddanwadikar R, Ukey PD. Biomechanical behavior of
mandibular overdenture retained by two standard implants or 2 mini implants: a 3-
dimensional finite element analysis. J Prosthet Dent. (2021) 125(1):138.e1-e8.
doi: 10.1016/j.prosdent.2020.09.015

27. Bardo VA, Delben JA, Lima J, Cabral T, Assungdo WG. Comparison of different
designs of implant-retained overdentures and fixed full-arch implant-supported
prosthesis on stress distribution in edentulous mandible-a computed tomography-
based three-dimensional finite element analysis. J Biomech. (2013) 46(7):1312-20.
doi: 10.1016/j.jbiomech.2013.02.008

28. Hung BP, Hutton DL, Grayson WL. Mechanical control of tissue-engineered
bone. Stem Cell Res Ther. (2013) 4(1):10. doi: 10.1186/scrt158

29. Duncan RL, Turner CH. Mechanotransduction and the functional-response of
bone to mechanical strain. Calcif Tissue Int. (1995) 57:344-58. doi: 10.1007/
BF00302070

30. Shaw SR, Vailas AC, Grindeland RE, Zernicke RF. Effects of a 1-week spaceflight
on morphological and mechanical-properties of growing bone. Am ] Physiol. (1988)
254:R78-83. doi: 10.1152/ajpregu.1988.254.1.R78

31. Cowin SC, Weinbaum S. Strain amplification in the bone mechanosensory
system. Am ] Med Sci. (1998) 316:184-8. doi: 10.1097/00000441-199809000-00006

32. Han Y, Cowin SC, Schaffler MB, Weinbaum S. Mechanotransduction and strain
amplification in osteocyte cell processes. Proc Natl Acad Sci U S A. (2004)
101:16689-94. doi: 10.1073/pnas.0407429101

33. Robling AG, Turner CH. Mechanical signaling for bone modeling and
remodeling. Crit Rev Eukaryot Gene Expr. (2009) 19(4):319-38. doi: 10.1615/
CritRevEukarGeneExpr.v19.i4.50

Frontiers in Dental Medicine

12

10.3389/fdmed.2024.1465137

34. Hsieh YF, Turner CH. Effects of loading frequency on mechanically induced
bone formation. ] Bone Miner Res. (2001) 16:918-24. doi: 10.1359/jbmr.2001.16.5.918

35. Romanos GE, Toh CG, Siar CH, Wicht H, Yacoob H, Nentwig GH. Bone-
implant interface around titanium implants under different loading conditions: a
histomorphometrical analysis in the macaca fascicularis monkey. J Periodontol.
(2003) 74(10):1483-90. doi: 10.1902/jop.2003.74.10.1483

36. Bloebaum R, Rubman M, Hofmann A. Bone ingrowth into porous-coated tibial
components implanted with autograft bone chips. J Anthrop. (1992) 7:483-93. doi: 10.
1016/s0883-5403(06)80069-0

37. Anitua E, Larrazabal Saez de Ibarra N, Saracho Rotaeche L. Implant-Supported
prostheses in the edentulous mandible: biomechanical analysis of different implant
configurations via finite element analysis. Dent J (Basel). (2022) 11(1):4. doi: 10.
3390/dj11010004

38. Vandamme K, Naert I, Geris L, Vander Sloten J, Puers R, Duyck J. Influence of
controlled immediate loading and implant design on peri-implant bone formation.
J Clin Periodontol. (2007) 34(2):172-81. doi: 10.1111/j.1600-051X.2006.01014.x

39. Slaets E, Carmeliet G, Naert I, Duyck J. Early cellular responses in cortical bone
healing around unloaded titanium implants: an animal study. J Periodontol. (2006) 77
(6):1015-24. doi: 10.1902/jop.2006.050196

40. Podaropoulos L, Veis AA, Trisi P, Papadimitriou S, Alexandridis C, Kalyvas D.
Bone reactions around dental implants subjected to progressive static load: an
experimental study in dogs. Clin Oral Implants Res. (2016) 27(7):910-7. doi: 10.
1111/clr.12658

41. Slaets E, Naert I, Carmeliet G, Duyck J. Early cortical bone healing around
loaded titanium implants: a histological study in the rabbit. Clin Oral Implants Res.
(2009) 20(2):126-34. doi: 10.1111/j.1600-0501.2008.01623.x

42. Romanos GE, Gupta B, Eckert SE. Distal cantilevers and implant dentistry. Int
J Oral Maxillofac Implants. (2012) 27(5):1131-6.

43. Chakraborty A, Datta P, Kumar CS, Majumder S, Roychowdhury A. Probing
combinational influence of design variables on bone biomechanical response
around dental implant-supported fixed prosthesis. J Biomed Mater Res B Appl
Biomater. (2022) 110(10):2338-52. doi: 10.1002/jbm.b.35081

44. Turner CH, Robling AG, Duncan RL, Burr DB. Do bone cells behave like a
neuronal network? Calcif Tissue Int. (2002) 70(6):435-42. doi: 10.1007/s00223-001-
1024-z

45. Fernandes GVO, Ferreira NDRN, Heboyan A, Nassani LM, Pereira RMA,
Fernandes JCH. Clinical assessment of short (>6 mm and <8.5 mm) implants
in posterior sites with an average follow-up of 74 months: a retrospective
study. Int ] Oral Maxillofac Implants. (2023) 38(5):915-26. doi: 10.11607/
jomi.10197

46. Latifi F, Tabrizi R, Kordkheili MH, Shahbazi S, Fernandes GVO. The influence
of implant number on stress distribution in the anterior region of mandible
reconstructed with fibula bone graft: a finite element analysis. ] Maxillofac Oral
Surg. (2024). doi: 10.1007/s12663-024-02162-z

47. Levenston ME, Beaupré GS, Jacobs CR, Carter DR. The role of loading memory
in bone adaptation simulations. Bone. (1994) 15(2):177-86. doi: 10.1016/8756-3282
(94)90705-6

48. Pietrokovski J. The residual edentulous arches-foundation for implants and for
removable dentures; some clinical considerations. A review of the literature 1954-
2012. Refuat Hapeh Vehashinayim (1993). (2013) 30(1):14-24; 68.

49. Esquivel-Upshaw JF, Mehler A, Clark AE, Neal D, Anusavice KJ. Fracture
analysis of randomized implant-supported fixed dental prostheses. ] Dent. (2014) 42
(10):1335-42. doi: 10.1016/j.jdent.2014.07.001

50. Gallucci GO, Doughtie CB, Hwang JW, Fiorellini JP, Weber HP. Five-year
results of fixed implant-supported rehabilitations with distal cantilevers for the
edentulous mandible. Clin Oral Implants Res. (2009) 20(6):601-7. doi: 10.1111/j.
1600-0501.2008.01699.x

51. Goodacre C, Goodacre B. Fixed vs removable complete arch implant prostheses:
a literature review of prosthodontic outcomes. Eur J Oral Implantol. (2017) 10(Suppl
1):13-34.

52. Agarwal S, Ashok V, Maiti S, Agarwal V. Dentists’ preference toward fixed
versus removable implant prosthesis on edentulous jaws to improve quality of life.
J Long Term Eff Med Implants. (2022) 33(1):83-9. doi: 10.1615/
JLongTermEffMedImplants.2022038746

frontiersin.org


https://doi.org/10.1016/j.prosdent.2022.02.015
https://doi.org/10.1111/jcpe.13981
https://doi.org/10.1097/ID.0000000000000919
https://doi.org/10.1111/adj.12900
https://doi.org/10.1111/adj.12900
https://doi.org/10.1016/j.ejwf.2022.08.002
https://doi.org/10.1159/000047882
https://doi.org/10.1159/000047882
https://doi.org/10.1016/j.aanat.2014.02.005
https://doi.org/10.1038/s41413-022-00223-y
https://doi.org/10.11607/jomi.3844
https://doi.org/10.11607/jomi.3844
https://doi.org/10.1186/s12903-024-04146-4
https://doi.org/10.1186/s12903-024-04146-4
https://doi.org/10.1111/jopr.12954
https://doi.org/10.1016/j.prosdent.2020.09.015
https://doi.org/10.1016/j.jbiomech.2013.02.008
https://doi.org/10.1186/scrt158
https://doi.org/10.1007/BF00302070
https://doi.org/10.1007/BF00302070
https://doi.org/10.1152/ajpregu.1988.254.1.R78
https://doi.org/10.1097/00000441-199809000-00006
https://doi.org/10.1073/pnas.0407429101
https://doi.org/10.1615/CritRevEukarGeneExpr.v19.i4.50
https://doi.org/10.1615/CritRevEukarGeneExpr.v19.i4.50
https://doi.org/10.1359/jbmr.2001.16.5.918
https://doi.org/10.1902/jop.2003.74.10.1483
https://doi.org/10.1016/s0883-5403(06)80069-0
https://doi.org/10.1016/s0883-5403(06)80069-0
https://doi.org/10.3390/dj11010004
https://doi.org/10.3390/dj11010004
https://doi.org/10.1111/j.1600-051X.2006.01014.x
https://doi.org/10.1902/jop.2006.050196
https://doi.org/10.1111/clr.12658
https://doi.org/10.1111/clr.12658
https://doi.org/10.1111/j.1600-0501.2008.01623.x
https://doi.org/10.1002/jbm.b.35081
https://doi.org/10.1007/s00223-001-1024-z
https://doi.org/10.1007/s00223-001-1024-z
https://doi.org/10.11607/jomi.10197
https://doi.org/10.11607/jomi.10197
https://doi.org/10.1007/s12663-024-02162-z
https://doi.org/10.1016/8756-3282(94)90705-6
https://doi.org/10.1016/8756-3282(94)90705-6
https://doi.org/10.1016/j.jdent.2014.07.001
https://doi.org/10.1111/j.1600-0501.2008.01699.x
https://doi.org/10.1111/j.1600-0501.2008.01699.x
https://doi.org/10.1615/JLongTermEffMedImplants.2022038746
https://doi.org/10.1615/JLongTermEffMedImplants.2022038746
https://doi.org/10.3389/fdmed.2024.1465137
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/

	Implant-supported prosthesis under progressive loading protocol stimulates alveolar bone growth in patients with severe alveolar bone atrophy. Retrospective case series
	Introduction
	Material and methods
	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


