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Abstract
Purpose: The present study aimed to evaluate, in a preclinical setting, the biome-
chanical behavior and mechanical performance of a newly developed dental implant
nut system designed to address primary stability challenges in the severely resorbed
posterior maxilla.
Materials and Methods: The evaluation consisted of two complementary stages: an
in vitro mechanical experiment and a finite element analysis (FEA). In the experimen-
tal phase, polyurethane jaw models simulating a severely atrophic posterior maxilla
with approximately 1 mm residual bone height were used. Four groups were prepared:
single implant without nut, single implant with nut, double implant without nut, and
double implant with nut (n = 10 per group). Primary stability was measured using res-
onance frequency analysis (RFA) with an Osstell device. In the computational phase,
three-dimensional finite element models were constructed from cone-beam computed
tomography (CBCT) data of the same configuration to evaluate detachment forces and
stress distribution within the bone–implant complex under vertical loading.
Results: In single-implant models, mean implant stability quotient (ISQ) values
increased from 10.91 ± 7.35 to 18.27 ± 7.11 after nut application. In double-implant
models, ISQ values increased from 11.13 ± 4.14 to 19.24 ± 4.24 (p < 0.05). FEA
results revealed that the detachment force increased from 16.5 to 20.33 N in single-
implant models and from 15 to 22.3 N in double-implant models. Compressive stresses
on the bone were lower in nut-supported configurations, indicating a more favorable
load distribution.
Conclusion: The nut system was associated with increased implant primary stability
and a more favorable stress distribution under the conditions of this preclinical study.
These findings should be interpreted as preliminary biomechanical evidence, as no in
vivo or clinical validation was performed. Therefore, this design may be considered a
mechanical stabilization concept that warrants further investigation through in vivo and
clinical studies.
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With increasing life expectancy, the need for functional and
aesthetic rehabilitation of missing teeth has been steadily
rising. Accordingly, owing to their high biocompatibility, reli-
able osseointegration, and long-term success rates, dental
implants are currently regarded as the most reliable and “gold
standard” approach in oral rehabilitation.1, 2 The primary sta-
bility of a dental implant plays a crucial role in the success
of osseointegration. This mechanical stability, achieved at
the time of placement, is primarily influenced by local bone
quality and quantity, implant design, and the surgical place-
ment technique.3, 4 Misch classified bone according to its
density and trabecular characteristics, defining D3 bone as
thin cortical with trabecular structure and D4 bone as weak
cortical with loose trabecular pattern. Since the posterior
maxilla predominantly exhibits D4-type bone characteristics,
achieving primary stability in this region is more challeng-
ing compared to other areas.5 Furthermore, following tooth
extraction, the alveolar bone undergoes progressive resorp-
tive changes, resulting in a noticeable reduction in bone
volume—most prominently in the posterior maxilla, where
both residual ridge resorption and sinus pneumatization occur
concurrently.6 This region, characterized by the lowest resid-
ual bone height, presents significant surgical challenges for
implant-supported rehabilitation.7

Over time, several bone augmentation techniques have
been developed to address this issue. Among these, sinus lift-
ing procedures—where autogenous bone grafts are combined
with various types of allografts and biomaterials—represent
one of the most commonly used approaches.8 Grafting
techniques based on the elevation of the maxillary sinus
floor are still considered among the most predictable and
cost-effective methods for overcoming these anatomical
limitations.9 Depending on the residual bone height and
the level of primary stability that can be achieved, implant
placement may be performed simultaneously with sinus
surgery in a single-stage approach or, after a certain healing
period, through a delayed two-stage protocol. If the remain-
ing alveolar bone height allows for sufficient primary implant
stability, dental implants can be placed simultaneously with
the augmentation procedure; however, when adequate stabil-
ity cannot be achieved, implant placement may be delayed
and performed at a later stage.10

Various methods have been used to evaluate implant sta-
bility. The resonance frequency analysis (RFA) technique,
originally described in 1996, measures the stiffness of the
implant–bone interface in a noninvasive manner, and the
resulting implant stability quotient (ISQ) values are expressed
on a scale from 1 to 100.11 However, in vivo measure-
ments can be influenced by variations in bone density, cortical
thickness, and anatomy. Therefore, polyurethane models that
mimic the mechanical properties of natural bone are widely
used as reliable, standardized, and reproducible materials for
biomechanical testing.12 Mechanical tests on polyurethane
models and RFA measurements provide reliable and repro-
ducible data for evaluating implant stability. However, these
methods primarily assess macroscopic stability and do not
allow detailed analysis of the biomechanical contact, stress

distribution, or load transfer at the implant–bone interface.
Therefore, the finite element stress analysis (FEA) method is
employed as a noninvasive complementary tool to analyze the
mechanical behavior, stress, and strain distributions of differ-
ent geometries, including the implant and surrounding bone,
under physiological conditions.13, 14 In the severely atrophic
posterior maxilla, various techniques have been developed by
different researchers to enable simultaneous implant place-
ment with the sinus lift procedure.2, 15–17 Although each
technique has its own advantages and disadvantages, most
approaches entail limitations such as surgical complexity and
additional cost.

In the present study, to explore a potential approach to this
clinical challenge, the biomechanical behavior and primary
stability of a newly developed dental implant nut system were
evaluated in a preclinical setting using mechanical testing on
polyurethane jaw models and finite element analysis (FEA).

MATERIALS AND METHODS

The present study was approved by the Dean’s Office of
the Faculty of Dentistry, Erciyes University (Decision No:
607430, dated February 20 2024). It was conducted collab-
oratively at two research centers to ensure methodological
rigor and reproducibility. The polyurethane model exper-
iments were performed at the Department of Oral and
Maxillofacial Surgery, Faculty of Dentistry, Erciyes Univer-
sity (Kayseri, Türkiye), while the FEAs were carried out
at the Department of Mechanical Engineering, Faculty of
Engineering, Abdullah Gül University (Kayseri, Türkiye).

Design of the implant and nut system

The nut system used in this study was manufactured from the
same raw material as the implant, namely, Grade 4 titanium.
The threads of the nut were designed to be fully compati-
ble with those of the implant, and the production was carried
out accordingly. The lower portion of the nut contained four
anchoring tines designed to enhance bone engagement and
mechanical locking. These tines were sharply pointed and
configured to penetrate the bone when rotated clockwise.

To prevent accidental displacement of the system into the
maxillary sinus during application, a 0.8-mm diameter safety
hole was created on the nut. During the surgical procedure,
a wire or suture thread could be passed through this hole
to prevent the device from accidentally falling into the sinus
cavity. The basal surface of the nut, which comes into contact
with the sinus floor, was designed with narrowed buccopalatal
sides to ensure better adaptation to narrow sinus floor con-
figurations. Additionally, a knurled surface was added to the
upper portion of the nut to improve grip and control of hand
instruments during transport and placement. At the interface
between the implant and the nut, a chamfered seating surface
was incorporated to allow the implant to fit smoothly into the
nut housing and to ensure precise thread engagement. This
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IMPLANT NUT SYSTEM TO ENHANCE PRIMARY STABILITY 3

F I G U R E 1 General view of the custom-designed implant nut system
used in this study: (a) top view of the dental nut, (b) bottom view of the
dental nut, and (c) assembled view of the implant and nut system.

design provides stable implant positioning within the nut and
maintains the overall mechanical integrity of the connection
(Figure 1).

Polyurethane model design and experimental
grouping

The average bone density in the posterior maxilla is approx-
imately 0.31 g/cm3.18 Accordingly, in the present study,
polyurethane models (Selbone) with a density of 20 pcf
(pound per cubic foot) and an approximate residual bone
height of 1 mm were used. These models were designed to
simulate severely atrophic maxillary conditions and to repre-
sent single-tooth edentulous sites (region #16) and two-tooth
edentulous sites (regions #26–27).

A total of four experimental groups were created, each con-
sisting of 10 models. Group 1: single implant, Group 2: single
implant with nut, Group 3: two implants, and Group 4: two
implants with nuts. In Groups 3 and 4, each implant site was
defined separately for clarity and consistency. In this nam-
ing system, the letter “A” represents the implant in region
#26, while the letter “B” represents the implant in region
#27. The experimental groups and subgroup definitions are
summarized in Table 1.

Implant placement and measurement protocol

In Groups 1 and 3, 10 and 20 implants, respectively, were
placed. In both groups, titanium implants measuring 4.1 mm
in diameter and 10 mm in length (Bilimplant; Proimtech Inc.)
were inserted following the manufacturer’s standard drilling
protocol (Figure 2a).

In Groups 2 and 4, 10 and 20 implants, along with an equal
number of nut components, were used. In these groups, a lat-
eral sinus window was first prepared on the models. After

TA B L E 1 Experimental groups and configurations.

Group Region(s) Model type Nut system Notation

Group 1 #16 Single-tooth
edentulous model

Absent –

Group 2 #16 Single-tooth
edentulous model

Present –

Group 3A #26 Two-tooth edentulous
model

Absent A = #26

Group 3B #27 Two-tooth edentulous
model

Absent B = #27

Group 4A #26 Two-tooth edentulous
model

Present A = #26

Group 4B #27 Two-tooth edentulous
model

Present B = #27

Note: Groups 1 and 2 represent single-tooth edentulous models, whereas Groups 3 and
4 represent two-tooth edentulous models.

completing the standard drilling sequence, the nut component
was guided through the sinus window using a needle holder
(porte-aiguille) and mechanically locked onto the sinus floor
via its claw-like extensions. Subsequently, the implants were
inserted into their osteotomy sites and securely engaged with
the nut system (Figure 2b,c).

After implant placement, RFA was performed using the
Osstell ISQ device (Osstell AB) with a SmartPeg Type 32.
Measurements were taken perpendicular to the implant axis
from the buccal, palatal, mesial, and distal surfaces, and
each was repeated three times to calculate the mean ISQ
value for each implant (Figure 3a,b). Finally, Groups 1–2
and 3–4 were compared to evaluate the effect of the nut
system on implant primary stability, based on ISQ values
obtained.

Statistical analysis

The sample size was determined based on the RFA data
reported by Mello et al.19 for dual-cone implants in the
buccolingual (BL) and mesiodistal (MD) orientations. Using
G*Power 3.1 software (Heinrich Heine University), a power
analysis was performed considering an effect size (d =
3.925), a significance level (α = 0.05), and a statistical
power (1−β = 0.95), indicating that at least four samples
per group were required. To enhance statistical reliability, 10
polyurethane models were included in each group. Accord-
ingly, 10 implants were placed in each of Groups 1 and 2,
and 20 implants were placed in each of Groups 3 and 4.

Statistical analyses were performed using IBM SPSS
Statistics 26.0 software (IBM Corp.). Data distribution was
assessed using skewness and kurtosis values, and since all
variables were within the range of −2 to +2, the data
were assumed to follow a normal distribution. Comparisons
between independent groups were conducted using the inde-
pendent samples t-test, and statistical significance was set at
p < 0.05.
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4 ŞAHIN ET AL.

F I G U R E 2 Implant and nut system placement configurations: (a) Single-implant placement without the nut system. (b) Single-implant placement with
the nut system locked to the sinus floor. (c) Dual-implant configuration with the nut system applied to both implants.

F I G U R E 3 Resonance frequency analysis (RFA) measurement setup
in single-implant models: (a) RFA measurement performed on a nut-free
implant using the Osstell ISQ device and SmartPeg Type 32. (b) RFA
measurement performed on a nut-assisted implant after mechanical locking
of the nut system. ISQ, implant stability quotient.

Finite element analysis

Modeling

Three-dimensional (3D) models of a severely atrophic poste-
rior maxilla (1 mm residual bone height) were created from
Digital Imaging and Communications in Medicine (DICOM)
data obtained from the polyurethane models using Materi-
alise Mimics v24.0 (Materialise NV). The bone, implant,
healing abutment, and nut system geometries were refined
in Autodesk Fusion 360 (Autodesk Inc.) and assembled in
SolidWorks 2021 (Dassault Systèmes) to replicate the clinical
anatomy.

Four models were generated to represent different clinical
scenarios:

Model 1 (M1) represented a single-tooth edentulous site
with an implant placed without a nut.

Model 2 (M2) represented a single-tooth edentulous site
with an implant placed using a nut.

Model 3 (M3) represented a two-tooth edentulous site with
two implants placed without nuts.

Model 4 (M4) represented a two-tooth edentulous site with
two implants placed using nuts.

Assembly and material properties

All models were imported into ANSYS Workbench 2022
R2 (ANSYS Inc.) in STEP format. Surface repairs were
performed in SpaceClaim (ANSYS Inc.), and watertight
geometries were prepared for meshing (Figure 4a).

All materials were assumed linear, homogeneous, and
isotropic. The elastic modulus (E) and Poisson’s ratio (ν)
were assigned as follows: Titanium Grade 4 (implants, nut,
healing abutment): E = 110 GPa and ν = 0.34; cortical bone
equivalent for the atrophic maxilla: E = 1.37 GPa and ν =
0.30. Trabecular bone was not modeled separately; instead,
a cortical bone equivalent was used to simulate advanced
atrophic conditions.

Interface conditions

The contact definitions were established as follows: implant–
bone, nut–bone, and implant–nut interfaces were defined
as frictional contacts with a coefficient of friction (μ) of
0.30; the healing abutment–implant interface was modeled as
bonded with no relative motion. Contact regions were auto-
matically generated and manually refined where necessary
(Figure 4b,c).
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IMPLANT NUT SYSTEM TO ENHANCE PRIMARY STABILITY 5

F I G U R E 4 Finite element model preparation and loading scheme. (a) Finite element mesh view of the nut-assisted single-implant model (M2). (b)
Frictional contact interface between the implant and the surrounding bone (implant–bone contact). (c) Frictional contact interface between the nut component
and the surrounding bone (nut–bone contact). Other frictional contacts, such as the implant–nut interface, were defined similarly but are not shown for clarity.
(d) Application of vertical occlusal loading in the finite element model.

Loading and boundary conditions

The lower and lateral surfaces of the maxillary segment were
fully constrained in all directions. A vertical occlusal load
was applied to the upper surface of the healing abutment,
increasing linearly from 0 to 40 N over 60 s (Figure 4d).
A sub-step control method (initial: 60, minimum: 40, max-
imum: 100) was applied to ensure numerical stability and
convergence.

Analysis and evaluation

All models were tested under identical loading conditions
to determine the force (N) and time (s) at which implants
detached from the simulated bone. These values were used to
quantitatively assess the additional primary stability provided
by the nut system. To enable direct comparison between
nut-assisted and nut-free models under equivalent mechan-
ical conditions, the detachment force values measured in
the nut-free models were applied to the nut-assisted models.
This approach allowed evaluation of stress distributions and
principal stress patterns within the cortical bone and demon-
strated the influence of the nut system on load transfer and
stress concentration. Identical boundary and loading condi-
tions were maintained across all models to ensure consistent
and reliable comparisons.

RESULTS

Mechanical test results on polyurethane models

The mean ISQ value in Group 2 was significantly higher
than that in Group 1 (18.27 ± 7.11 vs. 10.91 ± 7.35; p
= 0.027). Region-specific analysis revealed statistically sig-
nificant differences at the buccal and palatal surfaces (p =
0.037 and 0.021, respectively), while the mesial and dis-
tal surfaces showed near-significant increases (p = 0.063
and 0.057, respectively). Overall, the use of the nut system
consistently enhanced implant stability in all measurement
directions, indicating a clear improvement in primary stabil-
ity within single-tooth edentulous models. The comparative
ISQ values for Groups 1 and 2 are summarized in Table 2.

The mean ISQ value in Group 4 was significantly higher
than in Group 3 (19.24 ± 4.24 vs. 11.13 ± 4.14; p <

0.001). Region-specific analysis showed statistically sig-
nificant differences in all measurement directions—buccal,
palatal, mesial, and distal (p < 0.001). The comparative ISQ
values for Groups 3 and 4 are presented in Table 3.

FEA Results

In M1, the nut-free implant detached from the simulated
bone at 24.5 s under 16.5 N, whereas in M2, the nut-assisted
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6 ŞAHIN ET AL.

TA B L E 2 Comparison of implant stability quotient (ISQ) values between nut-assisted and conventional implant placements.

Variables Buccal Palatal Mesial Distal Mean ISQ

Group 1 11.64 ± 8.00 10.45 ± 8.23 11.27 ± 7.67 10.27 ± 8.22 10.91 ± 7.35

Group 2 19.45 ± 8.39 19.18 ± 8.17 17.36 ± 6.83 17.09 ± 7.60 18.27 ± 7.11

t −2.236 −2.496 −1.967 −2.020 −2.388

p 0.037* 0.021* 0.063 0.057 0.027*

Note: Values are presented as mean ± standard deviation. Group 1 represents implants placed without the nut system, while Group 2 represents implants placed with the nut system.
Comparisons were performed using independent samples t-tests. The t values represent the test statistics. Negative t values indicate higher means in the nut-assisted group.
*p < 0.05 was considered statistically significant.

TA B L E 3 Comparison of implant stability quotient (ISQ) values between nut-assisted and conventional implant placements in two-tooth edentulous
models.

Variables Buccal Palatal Mesial Distal Mean ISQ

Group 3 12.95 ± 4.48 8.80 ± 5.63 10.80 ± 5.17 11.95 ± 5.52 11.13 ± 4.14

Group 4 20.15 ± 7.18 17.55 ± 6.13 19.25 ± 3.24 20.00 ± 3.73 19.24 ± 4.24

t −3.832 −6.064 −6.722 −5.595 −6.883

p 0.000* 0.000* 0.000* 0.000* 0.000*

Note: Values are presented as mean ± standard deviation. Group 3 represents implants placed without the nut system, while Group 4 represents implants placed with the nut system.
Comparisons were performed using independent samples t-tests (equal variances assumed). Negative t values indicate higher means in the nut-assisted group.
*p < 0.05 was considered statistically significant.

F I G U R E 5 Finite element analysis showing the detachment points under vertical loading: (a) nut-free implant (M1)—16.5 N at 24.5 s; (b) nut-assisted
implant (M2)—20.33 N at 30.5 s.

implant detached at 30.5 s under 20.33 N (Figure 5a,b). In
M3, the implants detached at 20 s under a load of 15 N,
whereas in M4, detachment occurred at 33.5 s under a load of
22.3 N. Accordingly, the reference load was set to 16.5 N for
Models 1 and 2 and 15 N for Models 3 and 4, and these val-
ues were used in subsequent stress analyses. Based on these
reference values, the maximum compressive stress (minimum
principal stress) in M1 was measured as 117.53 MPa, whereas
under the same loading conditions, M2 exhibited a slightly
lower value of 112.10 MPa, indicating a more balanced trans-
fer of stress to the surrounding bone tissue (Figure 6a,b). In
M3, the maximum compressive stress was 141.64 MPa, while
in M4, this value decreased to 107.47 MPa, demonstrating

a significant reduction in stress concentration (Figure 6c,d).
These findings suggest that the nut system effectively reduced
maximum compressive stress in the bone, promoting a more
homogeneous and physiologically favorable distribution of
the applied load.

When the maximum von Mises stress values generated
on the implants were compared, M1 exhibited a maximum
stress of 97.301 MPa, while M2 showed a slightly lower
value of 96.131 MPa (Figure 7a,b). In the dual-implant
configuration, M3 showed a maximum implant stress of
120.34 MPa, whereas M4 demonstrated a substantially lower
value of 86.737 MPa, indicating a significant reduction in
stress concentration (Figure 7c,d).
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IMPLANT NUT SYSTEM TO ENHANCE PRIMARY STABILITY 7

F I G U R E 6 Finite element analysis showing the maximum compressive stress (minimum principal stress) distribution under vertical loading: (a) Under
a 16.5 N load, the maximum compressive stress in the bone at the detachment point of the nut-free implant in region #16 was 117.53 MPa (M1). (b) Under the
same 16.5 N load, the maximum compressive stress in the bone in region #16 was 112.10 MPa (M2). (c) Under a 15 N load, the maximum compressive stress
in the bone at the detachment point of the nut-free implants in regions #26 and #27 was 141.64 MPa (M3). (d) Under a 15 N load, the maximum compressive
stress in the bone around the nut-assisted implants placed in regions #26 and #27 was 107.47 MPa (M4).

DISCUSSION

Two-stage protocols may increase patient morbidity and over-
all treatment costs due to prolonged treatment duration and
the need for multiple surgical interventions. Accordingly,
when sufficient primary stability can be achieved, simultane-
ous sinus augmentation with implant placement is considered
a more efficient and clinically advantageous approach.15 In
addition, short implants have been proposed as an alternative
treatment option for the atrophic posterior maxilla.20, 21 How-
ever, in cases with extremely limited residual bone height, the
ability of short implants to achieve sufficient primary stability
may be limited, thereby supporting the rationale for exploring
alternative stabilization strategies.

In this context, the study focuses on severely atrophic
posterior maxilla conditions in which achieving adequate pri-
mary stability with conventional implant placement may not
be feasible. Therefore, the proposed system is not intended as
an alternative to short implants, but rather as a potential stabi-
lization strategy beyond their indication limits. Accordingly,
a direct comparison was not performed.

From a clinical standpoint, the selection and success of
implant treatment modalities in the atrophic posterior max-
illa are fundamentally dependent on the ability to achieve

adequate primary stability at the time of implant placement.
When sufficient primary stability can be predictably obtained,
conventional approaches—such as implant placement with
or without sinus augmentation—remain reliable and widely
accepted treatment options.

In contrast, when primary stability cannot be reli-
ably achieved due to insufficient bone volume or quality,
alternative treatment modalities—including transnasal, zygo-
matic, or pterygoid implants—may be considered. These
approaches are generally reserved for advanced clinical sce-
narios, such as severe partial or total maxillary atrophy,
failure of previous grafting or implant therapies, or situations
in which conventional augmentation procedures are not feasi-
ble or not preferred by the patient (e.g., avoidance of grafting
procedures).22 Despite their potential advantages, including
the possibility of graftless rehabilitation and reduced treat-
ment time, these techniques are inherently complex and
technique-sensitive. The success of such approaches is highly
dependent on surgical expertise, and they are associated with
a higher risk of intraoperative and postoperative complica-
tions. Therefore, their use should be limited to carefully
selected cases and performed by clinicians with advanced
anatomical knowledge and extensive surgical experience to
ensure safe and predictable outcomes.22–24
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8 ŞAHIN ET AL.

F I G U R E 7 Finite element analysis showing the maximum von Mises stress distribution on the implants under vertical loading: (a) At the detachment
point of the nut-free implant in region #16, the maximum von Mises stress observed on the implant was 97.301 MPa. (b) Under a 16.5 N vertical load, the
maximum von Mises stress observed on the nut-assisted implant in region #16 was 96.131 MPa. (c) At the detachment point of the nut-free implants in
regions #26 and #27, the maximum von Mises stress observed on the implants was 120.34 MPa. (d) Under a 15 N vertical load, the maximum von Mises
stress observed on the nut-assisted implants in regions #26 and #27 was 86.737 MPa.

The implant nut system was developed as a biomechanical
concept to address situations in which implant placement and
stabilization are challenging with conventional approaches.
Importantly, bone height alone is not a reliable predictor
of implant stability. Therefore, rather than being defined
by a fixed residual bone height threshold, the system is
intended for cases in which adequate primary stability cannot
be achieved with conventional implant placement, particu-
larly in the posterior maxilla, where stability-compromised
conditions are commonly associated with severely reduced
residual bone height (e.g., <3 mm). The system was evaluated
under controlled conditions using a preclinical model and
3D FEA to characterize its biomechanical behavior. There-
fore, the findings should be interpreted not as direct evidence
of clinical applicability, but as preliminary biomechanical
data. A stability-driven clinical decision-making workflow
summarizing these considerations is presented in Figure 8.

The experimental setup used in this study was designed
to simulate the fundamental mechanical conditions of lat-
eral sinus augmentation. In this model, the nut compo-
nent was introduced into a sinus-like cavity via a lateral
access pathway and positioned against a surface repre-
senting the sinus floor, allowing its behavior to be eval-
uated as an intra-sinus anchorage element. In addition,
the knurled surface on the upper portion of the nut was
designed to facilitate controlled manipulation with surgi-
cal instruments during placement and positioning. During
implant insertion, stable and precise mechanical interlocking
was achieved through thread compatibility and the cham-

fered seating interface between the implant and the nut,
thereby enhancing retention against the simulated sinus
floor.

Within this framework, several stabilization approaches
have been described in the literature to address insuffi-
cient primary stability in the severely atrophic posterior
maxilla. Grandi et al.25 introduced the Sinus Implant Stabi-
lization (SIS) plate to shorten treatment time and enhance
primary stability by simultaneously performing sinus lift-
ing and implant placement. Their findings suggested that
implants with insufficient primary stability in the posterior
maxilla could be rigidly stabilized at the crestal level. How-
ever, the applicability of this technique appears to be limited
in cases involving second molar placement and horizontal
ridge augmentation.

The implant stabilizer described by Dabija et al.26 requires
at least 3–4 mm of cortical support due to its limited struc-
tural rigidity. In addition, the supra-crestal positioning of the
system has been associated with increased flap tension and
a higher risk of wound dehiscence. Similarly, the “butterfly”
titanium mesh system described by Filipov et al.15 has been
reported to pose surgical adaptation difficulties and potential
soft-tissue complications.

The resorbable nut system described by Uçkan et al.16

aimed to enhance stability in cases with low bone height;
however, its clinical effectiveness remains uncertain due to
the limited number of cases and the lack of long-term follow-
up data. Likewise, the cortical satellite system described
by Engelke et al.17 failed to provide sufficient stability in
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IMPLANT NUT SYSTEM TO ENHANCE PRIMARY STABILITY 9

F I G U R E 8 Conceptual clinical workflow for implant placement in the atrophic posterior maxilla. Note: The implant nut system is presented as an
experimental, preclinical stabilization concept and is included for conceptual illustration only. It does not represent a clinically validated treatment option.

regions with cortical bone thickness below 2 mm, as defor-
mation of the microplate under load limited its effectiveness
to temporary stabilization.

In addition, graft-based approaches such as the Fit Lock
technique reported by Vittorini-Velasquez et al.27 and bicor-
tical stabilization using autogenous bone blocks described by
Salehi et al.28 have demonstrated improved primary stabil-
ity; however, these methods are associated with increased
surgical invasiveness, prolonged operative time, donor site
morbidity, and potential complications such as graft fracture.

In contrast to these approaches, the implant nut system
evaluated in the present study represents a mechanical sta-
bilization concept based on anchorage to the cortical bone of
the sinus floor. The system is designed to provide retention-
based stabilization through thread compatibility between the
implant and the nut, as well as claw-like extensions intended
to establish contact with the sinus floor.

The feasibility of this concept is supported by findings
from experimental evaluations conducted on polyurethane
models simulating a severely atrophic posterior maxilla with
approximately 1 mm of cortical bone. Within this experimen-
tal model, the system was associated with a 67.5% increase in
primary stability in the single-nut configuration and a 72.8%
increase in the double-nut configuration.

From a mechanical perspective, the positioning of the
nut component within the cortical bone may enhance sta-
bility under simulated conditions. However, the extent to
which this may reduce the need for additional fixation in
clinical settings remains uncertain and requires further inves-
tigation. The potential clinical applicability of the system
remains hypothetical and may be influenced by several sur-
gical variables, including controlled manipulation within the
sinus cavity, accurate positioning, and the ability to repo-
sition the component safely when necessary. In addition,
factors such as membrane integrity, surgical accessibility,
sinus anatomy, and operator experience may further affect its
clinical performance.

Although the technique is compatible with conventional
sinus lift workflows, it involves intra-sinus placement of an
additional component, requiring precise handling and posi-
tioning. In particular, maintaining control of the component
and ensuring proper interaction with the implant may require
technical sensitivity. However, the design features, includ-
ing a safety hole for suture-assisted control and a knurled
surface facilitating instrument handling, may support intra-
operative manipulation. Therefore, careful surgical technique
and operator experience are likely to be important factors in
the potential clinical use of this approach.
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10 ŞAHIN ET AL.

Potential intraoperative risks, such as unintended displace-
ment of the component into the sinus cavity or challenges
related to positioning and retrieval, should be acknowledged.
However, the system’s design characteristics, including
features that facilitate controlled manipulation, may help mit-
igate these risks. In the present study, the knurled surface
enabled controlled handling with surgical instruments dur-
ing polyurethane-based experimental testing. Nevertheless,
although these findings were favorable under experimental
conditions, they should not be directly generalized to clinical
scenarios without further in vivo and clinical validation.

Despite the absence of in vivo validation, the present find-
ings contribute to understanding the mechanical behavior
of the system. The observed increase in primary stability
and more favorable stress distribution may be considered
biomechanically relevant parameters associated with implant
stability. In this respect, the current results provide preclin-
ical data that may serve as a basis for future in vivo and
prospective clinical studies.

To support the mechanical validity of this preclinical
framework, polyurethane study models are widely used as
synthetic bone substitutes in biomechanical testing, particu-
larly for the analysis of dental implant stability. According to
the ASTM F1839-08 (1997) standard issued by the Ameri-
can Society for Testing and Materials (ASTM), these models
exhibit mechanical and physical properties similar to natu-
ral bone tissue due to their homogeneous structure and high
mechanical stability, allowing for noninvasive, reliable, and
reproducible evaluation of implant stability and bone–implant
interactions.12, 18

In the model study conducted by Comuzzi et al.2, implants
placed in 1-mm-thick polyurethane blocks with densities of
20 and 30 pcf exhibited mean ISQ values of 19.2–20.4.
In the present study, the mean ISQ values were 10.91 and
11.13 in Groups 1 and 3, and 18.27 and 19.24 in Groups 2
and 4, respectively. These findings indicate that the nut sys-
tem significantly enhanced primary stability. However, the
lower RFA values observed compared with those reported by
Comuzzi et al. may be attributed to differences in the drilling
protocol. While Comuzzi et al. used a 3.2 mm final drill for
4.4 mm-diameter implants, a 3.7 mm final drill for 4.1 mm
implants was employed in the present study to evaluate the
effect of the nut system better. This may have increased
the osteotomy gap, thereby resulting in relatively lower ISQ
measurements.

3D-FEA is commonly used in dental research, providing
a useful tool for simulating complex anatomical structures
and evaluating their mechanical behavior.29, 30 In FEA, stress
distribution is highly dependent on the mechanical proper-
ties assigned to the modeled materials. However, due to the
absence of universally accepted standards for the elastic mod-
ulus and Poisson’s ratio of cortical and trabecular bone, these
tissues are commonly simplified as homogeneous, isotropic,
and linearly elastic to facilitate numerical analysis. All mod-
els in the present study were constructed based on these
assumptions.31–35 These assumptions were adopted in accor-
dance with commonly used approaches in previous studies

to facilitate computational modeling. However, they should
be considered a limitation, as they do not fully reflect the
complex, heterogeneous, and anisotropic nature of human
bone.

Anatomically accurate models were used to enhance the
reliability of the finite element simulations.36 Although a
mesh density of 30,000–200,000 elements is generally con-
sidered adequate, 266,285 elements and 158,894 nodes were
used in the present study to improve solution accuracy.
Nonlinear analysis was performed to account for contact sep-
aration and frictional interactions between the implant, nut,
and bone, with a friction coefficient of 0.3.37–39 Incremen-
tal loading was applied to determine the critical detachment
force and to evaluate the contribution of the nut system to
primary stability.

In the interpretation of the FEA results, equivalent stress
(von Mises stress) was used as the primary evaluation crite-
rion for ductile materials, such as metallic implants, whereas
principal stresses were considered for brittle materials, such
as bone.33, 40 Pmax represents the maximum tensile stress,
while Pmin denotes the maximum compressive stress. When
the absolute values of the principal stresses are compared, the
dominant stress state is determined by the higher-magnitude
principal stress.33 In the present study, compressive stresses
in the bone exhibited higher absolute values; therefore, the
analyses were primarily interpreted based on compressive
stress distribution.

Yang et al.41 evaluated winged short implants in a severely
atrophic maxilla with 1 mm of bone height using FEA and
reported that the planar design was associated with lower
stress values. However, the requirement for customized fabri-
cation of these implants may limit their cost-effectiveness and
clinical applicability. In a comparable simulation context, the
present study demonstrated that the use of the nut system was
associated with increased stability and more homogeneous
stress distribution under the simulated conditions. In addition,
the system’s compatibility with standard implant diameters
may enable more accessible manufacturing processes, poten-
tially translating into a cost advantage over custom-designed
systems.

In a study by Yan et al. using FEA, it was reported
that when the residual alveolar bone height decreased below
4 mm, stress and displacement values nearly doubled, poten-
tially increasing the risk of implant failure.42 In the present
study, a more severely atrophic condition was investigated
by simulating a scenario with a residual bone height of
approximately 1 mm.

In the present study, the maximum compressive stress
around the implant neck was 117.53 MPa in Model 1,
112.1 MPa in Model 2, 141.64 MPa in Model 3, and
107.47 MPa in Model 4. These findings suggest that the
application of the nut system was associated with an approx-
imately 5% reduction in stress in single-implant models and
a 24% reduction in double-implant models. The more pro-
nounced reduction observed in double-implant configurations
may be related to the broader contact surface formed between
the two nuts and the bone, potentially allowing improved
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IMPLANT NUT SYSTEM TO ENHANCE PRIMARY STABILITY 11

adaptation to the sinus floor morphology. This increased
contact area may also have contributed to a higher force
required for implant detachment, with increases of 48% in
double-implant models and 23% in single-implant models.

Accordingly, while the nut system was associated with
increased stability in both configurations, this effect appeared
more pronounced in the double-nut design, where bone–nut
contact was greater and more evenly distributed. These find-
ings are consistent with results from polyurethane model
experiments and, when considered together, indicate a con-
sistent trend in the stabilizing effect of the nut system under
the experimental and simulated conditions. From a biome-
chanical perspective, the proposed system may be associated
with improved mechanical stability and a more homogeneous
stress distribution at the implant–bone interface under simu-
lated conditions. However, these assessments are based solely
on numerical modeling and experimental conditions; there-
fore, their interpretation in a clinical context remains limited
in the absence of biological validation.

It is well established that excessive micromotion and
high interfacial strain may impair osseointegration and lead
to fibrous tissue formation when critical thresholds are
exceeded.43, 44 In this context, the improved mechanical sta-
bility and more homogeneous stress distribution observed in
the present study may help limit micromotion at the inter-
face under simulated conditions. The claw-like extensions
were designed to provide mechanical anchorage within corti-
cal bone while distributing forces over a broader contact area.
However, the biological response of bone to these mechanical
interactions, including osseointegration and remodeling, was
not evaluated in this study.

The FEA conducted in the present study has several
inherent limitations that should be acknowledged. While
real bone tissue exhibits heterogeneous, anisotropic, and
viscoelastic properties, the models used in this study, con-
sistent with commonly adopted approaches in the literature,
were constructed under homogeneous, isotropic, and linear-
elastic assumptions to facilitate computational modeling and
ensure reproducibility.31 Material properties, including the
elastic modulus and Poisson’s ratio, were derived from com-
monly reported values to ensure standardization; however,
this approach does not account for individual variability or
pathological conditions. In addition, although polyurethane
materials provide advantages in terms of standardization
and reproducibility, they do not fully replicate the biome-
chanical complexity of human bone or technique-dependent
factors.18, 45 Furthermore, no biological validation was per-
formed; therefore, essential processes such as osseointe-
gration, bone remodeling, and healing response were not
evaluated.

Accordingly, the findings should be interpreted as prelim-
inary biomechanical data obtained under controlled exper-
imental and computational conditions rather than direct
evidence of clinical performance, and they cannot be directly
translated into clinical outcomes.

CONCLUSIONS

In the present study, implants supported by the nut sys-
tem demonstrated higher ISQ values across all measurement
directions, indicating improved primary stability. This effect
was observed in both single- and double-implant configu-
rations, with a more pronounced trend in double-implant
models, which may be related to the increased bone–nut
contact area. FEA further revealed a trend toward more
favorable stress distribution and reduced compressive stress
concentration in the surrounding bone under simulated
conditions.

Within the limitations of this preclinical study, these
findings should not be interpreted as evidence of clinical
performance, but rather as preliminary biomechanical data
derived under controlled experimental and computational
conditions. The proposed implant nut system may represent
a potential mechanical stabilization concept for challeng-
ing clinical scenarios; however, its biological response and
clinical applicability remain to be established through well-
designed in vivo (including animal) and prospective clinical
studies.
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33. Ramoğlu S, Ozan O. Diş hekimliğinde sonlu elemanlar stres analiz
yöntemi [Stress Analysis Methods in Dentistry: Finite Element Stress
Analysis]. Atatürk Üniversitesi Diş Hekimliği Fakültesi Dergisi.
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