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Abstract
Objectives  This in vitro study is aimed at assessing whether implant primary stability is influenced by implant length in 
artificial bone with varying densities.
Materials and methods  A total of 120 truncated-conical implants (60 long-length: 3p L, 3.8 × 14 mm; 60 short-length: 3p S, 
3.8 × 8 mm) were inserted into 20, 30, and 40 pounds per cubic foot (PCF) density polyurethane blocks. The insertion torque 
(IT), removal torque (RT), and resonance frequency analysis (RFA) values were recorded for each experimental condition.
Results  In 30 and 40 PCF blocks, 3p S implants exhibited significantly higher IT values (90 and 80 Ncm, respectively) than 
3p L (85 and 50 Ncm, respectively). Similarly, RT was significantly higher for 3p S implants in 30 and 40 PCF blocks (57 
and 90 Ncm, respectively). However, there were no significant differences in RFA values, except for the 20 PCF block, where 
3pS implants showed significantly lower values (63 ISQ) than 3p L implants (67 ISQ) in both the distal and mesial directions.
Conclusions  These results demonstrated that the implant’s length mainly influences the IT and RT values in the polyure-
thane blocks that mimic the mandibular region of the bone, resulting in higher values for the 3p S implants, while the RFA 
values remained unaffected. However, in the lowest density block simulating the maxillary bone, 3p L implants exhibited 
significantly higher ISQ values.
Clinical relevance  Therefore, our data offer valuable insights into the biomechanical behavior of these implants, which could 
be clinically beneficial for enhancing surgical planning.

Keywords  Artificial bone · Implant length · Implant stability quotient · Insertion torque · Polyurethane · Short dental 
implants

Introduction

Primary stability is considered a crucial factor for achieving 
dental implants osseointegration after their insertion, and it 
seems to be related to the level of primary bone contact [1]. 
Moreover, primary stability is known to be influenced by 
the diameter, length, type of coils, and surface micro-mor-
phology of the implant type, in addition to the volumetric 
density and/or trabecular connectivity of bone, as well as the 
thickness and density of the cortical layer [2–5]. It is also 
related to the absence of mobility in the axial, lateral, and 

rotational directions in the surrounding bone immediately 
after implant placement [6]. Indeed, as an example, in an 
animal model, it was demonstrated that implants mobile at 
placement had a 3-year cumulative survival rate of 79.8% 
compared to 93.4% of implants that were stable at placement 
[7]. Furthermore, the presence of a high primary stability 
also allows the immediate loading of implants by reducing 
the number of surgical interventions and patient discomfort 
[8].

Primary stability has long been achieved through bicor-
ticalism using implant lengths up to 20 mm. As a matter of 
fact, increasing the implant length above 10 mm allows to 
decrease bone stress and increase the stability of implants 
when inserted into a low-quality bone, such as type IV bone 
[6, 9]. Some studies documented that short-length implants 
(<10 mm in length) have a 2.5 times higher risk of failure 
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than long-length implants placed in the posterior jaws with 
poor bone quality [10, 11].

Nonetheless, conflicting results currently exist, as several 
studies showed that implant length does not appear to sig-
nificantly influence the implant survival rate [12–14], also 
proving that short-length (8 mm) cone-blocking implants 
supporting single crowns could show a 10-year cumula-
tive survival rate of 98.5% in the posterior regions [15, 16]. 
Moreover, other authors demonstrated that short-length 
implants could be a viable alternative to sinus floor eleva-
tion in the posterior maxilla with severe bone resorption or 
that they could be used to perform a one-stage maxillary 
sinus lifting with high survival rates (98.55%) also after 3 
years, even in case of a bone height close to 2 mm [17, 18].

A biomechanical parameter that is now spreading in 
the clinical practice to reveal the implant primary stabil-
ity indirectly and proportionally is known as the insertion 
torque (IT) of the implant [19]. A minimum IT value of 20 
Ncm and optimal ones around 32 Ncm are routinely used to 
place implants into healed or fresh extraction sockets prior 
to immediate loading of implants, being recommended to 
achieve proper osseointegration. In addition, increased IT 
values (≥50 Ncm) are able to reduce micromotion without 
damaging the bone [20, 21]. However, IT values above 80 
Ncm have been shown to affect the implant structure regard-
less of the type of implant connection, encouraging clinical 
complications [22]. Another clinical measurement used for 
the prevention, diagnosis, and prediction of implant failures 
is the resonance frequency analysis (RFA), which is inti-
mately correlated with the bone-to-implant contact (BIC) 
values, as well as the removal torque (RT), considered the 
force used for implant removing [23, 24]. In particular, the 
RFA measurement produces the implant stability quotient 
(ISQ) value, ranging from 0 to 100 and providing a cutoff 
value of 47 for good implant stability [20, 23].

Fresh mandibular specimens are widely used for the 
in vitro biomechanical research, but they possess a variable 
modulus of elasticity and density depending on the site and 
orientation of the specimen. Specifically, due to the pres-
ence of a cortical bone in the anterior mandibular region, 
the human mandibular trabecular bone shows a significantly 
higher modulus of elasticity than in the posterior mandibu-
lar region [25]. For this reason, different mathematical and 
biomechanical models have been developed in substitution 
of the human bone for in vitro testing the implant-supported 
prostheses under loading [26, 27]. In this context, polyure-
thane is an isotropic and homogeneous material, which is 
considered by the American Society for Testing and Mate-
rials (ASTM F-1839-08, “Standard specification for rigid 
polyurethane foam for use as a standard material for test 
orthopedic devices for instruments”) a standard prototype 
for studying force distribution around dental implants at dif-
ferent target anatomical sites [28–31]. Interestingly, several 

other authors have recently used this artificial bone to evalu-
ate the primary stability and to perform mechanical tests 
on dental implants [31, 32]. In fact, synthetic polyurethane 
foams have a similar cellular structure and biomechanical 
characteristics consistent with natural bone, being widely 
used as an alternative material to human cadaver bones and 
animal bones, which, in addition to the presence of ethical 
issues, are more difficult to manage [27, 33–35].

Low to high-density polyurethane foams are representa-
tive of different natural bone densities and, as proposed by 
Misch [25], they can be classified as follows:

•	 D1 bone—40 pounds per cubic foot (PCF): this bone 
consists almost entirely of a dense cortical. It is found in 
the anterior mandible

•	 D2 bone—30 PCF: this bone consists in porous cortical 
and coarse trabecular bone. It may have multiple locali-
zations, such as the anterior or posterior mandible but 
also the anterior maxilla

•	 D3 bone—20 PCF: this bone consists of a porous crestal 
layer of cortical bone and a fine trabecular bone. Tactile 
analogy can be made to compressed balsa wood. It is 
commonly found in the anterior and posterior maxilla, 
but may also be found in the posterior mandible

•	 D4 bone—10 PCF: this bone is trabecular without any 
cortical. It is located in the posterior maxilla

Furthermore, the ease and noninvasive nature of using 
polyurethane foam blocks make them particularly valuable 
for predicting and evaluating primary stability and osseoin-
tegration of implants compared to other models, such as 
ex vivo or in vivo [36–38].

Based on these grounds, the present in vitro study is 
aimed at evaluating the IT, RT, and RFA, and therefore, 
the primary stability of two dental implants with the same 
shape and diameter but with different lengths through the 
use of polyurethane foam blocks represents a useful in vitro 
model able to mimic the density and biomechanical char-
acteristics of natural bone. The null hypothesis, intended 
to assess statistical differences between the two implants 
in terms of IT, RT, and RFA values, posits that there are no 
significant differences when inserting implants into different 
polyurethane blocks.

Materials and methods

Implants and polyurethane block characteristics

A total number of 120 Cono-In implants (3p Smart Devices, 
Implafavourite S.r.l, Scalenghe, Italy) with a diameter of 
3.8 mm were tested in this study and divided into 2 groups 
of different lengths: 8 mm (3p S) and 14 mm (3p L). All 
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implants presented a truncated-conical shape in order to sat-
isfy every clinical demand, a trapezoidal double thread of 
0.3 mm in depth, which tend to increase the contact with the 
material, a 1-mm length cervical micro threading to reduce 
cortical stress and improve cell adhesion, and finally a 
rounded apex to not insult the tissue. The grade IV titanium 
im-plants had a 2° Cono-Morse connection of 2.81 mm in 

diameter and 3.70 mm in length and a micro-rough (Micro-
tek) surface obtained by double acid-etching and plasma fin-
ishing, with a mean profile roughness (Ra) of 1.01 ± 0.22 
µm, a mean squared profile roughness (Rq) of 1.12 ± 0.39 
µm, and a maximum profile roughness height from peak to 
valley (Rt) of 6.80 ± 0.82 µm. Representative images of both 
implant designs are reported in Fig. 1.

All tested implants have been inserted in 3 different solid 
rigid polyurethane foams (Sawbones Europe AB, Malmö, 
Sweden) with the same size (13 cm × 18 cm × 4 cm) but 
with different densities. Indeed, the different densities of 
the blocks used in the present in vitro study were intended 
to simulate jaw bones of D1, D2, and D3 types, according 
to Misch’s classification [39], thus imitating a density of 64 
kg/m3 (40 PCF density block), 48 kg/m3 (30 PCF density 
block), and 32.02 kg/m3 (20 PCF density block). For the 
present investigation, 20 implants per group were placed in 
each block, for a total of 120 osteotomies. Figure 2 shows 
the experimental design of this study.

Drilling sequence protocols

Randomization was not applicable in this study model, 
because of the different preparation protocols and drilling 
sequences used for implant placement. The osteotomies 
were prepared following the manufacturer’s recommended 
protocols. The drilling protocol for 3p S implant insertion 
involved the use of an initial lanceolate drill at a speed of 
1200 rpm, a cylindrical drill of 2 mm in diameter and up to 
9 mm in length, a conical drill of 3.8 mm in diameter, and up 
to 7 mm in length at a speed of 500 rpm for 20 and 30 PCF 
density blocks; whereas for the 40 PCF density block, it was 
used the same sequence with an additional cylindrical drill 
of 3.8 mm in diameter and up to 9 mm in length. The drilling 
sequence for 3p L implant insertion, instead, required the 
use of an initial lanceolate drill at a speed of 1200 rpm, a 
cylindrical drill of 2 mm in diameter, up to 15 mm in length, 

Fig. 1   Details of the two implants used in the present study: A 3.8 
mm × 8 mm (3p S); B 3.8 mm × 14 mm (3p L). Lateral view (first 
line) and bottom view (second line)

Fig. 2   Schematic representation of the blocks and implants used for the experimental planning of the present study
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a conical drill of 3.8 mm in diameter, and up to 7 mm in 
length at a speed of 500 rpm for the 20 PCF density block. 
For the 30 and 40 PCF density blocks, it was also used a 
final cylindrical drill of 3.8 mm in diameter and up to 10 
mm and 15 mm in length, respectively. Figure 3 shows the 
drilling sequences used to perform the osteotomies.

Insertion torque (IT) and removal torque (RT) 
measurements

After the final implant insertion using a surgical motor with 
a 20:1 contra-angle (WS-75 L, W&H Italia S.r.l., Bergamo, 
Italy) at 600 rpm with a calibrated torque of 40 Ncm, the 
registration of the IT values was performed in the final 2 
mm of insertion with a calibrated torque meter for dynamo-
metric analysis. Then, the maximum RT was assessed by 
dynamometric analysis of the implant extraction from the 
block (Fig. 4).

Resonance frequency analysis (RFA) measurements

The RFA was provided registering the ISQ values by a trans-
ducer attached to the implant (Smart Peg, W&H Italia S.r.l., 

Bergamo, Italy) and a frequency response analyzer (Osstell 
Beacon, W&H Italia S.r.l., Bergamo, Italy) in the mesial and 
distal directions. The ISQ values ranged from 0 to 100 and 
provided a classification of the implant stability: values ≤ 
60 ISQ indicated low stability, values comprised between 60 
and 70 ISQ were indices of medium stability, and values > 
70 ISQ indicated high stability [40]. In Fig. 5, an example 
of the RFA measurements in the mesial and distal directions 
was reported.

Data analysis

G*Power 3.1.9.7 program (Heinrich-Heine-Universität, Düs-
seldorf, Germany) was used to perform the power analysis 
and the a priori sample size planning using the ANOVA: 
fixed effects, special, main effects, and interactions statistical 
test (effect size 0.4, α err 0.05; power (1-β) 0.8; numerator 
df 2; number of groups 6). Thus, the minimum sample size 
necessary to achieve a statistically significant output was 64 
implant sites.

A two-way analysis of variance (ANOVA) with a Tuk-
ey’s post hoc test was performed to evaluate the statistical 

Fig. 3   Details of drills and 
implants used in this in vitro 
study: A 3p S implants and 
drills and B 3p L implants and 
drills

Fig. 4   Representative image of the 3p S implant insertion into a 40 
pounds per cubic foot (PCF) polyurethane bone block

Fig. 5   Representative image of the 3p S implant stability quotient 
(ISQ) measurements in the mesial and distal orientations, after inser-
tion into a 40 PCF polyurethane bone block
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significance of the study variables (IT, RT, and RFA in the 
mesial and distal directions) when compared all the different 
bone densities and after assessing the normal distribution of 
values through Shapiro–Wilk test.

The experimental values were elaborated using the statis-
tical software package GraphPad Prism Software Analysis 
version 9.0 (San Diego, CA, USA), and the statistical signifi-
cances were determined for a p < 0.05. Data were expressed 
as the mean ± standard error of the mean (SEM).

Results

The IT, RT, and RFA mean values were recorded for both 
the 3p S and 3p L implants after their insertion into the 
polyurethane blocks of different densities. Table 1 reports 
the mean and the SEM for each test group and experimental 
condition.

Regarding the IT values, 3p S implants exhibited sig-
nificant differences among the tested conditions, resulting 
significantly higher especially in the 30 and 40 PCF polyu-
rethane densities (p < 0.01 and p < 0.001, respectively) and 
showing the highest IT value in the 30 PCF density block 
(90 Ncm), while the lowest value was found in the 20 PCF 
density block (35 Ncm). On the other hand, the 3p L group 
showed always significantly lower results than the 3p S one, 
except for the 20 PCF density block, where it exhibited its 
highest value (70 Ncm), while in the 40 PCF density block, 
the absolute lowest value was found (15 Ncm) (Fig. 6). 
Furthermore, the values expressed by 3p S implants in the 
20 PCF density block reported significantly lower values 
compared to the other blocks (p < 0.0001 and p < 0.01, if 
compared to 30 and 40 PCF density blocks, respectively), 
while between 30 and 40 PCF density blocks, no significant 

differences have been found. Similarly, no significant dif-
ferences have been reported between IT values of 3p L 
implants, except when the 20 and 40 PCF density blocks 
were compared (p < 0.01).

The RT values confirmed the IT results and that is: 3p L 
implants showed higher values only in the 20 PCF density 
block (50 Ncm), but not reporting significant differences 
compared to 3p S implants, while in all the other blocks, 3p 
S implants revealed always higher results, reporting a signifi-
cant difference only in the 40 PCF density block (p < 0.01). 

Table 1   Summary of the mean 
and the standard error of the 
mean (SEM) resulted from the 
measurements of the insertion 
torque (IT), removal torque 
(RT), and resonance frequency 
analysis (RFA) in the mesial 
and distal directions regarding 
all the implants in each 
experimental condition

IT 20 PCF 30 PCF 40 PCF

3p S 3p L 3p S 3p L 3p S 3p L

Mean 35.2 60 81.2 52 65 31.2
SEM (±) 0.2 3.2 2.9 8.7 5 5.7
RT 20 PCF 30 PCF 40 PCF

3p S 3p L 3p S 3p L 3p S 3p L
Mean 28.8 47.6 54 33 60 31.2
SEM (±) 1.9 3.5 1.4 3.3 8.4 8.4
RFA-MESIAL 20 PCF 30 PCF 40 PCF

3p S 3p L 3p S 3p L 3p S 3p L
Mean 61 65.4 69.4 70.2 69.2 70.2
SEM (±) 0.5 0.7 0.7 0.4 0.6 0.9
RFA-DISTAL 20 PCF 30 PCF 40 PCF

3p S 3p L 3p S 3p L 3p S 3p L
Mean 61.4 65.4 69.2 69.8 69.2 70
SEM (±) 0.5 0.7 0.9 0.5 0.6 0.9

Fig. 6   Insertion torque (IT) values registered for the different types of 
implants in all experimental conditions. *p < 0.05, **p < 0.01, ***p 
< 0.001, and ****p < 0.0001
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The lowest RT value has been reported by 3p S implants 
in the lowest density block (25 Ncm). Comparing all the 
different densities, other significant differences appeared to 
be present among the highest RT values expressed by 3p 
S implants in the 40 PCF density block (90 Ncm) and in 
the 30 PCF density block (57 Ncm), and the lowest values 
expressed by the same implant in the 20 PCF density block 
(25 Ncm) (Fig. 7).

After RFA measurements in the mesial and distal direc-
tions, the results showed no significant differences between 
3p S and 3p L implants in any artificial bone density, except 
for the lowest density block, where 3p L implants expressed 
higher results (67 ISQ compared to 63 ISQ of 3p S implants, 
with a p < 0.01 in the distal orientation and a p < 0.001 in 
the mesial orientation). The ISQ values appeared to propor-
tionally increase in respect to the bone density, with sig-
nificant differences between the 20 PCF density block and 
all the other blocks for both implants (p < 0.001 for 3p L 
implants and p < 0.0001 for 3p S implants). However, the 
highest RFA value has been expressed by 3p L implants in 
the 40 PCF density block (73 ISQ), whereas the lowest one 
was shown by 3p S implants in the 20 PCF block (60 ISQ) 
(Figs. 8 and 9).

Discussion

The achievement of implant primary stability is considered 
as the absence of implant movement immediately after the 
implant insertion into the bone, including micromotions [1, 
6]. Indeed, several authors have assessed that the BIC is 
essential for determining implant primary stability [7, 41, 

42]. It has been proved that different factors could influence 
the BIC and implant primary stability, such as the bone qual-
ity and the implant length, shape, and diameter [2–6, 41, 43]. 
Particularly, in some cases, it was demonstrated that implant 
lengths > 10 mm allow the decrease of bone stress, the 
increase of primary stability, and a higher implant survival 
rate than short ones in low-density bones [9–11]. However, 

Fig. 7   Removal torque (RT) values registered for the different types 
of implants in all experimental conditions. *p < 0.05, and **p < 0.01

Fig. 8   Resonance frequency analysis (RFA) values measured in the 
mesial direction and registered for the different types of implants in 
all experimental conditions. ***p < 0.001, and ****p < 0.0001

Fig. 9   RFA values measured in the distal direction and registered for 
the different types of implants in all experimental conditions. **p < 
0.01, ***p < 0.001, and ****p < 0.0001
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there are currently differing outcomes that are in opposition 
to these latter, assessing that the length of dental implants 
does not influence the survival rate [12–18]. Indeed, based 
on the results of this in vitro study, the initial null hypoth-
esis can be rejected, demonstrating that short implants could 
achieve significantly higher IT and RT values, particularly 
in high-density artificial bone. Additionally, they exhibited 
primary stability equal to longer implants, except in low-
density bones.

Several authors have chosen the artificial bone in substi-
tution of the human bone to conduct an indirect evaluation 
of implant primary stability and study the biomechanical 
behavior of different implants [27–31]. It consists of the use 
of a solid rigid polyurethane foam, a standard material rec-
ognized by the ASTM for studying force distribution around 
implants and performing mechanical tests on orthopedic and 
dental devices [30–35]. In addition to the employment of 
different densities of this material, which aimed at represent-
ing the natural bone types according to Mish’s classification 
[25], some clinical parameters could be measured on this 
in vitro model to indirectly reveal the implant primary stabil-
ity, such as the IT, RT, and RFA. The IT method suggested 
a more coherent predictability of osseointegration, and it 
has been demonstrated to be proportionally correlated to 
implant primary stability [19], as well as the ISQ quantita-
tive assessment, which is considered, together with the RT 
methodology, an indirect BIC indicator [20–24]. Basing on 
this, in the current study, the effect of two implant lengths (8 
and 14 mm) on primary stability has been evaluated in D1, 
D2, and D3 simulated bone types, using 20, 30, and 40 PCF 
density polyurethane artificial bone blocks. From the results, 
in low-quality bone (20 PCF in density), a positive correla-
tion between the length of implants and both the IT and RT 
values could be observed, reporting the highest values of 70 
and 50 Ncm, respectively, for 3p L implants (Figs. 6 and 7). 
The reason beyond this phenomenon could be related to the 
fact that in this quality of bone, such as D3 bone type, the 
implant length plays an essential role in decreasing bone 
stress and enhancing implant stability [6]. As a matter of 
fact, a study conducted by Trisi et al. [44] demonstrated that 
implant IT can be increased in order to reduce micromotions 
between implants and bone, in situations where low-quality 
bone and high micromotions are present. Consequently, 
since a correlation between the implant length and a poor 
quality of bone has been proved, in the present study, it 
was hypothesized the possible use of implants with higher 
lengths aims to achieve a higher primary stability. However, 
when the artificial bone density increased from 20 to 30 and 
40 PCF, the 3p S implant showed significantly higher IT 
than 3p L implants, reaching values of 90 and 80 Ncm in 30 
and 40 PCF density blocks, respectively, and an RT of 57 
and 90 Ncm in the same foams. Similarly, in a clinical trial 

conducted by Degidi et al. [45], it was revealed the same IT 
behavior in different bone densities, demonstrating the close 
reliance between IT and bone density. Moreover, in the pre-
sent study, the IT values were higher than the RT ones for all 
bone densities and implant lengths, as can be also found in 
literature [46, 47]. Indeed, according to Ahn et al. [48], the 
difference in IT and RT is due to the restricted viscoelastic 
properties of the artificial bone surrounding the insertion 
site, which results in less resistance during removal.

In the RFA measurement technique, the implant’s micro-
mobility has been measured, whereas the ISQ is an implant 
measurement unit based on the frequency movement meas-
ured by RFA. Thus, micro-mobility and implant stability can 
be estimated with this latter value, which normally ranges 
from 0 to 100 [20]. To this end, ISQ values ≥ 70, ISQ val-
ues included between 60 and 69, and ISQ values < 60 are 
known to represent high, medium, and low stability, respec-
tively [49]. In this work, no statistical differences in the ISQ 
were noticeable for 3p S and 3p L implants, especially in 
30 and 40 PCF density bone blocks (71 and 70 ISQ for 3p 
S implants in the 30 PCF block and 71 and 72 ISQ for 3p 
L implants in the same conditions). However, in the low-
est density polyurethane bone block, 3p L implants reached 
significantly higher values in respect to 3p S implants (67 in 
respect to 63 ISQ for the distal orientation and 67 compared 
to 63 ISQ for the mesial orientation). In this regard, all RFA 
values allowed a medium or high implant primary stabil-
ity in all experimental conditions, since values are included 
between 60 and 73 ISQ, thus being considered as appropri-
ate values in respect to ranges for clinical applications [50]. 
In contrast, Barikani et al. [51] reported significantly differ-
ent ISQ values between the D1 and D3 bone conditions, but 
similarly to our results, they observed that the implant length 
did not influence primary stability in high-quality bone. 
However, some studies showed that in low-quality bone, the 
ISQ value tended to increase with implant length [51–53], 
demonstrating consistent results with those obtained in this 
work that reported significantly higher ISQ values for 3p L 
implants when inserted in the lowest density polyurethane 
block (67 ISQ in respect to 63 ISQ related to 3p S implants).

Therefore, based on the aforementioned results, the use of 
shorter implants in the mandibular region, represented by the 
densities of artificial bone blocks of 30 and 40 PCF, might be 
conceivable. On the other hand, when the maxillary region is 
the target, longer implants might result in better primary sta-
bility, since in these in vitro conditions, they reported higher 
IT, RT, and RFA values in low-density bone (20 PCF density 
block), despite no differences were shown in RFA for both 
implants in other conditions. Consistently with the previous 
results, a study conducted by Barikani et al. [41] showed that 
in parallel implants, the implant stability increased in D3 arti-
ficial bone block by increasing the implant length.
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Due to the nature of this artificial bone model, all results 
are obviously not comparable to clinical conditions. Indeed, 
regarding the limitations of the present study, it is impor-
tant to recognize that, although polyurethane foam blocks 
represent a good in vitro model and they are already used 
in implant research thanks to their consistent and reproduc-
ible testing properties and as testing material on alternate 
cadaver human and animal bones, it is unable to fully repli-
cate the intricate features of real bone. Several factors should 
be taken into consideration for a more complete discussion 
of data, such as the absence of individual human variability, 
natural bone response, and the complex microenvironment 
of healthy or pathological bone. Additionally, variables 
related to surgical technique should be considered to better 
interpret these results. Consequently, the data obtained in 
this study may not fully reflect the actual in vivo perfor-
mance of these implants.

However, confirmation of these data through animal and 
clinical studies is essential for future use and implemen-
tation. To strengthen the use of polyurethane blocks as a 
human bone model for studying implant behavior, biome-
chanical evaluations using finite element analysis (FEA) 
studies could also be considered.

Despite the limitations associated with an in vitro study 
conducted on non-human bone tissue, the authors speculate 
that these preliminary results may provide useful insights 
into the biomechanical behavior of these implants, with 
the goal of enabling clinicians to improve their surgical 
planning.

Conclusions

In conclusion, our results demonstrate that the implant 
length mainly influences the IT and RT values in polyu-
rethane blocks mimicking the porous cortical and coarse 
trabecular bone and the dense cortical bone (30 and 40 PCF 
in density), resulting in higher values when short implants 
were used, while the ISQ values appeared to be unaffected. 
However, in the lowest density block mimicking the fine 
trabecular bone (20 PCF), the longer dental implant had sig-
nificantly higher ISQ values.

Overall, although further studies are needed, our data 
could provide useful information regarding the biomechan-
ical behavior of these implants, with the aim of enabling 
clinicians to improve their surgical planning on the use of 
short implants in the mandibular area and long implants in 
the maxilla.
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