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A B S T R A C T

Objective: This study aimed to determine the effect of macro design in the primary stability of short and extra-
short implants using resonance frequency analysis (RFA).
Material and methods: On an ex-vivo model using pig's ribs, we inserted 80 short and extra-short dental implants
(20 implants per brand): Biohorizons®(B) 4.6 × 6mm; Intralock®(I) 4.75 × 6.5 mm; Straumann®(S) 4.1 × 4mm;
and Tixos®(T) 5 × 5mm. Primary implant stability was measured using an RFA device. We compared mean ISQ
values through ANOVA test.
Results: Mean ISQ values: B = 73.36 (± 3.39); I = 75.13 (± 3.88); S = 65.38 (± 8.38); T = 72.13 (± 11). B
and I showed higher ISQ than S (p-value < 0.001). Short (I) showed higher ISQ than extra-short (B,S,T) im-
plants (p-value = 0.001). Tapered (B,I) had higher ISQ than parallel (S,T) implants (p-value < 0.001). There
was a moderate positive correlation between ISQ and length (r = 0.52), and a weak correlation with diameter
(r = 0.33).
Discussion: The final result is a combination of implant design, length, and diameter. Tapered design (B and I)
and larger implants (I) showed better primary stability in terms of ISQ values. This information could be ben-
eficial at implant selection in a severely reabsorbed low-quality bone, privileging length (as long as it is safe),
and conical walls design.

1. Introduction

Sufficient bone volume (height and width) is necessary for pre-
dictable functional and esthetic results of dental implants. Tooth loss is
always associate with bone volume resorption.1 The amount of bone
loss could be up to 22% of the original volume during the first six
months after extraction, being in the horizontal and vertical plane,
compromising the implant placement surgery.1 Also, the vertical bone
loss could expose anatomic structures (e.g., inferior alveolar nerve and
vessels, maxillary sinus) to surgical damage during dental implant
placement. Several bone augmentation surgical techniques have been
proposed in the literature, adding monetary cost, longer treatment
times, and morbidity to the patient.2

Short dental implants have proven to be a reliable and safe tech-
nique that can avoid these drawbacks with excellent survival rates
comparable to standard size implants (risk difference of −0.02; 95%CI:
-0.04-0.00, in favor of short implants).3 Among short implant literature,
there are multiple designs proposed by different manufacturers making
complicated their comparisons. Some classifications are available to
classify them, particularly in terms of their length.4–6 For this article,

we will use the classification proposed by Al-Johany et al.7 for dia-
meter: extra narrow (<3 mm), narrow (≥3.0 mm to < 3.75 mm),
standard (≥3.75 mm to < 5 mm) and wide (≥5.0 mm); for length:
extra-short (≤6 mm), short (> 6 mm to < 10 mm), standard
(≥10 mm to < 13 mm), and long (≥13 mm).

There is consensus that implant stability plays a vital role in
achieving osseointegration and is a prerequisite for immediate loading
protocols.8 Primary stability definition is the absence of movement at
the surgery time that is obtained by the friction between the implant
and the bone walls.9 It depends on surgical factors (surgical technique
and implant design), and patient factors (bone quality and quantity).10

Dental implant macro-design could affect primary stability, especially
considering that short and extra-short implants could have less contact
area during insertion in the bone. Design characteristics such as dia-
meter, length, wall design (parallel, tapered), thread (v-shaped, square,
buttress, reverse buttress, etc.), facial angle, and apex design can in-
fluence implant stability.11

Due to the variety of short implant designs, and their possible in-
fluence on primary stability, we aimed to determine the effect of macro-
design in the primary stability of short and extra short implants using
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resonance frequency analysis (RFA).

2. Materials and methods

2.1. Sample

An experimental ex vivo study model was designed, using fresh
commercially available pig ribs with three days since animal death. The
rib has the advantage of having a cortical thickness homogeneity
among samples, being classified as bone type 4, according to Lekholm
and Zarb classification.12 An arbitrary sample size of 80 osteotomies
was used, drilling up to 10 sites per rib.

2.2. Implant description

Four different short and extra-short implants design were tested (see
Fig. 1): Biohorizons® Tapered Short (B) 4.6 × 6 mm (Biohorizons®,
Birmingham, Alabama, USA), Intralock® Intrahex (I) 4.75 × 6.5 mm
(Intra-lock International, Boca-Raton, Florida, USA), Straumann®
Tissue Level Standard Plus (S) 4.1 × 4 mm (Straumann AG, Basel,
Switzerland), and Tixos® Short (T) 5 × 5mm (Leader Novaxa, Milan,
Italy).

- Biohorizons® (B) implants are made of Ti–6Al–4V ELI (Grade 23)
alloy. Their surface is grit-blasted with a moderate roughness
(0.72–1.34 μm), plus 1.8 mm of Laser-Lok® microchannels neck
zone. The design is bone level, self-tapping, tapered, internal hexed
connection, 15° bevel just before the implant platform, helical cut-
ting flutes, deep aggressive reverse buttress threads, apex grove, and
dome apex (Fig. 1B).

- Intra-lock® (I) implants are made of Ti–6Al–4V ELI alloy. Their
surface called Ossean™ is micro-blasted, presenting a nanometric
scale texture within a micro-scale surface. The design is self-tapping,
tapered, bone level, internal hexed connection with neck micro-
channels. The body configuration has Blossom® technology, which
aims to continually cut through the bone with increased efficiency

and minimal force across an integrated helical self-tapping config-
uration (Fig. 1I).

- Straumann® (S) implants, in this particular case, are made of
Roxolid® alloy (15% zirconia and 85% titanium). A sand-blasting
and acid etching process, creates the surface roughness (0.5–3 μm),
in combination with a chemical treatment that enhances hydro-
philicity. This surface is called SLActive®. The design is tissue level
with 1.8 mm of trans-mucosal neck, cylindrical design, with
synOcta® internal connection similar to an indexed morse connec-
tion. It has 4 mm of implant body that is in touch with bone surface,
with a continuous reverse buttress thread, with 0.8 mm pitch, and
round apex (Fig. 1S).

- Tixos® (T) implants are made of Ti–6Al–4V (Grade 5) alloy. They are
produced by direct laser metal forming (3D printing technology),
creating a relatively high porous surface (2–200 μm) with a compact
core due to the incremental process. The design is bone level, cy-
lindrical shape, and external hexed connection. It has a continuous
reverse buttress thread, 0.9 mm pitch, and dome apex (Fig. 1T).

2.3. Preparation of osteotomies

Using the manufacturer's recommended drilling procedure, a single
experienced surgeon (RS) did all the osteotomies completing 20 per
implant design (10 per rib) (Fig. 2).

2.4. Resonance frequency analysis (RFA)

RFA is a well-documented non-invasive implant stability measure-
ment technique. It works through the continuous excitement of the
implant using dynamic vibration analysis, showing ISQ values as sta-
bility measure.9 Measurements were done with a single RFA device
(Osstell ISQ®, Integration Diagnostic, Gothenburg, Sweden). ISQ values
came from four different directions per implant, simulating facial, pa-
latal, mesial, and distal, using the average as a single value per implant
(Fig. 2B).

Fig. 1. Four implant design used in this study.
B: Biohorizons® Tapered Short 4.6 × 6 mm; I: Intralock® Intrahex 4.75 × 6.5 mm; S: Straumann® Tissue Level Standard Plus 4.1 × 4 mm; T: Tixos® Short 5 × 5mm.

Fig. 2. Implant drilling procedure and ISQ measurement.
A: Biohorizons implant drilling process over pig's rib. B: ISQ measurement using Osstell ® ISQ.
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2.5. Statistical analysis

Stata 14.2 (StataCorp LP. 2015, TX: StataCortp LP) software was
used for the statistical analysis. For data description, we used central
tendency and dispersion values. For normal distribution assessment, we
performed the Shapiro-Wilk test. Differences between groups were
evaluated through ANOVA and Sheffé post-hoc test. The significance
level was set as p-value = 0.05. We also compared ISQ values of short
(I) and extra-short implants (B, S, and T) using an unpaired t-test.
Similarly, we compared tapered (B and I) and cylindrical (S and T)
design using the same statistical test. Finally, we searched for possibles
correlations between ISQ values, diameter, and length, using Pearson's
correlation coefficient. Graphics were created with GraphPad Prism
8.2.1 software (San Diego, CA, USA).

3. Results

ISQ values ranged between 54.5 and 80.5 N, with an average of 70.9
(± 5.99) for all samples. The distribution was normal in each study
group. Results by groups are present in Table 1 in terms of mean,
standard deviation, minimum, and maximum values. ANOVA test
showed differences between groups (p-value < 0.001) with homo-
scedasticity among groups. Post-hoc test showed statistical differences
between B and S groups (p-value < 0.001) and between I and S groups
(p-value < 0.001). This situation is present in the box plot shown in
Fig. 3A.

When implants were grouped according to implant length, short
implants (I) had an average ISQ of 74.51 (± 2.42), while extra-short
implants (B, S, and T) had 69.68 (± 6.35). Short implants showed
higher ISQ values compared to extra-short ones (p-value = 0.001)
(Fig. 3B). When implants were grouped according to wall parallelism,
tapered group (B and I) has an average ISQ of 73.95 (± 2.95), while
cylindric ones (S and T) had 67.94 (± 6.71), also showing statistical
difference (p-value < 0.001) (Fig. 3C).

A moderate positive correlation was found between ISQ values and

implant length (Pearson r = 0.52). A weak positive correlation was
observed between ISQ and implant diameter (r = 0.33).

4. Discussion

Resonance frequency analysis is a commonly used method to assess
dental implant stability. If there is a direct relationship between ISQ
values and insertion torque or bone-implant contact (BIC), it is still
controversial. However, implant design characteristics clearly influence
ISQ values.13 Since short implants have less length to anchor to the
bone and achieve primary stability, implant diameter and design
characteristics could gain importance for the selection of the indicated
implant at the surgery. There is a wide range of ISQ values reported in
the literature, recommending values above 65 for immediate loading.14

Most of the ISQ values obtained in our study were above this threshold,
with an average ISQ of 70.9 (± 5.99).

Short implant ISQ values are available in the dental literature. Rossi
et al.15 used 40 Straumann® tissue level, cylindrical, extra-short im-
plants (4.1 and 4.8 mm diameter x 6 mm length) on a 35 patients cohort
finding an average ISQ of 70.2 (± 9) at the surgical time in mostly
bone type 1 (20%) and 2 (60%) (Leckholm & Zarb). Alonso et al.,16

using the same Straumann® implants (4.1 mm diameter), found an
average ISQ of 63.68 (± 8.79) for implants inserted on type 4 bone at
surgery (12 cases). These findings were very close to our results (see
Table 1). Zuffetti et al.17 using Biohorizons® tapered bone level im-
plants (4.1 mm diameter x 6 or 7.5 mm length) on 254 clinical inserted
implants, found an average ISQ of 58.7 (± 8.01), making no specific
description of the bone type or surgery zone. Since it was a multicenter
retrospective clinical study, the standardization of surgical protocols
and ISQ measurement may be difficult. This situation could have a
detrimental effect on ISQ values since our results show higher average
ISQ values for Biohorizons® short implants.

Until this review, ISQ data from Intralock® or Tixos® short implants
could not be found. Nevertheless, there is data from other short im-
plants. Benlidayi et al.18 used short and extra-short NucleOss® (Izmir,
Turkey) implants, with a tapered design, aggressive reverse buttress
thread, and internal connection. They used 86 implants on 37 patients
(4.8, 5.5 and 6.2 mm diameter x 5, 6, and 7 mm length) with an average
ISQ value of 71.2 (± 9.2).

All data mentioned above shows that short and extra-short implants
mostly have ISQ values compatible with immediate loading, at insertion
surgery, showing agreement with our results.

Focusing deeper on the possible influence of implant macro-desing
on ISQ values, we found that there was a positive correlation with ISQ
(r = 0.52), where the highest ISQ was for the longest implant (I) and
the smallest, for the shortest one (S) (see Table 1). This situation was

Table 1
Implant's primary stability description.

Implant Design Size (mm) Mean (ISQ) SD Min Max N

Biohorizons (B) 4.6 × 6 73.36 3.39 65 79 20
Intralock (I) 4.75 × 6.5 75.13 3.88 70 79.75 20
Straumann (S) 4.1 × 4 65.38 8.38 55 72.25 20
Tixos (T) 5 × 5 72.13 11 54.5 80.5 20
Total 70.92 5.997 54.5 80.5 80

SD: standard deviation.

Fig. 3. Blox plots showing ISQ values per group.
A: Comparison between 4 implants (*p-value < 0.001). B: Comparison between short and extra-short implants (*p-value = 0.001). C: Comparison between tapered
and cylindrical design (*p-value < 0.001).
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also evident when we grouped short (I) and extra-short (B, S, and T)
implants, with a significant statistical difference (see Fig. 3B). Some
preclinical literature shows that increasing implant length improves
primary stability, mainly were low-quality bone tissue is present.19,20

Clinical studies could not find a correlation between ISQ values and
length. This situation could be due to the less controlled environment of
the clinical scenario since cortical bone thickness, bone quality, and
surgical technique could easily vary from case to case.21

If we focus on implant diameter, we found a weak positive corre-
lation with ISQ values (r = 0.33). Some data supports that diameter
might have a positive influence on ISQ values.22 Theoretically, an in-
creased diameter leads to a higher BIC since the contact surface in-
creases, but ISQ values do not always show this situation.20,23

Parallel (cylindrical) or conical (tapered) implant's wall configura-
tion showed to influence ISQ values in our sample. This result matches
with others in vitro studies in the literature since tapered implants
could generate higher compressive strength in the surrounding bone
tissue, achieving higher rigidity in the bone-implant interface.20,24

Bone characteristics are in close relation to ISQ values. Implants
inserted into “corticalized” bone (type 1 or 2) have higher ISQ values
than implants inserted thin cortical bone (type 3 or 4).25,26 We tried to
limit this influence by using only one kind of bone sample (pig ribs) that
resembles bone type 4. Other factors that could increase ISQ values are
the under-preparation of implant bed or the use of osseodensification
techniques.27,28 We did not apply these techniques during our study;
instead, we used the manufacturer's recommended protocol for each
implant, as a way for studying only implant's characteristics influence
over ISQ values.

Surface roughness has a role in implant stability, especially for
achieving faster secondary stability.29 Regarding primary implant sta-
bility, there is data that shows that implant with a treated surface
(improved roughness) shows higher insertion torque values than the
machined implants.30 Nevertheless, RFA systems could not always
quantify this effect, especially if all the implants have rough sur-
faces.31,32 For these reasons, we focused the discussion mainly on the
macro-design instead of the micro-design of the short implants.

Finally, thread number, geometry, and configuration have an es-
sential role in dental implant stability, since it can influence implant
insertion through bone (e.g., self-tapping implants), and stress dis-
tribution.33 It is hard to analyze the particular influence of each factor,
such as thread form (v, square, buttress, or reverse buttress shaped),
depth, number, angle, lead, and pitch. Implant companies limit the
information that gives to professionals since their products are pro-
tected by intellectual property. All the tested implants had reverse
buttress thread, but the manufacturer did not give the specific pattern.
Intralock® design named Blossom® had the more complex macroscopic
configuration of the tested implants (see Fig. 1B), and it matches with
the higher ISQ values under our experiment (Table 1).

Our four tested implants differed simultaneously on implant design,
length, and diameter, making it difficult to understand the specific
reason for the different ISQ values behavior. The final result is a com-
bination of all those factors, indicating in our case, that tapered design
(B and I) and larger length implants (I), shows better primary stability
in terms of ISQ values. This information could be beneficial when the
clinician needs to choose an implant for a severely reabsorbed low-
quality bone, privileging length (as long as it is safe), and conical de-
sign.

5. Conclusion

Tapered wall configuration and larger size implants (6 and 6.5 mm)
showed higher ISQ values than cylindric and shorter configurations on
this ex vivo experiment using short and extra-short implants.
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