Macrogeometry and Bone Density Control Over the Primary
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Purpose: Shortimplants are used in clinical conditions of insufficient vertical bone availability. This study aimed to compare
the primary stability of short implants with different macrodesigns placed in different bone densities in vitro. Materials
and Methods: One hundred twenty short (6-mm) implants (20/group) were placed at the bone level in commercially
available polyurethane blocks representing type | and IV bone quality. The groups were as follows: test A group (4.6-mm
diameter with tapered body), test B group (4.8-mm diameter/cylindric microthreaded neck), and test C group (4.8-mm
diameter, cylindric body with polished collar, three threads at the intraosseous portion). Implant primary stability was
assessed using insertion torque and implant stability quotient (ISQ) values. A blinded calibrated clinician recorded all
measurements. Statistical comparisons were completed using a one-way analysis of variance (ANOVA) and Bonferroni
posttests. Results: The insertion torque values (mean + SD) for groups A, B, and C in type | bone were 52.50 + 5.25,
49.00 £+ 5.98, and 46.25 + 3.93, and in type IV bone, the values were 14.00 + 2.05, 15.50 £ 2.76, and 9.75 * 1.11, respectively.
Also, the 1SQ values were 67.25 + 2.760, 69.25 + 1.67, and 61.80 + 5.68 (type | bone); and 53.27 + 1.99, 60.65 + 2.11, and
51.97 + 4.51 (type IV bone), respectively. The comparison showed statistical differences in I1SQ (Bonferroni adjusted
P <.0001) for the A and B groups but also for the A and C groups (type | bone), in soft bone between the A and B groups
and between the B and C groups, and also for the insertion torque values for the A and C groups and between the B and
C groups in type IV bone. Conclusion: Short implant macrogeometry defines primary stability. Short implants with 6-mm
length and multiple threads can achieve good primary stability in vitro in type | and IV artificial bone. Int J Oral Maxillofac
Implants 2021;36:322-326. doi: 10.11607/jomi.8804
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In clinical cases with advanced bone resorption in the
jaws, two main strategies can be used: (1) surgical
modification of the future implant site (vertical bone
augmentation, bone distraction, inferior alveolar nerve
lateralization, or transposition or sinus elevation with
or without sinus grafting) or (2) short-length implants.!
Short dental implants are defined by the Glossary of
Implant Dentistry lll, edited by the International Con-
gress of Oral Implantologists in 2017, as “implants with
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normal diameters but decreased length.” Specifically,
dental implants with < 8-mm length are considered as
“short” implants.3

The rationale that supports short implants is that
they can reduce the complications, costs, and morbid-
ity of advanced surgical procedures (usually completed
to change the implant site to allow the placement of
longer implants) with similar survival rates to those of
standard-length implants.* With short implants hav-
ing a less-demanding and noninvasive procedure,
more predictable outcomes might be expected for the
implant-supported restoration.?

It is logical to assume that the primary stability of
short dental implants can be affected by multiple fac-
tors,®” such as limited bone support (derived from
the reduced implant length), variability of the implant
bed, surgical technique, and lastly, the microgeom-
etry of short implants.-® Also, other factors should be
highlighted, such as the implant-related (surface treat-
ment), patient-related (metabolic bone changes), and
operator-related factors (experience and obedience to
strict surgical protocols).'0

Regarding the primary stability and its relation to the
macrogeometry of short implants, Gonzélez-Serrano et
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Fig1 6-mm implants with different macrogeometries placed in the
artificial bone block with type | bone quality.

al'?tested shortimplants (from the same manufacturer)
with double threads compared to short implants with a
single thread. Short implants with double threads have
higher primary stability compared with single-thread
short implants inserted in type IV and type Ill bone.'?

All the major dental implant manufacturers possess
short dental implants within theirimplant catalogs with
different lengths, diameters, and designs. However,
there is a lack of information about these short implant
designs and the implant primary stability (> 30 Ncm)
that can be expected in different bone densities when
using standardized implant bed preparations.

Therefore, the goal was to test the primary stability
of 6-mm implants with various macrodesigns placed
in different bone densities in vitro. The null hypothesis
was as follows: There is no statistical difference in terms
of primary stability of dental macrogeometries for im-
plants with 6-mm length inserted in artificial bone type
land IV.

MATERIALS AND METHODS

One hundred twenty short implants (6 mm long) were
distributed into three experimental groups based on
their geometry. Each group contained 40 short im-
plants as follows: Test A (BioHorizons tapered, 4.6-mm
diameter), Test B (Astra Tech OsseoSpeed EV 4.8 mm S,
Dentsply Sirona), and Test C (Roxolid-SLA active, Tissue
Level 4.8-mm diameter, Straumann). For the simula-
tion of the implant insertion in different bone qualities,
polyurethane composite blocks (Sawbones, Pacific Re-
search Laboratories) with two different bone densities,
type | (40 PCF; Fig 1) and IV (20 PCF; Fig 2), were used.
Solid resin (rigid polyurethane foam) was used as an
alternative test medium for human cancellous bone. It
does not replicate the structure of human bone; how-
ever, it provides consistent properties between human
cancellous bone. This closed-cell resin block is most

Fig2 6-mm implants with different macrogeometries placed in the
artificial bone block with type IV bone quality.

commonly used for testing screw pullout, insertion,
and stripping torque. The 40 PCF had a compressive
strength of 31 MPa, tensile strength of 19 MPa, and
shear strength of 11 MPa. Similarly, for the 20 PCF, these
values were 8.4 MPa, 5.6 MPa, and 4.3 MPa, respectively.
These foams meet the guidelines of the American So-
ciety for Testing and Materials (ASTM) F-1839-08. The
uniformity and consistent properties of the rigid poly-
urethane foam make it an ideal material for compara-
tive testing of bone screws and other medical devices
and instruments.'3

The drilling process was the same for all implants,
following the exact drill sequence and protocol based
on the manufacturer recommendations (800 rpm un-
der copious water irrigation) to the bone level. The
same experienced clinician (G.R.) performed all proce-
dures. Twenty implants per group were inserted in each
bone quality.

The implant primary stability was assessed using
insertion torque (IT) and resonance frequency analy-
sis (RFA) measurements. The same calibrated examiner
(J.L.) performed the evaluation of the implant stability
to standardize the outcomes of the study.

The IT was measured using an Implantmed (Implant-
med, W&H) implant surgical unit. The maximum torque
required to insert the implants (Test A and Test B) with
their platforms leveled with the bone block surface was
recorded as provided by the surgical unit. For Test C, the
maximum IT was recorded when the implant’s treated
surface was fully inserted, leaving the polished neck
outside the block. The values were recorded as Ncm.

The RFA measurements were completed with the
Osstell Mentor (Integration Diagnostics) and expressed
as implant stability quotient (ISQ) values. After the im-
plant insertion, a smart-peg insert specific for each test
group connected to each implant. Two I1SQ values (from
different directions representing buccolingual and me-
siodistal orientations in clinical settings) and mean val-
ues were recorded for each implant and grouped by an
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Table 1 Insertion Torque and ISQ Mean (SD) Values for the Three Implant Designs Placed in Type | and Type

IV Artificial Bone Block

Group A Group B Group C
BioHorizons Astra Tech Straumann
4.6 mm 4.8 mm 4.8 mm
Implants placed in dense bone
IT 52.500(5.257)  49.000(5.982)  46.250(3.932)
1SQ 67.250 (2.760) 69.250 (1.674) 61.800 (5.688)
Implants placed in soft bone
IT 14.000(2.052)  15.500 (2.763) 9.750 (1.118)
1ISQ 53.275 (1.990) 60.650 (2.116) 51.975 (4.509)

P values? Pvalues® Pvalues® Pvaluesd
.0013* 1054 .0009* .2861
<.0001* <.0001* <.0001* .2983
<.0001* .0809 <.0001* <.0001*
<.0001* <.0001* .5688 <.0001*

IT =insertion torque; ISQ = implant stability quotient.

aTested by one-way analysis of variance (ANOVA); Ptested by Bonferroni tests of differences between means of BioHorizons vs Astra Tech; ‘between means

of BioHorizons vs Straumann; 9between means of Astra Tech vs Straumann.
*Statistically significant differences.

unbiased examiner who was calibrated and blinded to
the implant system (J.L.).

Statistical Analysis
The sample size was calculated using the analysis of
variance (ANOVA) F test. Assuming the alpha level of
.05, the study had 20 per group (80% power) to detect a
medium effect size of 0.42 standard deviation.
Statistical analysis was performed using one-way
ANOVA and Bonferroni correction (multiple compari-
sons) test between implant systems. The significance
level was .05.

RESULTS

The overall Spearman rank-order correlation between
IT and 1SQ was 0.73. Short implants placed in bone
type IV presented lower values (P < .001) of IT and 1SQ
thanin the type | bone. The values were statistically dif-
ferent. Based on overall ANOVA F tests, the statistical
power for comparisons of IT and I1SQ are both higher
than 0.99.

In dense (type I) bone, the IT and 1SQ values present-
ed statistical differences (P < .05). The IT values of the
group A implants and group B implants were compa-
rable. The group A implants compared with the group
C implants achieved statistically significantly higher
ISQ values. The ISQ values were significantly higher for
group B implants, followed by group A implants and
group Cimplants (Table 1).

In type IV bone, group B implants achieved higher IT
followed by group Aimplants and group Cimplants. The
ISQ values were lower for group C implants compared
with group A and group B implants (P < .0001). Table 1
shows IT and I1SQ mean values and standard deviations
and P values and statistical differences. According to
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the statistical data, there is a statistical difference be-
tween the different macrogeometries in type | and type
IV artificial bone quality in vitro, and therefore, the null
hypothesis was rejected.

DISCUSSION

The present study tested short dental implant stability
in type | and type IV artificial bone blocks. The results
showed that implant stability is higher in dense bone
compared with type IV bone and that in both bone
densities, the Test C group achieved the lowest IT.

Without a doubt, a limitation of the study is the use
of an artificial bone block and not a human bone. The
reason for this evaluation is the consistent bone density
in the synthetic bone stimulant, which presents simi-
larities to human bone in terms of the elastic module
and can show similar conditions for all implants for this
comparison.

In previous studies, including from the present au-
thors'scientific group, the same bone models were used
in vitro to test the mechanical primary stability of differ-
ent macrogeometries and implant lengths.'-'6 During
the calibration stage and development of the protocol,
various clinicians used different drill designs to drill
polyurethane resin blocks and assess bone quality.

Implant macrogeometry seems to have a funda-
mental role in the level of IT. Also, because of the
manufacturer-designed drills, the preparation tech-
nique presents a compression in the type IV bone (Test
A and B groups) and allows an improvement of the ini-
tial stability compared with group Cimplants.

Since the bone quality, the surgeon, and the drilling
speed were the same for all implant designs used in the

present study, there was [Bétterstability forthe GroupB
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The primary reason for this level of good stability of
a narrow and a short implant seems to be the tapered
macrodesign. Previous studies showed that tapered
implants seem to have higher stability than cylindrical
implants.'>'7-1° Tapered macrogeometries are associ-
ated with good and successful clinical outcomes in ad-
vanced clinical protocols.2%?!

Insertion torques > 35 are excellent since implants
can also be loaded immediately after insertion, and 1SQ
values > 60 are associated with good primary stability
and osseointegration. There is a positive relationship
between IT and 1SQ values.?? The present study con-
firms the good values of the implant designs based on
the stability measurements in type IV and type | bone
stimulant.

The mechanical anchorage of the threads and the
tapered microgeometry seem to improve the initial sta-
bility of such short implants and therefore increase the
osseointegration.??

Since this in vitro study does not have any clinical
evidence, it provides some basic information for clinical
scenarios and compares differentimplant macrodesigns
under similar biomechanical conditions. Specific im-
plant geometries with short lengths can be beneficial in
advanced clinical applications such as immediate load-
ing protocols. Previous studies showed that immediate
loading of short implants in posterior parts of the jaws
can be considered a treatment option in patients with
bone atrophy, especially if the implants are splinted to
longer implants.?* However, the ISQ and IT values for the
tested implant systems do not represent clinical differ-
ences, even if these values are statistically different.

Immediately loaded short implants seem to have
comparable clinical success to implants with conven-
tional length and immediate function in terms of stabil-
ity and crestal bone changes.?> However, more studies
are required to test the long-term stability and clini-
cal outcomes of short implants when graftless clinical
conditions are requested. Last but not least, implant
thread geometry is essential in short dental implants to
improve the initial mechanical anchorage with the sur-
rounding bone in compromised bone qualities.

However, systematic reviews have shown that short
implants presented higher failure rates over 3 years
compared with short implants that were in function for
shorter periods.?®

Splinting implant-supported single fixed dental
prostheses supported by shortimplants should be con-
sidered in clinical practice to avoid advanced surgical
procedures.?’ Also, short implants may be used in se-
vere bone atrophy because of the low predictability of
vertical bone augmentation procedures and the high
complication rates.282°

Recent studies showed high success rates of short
(7-mm) implants over the last 4 years in medically

compromised patients. The survival rate of 7-mm-long
implants was 95.74% from stage | surgery to the last
follow-up. Survival rates did not differ according to im-
plant diameter. Based on this clinical study, the crestal
marginal bone loss (MBL) at 3 months, 1 and 2 years
was significantly higher than at implant placement, and
the MBL at 1 year was also significantly higher than at
3 months. MBL at 1 and 2 years did not differ signifi-
cantly.3 The authors concluded that according to these
results, short dental implants provide a reliable treat-
ment, especially for compromised clinical conditions,
to avoid grafting procedures.

Using short-length implants (< 8 mm) in the poste-
rior anatomical areas can reduce the need for grafting,
which is associated with many complications and the
need for advanced training of the surgeon. Patients
often prefer this kind of treatment approach since
complex procedures may lead to complications and
increased morbidity and are associated with higher
costs and longer treatment times.When an inadequate
bone volume is present, bone augmentations may be
recommended to achieve the required bone for use of
short implants, providing predictability and long-term
outcomes.’

Guida et al®' compared two groups of patients (a
total of 30) with five intraforaminally placed implants
with 6-mm vs 11-mm implant length. After 3 months,
screw-retained full-arch prostheses with distal cantile-
vers were delivered (baseline). Crestal bone changes,
implant and prosthesis survival rate, and biologic/tech-
nical complications were evaluated after 1 and 3 years.
They evaluated 150 implants after 1 year and 140 im-
plants after 3 years. No implant or prosthesis loss oc-
curred. No statistically significant intergroup difference
for biologic/technical complications and crestal bone
loss was observed (bone changes < 1 mm). Accord-
ing to the authors, 6-mm implants may be a reliable
approach for the rehabilitation of totally edentulous
mandibles.

Gurlek et al3? also showed good prognosis for extra-
short (4 to 6 mm) length compared with regular-length
(8- to 10-mm-long) implants in the posterior maxilla
within 12 months. Chen et al*®> compared short im-
plants (5 to 8 mm) vs long implants (= 10 mm) with
augmentation in atrophic posterior jaws and showed
similar survival rates in both implant groups, with more
crestal bone loss in the sites with augmentations and
longer implants.

The clinical implication of the present report is that
clinicians must know the influence of the shortimplant
macrogeometry and the peri-implant bone density on
the primary stability. It seems beneficial to use shortim-
plants with multiple threads and a diameter of at least
4.6 mm to achieve increased primary stability in type IV
and | bone.
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CONCLUSIONS

Short implant macrogeometries define primary (me-
chanical) stability in type | and IV bone. Six-millimeter
implants with multiple threads can achieve good pri-
mary stability in vitro (ISQ values > 60) in type | and
sufficient stability in type IV artificial bone (ISQ values
> 50).
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