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Abstract: Some evidence supports the influence of implant macro-design on primary stability.
Additionally, tactile perception can be used to assess implant stability when placing the implant. This
research aimed to quantify the primary and secondary stability of three implant systems with two
different macro geometries (cylindrical and conical) determined based on the insertion torque and the
implant stability quotient (ISQ) at the moment of implant placement as a function of implant-related
factors (length, width, dental arch, and implant location in the arch), intraoperative factors (bone
density determined subjectively by the clinician’s tactile perception), and patient-related factors (age,
gender, and bone density determined objectively based on cone beam computed tomography (CBCT).
Methods: 102 implants from three implant systems with two different macro geometries (conical
and cylindrical) were placed in 53 patients. The insertion torque, the ISQ at the implant placement
(ISQ0), and the bone quality according to the clinician’s tactile sensation were recorded on the day
of the surgery. After a three-month healing period, the ISQ was re-evaluated (ISQ3). Results: The
cylindrical implants exhibited significantly higher insertion torque and ISQ values at the moment of
the surgery and after three months compared to the conical implants. The cylindrical implants also
showed significantly lower indices of tactile evaluation of bone quality during the implant placement
surgery. However, no differences were demonstrated in the bone density measured objectively
using CBCT. (4) Conclusions: The cylindrical implants achieved the highest values for primary
stability (Newtons x centimeter (Ncm) and ISQ) and secondary stability (ISQ after three months).
The insertion torque was the variable that most influenced the ISQ on the day of the surgery. The
implant location (incisors—canines, bicuspids—-molars) and the implant macro geometry were the
variables that most influenced the secondary stability (ISQ at three months).

Keywords: dental implants; bone density; macro-design; implant stability; computerized tomogra-
phy; bone quality

1. Introduction

Dental implants are an option that provides satisfactory and esthetic results when
treating edentulous areas or performing immediate implantology [1-3]. Consolidated
technologies such as cone beam computed tomography (CBCT), specific planning software,
and non-invasive tools for evaluating the primary and secondary stability of the implant
(e.g., resonance frequency analysis, RFA) provide the means for clinicians to reach a correct
diagnosis and treatment plan [4-6].

Research has demonstrated that implant stability, bone volume, and quality determi-
nation can contribute to dental implant surgery success [7,8]. Primary impact stability is
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one of the areas that has received the most attention, since failure rates have been observed
to decrease when insertion torque increases [9,10] because of a reduction in implant micro-
motion [11]. Primary stability is obtained immediately after implant placement. It depends
on bone quality, implant macro geometry (implant shape, length, and diameter), and the
drilling sequence used to prepare the implant bed [12-14]. This last variable (drilling
sequence) depends on the early evaluation of the bone quality, which is generally based on
the operator’s experience. Thus, if the surgeon categorizes the bone of the implantation site
as soft, the implant bed preparation will be infra-prepared. Conversely, this preparation
will have a larger diameter if the surgeon perceives the bone to be more compact. Therefore,
knowing the bone quality enables the clinician to optimize the drilling sequence and select
the best implant design (conical or cylindrical; self-tapping or non-self-tapping) to achieve
optimal primary stability [11,15].

Several classification systems have been established for evaluating bone density.
Lekholm and Zarb [16] divided bone density into four types: from the more compact
type I bone to type IV, which is low-density trabecular bone surrounded by a thin layer of
cortical bone. Misch [17] classified bone density according to the surgeon’s tactile sensation,
from D1, with a hardness analogous to oak or maple wood, to D4, approximately as hard
as Styrofoam [17]. Objective methods have also been developed to quantitatively assess
bone density based on the Hounsfield scale (Hounsfield units, HU) [18,19], where bone
density ranges between 100 and 1900 HU, while soft tissues are close to or below 0 HU [18].

Subsequent maturation of the bone in direct contact with the implant surface results
in secondary or biological stability [20,21], which depends mainly on the implant’s macro
design and physical properties [22]. Therefore, implant design is fundamental to achieving
adequate primary and secondary stability, which is essential for successful osseointegration.
However, several design factors can affect this primary implant stability, such as implant
diameter and length, thread design, and implant shape [23,24].

Against this background, this clinical study aimed to compare the primary and sec-
ondary stability, determined based on the insertion torque and the ISQ at the moment
of implant placement and after three months, of two different implant macro geometries
(cylindrical and conical) as a function of patient-related factors (gender, age, and bone
quality determined objectively in the CBCT), implant-related factors (width, length, dental
arch, and implant location in the arch), and intraoperative factors (bone quality determined
by the clinician’s tactile sensation during implant placement). In addition, we also aimed
to determine the correlation (overall and within each macro geometry) between the patient-
related, implant-related, and intraoperative variables. The null hypothesis was that no
variable could predict implant stability.

2. Materials and Methods
2.1. Study Design

In this prospective study, patients requiring implant surgery were consecutively
recruited from December 2020 to September 2022. The trial protocol was registered on
ClinicalTrials.gov (NCT05670340), developed under the Declaration of Helsinki on medical
research involving human subjects, as revised in 2013 and authorized by the Bioethical
Committee of the University of Salamanca (Registration number 473/2020). A sample
size calculation determined a subsample size of 31 implants to achieve a power of 80%
and a level of significance of 5% (two-sided) for detecting a true difference in means
between implant groups of 5 ISQ units, assuming a pooled standard deviation of 7 ISQ
units for the day of surgery and expected means between 70 and 75 ISQ among distinct
implant subgroups.

The patients included in this study were partially or completely edentulous with
healed bone crests. The exclusion criteria comprised patients with previous chemotherapy
or radiotherapy histories, patients with any medical conditions (metabolic bone disorder
and/or uncontrolled diabetes), and patients receiving bisphosphonates treatment. Similarly,
to provide standardization of bone maturation, patients who had a recent tooth extraction
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at the implant sites (<3 months) or those treated with bone augmentation procedures were
also excluded [25].

A preoperative CBCT scan was performed on all the patients, which was initially
used for implant planning and evaluation of the bone quality at the expected implant
site. Three types of implants with two different macro-designs were used. The Nobel
Active® implant (Nobel Biocare AB, Gothenburg, Sweden) is a conical implant with a
reverse neck, micro-threads in the coronal portion, a variable thread design (changing
from a V-thread in the coronal portion to buttress threads in the apical portion), and a
1.2 mm thread pitch at the implant apex and body. The Nobel Parallel® implant (Nobel
Biocare AB, Gothenburg, Sweden) is cylindrical with a conical apex and a V-thread design.
It has a thread pitch of 0.6 mm for implants with diameters of 3.75 mm and 4.3 mm and
0.8 mm for implants with a 5 mm diameter, having a more significant number of threads.
Finally, the 3i T3® implant (ZimVie, Westminster, CO, USA) is a conical implant with no
micro-threads in the most coronal portion, a V-thread design, and a thread pitch of 0.8 mm.
The implants were distributed randomly among the patients using closed envelopes as the
randomization method.

2.2. Preoperative Radiographic Assessment

A CBCT scan was used to assess each patient’s mandible and maxilla preoperative.
Invivo™ 6 dental software was used for CBCT 3D scan image visualization and implant
planning. This software enabled the surgeon to select the length and diameter of the
implants placed in the patients. For the densitometric analysis, BTI Scan 4 software (BTI
Biotechnology Institute) was used to evaluate the averaged bone density (in HU) of the
implant area and 0.5 mm all-around of the bone to be occupied by the planned implant.
The BTI scan uses an algorithm that traduces bone density through the gray scales in HU,
as depicted in Figure 1. The surgeon was blinded to the bone density-related assessment
before and during the implant surgery.

Figure 1. CBCT image used for implant planning, and image of bone-density evaluation (in HU)
using BTI Scan software. The purple bar chart shows the bone density inside the implant, and the
green bar chart shows the bone density 0.5 mm outside the implant.

2.3. Surgical Protocol

All the implants were placed by an experienced surgeon (NQ) and then left for
transmucosal healing following a one-stage surgical procedure protocol. The surgeries were
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performed under local anesthesia, using articaine 2% mg/mL with epinephrine 1:100,000.
After applying the local anesthesia, the mucoperiosteal flaps were elevated to expose the
bone crest. The osteotomies were conducted following the manufacturers’ instructions
for each type of implant and bone quality, so the last step of the drilling sequence varied
depending on the clinician’s tactile evaluation of bone density while preparing the implant
bed, because he was blinded regarding the bone density assessed using CBCT.

When the surgeon perceived a hardness analogous to Styrofoam (soft bone), un-
dersized bone bed preparation was conducted. In contrast, the entire drilling sequence,
including screw tap drills, was completed when the surgeon’s tactile evaluation indicated
that there was bone with a hardness analogous to oak or maple wood (hard bone).

The surgeon placed the implants sequentially once the needed drilling protocol had
been performed. Sixty-five conical implants (thirty-two 3i T3 implants and thirty-three
Nobel Active implants) and thirty-seven cylindrical implants (thirty-seven Nobel Parallel
implants) were placed in fifty-three patients (Figure 2). The surgeon subjectively recorded
bone density during bed preparation while drilling into one of the four bone-quality groups
(D1-D4) following the Misch classification system [17]. The primary stability of each
implant type was recorded using a manual torque wrench using the maximum insertion
torque value (Ncm), rounded to the nearest 5 Nem, obtained at the end of implant insertion
into the recipient site. The values of the implant stability quotient (ISQ) were also recorded
(ISQO). The Smartpeg® (Perugia, Italy) was placed in direct contact with the implant, and
three consecutive measurements were taken (vestibular, interproximal, and lingual/ palatal)
to obtain a mean value (Figure 2). After the primary stability assessment, healing abutments
were placed, and the flap was sutured using 5/0 simple sutures. After three months of
osseointegration, the secondary stability was again recorded using a resonance frequency
analysis (ISQ3).

*'

Figure 2. Implant placement and measurement of implant stability quotient (ISQ).

2.4. Statistical Analysis

The normal distribution of the data collected was assessed based on the Shapiro—
Wilks statistic. The measured insertion torque, implant stability quotient at the moment of
implant insertion (ISQO0), and implant stability after three months (ISQ3) failed to follow a
normal distribution, so non-parametric statistics were used. In the statistical description
of the sample, the mean and standard deviation were used for describing the objectively
measured bone density, and the median and interquartile range were used for describing
the insertion torque. The implant stability quotients (at implant placement and after
three months) were the quantitative variables. The absolute frequency and percentage in
categories were used for describing the nominal variables. Although some of the implants
were placed in the same patients, all were considered independent because they were
objectively or subjectively individually characterized during data collection. The collected
data were considered paired when comparing the implant stability quotient measured at
the time of implant insertion and after three months. Depending on the normal distribution
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assessment, Pearson’s or Spearman’s correlation coefficients and parametric tests (Student’s
t-test) or non-parametric tests (Mann-Whitney (M-W) test) were used to compare the
effects on the studied variables (insertion torque, ISQO, and ISQ3) of the implant-related
factors (implant macro geometry (cylindrical or conical), implant location (incisor—canine,
bicuspids—-molars), dental arch (mandible or maxilla), implant dimensions (diameter and
length), intraoperative variables (bone density and bone quality determined based on the
clinician’s tactile sensation), and patient-related factors (gender (male, female) and age
(>55, <55)). Then, significant predictors for the ISQ0 and ISQ3 were identified through
a stepwise linear regression analysis. Finally, a stepwise linear regression analysis was
performed using ISQO0 and ISQ3 as the dependent variables and the significant predictors
previously identified. SPSS 27 statistical software (SPSS Statistics, version 27, IBM Corp)
was used. The significance was set at p-values of <0.05.

3. Results

Fifty-three patients (22 women and 31 men, with a mean age of 56.6 years + 10.1)
were included in this study (Table 1). One hundred and two implants were placed (43 in
the mandible and 59 in the maxilla). Sixty-five conical implants (32 3i T3 implants (31.4%),
33 Nobel Active implants (32.4%)), and thirty-seven cylindrical implants (37 Nobel Parallel
implants (36.3%)) were placed in 53 patients. The implants were also grouped according to
their location in the arch: the incisor-canine group included 36 implants (21 conical and
15 cylindrical implants), and the bicuspid-molar group included 66 implants (44 conical
and 22 cylindrical implants). The distributions of the implants in this study according
to length and diameter are also shown in Table 1. The distribution, correlation, analysis
of the insertion torque, ISQO, ISQ3, clinician’s tactile bone quality assessment, and bone
density, together with their relationship for each studied macro geometry, are shown in
Tables 2 and 3.

Table 1. Baseline demographic and clinical data of patients and implants (n = 53 patients,
n =102 implants).

Patient-Related Variables (1 = 53) Groups n (%)

Women 22 (41.1%)

Gender Men 31 (58.5%)

Age (years) <55 years 27 (50.9%)

>55 years 26 (49.1%)

Average age in years (mean + SD) 56.6 +10.1

Mandible 43 (42.2%)

Dental arch Maxilla 59 (57.8%)

Incisors—canines 36 (35.3%)

Implant location in the arch - -
Bicuspids—-molars 66 (64.7%)
Implant-related variables (n = 102)
Implant macro-design Conical Cylindrical
Variables n Y% n %
Macrogeometry design 65 63.7% 37 36.3%
o Incisors—canines 21 20.59% 15 14.70%
Location in the arch ™4 cpids-molars 44 43.14% 2 21.57%
Standard (<4.5 mm) 55 53.92% 36 35.29%
Implant diameter -

Wide (>4.5 mm) 10 9.80% 1 0.98%
Standard (<10 mm) 30 29.41% 18 17.65%

Implant length
Long (>10 mm) 35 34.31% 19 18.63%
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Table 2. Pearson’s or Spearman’s correlation coefficient (r) between the patient-related and intra-
operative variables of stability and bone density in the two types of macro geometries of implants

(n =102 implants).

Tactile Evaluation of

Groups (n) . .
e Insertion Torque ISQ Day of Surgery ISQ 3 Months . Bone Density
Estimation of H . Bone Quality
Initial Stability (Nem) (ISQ Units) (ISQ Units) (D1-D4 Range) (HU)
R:‘_O- p-Value Rll_to- p-Value R?_O- p-Value R?_O- p-Value RI}:O- p-Value
Insertion Cylindrical (n = 37) 1 0.214 0.203 0.033 0.845 —0.366 0.026 —0.036 0.832
torque Conical (11 = 65) 1 0.554 <0.001 * 0.237 0.057 0408 | <0.001% 0.358 0.003*
(Nem) Total (1 = 102) 1 0.497 <0.001 * 0.258 0.009 * —0425  <0.001* 0.294 0.003 *
15Q day of Cylindrical (1 = 37) 0214 0.203 1 0.429 0.008* 0.132 0438 —0.245 0.144
surgery Conical (1 = 65) 0.554 <0.001 * 1 0310 0.012 —0.236 0.059 ~0.030 0.812
(ISQ units) Total (11 = 102) 0.497 <0.001 * 1 0417 <0.001 * 0.245 0.013* —0.038 0.705
Cylindrical (n = 37) 0.033 0.845 0.429 0.008 * 1 0.076 0.656 0332 0.045 *
Is(%gfggﬁg‘s Conical (11 = 65) 0237 0.057 0310 0.012% 1 —0.041 0.745 ~0.016 0.902
Total (n = 102) 0.258 0.009 * 0417 <0.001 * 1 —0.035 0.728 —0.068 0.496
Cyhrj‘g;cal —0366  0026*  —0.132 0438 0.076 0.656 1 0.062 0.716
Tactilg: (n — )
evaluation Conical 0403  <0.001*  —0.236 0.059 0.041 0.745 1 —0.373 0.002*
of bone quality (n =65)
(D1-Dd range) (nT:Otlaéz) —0425 = <0.001*  —0245  0013*  —0.035 0.728 1 0.273 0.005 *
Bone density _ Cylindrical (1=37) 0036 0.832 —0.245 0.144 -0.332 0.045 * 0.062 0.716 1
(HU) Conical (1 = 65) 0358 0.003 * —0.030 0.812 —0.016 0.902 0373 0.002 * 1

* Statistically significant differences after Spearman or Pearson coefficient. Coefficients above r = 0.40 are
highlighted in light grey.

Table 3. Student’s t-test (f-test), Mann—-Whitney test (U M-W test), or Pearson’s Chi-square test
between the patient-related and intraoperative variables of stability and bone density in the three

types of implants (1 = 102 implants).

Groups (n) Mean + SD )
Estimations of Median (IR) Range t p-Value
Initial Stability 1 (%) CHI?
Cylindrical (1 = 37) 45 (10) 20-55
Inserg\?g:s’rque Conical (n = 65) 40 (15) 15-70 U 748 0.001 *
Total (n = 102) 40 (15) 15-70
Cylindrical (1 = 37) 79 (8.95) 61,60-88
I5Q ggéf;frfi‘tlsr)gery Conical (1 = 65) 76 (10.35) 44.60-83 U76650  0.002*
Total (n = 102) 77.5 (8.40) 44.60-83
Cylindrical (1 = 37) 84 (6.65) 53.30-89
IS&% (32 ‘Eﬁﬂé})‘s Conical (1 = 65) 78.60 (6.65) 55.30-86.60 (78950  <0.001*
Total (n = 102) 80 (7.95) 53.30-89
Tactile evaluation Cylindrical (1 = 37) 36 (35.29%)
of bone quality Conical (1 = 65) 66 (64.71%) CHI2 22.2 0.001 *
(D1-D4 Range) Total (1 = 102) 102 (100%)
Cylindrical (n = 37) 696.62 + 158.95 375-950
Bon(eI_(IiLe]r)lsity Conical (n = 65) 642.50 4= 205.94 225-1100 T 1.481 0.142
Total (n = 102) 662.13 4+ 191.21 225-1100

* Statistically significant differences after t-test, M-W, or Pearson’s Chi-square tests (p < 0.05).

Without dividing the data based on the implant macro geometry group (n =
102 implants), a significant relationship was found between the clinician’s tactile bone
quality assessment and the bone density, insertion torque, and ISQ values on the day of
the surgery (Table 2, Figure 3). An indirect significant correlation was found between
the clinician’s tactile bone quality assessment, the insertion torque values (rho = —0.425;
p <0.001), and the ISQ values on the day of the surgery (rho = —0.245; p = 0.013). In other
words, higher insertion torque and ISQ values were recorded when the clinician perceived
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the bone as hard (D1-type bone). Additionally, a significant inverse association was identi-
fied between the clinician’s tactile bone quality assessment and the bone density (in HU)
(r = —0.273; p = 0.005). In contrast, no statistical significance was revealed between the
clinician’s tactile bone quality assessment and ISQ after 3 months (rtho = —0.035; p = 0.728).
When analyzing the relationship between the clinician’s tactile bone quality assessment
and the various patient-related and intraoperative variables in each of the implant macro
geometry groups, an indirect significant association was found for the conical implant
group in the insertion torque (rho = —0.403; p < 0.001) and the bone density (r = —3.73;
p = 0.002). The cylindrical implants group also displayed an indirect significant association
with the insertion torque (rho = —0.366; p = 0.026) but not for the bone density (r = 0.062;
p =0.716).

B INSERTION TORQUE
100,00 | Wisao

WISQ 3 MONTHS
80.00 |
60.00 |
40.00 |
20.00 | I

0.00
CYLINDRICAL CONICAL
MACRODESIGN

Confidence Interval: 95% ClI

Median

Figure 3. Bar chart representing medians of insertion torque (N x cm), implant stability quotient at
the moment of the surgery, and implant stability after three months depending on the implant macro
design. Confidence intervals were set at p = 0.05.

When analyzing the association between insertion torque and ISQ, a strong positive
correlation was identified in the conical implant group (rtho = 0.554; p < 0.001) but not with
the cylindrical implants (rtho = 0.214; p = 0.203). A Mann-Whitney test revealed that the
cylindrical implant group displayed a significantly higher insertion torque than the conical
implants (U = 748; p < 0.001) (Table 3).

The cylindrical implants showed a significantly higher ISQ on the day of the surgery
(U =766.50; p = 0.0002) and after three months (U = 689.50; p < 0.001). The clinician’s tactile
sensation revealed a significantly softer bone when using conical implants (CHI? = 22.2;
p =0.001). However, the bone density analysis did not confirm the difference in bone
density when using cylindrical or conical implants (t = 1.481; p = 0.142).

The descriptive data and comparisons of the patient-related and intraoperative vari-
ables in the distinct implant locations (the incisor—canine and bicuspid—molar regions)
are summarized in Table 4. No significant differences were found when comparing the
insertion torque, the ISQ on the day of the surgery (Figure 4), and the clinician’s tactile
evaluation of bone density according to the implant location. In contrast, the ISQ values
recorded after three months were significantly higher in the bicuspid-molar area in the
cylindric implant group (U = 88.50; p = 0.002) (Figure 5). Significantly higher bone densities
were found in the incisor—canine area for the conical and cylindrical implants (t = 3.00;
p =0.005 and t = 3.99; p < 0.001, respectively).
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Table 4. Effects of the implant location in the arch (incisors—canines, bicuspids-molars) on the patient-
related and intraoperative variables of stability and bone density, according to Student’s t-tests, M-W
non-parametric tests or Pearson’s Chi-Square tests (n = 102 implants). * denotes significant differences

(p <0.05).
Cylindrical Conical U
G ) Mean + SD Mean + SD t Val
roups Median (IR) Median (IR) CHI? p-vatue
n (%) n (%)
Incisors—canines
Tnsertion torque (1 = 36) 45(5) 40 (15) U 99.50 0.058
(Nem) Bicuspids— %
molars (1 = 66) 45 (11.5) 35 (15) U 303 0.013
U (p-value) 130 (0.267) 340.5 (0.085)
Incisors—canines
78 (23.40 76 (9.95 U 136.50 0.500
ISQ day of surgery (n =36) ( ) (9.95)
ISQ units i ids—
15Q ) Bicuspids 81.15 (8.50) 75.65 (11.90) U24050  <0.001*
molars (n = 66)
U (p-value) 108 (0.08) 452.50 (0.894)
Incisors—canines
80.60 (6 77.30 (4.85 U 105 0.092
ISQ 3 months (n =36) (©) (4.85)
(ISQ units) Bicuspids— *
molars (1 = 66) 85 (3) 79.65 (6.92) U215 <0.001
U (p-value) 68.50 (0.002 *) 330.50 (0.065)
Tactile evaluation "y 30" 15 (14.70%) 21(2059%)  CHE2176 0537
of bone quality 5 <
(D1-D4 Range) icuspids— % A 2
8 molars (1 = 66) 22 (21.57%) 44 (20.59%) CHI* 7.986 0.092
CHI? (p-value) 2.256 (0.689) 4.340 (0.362)
, Incisors—canine 782.50 + 124.89  775.59 + 170.59 £0.133 0.895
Bone density (n=36)
HU i ids—
) Bicuspids 638.06 +155.09  578.98 + 191.85 $1.253 0215
molars (n = 66)
t (p-value) 3.00 (0.005 *) 3.99 (<0.001 *)
- MACRODESIGN
[ CYLINDRICAL
W CONICAL

Median ISQ0

INCISORS-CANINES

BICUSPIDS-MOLARS

95% Confidence Interval

Figure 4. Bar chart representing medians of implant stability quotients at the moment of surgery
according to macro-design and location. Confidence intervals were set at p = 0.05.
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MACRODESIGN

Bl CYLINDRICAL
B CONICAL

100,00 |
80.00 |
60,00 |

40,00 |

Median ISQ3MONTHS

20,00 |

0.00"

INCISORS-CANINES BICUSPIDS-MOLARS

95% Confidence Interval

Figure 5. Bar chart representing medians of implant stabilities after three months according to
macro-design and location. Confidence intervals were set at p = 0.05.

When studying the effects of arch location (maxilla or mandible) (Table 5), significantly
higher ISQ values on the day of the surgery and greater bone densities were demonstrated
for the mandible when using the conical implants (U < 0286; p = 0.005 and t = —2.578;
p = 0.012, respectively). It is also remarkable that the insertion torque was higher in the
maxilla when using the conical implants (U = 315; p = 0.010), the ISQ recorded on the day
of the surgery and after three months was higher, and the bone density was higher in the
maxilla when using the cylindrical implants (U = 131; p < 0.001, U = 202; p = 0.006, and
t = 2.314; p = 0.024, respectively).

Table 5. Effects of the arch (maxilla or mandible) on the patient-related and intraoperative variables
of stability and bone density according to the Student’s t-test, Mann—-Whitney’s non-parametric test,
or Pearson’s Chi-square test (n = 102 implants). * denotes significant differences (p <0.05).

Cylindrical Conical U
Mean + SD Mean + SD
Groups (n) Median (IR) Median (IR) chi p-Value
n (o/o) n (%)
Insertion torque Maxilla (1 = 59) 45 (11.25) 35 (12.50) U 2155 0.010 *
1 u
(Necm) I\gjr;dige 50 (10) 42,50 (20) U157 0.078
U (p-value) 144 (0.401) 4275 (0.375)
15Q day of Maxilla (1 = 59) 80.80 (7.28) 73.30 (11.15) U 131 <0.001 *
ay of surgery -
(ISQ units) h?;f;dfs’%e 77 (7) 78.50 (17.40) U215 0.759
U (p-value) 101.50 (0.34) 286 (0.005 *)
150 3 month Maxilla (1 = 59) 85 (7.78) 77.60 (5.65) U 202.50 0.006 *
montns
(ISQ units) l\?sf;dige 83 (6.60) 79.50 (8.97) U153 0.066
U (p-value) 161 (0.760) 399 (0.206)
Tactile evaluation Maxilla (n = 59) 18 (17.64%) 41 (40200/0) CHI? 4.450 0.349
of bone quality Mandible
(D1-D4 Range) (1 = 43) 19 (18.63%) 24 (23.53%) CHI? 9.855 0.079
Chi? (p-value) 2.835 (0.586) 3.057 (0.547)
Bone densit Maxilla (1 = 59) 709.03 + 148.08 594.21 + 185.95 £2.314 0.024 *
one density -
(HU) I\?ﬂdg%e 684.87 + 171.82 725 + 21591 £2.869 0.512

t (p-value) 0.457 (0.651) —2.578(0.012 %)
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Tables 6 and 7 display the descriptive data and the effects of the implant diameter
(standard and wide) and the implant width (standard and long) for the various preoperative
and intraoperative variables, respectively. Higher insertion torques and denser bones were
detected for the standard-width conical implants compared to the wide implants (U = 126;
p =0.006, and t = 3.454; p < 0.001, respectively). Lower tactile bone quality indices were
assessed for the standard-width conical implants (CHI? = 20.93; p < 0.001). A higher
insertion torque and ISQ on the day of the surgery and after three months were assessed for
standard-width cylindrical implants in comparison to conical implants (U = 665; p = 0.008,
U =667; p =0.009, and U = 537; p < 0.001, respectively) (Table 6).

Table 6. Effects of implant diameter on the patient-related and intraoperative variables of stability
and bone density according to the Student’s ¢-test, Mann—-Whitney’s non-parametric test, or Pearson
Chi-square test (n = 102 implants). * denotes significant differences (p < 0.05).

Cylindrical Conical U
Mean £+ SD Mean £+ SD
Groups (n) Median (IR) Median (IR) CI—tIIZ p-Value
n (%) n (%)
Standard
45 (1 40 (1 U 665.50 0.008 *
Insertion torque (<450); (n=91) 5(10) 0(10)
(Nem) Wide
(>450) (1 = 11) 35 27.5 (18.75)
U (p-value) 126.5 (0.006 *)
Standard
78.80 (8.92 76.3 (8.10 U 667 0.009 *
ISQ day of surgery  (<4.50); (n=91) (8.92) (8.10)
(ISQ units) Wide
(5450 (= 11) 82.30 68.95 (15.20)
U (p-value) 264 (0.841)
Standard *
1SQ 3 months (<45 Q); (n = 91) 84(5.90) 79 (6) U 537.50 <0.001
(ISQ units) Wide
(>450); (1 = 11) 77.00 76.80 (9.17)
U (p-value) 264 (0.841)
Tactile evaluation (45 Q) a0y 36(3529%) 55(53.92%)  CHP6.046  0.19
of bone quality W',d
D1-D4 ide 0 0
( range) (>45 @), (1= 11) 1 (0.98%) 10 (9.80%)
Chi? (p-value) 20.93 (<0.001 *)
Standard
Bone density (<45 Q); (1 = 91) 697.57 £+ 161.10 677.27 = 195.49 t0.518 0.606
(HU) Wide
(>4.5 O); (n = 11) 662.50 451.25 + 155.73
t (p-value) 3.454 (<0.001 *)

When the cylindrical and conical implants were compared according to implant length
(standard or long), no significant differences were identified (p > 0.05) in any of the variables
examined. However, significantly higher insertion torques and ISQ values on the day of
the surgery and after three months were assessed for the long implants when using the
cylindrical implants (U = 218; p = 0.036, U = 194.50; p = 0.012, and U = 201.50; p = 0.018,
respectively). The same effect was found for the ISQ after three months for the standard-
length implants (U = 151.50; p = 0.012).

The ISQ values on the day of the surgery (ISQO0) and after 3 months (ISQ3) were
considered as the dependent variables in the linear regression analysis. Implant-related
factors (implant macro geometry, length, width, dental arch, and implant location in the
arch), intraoperative factors (bone density determined subjectively based on the clinician’s
tactile perception, ISQO, and insertion torque), and patient-related factors (age, gender,
and bone density determined objectively based on the cone beam computed tomography
(CBCT)) were firstly assessed as the independent variables. Still, only significant predictors
were considered in the final linear regression analysis. The predictor variables used in



Appl. Sci. 2024, 14, 4841

11 of 17

the ISQ measured on the day of the surgery (ISQO) in the linear regression analysis were
the insertion torque, length, and implant macro design. For the ISQ measured after three
months of osseointegration (ISQ3), the predictors were location, implant macro design, and
age. (Table 8).

Table 7. Effects of implant length on the patient-related and intraoperative variables of stability and
bone density according to the Student’s t-test, Mann—Whitney’s non-parametric test, or Pearson’s
Chi-square test (1 = 102 implants). * denotes significant differences (p < 0.05).

Cylindrical Conical U
Mean & SD Mean & SD
Groups (n) Median (IR) Median (IR) e PVAlue
n (%) n (%)
Standard
47.50 (11.2 7.50 (2 U 154.50 0.13
Insertion torque (<10 mm) (n = 48) 50(11.25) 3750020
(Ncm) Long .
(>10 mim) n = 54) 45 (10) 40 (15) U21850  0.036
U (p-value) 169 (0.950) 441.50 (0.266)
Standard
78 (11. 73. 4 U 182 0.061
ISQ day of surgery (£10mm) (n = 48) 8 (11.85) 380 (3840)
(ISQ units) Long .
(>10 mim) n = 54) 79 (9) 77 (25) U19450  0.012
U (p-value) 132 (0.235) 412.50 (0.138)
Standard
4. 1 78. U 151.50 0.012 *
ISQ 3 months (<10 mm) (n = 48) 8450 (5.10) 8800
(ISQ units) Long .
(>10 mim) n = 54) 81.30 (7) 78.60 (5.30) U20150 0018
U (p-value) 130.50 (0.216) 500.50 (0.747)
Tactle evaluation ¢ <105§;0)‘?;d: ) 18 (17.65%) 30 (2941%)  CHI29.719  0.021*
of bone quality — 3
(D1-D4 Range) ong % % 2
g (510 mm) 1 = 54) 19 (18.63%) 35 (34.31%) CHI2 2746  0.601
CHE? (p-value) 2.835 (0.586) 8.954 (0.062)
Standard
.19 £ 166. 45.83 + 217. t0.291 77
Bone density (<10 mm) (1 = 48) 663 66.58 645.83 66 0 0.773
O Long 72829 £ 14883  639.64 £ 198,51 £1.852 0.070
(>0 mm) (1 = 54) : : : : : :
t (p-value) —1.255 (0.218) 0.120 (0.905)
Table 8. Linear regression model between the stability and bone-density variables.
Dependent Independent Lower Upper
Variables Variables B Error p-Value CI 95% CI95%
Primary Stability
Macrodesign —0.200 1.410 0.028 —5.948 —0.350
15Q day of the Length 0175 1315 0.046 0.049 5.269
surger
ey Insertion torque 0.387 0.064 <0.001 0.147 0.400
Secondary stability
Location 0.274 1.338 0.003 1.349 6.660
ISQ 3 months B Macrodesign -0.277 1.333 0.003 —6.667 —1.375
Age 0.190 1.284 0.041 0.112 5.208

A. Coefficient of determination R? = 0.278 F = 12.589; p < 0.001. B. Coefficient of determination R? = (.182
F=7.258; p <0.001.

The primary stability linear regression model studied using the ISQO as the dependent
variable produced very significant results (F = 12.589; p < 0.001), although it only predicted
27.8% of the results for the ISQ on the day of the surgery according to the coefficient of
determination (R?). Therefore, as a baseline, an average ISQ of 74.8 &= 7.79 was obtained
on the day of the surgery at the incisor—canine area, and for each applied extra Ncm in
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the insertion torque, between 0.147 and 0.4 ISQ units were gained. Using longer implants
resulted in a gain of 0.05-5.239 ISQ units, and utilizing conical-shaped implants resulted in
a loss of 0.35-5.269 ISQ units (Table 7).

The secondary stability linear regression model, assessed based on the ISQ after three
months (ISQ3), depended mainly on the location of the implant in the arch (incisor—canines,
bicuspid-molars), the implant macro-design (cylindrical, conical), and the age of the patient
(<55, >55). According to the significant regression model (F = 7.258; p < 0.001), which only
predicted 18.2% of the results of the measured ISQ3 values, the average ISQ after three
months at the incisor-canine area, 76.67 £ 7.13, will increase by 1.35-6.66 units when the
implant is placed more posteriorly (bicuspids and molars), and by 0.11-5.21 units in older
patients. If conical-shaped implants are used, the ISQ3 value will decrease by 1.375-6.660
(Table 7).

4. Discussion

Many factors can affect the success of implant therapy, but patient-related factors and
implant-related factors are perhaps the two most important variables to consider [26,27].
Achieving primary stability in implant surgery is one of the many desired outcomes for
clinicians [28,29], and it is reported to depend mainly on bone density and implant macro
geometry [30]. Research relating to insertion torque and implant success is becoming
increasingly frequent. In a randomized clinical trial lasting 12 months, Barone et al. [31]
evaluated the influence of insertion torque and peri-implant bone stability. Their results
showed that implants placed with a high insertion torque (>50 Ncm) showed greater
peri-implant bone remodeling and greater recession of the buccal soft tissues. Following
this trend, Marconcini et al. [32] observed similar results in terms of bone resorption (less
marginal bone loss and less facial soft tissue recession) and implant success. They obtained
a success rate of 98.2% in implants placed at a regular insertion torque (<50 Ncm) and 91.3%
in implants placed at a high insertion torque (>50 Ncm).

The present study’s first overall correlation analysis, i.e., before the data were divided
into implant macro-geometry groups, showed a significant association between the tactile
evaluation of bone density during the preparation of the osteotomy and the insertion
torque, ISQ on the day of the surgery, and bone-density values attained using the CBCT.
However, when the correlation analysis was conducted for each group of implants, the
conical-shaped implants had an inverse significant correlation with the insertion torque
and the bone density, and the cylindrical-shaped implants only produced significant results
for the insertion torque, as mentioned earlier (Table 2). Several studies have analyzed the
correlation between the surgeon’s tactile sensation and variables such as insertion torque,
ISQ, and bone density values derived from CBCT [7,33-35]. Fernandes Triches et al. [35]
identified a moderate, negative association between the insertion torque and the bone type
selected based on a tactile evaluation. The present study found a negative association
between the insertion torque and tactile sensation for conical (tho = —0.403; p < 0.001) and
parallel implants (rho = —0.366; p = 0.026). These differences may be influenced by the
macro-geometry of the implants, since no prior studies have been found comparing all
these variables and implant macro-designs.

The present study significantly demonstrated that the cylindrical implants provided
higher primary stability values (insertion torque and ISQ values) than the conical implants.
In contrast, Waechter et al. [36] showed that conical and cylindrical implants of the same
length but different diameters placed in the posterior region of the mandible produced
similar results for primary stability. Likewise, authors such as Cochran et al. [37] and Sakoh
et al. [38] found no significant differences between the primary stability of conical and
cylindrical implants. However, the literature suggests that implant macro geometries with
hybrid and tapered designs provide greater primary stability [30,39,40].

Furthermore, several of the studies mentioned above were in vitro [38], animal-
models [36,39], or retrospective clinical studies [7], and each study used different macro-
designs (conical, cylindrical, and hybrid implants with different thread designs and pitches,
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with or without micro-spirals in the coronal portion), which makes it challenging to draw
any conclusions on this issue. Thus, further clinical studies would be advisable to in-
vestigate the effects of macro geometry on primary stability, including patient-related
clinical variables.

Another possible reason for the higher primary stability values for the cylindrical
implants was the type of surgical procedure performed during the osteotomy. Most
clinicians perform some drilling strategy depending on the perceived bone quality to
achieve adequate primary stability. Thread-forming drills might be used whenever implants
are placed in hard bone (Lekholm and Zarb type I and II) and to underdrill the implant bed
whenever soft bone is felt (Lekholm and Zarb type IIl and IV) [41,42]. This high primary
stability may be explained by the pressure setting generated by the underdrilling, which
induces additional friction [25,34,35]. However, new bone preparation techniques, such as
Osseodensification, are emerging, with significant results compared to the conventional
technique [42,43].

Another notable finding was that the significantly lower ISQ obtained at the moment
of the surgery for the conical implants was maintained at the ISQ after three months, which
may imply that the implant’s macro-geometry (thread design) may play a role in both
primary and secondary stability.

Despite the subjective tactile evaluation of bone quality being used to assess softer
bone when placing the conical implants, such differences did not correspond with the
objective bone density assessment, which may indicate that implant macro-geometry may
play a role in the tactile perception during implant placement.

This study also explored other factors, such as implant location in the arch (incisors—
canines, bicuspids-molars) and whether the implants were placed in the maxilla or mandible.
Our results showed that the more posterior the implant location, the lower the bone den-
sity. The values for the mean bone density according to implant location within the arch
observed in the present study (Table 4) were similar to those reported by Fuster-Torres
et al. [7]. These authors obtained a mean value of 684 £ 131 HU in the anterior region
and 568.5 = 170 HU in the posterior region. Therefore, in line with the results reported by
Turkyilmaz et al. [44] in 2007, the highest values for bone density (HU) are found in the
anterior region, and the lowest values (HU) occur in the posterior region.

This study found no statistically significant differences between the implants placed
in the maxilla or mandible regarding primary stability, secondary stability, or bone density
(Table 5), in contrast to the findings of other researchers [7,43,44]. This study also found that
implant length (Table 7) did not significantly affect primary stability, secondary stability, or
bone density. However, implant diameter was found to have significant effects (Table 6) on
insertion torque and bone density variables. Wide-diameter implants achieved significantly
lower insertion torque values than implants with a standard diameter. There are likely to
be two main reasons for these results. Firstly, most implants (63.6%) were placed in the
maxilla, where bone density is expected to be lower (reduced HU). Secondly, all the wide
implants were placed in the molar region, where the mean bone density was the lowest.

In contrast, Farronato et al. [45] reported that a wider implant diameter was associated
with a greater insertion torque. However, this was an in vitro study in which bone density
would be difficult to control, given the challenge of reproducing human bone’s macroscopic
and microscopic characteristics in models. In a clinical study using a similar methodology,
Da Rocha Ferreira et al. [46] compared cylindrical (Nobel Parallel) and conical (Nobel
Active) implants and found no significant differences relating to implant diameter and
insertion torque (p = 0.57). However, they did find that implant diameter had a significant
effect (p = 0.04) on the ISQ on the day of the surgery. While the present research did not
identify significant differences (p = 0.162) related to implant diameter and ISQ on the day
of the surgery, lower ISQ scores were achieved for the wide implants compared to the
standard-diameter implants. These results support those presented by Da Rocha Ferreira
etal. [46].
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In the present research, a linear regression analysis showed that the implant macro-
design, the length, and the insertion torque were the most influential ISQ predictors at the
moment of implant placement. The location, implant macro-design, and age of the patients
were the most significant predictors for the ISQ after three months of healing.

Moreover, this study showed that although some implant macro-designs are specif-
ically designed to achieve high primary stability values on the day of the surgery, after
3 months of osseointegration, some implant designs achieved greater secondary stability
(Table 2). Clinicians should know that the implant design, site, and diameter will modulate
the primary and secondary stability of implants placed in healed sites. The secondary
stability also depends on other surface conditions of the implants, such as their surface
topography or roughness [47-49].

A limitation of the present study was the sample size. The calculated minimum
number of implants per group to achieve adequate statistical power (31 implants) was
obtained for comparing the insertion torque and the implant stability quotient at implant
placement and after three months for the cylindrical and the conical implants. However,
lower frequencies were observed when comparing the different characteristics of the
different microgeometries of the implants, such as the influence of the location in the
arch or the implant diameter and length in the stability in the implant macro design
groups. Even though only two subgroups of comparison were performed, anterior (incisors
and canines) and posterior (bicuspids and molars) and standard and wide/long made
the sample size reduction lower. A relatively small sample of wide-diameter implants
(n =11) was obtained, specifically for the cylindrical group, with only one implant. A
4.5 mm diameter was the limit for considering a standard or wide-diameter implant. The
cylindrical implants used in this study had a standard width of 4.3 mm, so most of the
implants placed were considered standard in this study, but they were used in many cases
as wide-diameter implants clinically.

Future research should conduct clinical trials, maybe multicentric, on the main predic-
tor variables affecting primary and secondary stability to obtain more conclusive statements
with larger samples, a wider range of implant dimensions (diameter and length), and a
longer follow-up period.

5. Conclusions

Bearing the limitations mentioned above in mind, the present study enables us to
establish that:

1.  On healed bone crests, higher values for primary stability (insertion torque and ISQ
points) will be achieved with standard-diameter implants (J < 4.5).

2. After implant osseointegration (three months), the cylindrical implants yielded higher
ISQ values than the conical implants. Further research is needed to assess factors that
affect secondary stability.

3. The ISQ values after three months will be lower in implants placed in the incisor—-
canine region than those placed in the bicuspid-molar region.

4.  Insertion torque is the variable that most influences ISQ on the day of the surgery, and
the implant location and macro-design in the arch have the most significant effects on
ISQ after three months.

Author Contributions: Conceptualization, resources, N.Q.-L. and J.M.; methodology, N.Q.-L., ]. M.
and S.M.-M,; software, S.M.-M.; validation N.Q.-L., M.1.S.-]., C.G.-P. and O.E-A.; writing—original
draft preparation, N.Q.-L., O.F-A. and ].M.; writing (review and editing), N.Q.-L., C.G.-P. and ].M,;
data interpretation, C.G.-P. and M.L.S.-]; all statistical analyses, N.Q.-L., O.F-A. and ].M. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Ethics Committee of the University of Salamanca
(protocol code 473, 22 June 2020).



Appl. Sci. 2024, 14, 4841 150f 17

Informed Consent Statement: Informed consent was obtained from all the subjects involved in this
study. Written informed consent was obtained from the patient(s) to publish this paper.

Data Availability Statement: The datasets analyzed during the current study are available from the
corresponding author upon reasonable request.

Acknowledgments: This study was conducted within the Research Group “Avances en Salud Oral”
(Advances in Oral Health) of the University of Salamanca. https://avancessaludoral.usal.es (accessed
on 23 November 2021).

Conflicts of Interest: The authors declare no conflicts of interest.
Abbreviations

CBCT Cone beam computed tomography.
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