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Abstract
Purpose This retrospective chart review study assessed patient records to determine implant insertion torque (IT) and implant
stability quotient (ISQ) values during implant placement to evaluate the correlation with cortical bone anchorage (mono- or
bicortical).
Methods Primary stability data (IT during implant placement surgery and ISQ values immediately after implant placement) and
cone beam computed tomography of 33 patients (165 implants) were assessed. Patients were divided into the following groups:
G1, implants with apical cortical bone contact; G2, implants with bicortical bone contact (apical and cervical regions); and G3,
implants with cervical cortical bone contact.
Results Sixty-eight implants were excluded due to cortical bone contact on regions other than implant apical or cervical. Ninety-
seven implants were therefore assessed for this study. No implant failure was found after a mean 70.42-month follow-up time.
Implants with bicortical anchorage (G2) showed higher IT (64.1 Ncm) during implant placement and higher ISQ values (76) (p <
0.05). Monocortical implants (G1, apical, and G3, cervical) showed similar IT (G1 52.3 and G3 54.3) and ISQ values (G1 71.9
and G3 73) (p > 0.05). No correlation (Pearson correlation coefficient) was found between the two stability measurement devices
for the different cortical bone anchorages that were analyzed (G1 0.190, G2 0.039, and G3 − 0.027) (p > 0.05).
Conclusions Insertion torque values and implant stability quotients were influenced by cortical bone contact. No significant
correlation was found between IT and ISQ values—higher insertion torque values do not necessarily lead to higher implant
stability quotients.
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Introduction

The choice to immediately load a dental implant is guided by
the primary stability after implant placement. Insertion torque

(IT) and resonance frequency analysis (RFA) are often used to
assess implant stability [1].Measurement of the IT value using
a torque ratchet is an easy and effective method. However,
secondary stability cannot be assessed by the torque ratchet.
RFA is a non-invasive method that can assess both primary
and secondary stability—it can therefore be used to assess
implant stability during different follow-up times and with
implants under functional loads [2, 3].

The correlation between insertion torque and resonance
frequency analysis remain unclear. Earlier studies [4, 5] found
strong correlation between insertion torque and RFA during
implant placement surgery. However, other studies [6, 7]
found no correlation between the two methods used to assess
implant stability. Initial implant stability is influenced by im-
plant design, implant length, bone density, cortical bone thick-
ness, and implant placement depth [6, 8–12].
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Cortical anchorage is related with a higher insertion torque.
Bicortical bone contact is commonly recommended to im-
prove osseointegration [12–14]. Denser type II bone led to
higher implant stability quotient (ISQ) values compared to
bone types III and IV [8]. However, a 15-year retrospective
study found no correlation between cortical bone contact and
marginal bone remodeling [13]. The influence of cortical an-
chorage on the primary stability of internal tapered implants
requires further analysis. This retrospective observational
study assessed patient records to determine implant IT and
ISQ values during implant placement and the achieved corti-
cal bone contact (mono- or bicortical) to investigate the cor-
relation between each parameter. The tested null-hypothesis
was that there would be no significant correlation between the
two methods used to evaluate implant stability and that the
different cortical bone anchorage would not significantly in-
fluence the achieved stability.

Methods

Human subject ethical approval for this study was obtained
from the Research Ethics Committee of the Pontifical Catholic
University of Paraná (PUC/PR) (approval no. 1.004.033). All
participants provided written informed consent before enter-
ing the study. The study included data recorded on dental
charts that assessed the primary stability of dental implants
(Morse taper, Neodent, Curitiba, PR, Brazil) and cone beam
computed tomography (CBCT) of patients who participated in
previous clinical studies.

Thirty-three patients were enrolled according to the follow-
ing inclusion criteria: (a) postoperative CBCT images of den-
tal implants with apical and/or cervical cortical bone contact
(mono- or bicortical anchorage); (b) primary stability
achieved during implant placement assessed by the torque
ratchet (Neodent) and by resonance frequency analysis

(RFA) (Osstell™, Osstell, Gothenburg, Sweden); (c) presence
of five implants placed in the mandible interforaminal region.
The following exclusion criteria was followed: (a) implants in
contact with cortical bone in regions other than apical or cer-
vical; (b) CBCT images with artifacts that interfered with the
full visualization of the implant portion in contact with cortical
bone; (c) examination charts with incomplete information of
the implant primary stability.

All included patients had maxillary complete dentures and
mandibular implant-supported full-arch fixed dental prosthe-
sis (FAFDP). Each patient had five implants in the mandible
interforaminal region that were placed at the Latin American
Institute for Dental Research and Education (ILAPEO) be-
tween 2008 and 2013. A total amount of 165 implants were
initially analyzed.

Cross sections of the CBCT images were analyzed in spe-
cialized software (Galaxis, Sirona Dental GmbH, Salzburg,
Austria) by two calibrated examiners. Implant position was
classified according to cortical bone anchorage (mono- or
bicortical anchorage). The following groups were divided
(Figs. 1 and 2): G1—implants with apical cortical bone con-
tact (Fig. 1a); G2—implants with bicortical bone contact (api-
cal and cervical regions) (Fig. 1b); and G3—implants with
cervical cortical bone contact (Fig. 1c). Implant stability data
for each implant assigned to its respective group was assessed.
Insertion torque was assessed by a torque ratchet (Ncm) dur-
ing implant placement surgery and the ISQ was assessed by
resonance frequency analysis immediately after implant place-
ment surgery. Both IT and ISQ values were assessed by the
same surgeon that was placing the implants. The protocol for
the ISQ measurements was the same for all implants—the
measurements were performed on the buccal and proximal
surfaces of the prosthetic abutments that were installed on
the implants.

Statistical comparison between groups was performed by
one-way analysis of variance (ANOVA) and Kruskal-Wallis

Fig. 1 Cross sections of a cone beam computed tomography. a Apical cortical bone anchorage (G1). b Bicortical bone anchorage (G2). c Cervical
cortical bone anchorage (G3)
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nonparametric statistical test (α = 0.05). Correlation between
the different variables was assessed by Pearson correlation
coefficient (α = 0.05).

Results

Sixty-eight CBCT images of implants were excluded from the
study due to cortical bone contact on regions other than the
implant apical or cervical. Ninety-seven implants were there-
fore analyzed and assigned to the following groups: G1 with
24 implants (6 patients); G2 with 32 implants (8 patients); and
G3 with 41 implants (16 patients). Patients in group G1 aged
59 to 76 years (64.2 mean), patients in group G2 aged 46 to
69 years (58.9 mean), and patients in group G3 aged 42 to
85 years (62.2 mean). No implant failure was found after a
mean 70.42-month follow-up time (40-month minimum and
88-month maximum follow-up times).

Table 1 shows the implant stability results that were found
for each group in the study. Implants with bicortical anchorage
(G2) showed both higher insertion torque during implant
placement and higher ISQ values (p < 0.05). Monocortical
implants (G1, apical, and G3, cervical) showed similar

insertion torque and ISQ values (p > 0.05). No correlation
was found between the values found by the two stability mea-
surement devices for the different cortical bone contacts that
were analyzed (p > 0.05) (Table 2).

Discussion

This retrospective study assessed patient records and investi-
gated the achieved implant insertion torque and ISQ values
during implant placement. Cortical bone anchorage (mono- or
bicortical) was evaluated on CBCT images of patients with
five interforaminal implants placed in the mandible. The re-
sults support partial rejection of the tested null-hypothesis.
Bicortical bone contact significantly increased implant stabil-
ity results. However, no significant correlation was found be-
tween the two methods used to evaluate implant stability.

Higher ISQ values were previously reported in thicker cor-
tical bone in the mandible compared to the more trabecular
bone in the maxilla [11]. Cortical bone thickness is important
for the implant primary stability, whereas trabecular bone is of
considerable importance for peri-implant bone healing [11].
Other studies [15–17] have also found that higher cortical

Fig. 2 Three-dimensional cone beam computed tomography reconstructions. aApical cortical bone anchorage (G1). bBicortical bone anchorage (G2). c
Cervical cortical bone anchorage (G3)

Table 1 Implant stability results (insertion torque and resonance frequency analysis) found for the different groups in the study

Variable Groups n Mean Median Minimum Maximum Standard deviation Statistical analysis

Insertion torque (Ncm) G1 24 52.3 55.0 32.0 80.0 11.1 A*

G2 32 64.1 60.0 32.0 80.0 15.2 B*

G3 41 54.3 50.0 32.0 80.0 11.8 A*

Resonance frequency analysis (ISQ) G1 24 71.9 74.0 58.5 82.0 7.0 A**

G2 32 76.0 76.8 62.0 85.0 5.0 B**

G3 41 73.0 74.0 51.0 85.0 7.4 A**

Groups not connected by the same letter in the statistical analysis column for each variable are significantly different

*One-way analysis of variance; p < 0.05; **Kruskal-Wallis test; p < 0.05
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bone thickness increases initial implant stability, which is in
agreement with the present study. This is also in agreement
with an earlier study that found that resonance frequency anal-
ysis was highly influenced by cortical density and thickness
[10]. It can therefore be suggested that bicortical bone contact
is a valuable resource to increase primary stability when plan-
ning to immediately load a dental implant.

Implant insertion torque is a mechanical parameter usually
influenced by the surgical procedure, by the implant design, and
by the bone quality at the implant insertion site [5]. Correlation
between RFA and IT values is controversial. Some studies [5,
18] found a strong correlation between the two methods where-
as others [6, 7] found no significant correlation. This study
found no correlation between IT values and ISQ values for
the implants that were analyzed. Higher insertion torque values
therefore do not necessarily lead to higher implant stability
quotients. A minimum insertion torque of 32 Ncm is recom-
mended to immediately load the implant. However, an exces-
sively high ITcould lead to bone damage—friction between the
implant surface and the bone wall should therefore be mini-
mized during implant placement surgery [12].

The present study was a retrospective research. As with all
retrospective studies, some chart data may not be so accurate
and therefore patients with incomplete chart data were exclud-
ed from this study. Another limitation is that different clini-
cians placed the implants that were analyzed for this study. To
minimize implant placement and measurement bias, the
Research and Education Center (ILAPEO) where the implants
were placed standardizes surgical procedures and IT measure-
ments during implant placement surgeries. ISQ measurements
are also standardized for all placed implants. Despite that,
some inherent placement and measurement bias can be ex-
pected because of the different clinicians performing the
procedures.

Conclusions

It can be concluded that insertion torque values and the im-
plant stability quotient are influenced by cortical bone contact
since bicortical bone anchorage led to a higher insertion torque
and higher implant stability quotient compared to the other
tested bone anchorages. No significant correlation was found
between insertion torque and implant stability quotient values.
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