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Accuracy of computer-assisted surgery
in immediate implant placement: An
experimental study
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Luis Ernesto Arriola-Guillén®

Abstract:

Purpose: Computer-guided surgery has been increased in recent years. Nonetheless, few data are available on
the validation of this technique for immediate implant placement. The purpose of this in vitro study was to evaluate
the accuracy of computer-guided surgery in immediate implant placement. Materials and Methods: Cone-beam
computed tomography scans (CBCTs) and virtual models were obtained of eight fresh pigs hemi-mandibles to
perform the digital planning of implants placement. Fifteen implants were simulated, and surgical guides were
designed to transfer the digital planning to the surgical procedure. Postsurgical CBCTs were performed to
compare the position of the planned implants versus the real implant position. Paired t-test and the intra-class
correlation coefficient (ICC) were used to assess the mean differences and correlations in each outcome
variable evaluated twice by one experienced researcher. Furthermore, variations were compared with the
results reported in the scientific literature using a one-sample ttest P < 0.05. Results: The measurements of the
outcome variables (implants position at the neck and apex level and the angular deviation) showed significant
reproducibility (mean difference-0.01 mm, 0.07 mm, and 0.30°, respectively, P> 0.05). The ICC values ranged
from 0.888 to 0.949. Furthermore, the mean deviation was 1.43 mm at the implant neck, 2.19 mm at the apex,
and 6.81° for the angular deviation. Similarly, significant differences (P < 0.05) were found at the neck and
angular deviation when comparing the results with values reported in the literature. Conclusions: Although some
variations were observed, they did not have a clinically significant impact. Therefore, computer-guided surgery
could be satisfactorily used in immediate implants placement.
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INTRODUCTION

the needs of each patient.'*'l Computer-guided
surgery allows implant planning considering

Proper positioning, angulation, and direction
of dental implants are essential to achieve the
success of both surgical and prosthesis treatment,
and specifically to obtain predictable functional,
esthetic, and hygienic results.'” The immediate
implant placement reduces chair time, favoring
both the clinician and the patient.’* It represents
an effective technique for replacing lost teeth
with a high survival rate.>®! Nevertheless, the
biological complications that may occur as
dimensional changes at the level of crestal bone,
peri-implantitis, and deficiency in primary
stability remain a matter of discussion./#
However, no statistically significant differences
have been reported regarding the advantages or
disadvantages of immediate implant placement
versus delayed placement.”!

The advent of computer-aided implant planning
with the use of cone-beam computed tomography
scans (CBCTs) and virtual models has provided
new alternatives to achieve an even more
accurate and predictable treatment according to

© 2021 Indian Society of Periodontology | Published by Wolters Kluwer - Medknow

the bone support and the virtual prosthesis
and offers the clinician the ability to transfer
the planning to the surgical procedure.>'! In
addition, it provides greater functional and
esthetic results in complex cases.!"”'8 Several
authors have indicated that clinicians must take
precautions to achieve success in the surgical
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procedure. Although it is a method with greater accuracy to
bring implant planning to the clinical procedure, some linear
and angular variations have been reported.!>?!

Van Assche ef al.” described in their pilot ex vivo study, with
a sample of 12 implants, angular deviations with a mean
of 2° + 0.8° in implants with a range length of 10-15 mm.
While the horizontal deviation at the apex was on average
1.1 mm + 0.7 mm and 2.0 mm + 0.7 mm at the neck level. The
authors concluded that CBCTs is a valid image technique that
can be used for implant planning, taking into account that
angular deviations up to 4° and horizontal deviations at the
apex and platform up to 2.4 mm may occur.

Different factors could cause deviations in implant placement
using a surgical guide.™ It can be attributed to the type of
retention of the surgical guide, the splints with anchor pins
have been reported as the most precise ones.* The guides
for initial drilling shows greater deviation than the fully
guided technique.™ One study reported factors related to
the proper design of the surgical guide, such as the offset in
diameter between the drilling system and the guide sleeve.*!
Implant deviations could happen at different moments: (1)
Obtaining the presurgical examinations (patient motion at the
CBCT scan),®! (2) in the planning and design of the surgical
guide (correct match between digital model and CBCT scan),*”!
and (3) in the surgical procedure (lack of stability of the guide).®!

Chen et al® compared the accuracy of guided versus conventional
surgery for immediate implant placement concluding that the
guided surgery technique showed superior accuracy. However,
even with the help of a surgical splint, the final position of the
implants tends to be directed toward the buccal cortical plate
when compared to the initial planning. In this way, the available
literature is inconclusive regarding this subject. For this reason,
the purpose of this study was to evaluate the accuracy of
computer-guided surgery in immediate implant placement.

MATERIALS AND METHODS

Ethical approval for this study was obtained by Ethics in
Research Committee of Cientifica del Sur University (Lima,
Perti) with the registration number 094-2019-POSS.

Sample characteristics and sample size

In order to simulate a clinical scenario, eight fresh
hemi-mandibles from cadaveric pigs were used, avoiding
the use of methanol. All swine jaws were obtained from the
Anatomy Department of Iberoamericana University, Santo
Domingo,Dominican Republic. They were maintained frozen
at —20°C once selected and maintained at the room temperature
at the time of the experiment.

The inclusion criteria comprised: (1) Teeth with two roots:
mesial and distal (2) presence of teeth adjacent at distal to the
area of interest to allow the stability of the surgical splint (3)
appropriate surrounding bone tissue to allow the primary
stability of the implants and (4) areas with favorable bone
thickness adjacent to the teeth for anchor pins placement.
These criteria were evaluated in presurgical CBCTs. Thus,
15 favorable areas were considered to planning the implant
placement.

Imaging of the hemi-mandibles

The CBCT scans were performed in the eight swine
hemi-mandibles. The tomographic exposure was carried
out with the ProMax three dimensional (3D) Max
equipment (Planmeca, Helsinki, Finland). The parameters
for obtaining the image were: 200 um voxel size, 90 kV,
6 mA and 8 cm x 8 cm field of view for obtaining digital
image and communication in medicine (DICOM) files. Then,
the surface scan was obtained with the TRIOS-4 intraoral
scanner (3Shape, Copenhagen, Denmark) to obtain the files in
stereolithography (STL) format [Figure 1].

Digital planning for implant placement

The DICOM and STL files were imported into the digital
planning software NemoScan (Nemotec, Madrid, Spain), in
which a specialist in Oral and Maxillofacial Radiology with
experience in digital implant planning carried out the planning
by matching the files to plan the position of the implants to
be placed with emergence in dentate areas. A total of 15 AB
implants (AB Dental, Ashdod, Israel) distributed among eight
pig hemi-mandibles were simulated. Eight surgical guides were
generated based on this planning according to the software
instructions for each of the samples considering the parameters
of the AB guided surgical kit (AB Dental, Ashdod, Israel). For
the three-dimensional printing of the splints, the Form-2 3D
digital printer (FormLabs, Massachusetts, United States) was
used [Figure 2].

Surgical procedure

A dental surgeon performed the extraction of the teeth.
Considering the root morphology, tooth section was
performed in each tooth allowing the dislocation of both
roots while preserving the integrity of the remaining bone.
Root traction was performed completely in all areas. In three
cases (hemi-mandibles 2, 7, and 8), bone spicules were detached
by traction of the teeth. The adaptation and stability of the
surgical splints were verified. In all cases, the surgical guides
had dental support in the distal area and mucous supportin the
mesial area. A slight degree of tilt was evidenced in relation to
the support; however, anchor pins were placed on the buccal
or lingual surfaces to improve the fixation. A specialist in
oral implantology with clinical experience in guided surgery,
performed implant placement according to the protocol of the
AB guided system (AB Dental, Ashdod, Israel) which uses
surgical splints with 5.2 mm diameter sleeves, reduction spoons
according to the drilling sequence and implant insertion tool
with stoppers for the placement of 15 implants through the
guide’s sleeves.

Postsurgical imaging

Subsequently, a new CBCT scan of each of the hemi-mandibles
was obtained with the same technical parameters used at the
presurgical stage.

Outcome variables measurements and reliability

The pre- and post-surgical CBCT scans were unified by
combining common bone and dental anatomical references
to make the analysis of the variations using software
NemoScan (Nemotec, Madrid, Spain).

The real position of the implants in relation to the planned
position was evaluated comparatively, considering as

220 Journal of Indian Society of Periodontology - Volume 26, Issue 3, May-June 2022



8L+AWAOANDMMN8eAAIAVO/FONEIDYIASALLIAIPOOAEIEAHIOI/ADAU

MY TXOMADYOINXZOHISABZIYTCN+eyNIOITWNOTZTARY HAOSHINAYE AqQ dsil/woo:mm| sfeuinoly:dny woly papeojumoq

€202/12/90 uo

Baez-Marrero, et al.: Computer-assisted surgery in immediate implant placement

variables: the global deviation at the neck and the apex of the
implants (mm) and the angular variation between the axis of
both implants (°) [Figure 3].

All measurements were performed by one experienced and
trained researcher twice for the entire sample.

Figure 2: Surgical guide design

Angular deviation

Figure 3: Graphic showing the outcome variables of the study

Statistical analysis

All statistical analyses were performed with the SPSS
software (version 19.0; IBM, Armonk, NY, USA). The
intra-observer reliability was evaluated using the paired
t-test and intraclass correlation coefficient (ICC). In addition,
one sample t-test was performed using values reported in the
literature as references. Significance level was set at P < 0.05
for all tests.

RESULTS

The comparison between the two measurements of the same
outcome variables (implants position at the neck or apex level,
and the angular variation) showed no statistically significant
differences. Mean differences of-0.01 mm, 0.07 mm and
0.30° were found for each variable, respectively [Table 1]. In
addition, the ICC values ranged from 0.888 to 0.949 [Table 2]
demonstrating good to excellent reliability.

The variations between real and planned position and
angulation of the implants ranged between 0.60 mm and
2.50 mm with a mean of 1.43 mm =+ 0.60 for the position at the
implant neck, between 1.20 mm and 3.40 mm with a mean of
2.19 mm =+ 0.63 for the position at the implant apex, and from
0.60° to 13.10° with a mean of 6.81° + 3.10° for the angular
variation [Table 3].

The results show concordance in the apex position according
to a previous study reported in the literature in which the
accuracy of computer-guided surgery in edentulous areas
was measured.? Statistically significant differences were
found in the variables of the neck position and angular
variation [Table 4].

DISCUSSION

Based on the results of this study, it is possible conclude that
computer-guided surgery can be used in immediate implant
placement considering a maximum angular variation of
13.10°, 2.5 mm at the implant neck and 3.4 mm at the implant

Table 1: Intraobserver fiability evaluation in all outcome
variables

Variable n Mean+SD Mean differences P
Variation at implant neck 1 15 1.43+0.60 -0.01 0.894
Variation at implant neck 2 15 1.44+0.60

Variation at implant apex 1 15 2.19+0.63 0.07 0.238
Variation at implant apex 2 15 2.13+0.68

Angular variation 1 15 6.81+3.10 0.30 0.450
Angular variation 2 15 6.51+3.20

P<0.05 significant, Paired t-test. n - Sample size; SD - Standard deviation; P
-Pvalue

Table 2: Intraobserver reliability evaluation in all
outcome variables

Variable Intraclass 95% CI (upper P
correlation limit-lower limit)
ICC
Variation at implant neck 0.949 0.857-0.983 <0.001
Variation at implant apex 0.949 0.855-0.983 <0.001
Angular variation 0.888 0.699-0.961 <0.001

P<0.05 significant. Cl - Confidence interval; ICC - Intraclass correlation
coefficient; P - P value
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Table 3: Means and standard deviation of the variations
between real and planned position among the implants
placed

Variables n Mean+SD  Minimum  Maximum
Variation at the 15 1.43+0.60 0.60 2.50
implant neck (mm)

Variation at the 15 2.19+0.63 1.20 3.40
implant apex (mm)

Angular variation (°) 15  6.81+£3.10 0.60 13.10

n - Sample size; SD - Standard deviation

Table 4: Comparison of the results found versus the
values presented in the literature

Variable P Means 95% CI
differences |nferior Superior

Variation at the 0.049 0.33 0.00 0.67

implant neck (1.1 mm)

Variation at the 0.252 0.19 -0.15 0.54

implant apex (2 mm)

Angular variation (2°)  >0.001 4.81 3.10 6.53

One sample t-test. Cl - Confidence interval; P - P value was significant at
P<0.05

apex. These discrepancies could reflect a clinical implication
impeding esthetic or functional results in rehabilitation or lead
to the invasion of adjacent anatomical structures. Then, this
procedure should be carefully planned.

The variations observed in this study could have originated
at the intraoperative stage due to the passive adjustment of
the drill in the socket at the time of preparing the surgical
site, caused by the extension of the pocked left by the roots
and could generate the observed inaccuracies. Some authors
recommend the use of shorter drills and longer sleeves to
achieve greater stability to the drills.”*

The results of this method can be optimized considering the
appropriate adjustment and stability of the guide, using splints
with mesial and distal support, on the same surface and with
the placement of anchor pins.” It has even been identified
that the use of multiple splints with different surfaces support
combined in an ordered sequence can improve the accuracy of
guided surgery in cases of immediate implant placement with
certain specifications.?!

Chen et al.®! evaluated the accuracy of computer-guided
surgery versus the traditional technique for immediate implant
placement, with a sample of 12 implants in human skulls.
They determined that the computer-guided procedure showed
greater accuracy. Nevertheless, even with the help of a surgical
splint, the final position of the implant tends to be directed
with buccal orientation relative to the planned position. In this
study, for the computer-guided procedure, the implants were
placed without the surgical splint. To reduce deviations, it is
recommended to perform fully guided technique for both the
procedure of preparation of the alveolus as the installation of
the implants through the surgical guide.

Van Assche et al.* indicate that in cases of partially edentulous
patients, the guide is supported on two different surfaces (oral
mucosa and teeth), attributing to this condition the possibility
of generating deviations due to tilt of the splint, being the best

scenario to achieve a perfect fit of the splint on a single type
of surface. This condition is recommended to be counteracted
with the placement of anchor pins in the guide. In the present
study, the guides were planned with distal dental support and
mesial mucous support, and this could be the cause of the tilting
of the guide. However, anchor pins were placed to ensure the
stability of the splint at the time of the drilling sequence.

Choi et al.M assessed the accuracy in conventional surgery versus
guided surgery and found improvement in the mesio-distal
position of the implants. They reported that incomplete bone
remodeling and the gap left by extensive roots could cause the
drill’s tendency to deviate to another side. However, in this
investigation, the technique was validated with two-dimensional
radiographs, and the buccal and palatal/lingual dimension
could not be obtained, remaining to some bias.

Based on the results of this study, the improvement of the
technique is suggested considering several critical factors such
as an appropriate adjustment and stability of the surgical splint.
These properties can be difficult to achieve when it comes to
postextraction cases and immediate implant placement because
the surgical site variation at the time of presenting the splint
due to the three-dimensional records in which the planning
is performed.B”

The results of this study should be interpreted with caution
due to the size of the sample and the specific limitations, such
as the specimen consisting of hemi-mandibles of pigs, which
may not be representative for the real clinical scenario and ruled
out the possibility of designing a full arch guide. This could
have led to overestimation of the angular variation and of the
position variation at the implant neck site in the real position
with respect to the planned one.

Further clinical studies should be performed evaluating
the validation of this technique. In addition, comparison
between with conventional procedure using clinical trials is
recommended.

CONCLUSIONS

Computer-guided surgery is a technique that could be used in
immediate implant placement considering that some variations
in the angulation and in the position of the neck and the apex
of the implants could be expected.
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