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Optimizing Dental Implant Success: Biomechanical Insights,
Computer-Guided Precision and The Role of Open Guide
Systems in Achieving Cost-Effective and Accessible Treatment
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ABSTRACT

Objective: This study aimed to compare the positional and angular accuracy of digitally planned implant placements
with an open-guide system, using a vision measuring machine (VMM).

Methodology: This in vitro experimental study, conducted at King Saud University (May to September 2024), involved
placing 24 endosseous implants into eight replaceable bone blocks. Three implants were placed in each bone block
(Nissin™ Dental, Japan), measuring approximately 50 mm (L) x 25 mm (W) x 20 mm (H). A jaw model simulating a
partially edentulous mandible was used. Preoperative CBCT scans and virtual surgical planning software guided the
fabrication of stereolithographic surgical templates. Post-placement, implant accuracy was assessed using the VMM.
Results: The open-guide system (Group-B) demonstrated significantly improved linear (e.g., L I-1l: 1.09 mm, p = 0.001)
and angular accuracy (e.g., P lll deviation from 90°: 9.59°, p = 0.000) compared to digital planning alone (Group-A).
Vertical accuracy, however, was inconsistent, with some deviations reaching significance (e.g., V DI: p = 0.000), while
others did not (e.g., V DIl: p = 0.552).

Conclusion: The stereolithographic open-guide system enhances linear and angular precision in implant placement,
particularly in multi-implant cases. However, vertical accuracy remains less predictable, warranting further refinement
for improved surgical outcomes.
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machine.
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imaging, such as CBCT, with computer-based planning
tools to ensure precise surgical and restorative outcomes.®
CBCT has revolutionized treatment planning in
implant dentistry by offering high resolution and a
three-dimensional visualization of all maxillofacial
structures. Nevertheless, CBCT is limited by reduced
soft tissue contrast, susceptibility to motion artifacts
and image distortion from metallic objects.” In contrast,
the Vision Measuring Machine (VMM), a non-contact
optical instrument, provides sub-millimetric dimensional
accuracy for assessing mechanical deviations in implant
positioning in vitro. VMM enables reproducible
assessment of linear and angular deviations between
planned and actual implant positions. Nonetheless,
its application is restricted to ex vivo studies due to
the requirement for fixed specimens and a controlled
environment, limiting its clinical use.”?
Computer-generated surgical guides have
significantly enhanced the accuracy and efficiency of
implant dentistry by offering customized solutions for
precise implant placement across diverse edentulous
conditions.” These guides are classified as tooth-
supported, mucosa-supported, or bone-supported based
on the patient’s edentulous status. Tooth-supported
guides are employed in partial edentulism cases,
mucosa-supported guides are used for fully edentulous
patients, relying on accurate jaw relations and fixation
with screws or pins, while bone-supported guides are
primarily utilized in fully edentulous patients with severe
ridge atrophy where mucosa-supported guides cannot
be reliably seated.'” Through stereolithography, custom
surgical guides can be manufactured, allowing precise
control of implant depth, angulation and positioning.?
Multiple studies have compared the accuracy of implant
positioning using mucosa-supported versus bone-

supported surgical guide templates for different guide
types in the context of mandibular complete implant-
supported overdentures.!%*?

The rising demand for dental implants driven by eco-
nomic factors underscores the need for cost-effective, ef-
ficient solutions.” This study evaluates discrepancies be-
tween planned and actual implant positions to enhance
accuracy in 3D image-guided implant rehabilitation.
High-precision guided placement improves surgical ef-
ficiency, reduces iatrogenic trauma and ensures predict-
able outcomes, thereby optimizing resources across di-
verse clinical settings.” To the best of our knowledge, this
study is among the first to comprehensively evaluate and
directly compare the clinical accuracy of a universally
adaptable open-guide surgical system with CBCT-based
virtual implant planning, using high-precision VMM
analysis. While previous studies have explored guided
implant placement, few have employed micrometric tools
like VMM to objectively quantify linear and angular de-
viations from planned positions. By integrating advanced
imaging for planning and VMM for outcome validation,
this study introduces a novel methodological framework
that enhances understanding of the accuracy and clinical
potential of open-guide systems in implant dentistry.

METHODOLOGY

This study was conducted at the Dental Health
Department, King Saud University Riyadh, Saudi Arabia
between May to September 2024. The study materials
are listed in Table-I. Mandibular posterior edentulous
bone-like replaceable bones (NissinTM dental, Japan)
were fabricated for placement of twenty-four endosseous
implants (Adin Touareg-S, Adin Implant System Ltd.,
Israel). Bone blocks (Nissin™ Dental, Japan) were pre-
fabricated polyurethane models simulating type I dense

Table-I: Materials used in this laboratory study.

Material Manufacturer

LOT/BATCH NO.

Partially edentulous jaw model

Nissin™ Dental, Japan

IMP1001-UL-SP-FEM

India

Light Cured custom tray material ELITE LC tray, Zhermack Spa, Italy D500021
Gutta Percha Points DIADENT®, Vancouver, BC Canada 010315
Stereohthograp hic Open Surgical In 2 GuideTM, Cybermed, Seoul, South Korea ———-
Template/Guide

Self-Cure Acrylic Resin Travelon, Dentsply, USA LP-0415
Polyether impression material Monophase; 3M ESPE™, St Paul, Minn, USA 608553
Pentamix™ 2 3M ESPE™, St Paul, Minn, USA —
Type IV die stone Ultrarock, Kalabhai Karson Pvt Ltd, Mumbeai, 160708

In 2 GuideTM Surgical Template

KaVo Dental GmbH, Seoul, South Korea ——

Adin Touareg-S, two-piece,
endosseous implants

Adin Implant System Ltd. Israel -
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Table-II: Vertical and Angular Measurements of Implants planned on CBCT.

Implant Location Vertical Measurement Angular Measurements
Implant placed in 35 location (mesial) 1.51 mm 900

Implant placed in 35 location (distal) 3.37 mm

Implant placed in 36 location (mesial) 1.51 mm N

Implant placed in 36 location (distal) 1.51 mm %

Implant placed in 37 location (mesial) 2.47 mm 90.1°
Implant placed in 37 location (distal) 1.51 mm

bone, manufactured using high-pressure molding to
replicate human mandibular posterior segments. A
total of eight bone blocks were used in the study. Three
implants were placed into each block. The accuracy
of the 24 implants was then evaluated based on. linear
measurements (mesiodistal and vertical) and angular
measurements (n=24). The baseline (control) was the
planning derived from the CBCT method for placing
three implants in one bone block.

Ethical Approval: Exemption from the Research Ethics
Committee of the College of Applied Medical Sciences
was obtained Ref. E-004-3738, Date: April 23, 2024).

A jaw model was articulated to simulate a complete-
ly dentulous maxilla (Nissin™ dental, Japan) to get the
occlusion of replaced teeth accurately. A radiographic
template was made that mirrored the intended pros-
thetic result. Upper and lower jaw models were created
using monophase polyether imprints (3M™ ESPE, USA)
and duplicate castings were made using Ultrarock type
IV dental stone. A radiographic stent was created on the
mandibular cast and a specially designed tray was light-
cured for 10 minutes. Each of the template buccal and lin-
gual flange surfaces had several openings made on them
with a diameter of Imm and distributed at different ele-
vations below the cervical margins and relative to the oc-
clusal plane. To locate the implants, various radiographic
markers containing gutta-percha balls (DIADENT®, Dia-
dent Group International Inc., Vancouver, BC Canada)
were inserted into these perforations.

CS 9300 Cone Beam CT Unit (Carestream Dental
Systems, Carestream Health Inc, Rochester, NY, USA) was

used to obtain cone beam scan images of the mandibular
model with a radiographic stent. The exposure
parameters were set at 85-90 kV and 10-12 mA. There was
also a second scan following the Dual scan protocol. The
software (OnDemand3D™, Cybermed Inc., South Korea)
used radiopaque markers in the radiographic template to
merge two scans, creating a precise 3D model of the bone
and template. CBCT-generated DICOM data was used
by implant planning software (In2Guide™, Cybermed
Inc.) for virtual implant planning in 2D and 3D, aligning
the segmented 3D cast and radiographic guide through
spherical markers. The software selected appropriate
dental implants (Adin Implant Systems Ltd., USA) and
facilitated virtual surgical planning, determining implant
location, angle and depth.

The completed simulation was saved as an STL
file for stereolithographic fabrication of the surgical
guide. The guide was created using stereolithographic
equipment (In2Guide™, Cybermed Inc.), targeting
three implant locations (35, 36, 37) with specific sizes:
3.75 x 10 mm (35) and 4.2 x 10 mm (36 & 37). Planned
inter-implant distances were 8.71 mm, 8.79 mm and
17.50 mm. Implant sites were planned supracrestal at
1.5 mm from the ridge crest and vertical and angular
measurements were determined using CBCT data
(Table-II). These inter-implant distances were based
on anatomical measures to ensure adequate inter-
implant spacing and accommodate future prosthetics.
The supracrestal positioning at 1.5 mm was chosen to
mimic clinical recommendations for biologic width
preservation and ease of surgical access.

Fig. 1: (A) Linear measurements (B) Angular measurements in #35,
C: Angular measurements in #36, D: Angular measurements in #37.
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A stereolithographic guide was created using a rapid
prototyping machine based on stereolithography.
The SLA used a laser to polymerize resin layers in
1-mm cross-sections, forming the surgical guide with
cylindrical sockets for implants. After removing resin
supports, a stainless-steel tube was inserted to ensure
accurate implant angulation and positioning. The guide
(In2Guide™, Cybermed, South Korea) was universally
adaptable to any implant system.

The surgical template was cold sterilized and the
drill box was autoclaved. Drilling began with a 2- mm
drill and guide sleeve, progressing through 2.5-mm
and 3-mm drills. The final drill was used freehand in an
open universal guide system, following the osteotomy
direction. Drilling was done at 800 rpm and the implant
fixture was torqued to 30 Ncm.

Post in-vitro implant placement with the aid of a
universal open guide system, the implants placed in the
replaceable bone blocks were tested for their positional
accuracy using VMM (Fig.1). The measurements that
were recorded were cross-referenced with the planned
positions of implants placed virtually by CBCT. When
determining the measurements for vertical distances
between the implants, we calculated the distance between
each implant and bone crest to implant platform on both
mesial or distal directions and compared these values to
those obtained from CBCT. However, when measuring
angulations for all three implants, a horizontal reference

line was drawn parallel to the base of the model at 7.5
mm above its base. All three implants were simulated at
90° to this reference line. The measurement denotations
of all sub-groups are mentioned below (Table-III).

The data were analyzed using SPSS (ver. 25) statistical
software. Descriptive statistics were computed for all
the variables of Group-B (Guided Implant placement) in
comparison to the control group (CBCT) with regards to
each of the parameters being studied, i.e., vertical distance,
linear distance and perpendicularity. Additionally,
paired sample t-test was employed to observe statistical
difference between the groups. The P value of less than
0.05 was considered significant.

RESULTS

Linear, vertical and perpendicular distance values
measured between Group-A and Group-B at various
locations are presented in Table-IV. The statistically
significant differences in linear distances between the two
groups at various locations were observed (p< 0.05). In
contrast, Group-B demonstrated a statistically significant
difference (p< 0.05) between the distal surface of Implant
I'and the implant crest while horizontal reference lines of
all three implants showed significant differences between
Groups A & B (p< 0.05). The comparison between
Group-A and Group-B demonstrated statistically
significant differences in linear, vertical and angular
implant placement accuracy. In terms of linear accuracy,

Table-III: Measurement Denotations of Sub-groups.

Group Measurement Denotations Subgroups Denotations

L, = Linear distance in mesiodistal direction
A (Control Group) L = Linear Distance between Implants I and II
Measurements of virtually L, = Linear distance in mesiodistal direction
planned implants by between Implants II and III
CBCT only) L, = Linear distance in mesiodistal

direction between Implants I and III

B (Guided Implant

Placement) V = Vertical Distance

V,,,= Vertical distance of mesial surface of Implant I

from the ridge crest

V,,,= Vertical distance from the distal surface of

Implant I to the ridge crest

V= Vertical distance of mesial surface of Implant II

from the ridge crest
V,, = Vertical distance of distal surface of Implant II

from the ridge crest

V= Vertical distance of mesial surface of Implant
II from the ridge crest
V, = Vertical distance of distal surface of Implant III

from the ridge crest

P = Angulation/

P = Angle between Implant I and horizontal
reference line

P, = Angle between Implant II and horizontal
reference line

Perpendicularity P, = Angle between Implant III and horizontal
reference line
Pak J Med Sci  September 2025 Vol.41 No.9 www.pjms.org.pk 2532
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Table-IV: Evaluation and comparison of linear and vertical distance and perpendicularity values obtained
between implants planned virtually (Group-A) and those placed through a stereolithographic
surgical open guide system (Group-B).

Linear, Vertical & Perpendicularity Mean = Standard Deviation () Sgniﬁcance
Distance Values - oalue
Group-A Group-B (2 - tailed)
L., 879+0 7.70 +0.58 0.001*
Lou 8.71+0 8.11+0.30 0.001*
Lo 1750+ 0 15.80 + 0.48 0.000*
Vi 1.51+0 1.37+£0.32 0.287
Vo 3.37£0 1.86+0.48 0.000*
A 1.51+0 1.65+0.48 0.432
\ 1510 1.56 +0.23 0.552
Voum 247+0 1.79+£0.36 0.001*
Vou 151+0 1.29+0.39 0.156
P, 90.00+0 84.52 + 543 0.025*
P, 90.00 £0 83.57 +1.52 0.000*
P 90.00 £0 80.41 +237 0.000*

Group-B consistently showed shorter inter-implant
distances than those planned in Group-A. Specifically,
the distance between Implants I and II was reduced from
8.79 mm to 7.70 £ 0.58 mm (p = 0.001) and the distance
between Implants II and III decreased from 8.71 mm
to 8.11 £ 0.30 mm (p = 0.001). The cumulative distance
between Implants I and III also showed a significant
reduction from 17.50 mm to 15.80 £ 0.48 mm (p< 0.001).

Vertical accuracy was more variable. While some
measurements, such as the mesial aspect of Implant-I,
were not statistically different (p = 0.287), significant
discrepancies were noted at other sites. The distal aspect
of Implant-I showed a marked reduction from 3.37 mm
to 1.86 = 0.48 mm (p< 0.001) and the mesial aspect of
Implant-IIT decreased from 2.47 mm to 1.79 £+ 0.36 mm
(p = 0.001), indicating vertical under-insertion in several
cases. Angular accuracy also revealed significant
deviations from the planned 90° angulation. Implant
I was placed at 84.52 + 5.43° (p = 0.025), Implant II at
83.57 £ 1.52° (p< 0.001) and Implant IIT at 80.41 + 2.37°
(p< 0.001), all of which were significantly different from
the ideal angle.

DISCUSSION

This study demonstrated the high angular and linear
accuracy of a stereolithographic open guide system when
compared to CBCT-based planning. Our findings provide
a deeper assessment into how open universal guides can
offer better outcomes to more expensive static navigation
systems. The critical role of optimal implant positioning
and orientation has been consistently emphasized

Pak J Med Sci

September 2025 Vol.41 No.9

in previous studies. Biomechanical considerations
underscore the vulnerability of dental implants to
nonaxial forces, particularly shear forces that can lead
to bone resorption and implant fatigue failure.”® The
angulation of implants has been identified as a key factor
influencing stress distribution, with parallel placement
recommended to mitigate excessive forces and minimize
the risk of complications such as crestal bone loss and
implant displacement.’'® The use of computer-guided
(static) surgery has emerged as a modern and effective
tool for enhancing accuracy in implant placement,
allowing for precise three-dimensional visualization and
preoperative planning.'%'”

The results demonstrated significant differences
in linear, angular and vertical accuracy between
the methods. Compared to closed guide system,
the universal open guide system showed superior
mesiodistal linear accuracy for implants I-II and
improved angular accuracy. However, the observed
lower vertical accuracy can be attributed to variations
in the drilling step in the open guide technique,
elastic deformation of resin during insertion or
micromovements of the stereolithographic guide
under pressure and operator-dependent variations
in tactile feedback.”? The open guide system is
recommended for achieving accurate horizontal and
perpendicular implant positioning in cases involving
multiple implants.’® However, caution is advised when
placing implants vertically using this method and
further research is needed to evaluate its applications
and limitations across diverse clinical settings.

www.pjms.org.pk 2533
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The findings of this study align with existing
literature evaluating the accuracy of computer-guided
implant surgery.”® This study provides evidence for
how computer-aided surgery can make dental implant
insertion predictable, precise, minimally invasive
and efficient; thereby improving esthetics, enhancing
patient comfort and satisfaction as well as facilitating
immediate loading." Future investigations should focus
on integrating depth-limiting mechanisms such as fully
guided sleeves and adjustable drill stops to optimize
vertical accuracy and prevent insertion errors in open-
guide implant systems. Enhancing guide stability,
especially posteriorly and incorporating dynamic
navigation or real-time intraoperative verification
may further improve vertical control. Clinical studies
assessing the effects of drilling protocols, bone density
and operator experience on vertical accuracy are essential
for technique optimization and standardization.

Limitations: While the study yielded promising results,
it has limitations. It assessed the accuracy of virtually
planned implant placement using a universal open guide
system (In2Guide™ Surgical Template and VMM), but
did not consider the influence of operator experience
on placement accuracy in computer-guided implant
surgery.>*? Also, the study did not fully evaluate drilling
sequence and guide-hole design as factors affecting
accuracy in static computer-assisted implant surgery as
has been supported by previous studies.”

CONCLUSIONS

Notable angular and vertical deviations, particularly in
distal regions, were observed. with the stereolithographic
open guide system. Overall, the stereolithographic open
guide system approach outperformed CBCT-based
virtual plans in horizontal (mesiodistal) placement, where
it showed high linear as well as angular accuracy. It also
matched navigation systems and closed-ended guidance
systems in precision. The stereolithographic open guide
can provide precise horizontal placements, which makes
this system suitable for cases with multiple implants.

Source of funding: Ongoing Research Funding Program
(ORF-2025-31), King Saud University, Riyadh, Saudi
Arabia.
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