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Abstract

Numerous studies show that the use of dental guides that rest on the patient's teeth improves the
precision of implant placement, but the currently developed procedures and selected materials are
still not perfect and could result in deviations from the planned implant position. The impact of the
surgeon's hand force on the deformation of dental guides during implant placement has not yet been
investigated or documented. In this study the behavior of the 3D guide model is evaluated by FEA
analysis to validate the influence of the force of the surgical hand on dental guides due to their
application. FEM simulation of deformation and stress was designed for four different types of dental
guides that are supported on teeth for different ways of supporting the guide due to the action of the
surgeon's manual force (chosen arbitrarily 30 N). The finite element simulation method performed
on 5 sets of commonly used biocompatible polymer materials, Stratasys MED610 and VeroGlaze
MED620, EOS PA2200, Formlabs FLSGAMO1 and Stratasys ULTEM 1010, successfully numerically
quantified the deformation of the dental guide caused by the surgeon's arbitrarily manual forces
during manipulation. Based on the conducted analyses, guidelines were proposed for improving the
design of guides, with an emphasis on optimal selection of supports, stability on the patient's
anatomy, and reduction of deformations, thereby increasing the accuracy of implant placement. It
was found for all four designs of dental guides that the deflection depends on the size of the arm, i.e.
the distance of the support from the point of application of the force. As a result of the study,
diagrams were created that serve as guidelines for the design of beam (A and A1) and cantilever (B
and B1) versions of dental guides that rely on teeth. Guidelines for enhancing guide design were put
out based on the analyses that were carried out, with a focus on the best choice of supports, stability
on the patient's anatomy, and minimization of deformations in order to improve implant placement
accuracy.

Keywords: dental guides; deformation; deflection; FEA analysis; beam type; cantilever type; accuracy

1. Introduction

This scientific study aims to investigate and simulate the design of a dentally supported guide
for dental implant insertion using the finite element method (FEM).

Finite element analysis (FEA), which is widely used in medical and dental applications, is
performed on complete 3D models of the jaw and teeth generated using intraoral scanners (IOS),
facial scanners, and cone-beam computed tomography (CBCT). The accuracy of these input data
directly affects the reliability of implant position predictions. In recent years, digital dentistry has
become a part of the daily practice of dentists. From a surgical perspective, immediate implant
insertion is much more difficult than implant placement in a healed ridge. Implant surgery is a
common method to help oral surgeons manage these criteria for challenging procedures and
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situations, supported by computer-aided technology or customized and printed guidelines. An ideal
three-dimensional (3D) implant position can be virtually prepared within a surgical planning
software program with the aid of cone beam computed tomography (CBCT) and digital intra-oral
imaging. Dental implant insertion using static guided surgery is a well-researched process that calls
for the production of a custom surgical guide as well as hardware and software support tools. A
series of different guides could be used to direct the surgical drills during implant bed preparation.

The most recent procedures and surgical techniques in the field are covered in mastering implant
prosthetics through a multidisciplinary approach [1], as is the computer-assisted matching of
planning and execution in orthopedic surgery with the goal of identifying and utilizing a
multidisciplinary protocol for the precise placement of implants [2]. This area of surgery involves
several difficulties and challenges, including the correction of malpositioned implants through
periodontal surgery and prosthetic rehabilitation [3,4], and the optimal placement of osseointegrated
implants [5]. A comparison of computer-assisted tomography and data-gathering modalities in
prosthodontics [6,7], a surgical placement guide for use with osseointegrated implants [8], the display
of three-dimensional anatomy with stereolithographic models [9], computer-assisted matching of
planning and execution in orthopedic surgery and guides [10,19], and three-dimensional computer
graphics for craniofacial surgical planning and evaluation are just a few cities that describe the
accuracy of various forms of computer-aided design. The authors of other studies focused more on
implant placement accuracy, such as the accuracy of implant placement using a stereolithographic
surgical guide [11,12,20-23,29,30,36,37,55,56,65,68-71,74,80]. Applications of medical rapid
prototyping assisted customized surgical guides in complex surgeries [14-17], the impact of
experience on dental implant placement, and dynamic navigation approaches [24] have all been
extensively documented in numerous works [13,17,18,38,39,53,57]. The accuracy of various
computer-aided design/computer-aided manufacturing surgical guides for dental implant placement
in works [25-29] and reproducibility of the drilling access of digitalized surgical guides generated
via three different implant planning software programs were published in the study.

Additionally, Ketcha M.D., et al. highlights how fundamental restrictions impact image
registration performance, detailing the implications of image noise and resolution in CT-guided
interventions [31], while studies [32,33] demonstrate the impact of CT parameters on STL model
accuracy and quick prototyping. In [34], a comparison between intraoral scanning and traditional
imprint procedures using 3-dimensional superimposition is highlighted. The accuracy of chairside-
milled CAD/CAM drill guides for dental implants is described by Kuo R.F. et al. in [35], comparisons
between models of traditional intraoral casting and digital rapid prototyping are described in [37],
and the impact of freehand, pilot-guided, and fully guided surgical protocols on the accuracy of
immediately placed implants was published in [40]. Analyses of accuracy and efficacy in guided
surgery can be found in [41-47], MRI and CBCT image registration in works [48-51], comparative
evaluations of intraoral and extraoral digital impressions in [52,54,55], computing and computer-
assisted intervention [56-64] and modeling accuracy in dental surgical guide fabrication using
different 3-D printing techniques can be found in [66].

In order to facilitate the transfer of the surgical plan from the computer to the operating room,
the Tooth-Supported 3D-Printed Surgical Guide should be created and manufactured to suit the
tissue and precisely match the patient's anatomy. The guides' primary function is to offer prearranged
routes for drilling or cutting during surgery as well as for the implant's directed (guided) attachment.

The use of dental guides increases the accuracy of implant placement, according to studies in
the field of dental medicine [20-25]. However, the already created processes are still not ideal, and
deviations from the planned ones happen. Significant differences between the intended and actual
implant sites have also been discovered in commercial devices, according to a review [21].

Because it affects the direction and position of the drill bit, deformation of the guides caused by
the surgeon's hand forces during implant placement may have negative effects on the patient. More
thorough research on the impact of the surgeon on the dental guides in terms of deforming the dental
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guides during application (surgery) has not been found in the literature, despite studies showing the
impact of the clinician's experience on the accuracy of implant placement [43-45].

Implant placement errors using guides with a single free end (cantilever form) have been studied
scientifically in work [69]. Implants positioned using guides with free ends frequently vary more
from the intended position than those with a support at the end, according to research [70-73].
Movement is thought to happen while drilling [74]. According to research [75], selecting a material
that is as hard as feasible may help prevent the guide's free end from moving.

Static guided implant surgery (sGIS) accuracy may be compromised by a distal free-end
scenario, which could lead to inadequate deformation (stability) of the surgical guide. This study
looked into how the surgeon's manual forces during implant insertion affected the guides'
deformation.

Studies defining the impact of the clinician on dental guides during surgery, i.e.,, whether
deformation (deflection) occurs due to the cantilever geometry of the guide when drilling at greater
distances from a solid support (larger arm), are not currently available in the literature (perhaps they
are now, but not for this type of guide). Implant positioning and placement may be incorrect if the
surgeon manipulates and holds the dental guide excessively during surgery.

The objective of the study is to produce dependency diagrams that illustrate the link between
the guide's deflection (deformation) and the force's distance from the support. This information offers
parameters for the construction of guides that indicate how far away from the support the drilling
position, or holding it by hand, can be so that the guide's deformation is acceptable, insignificant, or
so little as to be ignored.

The current study aims to:

(i) Determine the impact of the surgical hand's force on dental guides as a result of their application
using a numerical model.

(ii) Make recommendations for enhancing dental guide design while considering the relevant factors
and the outcomes of the applied experiment.

The following is the anticipated scientific contribution of the work:

(1) Improving dental guide design by establishing standards for improving "cantilever" and
"beam - like" dental guide design to enhance their stability and fit on the patient’s dentition.

(2) Deformation and stress diagrams for four distinct dental guide designs (types) that are
currently most frequently used in practice.

2. Materials and Methods

In this part, authors describe the methodology of the study, detailing the procedures employed
to allow readers to assess its validity and reliability. This section specifies the type of study
conducted, the data collection methods, and the approaches used for data analysis. To simulate the
expected structural behavior of dental guides under forces applied by the surgeon’s hand, the study
outlines the guide designs and materials used. The rationale for selecting these methods, materials,
and specific dental types or versions is also provided. The research design frequently focuses on
applied research with the aim of developing 3D design and printing techniques, prototyping, and
providing suggestions for improving dental guide construction while taking the surgeon's preferred
force for implant placement into consideration. In connection to the choice of design type, particularly
the type of guide arms, the authors sought to advance scientific understanding and facilitate the
resolution of the practical problem of bending and deforming dental guide templates. The main
objective of applied deductive research is to test theories. However, the focus of this case study
research is on demonstrating a new and simpler method for lowering risk in dental guides at the
implementation stage, based on the examination and use of earlier applied numerical simulation.

This study presents two equal hypotheses: (1) The clinician's (surgeon's) influence, i.e., the
deformation of the dental guide during manipulation and application during surgery, can be
quantified by numerical simulation using the finite element method (FEM); and (2) It is possible to
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suggest guidelines for the improvement (advancement) of dental guide design with regard to the
influence of the surgeon force.

The notion is predicated on the possibility of quantifying the surgeon's impact on the dental
guides during application. The impact of the surgeon on the dental guides during application was
investigated quantitatively using the finite element technique (FEM) in order to support or contradict
the idea.

The occurrence of deformation and stress in dental guides during application is ascertained by
employing FEM numerical tools to simulate the action of manual force during surgery. The
simulation's objective is to produce diagrams that illustrate the connection between guide deflection
and the force application point's distance from the support. This information offers parameters for
the design of guides that indicate the maximum distance that the drilling position, or hand grip, can
be from the support while guaranteeing that guide deformation at the free end is acceptable.

The initial phase involves creating the experimental setup and designing the dental guides. A
numerical model is produced in the Comsol Multiphysics software package (version 4.3, Comsol Inc.,
Sweden). Boundary conditions are altered for the numerical model, and the deflection results are
calculated numerically. Ultimately, diagrams are produced that illustrate how the force exerted on
the dental guide's free end varies with arm length, or the distance from the support.

3.1. Dental Guide Design

This section of the study will use 3D modeling to present the design of several dental guide types
and potential alterations. The authors will demonstrate their contribution by displaying four dental
guide designs using two types of guide suspensions and two instances of potential iteration versions
placed on a patient's jaw model after first showcasing an example of a produced guide type from the
cited published work [69].

In present study examined guides that use teeth for support authors divided into two groups
(Figure 1) according to works [69,76,77]:

e cantilever — guides that rely on only one side of the patient’s anatomy (teeth) and have one
free end

* beam - guides that rely on both ends of the patient’s jaw anatomy.

(a) (b)

Figure 1. Designs of dental guides placed on a model of the patient's jaw [69]. (a) Beam type dental guide. (b)
Cantilever typ. The blue arrow indicates the point of firm contact between the cantilever type guides and the

patient's tissue.

For the purpose of researching the influence of the surgeon's manual force on dental guides,
authors created four different designs of dental guides versions in the 3D software package (Figure
2). The names of the variations are:
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¢ version A —beam-type guide for full dentition with all surfaces on the teeth included. Support
is provided on the last two molars (occlusion).

e version Al — beam-type guide for full dentition with occlusal surfaces on the teeth removed.
Support is provided on the last two molars.

e version B — cantilever-type guide for full dentition with all surfaces on the teeth included.
Support is provided on half of the dental arch.

e version Bl - cantilever-type guide for full dentition with occlusal surfaces on the teeth
removed. Support is provided on half of the dental arch.

Al

B1

Figure 2. Designs of dental guides for investigating the influence of the surgeon during application. (A) full
dentition beam guide with all tooth surfaces included. (A1) full dentition beam guide with occlusal surfaces
removed. (B) full dentition cantilever guide with all tooth surfaces included. (B1) full dentition cantilever guide

with occlusal surfaces removed.

For each of the four guideway designs, a finite element mesh was produced in the Comsol
Multiphysics software program based on the guideways' 3D model (Figure 2). Three-dimensional
linear tetrahedral elements make up the finite element mesh. In order to apply boundary conditions
(supports and forces) to the 3D models of the guideways, sufficient surfaces were supplied
(modeled). The produced finite element mesh is displayed in Figure 3. The surfaces ready to define
the force (load) boundary conditions are indicated by red, while the surfaces ready to determine the
displacement boundary conditions are indicated by blue. More information about applied boundary
conditions as initial data for dental model will appear in chapter 3.2. The fundamental information
for the produced finite element meshes is listed in Table 1.

Table 1. Finite element mesh parameters for four different designs of dental guideway.

Dental The number of finite Number of degrees Density, finite
FEM type
version elements in the network of freedom elements/mm?3
A Linear tetrahedral 75118 397752 8,1
Al Linear tetrahedral 61966 338097 9,15
B Linear tetrahedral 74009 392094 7,89
B1 Linear tetrahedral 59182 322422 8,64
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Figure 3. Defining displacement boundary conditions for an A-type dental guide; finite element mesh (left), with
all selectable displacement (clamping) boundary conditions represented by the blue zone (right).

3.1. Materials

The chosen material must be defined in order to create a numerical model. Five commercially
available biocompatible polymer materials that are generally used to make dental or surgical guides
(orthopedics) were the subject of simulations. These materials include Formlabs FLSGAMO01, EOS
PA2200, Stratasys ULTEM 1010, VeroGlaze MED620, and Stratasys MED610.

3.1.1. MED610 (Stratasys)

The Polyjet technique is used to create a translucent, stiff dental resin with a high level of
dimensional stability. Printing dental guidelines and creating partial dentures are its main uses [14].

3.1.2. VeroGlaze MED620 (Stratasys)

VeroGlaze MED620 is a stiff, opaque dental resin that is biocompatible and has excellent
dimensional stability and precision. designed to print dental models. The Polyjet process makes use
of it. mechanical characteristics that are marginally inferior to MED610 [14].

3.1.3. PA2200 (EOS)

Polyamide 12 is the foundation of PA2200 Carbon Reduced. It is meant to be processed by
selective laser sintering, or SLS. It is distinguished by whiskey with varying levels of stiffness and
isotropic strength. A layer thickness of 100 pm yields very good surface quality and detail resolution
along with fine resolution. Production equipment such as grippers, templates, and holders; surgical
cutting guides and bone models for the medical industry; glasses in the consumer goods industry;
spare parts like brackets or covers, such as in the automotive industry; and functional parts for
prototyping, such as hinges or threads, are some of its applications [15].

3.1.4. FLSGAMO1 (Formlabs)

This material is a biocompatible polymer that may be autoclaved and used to create dental
guides, dental drill guides, pilot drill guides, and device sizing templates that surpass dental criteria
in terms of precision, part quality, and performance. Its original purpose was to process SLA
(stereolithography). It satisfies all biocompatibility risk requirements and is certified in accordance
with ISO 10993-1:2018, Biological evaluation of medical devices - Part 1: Evaluation and testing within
a risk management process, and ISO 7405:2009/(R)2015, Dentistry - Evaluation of biocompatibility of
medical devices used in dentistry [16].
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3.1.5. ULTEM 1010 (Stratasys)

High-performance polyetherimide (PEI) thermoplastic ULTEM 1010 was created for fused
deposition modeling (FDM) processes. It possesses outstanding thermal stability, a wide range of
chemical resistance, and a high tensile strength. Because of its great heat resistance, it may be
autoclaved for uses including tooling and sterilization. Both ordinary and certified grade (CG)
versions of this material are available. The substance can be utilized in food and medical applications
because it is biocompatible.

Reference research was used to choose and determine all of the material attributes employed in
the simulations [14-17]. In cases where a range of elastic modulus values is reported, the lower bound
of the modulus was selected for numerical modeling to provide conservative deformation estimates.

Table 2. Material properties determined for the simulation [14-17].

Modulus of elasticity Poisson's ratio Density
LABEL E [MPa] v[-] o[ kg/m?]
MED610 2000 - 3000 0.3 1170
MED620 2300 - 3300 0.31 1170
PA2200 1700 0.38 930
FLSGAMO1 2900 0.35 1090
ULTEM1010 3040 0.44 1270

Technical data sheets for the materials utilized in simulation are included in references [81-84].

3.2. Boundary conditions

Lastly, the loading and displacement boundary conditions applied to the model of the dental
guides are defined by the numerical algorithm settings. On the surfaces designated for this purpose,
the displacement boundary conditions are modeled as fixed constraints as shown in the computer
sketch in Figure 4.

Figure 4. Defining displacement boundary conditions — purple zone at the end of the dental guide.

The load boundary conditions are represented as an absolute force acting in a certain direction
(Figure 5).
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Figure 5. Defining force boundary conditions — purple zone.

Four numerical models were thus produced, one for each dental guide design. The numerical
model included geometric nonlinearity to account for large deformations. The applied load
represents a worst-case surgical handling scenario, intentionally selected to evaluate the upper-
bound deformation behavior of the guides.

Three tree group of factors were changed in the simulations: the selected materials, the load
boundary conditions (force direction), and the displacement boundary conditions (support
positions). When adjusting the supports, the force application arm is lowered and supports are
progressively added, one tooth at a time. The starting clamping position is always at the place furthest
from the point of force application (Figure 8). The force is always applied to the guide's free end. On
every surface the tooth sits on, a displacement boundary condition (clamping) can be established.
The principle of sequentially adding displacement (clamping) boundary conditions on a type B tooth
guide is presented in Figure 6 and displacement (clamping) boundary conditions on a type A tooth
guide is presented in Figure 7.

Figure 6. The principle of sequentially adding displacement (clamping) boundary conditions one by one on a
type B tooth guide is shown by the circular cycle marked with orange arrows.
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Figure 7. The principle of sequentially adding displacement (clamping) boundary conditions one by one on a

type A tooth guide is shown by the circular cycle marked with orange arrows.

The force's direction is altered when specifying the load's boundary conditions. The surgeon's
force was chosen to be always the same, estimated arbitrarily at a value of 30 N. Since the surgeon
often holds the guides, the manual holding force (30 N) is several times more than the cutting force
at high speeds (from 0.5 to a maximum of 2 N), as stated in works [67,68]. The amount of force was
selected based on published study [56].

The computations were carried out for a force acting in the positive direction of the x and y axes
of the Cartesian coordinate system and in the negative direction of the z axis (Figure 8). The
computation is straightforward when the force is applied in the positive direction of the z-axis, as
this causes separation of the dental guide from the patient’s dentition. The displacements and stresses
for the case where the force is directed in the negative direction of the x axis were not calculated
because they are very similar to the case where the force is directed in the positive direction of the x
axis. The outcomes are the same whether the force is applied in the positive direction of the y axis
since, in theory, we can talk about symmetry when the force is directed in the negative direction of
the y axis. Thus, in this instance, a stress and strain study was not carried out. Four numerical
models—that is, all four possible dental guide designs and five different biocompatible materials that
can be utilized to manufacture dental guides—were subjected to the outlined principles of altering
the boundary conditions of displacements and loads.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 8. Principle of adding boundary conditions of loads (forces) on a dental guide of type A. The force is
directed in the negative direction of the z axis (blue arrow) or in the positive direction of the x (red arrow) or y

axes (green arrow).

3. Results

The results of the dependence of the displacement on position of the support and the
dependence of the stress on position of the support were obtained following the numerical analysis.
The FEM simulations were performed for each material and each guide design. For clarity and
comparability, the results presented in the diagrams represent the averaged values obtained across
all five investigated materials. The plotted data therefore show the mean displacement and stress
values, accompanied by the corresponding standard deviations, which reflect the variability arising
from differences in material mechanical properties. For each of the four guide designs, eight different
support configurations were simulated under three loading directions using five selected
biocompatible materials, resulting in a total of 480 numerical simulations.

The displacements and stresses that can be anticipated at the dental guide's free end for a specific
distance (number of teeth) from the closest support are depicted in the diagrams. Because it accounts
for displacements in all three dimensions (u, v, and w) and stresses in accordance with von Mises
(HMH theory), the "Total displacement” choice was chosen for the displacement, which is always the
largest. The diagrams display the position of the teeth in the jaw on the abscissa and displacements
on the ordinate. The results of the total displacement for the three directions of force action (positive
x, positive y, and negative z) are summarized below the abscissa. Figure 9 shows a graphical
representation of the average displacement distribution of the dental guide type B due to the force of
the surgeon's hand in the direction of the "-z" axis. The largest value is logically on the longest arm,
i.e. on the 7th tooth, and amounts to 5,40 mm. Figure 10 shows a graphical representation of the
displacement of the dental guide type B1 and the maximal displacement is calculated as 13.06 mm.
Figure 11 refers to the displacement in dental type A where the maximal amount of displacement is
calculated as 1.01 mm. And last Figure 12 refers to the average displacement distribution in dental
type Al with maximal calculated value of 2.84 mm. With the largest calculated deviation of 1.01
millimeters at the seventh tooth and half as much, or an average deviation of 0.51 millimeters, at the
position of the sixth tooth, it is clearly clear from the presented simulations that using dental guide
type A is the most advantageous scenario.
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Average Displacement Distribution — Guide Type B
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Figure 9. Average Displacement Distribution in “-z” axes — Guide Type B.
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Figure 10. Average Displacement Distribution in “-z” axes — Guide Type B1.
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Figure 11. Average Displacement Distribution in “-z” axes — Guide Type A.
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Figure 12. Average Displacement Distribution in “-z” axes — Guide Type Al.

By varying the input parameters, the authors identified and presented an additional important
dataset obtained from the numerical simulations, namely the stress distribution within the guide
material, expressed in MPa. This information is particularly relevant, as it contributes to the broader
discussion on materials used for dental guides, their mechanical behavior, deformation and
deflection characteristics, and the potential for improving guide architecture through the selection of
materials with more suitable mechanical properties. The obtained stress results therefore provide
further insight into material performance and support the optimization of dental guide design.

Figure 13 shows a graphical representation of the average stress distribution of the dental guide
type B due to the force of the surgeon's hand in the direction of the "-z" axis. The largest value is
logically on the longest gripping arm, i.e. on the 7th tooth, and amounts to 164,63 MPa. Figure 14
shows a graphical representation of the stress of the dental guide type B1 and the maximal stress is
calculated as 143.68 MPa. Figure 15 refers to the stress in dental type A where the maximal amount
of stress is calculated as 30.29 MPa. And last Figure 16 refers to the average stress distribution in
dental type Al with maximal calculated value of 58.32 MPa. With the lowers calculated stress of 30.29
MPa at the seventh tooth with almost the same value of stress at the position of the sixth tooth, it is
clearly clear from the presented stress simulations that using dental guide type A is the also most
advantageous scenario.
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Figure 13. Average Stress Distribution in “-z” axes — Guide Type B.
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4. Discussion

The following conclusions can be drawn from the average displacement distribution and
average stress distribution simulation data that have been presented:

¢ In all four dental guide designs, the deflection is determined by the arm's size, or the predicted
distance between the support and the force application point. Rating: acceptable.

¢ Because the dental guide's cross-section is smaller in designs Al and B1 (protruded occlusal
surface), the displacements are naturally greater. Rating: acceptable.

e For all dental guide designs, the greatest displacements are frequently found in the z-axis
direction and can even be several times greater than those in the x- and y-axes. Rating: acceptable.

* The stresses in dental guides with designs A and A1 are largely constant and far less than the
material's tensile strength. There are abrupt changes in the cross-sectional area as a result of the notch
action at the locations where two teeth come into contact, but these changes are confined and affect a
very limited region. Rating: acceptable.

e With the exception of the broad arms, the strains in designs B and B1 are likewise largely
constant. The incisor region's smaller cross-sectional area may also help to explain this. Rating:
acceptable.

¢ All four dental guide designs have stresses that are generally within acceptable bounds.

Itis clear that the displacement and stress diagrams offer sufficient information for choosing and
developing dental guide support. Comparing the results of the simulations in published studies
[21,44,80], similar conclusions are reached that the dimensions, shape and support of dental guides
can statistically significantly affect the accuracy of implant placement. The size of the arms at the free
end of dental guides in order to maintain acceptable displacements has been determined by this study
using quantifiable, verifiable, and concrete data.

The hypothesis was validated based on the outcomes of the defined approach and the
application of numerical analysis. The dental guide's deformation brought on by the surgeon's
manual forces during manipulation was effectively measured using the finite element simulation
method. Guidelines for enhancing guide design were put out based on the analyses that were carried
out, with a focus on the best choice of supports, stability on the patient's anatomy, and minimization
of deformations in order to improve implant placement accuracy.

5. Conclusions

The impact of the surgeon's handling of dental guides during surgery was investigated in this
study. A computational model that altered the displacement and load boundary conditions was used
to describe the surgeon's influence. It was discovered that if the guide shape is such that it has an
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excessively big arm at the free end without support, the surgeon can significantly affect the
deformation of the dental guide. Diagrams that serve as guidance for the design of beam (A and A1)
and cantilever (B and B1) versions of dental guides that rely on teeth were produced as a consequence
of the study.

In particular, the size of the arm—that is, the distance between the support and the force
application point—determines the deflection for each of the four dental guide designs. The z-axis
direction is where the biggest displacements happen most frequently, and they can even be many
times larger than the x- and y-axis displacements.

When the guide is symmetrically supported on the teeth in positions four, three, two, or one, it
is advised to take a maximum of six teeth between the two supports for version A. According to the
results, the force applied to the teeth at position three causes displacements (deformations) that are
extremely near to zero (=0.06 mm in the z-axis direction).

Due to the removal of the occlusal surfaces, the deflection values in the Al version of the dental
guide are much higher than those in the A version. It might be advised to utilize tooth number three's
position as a limiting value for shaping, as the displacements then approach zero (0.09 mm in the z-
axis direction).

Given that it is only supported on one side and it is not surprising that the cantilever version B
of the guides has a greater deflection than the beam version. There should be no more than two
"empty" spaces (without supports) between the drilling point and the support while shaping the
guides, according to the figure illustrating the dependence of the displacement on the position of the
support. In the direction of the z-axis, the deflection is then approximately 0.5 mm.

The displacement diagram in the B1 version indicates a maximum of two empty spaces without
a support between the drilling point and the support; in other words, the support needs to be
extremely near to the drilling point. In the z-axis direction, the deflection at two "empty" spaces
(without supports) is around 0.8 mm.
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