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Abstract

Background/Objectives In oral and maxillofacial surgery, apicoectomy is a standard procedure for
treating persistent periapical infections after insufficient conservative treatment. Traditional
techniques rely on direct visualization, while navigated methods offer adventages in precision and
safety. This in vitro study compared conventional apicoectomy with dynamically guided navigation.
The aim was to assess the feasibility, accuracy, and safety of dynamic navigation and to determine
whether it reduces complication risks, improves surgical predictability, and minimizes bone loss.
Methods Ten experienced surgeons performed both techniques on custom-designed models.
Operation time was assessed, as well as cavity volume, resected root length, incision width and
height, and preservation of adjacent structures. Results The navigated approach demonstrated
significantly improved accuracy in root-end resection, with a reduction in access cavity volume (p <
0.001) and a more precise resection length (p = 0.049). No significant differences were found in
operation time (p = 0.499) or incision dimensions (p > 0.05). The risk of damaging adjacent structures
was not significantly different between the two methods. Conclusions Dynamic navigation for
apicoectomy can offer an alternative in cases requiring high precision to conventional techniques.
However, the routine clinical implementation of dynamic navigation remains limited due to the
extensive preoperative planning required. The necessity for additional planning increases
complexity, time and cost.

Keywords: navigation system; guided apicoectomy; guided surgery; apicoectomy; endodontics

1. Introduction

Apicoectomy is a well-established procedure in oral and maxillofacial surgery for treating
persistent periapical infections, particularly when conventional endodontic therapy or endodontic
retreatment fails[1,2]. The number of resections performed has remained consistent over the last few
years. In Germany, approximately 521,000 root canal resections were reported to state health
insurance funds in 2022[3]. Traditionally, this procedure is typically performed under direct
visualization, ideally with optical magnification aids, which can increase precision and reduce the
risk of damage to adjacent anatomical structures4. Potentially damaged structures include the
inferior alveolar nerve, neighboring roots, and the maxillary sinus; damage to these can cause altered
sensation, numbness, sinus infections, and necessitate further treatments of neighboring teeth[5,6].

Conventional two-dimensional radiology is the standard for diagnosing and planning the
therapy of endodontic lesions but is limited, especially in complex cases, due to visualization
constraints [7,8] The introduction of cone-beam computed tomography (CBCT) in the early 1970s
revolutionized preoperative planning by providing three-dimensional imaging of the surgical site °.
In the context of endodontic treatment, this allowed for improved localization of the apex, better
preoperative visualization, enhanced diagnosis, and more accurate assessment of surrounding
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anatomical structures, such as the maxillary sinus or inferior alveolar nerve, compared to
conventional 2D imaging(7,8].

This development has opened a new approach to endodontic microsurgery with static and
dynamic navigation systems that have been successfully used in implant dentistry. Static navigation,
by utilizing preoperatively fabricated surgical guides, offers enhanced precision in osteotomy and
root resection but lacks intraoperative flexibility[10]. Furthermore, dynamic navigation systems
provide real-time tracking of surgical instruments based on CBCT data with optical tracking, which
can improve intraoperative accuracy and flexibility.

Recent studies have demonstrated that dynamic navigation systems (DNS) reduce access cavity
volume, minimize bone removal, and enhance resection accuracy, thereby preserving more healthy
tissue while ensuring complete removal of the infected apex[11-13]. Despite these advantages,
dynamic navigation is not yet fully implemented in routine clinical practice, primarily due to its
demanding preoperative planning, the need for specialized equipment, and the associated learning
curve for surgeons[14].

This study aims to evaluate whether the use of dynamic navigation, compared to a
conventionally performed apicoectomy, can lead to improvements in accuracy, operation time, bone
loss, and incision guidance. The apicoectomy was performed in a split-mouth design, either
conventionally freehand or with the support of a dynamic navigation system, and was carried out by
trained oral, maxillofacial, and facial surgeons. The hypothesis is that dynamic navigation allows for
a minimized surgical approach, less damage to surrounding critical structures, and a better surgical
outcome in terms of resected root length.

2. Materials and Methods

2.1. Study Design

Ten experienced oral and maxillofacial surgeons from the Department of Oral and Maxillofacial
Surgery, University Medical Center Schleswig-Holstein, Campus Kiel, participated in the study. Each
performed both conventional and navigated apicoectomies on standardized models. Every surgeon
performed two apicoectomies on the mesial root of the first molar per jaw, one using conventional
techniques and one using dynamic navigation. The order of procedures was randomized to minimize
learning bias. In the conventional group, the surgical procedure followed standard microsurgical
principles. A semilunar flap was raised to expose the apical region, followed by an osteotomy using
a high-speed handpiece with diamond burs. The root apex had to be resected at a 90° angle, and the
simulated cavity with granulation tissue had to be removed. In the navigated group, the procedure
incorporated real-time tracking, where the patient-specific surgical plan was loaded into the
DENACAM® system (mininavident AG, Basel, Switzerland). An optical tracking system registered
the instruments with a registration tool and displayed the instrument on the computer screen relative
to the CBCT-derived three-dimensional coordinates. Surgeons performed the osteotomy and root-
end resection following real-time guidance displayed on the monitor. The remaining procedural
steps were identical to the conventional method.

The model depicted the roots of upper and lower first molar teeth and the roots of the second
premolar embedded in a realistic bone model that replicated human maxillary and mandibular
anatomy. The model was 3D printed by MedNerva GmbH (Limburg, Germany) (Figure 1). The
selection criteria for the model ensured homogeneity in tooth positioning, root morphology, and
surrounding bone density to eliminate potential confounding variables.
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Figure 1. Depicted in (A) is the 3D-printed maxillary model, and in (C) the corresponding mandibular model.
The simulated gingival mask is clearly illustrated. In (B), the model planning for the maxillary molar and second
premolar, including the respective roots and the maxillary sinus, is shown. The target structure is marked,
representing a simulated periapical radiolucency. (D) illustrates the corresponding planning for the mandible,

with the inferior alveolar nerve identified as an adjacent anatomical structure at risk.

Preoperative imaging was performed using the CBCT OP 3D Vision (KaVo Dental GmbH,
Biberach, Germany) to obtain high-resolution, three-dimensional imaging of the surgical site. The
CBCT scans provided important anatomical details, including the position of the root apex, adjacent
structures, and bone thickness, allowing precise planning of the apicoectomy procedure.
Furthermore, the surface of the model was scanned with the object scanner Dental Wings® 7SERIES
(Dental Wings GmbH, Chemnitz, Germany). For the dynamic navigation group, the CBCT and model
scan data were imported into the coDiagnostiX® software (Dental Wings GmbH, Chemnitz,
Germany), where a virtual surgical plan was created simulating an implantation. This plan included
the optimal osteotomy trajectory and targeted resection depth. The marker for the DENACAM®
system (mininavident AG, Basel, Switzerland) was virtually positioned, and a custom tray was
fabricated using a resin printing process with a Formlabs 2 3D printer (Formlabs GmbH, Berlin,
Germany) to serve as a marker holder (Figures 2 and 3).
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CBCT Scanning the object
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Dynamic navigated apicoectomy

Figure 2. The figure illustrates the digital planning workflow. Firstly, acquisition of the cone-beam computed
tomography (CBCT) scan and object scan of the model are made. Then surgical planning, digital placement of

the reference marker, and design of the customized registration tray are followed. After 3D printing, the tray’s
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fit is verified on the model before being positioned within the simulation dummy. Prior to initiating navigated
surgery, the surgical burr must be registered using a dedicated registration tool. On the navigation screen, the
left side displays the real-time position of the burr overlaid on axial and coronal CBCT slices, while the right side
of the display shows the target marker, the planned entry point, and the current drilling depth. In the center
picture, the drilling procedure using a 2.3 mm surgical round burr is shown. On the right picture, the arc-shaped

incision following apicoectomy is depicted.

Figure 3. Illustrated workflow. In (A), the mandibular with the mounted individual printed tray with the marker
is shown and (B) shows the operation with the help of the real-time navigation (C) is visualizing the stereo
triangulation of the DENACAM® system (mininavident AG, Basel, Switzerland).

A positive ethics vote from the Ethics Committee of Kiel University (D 564/20) was received. All
participating surgeons provided informed consent regarding data collection and analysis.

2.2. Variables And Data Collection Methods

Several parameters were assessed to evaluate the accuracy and efficiency of both techniques.
Postoperative CBCT scans were acquired to compare the conventional versus guided resection in
terms of resected root length and osteotomized volume, measured using the image analysis software
3D Slicer (https://www.slicer.org/, Version 5.6.1 [Computer Software] [15,16]). The total operation
time was recorded from flap incision to completed resection. The surgical incision was measured in
vertical and horizontal length, as were damaged neighboring structures like the inferior alveolar
nerve, neighboring roots, or the maxillary sinus. It was considered whether there was a non-bone-
supported incision or if there was a total resection of the planned root or damage to the root surface
above the planned resection.

2.3. Data Analysis

All data were analyzed using Jamovi (The jamovi project (2024), jamovi, Version 2.6.2 [Computer
Software], Australia, Sydney[17]). For continuous variables, descriptive statistics were reported as
the mean + standard deviation and as frequencies for categorical variables. Group comparisons were
performed using Student’s t-test for normally distributed parameters with homogeneity of variances.
If the assumption of variance homogeneity was violated, the Mann-Whitney U test was used for non-
normally distributed data, and the Chi-square test was used for categorical variables. A p-value of
less than 0.05 was considered statistically significant. The evaluated parameters were: operation time
from incision to successful apicoectomy, vertical and horizontal incision length, whether the suture
was bone-supported, resected root length, resected bone volume, and damaged root surface above
the planned resection or damaged neighboring structures.

3. Results

Forty apicoectomies were performed by ten surgeons (nnavigated = 20, nconventional = 20). For
the descriptive statistics, mean values and standard deviations are shown in Table 1. Student’s t-test
was used to analyze the parameters "Resected bone volume" (Figure 4) and "Horizontal incision
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length" (Figure 5). The resected bone volume with the navigated operation method was statistically
significantly less than with the conventional method (p < 0.001) and showed a strong effect size
(Cohen’s d = 1.342) (Table 2). For "Horizontal incision length," there was no significant difference
between FH and DNS (p = 0.442). The parameters "Time in seconds," "Length of removed apex," and
"Vertical incision length" did not show a normal distribution and were therefore evaluated using the
Mann-Whitney U test. The descriptive statistics showed fulfillment of the specification for the
variable "Length of removed apex" of 2-3 mm of the root apex with 2.63 mm * 0.44 mm compared to
the conventional group with 3.21 mm + 1.11 mm (Table 1, 2; Figure 4). However, no significant
difference was evaluated for "Time in seconds," "Length of removed apex," and "Vertical incision
length" (pTime in seconds = 0.499; pLength of removed apex = 0.054; pVertical incision lengdth =
0.442) (Figure 5).

Table 1. Descreptive statistics for the operation method. Displayed are the number of attempts, means, and

standard deviations.

Operation Mean Standard
Table 1 method N value deviation
Horizontal incision length in mm Conventional 20 17.65 5.91
Navigated 20 16.25 5.48
Resected bone volume in mm? Conventional 20 67.23 21.57
Navigated 20 37.32 22.97
Length of removed apex in mm Conventional 18 3.21 1.11
Navigated 18 2.63 0.44
Time in seconds Conventional 20 329.65 201.98
Navigated 20 345.5 170.01
o . Conventional 20 7.1 4.38
Vertical incision length in mm .
Navigated 20 7.5 4.14

Table 2. Evaluation of the examined data using the appropriate statistical tests and effect strength.

Table 2 Test ) Effect strength
Horizontal incision length Student's t 0.442 Cohens d 0.246
Resected bone volume Student's t <0.001 Cohens d 1.342
Length of removed apex Mann-Whitney U 0,054 Biserial rank correlation 0,380
Time in seconds Mann-Whitney U~ 0.499  Biserial rank correlation 0.128

Vertical incision length ~ Mann-Whitney U 0.433  Biserial rank correlation 0.145

The nominal scaled parameters "Completely removed root apex," "Bone-supported incision,"
and "Damaged root surface above" were evaluated with the Chi-square test with continuity
correction and showed no statistical significance between the operation methods (pCompletely
removed root apex = 0.730; pBone supported incision = 0.514; pDamaged root surface above = 0.405).
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Figure 4. The left boxplot shows the data of osteotomized volume in the navigated and conventional groups. On

the right the data of the resected root apex is shown.
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Figure 5. The left box plot shows the time in seconds. The middle plot shows the length of the cut in horizontal

diameter, and the right plot shows the vertical height in millimeters.

4. Discussion

Apicoectomy, a well-established surgical procedure following unsuccessful conservative
endodontic treatment, has evolved into a minimally invasive technique utilizing magnification aids
and microscopes [4]. Visualization and preoperative planning have been enabled by the subsequent
development of guided surgery using 3D imaging[18]. As a result, it is now possible to choose
between static and dynamic navigation. Navigation systems — developed for the oral cavity — have
been used for dental implantation, with results comparable to, and in some cases better than, those
achieved with conventional surgical methods[10,19,20]. For the implementation of a dynamically
navigated digital workflow, the frame structures, corresponding devices, and 3D datasets must be
created using CBCT and intraoral scanners. The primary objective was to facilitate navigation during
dental implantation surgery. However, its applications extended to biopsies in cases of complex
surgical anatomy or endodontic surgery[14,19,21-23].

For apicoectomy, both surgical approaches are described. For static navigation, Hawkins et al.
described that individually planned and printed surgical guides reduced surgical time, resected less
volume, and improved angulation, and Buniang et al. showed similar results to conventional root-
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end resection in a retrospective study[24,25]. Limitations in intraoperative adaptation were
described, and the template had to be adequately supported dentally for high precision, but it has
proven to work well in clinical cases[26-28].

The present study demonstrated the advantages of navigated apicoectomy using the
DENACAM® system (mininavident AG, Basel, Switzerland) in a patient-like setting with a difficult-
to-view surgical site. The access volume was significantly reduced, and the required removal of 2-3
mm of the root apex could be demonstrated with greater precision than with the conventional
method. These results were comparable to the current state of research. Aldahmash et al. compared
24 apicoectomies utilizing DNS and 24 conventional apicoectomies in a cadaver study and showed
significantly fewer deviations, angular deflection, reduced cavity volume, and shorter operating
duration[11]. Similar results were found in the study by Dianat et al. for angular deflection, operating
time, and linear deviation. Noteworthy was the subgroup with a thicker buccal cortical plate of more
than 5 mm, which showed significantly lower accuracy and longer operating time in the conventional
cohort, but not in the DNS cohort[12]. An advantage of our study was that the same approach was
used for both resection procedures, with conventional surgical drills rather than pilot drills and then
conical bone drills with a diameter of 3.5 mm or 4.2 mm, as in the studies described above.

Obligatory for navigated surgery is 3D imaging. The need for 3D imaging increases the patient's
exposure to radiation and must be critically scrutinized, even if studies showed that CBCT enabled
better diagnosis of apical infections[7,8,29]. Antony et al. described in a systematic review that CBCT
had the highest accuracy in detecting osteolysis of the bone due to periapical lesions[30]. In the study
by Chugal et al., 442 scans evaluated 526 teeth, and CBCT led to a changed diagnosis of periapical
lesions in 21% and a changed treatment plan in 69%[7]. Guided apicoectomy can assist with the
limited field of view and more complicated handling situations in the molar region. To establish
dynamic guidance systems, it is necessary to evaluate the practicality of the systems in a simulated
clinical setting. Actual studies with human cadaver heads have shown good applicability as
described above. In this study, we attempted to simulate a clinical environment. The designed and
printed model allowed for a highly patient-like setup due to its design with patient-like jaw and
dental anatomy, hard and soft tissues, fitting in a simulation dummy, and printed anatomical
structures such as the maxillary sinus and adjacent roots. However, because it was produced from a
plastic material, and due to the higher temperature at the tip of the bur, it was sometimes difficult to
visually distinguish between the printed root and the bone material. Von Arx et al. showed that
minimally invasive surgery is favorable for patient and tooth outcomes[4]. However, their focus was
more on the development of tools like piezoelectric surgery and optical magnifiers. We need further
prospective in vivo studies to investigate if a smaller volume defect and precise root resection
influence the survival rate of treated teeth and the postoperative situation, such as pain and swelling.
Important for the survival of teeth after apical surgery is the retrograde filling[31]. In this study, we
focused primarily on the handling and outcome of dynamic navigated surgery. However, a smaller
cavity can cause problems for curettage, hemostasis, and retrograde filling. Only the study from
Aldahmash et al. (2022) showed the full operation with retrograde filling[11]. Due to the tapered 3.5
mm bur used, the cavity was always the same size and was suitable for retrograde treatment.
Furthermore, artificial intelligence represents a new development. It can assist with the diagnosis of
periapical lesions, tooth cracks, and locating critical structures like the mandibular nerve[32-34]. The
development of robot-assisted surgery, higher computer processing power, and artificial intelligence
leads to the first fully automated dental surgeries[35,36]. Liu et al. showed in a study that a robotic
system was significantly more accurate during apicoectomy than dynamic navigation in terms of
platform and global apex deviation and angular deflection, and the compared operative time was
longer with the robotic procedure than with the DNS procedure [37]. However, one problem with
the robotic system is that it can only perform a resection. It is not possible to perform the entire
procedure from incision to suturing. So, even though artificial intelligence and robotics in surgery
are promising, we need more research and development. In summary, navigated surgery offers a
more predictable outcome, a lower risk of complications, and greater safety, particularly for less

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1169.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 August 2025 d0i:10.20944/preprints202508.1169.v1

9 of 11

experienced surgeons, but these benefits come at the cost of more planning compared to conventional
surgery[13,14,18,23].

5. Conclusions

Dynamic navigation for apicoectomy can offer an alternative to conventional techniques,
particularly in cases requiring high precision. The improved accuracy and reduced bone loss suggest
potential clinical benefits. However, the routine clinical implementation of dynamic navigation
remains limited due to the extensive preoperative planning required. The necessity for additional
imaging, software-based planning, and intraoperative calibration increases complexity and cost,
restricting its widespread use in daily clinical practice. Further studies are needed to assess the
clinical workflow, optimize its efficiency, and evaluate clinical outcomes to enhance its feasibility for
broader application.
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CBCT Cone-beam computed tomography

DNS Dynamic navigation systems

FH Free-handed

LD Linear dichroism
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