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Abstract

Objective: This article presents a step-by-step digital technique for fabricating a 3D-printed surgical
guide to assist in alveoloplasty for immediate denture placement. Methods: The workflow integrates
intraoral scanning, virtual tooth extraction, digital soft tissue modeling, and additive manufacturing
to produce a customized guide with an occlusal window and buccal slot, along with a verification
stent. Results: This method ensures precise ridge recontouring and verification, enhancing surgical
predictability and prosthetic fit. Conclusions: Unlike traditional surgical guides based on
conventional casts or manual fabrication, this fully digital approach offers a practical and replicable
protocol that bridges digital planning and clinical execution. By improving surgical precision,
reducing operative time, and ensuring optimal denture fit, this technique represents a significant
advancement in guided pre-prosthetic surgery.

Keywords: alveoloplasty; additive manufacturing; surgical guide; immediate denture

1. Introduction

Alveoloplasty is a routine pre-prosthetic procedure aimed at creating a smooth and even
alveolar ridge for optimal denture seating [1]. Traditional methods rely on intraoperative judgment,
which can lead to unpredictable outcomes [2]. Recent advances in digital dentistry, including
intraoral scanning, computer-aided design (CAD), and additive manufacturing, have enabled the
development of surgical guides that facilitate precise bone surgery and prosthesis fabrication [3,4].

The need for alveoloplasty during immediate denture fabrication arises from the necessity to
create a stable and uniform ridge that accommodates the prosthesis without causing discomfort or
compromising retention [5]. Uneven ridges [6], sharp bony projections [7], or irregular tissue contours
[8], can lead to pressure points, poor fit, and long-term complications for the patient [9]. By
performing alveoloplasty, clinicians can ensure an optimal foundation for the immediate denture,
allowing for improved function, aesthetics, and patient comfort [10]. This procedure is particularly
crucial in cases where multiple extractions have resulted in significant ridge irregularities.

Conventional surgical guides, when used, are often fabricated manually using physical
diagnostic casts, which pose several clinical and logistical challenges [11]. These methods depend on
conventional impressions that are prone to distortion, especially during transport or extended
storage, thereby compromising accuracy [12,13]. In patients with severe gag reflexes or advanced
periodontal disease with mobile teeth, obtaining accurate impressions can be difficult or even
impossible [14,15]. Additionally, simulating surgery on physical casts is time-consuming and lacks
reproducibility [16]. Moreover, traditional mock surgeries performed on stone casts are non-
reversible, requiring complete repetition if errors occur or the cast breaks, leading to inefficiency and
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variability in outcomes. Therefore, the resulting guides often lack consistency and duplicating them
for future use or documentation is not easily feasible [17].
3D-printed surgical guides provide an effective way to streamline procedures by combining
digital planning and additive manufacturing [18]. Previous studies have highlighted the benefits of
digital workflows in dental procedures, including improved accuracy [19], reduced operative time
[20], and better patient outcomes [21]. This technique utilizes two CAD software programs and a 3D-
pinter to design and fabricate a surgical guide for alveoloplasty prior to immediate denture
placement. By replacing conventional impressions and physical mock surgeries with digital intraoral
scanning and virtual design, this approach eliminates errors caused by impression distortion, cast
breakage, and manual trimming [22,23]. The use of CAD software allows for precise planning and
reproducible modifications, while 3D printing ensures consistent guide fabrication, reducing
variability and enabling rapid turnaround. Together, these tools offer a more efficient, accurate, and
scalable solution compared to traditional methods [11,16,22].2. Materials and Methods
1. Import the digital impressions of the patient’s pre-operative maxillary and mandibular arches
into a dental CAD software (3Shape Dental System version DS2022-1 /2.22.1.0 or later; 3Shape
A/S) for the fabrication of a complete denture (Figure 1). the digital impressions could either be
direct intraoral scans, or laboratory scans of stone casts or analogue impressions.

Figure 1. Pre-operative maxillary and mandibular digital impressions imported into 3Shaped Dental Manager.

2. Use the "Tooth Removal" tool to virtually extract the teeth, simulating the post-extraction ridge
anatomy (Figure 2). This tool allows the user to define the long axis of each tooth and segment
it from the digital cast. Once removed, the software automatically fills the socket area by
generating a smooth surface over the extraction sites based on the contours of the adjacent
gingiva. This virtual soft tissue approximation simulates the anticipated post-extraction ridge
morphology. However, some bony projections may still remain visible after applying this tool.
To ensure a more accurate and clinically appropriate representation of the post-extraction ridge,
it is essential to carefully inspect the auto-generated model and manually refine the contours
when necessary.
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Figure 2. Using the Tooth Removal Tool: (a) The tooth to be virtually extracted is selected; (b) The tooth is
virtually extracted after selection.

3. Use the “Wax Knife” tool to digitally recontour the alveolar ridge. Create a smooth and
contoured ridge surface, simulating the expected results of alveoloplasty (Figure 3). The Wax
Knife tool offers two primary functions, remove and smooth, that allow for precise digital
recontouring of the alveolar ridge. The remove function allows the user to selectively subtract
excess material or virtual bony peaks that may protrude from the auto-generated surface,
effectively mimicking surgical bone reduction. This is particularly helpful in areas where
residual ridges appear irregular or sharp, which could interfere with prosthetic planning or
guide stability. The smooth function, on the other hand, helps to blend and polish the
surrounding areas by softening transitions and eliminating minor surface irregularities. This
function is beneficial in creating a continuous, contoured ridge that mirrors the expected results
of an alveoloplasty procedure. By alternating between the remove and smooth functions,
clinicians can create a virtual ridge form that is both anatomically realistic and surgically
feasible.

(a) (b)

Figure 3. The virtual alveolopasty procedure using the Wax Knife tool to remove the undercuts and irregular

ridge contours: (a) Frontal view; (b) Lateral view.

4. Design the immediate denture (Figure 4). The recommended software settings for denture base
design are as follows: use the natural wax template; set a 0.10 mm space between the denture
base and the soft tissue; ensure a minimum thickness of 0.5 mm beneath the teeth; enable the
"Remove Undercuts from Teeth Pockets" feature; and disable the "Drill Compensation of Teeth
Pockets" option.
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Figure 4. The immediate denture is designed based of the new maxillary arch contours.

5. Export the denture base in Standard triangle language (STL) format for modification (Figure 5).

Figure 5. The denture base of the immediate denture design is segmented and exported in STL format.

6. Import the STL file of the denture base into a universal CAD software (Meshmixer version 3.5;
Autodesk). Create an occlusal slot to guide the surgical reduction. Add buccal cut to allow the
seating of the guide during surgery. Use the buccal flange to guide and verify the buccal surgical
reduction (Figure 6). Design these features using the following steps: First, use the “Select” tool
to define the areas for the occlusal window and buccal slot. For the occlusal window, select the
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region corresponding to the teeth sockets on the denture base. For the buccal slot, extend the
selection vertically from the midline of the occlusal window to the full depth of the denture base
flange. Next, use the “Edit — Erase & Fill” tools to perform the initial cuts. Finally, smooth all
transitions using the “Sculpt — Robust Smooth” tool, with a strength setting of 15-20%.

Figure 6. The denture base of the immediate denture design is used to design the surgical guide using Autodesk

Meshmixer. The surgical guide is designed with a buccal cut and occlusal slot. .

7. Export the modified STL file for additive manufacturing (Pro 95s; Sprintray). Import it into the
computer-aided manufacturing (CAM) software (RayWare software; version 2.8 or later;
Sprintray). Select (NG Flex, Sprintray) as the material. Set the printing orientation at 30—45° with
supports placed on non-critical surfaces. Use the following parameters on the 3D printer (Pro
95s; Sprintray): Layer Thickness: 100 microns, Support Density: 80%, Tip Size: 0.6 mm. Use a
biocompatible flexible translucent material to fabricate the surgical guide (NG Flex, Sprintray)
to allow the insertion underneath the undercut (Figure 7). Ensure the guide is free from defects
and fits accurately. Fabricate a duplicate of the unmodified denture base STL file using the same
settings and material to serve as verification stent.

(b)
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Figure 7. 3D-printed surgical guide: (a) Before adjustment, the flexibility of the selected material allows for the
insertion of the guide underneath the undercut; (b) After adjustment, the width of the anterior slot is used to

verify adequate buccal ridge augmentation.

8. Use the verification stent to confirm proper ridge contours after alveoloplasty and before
immediate denture placement (Figure 8).

Figure 8. 3D-printed verification stent is used to verify the proper ridge contours. augmentation.

A summary of the technique is presented in (Figure 9) as a flowchart illustrating the digital
workflow for the design and fabrication of the surgical guide and verification stent
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Import Digital Impressions

Import the patient’s pre-surgical digital impressions into 3Shape Dental System (Dental CAD software).

NS

Virtual Tooth Removal

1

Use the “Tooth Removal” tool to virtually extract the teeth.

NS

Virtual Ridge Recontouring

Recontour the alveolar ridge using the “Wax Knife” tool.

NS

Design Immediate Denture

Design the immediate denture based on the modified ridge contours.

4

Export Denture Base

Export the denture base as an STL file.

NS

Create Surgical Guide

Import the denture base STL file into Meshmixer (universal CAD software). Create an occlusal slot and a buccal
cut.

N4

3D Printing

3D print both the modified STL file (surgical guide) and the unmodified denture base (verification stent).

NS

Surgical Use

Use the 3D printed surgical guide to perform the alveoloplasty, and the verification stent to confirm proper ridge
contours post-operatively.

Figure 9. Flowchart summarizing the digital workflow for designing and fabricating the surgical guide and

verification stent.

3. Results

The described digital technique results in well-fitting interim dentures that requires minimal
intraoperative adjustments. The use of the 3D-printed surgical guide allowed for precise
alveoloplasty, ensuring the elimination of undercuts and sharp bony edges, which contributed to
improved comfort and tissue adaptation of the immediate prosthesis. Compared to conventional
freehand methods, the digital workflow offered superior surgical precision, reduced chair time, and
greater predictability in prosthetic fit. Additionally, the verification stent provided an effective means
to confirm ridge contours before denture delivery, further enhancing clinical efficiency and patient
satisfaction.
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4. Discussion

Digital workflows offer numerous advantages that extend beyond individual procedures,
fundamentally transforming how dental care is delivered. By enabling digital data acquisition, virtual
treatment planning, and CAD/CAM fabrication, digital workflows enhance the accuracy, efficiency,
and reproducibility of clinical outcomes across various specialties, including prosthodontics,
implantology, and oral surgery [24]. These workflows facilitate the communication between the
surgical and prosthetic phases, allow for easier record keeping and retrieval, and support the creation
of patient-specific solutions [25]. Furthermore, digital tools improve visualization and diagnostics,
empower interdisciplinary collaboration, and enable simulations that were previously difficult with
analog methods [26]. Collectively, these advantages contribute to a more predictable and patient-
centered approach to care.

As these benefits become more evident, there is a growing trend among clinicians to incorporate
digital workflows into routine practice. Recent surveys and market data reflect a steady increase in
the use of intraoral scanners, digital treatment planning software, and chairside 3D printers in both
academic and private practice settings [27,28]. Dental education programs are also adapting,
integrating digital dentistry into curricula to prepare future clinicians for technology-driven practice
[29,30]. This shift is not merely a response to technological innovation, but a reflection of changing
patient expectations and economic pressures that demand efficiency without compromising quality.
While the transition requires an investment in equipment and training, many practitioners report
improved workflow integration, enhanced diagnostic capabilities, and increased patient acceptance
once digital systems are fully implemented [31].

The application of this digitally guided alveoloplasty technique is particularly advantageous for
patients undergoing full-mouth extractions with immediate denture placement. In such cases,
achieving a smooth, evenly contoured ridge is essential for ensuring optimal prosthesis adaptation,
comfort, and stability. Traditional approaches rely heavily on the clinician’s intraoperative judgment,
which often leads to inconsistent outcomes and requires time-consuming adjustments or post-
delivery reline [32]. The ability to digitally plan and fabricate a patient-specific surgical guide
enhances precision in ridge recontouring and standardizes surgical results across operators and cases
[33].

A major clinical benefit of this approach is the significant reduction in chair time for both the
patient and the clinician. Digital planning allows for preoperative visualization of the post-extraction
ridge morphology, guiding the surgical process to target only the necessary areas of bony reduction.
As a result, intraoperative trial-and-error is minimized, and the surgeon can proceed with greater
confidence and efficiency. The occlusal window and buccal slots incorporated into the guide facilitate
accurate seating and visual verification during surgery, while the verification stent provides a
tangible tool to confirm the adequacy of alveoloplasty before the delivery of the immediate
prosthesis. This staged approach improves the predictability of prosthetic outcomes and contributes
to greater patient satisfaction.

Despite its benefits, this technique has inherent limitations. One notable challenge lies in its
application to the mandible. In the maxilla, the hard palate provides a stable and consistent reference
surface, allowing the surgical guide to seat securely and resist displacement during bone contouring
[34]. In contrast, the mandible lacks such a reference, which may compromise guide stability and
accuracy during the procedure [35]. While the verification stent still serves a valuable role in
confirming proper ridge contour post-operatively, the initial accuracy of bone reduction may be less
predictable in mandibular applications unless additional stabilization techniques are used (e.g.,
fixation pins). In these cases, clinicians may also consider extending the flange design or
incorporating seating grooves to improve guide retention. If guide movement occurs
intraoperatively, stopping to confirm proper seating before proceeding with reduction is critical.
Printing a duplicate guide as a backup may help in case of contamination or fit discrepancies.

Another limitation is accessibility. The technique requires access to advanced digital tools and
equipment, including intraoral scanners, CAD/CAM software, and a high-resolution 3D printer.

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


https://doi.org/10.20944/preprints202507.1381.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 July 2025 d0i:10.20944/preprints202507.1381.v1

9 of 11

Although the cost of digital equipment has decreased in recent years, the initial investment may still
be a barrier for some private practices or institutions, particularly those in resource-limited settings
[36]. Furthermore, clinicians and auxiliary staff must acquire and maintain proficiency with these
digital platforms, which involves a learning curve and ongoing continuing education [37]. Successful
implementation of such a technique requires cross-disciplinary collaboration between surgical,
prosthodontic, and digital dental teams. Common challenges during early adoption include
difficulties in mastering digital design software, such as the virtual extraction and wax knife tools in
3Shape or STL modifications in Meshmixer [38]. These steps require attention to anatomical detail
and familiarity with interface functionality. Missteps in file editing can result in incomplete guide
coverage, poor adaptation to the ridge, or inadequate window placement for visualization. To
mitigate these risks, clinicians are encouraged to complete practice designs on non-clinical cases,
attend hands-on workshops, or collaborate with experienced digital labs or clinicians [39].

Troubleshooting should also account for intraoperative issues. If the surgical guide does not
fully seat, clinicians should evaluate for unrelieved undercuts, soft tissue impingement, or errors in
the virtual model. Gentle intraoral adjustments or soft tissue displacement with gauze or retractors
may help improve seating. If the guide appears clinically inaccurate despite proper seating, verify
that the correct print file was used and that the guide was cured properly. In the event that the
verification stent does not seat after alveoloplasty, it may indicate under-reduction or bony
interference. In such cases, spot-reducing using a surgical handpiece while repeatedly testing the
stent can help restore alignment to the planned outcome.

Clinical scenarios with extreme ridge irregularities, pronounced exostoses, or complex
anatomical variations may also pose limitations to this digital workflow. In such cases, virtual
simulations may not accurately predict soft and hard tissue behavior during or after alveoloplasty.
This could necessitate intraoperative adjustments despite pre-planned guidance, reducing the
technique’s overall efficiency. However, when used as part of a hybrid approach combining digital
and conventional verification methods, the workflow remains valuable for most routine and
moderately complex immediate denture cases. Ultimately, the key to successful integration lies in
combining thoughtful pre-surgical planning, proper team training, and contingency protocols to
address any deviations from the digital simulation during the clinical procedure [37-39].

In summary, the digital workflow for fabricating a 3D-printed surgical guide for alveoloplasty
and immediate denture placement represents a meaningful advancement in prosthodontic surgery.
It addresses key limitations of traditional freehand methods by improving precision, reducing chair
time, and standardizing clinical outcomes. The ability to preoperatively simulate ridge reduction and
fabricate a corresponding surgical guide improves interdisciplinary communication and case
predictability. With continued advances in material science, software development, and clinician
training, this approach is expected to become more widely adopted and accessible across varied
clinical settings.

4. Conclusions

This article describes a digital workflow for fabricating a 3D-printed surgical guide for
alveoloplasty prior to immediate denture placement. The technique ensures accurate ridge
recontouring, reduces operative time, and improves prosthetic outcomes. By combining digital
impressions, CAD tools, and additive manufacturing, this method represents a significant
advancement in pre-prosthetic surgery.
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The following abbreviations are used in this manuscript:

CAD Computer-aided design

CAM Computer-aided manufacturing

STL Standard triangle language

NG Night guard

3D Three-dimensional
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