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SUMMARY: 
This case report presents a standardized digital workflow for double-step sliding genioplasty utilizing an integrated drill-hole-sharing strategy. A hybrid osteotomy guide and patient-specific titanium plate are co-designed to coordinate osteotomy transfer, multi-segment reduction, and definitive fixation within a common virtual surgical planning framework. 

ABSTRACT: 
Double-step sliding genioplasty is a potential surgical option for patients with severe chin retrusion who wish to avoid bilateral sagittal split ramus osteotomy (BSSRO). Compared with conventional single-step procedures, the double-step approach allows greater advancement, potentially improving chin projection and facial harmony in severe cases. However, this technique requires the execution of two precise, parallel osteotomy lines and the stable fixation of three separate bone segments. Such complexity is difficult to manage using traditional experience-based methods and manual plate bending, with a potential risk of unplanned segment rotation or displacement. This case report details a 31-year-old patient treated via a standardized digital workflow utilizing an integrated drill-hole-sharing strategy. To facilitate translation from virtual planning to surgical execution, a tooth- and bone-supported hybrid osteotomy guide and a patient-specific Ti-6Al-4V plate were co-designed within a single coordinate system. This co-design aligns each predrilled channel with its corresponding plate hole after planned segment repositioning. Intraoperatively, the guide localized the osteotomy lines and established seven predrilled channels. Following osteotomy, the patient-specific plate functioned as a reduction device. By progressively inserting screws into the shared channels, controlled traction was generated to guide the multiple bone segments into their planned three-dimensional positions, thereby minimizing repeated trial fitting and preserving more bone tissue. Exploratory postoperative assessment showed close agreement between the planned and achieved positions in this case. At 1 month, three-dimensional deviations were 0.50 and 0.28 mm at the intermediate and distal segment drill-hole midpoints, respectively, and 0.19, 0.37, and 0.51 mm at pogonion, gnathion, and menton. Postoperative soft-tissue changes included a labiomental angle change from 142.56° to 120.67° and 9.47 mm soft-tissue pogonion advancement. These exploratory findings suggest that the integrated workflow may facilitate the transfer of virtual planning to complex multi-segment chin repositioning, although its accuracy and operative efficiency require further comparative validation. 

INTRODUCTION:  
Osseous genioplasty is widely used to correct chin deformities and plays an important role in improving lower facial harmony and balance1. In complex cases, accurate transfer of the planned osteotomy and chin repositioning can be challenging and may depend heavily on the surgeon’s intraoperative assessment and clinical experience1.

Conventional freehand genioplasty has limitations: pre-bent plates often require further manual bending for proper adaptation, which can compromise the plate’s fit and structural integrity, increasing the risk of plate fracture2,3.

Patient-specific plates and cutting guides derived from preoperative three-dimensional virtual planning provide an effective solution4. These custom guides and plates constrain the osteotomy plane and advancement vector to the preplanned design, thereby reducing deviations from the surgical plan5. Previous studies have shown that patient-specific plates achieve close bone contact, minimizing plate-bone gaps, improving load transfer, and promoting bone healing2,6.

Although digital cutting guides can improve osteotomy accuracy, conventional fixation often relies on intraoperative bending of standard craniomaxillofacial plates to adapt to surface morphology and to translate a virtual plan into the final fixation position7,8. This adds operative steps and time, and segment positioning can be affected by limited visualization and experience-based judgment, resulting in unplanned translation or rotation during fixation8,9.

An integrated drill-hole-sharing strategy directly addresses these limitations. Predrilled channels created with the guide are reused for definitive fixation, thereby unifying osteotomy localization, segment reduction, and rigid internal fixation within a single spatial reference10. This case report describes the application of this strategy to double-step sliding genioplasty requiring coordinated repositioning of an intermediate and a distal chin segment. 

Case Presentation: 
A 31-year-old female patient presented to the Department of Oral and Maxillofacial Surgery with the chief complaint of perceived chin retrusion and dissatisfaction with her lower facial profile. The patient reported that her primary concern was insufficient chin projection and wished to improve the contour and harmony of the lower face. After being informed of the potential benefits and limitations of comprehensive orthodontic–orthognathic treatment, the patient declined systematic combined orthodontic and orthognathic therapy because of personal time constraints and financial considerations related to her full-time employment. She denied any previous orthodontic treatment, orthognathic surgery, genioplasty, facial trauma, or other relevant maxillofacial treatment. She also denied a history of systemic disease, medication allergy, long-term medication use, and relevant family history.

Diagnosis, assessment, and plan:
Clinical examination demonstrated marked chin retrusion with insufficient projection of the lower facial third and a shallow, poorly defined labiomental fold. Mild chin asymmetry was also noted on frontal examination. Soft-tissue profile analysis showed a preoperative labiomental fold depth of 3.31 mm and an obtuse labiomental angle of 142.56°, consistent with a flattened labiomental contour.

Three-dimensional cephalometric analysis was performed using the Frankfort horizontal plane and the midsagittal plane as the principal reference planes. Sagittal skeletal assessment demonstrated an SNA angle of 88.2°, an SNB angle of 76.8°, and an ANB angle of 11.3°, with an overjet of 5.2 mm, indicating a substantial underlying skeletal Class II sagittal discrepancy. Chin-projection analysis further demonstrated an ∠NP-FH of 79.2° and an ∠SN-NPog of 76.1°, supporting a deficient sagittal projection of the chin. The Pog-to-Will line distance was 11.7 mm, and the ∠NA-PogA was 23.3°. Transverse assessment demonstrated only mild chin asymmetry, with Pog and Me located 1 mm and 1.3 mm from the midsagittal plane, respectively.

Because the patient declined comprehensive orthodontic–orthognathic correction of the underlying skeletal discrepancy, treatment planning focused on improving chin projection and lower facial contour. Patient-specific virtual surgical simulations were performed using different degrees of chin advancement. With the selected simulation, ∠NP-FH increased from 79.2° to 82.1°, ∠SN-NPog increased from 76.1° to 79.1°, and ∠NA-PogA decreased from 23.3° to 17.9°, indicating improvement in sagittal chin projection and facial convexity.

After comparison of the simulated profiles and discussion with the patient regarding the anticipated aesthetic changes, treatment alternatives, and limitations, the final virtual surgical plan was selected to improve chin projection and the balance of the lower facial third. Coordinate-based analysis of the finalized virtual plan demonstrated an anteroposterior advancement of 5.41 mm at the intermediate segment drill-hole midpoint (ISDM) and 11.60 mm at the distal segment drill-hole midpoint (DSDM). Given the magnitude of the planned distal advancement, a double-step sliding genioplasty was selected to maintain bony contact while permitting controlled positioning of the intermediate and distal segments. An integrated drill-hole-sharing osteotomy guide and patient-specific titanium fixation plate were subsequently designed to transfer the virtual plan to the operative field.

PROTOCOL: 
This protocol was reviewed and approved by the institutional Medical Ethics Committee (KYKQ2025MEC0146), and written informed consent was obtained from the patient for treatment, imaging, and publication of de-identified clinical data.

1. Preoperative data acquisition and virtual planning

1.1. Acquisition and reconstruction of patient anatomical data

1.1.1. Craniofacial CT and intraoral scanning

1.1.1.1. Data acquisition: Preoperative craniofacial CT data were acquired using a SOMATOM Definition Flash CT scanner with a slice thickness of 1.0 mm, and the volumetric dataset was exported in Digital Imaging and Communications in Medicine (DICOM) format. A digital dental scan was obtained using an Aoralscan 3i intraoral scanner, and the dental arch data were exported in stereolithography (STL) format.

1.1.1.2. Data quality assessment: Both datasets were inspected before further processing to confirm complete coverage of the mandible, dentition, and relevant craniofacial structures. Datasets showing motion or scanning artifacts affecting the mandibular or dental surfaces required for subsequent registration were considered unsuitable for further processing.

1.1.2. Three-dimensional reconstruction and dental model integration

1.1.2.1. CT-based reconstruction: The CT-derived DICOM dataset was imported into Mimics Research 21. An initial craniofacial bone mask was generated using threshold-based segmentation and was refined by region growing and manual object editing.

1.1.2.2. Anatomical model generation: The mandible, upper craniofacial skeleton, and inferior alveolar nerve canal were reconstructed separately as three-dimensional models. The mandibular dentition and anterior tooth-root regions were inspected on multiplanar CT images during segmentation to preserve their anatomical relationships for osteotomy planning.

1.1.2.3. Dental model integration: The intraoral STL model was imported, and scanning artifacts and redundant mesh data were removed before registration. The high-resolution intraoral dental model was registered to the CT-derived dentition, and a composite craniofacial model containing the skeletal anatomy and dental arches was generated.

NOTE: The integrated model was used for subsequent cephalometric assessment, virtual osteotomy planning, and surgical-guide design.

1.2. Virtual planning of the double-step sliding genioplasty

1.2.1. Establishment of reference structures and preoperative assessment

1.2.1.1. Reference-plane establishment: The reconstructed craniofacial models were imported into ProPlan CMF 3.0. The Frankfort horizontal plane and midsagittal reference plane were established, and a three-dimensional cephalometric evaluation of chin projection, vertical position, and facial asymmetry was performed.

1.2.1.2. Identification of critical anatomical structures: The inferior alveolar canals, mental foramina, and mandibular incisor root apices were identified and visualized before the osteotomy was defined. The spatial relationships between the planned osteotomy lines and these structures were evaluated during osteotomy planning.

1.2.1.3. Safety assessment: A minimum safety distance of 5 mm was maintained between the planned osteotomy lines and the dental roots, mental foramina, and inferior alveolar neurovascular structures. The osteotomy trajectories and 5-mm safety margins were confirmed in axial, coronal, sagittal, and three-dimensional views before the surgical plan was finalized.

1.2.2. Virtual osteotomy and segment repositioning

1.2.2.1. Osteotomy simulation: Two planned osteotomy lines were created across the mandibular symphysis to reproduce the intended double-step sliding genioplasty. The mandible was virtually separated into the nonmobilized proximal mandibular portion, an intermediate segment, and the distal chin segment.

1.2.2.2. Segment repositioning and coordinate preservation: The intermediate and distal segments were repositioned according to the virtual surgical plan. The preoperative and virtually planned postoperative models were retained in the same virtual surgical planning coordinate system.

1.2.2.3. Model export: The preoperative mandibular model, registered dental model, and planned osteotomy information were exported in STL format for osteotomy-guide design. The virtually planned postoperative mandibular configuration containing the repositioned intermediate and distal segments was exported separately for patient-specific plate design.

2. Integrated osteotomy guide and patient-specific plate design

2.1. Design of the tooth- and bone-supported osteotomy guide

2.1.1. Guide construction and osteotomy-transfer features

2.1.1.1. Guide construction: The preoperative model, planned postoperative model, and planned osteotomy plane were imported into 3-matic Research 13.0 while their original common coordinate system was preserved. A hybrid tooth- and bone-supported osteotomy guide was constructed on the preoperative mandibular model.

2.1.1.2. Guide-supporting components: The superior dental-supporting portion was designed to engage the mandibular anterior dentition and provide a reproducible seating reference. The inferior component was adapted to the anterior mandibular cortical surface to provide additional bone-supported stabilization.

2.1.1.3. Osteotomy-transfer features: Both planned osteotomy trajectories were transferred to the guide, and 3.5-mm-high guiding slots were incorporated to control the position of the reciprocating saw blade. Virtual inspection confirmed that the guide could be seated without interference with the mental foramina or mental nerve regions and that the cutting slots reproduced the planned double-step osteotomy trajectories.

2.1.2. Incorporation of the shared drill-hole system

2.1.2.1. Drill-hole design: Seven drill holes were created in the osteotomy guide, and each hole was assigned to its corresponding screw hole in the patient-specific fixation plate. The holes were positioned for initial guide stabilization and predrilling and subsequent reuse for definitive plate fixation. Four of the seven holes were designated for the temporary fixation of the osteotomy guide during the operative procedure.

2.1.2.2. Shared-hole coordinate principle: Because the predrilled holes on the intermediate and distal segments moved together with their respective bone segments after virtual osteotomy and repositioning, their positions changed within the global coordinate system. Accordingly, the corresponding screw holes of the patient-specific plate were designed according to the virtually repositioned intermediate and distal segments at their planned postoperative positions. This configuration allowed the predrilled channels to align with their designated plate holes after the respective bone segments were repositioned.

2.1.2.3. Final virtual inspection: Before the design was finalized, the spatial relationships among the drill holes, osteotomy lines, dental roots, mental foramina, and inferior alveolar canals were inspected to confirm that no planned drill trajectory intersected these critical anatomical structures.

2.2. Design of the patient-specific titanium fixation plate

2.2.1. Plate adaptation to the planned postoperative configuration

2.2.1.1. Plate design: The patient-specific fixation plate was designed directly on the virtually planned postoperative mandibular model in 3-matic and was adapted to the final planned positions of the nonmobilized mandibular portion, intermediate segment, and distal chin segment. The plate thickness was set to 0.8 mm and the plate width to 3.0 mm. Seven fixation holes corresponding to the seven predrilled channels defined during osteotomy-guide design were incorporated.

2.2.1.2. Virtual plate verification: The plate was inspected in three dimensions to confirm passive adaptation to the planned postoperative bony contour without contact or interference with adjacent dental or neurovascular structures. The shared-hole configuration was confirmed to permit fixation of the plate to the nonmobilized mandible, followed by progressive reduction and fixation of the intermediate and distal segments without intraoperative plate bending (Figure 1).

2.3. Additive manufacturing and preoperative verification

2.3.1. Fabrication of the guide, verification model, and patient-specific plate

2.3.1.1. Surgical guide fabrication: The finalized osteotomy guide and patient-specific fixation plate were exported as STL files. The surgical guide was manufactured using a RAYSHAPE three-dimensional printer and a biocompatible surgical-guide resin and was processed and sterilized according to the validated manufacturing and sterilization protocol for the selected resin.

2.3.1.2. Verification-model fabrication: The patient-specific anatomical verification model was fabricated using the same additive-manufacturing workflow. SG V2 Model 1: Ivory resin was used for the printed anatomical model.

2.3.1.3. Patient-specific plate fabrication: The definitive patient-specific fixation plate was manufactured from Ti-6Al-4V titanium alloy by selective laser melting through Chengdu Tianqi Additive Manufacturing Co., Ltd. The required post-processing, cleaning, quality inspection, packaging, and sterilization were completed before clinical use.

2.3.2. Ex vivo verification of the integrated workflow

2.3.2.1. Guide verification: A complete simulated procedure was performed on the three-dimensionally printed patient-specific mandibular model before surgery. The osteotomy guide was seated on the dentition and mandibular cortical surface and was considered adequately seated when no rocking or visible gap was present at the tooth- or bone-supporting surfaces.

2.3.2.2. Simulated osteotomy: The two osteotomy trajectories and shared drill-hole positions were transferred to the model. The simulated double-step osteotomy was completed, and the intermediate and distal segments were mobilized.

2.3.2.3. Plate verification: The patient-specific titanium plate was positioned on the simulated postoperative model, and correspondence between the predrilled channels and fixation holes was verified. Progressive screw placement was confirmed to guide the mobilized segments toward the planned configuration, and passive plate adaptation was confirmed after complete reduction. This verification was completed before sterilization and clinical application of the definitive guide and plate (Figure 2).

3. Surgical execution

3.1. Surgical exposure and placement of the osteotomy guide

3.1.1. Exposure of the mandibular symphysis

3.1.1.1. Surgical exposure: The procedure was performed under general anesthesia. An intraoral vestibular incision extending from teeth 33 to 43 was made, and dissection through the mucosa and mentalis region was performed to expose the anterior mandibular surface subperiosteally.

3.1.1.2. Mental nerve protection and extent of exposure: The bilateral mental nerves were identified and protected throughout the exposure. The dissection was extended until the guide-supporting surface and planned osteotomy trajectories were fully exposed, while unnecessary periosteal stripping was avoided.

3.1.2. Guide seating, predrilling, and osteotomy trajectory marking

3.1.2.1. Guide seating: The three-dimensionally printed hybrid guide was seated on the exposed mandibular symphysis. Complete engagement of the dental-supporting component with the lower anterior dentition and intimate contact of the bone-supported component with the mandibular surface were confirmed. The guide was considered adequately seated only when no rocking was detected by manual testing and no visible gap was present at the supporting surfaces.

3.1.2.2. Predrilling and temporary fixation: Seven predefined channels were created through the guide using a 1.5-mm-diameter drill bit to a depth of 8.0 mm. The guide was temporarily stabilized through four of the shared holes using 2.0 mm × 6 mm screws.

3.1.2.3. Osteotomy trajectory marking: With the guide fully seated and secured, a reciprocating saw was used to score the mandibular cortex through the two 3.5-mm-high cutting slots, thereby marking the planned double-step osteotomy lines. Continuous irrigation was maintained during sawing, and the adjacent dental and neurovascular structures were protected.

3.2. Completion of the double-step osteotomy and plate-guided reduction

3.2.1. Mobilization of the intermediate and distal segments

3.2.1.1. Guide removal and osteotomy completion: The temporary fixation screws and osteotomy guide were removed after the osteotomy trajectories and drill channels had been established. The osteotomies were completed along the transferred cortical markings using the reciprocating saw, first releasing the distal chin segment and subsequently mobilizing the intermediate segment.

3.2.1.2. Operative-field preparation: The operative field was irrigated, loose bony debris was removed, and hemostasis was obtained. Both mobilized segments were confirmed to move freely without unintended bony interference before definitive fixation.

3.2.2. Patient-specific plate positioning and sequential segment reduction

3.2.2.1. Fixation to the nonmobilized mandible: The Ti-6Al-4V patient-specific fixation plate was positioned on the nonmobilized mandibular portion, and the plate holes were aligned with the corresponding shared predrilled channels. The plate was initially stabilized to the nonmobilized mandible using three 2.0 mm × 8 mm self-tapping pointed screws.

3.2.2.2. Intermediate-segment reduction: The intermediate segment was brought toward the patient-specific plate, and its two predrilled channels were aligned with the corresponding plate holes. Two 2.0 mm × 8 mm screws were partially inserted and alternately advanced rather than fully tightening one screw first.

NOTE: The screws were progressively tightened until the intermediate segment was drawn into stable contact with the predetermined plate position.

3.2.2.3. Distal-segment reduction: The distal chin segment was repositioned using the same sequential principle. The distal predrilled channels were aligned with the corresponding plate holes, and the two fixation screws were alternately advanced until the segment was seated against the planned plate configuration.

3.2.2.4. Final fixation assessment: After all three bony components had been stabilized, the final contour, plate adaptation, segment stability, and symmetry were inspected. The fixation was accepted when the plate was passively adapted to the bony surface, both mobilized segments were stable on manual testing, and no visible segment displacement occurred during final screw tightening (Figure 3).

3.3. Wound closure

3.3.1. Soft-tissue repair and closure

3.3.1.1. Irrigation and muscle repair: The operative site was irrigated, and hemostasis was confirmed. The mentalis muscle was reapproximated to restore continuity of the chin soft-tissue envelope and minimize postoperative soft-tissue ptosis. A surgical drain was placed before wound closure.

3.3.1.2. Closure: The mentalis muscle was reattached using 3-0 sutures, and the intraoral mucosal incision was closed using 3-0 sutures according to the standard institutional protocol.

4. Postoperative three-dimensional registration and accuracy assessment

4.1. Reconstruction and registration of the postoperative mandibular model

NOTE: Because the postoperative CT images were affected by metal artifacts from the patient-specific titanium plate and fixation screws, delineation of the adjacent cortical bone and drill-hole margins was partially compromised, particularly in the region of Holes 4 and 5.

4.1.1. Postoperative model reconstruction

4.1.1.1. Segmentation: The postoperative CT dataset was imported into Mimics. The postoperative mandible was reconstructed using threshold-based segmentation, region growing, and manual object editing, consistent with the preoperative reconstruction procedure.

4.1.1.2. Model refinement and export: The segmented model was manually refined in regions affected by metallic artifacts adjacent to the fixation plate and screws. The reconstructed postoperative mandibular model was exported in STL format.

4.1.2. Landmark-based registration

4.1.2.1. Initial registration: The postoperative STL model was imported into Geomagic Wrap, together with the preoperative mandibular model. Landmark-based N-point alignment was performed using seven anatomically stable reference landmarks outside the mobilized genioplasty segments.

4.1.2.2. Registration landmarks: The seven reference landmarks comprised the bilateral mandibular angle points, bilateral mental foramina, mandibular central incisor midline point, and bilateral superior condylar points. The mobilized intermediate and distal chin segments, osteotomy margins, and shared drill-hole centers were not used as registration references.

4.1.2.3. Coordinate preservation: The preoperative and virtually planned postoperative models were maintained in the original virtual surgical planning coordinate system without additional registration between these two models. After registration, the postoperative model was transferred into the same coordinate system for direct comparison with the preoperative and planned postoperative configurations.

4.2. Coordinate system and definition of measurement landmarks

4.2.1. Three-dimensional coordinate system
The X-, Y-, and Z-axes were defined as the mediolateral, anteroposterior, and superoinferior directions, respectively. Directional displacement was recorded as the difference between the coordinates of the corresponding points in two models. In this coordinate system, negative displacement along the Y-axis represented anterior movement.

4.2.2. Drill-hole and anatomical reference points

4.2.2.1. Drill-hole reference points: The centers of the seven shared drill holes were identified as Hole 1 through Hole 7 on the preoperative, planned postoperative, and achieved postoperative models. Hole 4 and Hole 5 were used as the drill-hole reference points for the intermediate segment, whereas Hole 6 and Hole 7 were used for the distal segment.

4.2.2.2. Segment midpoint definition: The midpoint between Hole 4 and Hole 5 was calculated and designated as the intermediate segment drill-hole midpoint (ISDM). The midpoint between Hole 6 and Hole 7 was calculated and designated as the distal segment drill-hole midpoint (DSDM).

4.2.2.3. Anatomical reference points: Pogonion (Pog), gnathion (Gn), and menton (Me) were identified on the three mandibular configurations to characterize the achieved position of the distal chin contour. Identical anatomical definitions were maintained for all landmarks throughout the analysis.

4.3. Quantification of planned movement, achieved movement, and positional deviation

4.3.1. Point-specific translational measurements

4.3.1.1. Coordinate differences: For each drill-hole center and anatomical landmark, the planned displacement was calculated as the coordinate difference between the virtually planned and preoperative positions. The achieved displacement was calculated as the difference between the postoperative and preoperative positions. The Post-versus-Plan positional difference was calculated as the coordinate difference between the postoperative and virtually planned postoperative positions.

4.3.1.2. Three-dimensional displacement: The three-dimensional magnitude of each displacement or deviation was calculated from the corresponding X-, Y-, and Z-axis components using the Euclidean distance. Directional X-, Y-, and Z-axis changes together with the three-dimensional displacement were reported for Hole 4, Hole 5, Hole 6, Hole 7, Pog, Gn, and Me.

4.3.2. Segment-level midpoint measurements

4.3.2.1. Midpoint analysis: ISDM and DSDM were used as supplementary segment-level positional descriptors. The planned, achieved, and Post-versus-Plan displacements of ISDM were calculated to characterize the intermediate segment, and the corresponding calculations were performed for DSDM to characterize the distal segment.

4.3.2.2. Reporting: These midpoint measurements were reported together with, rather than in place of, the individual drill-hole measurements, allowing both local point-specific deviation and overall segment displacement to be described.

RESULTS:
The integrated drill-hole-sharing workflow enabled osteotomy transfer, sequential reduction of the intermediate and distal segments, and definitive fixation using the patient-specific plate. The genioplasty portion of the procedure required approximately 25 min, excluding anesthesia time. No intraoperative plate bending was required.

At the 1-month postoperative evaluation, an exploratory three-dimensional comparison was performed among the preoperative, virtually planned, and postoperative mandibular models. Coordinate-based comparison of the preoperative and planned models demonstrated planned anteroposterior advancements of 5.41 mm at the intermediate segment drill-hole midpoint (ISDM) and 11.60 mm at the distal segment drill-hole midpoint (DSDM). The corresponding exploratory postoperative CT-based estimates were 4.95 mm and 11.44 mm, respectively.

The three-dimensional post-versus-plan positional differences were 0.50 mm at ISDM and approximately 0.28 mm at DSDM. At the individual drill-hole level, the corresponding three-dimensional differences were 0.27 mm and 0.84 mm at Holes 4 and 5, respectively, and 0.49 mm and 0.14 mm at Holes 6 and 7, respectively. The differences at Pog, Gn, and Me were 0.19 mm, 0.37 mm, and 0.51 mm, respectively. Taken together, these point-based measurements showed that the postoperative positions of the intermediate and distal segments corresponded closely to their virtually planned positions, supporting successful implementation of the planned segment repositioning and fixation protocol in this case (Table 1). Because metal artifacts from the titanium plate and fixation screws affected postoperative CT reconstruction, particularly around Holes 4 and 5, these postoperative measurements should be interpreted as exploratory estimates rather than definitive measures of surgical accuracy. The color-coded surface deviation map provided a qualitative visualization of the spatial correspondence between the virtually planned and postoperative mandibular contours while also showing localized areas of deviation (Figure 4). Together, Table 1 and Figure 4 provide quantitative and qualitative evidence supporting successful implementation of the protocol in this case; however, the observed point-specific deviations and CT-related reconstruction artifacts preclude interpretation of these findings as definitive measures of surgical accuracy. 

Substantial postoperative soft-tissue changes accompanied the skeletal advancement. The soft-tissue pogonion, menton, and gnathion advanced by approximately 9.47 mm, 9.34 mm, and 11.67 mm, respectively. The labiomental fold depth increased from 3.31 mm to 5.72 mm, and the labiomental angle improved from 142.56° to 120.67°, indicating improvement in the lower facial profile contour (Figure 5). 

[bookmark: 1t3h5sf]FIGURE LEGENDS: 
Figure 1: Virtual design of the drill-hole-sharing integrated osteotomy guide and patient-specific titanium plate for double-step sliding genioplasty. (A) Planned double-step osteotomy and osteotomy guide incorporating cutting slots and shared screw holes within a single coordinate system. (B) Patient-specific titanium plate designed on the mandible at the planned final position.

Figure 2: Ex vivo simulated surgery for verification of guide and plate fit. (A) Osteotomy guide seated on the pre-osteotomy mandibular model. (B) Patient-specific titanium plate seated on the post-osteotomy model after completion of the double-step osteotomy, demonstrating passive adaptation.

Figure 3: Intraoperative application of the drill-hole-sharing workflow. (A) Osteotomy guide seated and temporarily fixed through shared screw holes. (B) Guide-assisted drilling of the shared screw holes and marking of the osteotomy lines. (C) Completion of double-step osteotomy. (D) Definitive fixation using the patient-specific plate, which functions as a reduction guide to reproduce the planned segment position.

Figure 4: Three-dimensional surface deviation analysis between the planned and postoperative mandibular models. The virtually planned postoperative mandibular model (Plan) was used as the reference model, and the mandibular model reconstructed from the 1 month postoperative CT scan (Post) was used as the test model. Before deviation analysis, the Post model was registered to the preoperative model in Geomagic Wrap using N-point alignment and transferred to the common coordinate system for comparison with the Plan model. Three-dimensional surface deviation analysis was subsequently performed between the aligned models. The color map represents the signed surface deviation of the Post model relative to the Plan model, expressed in millimeters (mm). The displayed scale ranges from −9.4869 to +9.4869 mm. Green indicates deviations near zero (approximately −0.4743 to +0.4743 mm), whereas increasingly warm colors (yellow to red) indicate increasing positive deviations and increasingly cool colors (cyan to dark blue) indicate increasing negative deviations. The map provides a qualitative visualization of the spatial correspondence and localized surface differences between the planned and postoperative models. 

Figure 5: Preoperative and 1 month postoperative left lateral profile photographs. (A) Preoperative left lateral profile photograph. (B) Left lateral profile photograph at 1 month postoperatively, showing postoperative changes in chin projection and facial profile. Written informed consent was obtained from the patient for treatment, imaging, and publication of de-identified clinical data, including publication of the clinical photographs presented in this report.

Table 1. Three-dimensional planned and achieved movements and positional deviations of drill-hole and anatomical reference points. Planned movement was defined as the coordinate change from the preoperative to the virtually planned postoperative position, achieved movement as the change from the preoperative to the actual postoperative position, and positional deviation as the difference between the actual and planned postoperative positions. ISDM and DSDM denote the midpoints of Holes 4–5 and Holes 6–7, respectively. X, Y, and Z represent the mediolateral, anteroposterior, and superoinferior directions, respectively; negative ΔY indicates anterior displacement. All measurements are expressed in millimeters.

DISCUSSION:
Compared with conventional genioplasty, patient-specific guide and plate–assisted double-step osteotomy may facilitate more controlled transfer of the virtual surgical plan to the operative field. Traditional freehand methods often require repeated measurement and adjustment, relying on external landmarks and surgical experience—steps that are both time-consuming and error-prone. In this technique, the patient-matched guide and plate translate the preoperative plan directly into the operative field, enabling faithful execution of both osteotomy and repositioning. Integrating screw positions into the guide design ensures safe trajectories that avoid tooth roots, while sharing screw holes minimizes redundant drilling and bone damage. As screws are tightened, the bone segments are smoothly drawn into alignment with the plate, achieving simultaneous reduction and fixation.  

Double-step advancement techniques have previously been proposed for patients requiring chin advancement beyond that readily achievable with conventional single-segment sliding genioplasty. Wiese described tandem genioplasty for extreme chin advancement and emphasized that mobilized bony segments may be destabilized by traction from the geniohyoid, genioglossus, and digastric muscles; in that series, advancements of 16–20 mm were achieved, with mild vestibular wound dehiscence reported in one patient11. More recently, Wei et al. compared digital template-assisted single- and double-layer genioplasty and found that the double-layer approach achieved greater chin advancement than the single-layer technique (11.95 ± 0.92 mm vs. 7.50 ± 0.89 mm), although this was accompanied by a larger mean surface discrepancy from the virtual plan (1.19 ± 0.14 mm vs. 0.75 ± 0.15 mm)12. These findings illustrate the principal trade-off of multi-segment genioplasty: greater advancement can be achieved, but accurate control of multiple mobile segments becomes more demanding. In the present case, the planned and achieved anteroposterior movements at DSDM were 11.60 mm and 11.44 mm, respectively, with a three-dimensional positional deviation of 0.28 mm. The present workflow differs from conventional multi-segment fixation by integrating the planned positions of both mobilized segments into a patient-specific fixation plate through the shared-hole strategy.

Virtual surgical planning and CAD/CAM-assisted transfer methods have increasingly been applied to improve reproduction of the planned chin position. Li et al. demonstrated in a controlled study that a three-dimensional printed genioplasty template system improved the accuracy of chin repositioning compared with conventional intraoperative measurements; the largest root-mean-square discrepancies in the template group were 1.1 mm in the anteroposterior direction and 2.6° in pitch1. Subsequent application of patient-specific titanium fixation in genioplasty further integrated repositioning and fixation, with Li et al. reporting a maximum translational root-mean-square discrepancy of 0.69 mm and a maximum rotational discrepancy of 2.01° in a 15-patient series13. Antúnez-Conde Hidalgo et al. also reported that customized guided genioplasty reduced operative time and improved the control of rotational correction in asymmetric cases compared with conventional surgery4. These studies support the role of VSP in improving the transfer of a planned osteotomy and final chin position to the operative field. The present workflow applies these principles to a double-step configuration, in which two independently mobilized segments must be controlled. By combining the osteotomy guide with a patient-specific plate through a shared-hole strategy, the virtual plan provides a common spatial framework for osteotomy localization, segment reduction, and definitive fixation. Nevertheless, the present single-case observation does not establish superiority over other VSP-assisted genioplasty techniques, and comparative studies are required to determine whether this configuration improves accuracy or operative efficiency.

Although the drill-hole-sharing osteotomy guide and patient-specific plate may facilitate accurate plan transfer and intraoperative segment control, several practical challenges remain for broader clinical adoption. Final accuracy is highly dependent on intraoperative execution, as subtle variations in bony surface anatomy can impede complete guide seating14,15. Furthermore, repeated use of shared screw holes may enlarge the hole diameter, resulting in insufficient thread engagement. This risk was addressed in this workflow by incorporating a depth redundancy strategy using screws of identical diameter but different lengths (6 mm for the guide, 8 mm for the plate). Because the guide was 2.0 mm thick and the patient-specific plate was 0.8 mm thick, the potential intraosseous engagement depths were 4.0 mm for the 6-mm guide screws and 7.2 mm for the 8-mm definitive fixation screws, respectively. Thus, the definitive screws provided approximately 3.2 mm of additional potential intraosseous thread engagement, which was intended to reduce the risk of insufficient thread engagement after reuse of the shared holes. 

Several limitations of the present report should also be acknowledged. First, formal measurement-error analysis and segment-level rotational analysis were not available; therefore, the reproducibility of the point-based measurements and the rotational accuracy of the repositioned segments could not be fully assessed. Second, although the materials, equipment, and principal design parameters are reported, detailed additive-manufacturing parameters for the surgical guide and patient-specific titanium plate were unavailable, which may limit exact replication of the fabrication process. Finally, postoperative assessment was limited to the 1 month follow-up, and therefore, long-term outcomes and stability could not be evaluated. These limitations, together with the single-case design, require that the postoperative findings be interpreted as exploratory.

The higher unit cost of customized implant design and metal additive manufacturing does not necessarily result in a higher total fixation cost for double-step genioplasty. Based on current procurement prices at our institution, the patient-specific fixation construct used in the present workflow consists of one customized titanium plate and seven fixation screws, with a total cost of approximately US$1,640. In comparison, our conventional double-step fixation construct requires one prefabricated genioplasty plate, at least two additional four-hole titanium miniplates, and at least 13 fixation screws, resulting in a total cost of approximately US$2,460. Thus, although the patient-specific plate itself is more expensive than a single prefabricated genioplasty plate, the overall fixation-device cost is lower because the customized plate integrates multi-segment reduction and definitive fixation into a single construct. Conventional fixation with prefabricated plates requires intraoperative plate bending and adaptation, while the planned chin position is reproduced using intraoperative measurements and manual repositioning rather than being directly encoded in the fixation construct1,13. In conventional double-step genioplasty, multiple vertically oriented miniplates with monocortical screws have been used to stabilize the mobilized bone segments16. By contrast, the patient-specific plate reproduces the planned segment positions through its predefined geometry while simultaneously providing definitive fixation, thereby eliminating intraoperative plate bending and reducing the amount of fixation hardware required. Osteotomy-guide costs were not included in this comparison because guide-assisted osteotomy is used in both workflows and therefore does not affect the comparative fixation-device cost. Accordingly, in our current clinical setting, higher fixation cost does not appear to be a disadvantage of the patient-specific workflow, although availability and manufacturing lead time remain practical considerations.
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