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Abstract
Objectives: Recently, the new computer-assisted surgery workflow for segmental mandi- 
bulectomy and reconstruction has been developed. The aim of this study was to evaluate  
the accuracy of in-house personalized surgical cutting guides for osteotomy on the  
mandible prior to reconstruction in in vitro study.

Methods: Twenty mandibular stereolithography underwent segmental mandibulectomy 
using the personalized surgical cutting guides. The virtual surgical plans with randomly 
generated anatomical defects were developed, and personalized surgical cutting guides 
were created. The stereolithography of mandible and personalized surgical cutting guides 
were manufactured with the three-dimensional printer using fuse deposition modelling. 
The segmental mandibulectomy was carried out using the personalized surgical cutting 
guide. The accuracy of osteotomy was determined using the superimposition between 
virtual surgical simulation data and scanned images of postoperative stereolithography in 
software. The error of osteotomy was evaluated in terms of absolute angular and distance 
deviation.

Results: After superimposition, the mean absolute angulation deviation of osteotomy was 
1.3835±0.2357 degrees (95%CI; 1.3081-1.4588) and the mean absolute distance deviation 
of osteotomy was 1.2975±0.2907 mm (95%CI; 1.2045-1.3904).

Conclusions: The in-house personalized surgical cutting guides provided acceptable 
accuracy and feasibility for osteotomy on mandible. Further investigation in terms of 
clinical benefits is needed.
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Introduction
 Segmental mandibulectomy is a surgical procedure 
that removes pathology from the mandible along with 
part of the surrounding tissue, resulting in bone continuity 
defects that must be restored. Mandibular reconstruction 
aims to restore the lower facial contour and abilities to 
masticate, swallow, and articulate. Numerous treatment 
options for mandibular reconstruction following segmen-
tal mandibulectomy have been proposed, including man-
dibular reconstruction plates with or without soft tissue 
flaps (no osseous reconstruction), nonvascularized bone 
grafts, and vascularized bone flaps.(1,2) Traditional man-
dibular reconstruction requires the surgeon’s precision 
and skill for optimal osteotomy, bone segmentation, and  
modeling, based on intraoperative decisions. Subsequently,  
either intraoperatively bending plates or pre-bending 
plates on rapid prototype models are used to secure the 
remaining parts of the mandible and bone grafts.
 The significance of surgical margins on both bone 
and soft tissue in the pathological ablation of the mandible 
has consistently generated substantial scientific interest. 
Traditionally, surgeons rely on inaccurate measurement 
techniques to establish safety margins during clinical 
procedures. Preoperative medical imaging has been used 
for planning the surgical margin without any tools trans-
ferring this information directly to surgery. Intraoper-
atively, the assessment of surgical margins depends on 
the surgeon’s visualization, tactile perception, ability to 
estimate the tumor extension on the preoperative imaging, 
and anatomical understanding.
 Computer-assisted surgery (CAS) is a procedure  
encompassing various types of technologies. This work-
flow is becoming increasingly prevalent globally and 
plays a crucial role in ablative and reconstructive sur-
gery by enhancing the precision of osteotomy and graft 
positioning. Although computer-assisted mandibular re-
construction has shown increased efficiency in terms of 
accuracy and overall surgical outcomes(3,4), various bar-
riers to its adoption have arisen worldwide. The in-house 
development of these workflows will enable institutions 
to design, manufacture, and conduct procedures under the 
CAS concept with their specific settings and limitations.
The Department of Oral and Maxillofacial Surgery,  
Faculty of Dentistry, Chiang Mai University has been 
using CAS, consisting of virtual surgical planning and 
additive manufacturing, in various types of surgery.  

 Recently, the concept of an in-house CAS workflow 
has been developed for segmental mandibulectomy and 
mandibular reconstruction with nonvascularized iliac 
crest bone graft (NVIBG) under the limitations of the 
setting. The concept of this workflow consisted of com- 
puter-assisted planning of mandibulectomy and manu- 
facturing of a personalized surgical cutting guide using a  
three-dimensional printer (only fuse deposition modeling). 
With the limitations of available software and additive 
manufacturing, the institute’s surgeon still must pre-blend 
the mandibular reconstruction plate and intraoperatively 
segment or model NVIBG. Previous CAS workflows have 
used an additional surgical cutting guide at the donor site, 
allowing for segmentation and modeling of either fibular 
or iliac bone grafts, along with a patient-specific recon-
struction plate, which are not the components of our CAS 
workflow. Moreover, the in-house personalized surgical 
cutting guide is newly designed, and its efficacy must be 
proven. Thus, this in vitro study aimed to evaluate the 
accuracy of in-house personalized surgical cutting guides 
in providing planned osteotomies in mandibular models, 
ensuring their reliability and feasibility.

Material and Methods

Study design
 This in vitro study was conducted within the Oral 
and Maxillofacial Surgery Clinic, Faculty of Dentistry,  
Chiang Mai University. A surgical cutting guide and  
virtual surgical planning with mandibular stereolitho- 
graphy were randomly constructed from a set of cone-
beam computed tomography (CBCT) images of a patient 
with a normal mandible, selected by the oral and maxil-
lofacial radiologist. An overview of the study design is 
illustrated in Figure 1. The study design was approved by 
the Institutional Ethical Committee, Faculty of Dentistry, 
Chiang Mai University, Thailand (approval no. 39/2563).

Concept of in-house surgical cutting guide design
 The surgical cutting guide was designed through  
virtual surgical planning in Mimics Research software 
(Materialise, Leuven, Belgium), aiming to perform a 
planned mandibular osteotomy and stabilize the remain-
ing parts of the resected mandible in the original position 
by fixing a pre-bending reconstruction plate and modeling 
bone graft. This surgical cutting guide also eliminates 
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the need for intraoperative intermaxillary fixation. The 
surgical cutting guide consists of three components: (1) 
the base, (2) the cutting plane, and (3) the axial connector 
(Figure 2). The base part with a screw hole directly con-
tacts the bony surface and serves as a guide to settle the 
surgical cutting guide in a predetermined position. This 
part extends to cover the remaining parts of the resected 

mandible, especially the inferior border, and leaves a 
space for the pre-bending reconstruction plate. The cut-
ting plane part acts as a guide for positioning the surgical 
saw when performing the mandibular osteotomy, with 
spared space for a reconstruction plate placement. Lastly, 
the axial connecting part bridges two cutting plane parts 
across the defect.

Figure 1: Study workflow of surgical simulation and personalized surgical cutting guide.
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Figure 2: Diagram of virtual design of a three-dimensional model and an in-house personalized surgical cutting guide for mandibular 
reconstruction with nonvascularized iliac bone graft, with descriptions of each component.

Surgical simulation and stereolithography manu- 
facturing
 The study workflow is presented in Figure 1. An 
image dataset of one patient with normal mandible mor-
phology was randomly selected from the patients who 
obtained CBCT images involving the mandible using 
ORTHOPHOS XG 3D (Dentsply Sirona, New York, NY, 
USA) at 84 kV, 10 mA, and a 0.16-mm slice thickness. 
The CBCT images were exported in a Digital Imaging 
and Communications in Medicine (DICOM) format and 
imported into Mimics Research software V.20 (Materi-
alise, Leuven, Belgium) to generate a three-dimensional 
(3D) virtual model of the mandible. Subsequently, the 3D 
virtual model was exported in Standard Triangle Language 
(STL) format to 3-Matic Medical software V.12 (Materi-
alise, Leuven, Belgium). An observer indicated fiducial 
marks at the most lateral part of the condylar head and 
the angle of the mandible. Twenty 3D virtual models of 
mandibular stereolithography with fiducial marks and fuse 
deposition modeling (FDM) were manufactured using 
a Flashforge adventure-3 printer (Flashforge, ZheJiang, 
China).
 A surgical simulation of segmental mandibulectomy 
was established on the 3D virtual mandibular model of 
the same patient. The planned segmental mandibulecto-

my model (planned SM model) was randomly cut at two 
different positions to create 20 mandibular defects (40 
osteotomy planes) according to HCL classification(5): 
two C defects, eight L defects, eight LC defects, and two 
LCL defects. This process was independently performed 
by one researcher. Using the STL file of these designs, 
the surgical cutting guides were printed with FDM using 
a Flashforge adventure-3 printer (Flashforge, ZheJiang, 
China).
 
Segmental mandibulectomy procedure
 All segmental mandibulectomy procedures were 
performed on the mandibular stereolithography by one 
oral and maxillofacial surgeon. The surgical cutting guide 
was secured to the mandibular stereolithography using 
miniscrews, and the osteotomy was performed using a 
reciprocating saw (Sciencemedic Gyeonggi-do, South  
Korea). Following segmental mandibulectomy proce-
dures, the remaining parts of the mandibular stereoli-
thography were scanned using a CS 9600 CBCT scanner 
(Carestream Dental LLC, GA, USA) at 91 kVP, 2 mA, 
and 0.30-mm slice thicknesses. The obtained DICOM files 
were converted to a 3D virtual model (Post-SM model) 
in Mimics Research software V.20 (Materialise, Leuven, 
Belgium).
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Registration process and accuracy measurement of 
osteotomy
 Using 3-Matic Medical software V.12 (Materialise, 
Leuven, Belgium), the post-SM model was superim-
posed onto the planned SM model and registered based 
on the remaining condyle-angle complex with fiducial 
marks. The osteotomy plane was created by defining three  
selected points on the cutting cross-sectional area, and the 
center points of each osteotomy plane were located. The 
osteotomy plane located distally to the defect was defined 
as the distal osteotomy plane, and those located medially 
to the defect were defined as the medial osteotomy plane. 
For type C defects, the osteotomy plane located on the left 
side of the defect referred to the medial osteotomy plane, 
and the contralateral side referred to the distal osteotomy  
plane. The angle formed by the osteotomy plane between 
the post-SM model and the planned SM model was the 
angulation deviation of osteotomy, and the distance  
deviation of the osteotomy plane was the distance between 
the center points.
 The distortion of the surgical cutting guide and 
mandible model was also evaluated. All printed surgical  
cutting guides and mandible models were scanned using 
a cs 9600 CBCT scanner (Carestream Dental LLC, GA, 
USA) at 91 kVP, 2mA, and 0.30-mm slice thicknesses 
and converted to a 3D virtual model (actual guide model) 
in Mimics Research software V.20 (Materialise, Leuven, 
Belgium). The printed model was superimposed onto 
the virtual model using the Global Registration function, 
which allows to modify the distance threshold, the num-
ber of iterations and the subsample ratio to ensure maxi-
mum possible superimposition. After superimposition, a 
part comparison analysis was applied. The distortion of 

the surgical cutting guide and mandible models refers to 
the absolute distance deviation between the actual guide 
model and virtual guide model and the root mean square 
(RMS) value, automatically calculated within the software. 
All measurements were performed by one researcher.  
The accuracy measurement is presented in Figure 3.

Statistical analysis
 The sample size and statistical analyses were calcu-
lated using Stata statistical software, release 17 (College 
Station, TX, USA: StataCorp LLC), based on a previous 
study(6), which reported that the mean deviation of the cut-
ting plane was 0.2±0.3 degree with a considered 95% con-
fidence interval (CI) and 80% test power. Consequently,  
the minimum sample size result was 20 cutting planes.
 Before conducting the study, the reliability of the  
accuracy measurement was determined by ensuring that 
the intraclass correlation coefficient (ICC)(7) was equal 
to or greater than 0.75. All accuracy measurements were 
taken twice, one week apart, to maximize reliability. The 
average between the two values was chosen as a repre-
sentative value. The absolute angulation and distance 
deviation of osteotomy were presented as mean, standard  
deviation (SD), and 95% CI. A boxplot was used to  
visualize the range of values covered by the data and any 
outliers.

Results
 Regarding the distortion analysis, the absolute 
distance deviation of the surgical cutting guides was 
-0.3306±0.0565 mm, and the RMS was 0.8183±0.0255 
mm for the entire guide surface. The absolute distance 
deviation of the mandible models was -0.2458±0.0522 

Figure 3: Error measurement between virtual and actual osteotomy in software using angular and distance deviation (A) and distortion 
analysis of model using absolute distance deviation (B).
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Figure 4: Angular deviation of osteotomy between virtual and actual osteotomy in model.

Figure 5: Distance deviation of osteotomy between virtual and actual osteotomy in model.



44 Oral Sci Rep: Volume 46 Number 1 January-April 2025

mm, and the RMS was 1.0453±0.0100 mm. The devi-
ation of osteotomy using the in-house surgical cutting 
guide is shown in Table 1. The mean absolute angulation 
deviation of osteotomy (Figure 4) was 1.3835±0.2357 
degree (95% CI: 1.3081-1.4588 degree), and the mean 
absolute distance deviation of osteotomy (Figure 5) was 
1.2975±0.2907 mm (95% CI: 1.2045-1.3904 mm).
 
Discussion
 Precise osteotomy is crucial for successful ablative 
surgery in patients with benign or malignant intraosseous 
tumors and for reducing local tumor recurrence. This 
ensures the complete removal of the tumor while preserv-
ing as much healthy tissue as possible, which is critical  
for maintaining the structural integrity and aesthetic  
appearance of the head and neck region. The application 
of CASs, such as virtual surgical planning, patient-specific 

cutting guides, and surgical navigation, has significantly 
enhanced the accuracy of osteotomy in surgery. Previous  
studies have shown that precise osteotomies with  
patient-specific cutting guides contributed to better surgi-
cal outcomes in terms of enhanced bony union, reduced 
operative time, and fewer complications when compared 
to the conventional freehand technique.(8-10)

  When performing a segmental mandibulectomy us-
ing conventional techniques, maxillomandibular fixation 
was typically performed to maintain condylar position 
and occlusion after the continuity defect was created. 
Most novel CASs for the segmental mandibulectomy 
procedure typically help obtain precise surgical margins 
and eliminate the need for maxillomandibular fixation 
by using surgical cutting guides combined with custom-
ized titanium plates. However, using customized titanium 
plates incurs additional costs. Therefore, this CAS work-

Table 1: Error in segmental mandibulectomy osteotomy.

No. Type of defect*
Angular deviation (°) Distance deviation (mm)

Medial osteotomy 
plane

Distal osteotomy 
plane

Medial osteotomy 
plane

Distal osteotomy 
plane

1 C 1.44 1.70 1.59 1.62
2 L 1.29 1.31 1.28 1.25
3 L 1.71 1.20 1.24 1.70
4 L 1.26 1.16 1.47 1.31
5 LC 1.39 0.99 0.88 1.42
6 L 1.33 1.30 1.39 1.60
7 LC 1.15 1.39 1.33 1.55
8 C 0.89 1.47 0.97 1.29
9 LC 1.75 1.53 0.98 0.61
10 LC 1.54 1.80 1.37 1.37
11 LC 1.59 1.49 1.35 1.87
12 LCL 1.56 1.51 1.18 1.48
13 LC 1.09 1.39 1.40 1.32
14 LCL 1.45 1.37 1.30 1.26
15 L 1.53 1.45 1.59 1.32
16 L 1.30 1.18 1.11 1.14
17 LC 1.61 1.34 1.44 1.61
18 L 1.75 1.44 1.38 0.61
19 L 0.83 1.00 0.78 0.93
20 LC 1.20 1.66 0.90 1.71

Average (mean ± SD) 1.38±0.26 1.36±0.22 1.27±0.23 1.35±0.33
Total (mean ± SD) 1.3835±0.2357 [95% CI; 1.3081-1.4588] 1.2975±0.2907 [95% CI; 1.2045-1.3904]

Abbreviations: SD, standard deviation; mm, millimeters; CI, confident interval
*according to HCL classification by Boyd and colleagues (1993).
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flow has designed a surgical cutting guide that holds both 
segments together after osteotomy without the need for 
customized plates. The development of in-house surgical  
cutting guides for mandibular reconstruction offers  
several advantages, especially cost-effectiveness and 
faster production times. One challenge is proving the 
precision and validation of these in-house surgical  
cutting guides to ensure consistent and reliable out- 
comes.(11) Several studies have highlighted the role of 
CAS in mandibular reconstruction using vascularized 
bone grafts, especially vascularized fibula grafts or vas-
cularized iliac bone grafts. Numajiri et al., developed 
low-cost surgical cutting guides for mandibular recon 
struction with free fibular flaps and found that the  
error of the osteotomy plan was 0.66 mm for mandibular  
osteotomies and 0.92 mm for fibular osteotomies.(12) Lim 
et al., also revealed that the average error of mandibular 
osteotomies was 1.1±0.6 mm when using printed cutting 
guides.(13) Recently, the navigated cutting guide system 
has been introduced, with the benefit of flexibility during 
surgery. Ter Braak et al.,(14) evaluated the accuracy of this 
navigated cutting guide and found that the error in distance 
was 1.1±0.6 mm, the error in yaw was 1.8±1.4 degree, and 
the error in roll was 1.6±1.3 degree.
 This in vitro study validated the feasible performance 
of osteotomy using an in-house surgical cutting guide for 
partial mandibulectomy. This guide design had a mean 
angulation deviation (error) of 1.3835 degree and a mean 
distance deviation (error) of 1.2975 mm for osteotomy. 
The inaccuracies of CAS are caused by errors that occur 
during the processes of data acquisition, computer-assist-
ed design, computer-assisted manufacturing, transfer to 
actual surgery, and postoperative evaluation. Van Baar  
et al., performed a systematic review and identified a variety  
of CAS planning approaches, ranging from data acquisi-
tion to postoperative evaluation. The ability to compare 
accuracy measurements in CAS was thus limited.(15) The 
clinically acceptable error for the osteotomy plane when 
using surgical cutting guides in mandibular reconstruction 
generally ranges from 1 to 3 mm, with 2 to 5 degree for  
angular deviations.(14,16) Thus, this proof-of-concept study 
showed that our in-house surgical cutting guide was not 
inferior to those reported in previous studies, achieving 
osteotomy planes with clinically acceptable values.
 Some concerns remain that require clarification. 
First, as in previous studies using stereolithography mod-

els, the printed mandibular models could not be perfectly 
cut due to the plasticity of the material used. The error at 
the osteotomy plane might be greater than the error pro-
duced in clinical settings when the osteotomy is performed 
on real bone. Second, the approach to positioning the 
surgical cutting guide in a predetermined position and per-
forming the osteotomy was straightforward, without any 
interference from other tissues as would occur in actual 
surgery. Future clinical studies are needed to confirm the 
precision. Third, the distortion of the printed mandibular 
models and surgical cutting guides also affects osteot-
omy deviations. The literature indicates that acceptable 
discrepancies between 3D printed medical models and 
reference data or RMS typically do not exceed 1 mm.(17) 
Thus, the distortion was acceptable in this present study; 
hence, it is unlikely to confound the error measurement. 
Fourth, the questionable rigidity of the surgical cutting 
guide could confound the accuracy of the second osteot-
omy. Since the surgical cutting guide's body must be suffi-
ciently thin to provide visibility of the surgical field while 
maintaining adequate rigidity and stability, defining the 
optimal size of the surgical cutting guide that is clinically 
acceptable in this in vitro study is difficult. Lastly, when 
the mandibular model was cut manually, the errors of the 
surgical technique depended on the surgeon’s skill and 
perspective. To minimize this bias, all surgical procedures 
in this study were performed by a single expert surgeon.
 Further improvements are planned to this in-house sur-
gical cutting guide. Essentially, the surgical cutting guide 
should be rigid enough to stably bridge and secure the 
remaining parts of the mandible. The optimal size of the 
axial connector will be investigated and refined in future 
clinical studies to ensure rigidity. An effective surgical 
cutting guide should produce precise osteotomy regardless 
of the surgeon’s expertise. Future studies should evaluate 
the effectiveness across a diverse group of surgeons with 
varying levels of experience. Additionally, the accuracy, 
clinical feasibility, relevant clinical outcomes, and cost- 
effectiveness will be investigated in clinical settings. Such 
research will provide valuable insights into the applica-
bility of this in-house surgical cutting guide and assist in 
refining its design and implementation. Thus, it will aid 
in developing more reliable surgical cutting guides for 
segmental mandibulectomy and iliac bone harvesting, 
ensuring precise surgical margins and accurate acquisition 
of bone volume for grafting the defect.
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Conclusions
 This in vitro study validated the feasibility of a surgi-
cal cutting guide design. This in-house personalized sur-
gical cutting guide for segmental mandibulectomy,which 
is the component of in-house CAS workflow, facilitated 
the precise and reproducible osteotomy on the mandible 
before mandibular reconstruction, with clinically accept-
able values. Further investigations in actual surgery are 
necessary to ensure clinical benefits.
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