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ABSTRACT 

BACKGROUND: 

A cone beam computed tomography (CBCT) has proven to be an effective tool in dental 

diagnosis and treatment planning due to its accuracy and reliability. The 3D printing process 

creates objects one layer at a time by adding layers. A more accurate, customized, and 

effective approach to healthcare is provided by the combination of CBCT and 3D printing, 

which improves treatment results and patient satisfaction. 

AIM: 

To evaluate the accuracy of CBCT images and 3D-printed models acquired by CBCT 

imaging.  

MATERIALS AND METHODS: 

By using cylindrical burs, bilateral circumferential bone defects were created on 10 dry 

human mandibles on symphysis and parasymphysis regions. Later, CBCT scans were 

performed on dry mandibles. The scanned images were exported in DICOM format and then 

converted into STL files, which are used as a format for 3D printing. The measurements were 

done using the Sidexis tool on CBCT, using a digital vernier caliper on dry mandibles and 3D 

models, followed by a statistical analysis of the data. 

RESULTS: 

A statistically insignificant difference (p>0.05) was found between dry mandibles and their 

CBCT images, similarly between CBCT and 3D printed models. However, the measurements 
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on the circumferential bony defects on the ramus of dry mandible models and 3D printed 

models were significantly different in width on the right and left sides (p =0.005 and 0.010), 

and in height on the left (p =0.033). Additionally, a significant difference (p =0.005) was 

found between the dry mandible and the 3D-printed model on the right side of 

parasymphysis. 

CONCLUSION: 

It was found that the accuracy of models derived from CBCT images was only slightly 

different. Thus, it has a variety of clinical applications in dentistry. 

KEYWORDS: Cone-Beam Computed Tomography; Printing, Three-Dimensional; Models, 

Anatomic. 
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INTRODUCTION 

INTRODUCTION  

It has been a boon to mankind, especially for health sciences since Wilhelm Roentgen 

discovered X-rays in 1895. Radiology has facilitated diagnosis and treatment planning 

and this field has seen tremendous progress over the years, especially in the last century 

[1]. Conventional radiographs like intraoral or panoramic radiographs, give a 2-

dimensional image hence it does not provide accurate information for comprehensive 

preoperative planning surgeries and other procedures. To overcome this limitation of 

conventional radiography, various specialized radiographic techniques have been 

introduced in the recent past like cross-sectional tomograms, CT scans, and, more 

recently, cone beam CT (CBCT) which gives a precise diagnosis [2].  

The introduction of computed tomography (CT) by Godfrey Hounsfield in 1972 

revolutionized radiography as this allowed visualization of normal and abnormal soft 

tissue and bony structures [3]. Though CT offers various advantages over conventional 

radiography, it still has its drawbacks like high radiation dose, cost factor, poor 

resolution, etc in dentistry, its use is limited. 

The advent of CBCT in 1982, has helped to overcome the limitations of CT, as this 

technique uses fan beam or spiral scans, specifically designed for imaging the 

maxillofacial region. This marks a new era in Radiology, as it enables a faster capture of 

all data from the entire field of view (FOV) by using a cone beam projector and a 

comparatively low radiation dose [3]. The advantage of CBCT over CT is the use of 

cone-shaped beam and solid-state flat panel detector, involving a 180-360 degree 

rotation around patient, thus imaging a specific area which could be the entire 
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dental/maxillofacial region or a single tooth [4]. The other advantages of CBCT include 

producing 3D images of actual size, with no distortions or overlaps [5]. The radiation 

dose is also minimal as compared to spiral CT [6]. The biggest advantage is the rapid 

scanning time which improves patient compliance [7]. The other applications of CBCT 

in Dentistry include diagnosis of unerupted and supernumerary teeth [8], assessing the 

upper airway volumes in 3D [9], analysis for orthognathic and orthodontic treatment 

planning [10], pre- and post-implant assessment, evaluating facial trauma, and fibro-

osseous lesions within the TMJ [7]. As imaging technology has progressed over the last 

few years, the advent of 3D printing has led to an industrial revolution where raw 

materials can be converted into a model [11]. 3D-images can be generated by CBCT 

scans in either format or proprietary format. A specialized software package converts 

DICOM data to Standard triangular language files that represent a virtual 3D surface 

shape [12]. The applications of 3D models in Dentistry are in identifying anatomical 

landmarks, diagnosis and treatment planning, communication, vital role in image-guided 

surgeries, and prosthesis fabrication [13]. There are various methods for printing 3D 

objects, including inkjet printing, binder jet printing, fused deposition, laser sintering, 

stereolithography, and pressure-assisted micro syringe printing [14]. The most common 

techniques include: digital light processing, material jetting, and fused filament 

fabrication [15]. Binder/powder materials, which include polymers like resins and 

thermoplastics, ceramics, and metals are the main raw materials that are used in 3D 

printing, especially for applications in Dentistry [16].   

Similarly in the current study, we have evaluated the dimensional accuracy of anatomical 

landmarks and artificially created circumferential bone defects on the human dry 

mandibles using CBCT scans and 3D printed model, respectively. 



 
Hypothesis  

3 
 
 

HYPOTHESIS 

HYPOTHESIS 

Null hypothesis: 

There will be no dimensional changes in artificially created bone defects and anatomical 

landmarks of dry mandibles when compared with CBCT scans and 3D printed models. 

Alternative hypothesis: 

There will be dimensional changes in artificially created bone defects and anatomical 

landmarks of dry mandibles when compared with CBCT scans and 3D printed models. 
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AIM AND OBJECTIVES 

Aim of the study: 

The aim of this study was to evaluate and compare the dimensional accuracy of defects 

on dry mandibles, CBCT images of dry mandibles, and 3D-printed models. 

Objectives: 

1. To evaluate the dimensions of anatomical landmarks and artificially created 

circumferential bone defects in dry mandibles. 

2. To evaluate the dimensions of anatomical landmarks and artificially created 

circumferential bone defects in CBCT scans. 

3. To evaluate the dimensions of anatomical landmarks and artificially created 

circumferential bone defects in 3D printed models. 

4. To compare the dimensions of anatomical landmarks and artificially created 

circumferential bone defects of the dry mandible, CBCT scans and 3D printed 

models. 
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REVIEW OF LITERATURE: 

A dental x-ray is an essential diagnostic tool, used for diagnosis, treatment planning, and 

post-treatment evaluation of the patient [17][18]. 

Dental Radiographs: 

There has been significant progress in dental radiography, including a study conducted 

by Franklin W. McCormack that examined the application of paralleling techniques in 

intraoral dental radiography [19]. Sialography, which was invented in 1925, is a form of 

radiography, that helps to evaluate several types of pathosis including tumours, duct 

obstructions, and inflammatory disorders, such as Sjögren's syndrome [20]. In 1960, the 

invention of Orthopantomography by Paatero revolutionized radiology and this was 

widely used in clinical practice [21]. An intra-oral detector based on digital charge-

coupled devices (CCDs) was introduced in 1987. Even though the spatial resolution of 

the image was lower than that of the film, the advantages of having the image instantly 

available and reducing patient exposure were evident [22]. Photostimulable phosphor 

(PSP) receptors were introduced in 1994 [23]. A complementary metal-oxide-

semiconductor sensor was first commercialized in 1998 [22]. All these advancements 

have a limitation of superimposition due to overlapping structures and improper detailing 

of the 3-dimensional volume of the human body that is represented as the 2-dimensional 

images. 

Three-dimensional radiographs: 

Computed tomography (CT) was introduced in 1967 by Godfrey N. Hounsfield where X-

ray measurements of a body were taken from different directions which allowed the 

reconstruction of the internal structure [24]. The use of CT scans can be directed at 
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identifying pathologic processes, displaying trauma, assessing the paranasal sinuses, and 

investigating the temporomandibular joint bone to determine the best places for pre-

surgical implant placement [25].  

Although CT geometrics has progressed from parallel beam geometry to helical 

geometry, due to high radiation doses, high costs, lack of availability, longer scanning 

times, poor resolution, and difficulty in interpretation, CT has been limited in dentistry. 

CBCT developed in the 1990s as a result of the increasing demand for three-dimensional 

images provided by conventional CT scans [26].  

Cone beams generate more focused beams with considerably less radiation scattering 

[27]. CBCT technology is commonly used in the head and neck for evaluating impacted 

teeth, planning implants, evaluating the temporomandibular joint (TMJ), preparing 

orthodontics and surgical procedures, analysing dentoalveolar pathology, evaluating 

nasal/paranasal sinuses, pharyngeal airways, and providing information for rapid 

prototyping of 3D models [28]. 

3- Dimensional printing: 

In three-dimensional printing or rapid prototyping, materials are combined through the 

application of computer-aided design to produce a customized three-dimensional object 

by selecting, depositing, or consolidating successive layers of material by selectively 

curing and deposition [29].  

The first 3D printing process to be commercially available was invented by Charles Hull 

in 1980, which was the first 3D printing system to be patented [30]. Various 3D printing 

techniques have been developed based on various working concepts, such as: Inkjet 
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Printing, Binder Jet Printing, Fused Deposition Modelling, Selective Laser Sintering, and 

Stereolithography. [31]. 

3D - Printing in Dentistry: 

Volumetric data can be used to generate 3D prints, allowing healthcare professionals to 

create dental models for presurgical planning or patient education, surgical templates, 

identification of anatomic landmarks i.e, mental plexus and dental devices for improving 

quality of life. 

LITERATURE SEARCH: 

CBCT and human dry mandible: 

Kamburolu et al in 2011, compared the CBCT measurements with direct digital 

callipers measurements of a human dry skull. It showed high correlations; for the first 

and second readings, they ranged from 0.992 to 1, respectively. A high correlation was 

found between measurements taken with digital callipers and CBCT [32]. 

Carolina et al in 2016, scanned 12 dried human mandibles with various voxel sizes to 

generate CBCT images. There was high precision for all CBCT images, except for 

measurements using 0.4-mm voxels for mandibular incisors [33]. 

 Fernandes et al in 2014, observed that CBCT multiplanar reconstruction measurements 

exhibit extremely high interobserver reliability, with ICCs ranging from 0.63 to 0.99 and 

absolute measurements between the first and second measurements varying from 0 to 

2.12mm [34]. 

CT and human dry mandible: 
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Jung et al in 2002, obtained MDCT images of dry human skulls at various slice 

thicknesses and acquisition modes. It was found that all scan modes had no significant 

impact on distance-measuring accuracy. However, Smaller acquisition slice thicknesses 

resulted in better accuracy for each scan mode [35]. 

Measurements on human dry mandible from CBCT and CT: 

Loubele et al in 2007, noted that the direct measurements of the mandible showed a 

difference of 0.23 mm and 0.34 mm, as compared with CBCT and spiral tomography. In 

terms of vision and ability to distinguish periodontal tissues, the CBCT had a marked 

advantage over the MSCT [36]. 

Silva et al in 2017, reported that both CBCT and MSCT software packages calculated 

anatomic distances accurately compared to digital callipers measurements of ten 

mandibles, which were not statistically significant (p>0.05) [37]. 

CBCT and 3D-printed model: 

Raphael Olszewski et al in 2021 compared a dry human mandible to its corresponding 

3D-model to determine the accuracy of a low-cost paper-based 3D-printer. The absolute 

mean difference was 0.36 ± 0.29 mm, while the relative difference was 1.87 ± 3.14%” 

[38]. 

Ruben R. Santana in 2012, compared the measurements from CBCT images to STL 

models of twelve human mandibles. There was a mean difference of 0.35mm between 

CBCT and STL (P = .048) [39]. 

Poleti et al in 2021, evaluated the linear measurements taken directly on the mandibles 

and 3D models obtained from CBCT. They concluded that an underestimation of 1mm 
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was noted for measurements carried out in 3D models. Also, inter-observer reliability 

was found to be greater than 0.75 for all the measured variables [40]. 

Joshua M. Ferraro in 2022, found a significant difference between three-dimensional 

printed models of mandibular teeth made from intraoral scanners (IOS) and CBCT [41]. 

Xiaotong Wang in 2023, found that the high and medium-cost jetting models had 

similar overall dimensional errors (0.07 ± 0.01 mm and 0.07 ± 0.03 mm), indicating their 

suitability for clinical applications like pre-bending plates and implant fabrication [42]. 

CT and 3D-printed model: 

Ibrahim et al  in 2009, revealed that the SLS models (dimension error = 1.79%) and dry 

mandibles (dimensional error = 3.14%) were found to be the closest, followed by Poly 

JetTM and 3DPTM models (2.14% and 3.14%, respectively) [43]. 

CBCT and CT-derived 3D-printed model: 

Yousefi et al in 2021, observed that the measurements of both the FDM and DLP 

prototypes obtained from CBCT with small-FOV and large-FOV scanners showed no 

significant difference in dimensions of <0.7mm and 2.2mm respectively [44]. 

B.T. Primo in 2012 observed that the prototype produced from MSCT data showed a 

mean dimensional error of 0.62%, whereas CBCT images showed errors of 0.74%and 

0.82% [45]. 
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METHODOLOGY 

STUDY DESIGN: 

The current study is an in vitro study, to evaluate the dimensional accuracy of artificially 

created defects on 10 dry human mandibles and compare it with CBCT scans of dry 

mandibles and 3D-printed models with the same defects. This study was conducted 

based on the ethical standards set by the Declaration of Helsinki, including all 

amendments and revisions. 

SOURCE OF DATA: 

1. Human dry mandibles were collected from the Department of Forensic Medicine and 

Toxicology, Jawaharlal Nehru Medical College and Hospital, Belagavi, Karnataka. 

2. CBCT scans of the dry mandibles were obtained from the Department of Oral 

Medicine and Radiology, KLE VK Institute of Dental Sciences, KLE Academy of 

Higher Education and Research (KAHER), Belagavi. 

3. 3D models were printed from the Department of Mechanical Engineering and 

Technology, KLE DR.M Sheshagiri College of Engineering and Technology. 

SELECTION CRITERIA: 

Inclusion criteria: 

1. Human dry adult mandibles. 

2. Dry mandibles without any metal fillings. 

3. Dry mandibles without any crowns or bridges. 

4. Preserved mandibular bone cortices. 
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Exclusion criteria: 

1. Mandible with anatomical deformity. 

2. Fractured mandible. 

3. Mandible with titanium miniplate, metal fillings, and dental prosthesis. 

ARMAMENTARIUM: 

1. Human Dry Mandibles (Figure 1) 

2. Cylindrical bur-No:8,10 (Figure 2) 

3. Digital vernier callipers (Figure 3) 

4. High-rotation micromotor. 

5. Dentsply Sirona Axeos CBCT machine (Figure 4) 

6. Sidexis CBCT viewing software (version 4.3.1.0)  

7. Exposure parameter (Figure 5)  

8. Measuring tool (Figure 6) 

9. SLA printer- form 2 printer (Figure 7) 

10. Slicer 3D software 

11. Scoring sheet for recording the observations. 

METHOD: 

A total of ten dry human mandibles were used for the study where four standardized 

circumferential bone defects were created using cylindrical burs numbers 10 and 8, under 

focused light of the dental equipment. Two defects were made on the ramus of the 
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mandible bilaterally (Figure 8) and the other two were made in the para symphysis 

region (Figure 9). 

Linear measurements (height and width) of artificially created bone defects and 

anatomical landmarks on dry mandibles were measured with the help of digital vernier 

callipers.  

A customized mount was made with the help of a cylindrical plastic container with a lid, 

which had a provision to place modelling clay or medium body silicone putty, over 

which the mandible could be placed before imaging. A cylindrical plastic container or 

plastic sheet was wrapped around the mounted mandible, to simulate the soft tissue.  

CBCT scans were made of these dry mandibles with anatomical landmarks and 

artificially created bone defects using CBCT (Dentsply Sirona Axeos). The reference 

point was adjusted so that the midline corresponds to the junction of mandibular central 

incisors. The exposure parameters were set at 85kVp,12mA, scanning time of 14.8 

seconds, and field of view (FOV) of 11*10 cm2 for imaging. The anatomical landmarks 

and bone defects were measured in sagittal sections and then entered in an Excel sheet. 

The scanned images were subsequently exported to DICOM (Digital Imaging and 

Communications in Medicine) format. The DICOM format was converted into STL 

(Standard Tessellation Language) files using Slicer 3D software to create the 3D printed 

model. 3D printing of the scanned model’s STL file was done using SLA additive 

manufacturing techniques. The model was printed using the Form 2 printer (Figure 7) 

and grey photopolymer resin (Acrylonitrile Butadiene Styrene "ABS" resin). The 

anatomical landmarks and artificially created bone defects were then measured on 3-D 

printed models with the help of digital vernier callipers. The measurements were 

repeated by the second observer. The measurements thus obtained from the dry 
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mandible, CBCT scans, and 3D printed models were statistically analysed using 

descriptive statistics analysis. 

Measurement of parameters: 

Fourteen linear measurements (Figure 10-16), were obtained in (mm) using a digital 

calliper with a (0-150) mm measuring range. 

1. Length of the Right Ramus (Figure 10). 

2. Length of the Left Ramus. 

3. Height of the circumferential defect in the right ramus (Figure 11) 

4. Height of the circumferential defect in the left ramus. 

5. Width of the circumferential defect in the right ramus (Figure 12) 

6. Width of the circumferential defect in the left ramus. 

7. Height of the circumferential defect in the right Para symphysis (Figure 13) 

8. Height of the circumferential defect in the Left Para symphysis. 

9. Width of the circumferential defect in the right Para symphysis (Figure 14) 

10. Width of the circumferential defect in the left Para symphysis. 

11. Distance from the right circumferential defect in the ramus to the mental foramen 

(Figure 15) 

12. Distance from the left circumferential defect in the ramus to the mental foramen. 

13. Distance from the right circumferential defect in Para symphysis to the mental 

foramen (Figure 16). 
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14. Distance from left circumferential defect in Para symphysis to the mental 

foramen. 

 

STATISTICAL ANALYSIS: 

The data was entered in Microsoft Excel and statistically analysed using the SPSS 

software, version 21; SPSS Inc., (Chicago, IL, USA). The normality of the data was 

assessed prior to analysis using the Shapiro-Wilk’s test/Kolmogorov-Smirnov test. Data 

was found to be normally distributed. Thus, the parametric test was chosen. Descriptive 

statistics was used to calculate frequencies, mean, and standard deviation values. 

Accordingly, One-way ANOVA followed by post hoc Tukey tests were carried out to 

determine the difference between various parameters. All statistical tests were performed 

at a significance level of 5% (p < 0.05). 

 

 

 

 

 

 

 

 

 



 
Methodology  

15 
 
 

Figure 1: Human dry 
mandible 

Figure 2: Cylindrical bur 

 

Figure 3: Digital vernier 
caliper. 

PHOTOGRAPHS 
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Figure 6: Measuring Tools 

Figure 5: Exposure 
Parameter 

Figure 7: 3D Printer 

 

 

  

Figure 4: Dentsply Sirona 
Axeos CBCT machine 



 
Methodology  

17 
 
 

 

 

 

 

 

 

 

 

Figure 8: Artificially created circumferential defect on the Mandibular ramus. 

 

 

 

 

 

 

 

 

Figure 9: Artificially created circumferential defect on the Mandibular para symphysis. 
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Figure 10: Measurement of length of mandible. 
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Figure 11: Measurement of circumferential defect height in ramus. 
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Figure 12: Measurement of circumferential defect width in ramus. 
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Figure 13: Measurement of circumferential defect height in para symphysis. 
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Figure 14: Measurement of circumferential defect width in para symphysis. 
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Figure 15: The distance between the circumferential defect in the ramus and mental 

foramen is measured. 
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Figure 16: The distance between the circumferential defect in the para symphysis 

and mental foramen was measured. 
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RESULTS 

In this study, CBCT-scanning and 3D-printing were performed on 10 human dry 

mandibles. In both the dry mandible measurements and 3D-image, the intra-examiner 

reproducibility index was 0.90, which is considered high. The ANOVA Tukey’s tests 

were applied at a 5% significance level. 

(a) Comparison of circumferential bone defect in ramus between dry mandible, 

CBCT, and 3D printed model. 

Descriptive statistics provided in Table 1, we calculated the mean and standard deviation 

of all the included parameters. The ANOVA of mean absolute differences in the height 

of circumferential bone defects on the ramus among dry mandibles, CBCT-images, and 

3D-printed models were insignificant (p = 0.24) on the right side significant on the left 

side (p=0.037) as shown in Graph 1. In addition, it was noted that the width of the 

circumferential bone defect on the right side left side of the dry mandible, CBCT scans, 

and 3D-printed models revealed statistically significant differences as depicted in Graph 

2.  

The multivariate analysis of the dry mandible, CBCT scans/images, and 3D printed 

models using a post-hoc Tukey test did not reveal any statistically significant differences 

(p > 0.05) measuring the height of the circumferential defect on the right side as revealed 

in Table 2. On the left side, the dry mandible and 3D-printed model showed a significant 

difference (p =0.033). Similarly, there was a significant difference (p = 0.005 and 0.010) 

in the width of the circumferential bony defects between dry mandible and 3D-printed 

models in the right and left ramus. 
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Table 1: Comparison of the Mean, Standard Deviation variables, and Intergroup 

variation by one-way ANOVA 

  N Mean 

Std. 

Deviation 

Std. 

Error Minimum Maximum F Sig. 

Right 

side 

Height 

Dry 

Mandile 

10 10.67 0.03 .00955 10.63 10.72 1.50 0.24 

 

CBCT 10 10.65 0.03 .01009 10.61 10.71 
 

3D 

Printed 

Mode 

10 10.65 0.03 .00809 10.62 10.70 

 

Right 

side 

Width 

Dry 

Mandile 

10 10.33 0.02 .00636 10.30 10.36 6.351 .005* 

 

CBCT 10 10.31 0.02 .00636 10.28 10.34 
 

3D 

Printed 

Mode 

10 10.30 0.02 .00542 10.28 10.33 

 

Left 

side 

Height 

Dry 

Mandile 

10 10.66 0.02 .00667 10.63 10.70 3.75 0.037* 

 

CBCT 10 10.65 0.02 .00616 10.61 10.68 
 

3D 

Printed 

Mode 

10 10.64 0.02 .00537 10.62 10.67 

 

Left 

side 

Width 

Dry 

Mandile 

10 10.33 0.02 .00526 10.31 10.36 5.276 0.012* 

 

CBCT 10 10.32 0.01 .00423 10.30 10.34 
 

3D 

Printed 

Mode 

10 10.31 0.01 .00379 10.29 10.33 
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Table 2: Multiple comparisons of the dry mandible, CBCT, and 3D printed model 

using Tukey HSD test 

 

Dependent Variable Mean 
Difference 
(I-J) 

Std. 
Error 

Sig. 95% 
Confidence 
Interval 

  

      Lower 
Bound 

Upper 
Bound 

Right side 
Height 

Dry Mandile CBCT 0.02 0.01 .370 -.0145 .0505 
 3D Printed 

Mode 
0.02 0.01 .263 -.0115 .0535 

CBCT Dry Mandile -0.02 0.01 .370 -.0505 .0145 
 3D Printed 

Mode 
0.00 0.01 .972 -.0295 .0355 

3D Printed 
Mode 

Dry Mandile -0.02 0.01 .263 -.0535 .0115 

 CBCT 0.00 0.01 .972 -.0355 .0295 
Right side 

Width 
Dry Mandile CBCT 0.02 0.01 .068 -.0013 .0413 
 3D Printed 

Mode 
.03000* 0.01 .005 .0087 .0513 

CBCT Dry Mandile -0.02 0.01 .068 -.0413 .0013 
 3D Printed 

Mode 
0.01 0.01 .483 -.0113 .0313 

3D Printed 
Mode 

Dry Mandile -.03000* 0.01 .005 -.0513 -.0087 

 CBCT -0.01 0.01 .483 -.0313 .0113 
Left side Height Dry Mandile CBCT 0.02 0.01 .171 -.0054 .0374 

 3D Printed 
Mode 

.02300* 0.01 .033 .0016 .0444 

CBCT Dry Mandile -0.02 0.01 .171 -.0374 .0054 
 3D Printed 

Mode 
0.01 0.01 .699 -.0144 .0284 

3D Printed 
Mode 

Dry Mandile -.02300* 0.01 .033 -.0444 -.0016 

 CBCT -0.01 0.01 .699 -.0284 .0144 
Left side Width Dry Mandile CBCT 0.01 0.01 .087 -.0017 .0297 

 3D Printed 
Mode 

.02000* 0.01 .010 .0043 .0357 

CBCT Dry Mandile -0.01 0.01 .087 -.0297 .0017 
 3D Printed 

Mode 
0.01 0.01 .614 -.0097 .0217 

3D Printed 
Mode 

Dry Mandile -.02000* 0.01 .010 -.0357 -.0043 

  CBCT -0.01 0.01 .614 -.0217 .0097 
* The difference is significant at the 0.05 level. 
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Graph 1: Bar chart demonstrating the statistical significance in the Height of 
circumferential bone defect in the ramus between dry mandible, CBCT, and 3D-
printed model 

 

 

 

 

 

 

 

 

NS- Statistically insignificant, *-Statistically significant 

Graph 2: Bar chart demonstrating the statistical significance in the width of 
circumferential bone defect in ramus between dry mandible, CBCT, and 3D-
printed model 

 

NS- Statistically insignificant, *-Statistically significant 
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(b) Comparison of circumferential bone defect in Para symphysis between dry 

mandible, CBCT, and 3D printed model. 

Descriptive statistics with  mean and standard deviation, for all variables are presented in 

Table 3. There was a significant difference (p =0.007) in the width of the circumferential 

defect among dry mandible, CBCT scans/images, and 3D printed model on the right 

side, whereas there was insignificant difference noted on the left side (p =0.220). Height 

of the circumferential defect on dry mandible, CBCT scans and 3D-printed models on 

both  right and left was statistically insignificant as shown in Graphs 3 and 4. 

The Tukey multiple comparison analysis was performed between the dry mandible, 

CBCT scans/images, and 3D printed model, as shown in Table 4. The height of the 

circumferential defect on the right and left Para symphysis revealed no statistical 

difference. Width on the left side between  dry mandible and 3D  model revealed no 

difference, whereas there was a significant difference on  right side. 
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Table 3: Comparison of the Mean, Standard Deviation variables, and Intergroup 

variation by one-way ANOVA 

  

   N Mean 
Std. 
Deviation 

Std. 
Error Minimum Maximum F Sig 

Right 
side 
Height 

Dry 
Mandile 

10 10.6250 .01958 .00619 10.60 10.65 2.818 .077 
 

CBCT 10 10.6130 .02003 .00633 10.58 10.64 
 

3D 
Printed 
Mode 

10 10.6050 .01716 .00543 10.58 10.63 

 

Right 
side 
Width 

Dry 
Mandile 

10 10.3200 .01491 .00471 10.30 10.34 5.975 .007* 
 

CBCT 10 10.3100 .01491 .00471 10.29 10.33 
 

3D 
Printed 
Mode 

10 10.2970 .01494 .00473 10.27 10.32 

 

Left 
side 
Height 

Dry 
Mandile 

10 10.6050 .01716 .00543 10.58 10.63 2.426 .107 
 

CBCT 10 10.5960 .01647 .00521 10.57 10.62 
 

3D 
Printed 
Mode 

10 10.5880 .01814 .00573 10.56 10.61 

 

Left 
side  
Width 

Dry 
Mandile 

10 10.3440 .02221 .00702 10.31 10.38 1.600 .220 
 

CBCT 10 10.3330 .02163 .00684 10.30 10.37 
 

3D 
Printed 
Mode 

10 10.3260 .02413 .00763 10.29 10.36 
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Table 4: Multiple comparisons of dry mandible, CBCT, and 3D printed model 

using Tukey HSD test 

Dependent Variable Mean 
Difference 
(I-J) 

Std. 
Error 

Sig. 95% Confidence 
Interval 
Lower 
Bound 

Upper 
Bound 

Right side 
Height 

Dry 
Mandile 

CBCT .01200 .00848 .348 -.0090 .0330 
3D Printed 
Mode 

.02000 .00848 .065 -.0010 .0410 

CBCT Dry Mandile -.01200 .00848 .348 -.0330 .0090 
3D Printed 
Mode 

.00800 .00848 .618 -.0130 .0290 

3D 
Printed 
Mode 

Dry Mandile -.02000 .00848 .065 -.0410 .0010 
CBCT -.00800 .00848 .618 -.0290 .0130 

Right side 
Width 

Dry 
Mandile 

CBCT .01000 .00667 .307 -.0065 .0265 
3D Printed 
Mode 

.02300* .00667 .005 .0065 .0395 

CBCT Dry Mandile -.01000 .00667 .307 -.0265 .0065 
3D Printed 
Mode 

.01300 .00667 .145 -.0035 .0295 

3D 
Printed 
Mode 

Dry Mandile -.02300* .00667 .005 -.0395 -.0065 
CBCT -.01300 .00667 .145 -.0295 .0035 

Left side 
Height 

Dry 
Mandile 

CBCT .00900 .00772 .483 -.0101 .0281 
3D Printed 
Mode 

.01700 .00772 .089 -.0021 .0361 

CBCT Dry Mandile -.00900 .00772 .483 -.0281 .0101 
3D Printed 
Mode 

.00800 .00772 .561 -.0111 .0271 

3D 
Printed 
Mode 

Dry Mandile -.01700 .00772 .089 -.0361 .0021 
CBCT -.00800 .00772 .561 -.0271 .0111 

Left side 
Width 

Dry 
Mandile 

CBCT .01100 .01014 .532 -.0141 .0361 
3D Printed 
Mode 

.01800 .01014 .197 -.0071 .0431 

CBCT Dry Mandile -.01100 .01014 .532 -.0361 .0141 
3D Printed 
Mode 

.00700 .01014 .771 -.0181 .0321 

3D 
Printed 
Mode 

Dry Mandile -.01800 .01014 .197 -.0431 .0071 
CBCT -.00700 .01014 .771 -.0321 .0181 

*. The mean difference is significant at the 0.05 level. 
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Graph 3: Bar chart demonstrating the statistical significance in the Height of 

circumferential bone defect in Para symphysis between dry mandible, CBCT, and 

3D-printed model 

NS- Statistically insignificant, *-Statistically significant 

Graph 4: Bar chart demonstrating the statistical significance in the Height of 

circumferential bone defect in Para symphysis between dry mandible, CBCT, and 

3D-printed model 

NS- Statistically insignificant, *-Statistically significant 
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(c) Comparison of length of ramus between dry mandible, CBCT, and 3D-printed 

model. 

According to the descriptive statistics shown in Table 5, the mean measurements of the 

length of ramus for dry mandibles, CBCT scans and 3D printed models were found to be 

5.43, 5.42, and 5.41 on the right side and 5.50, 5.49, 5.48 on the left. Among all the 

variables, no statistical significance was noted on the right (p=0.94) and left (p=0.96) 

side, as shown in Graph 5. Tukey multiple comparisons revealed no significant 

difference between dry mandible, CBCT scans, and 3D printed model in regards to 

length of the ramus, as noted in Table 6. 

Graph 5: Bar chart demonstrating the statistical significance of the Length of 

ramus between dry mandible, CBCT, and 3D-printed model 

NS- Statistically insignificant, *-Statistically significant 
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Table 5: Comparison of the Mean, Standard Deviation variables, and Intergroup 

variation by one-way ANOVA 

 

Table 6: Multiple comparisons of dry mandible, CBCT, and 3D printed model 

using Tukey HSD test 

 
N Mean 

Std. 
Deviation 

Std. 
Error 

Minimum Maximum F Sig. 

Right 
side 

Dry 
Mandile 

10 4.5250 .19767 .06251 4.22 4.78 

.029 .972 

 
CBCT 10 4.5150 .19699 .06229 4.21 4.77 

 
3D 
Printed 
Mode 

10 4.5040 .19260 .06090 4.22 4.76 

 

Left 
side 

Dry 
Mandile 

10 4.6040 .27253 .08618 4.16 4.98 

.011 .989 

 
CBCT 10 4.5940 .27253 .08618 4.15 4.97 

 
3D 
Printed 
Mode 

10 4.5860 .26904 .08508 4.15 4.96 

 

Dependent Variable Mean 
Difference 
(I-J) 

Std. Error Sig. 95% Confidence Interval 
Lower 
Bound 

Upper 
Bound 

Right 
side 

Dry 
Mandile 

CBCT .01500 .07871 .980 -.1802 .2102 
3D Printed 
Mode 

.02600 .07871 .942 -.1692 .2212 

CBCT Dry Mandile -.01500 .07871 .980 -.2102 .1802 

3D Printed 
Mode 

.01100 .07871 .989 -.1842 .2062 

3D 
Printed 
Mode 

Dry Mandile -.02600 .07871 .942 -.2212 .1692 

CBCT -.01100 .07871 .989 -.2062 .1842 

Left 
side 

Dry 
Mandile 

CBCT .01500 .10074 .988 -.2348 .2648 
3D Printed 
Mode 

.02500 .10074 .967 -.2248 .2748 

CBCT Dry Mandile -.01500 .10074 .988 -.2648 .2348 

3D Printed 
Mode 

.01000 .10074 .995 -.2398 .2598 

3D 
Printed 
Mode 

Dry Mandile -.02500 .10074 .967 -.2748 .2248 

CBCT -.01000 .10074 .995 -.2598 .2398 
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(d) Comparison of distance from circumferential distance on the ramus to mental 

foramen between dry mandible, CBCT, and 3D-printed model: 

The mean and standard deviation of linear measurements for the circumferential defect 

in the ramus to mental foramen have been calculated (As indicated in Table 7). 

Statistically, there is no significant difference noted on the right (p=0.970) and left side 

(p=0.995) using dry mandible, CBCT scans, and 3D printed models as depicted in Graph 

6. In addition to this, the Tukey Post Hoc test revealed no significant difference between 

all the included variables as shown in Table 8. 

Graph 6: Bar chart demonstrating the statistical significance of the distance from 

circumferential distance on the ramus to mental foramen between dry mandible, 

CBCT, and 3D-printed model 

 NS- Statistically insignificant, *-Statistically significant 
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Table 7: Comparison of the Mean, Standard Deviation variables, and Inter group 

variation by one-way ANOVA 

Table 8: Multiple comparisons of dry mandible, CBCT, and 3D printed model 

using Tukey HSD test 

Dependent Variable Mean 
Difference 
(I-J) 

Std. 
Error 

Sig. 95% Confidence 
Interval 
Lower 
Bound 

Upper 
Bound 

Right side Dry 
Mandile 

CBCT .01400 .07997 .983 -.1843 .2123 

3D Printed 
Mode 

.01900 .07997 .969 -.1793 .2173 

CBCT Dry 
Mandile 

-.01400 .07997 .983 -.2123 .1843 

3D Printed 
Mode 

.00500 .07997 .998 -.1933 .2033 

3D Printed 
Mode 

Dry 
Mandile 

-.01900 .07997 .969 -.2173 .1793 

CBCT -.00500 .07997 .998 -.2033 .1933 

Left side Dry 
Mandile 

CBCT -.00200 .09849 1.000 -.2462 .2422 

3D Printed 
Mode 

.00700 .09849 .997 -.2372 .2512 

CBCT Dry 
Mandile 

.00200 .09849 1.000 -.2422 .2462 

3D Printed 
Mode 

.00900 .09849 .995 -.2352 .2532 

3D Printed 
Mode 

Dry 
Mandile 

-.00700 .09849 .997 -.2512 .2372 

CBCT -.00900 .09849 .995 -.2532 .2352 

  N Mean 
Std. 
Deviation 

Std. 
Error Minimum Maximum F Sig 

Right 
side 

Dry 
Mandile 

10 .9660 .17715 .05602 .74 1.22 

.030 .970 

 
CBCT 10 .9520 .18122 .05731 .72 1.23 

 
3D Printed 
Mode 

10 .9470 .17808 .05631 .73 1.22 
 

Left 
side 

Dry 
Mandile 

10 .8820 .21436 .06779 .54 1.21 

.005 .995 

 
CBCT 10 .8840 .22451 .07100 .53 1.20 

 
3D Printed 
Mode 

10 .8750 .22172 .07011 .52 1.19 
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(e) Comparison of distance from circumferential distance on the Para symphysis to 

mental foramen between dry mandible, CBCT, and 3D-printed model: 

The mean and standard deviation of linear measurements of circumferential defect on the 

Para symphysis to mental foramen have been calculated ( As indicated in Table 9). 

Statistically, there was no significant difference noted on the right (p=0.972) and left side 

(p=0.989) using dry mandible, CBCT scans and 3D printed models as depicted in Graph 

7. In addition to this, the Tukey Post Hoc test revealed no significant difference between 

all the included variables as shown in Table 10. 

Graph 7: Bar chart demonstrating the statistical significance of the circumferential 

distance from the Para symphysis to mental foramen between dry mandible, CBCT, 

and 3D-printed model.  

NS- Statistically insignificant, *-Statistically significant 

 

 



 
Results  

38 
 
 

Table 9: Comparison of the Mean, Standard Deviation variables, and Intergroup 

variation by one-way ANOVA 

 

Table 10: Multiple comparisons of dry mandible, CBCT, and 3D printed model 

using Tukey HSD test 

Dependent Variable 

Mean 
Difference 
(I-J) 

Std. 
Error Sig. 

95% Confidence 
Interval 
Lower 
Bound 

Upper 
Bound 

Right side Dry Mandile CBCT .01000 .08755 .993 -.2071 .2271 

3D Printed 
Mode 

.02100 .08755 .969 -.1961 .2381 

CBCT Dry Mandile -.01000 .08755 .993 -.2271 .2071 

3D Printed 
Mode 

.01100 .08755 .991 -.2061 .2281 

3D Printed 
Mode 

Dry Mandile -.02100 .08755 .969 -.2381 .1961 

CBCT -.01100 .08755 .991 -.2281 .2061 

Left side Dry Mandile CBCT .01000 .12136 .996 -.2909 .3109 

3D Printed 
Mode 

.01800 .12136 .988 -.2829 .3189 

CBCT Dry Mandile -.01000 .12136 .996 -.3109 .2909 

3D Printed 
Mode 

.00800 .12136 .998 -.2929 .3089 

3D Printed 
Mode 

Dry Mandile -.01800 .12136 .988 -.3189 .2829 

CBCT -.00800 .12136 .998 -.3089 .2929 

  N Mean 
Std. 
Deviation 

Std. 
Error Minimum Maximum F Sig. 

Right 
side 

Dry 
Mandile 

10 4.5250 .19767 .06251 4.22 4.78 

.029 .972 

CBCT 10 4.5150 .19699 .06229 4.21 4.77 
3D 
Printed 
Mode 

10 4.5040 .19260 .06090 4.22 4.76 

Left 
side 

Dry 
Mandile 

10 4.6040 .27253 .08618 4.16 4.98 

.011 .989 

CBCT 10 4.5940 .27253 .08618 4.15 4.97 
3D 
Printed 
Mode 

10 4.5860 .26904 .08508 4.15 4.96 
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DISCUSSION 

In dentistry, radiology plays an integral role in diagnosis, treatment planning, and post-

treatment evaluation. Radiographic images are also important diagnostic tools that allow 

early intervention, preventing the progression of oral diseases and reducing the chances 

of complications. Further, radiographs provide valuable information about dental 

problems and act as a guide in decision-making to choose the appropriate treatment 

option. Radiographic images thus enhance the precision, efficiency, and effectiveness of 

dental care along with improving outcomes. 

Various scientists have contributed to the field of Radiology, among whom Sir C 

Edmond Kells, is known as the father of dental radiology as he obtained the first 

intraoral radiograph in 1908, [46]. Following the advent of intraoral radiographs various 

radiographic techniques were invented which included bitewing radiographs, periapical 

images of diseased teeth and periodontal issues, and subsequently panoramic radiographs 

[47]. Interpretation of radiographs is an important skill that is influenced by various 

factors like a thorough knowledge of the anatomy of the structures in the oro-facial 

region. 

The evolution of Radiology has replaced Conventional film-based imaging with solid-

state sensors such as charge-coupled devices, complementary metal oxide 

semiconductors, and photostimulable phosphor plates [48-49]. The benefits of digital 

radiography include 90% of dose reduction as compared to E-speed film. Apart from 

this, it is also possible to measure length, angle, and width in a digital image 

[50]. However, the only limitation of these images is two-dimensional representations of 

three-dimensional areas with magnification, distortion, and superimposition [51]. 
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The invention of computed tomography, in 1972, by a British engineer Godfrey 

Hounsfield and the first dental CT by Schwarz et al [52], helped overcome the 

limitations of 2D images but the major disadvantages were the high radiation dose, the 

cost incurred, and the long duration needed for scanning [53].   

Later came CBCT which offers several benefits over conventional multi-slice CT 

scanners. In contrast to CT scanners, CBCT voxels are isotropic and equal in all 

dimensions. It has a superior image quality to CT due to the high resolution in CBCT 

[54]. The advantage over CT is that CBCT enables 3D visualization of complex bony 

structures within the maxillofacial region with very accurate images, high resolution, and 

is of great diagnostic quality [53]. CBCT is thus becoming the modality of choice for 

oral health professionals due to its low cost, lower effective radiation dose, and fewer 

artifacts [54]. 

3D printing from DICOM pictures is routinely being used in Oral and maxillofacial 

surgery for patient education, surgical planning and simulation. [55-56]. The 

development of technology and software, has helped in obtaining 3D models for all 

patients. This has created new openings and improvised solutions for patient 

management by integrating CBCT technology with 3D models especially in the field of 

Oral and Maxillofacial imaging the integration of CBCT and 3D-printing has created 

new openings and improvised personalized solutions for patient management. Thus 

treatment planning as well as precise treatment can be customized for every patient 

improving the outcomes. 

In dental practice, the use of CBCT and 3D printed models is increasing, but the 

accuracy such models must be determined to facilitate their use. As a result, various 

studies have been conducted to assess the accuracy 3D-printed models. 
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Nimish et al [57], compared accuracy of linear measurements on human cadaveric 

mandibles with CBCT images. As per his  observation  distance measured was  greater 

on  mandible was when compared to CBCT images 0.03 ± 0.29 mm. 

Similarly,  Lascala et al [58] findings were consistent with the previous studies. 

Stratemann et al [59] studied CBCT scans of skull and measured linear distances 

between landmarks  for orthodontic analysis and noted differences with  New Tom (0.07 

± 0.41) and CB MercuRay (0.00 ± 0.22 mm).  

According to Joshua et al., [41], 3D models fabricated with CBCT scans of skull were 

compared to models derived from an intraoral scanner. The actual width when compared 

scans revealed 0.5-mm difference in  canine  whereas 0.44-mm difference in molar. 

Zhang et al [60] used CBCT scans of printed 3D anthropomorphic nasal airway model 

and found a statistically insignificant difference of 0.254. between the readings.  

There were consistent findings with a study by Mukhia et al [61]where in 3D 

reconstructed  models of CBCT images were not significantly different from the 

reference standard models using 0.2mm or 0.4mm voxels (p=0.50 and 0.16, 

respectively). 

In the present study, human mandibles were compared with CBCT scans and 3D-printed 

models using several parameters. The results were consistent with the previous studies, 

thus revealing an insignificant difference (p >0.05) between CBCT images and 3D-

printed models while measuring parameters like width of circumferential defects on right 

and left side ramus was p=0.483 and 0.614, height of circumferential defects on  right 

and  left sides of the ramus was (p=0.972 and 0.699). It was also noted that height and 

width of circumferential defects are not significantly different on  right (p=0.618 (h) and 
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0.145 (W)) and left (p=0.561 (h)  and 0.771 (W)) Para symphysis. Furthermore, there 

were no significant differences in the length on right and left  ramus (p=0.989 and 

0.995), or the distance from the circumferential defects and mental foramen on either 

side. 

Wang et al [42] examined the accuracy of CBCT-derived skull models fabricated with 

different technologies. In general, SLA and MJ printed models had significantly lower 

errors (p=0.01) than FFF printed models, but no additional geometrical differences were 

observed. 

Two CBCT-based surgical simulation techniques were used by Chou et al. [62] to 

measure alveolar bone deficiency. Patients with unilateral clefts revealed alveolar defect 

for virtual-based and 3D printing-based models 1.09 ± 0.24 and 1.09 ± 0.25 mL (p > 

0.05), whereas  patients with bilateral clefts values were 2.05 ± 0.22 and 2.02 ± 0.27 mL 

(p > 0.05). Thus no significant differences were observed with different densities. 

Santana et al [13] compared CBCT with 3-dimensional stereolithographic models to 

identify and measure anterior loop lengths (ANLLs). It was found that CBCT differed 

insignificantly from anatomic measurements (p = 0.332), whereas STL models showed a 

significant difference from anatomic measurements. 

For all the measured parameters in our study, the difference between the dry mandible 

and the 3D-printed model was insignificant (p >0.05). However, the circumferential 

bony defects on the ramus were significantly different for width on the right and left 

sides (p = 0.005 and 0.010) and for height on the left (p = 0.033). Further, there was a 

significant difference (p = 0.005) between mandible and 3D model on the right para-

symphysis. 
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LIMITATIONS: 

The dimensional accuracy of the 3D printed models can be affected by variations in 

CBCT machines, 3D printing methods, and materials. In the current study, the data was 

acquired using the same image acquisition protocol with one CBCT machine. Hence to 

assess reproducibility, other 3D printing methods and materials should have been used.  

The SLA method of 3D printing with resin is very precise and provides excellent detail, 

but manufacturing time and costs are the main limitations of using this printing 

technique. 

A digital vernier callipers was used in the current study for measurements on the human 

dry mandibles and 3D-printed models. Using this manual technique can lead to multiple 

errors due to, Operator bias, and errors in landmark identification. 

Cylindrical plastic has been used to simulate the soft tissues of dry mandibles, however, 

the soft tissues of live patients and other factors associated with the intraoral 

environment may affect the accuracy of the imaging by scattering radiation, affecting 

gray level value differentiation, and lowering bone image quality. 

FUTURE PROSPECTS OF THE STUDY 

1. To determine the geometric accuracy of CBCT 3D models and observe their clinical 

outcomes. 

2. To validate the entire computerized workflow.   

3. Future studies need to focus on determining the reproducibility and accuracy of 

different softwares which vary with CBCT scanners and image acquisition protocols.   

4. Further studies should be conducted to test cytotoxicity and sterilization to ensure 

that 3D-printed models are safe to use in the operating room.  
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5. A complex anatomical structure such as the entire skull needs to be scanned, to 

assess the reproducibility of the 3D models based on CBCT scans. 
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SUMMARY AND CONCLUSION 

Advent of CBCT and 3D printing has revolutionized various fields, particularly the 

healthcare sector. This technology allows us to transform digital data acquired from 

CBCT scans into exact replica of the object with 3D printing. The purpose of the present 

study was to assess accuracy of measurements obtained on dry mandible, CBCT scans 

and 3D models, so as to advocate their use in clinical practice.  

A total of 14 linear measurements were made on anatomical landmarks and artificially 

created defects on dry mandibles and were measured on mandibles, CBCT scans and 3D-

printed models. Among all variables only 4 parameters revealed some differences in 

measurements. This proves that all the variables can be used reliably for various clinical 

applications in Dentistry.   

Thus, this study concludes that the applications of CBCT and 3D-printed models go way 

beyond diagnosis, treatment planning, and intervention. It was found that there was a 

slight variation in the measurements from dry mandibles, CBCT images and models. 

Thus, all the variables can be used for a variety of clinical applications in dentistry like 

accurately diagnosing maxillofacial pathologies and planning treatment for these 

pathologies as well as implant planning, etc. The findings of the study has endorsed 

accuracy of 3D models and CBCT scans for potential practical implications in dentistry. 

KEYNOTE 

1) CBCT scans provide the key data needed to perform medical 3D printing, enabling 

the fabrication of highly precise and personalized models. 

2) It was observed that there was a no difference between the dry mandibles and their 

CBCT images, with the parameters measured. 
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3) As a result of CBCT and 3D printing, all parameters were measured similarly 

without any differences. 

4) Variations were noted with few parameters in 3D printed models and dry mandibles. 
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Annexure-II: MASTER CHART- Circumferential bone def ect on right and left ramus 
 

S.no Circumferential bone defect- Ramus Circumferential bone defect- Ramus 

Right side- Height Left side- Height  Right side- Width Left side- Width 

Dry 
mandible 

CBCT 3D-printed 
model 

Dry 
mandible 

CBCT 3D-printed 
model  

Dry 
mandible 

CBCT 3D-printed 
model 

Dry 
mandible 

CBCT 3D-printed 
model  

1 10.65 10.63 10.64 10.63 10.61 10.62 10.33 10.32 10.31 10.32 10.31 10.31 

2 10.65 10.64 10.63 10.66 10.65 10.64 10.32 10.3 10.3 10.31 10.31 10.3 

3 10.68 10.65 10.66 10.67 10.65 10.64 10.34 10.31 10.3 10.33 10.33 10.32 

4 10.7 10.68 10.67 10.65 10.63 10.62 10.3 10.28 10.28 10.31 10.3 10.29 

5 10.65 10.62 10.63 10.69 10.66 10.67 10.35 10.33 10.31 10.34 10.32 10.31 

6 10.72 10.71 10.7 10.7 10.68 10.66 10.34 10.32 10.3 10.36 10.34 10.33 

7 10.63 10.61 10.62 10.66 10.65 10.64 10.36 10.34 10.33 10.35 10.33 10.32 

8 10.64 10.63 10.62 10.64 10.63 10.62 10.36 10.34 10.33 10.32 10.3 10.31 

9 10.68 10.67 10.66 10.67 10.66 10.64 10.33 10.31 10.3 10.34 10.32 10.32 

10 10.7 10.68 10.66 10.66 10.65 10.65 10.31 10.29 10.28 10.33 10.31 10.3 
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Annexure-III: MASTER CHART- Circumferential bone de fect on right and left parasymphysis 

S.no Circumferential bone defect- Parasymphysis  Circumferential bone defect- Parasymphysis 

Right side- Height Left side- Height  Right side- Width Left side- Width 

Dry 
mandible 

CBCT 3D-printed 
model 

Dry 
mandible 

CBCT 3D-printed 
model  

Dry 
mandible 

CBCT 3D-printed 
model 

Dry 
mandible 

CBCT 3D-
printed 
model  

1 10.6 10.58 10.59 10.62 10.61 10.6 10.31 10.3 10.29 10.36 10.34 10.34 

2 10.62 10.61 10.6 10.59 10.59 10.58 10.3 10.29 10.29 10.34 10.33 10.32 

3 10.65 10.63 10.62 10.62 10.61 10.6 10.34 10.33 10.32 10.38 10.37 10.36 

4 10.63 10.62 10.61 10.63 10.62 10.61 10.33 10.32 10.3 10.37 10.36 10.36 

5 10.6 10.59 10.58 10.59 10.58 10.57 10.32 10.31 10.3 10.35 10.34 10.34 

6 10.61 10.6 10.59 10.58 10.57 10.56 10.31 10.3 10.28 10.33 10.32 10.31 

7 10.65 10.64 10.63 10.61 10.6 10.6 10.3 10.29 10.27 10.32 10.31 10.3 

8 10.64 10.63 10.62 10.62 10.61 10.61 10.34 10.33 10.31 10.31 10.3 10.29 

9 10.61 10.6 10.59 10.6 10.59 10.58 10.33 10.32 10.31 10.33 10.32 10.31 

10 10.64 10.63 10.62 10.59 10.58 10.57 10.32 10.31 10.3 10.35 10.34 10.33 
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Annexure-IV: MASTER CHART-length of ramus  

S.no Length of Ramus 

Right side Left side 

Dry mandible CBCT 3D-printed model Dry mandible CBCT 3D-printed model 

1 5.18 5.17 5.16 5.61 5.59 5.58 

2 5.52 5.53 5.52 5.43 5.43 5.42 

3 5.58 5.57 5.56 5.42 5.4 5.39 

4 5.56 5.5 5.49 5.23 5.21 5.22 

5 5.31 5.29 5.28 5.39 5.38 5.37 

6 5.55 5.54 5.53 5.23 5.21 5.2 

7 5.48 5.47 5.47 5.36 5.34 5.33 

8 5.18 5.17 5.17 5.78 5.77 5.75 

9 5.34 5.32 5.28 5.67 5.66 5.64 

10 5.69 5.68 5.67 5.89 5.87 5.86 
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Annexure-V: MASTER CHART- Distance between circumferential bone defect from parasymphysis to mental foramen 

S.no Circumferential defect (Parasymphysis)- Mental foramen 

Right side Left side 

Dry mandible CBCT 3D-printed model Dry mandible CBCT 3D-printed model  

1 0.74 0.72 0.73 0.63 0.62 0.63 

2 1.13 1.12 1.11 0.54 0.53 0.52 

3 1.22 1.23 1.22 1.21 1.2 1.19 

4 0.79 0.78 0.78 0.77 0.77 0.76 

5 0.84 0.84 0.83 0.88 0.87 0.86 

6 1.22 1.2 1.19 1.18 1.17 1.16 

7 0.99 0.97 0.96 0.95 0.94 0.92 

8 0.87 0.84 0.83 0.82 0.81 0.8 

9 1.02 1 1.01 1 1.11 1.1 

10 0.84 0.82 0.81 0.84 0.82 0.81 
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Annexure-VI: MASTER CHART- Distance between circumferential bone defect on ramus to Mental foramen 

S.no Circumferential defect (Ramus)- Mental foramen 

Right side Left side 

Dry mandible CBCT 3D-printed 
model 

Dry mandible CBCT 3D-printed model  

1 4.22 4.21 4.22 4.18 4.17 4.17 

2 4.54 4.53 4.53 4.16 4.15 4.15 

3 4.42 4.41 4.4 4.98 4.97 4.96 

4 4.32 4.31 4.3 4.86 4.85 4.84 

5 4.57 4.56 4.54 4.52 4.51 4.5 

6 4.65 4.65 4.63 4.62 4.61 4.61 

7 4.32 4.31 4.29 4.53 4.52 4.51 

8 4.78 4.76 4.74 4.73 4.72 4.71 

9 4.65 4.64 4.63 4.62 4.61 4.59 

10 4.78 4.77 4.76 4.84 4.83 4.82 

 


