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Rapid prototyping (RP) is considering as a new technology for the aim of helping the surgeon in the 
visual and tactile aspects of surgery, providing diagnostic accuracy and increasing the success of 
surgical planning, and thus, improving outcomes and reducing complications, risks, operative time and 
the overall cost of treatment, one type of RP is Additive type RP in which material has been added layer 
upon layer to build up the desired design such as Fused Deposition Modeling (FDM).The aim of this 
study is to determine the accuracy of linear measurements that was obtained from 3Dprinted CBCT 
images. Methodology: ten linear measurements were conducted on fifteen dry mandibles; the mandibles 
were scanned by using Planmeca ProMax 3D Mid, Digital Imaging and Communications in 
Medicine(DICOM) images were  imported to  InVesalius software ,for the generation of standard 
tessellation language (STL )file. These fileswere used for rapid prototyping and fabrication of the models 
through using of Fused Deposition Modeling (FDM) technology by poly lactic acid material 
(PLA).Results: The difference between the mean of the direct linear measurements that were conducted 
on the dry mandibles and the mean of the linear measurements that were conducted on the 3D Printed 
CBCT images ranged from (-1.94mm to 0.92mm), The Relative Dahlberg error was less than 5% for all 
variables which means that there is a clinical acceptance of 3Dprinted CBCT images. The present study 
revealed the accuracy of linear measurements that were conducted on 3Dprinted CBCT images using 
FDM rapid prototyping technology. 
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INTRODUCTION 

Radiographic examination is considering  as a 
very useful and valuable diagnostic adjunctive to 
the surgeon and surgical treatment with all its 
types either the two dimensional types(2D) as 
periapical, bitewing and panoramic radiography or 
the three dimensional types (3D) which 
overcomes  the limitations of the (2D) types as  
Cone Beam Computed Tomography(CBCT). 
(Naseem Shah et al.,2014) 

CBCT is an image technique and volumetric 
reconstruction technique that allows us to obtain 

linear measurements in three dimensions using 
computer. CBCT can be applied in different dental 
fields in oral and maxillofacial surgery for surgical 
evaluation and treatment planning such as in 
orthognathic surgery and implant surgeries as well 
as in assessment of maxillofacial trauma. 
(Blessmann M et al., 2007 and Natalia Z et al., 
2013).CBCT became the main source of three-
dimensionally (3D) acquired volumetric data in 
dentistry which enables the surgeon to obtain  a 
detailed 3D image with a reduced dose of 
radiation on the patient compared with 
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conventional CT scan . Therefore the using of 
CBCT is highly recommended in surgical 
approaches in which conventional 2D radiography 
cannot provide sufficient details due to distortion 
and magnification. (Ludlow JB et al., 2006 and 
Silva MA et al., 2008).                   

Radiographic linear measurements are so 
important in periodontal treatment, pre-surgical 
site assessment, impaction, sagittal split ramus 
osteotomy and temporomandibular joint 
evaluation; all these procedures need a high level 
of accuracy of linear measurements. (Rodríguez 
G et al, 2017 and Silva FC, BezerraI S et al., 
2013)  

Now practitioners can use different soft wares 
for different dental applications. This is already 
happening with computer-aided design/ computer-
aided manufacturing (CAD/CAM) technology and 
3D implant planning. This will bring more 
capabilities, including virtual treatments, 
simulations and new possibilities for guided 
surgery. CBCT will go beyond a static image to 
create prototyping technology. (Umar H, 2002, 
Parashar V et al., 2012 and Abduo Jet al., 2014) 

The main aim of 3D virtual imaging which is 
provided by different CBCT 3rd party software in 
the field of orthognathic surgery is to obtain a 
virtual model of the different anatomical structures 
of the   patient, such as the facial soft mask, 
underlying bony structures, and teeth. With digital 
planning all necessary records are obtained 
simultaneously through the integration of the 
entire patient’s data into a single three 
dimensional image. (Swennen GR et al., 2009) 

The three dimensional CBCT DICOM data 
can be analyzed with different software to print 
any part of the body into 3D model for inspection 
of different pathologies. DICOM data can use any 
part of the skull for segmentation, after the 
segmentation, the model can be obtained by 
using a 3D printer. This highly advanced option 
allows physicians to prepare and design patient-
specific customized implants for any part of the 
body. (Swart P et al, 2016)Rapid prototyping is a 
constructive, additive process used to obtain 
physical prototypes from a digital three-
dimensional model. Based on this three-
dimensional model, Rapid prototyping systems 
build prototypes by successively adding fine 
layers of specific materials. (Yeong WY et al., 
2004).Fused deposition modeling (FDM) RP 
technologies utilize a thermoplastic filament, 
which is heated to its melting point and then 
extruded, layer by layer, to create a three 
dimensional object, The FDM technique is based 

on extrusion, by the means of a print head, a 
molten layer of plastic is deposited on the print 
bed. Once the first layer was drawn, the print bed 
drops and a new layer was built on the previous 
layer. These steps were repeated several times, 
ultimately resulting in a 3D printed model. 
(Elizabeth Palermo, 2013) 
 
MATERIALS AND METHODS 

Subject and study design: 
The current study was conducted on fifteen 

dry human mandibles. They were free from any 
pathological defects or fracture.  Age and sex 
were not considered in this study. The mandibles 
were obtained from the Anatomy Department, 
Faculty of Medicine, Cairo University. 

Anatomical Landmarks Identification and 
linear measurements of dry mandibles (gold 
standard): 

Anatomical landmarks were identified on each 
dry mandible and marked with radiopaque 
markers of gutta-percha balls (size 80, 1.5 mm 
long) which were glued on the marked anatomical 
landmarks with cyanoacrylate gel.  

Ten linear Measurements were taken by two 
radiologists with ten years’ experience 
independently in 2 different sessions in 
standardized and comfortable optimum viewing 
conditions. Observer 1 conducted the 
measurements, and repeated them after 1-month 
interval for intra-observer reliability. Observer 2 
conducted the same measurements once for 
inter-observer reliability. 

The ten direct linear measurements were 
taken and recorded using a high precision sliding 
digital caliper with (0-150) mm measuring range 
and ±0.3 mm resolution accuracy. Direct linear 
measurements were taken from the middle of one 
gutta percha marker to the middle of the other 
one. 

CBCTimaging of the dry Mandibles: 
The mandibles were scanned by using 

Planmeca Pro Max 3D Mid CBCT machine in Oral 
and Maxillofacial Radiology Department, Faculty 
of Dentistry, Cairo University. The exposure 
parameters for the CBCT were as following: - 
Field of view (20 cm x10.2 cm), voxel size 400µm, 
90 kVp, 10 mA and exposure time of 13.5 
seconds. Figure  (1). 
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Table (1):Description of the linear measurements used between different anatomical points 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure (1):Photograph showing the mandible centralized within the CBCT machine in the proper 
position with the laser beams properly projecting onto it. 

 

 Measurements Definitions 

1 cR-cL Inter-coronoid width. Linear distance between coronoid points 

2 MfR-MfL 
Inter-mental foramen width. Linear distance between mental 

foramen points 

3 CR-MfR 
Linear distance between right coronoid point and right mental 

foramen 

4 CR-MfL 
Linear distance between right coronoid point and left mental 

foramen 

5 CL-MfL 
Linear distance between left coronoid point and left mental 

foramen 

6 CL-MfR 
Linear distance between left coronoid point and right mental 

foramen 

7 Mco-Lco R Width of the right condyle 

8 Mco-Lco L Width of the left condyle. 

9 Rt Ment-MCC 
Most medial point of the right mental foramen to maximum 

chin convexity. 

10 Lf Ment-MCC 
Most medial point of left mental foramen to maximum chin 

convexity. 
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Figure (2):Showing STL file   generated by INvesalius  software. 
 

 
 

Figure (3): Showing the dry mandible and its 3D printed image. 
 

Generation of(Standard Tessellation Language 
) STL file: 

Digital Imaging and Communications in 
Medicine(DICOM) images imported to 
freeInVesalius software ,for the generation of 
standard tessellation language (STL )file. These 
files wereused for rapid prototyping and 
fabrication of the models.Figure (2). 

Fabrication of 3D Printed images of the 
mandibles (Intervention): 

Standard tessellation language (STL) files 
were imported to (slic3r) software, through 
Desktop 3D printer; these files were converted to 
3DPrinted images through using of Fused 
Deposition Modeling. (FDM). 

The material used in the 3D printing: poly 
lactic acid (PLA) filament. PLA filament was 
heated and melted then deposited in single layers 
that fused together until the 3D object completed. 
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Figure (3). 

Linear measurements on  the 3D printed CBCT 
image of  the mandible by digital caliper  

The same previous ten linear measurements 
were taken between the midpoints of the two 
designated printed gutta-percha markers by digital 
caliper and then recorded.  

Statistical analysis 
All Data collected, tabulated and subjected to 

statistical analysis. Statistical analysis was 
performed by SPSS in general (version 17), and 
also Microsoft office Excel was used for data 
handling and graphical representations. 

For assessment of the agreement between all 
measurements at different dozes with the 
reference method, Dahelberg error (DE), and 
Relative Dahelberg Error (RDE) were used 
together with Intra-class Correlation Coefficients 
(ICC) including the 95% confidence limits of the 
coefficient calculated assuming analysis of 
variance two way mixed model ANOVA with 
absolute agreement on SPSS . To measure and 
quantify the size of the differences, Bland and 
Altman 95% confidence Limits of Agreements 
(LOA) were applied.    
 
RESULTS 

Error assessment of linear measurements 
which were conducted on 3D printed 
CBCTImages (intervention) versusdirect linear 
measurements which were conducted on the 
dry mandibles (the gold standard): 

Ten direct linear measurements were 
conducted on fifteen dry mandibles (gold 
standard) and then were correlated to the linear 
measurements which were conducted on 3D 
printed CBCT images by means of Bland and 
Altman limits of agreement (LOA) and intra-class 
correlation coefficient (ICC). Also, the mean, and 
the standard deviation (SD) of the difference 
between both measurements, Dahlberg error (DE) 
and, the relative Dahlberg error (RDE) were 
calculated . 

The results showed that: 
The difference between mean of the direct 

linear measurements of the dry mandibles and the 
mean of the linear measurements on the 3D 
Printed CBCT images ranged from (-1.94mm to 
0.92mm) 

The Relative Dahlberg error is less than 5% 
for all variables which means that there is clinical 

acceptance of 3Dprinted CBCT images. 
All the mean difference (3DPrinted images - 

real) is close to zero. 
Concordance correlation is generally high, 

which means high agreement between linear 
measurements which were conducted on the dry 
mandibles and 3D printed CBCT images which 
indicates high reliability of linear measurements 
which were obtained from 3DPrinted CBCT 
images. 
 
DISCUSSION 
The current study was designed in order to 
assess the accuracy of linear measurements 
which were obtained from 3DPrinted CBCT 
images versus real linear measurements. This 
study was considered as a pioneer study in 
evaluation of the validity of linear measurements 
on 3DPrinted CBCT images. This in-vitro study 
was conducted on fifteen dry human mandibles 
where ten anatomical landmarks were identified 
on each mandible .The mandibles were free from 
outstanding defects to avoid abnormal 
appearance of the CBCT image that could 
adversely affect the accuracy of measurements. 
Any data (including age and sex) was not 
considered in the study as they did not have 
impact on the accuracy of the measurements. 
(Pablo Tarazona-Álvarez et al., 2014) 
In this study ten anatomical landmarks were 
identified on each mandible using gutta-percha 
rods (size 80, 1.5 mm) that were glued on the 
identified landmarks. The using of gutta-percha 
cones as radiopaque markers were documented 
in several studies, and suggested by many 
researchers. They stated that Gutta-percha is 
easily handled, inexpensive, and casts a sharp, 
clear radiopaque shadow on the final radiographic 
images, with no or little artifact, when used in 
small sizes. (Neves FS et al., 2014, Srimawong P 
et al., 2015 and Ghorbanizadeh S et al., 2016) 
        The mandibles included in this study were 
covered with layers of pink utility wax(1 mm thick 
each) to achieve an average of 14-16 mm wax 
thickness, thus simulating soft tissue attenuation 
to mimic patient imaging and simulate what could 
be happened to the contrast of CBCT images 
from soft tissue. (Hilgers ML et al., 2005) 

Regarding to the error assessment of linear 
measurements conducted on 3D printed CBCT 
Images versus direct linear measurements 
conducted on dry mandibles: 

The results of the current study showed that: 
The mean of the direct linear measurements and 
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the mean of the linear measurements which were 
conducted on the 3D printed CBCT images 
ranged from (-1.94mm to 0.92mm).The Relative 
Dahlberg error was less than 5% for all variables. 
The error was considered small and clinically 
acceptable as the measurement error in 
craniofacial imaging  considered clinically 
acceptable up till the value of 5% as was reported 
by (Hilgers ML et al.,2005 and Tarazona-Álvarez 
et al., 2014 )All the mean difference (3DPrinted 
linear measurements – real linear measurements) 
is close to zero. Concordance correlation is 
generally high. 

Several diagnostic accuracy studies were in 
the same line with the current study such as that 
conducted by (Saleh WK et al., 2015), who 
compared the accuracy and reproducibility of 
linear measurements made on resin, plaster, 
digital and printed models of the different types of 
malocclusion. The measurements were taken on 
a digital model using the 3Shape Ortho Analyzer2 
did not show any clinically significant differences 
from the manually measured physical models and 
it seems that either method is appropriate for 
clinical application. 

Further support gained from another study 
conducted by (Maroua AL et al., 2016), in their 
study, they tested the accuracy and reproducibility 
of linear measurements conducted on CBCT 
derived digital models. Their study performed on 
25 CBCT images made for patients for diagnostic 
purposes. Plaster models had been obtained and 
digital models were extracted from CBCT scans. 
They concluded that the linear measurements 
obtained from the CBCT-derived models had a 
high level of accuracy and reproducibility. 

Also (Poleti M et al., 2016) found that the 3D 
surface models segmented from CBCT data were 
accurate models of the real objects with reliable 
and accurate linear measurements compared to 
the physical ones 

Further support was gained from another 
study conducted by (Toneva D et al., 2017) also 
compared the accuracy of linear measurements 
that were taken on surface models of dry 
mandibles generated from industrial CT data and 
the corresponding measurements which were 
taken directly on the mandibles. They reported 
that the polygonal models generated from 
industrial CT data were established to represent 
accurate copies of the scanned objects. They 
reported that the linear measurements obtained 
from the polygonal models were reliable and 
accurate compared to the linear measurements 
that were taken directly. 

CONCLUSION 
The results of this study supported that linear 

measurements which were derived from 3D 
printed CBCT images constructed by FDM 
prototyping technology using PLA filament 
material are reliable and accurate. 
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