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Abstract. 3D printing of mandible is important for pre-operative planning, diagnostic purposes, as well as for education 
and training. Currently, the processing of CT data is routinely performed with commercial software which increases the 
cost of operation and patient management for a small clinical setting. Usage of open-source software as an alternative to 
commercial software for 3D reconstruction of the mandible from CT data is scarce. The aim of this study is to compare 
two methods of 3D reconstruction of the mandible using commercial Materialise Mimics software and open-source Medical 
Imaging Interaction Toolkit (MITK) software. Head CT images with a slice thickness of 1 mm and a matrix of 512x512 
pixels each were retrieved from the server located at the Radiology Department of Hospital Universiti Sains Malaysia. The 
CT data were analysed and the 3D models of mandible were reconstructed using both commercial Materialise Mimics and 
open-source MITK software. Both virtual 3D models were saved in STL format and exported to 3matic and MeshLab 
software for morphometric and image analyses. Both models were compared using Wilcoxon Signed Rank Test and 
Hausdorff Distance. No significant differences were obtained between the 3D models of the mandible produced using 
Mimics and MITK software. The 3D model of the mandible produced using MITK open-source software is comparable to 
the commercial MIMICS software. Therefore, open-source software could be used in clinical setting for pre-operative 
planning to minimise the operational cost. 

INTRODUCTION 

Three-dimensional (3D) model is a physical object that is created using 3D printing process through successive 
material layering. The technology is known as rapid-prototyping (RP) because its main use is to quickly create cost-
effective prototypes during the design process. RP is also known as 3D printing [1] or additive manufacturing [2, 3]. 
The printing of patient-specific 3D models has been used for pre-operative planning [4], surgical guide [3], as well as 
for medical education [5]. 

3D printing of mandible is important for pre-operative planning, diagnostic purposes, as well as for education and 
training [6]. In the absence of a 3D model, plates are bent intra-operatively in to conform to the patient’s mandibular 
structure. Then, bone graft from fibula free flap and fixation plates have to be reshaped during the operation by trial 
and error, which is often a time-consuming procedure. Additionally, the cost for operation would be higher, as more 
time is spent in the operation theatre. 

3D model of the mandible can be used in a variety of ways to improve medical education and patient management. 
One way to produce 3D model is to convert Digital Imaging and Communications in Medicine (DICOM) data, 
obtained during the acquisition of computed tomography (CT) radiographs, into a file that can be read by a 3D printer. 
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The ability to efficiently and accurately 3D print patient-specific anatomic details improves surgical education and 
preoperative planning [5]. 

The 3D printer can fabricate the 3D models directly from a 3D virtual model with very complex geometry [7]. It 
provides a new concept for the clinical treatment in orthopaedics and maxillofacial surgery. 

Currently, the processing of CT data is routinely performed with commercial software [8] which increases the cost 
of operation and patient management for a small clinical setting. Articles addressing the 3D reconstruction of 
mandibles were searched in PubMed using the following three keywords: 3D model, reconstruction, and mandible. 
The search yielded 65 results. All papers were studied; 28 were published before year 2010, 2 were not in English, 
and 14 did not match the criteria—they were focused on unrelated studies, or does not mention the type of software 
used, or were not available—and were thus excluded. Out of the 21 related papers, 20 used commercial software and 
one with open source software. However, this open source software is a lighter version of an actual licensed version, 
and applicable to Mac operating system (OS) only. 

The use of open-source software as an alternative to commercial software for 3D reconstruction of the mandible 
from CT data is scarce. The aim of this study was to compare two 3D models of the mandible reconstructed using 
commercial and open-source software. 

MATERIALS AND METHODS 

This was a preliminary study to produce patient specific physical models of mandible for pre-operative planning. 
Sample population was obtained randomly from the Picture Archiving and Communication System (PACS) server at 
the Radiology Department, Hospital USM. Ethical application was approved by the Ethics and Research Committee 
USM (FWA Reg. No: 00007718; IRB Reg. No: 00004494), reference number USMKK/PPP/JEPeM (259.3[2]) dated 
15th January 2013. Patients were scanned using the Siemens Somatom Definition AS+ 128-slice (Siemens, Erlangen, 
Germany) housed at the Radiology Department, Hospital USM.  

Head CT images with a slice thickness of 1 mm and a matrix of 512x512 pixels each were retrieved from the server 
were retrieved from the PACS Server to a Dell Precision T7500 workstation in DICOM format. Five scans were 
processed using both commercial MIMICS software, version 17.0 (Materialise NV, Belgium) and open source 
Medical Imaging Interaction Toolkit (MITK) software, version 2015.05.2 (German Cancer Research Centre, 
Germany). Both MIMICS and MITK use the existing axial view to create cross-sections in the sagittal and frontal 
views for the 3D image segmentation. 

MITK software [9-11] was first utilised as an in-house medical image analysis solution for the German Cancer 
Research Centre, Germany, and later published in 2005 [11]. It started primarily as a toolkit, focusing on support for 
interactive multi-view applications. This software is an open source medical image processing framework that fulfils 
a specific and pressing need of craniofacial imaging research by providing a combination of manual and semi-
automatic tools for extracting structures of interest. It allows interactive segmentation [9] with simultaneous image 
viewing and outlining of regions in axial, sagittal, and coronal orientations 

The sequence of the CT images, representing the various sections the anatomical structures, can be identified on 
the basis of the grey scale of the pixels. The Hounsfield Unit (HU), which expresses the gray scale, was adjusted 
accordingly using threshold method to separate hard tissues and soft tissues. Then, region growing method was 
employed to separate the skull from other parts. Another segmentation process was performed to separate the mandible 
from maxilla by separating the embedded teeth, as well as mandibular condyle from mandibular fossa of temporal 
bone. Finally, region growing method was applied again to produce only the mandible for further assessment as shown 
in Figure 1. The virtual 3D surface models of the mandible can then be saved in STL format for 3D printing of the 
physical 3D model. 
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FIGURE 1. SEGMENTATION OF THE HARD TISSUES AND MANDIBLE USING MIMICS AND MITK 
SOFTWARE. 1(A): CT DATA IN DICOM FORMAT VISUALISED IN MIMICS AND MITK SOFTWARE 

1(B): EMBEDDED TEETH BETWEEN MAXILLA AND MANDIBLE 1(C): THE FINAL 3D MODEL 
AFTER SEPARATION OF MANDIBLE FROM THE SKULL 

The STL format of the 3D models of mandible produced by MIMICS and MITK software were imported into 
3Matic modelling software (Materialise NV, Belgium) for morphometric analyses as shown in Fig. 2. The mandibular 
models were assessed for the following distance between identified landmarks: infradentale-gnathion, mental foramen 
to mandibular crest, mental foramen to inferior mandibular border [12, 13], bicondylar breadth [14] and distance over 
the surface from left mental foramen to right mental foramen.  

 
FIGURE 2. 3D VIEWS OF THE MANDIBLE WITH LANDMARKS FOR MEASUREMENTS IN 3MATIC 

MODELLING SOFTWARE. 
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Measurement of five distance between landmarks on 3D models of mandible of five patients was carried out by 

one researcher, and repeated three times. After the first measurements were completed, the results were blinded to the 
researcher before trying the second measurements a week later. Following completion of the landmarks measurement 
the first time, all data were saved and the program was reset. The researcher then carry out the procedure again for the 
second time, and then the third, to get three sets of measurement. The blinding was carried out to minimize the 
examiner’s bias. The average of the three readings of each measurement was considered for the final statistical analysis 
in order to minimize the intra-examiner variation. 

The IBM SPSS Statistics version 22 (IBM, Armonk, NY, USA) was used for statistical analyses. Statistical 
significance was set at p < 0.05. A Wilcoxon Signed Rank Test was conducted to compare between the measurements 
of MIMICs software and MITK software. 

The five sets of 3D models produced using MIMICS and MITK were then compared to analyse the differences 
and similarities of the results obtained using Hausdorff Distance. This was achieved by calculating point by point, the 
distance between two geometry objects and then measuring the actual dimension in millimetres. The smaller the 
distance between the two points, the greater the similarities between the two models at that point. To compute the 
geometric difference between the two 3D models of the mandible, MeshLab software was employed to calculate the 
Hausdorff Distance. After calculating the Hausdorff Distance, to better visualize the error, the values were represented 
by colours in red-green-blue colour map. In this colour map, the red colour is minimum and the blue colour is 
maximum, therefore, red means zero error (good) and blue means high error (bad) as shown in Fig. 3. 

 

 
FIGURE 3. THE GEOMETRIC DIFFERENCE BETWEEN 3D MODELS OF MIMICS AND MITK 

COMPUTED IN MESHLAB SOFTWARE. 

  

020001-4



RESULTS AND DISCUSSIONS 

Results of the landmark measurements are shown in Table 1. A Wilcoxon Signed Rank Test was conducted to 
compare between the measurements of MIMICs software and MITK software.  

 
TABLE 1. THE MEASUREMENTS OF LANDMARKS ON MANDIBLE  (n = 5) 

Patient’s 
No. 

Landmarks  Median (IQR) of measurement 
(mm) 

p MIMICS MITK Difference  
1 infradentale-gnathion (Id-Gn) 0.1 29.06 (5.34) 30.53 (5.30) 1.47 
2 mental foramen–mandibular crest (Mf-Mc) 0.5 14.62 (3.12) 14.43 (2.02) -0.19 
3 mental foramen–mandibular border (Mf-Mb) 0.7 14.32 (1.87) 14.3 (2.44) -0.02 
4 bicondylar breadth (Cdl-Cdl) 0.2 122.43 

(15.65) 
122.03 (14.4) -0.40 

5 mental foramen–mental foramen (Mf-Mf) 0.1 59.53 (4.12) 57.65 (5.12) -1.88 
Significance level was set at 5% 
 

There was no significant difference (p > 0.05) between the two groups for all five measurements. The three times 
blinded measurement were applied which helped to reduce error, as the average of three measurements were used. 
The results demonstrate that both 3D models produced by MIMICS and MITK software are comparable. 

 
TABLE 2. THE GEOMETRIC DIFFERENCE (HAUSDORFF DISTANCE) BETWEEN THE TWO 3D 
MODELS OF THE MANDIBLE 
Patient’s 

No. 
Maximum error 

(%) 
Average error 

(%) 
1 0.7 0.16 
2 0.6 0.15 
3 0.7 0.16 
4 2.3 0.15 
5 1.0 0.16 

 
Results of the geometric differences applying Hausdorff Distance are shown in Table 2. The maximum error 

between the two meshes is approximately 2%, but on average the errors of two 3D models are less than 1%. 
Therefore, the two 3D models are geometrically very similar.  

Research in the medical imaging has become increasingly complex over the years. The availability and variety of 
modalities has grown; for example, the advancement in MR and CT images offers more options for further research 
to improve patient management but at the same time the researchers will be faced with more challenges. These are in 
the form of cost and expertise to deal with the software. 

Many open-source software exist for medical imaging to solve these challenges. This software may provide 
manual, semi-automatic, or automatic segmentation capability, but they tend to be either very broad or very specific 
in the scope of functionality that they provide. For instance, 3D Slicer [15] and MIPAV [16] software provide large-
scale packages/functionalities; however, they carry a steep learning curve, due to the large number of features that 
they provide. Some software is specialized, created by a small team or even by a single person as the result of a 
research project, an example is the ITK-SNAP [17]. This software streamlined towards one specific task which uses 
user-guided 3D active contour segmentation [18]. 

Out of the 21 related papers that applied the use of software to segment and produce 3D model of the mandible, 
20 studies applied commercial software, where 12 of them were using MIMICS software [3, 4, 19-28], another 8 
studies were using different type of commercial or in-house software [29-36] and one adopted open-source software 
[37].  

Arzi et al. [37] employed OsiriX software to view and segment CT images of the rostral mandible to produce 3D 
models. However, OsiriX software is only available for Apple computer using Mac OS, and they are divided into free 
version (OsiriX Lite) and commercial version (OsiriX MD 64-bit) as stated in OsiriX website at http://www.osirix-
viewer.com/Downloads.html. In Malaysia, Microsoft(R) Windows® OS is more popular and widely adopted by the 
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researchers as well as the surgeons. Therefore, it is preferable for the software to be compliant with Microsoft® 
Windows® OS, or cross-platform. The OsiriX software is well accepted by some researchers for some studies [38-
40]. However, it is not cross-platform as it is confined to Mac OS. According to Nolden et al.[10], the OsiriX software 
locks the user and its licensing policy limits the developer. The free version of OsiriX offers less capabilities compared 
to the commercial version, which is a disadvantage if further assessment is needed.  

Research in medical imaging has become increasingly challenging over the past decades due to the introduction 
of new imaging modalities and more demanding clinical needs [10]. The MITK software offers flexible user interface 
with a powerful and robust framework. It provides an extensible application framework for creating custom medical 
image applications. Its flexible and customizable user interface makes it well suited for usage in different clinical 
settings. This software has a growing number of users and contributors of various backgrounds and experience levels. 
It is established and has been accepted by the open-source community [9-11]. MITK is available for Windows, Linux, 
and Mac operating systems. They have also a few versions of software which are all free for download from their 
website.  

The quality of life of a patient is the main concern for clinicians in patient management. The use of open-source 
software in a clinical setting reduces the overall cost incurred by the clinician and the benefit is passed down to the 
patients. 

CONCLUSION 

The 3D model of the mandible produced using MITK open-source software is comparable to the commercial 
MIMICS software. Thus, open-source software should be employed in clinical setting for pre-operative planning for 
minimising the operational cost. 

 

ACKNOWLEDGEMENTS 
 

This study is funded by the Universiti Sains Malaysia Research University grant No. 1001/PPSG/852004. The 
authors would like to acknowledge the staff of Radiology Unit of Hospital USM and others who have greatly 
contributed in the completion of this study.  
  

020001-6



REFERENCES 

 
1. Dawood, A., et al., 3D printing in dentistry. Br Dent J, 2015. 219(11): p. 521-529. 
2. Salmi, M., et al., Patient specific reconstruction with 3D modeling and DMLS additive manufacturing. Rapid 

Prototyping Journal, 2012. 18(3): p. 209-214. 
3. Tsai, M.-J. and C.-T. Wu, Study of mandible reconstruction using a fibula flap with application of additive 

manufacturing technology. BioMedical Engineering OnLine, 2014. 13: p. 57-57. 
4. Katsuragi, Y., et al., Mandible reconstruction using the calcium-sulphate three-dimensional model and 

rubber stick: A new method, ‘mould technique’, for more accurate, efficient and simplified fabrication. 
Journal of Plastic, Reconstructive & Aesthetic Surgery, 2011. 64(5): p. 614-622. 

5. O’Brien, E.K., et al., Use of 3D Printing for Medical Education Models in Transplantation Medicine: a 
Critical Review. Current Transplantation Reports, 2016. 3(1): p. 109-119. 

6. Sotsuka, Y. and S. Nishimoto, Making three-dimensional mandible models using a personal three-
dimensional printer. Journal of Plastic, Reconstructive & Aesthetic Surgery, 2014. 67(4): p. 576-578. 

7. Chen, X., et al., Image-guided installation of 3D-printed patient-specific implant and its application in pelvic 
tumor resection and reconstruction surgery. Computer Methods and Programs in Biomedicine, 2016. 125: 
p. 66-78. 

8. Martorelli, M., et al., Design and Analysis of 3D Customized Models of a Human Mandible. Procedia CIRP, 
2016. 49: p. 199-202. 

9. Maleike, D., et al., Interactive segmentation framework of the Medical Imaging Interaction Toolkit. Comput 
Methods Programs Biomed, 2009. 96(1): p. 72-83. 

10. Nolden, M., et al., The Medical Imaging Interaction Toolkit: challenges and advances : 10 years of open-
source development. Int J Comput Assist Radiol Surg, 2013. 8(4): p. 607-20. 

11. Wolf, I., et al., The medical imaging interaction toolkit. Med Image Anal, 2005. 9(6): p. 594-604. 
12. Ozturk, C.N., et al., Dentition, Bone Loss, and the Aging of the Mandible. Aesthetic Surgery Journal, 2013. 

33(7): p. 967-974. 
13. Moogala, S., et al., Anthropometrics of mental foramen in dry dentate and edentulous mandibles in Coastal 

Andhra population of Andhra Pradesh State. Journal of Indian Society of Periodontology, 2014. 18(4): p. 
497-502. 

14. Vinay, G., G. Mangala, and J. Anbalagan, Sex Determination of Human Mandible Using Metrical 
Parameters. Journal of Clinical and Diagnostic Research : JCDR, 2013. 7(12): p. 2671-2673. 

15. Strik, H.M., et al., Three-dimensional reconstruction and volumetry of intracranial haemorrhage and its 
mass effect. Neuroradiology, 2005. 47(6): p. 417-24. 

16. McAuliffe, M.J., et al. Medical Image Processing, Analysis and Visualization in clinical research. in 
Computer-Based Medical Systems, 2001. CBMS 2001. Proceedings. 14th IEEE Symposium on. 2001. 

17. Ricard, A.S., et al., On two equations about brain volume, cranial capacity and age. Surg Radiol Anat, 2010. 
32(10): p. 989-95. 

18. Yushkevich, P.A., et al., User-guided 3D active contour segmentation of anatomical structures: significantly 
improved efficiency and reliability. Neuroimage, 2006. 31(3): p. 1116-28. 

19. Kumta, S., et al., A novel 3D template for mandible and maxilla reconstruction: Rapid prototyping using 
stereolithography. Indian Journal of Plastic Surgery : Official Publication of the Association of Plastic 
Surgeons of India, 2015. 48(3): p. 263-273. 

20. Lim, S.-H., M.-K. Kim, and S.-H. Kang, Precision of fibula positioning guide in mandibular reconstruction 
with a fibula graft. Head & Face Medicine, 2016. 12(1): p. 1-10. 

21. Lim, S.-H., M.-K. Kim, and S.-H. Kang, Genioplasty using a simple CAD/CAM (computer-aided design and 
computer-aided manufacturing) surgical guide. Maxillofacial Plastic and Reconstructive Surgery, 2015. 
37(1): p. 44. 

22. Chan, H.H., et al., 3D Rapid Prototyping for Otolaryngology-Head and Neck Surgery: Applications in Image-
Guidance, Surgical Simulation and Patient-Specific Modeling. PLoS One, 2015. 10(9): p. e0136370. 

23. Li, Y., et al., Treatment of Dentofacial Deformities Secondary to Osteochondroma of the Mandibular 
Condyle Using Virtual Surgical Planning and 3-Dimensional Printed Surgical Templates. Journal of Oral 
and Maxillofacial Surgery, 2016. 74(2): p. 349-368. 

020001-7

http://dx.doi.org/10.1038/sj.bdj.2015.914
http://dx.doi.org/10.1108/13552541211218126
http://dx.doi.org/10.1108/13552541211218126
http://dx.doi.org/10.1186/1475-925X-13-57
http://dx.doi.org/10.1016/j.bjps.2010.08.010
http://dx.doi.org/10.1007/s40472-016-0088-7
http://dx.doi.org/10.1016/j.bjps.2013.11.013
http://dx.doi.org/10.1016/j.cmpb.2015.10.020
http://dx.doi.org/10.1016/j.procir.2015.11.016
http://dx.doi.org/10.1016/j.cmpb.2009.04.004
http://dx.doi.org/10.1016/j.cmpb.2009.04.004
http://dx.doi.org/10.1007/s11548-013-0840-8
http://dx.doi.org/10.1016/j.media.2005.04.005
http://dx.doi.org/10.1177/1090820X13503473
http://dx.doi.org/10.4103/0972-124X.138715
http://dx.doi.org/10.1007/s00234-005-1373-9
http://dx.doi.org/10.1007/s00276-010-0650-4
http://dx.doi.org/10.1016/j.neuroimage.2006.01.015
http://dx.doi.org/10.1186/s13005-016-0104-2
http://dx.doi.org/10.1186/s40902-015-0044-y
http://dx.doi.org/10.1371/journal.pone.0136370
http://dx.doi.org/10.1016/j.joms.2015.06.169
http://dx.doi.org/10.1016/j.joms.2015.06.169


24. Mangano, F.G., et al., Custom-Made Computer-Aided-Design/Computer-Aided-Manufacturing Biphasic 
Calcium-Phosphate Scaffold for Augmentation of an Atrophic Mandibular Anterior Ridge. Case Reports in 
Dentistry, 2015. 2015: p. 941265. 

25. Liu, Y.-f., et al., Technical procedures for template-guided surgery for mandibular reconstruction based on 
digital design and manufacturing. BioMedical Engineering OnLine, 2014. 13: p. 63-63. 

26. Liu, Y.F., et al., Digital design and fabrication of simulation model for measuring orthodontic force. Biomed 
Mater Eng, 2014. 24(6): p. 2265-71. 

27. Prisman, E., et al., Value of preoperative mandibular plating in reconstruction of the mandible. Head & 
Neck, 2014. 36(6): p. 828-833. 

28. Parr, W.C.H., et al., Toward integration of geometric morphometrics and computational biomechanics: New 
methods for 3D virtual reconstruction and quantitative analysis of Finite Element Models. Journal of 
Theoretical Biology, 2012. 301: p. 1-14. 

29. Mottini, M., et al., New approach for virtual surgical planning and mandibular reconstruction using a fibula 
free flap. Oral Oncology, 2016. 59: p. e6-e9. 

30. Benazzi, S., et al., Comparing 3D virtual methods for hemimandibular body reconstruction. Anat Rec 
(Hoboken), 2011. 294(7): p. 1116-25. 

31. Metzger, M.C., et al., Anatomical shape analysis of the mandible in Caucasian and Chinese for the 
production of preformed mandible reconstruction plates. Journal of Cranio-Maxillofacial Surgery, 2011. 
39(6): p. 393-400. 

32. Marchetti, C., et al., Validation of new soft tissue software in orthognathic surgery planning. International 
Journal of Oral and Maxillofacial Surgery, 2011. 40(1): p. 26-32. 

33. Hassan, B., et al., Influence of scanning and reconstruction parameters on quality of three-dimensional 
surface models of the dental arches from cone beam computed tomography. Clinical Oral Investigations, 
2010. 14(3): p. 303-310. 

34. Zizelmann, C., et al., Virtual restoration of anatomic jaw relationship to obtain a precise 3D model for total 
joint prosthesis construction for treatment of TMJ ankylosis with open bite. International Journal of Oral and 
Maxillofacial Surgery, 2010. 39(10): p. 1012-1015. 

35. Hou, J.-S., et al., Application of CAD/CAM-assisted technique with surgical treatment in reconstruction of 
the mandible. Journal of Cranio-Maxillofacial Surgery, 2012. 40(8): p. e432-e437. 

36. Uechi, J., et al., Generation of virtual models for planning orthognathic surgery using a modified multimodal 
image fusion technique. International Journal of Oral and Maxillofacial Surgery, 2015. 44(4): p. 462-469. 

37. Arzi, B., et al., Regenerative Approach to Bilateral Rostral Mandibular Reconstruction in a Case Series of 
Dogs. Front Vet Sci, 2015. 2: p. 4. 

38. Logan, C.J. and T.H. Clutton-Brock, Validating methods for estimating endocranial volume in individual red 
deer (Cervus elaphus). Behav Processes, 2013. 92: p. 143-6. 

39. Thierfelder, K.M., et al., Whole-brain CT perfusion: reliability and reproducibility of volumetric perfusion 
deficit assessment in patients with acute ischemic stroke. Neuroradiology, 2013. 55(7): p. 827-35. 

40. Embong, M.F., et al., MR Volumetry of Hippocampus in Normal Adult Malay of Age 50 Years Old and Above. 
The Malaysian Journal of Medical Sciences : MJMS, 2013. 20(4): p. 25-31. 

 
 

020001-8

http://dx.doi.org/10.1155/2015/941265
http://dx.doi.org/10.1155/2015/941265
http://dx.doi.org/10.1186/1475-925X-13-63
http://dx.doi.org/10.1002/hed.23382
http://dx.doi.org/10.1002/hed.23382
http://dx.doi.org/10.1016/j.jtbi.2012.01.030
http://dx.doi.org/10.1016/j.jtbi.2012.01.030
http://dx.doi.org/10.1016/j.oraloncology.2016.06.001
http://dx.doi.org/10.1002/ar.21410
http://dx.doi.org/10.1016/j.jcms.2010.10.005
http://dx.doi.org/10.1016/j.ijom.2010.09.004
http://dx.doi.org/10.1016/j.ijom.2010.09.004
http://dx.doi.org/10.1007/s00784-009-0291-3
http://dx.doi.org/10.1016/j.ijom.2010.06.004
http://dx.doi.org/10.1016/j.ijom.2010.06.004
http://dx.doi.org/10.1016/j.jcms.2012.02.022
http://dx.doi.org/10.1016/j.ijom.2014.11.007
http://dx.doi.org/10.3389/fvets.2015.00004
http://dx.doi.org/10.1016/j.beproc.2012.10.015
http://dx.doi.org/10.1007/s00234-013-1179-0
http://dx.doi.org/10.1002/ar.21410

