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Abstract 

The purpose of this study was to evaluate the reproducibility of the ST thickness at 31 

landmarks using the CBCT images obtained from 20 adult subjects. Four observers carried 

out ST thickness measurements using Skull Measure (CyberMed, Seoul, Korea) software and 

the inter and intra-observer reproducibility was evaluated. Only 5 out of 31 landmarks 

showed significant differences in recorded ST thickness between the observers. When 

excluding inexperienced observers, all landmarks except for one showed no significant 

differences between the observers. Regarding the intra-observer reproducibility, the ST 

thickness measurements at three landmarks showed low correlation coefficients. The results 

of the present study indicate that CBCT images can be used to measure the ST thickness with 

high reproducibility. However some landmarks need to be redefined in order to reliably 

measure ST thickness on CBCT images. 
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observers (Table 2). 

In the post-hoc comparison to determine the differences between the observers, distinct 

differences were revealed between the experienced (A, B) and inexperienced (C, D) 

observers. The experienced observers showed a tendency for smaller values than the 

inexperienced observers. Differences between the two experienced observers (A, B) occurred 

only at one measurement, the lateral glabella (Table 3). 

 

Intra-observer reproducibility 

Table 4 shows the results of a paired t-test and correlation analyses showing the intra-

observer reproducibility of the measurements. All landmarks were identified without 

statistically significant differences between the 1st and 2nd measurements indicating high 

intra-observer reproducibility. Whilst the results of the t-test showed high reproducibility for 

all landmarks, the correlation coefficients showed some variability according to the 

landmarks, 0.145 to 0.978 for the Pearson correlation and 0.238 to 0.989 for the reliability 

coefficient. Three landmarks (lower lip, mental eminence, and inferior malar) and two 

landmarks (mental eminence and inferior malar) showed no statistically significant 

correlations between the two measurements for the Pearson and reliability analyses 

respectively (Table 4). 

 

DISCUSSION  

Currently facial reconstructions are based on the data sets of the soft tissue thickness 

obtained from ultrasound analysis. While an ultrasound-based system is an effective tool for 

measuring soft tissue thicknesses, it has many drawbacks in practical reconstruction. First of 

all, the measurements are limited. Once the number of measurements has been decided and 

the measurements are performed, new measurements cannot be added. There are also many 











reported that the hard tissue points were easier to localize than soft tissue landmarks. This 

suggests that a soft tissue-based description of the considerable number of landmarks needs 

to be changed to a hard tissue-based definition in the CBCT images to increase the 

reproducibility. 

In summary, the facial soft tissue thickness measurements on the CBCT images showed 

high inter- and intra-observer reproducibility. The results of the present study suggest that the 

CBCT images can be used reliably for the purpose of facial reconstruction. While some 

landmarks showed low reproducibility, the reliability may be increased by redefining the 

landmarks according to the characteristics of the 3D images. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



REFERENCES 

1. Snow CC, Gatliff BP, McWilliams KR. Reconstruction of facial features from the skull: an 

evaluation of its usefulness in forensic anthropology. Am J Phys Anthropol 1970;33(2):221-8. 

 

2. Wilkinson C. Forensic Facial Reconstruction. Cambridge: Cambridge University Press, 

2004. 

 

3. De Greef S, Willems G. Three-dimensional cranio-facial reconstruction in forensic 

identification: latest progress and new tendencies in the 21st century. J Forensic Sci 

2005;50(1):12-7. 

 

4. Manhein MH, Listi GA, Barsley RE, Musselman R, Barrow NE, Ubelaker DH. In vivo 

facial tissue depth measurements for children and adults. J Forensic Sci 2000;45(1):48-60. 

 

5. El-Mehallawi IH, Soliman EM. Ultrasonic assessment of facial soft tissue thicknesses in 

adult Egyptians. Forensic Sci Int 2001;117(1-2):99-107. 

 

6. Wilkinson CM. In vivo facial tissue depth measurements for white British children. J 

Forensic Sci 2002;47(3):459-65. 

 

7. De Greef S, Claes P, Vandermeulen D, Mollemans W, Suetens P, Willems G. Large-scale 

in-vivo Caucasian facial soft tissue thickness database for craniofacial reconstruction. 

Forensic Sci Int 2006;159 Suppl 1:26-46.  

 

8. Phillips VM, Smuts NA. Facial reconstruction: utilization of computerized tomography to 



measure facial tissue thickness in a mixed racial population. Forensic Sci Int 1996;83(1):51-9. 

 

9. Mah JK, Danforth RA, Bumann A, Hatcher D. Radiation absorbed in maxillofacial 

imaging with a new dental computed tomography device. Oral Surg Oral Med Oral Pathol 

Oral Radiol Endod 2003;96(4):508-13.  

 

10. Tsiklakis K, Donta C, Gavala S, Karayianni K, Kamenopoulou V, Hourdakis CJ. Dose 

reduction in maxillofacial imaging using low dose Cone Beam CT. Eur J Radiol 

2005;56(3):413-7. 

 

11. Swennen GR, Schutyser F. Three-dimensional cephalometry: spiral multi-slice vs cone-

beam computed tomography. Am J Orthod Dentofacial Orthop 2006;130(3):410-6. 

 

12. Plooij JM, Swennen GR, Rangel FA, Maal TJ, Schutyser FA, Bronkhorst EM, Kuijpers-

Jagtman AM, Bergé SJ. Evaluation of reproducibility and reliability of 3D soft tissue analysis 

using 3D stereophotogrammetry. Int J Oral Maxillofac Surg 2009;38(3):267-73. 

 

13. Farkas LG. Anthropometry of the Head and Face. New York: Raven Press, 1994. 

 

14. Cavalcanti MG, Rocha SS, Vannier MW. Craniofacial measurements based on 3D-CT 

volume rendering: implications for clinical applications. Dentomaxillofac Radiol 

2004;33(3):170-6. 

 

 



















 

Fig 1. A window of the Skull Measure program used to measure soft tissue depths on cone-beam 

CT images. Both soft and hard tissue images are rotated freely so the landmarks are identified 

accurately according to their definitions. Once the position is established on the soft tissue image, 

enabling the corresponding point is designated automatically on the hard tissue image enabling 

the investigator to confirm the correct position of the landmark. 

 


