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Highlights 

 South African groups had significantly different hard-and soft-tissue morphology. 

 Predictors of the nose in black South Africans differed from white South Africans. 

 Specific regression equations were developed for both South African groups. 

 

Abstract 

 The profile of the nose is an important feature for facial approximations. Although 

several manual and semi-automated prediction guidelines exist for estimating the shape of the 

nose, the reliability and applicability of these methods to South Africans groups are unknown.  

The aim of this study was to predict the displacements of capulometric landmarks from hard-

tissue planes to facilitate nasal soft-tissue reconstruction in a South African sample. Cone Beam 

Computed Tomography (CBCT) scans of 120 adult South Africans were selected from the Oral 

and Dental Hospital, University of Pretoria, South Africa. Measurements involving 

craniometric and capulometric landmarks of the nose were obtained as plane-to-plane distances. 

Correlation coefficients between hard- and soft-tissue measurements were determined, and 

regression equations computed to assist in the prediction of the most probable shape and size 

of the nose. All hard- and soft-tissue measurements appeared significantly different between 

groups, except for the distance between the pronasale and nasion in the transverse plane and for 

the distance between the alare and the nasion in the coronal plane. The nasal height, nasal bone 

length and the nasal bone projection were significant predictors of the pronasale, subnasale and 

alare positions. More precisely, the nasal height and the nasal bone length were significant 

predictors of the pronasale position in both groups. Nasal bone projection was only useful for 

predicting shape in white South Africans. The variation in the skeletal predictors of the external 

shape of the nose noted between black and white South Africans and the results of the cross-

validation testing emphasize the need for population specific guidelines.  

 

Keywords: human variability; facial approximation; regression equations; craniometric 

landmarks; capulometric landmarks; plane-to-plane distances. 
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Introduction 

  Facial features, especially the profile of the nose, are important in facial 

recognition and are of paramount consideration in forensic facial approximations [1-3]. 

Dimensions of the nose might be important in distinguishing male and female faces and are 

useful in establishing an accurate facial approximation of a missing person through craniofacial 

reconstruction [4]. Craniofacial reconstruction (CFR) focuses on the relationship between the 

external envelope of tissue and the internal skeletal substrate. As the nose is a complex 

component, with the underlying bone being only a minor substructure of the mid-facial 

cranium, the region needs to be analysed separately from the rest of the mid-face so as to assess 

the correlation between the skeletal substructures of the nose and its external surface 

morphology.  

 The morphology of the nose is often manually reconstructed from the shape and size of 

the nasal aperture, represented by the position of the pronasale, subnasale, and alare landmarks 

[5-9]. However, the reliability of this method depends on the characteristics of the sample 

population [9,10]. For example, the utilization of cadaver samples may be responsible for 

distortion of the soft-tissue data as desiccation appears within a few hours after death [11].  To 

overcome the limitations of tissue desiccation in cadavers, a variety of nose approximation 

methods in living populations have been developed based on the recent development in digital 

imaging techniques such as cephalograms [9,12] and computer tomography (CT) scans [13-

15]. However, the utilization of CT scans as initial references may involve a supination effect 

on the face due to the horizontal position of the patient during scanning [16-17]. Moreover, the 

slice thickness, which generally ranges from 0.6 mm to 1.5 mm [13-15], may induce errors in 

the manual landmark placement on 3D surfaces.  

 More recently, cone-beam computed tomography (CBCT) scanning from living patients 

has been used. During a CBCT scan, the patient is seated in a vertical position while the X-ray 

source and detector rotate around the head, capturing images using a cone-shaped X-ray beam. 

The advantages of CBCT compared to CT include lower radiation dose, lower cost, and higher 

spatial resolution (0.1 mm to 0.4 mm) for the placement of 3D landmarks [18]. Using in vivo 

CBCT scanning does not only eliminate the effect of desiccation, but also possible supination 

effects.  

 Recently, Lee and collaborators [19] used CBCT scans to investigate the relationship 

between the external- and skeletal- dimensions of the nose so as to predict the nasal morphology 

of a Korean population. Measurements were obtained as point-to-plane distances or plane-to-

plane distances by using well defined landmarks on the nasal skeleton and the external surface 

of the nose. This method estimates the coordinates of capulometric landmarks from the hard-

tissue by predicting the distances of the capulometric landmarks from planes defined through 

craniometric landmarks. For example, the 3D position of the alare can be reconstructed from 

its distances from three mutually orthogonal planes (e.g. sagittal, coronal and transverse planes 

through the hard tissue nasion landmark). However, the reproducibility of the method described 

by Lee and collaborators [19] is unknown and has not yet been tested.  

 The aim of our study was to predict the relative positions of capulometric landmarks 

from hard-tissue planes to facilitate nasal soft-tissue reconstruction in a South African sample. 

Distances between landmarks (craniometric and capulometric) and planes were assessed. We 

examined the correlations among these measurements and established regression equations. We 

also assessed the reproducibility of all measures, which was not done by Lee and collaborators 

[19]. 
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Materials & Methods 

 Cone Beam Computer Tomography (CBCT) scans of 120 adult South Africans were 

selected from the Oral and Dental Hospital, University of Pretoria, South Africa. CBCT scans 

were obtained using a CBCT scanner (Planmeca ProMax ® 3D) with the following properties: 

90 kV, 11.2 mA, voxel size of 0.4 mm, and field of view of 230 x 260 mm. A total of 60 black 

(37 males and 23 females) and 60 white (32 males and 28 females) South Africans were selected 

(Table 1). In this study, the terms black and white South Africans were used as these social 

terms are required when describing a missing person. We selected young adults between 18 to 

30 years old in order to exclude possible remodelling effect of the facial skeleton with the 

advancement of age. In order to obtain a standardized volume data set, the subjects were 

scanned in the seated position with their eyes closed and with a relaxed facial expression. 

Patients were excluded if they presented with any condition that could affect the morphology 

of the face (e.g. orthodontic treatment, pathological conditions, facial asymmetry or any facial 

interventional reconstructive surgery). This research project was approved by the Main 

Research Ethics Committee of the Faculty of Health Sciences, University of Pretoria, South 

Africa (Ethics Reference No: 301/2016). 

 
Table 1. South African sample used. 

 
  

 In order to obtain a standardized orientation of the planes, special care was taken in 

orienting all scans in the Frankfurt Horizontal (FH) plane using Fiji software [20]. The FH plane 

is defined by the right and left porion points (located at the top of each external acoustic meatus) 

and the left orbital (located at the bottom of the left orbit). Then, a reslicing process was 

performed on all DICOM images orienting all 3D head images in the same position. These 

resliced CBCT scans were imported into 3D Slicer software [21], version 4.8 for Windows for 

all measurements. Hard- and soft-tissue surface meshes were generated by finding the threshold 

values between segmented components according to the “Half Maximum Height” (HMH) 

quantitative iterative thresholding method [22]. Threshold values for hard-tissue varied between 

1200-1250, and for the soft-tissue between 400-450. Sagittal, coronal and transverse planes 

corresponding to the resliced images were visualized and used as an instrument of 

measurement. In this study, the facial skeleton will be referred to as the hard-tissue, and the 

external structure of the nose as the soft-tissue.  

 Following the literature regarding facial approximation of the nose using CBCT scans 

[19] and in order to conserve homology and comparability between studies, craniometric and 

capulometric landmarks (type I, II, and III [23, 24]) selected in the study by Lee and 

collaborators [19] were used. Four craniometric landmarks (nasion (n), rhinion (rhi), 

nasospinale (ns) and alare (al)) were identified on the nasal bone and periphery of the nasal 

aperture, while three capulometric landmarks (pronasale (pn’), subnasale (sn’) and alare (al’)) 

were considered to represent the external structure of the nose. A total of seven landmarks 

described in Table 2 and illustrated in Fig. 1 were used.  

 

 

 

 

 

 

N Age Male Female Age Male Female Mean Age

120 Mean: 27.15 (SD: 8.12) 37 23 Mean: 27.70 (SD: 7.18) 32 28 Mean: 26.25 (SD:9.1)

Black South AfricanComplete Sample White South African
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Table 2. Definition and abbreviation of craniometric and capulometric landmarks used [23, 24]. 

 
 

 

 

 

Figure 1. Landmarks placed on the hard- and soft-tissue.  
n, nasion; rhi, rhinion; ns, nasospinale; al, alare; pn’, pronasale; sn’, subnasale; al’, alare  

(cf. Table 2). 
 

 

 In order to assess the 3D external structure of the nose and related skeletal-tissue 

structures, a set of coronal, sagittal and transverse planes were defined through the identified 

landmarks. The planes on the hard-tissue included the nasion transverse plane (nTr), rhinion 

transverse plane (rhiTr), nasospinale transverse plane (nsTr), left alare sagittal plane (alLSa), 

right alare sagittal plane (alRSa), nasion coronal plane (nCor), rhinion coronal plane (rhiCor). 

A total of seven hard-tissue planes, described in Table 1 in supplementary material and 

illustrated in Fig. 2, were used. 

 

Landmarks Abbreviation Definition

Craniometric Nasion n Intersection of the nasofrontal sutures in the median plane.

Rhinion rhi Most rostral (end) point on the internasal suture.Cannot be determined accurately if nasal bones are broken distally.

Nasospinale ns
The point where a line drawn between the inferior most points of the nasal aperture crosses the median plane. Note 

that this point is not necessarily at the tip of the nasal spine.

Alare al Instrumentally determined as the most lateral point on the nasal aperture in a transverse plane.

Capulometric Pronasale Pn' The most anteriorly protruded point of the apex nasi. In the case of a bifid nose, the more protruding tip is chosen.

Subnasale Sn' Median point at the junction between the lower border of the nasal septum and the philtrum area.

Alare Al' The most lateral point on the nasal ala.
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Figure 2. Hard-tissue transverse, sagittal and coronal planes and measurements.  

a: Frontal view of the hard-tissue planes and measurements: nTr, nasion transverse plane; rhiTr, rhinion transverse 

plane; nsTr, nasospinale transverse plane; alSa, alare sagittal plane (left and right); 1, nasal width; 2, nasal height; 

3, nasal bone length.  

b: Lateral view of the hard-tissue planes and measurements: nCor, nasion coronal plane; rhiCor, rhinion coronal 

plane; 4, nasal bone projection; 5, nasal bone angle (cf. Table 1 in supplementary material). 

 

The planes on the soft-tissue included the pronasale transverse plane (pn’Tr), left alare 

transverse plane (al’LTr), subnasale transverse plane (sn’Tr), subnasale coronal plane (sn’Cor), 

pronasale coronal plane (pn’Cor), left alare sagittal plane (al’LSa), right alare sagittal plane 

(al’RSa), left alare coronal plane (al’LCor). A total of eight soft-tissue planes, described in 

Table 1 in supplementary material and illustrated in Fig. 3, were used. 
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Figure 3. Soft-tissue transverse, sagittal and coronal planes and measurements.  

a: Frontal view of the soft-tissue planes and measurements: nTr, nasion transverse plane; pn’Tr, pronasale 

transverse plane; al’Tr, alare transverse plane (left); sn’Tr, subnasale transverse plane; al’Sa, alare sagittal plane 

(left and right); 1, alare width; 2, pronasale to nasion transverse plane; 4, subnasale to nasion transverse plane; 6, 

alare to right nasal cavity sagittal plane; 7, alare to nasion transverse plane.  

b: Lateral view of the soft-tissue planes and measurements:  nCor, nasion coronal plane; sn’Cor, subnasale coronal 

plane; al’Cor, alare coronal plane (left); pn’Cor, pronasale coronal plane; 3, pronasale to nasion coronal plane; 5, 

subnasale to nasion coronal plane; 8, alare to nasion coronal plane (cf. Table 1 in supplementary material). 

 

All measurements (M) were calculated as distances (in mm) between parallel planes. Thanks to 

the reslicing this reduces to taking absolute differences between the x, y or z coordinate value 

defining the plane.  

The hard-tissue measurements included the nasal dimensions: nasal width, nasal height, nasal 

bone length, nasal bone projection and nasal bone angle. Only the nasal bone angle 

measurement was calculated using 3D hand tools. In order to represent the soft-tissue, 

measurements between the pn’ and sn’ planes (pn’Tr, pn’Cor, sn’Tr, sn’Cor) and each hard-

tissue plane (nTr and nCor) were determined as well as between the al’ planes (al’LSa, al’LTr 

and al’LCor) and each hard-tissue reference plane (alLSa, nTr, and nCor). The Alare width was 

measured by using the al’LSa and al’RSa planes. A total of 13 measurements described in Table 

1 in supplementary material and illustrated in Figs. 2 and 3 were recorded. 
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Statistical analysis 

 In order to assess reproducibility and to have a quantification of errors induced, a test of 

the repeatability of the digitization in terms of inter- and intra-observer errors was performed. 

The method error (ME) of the double registration of all measurements was calculated using 

Dahlberg’s [25] formula: 

 

 

 

 

 

where d is the difference between two measurements and n is the number of subjects. For the 

inter-observer error, the images from 20 subjects (10 males and 10 females) were selected 

randomly and the measurements were performed twice by two different observers. For the intra-

observer error, the images from 10 subjects (5 males and 5 females) were selected and the 

measurements were recorded twice with an interval of two weeks. According to the 

craniometric literature [26], an error will be considered acceptable in this study if the deviation 

is less than 2 mm. The Bland-Altman [27] plot was used to visually assess the degree of 

agreement between observers. In this method, the difference between the measurements is 

plotted against their mean. Additionally, lines corresponding to bias (defined as the mean (over 

all measurements) difference) and lower and upper limits of a 95%. Confidence Interval (CI) 

are plotted as well.  

 In order to assess the normality of the measurements, the Shapiro Wilk test was used. 

Means and standard deviations of measurements were computed in each South African group. 

An independent t-test was used to test for differences between sexes and ancestry. In order to 

determine whether the hard-tissue structure correlated to the soft-tissue of the nose, Pearson 

correlation analysis between measurements representing the position of the nose was applied. 

In addition, stepwise multiple regression analysis was used to determine whether skeletal-tissue 

measurements were able to predict the external surface measurements. The performance of 

equation regressions was assessed by estimating the Mean Squared Error (MSE) using leave-

one-out cross-validation (LOOCV). The MSE is estimated from the training data and 

comparing it to the MSE of the predicted data (MSEP) [28]. Validation of the regression 

equations was also performed by using a 10-fold cross-validation process [29,30]. In each 

round, 90% of the subjects were used for training and 10% of the subjects are used for testing. 

The tests were repeated 10 times so that every subject had been tested once. 

Significance was set at p < 0.05 for all tests. All statistical analyses were carried out with the 

R-studio software, version 1.0.44-®2009-2016 for Windows [31]. 
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Results 

 According to the Shapiro Wilk test for multivariate normality, the sample is distributed 

normally (Shapiro Wilk test: p-value=0.2). Separate tests of univariate normality for each 

measurement were also performed (Table 1 in supplementary material). The inter- and intra-

observer tests showed that all measurements were reproducible (Table 1 in supplementary 

material). Bland and Altman plots of the inter- and intra-observer errors are in Figs. 1 and 2 in 

supplementary material. These plots show that, apart from a limited number of outliers, the 

measurements for the inter- and intra-observations were located within the 95% CI, visually 

indicating a high degree of inter- and intra-observer agreement.  

 The means and standard deviations of the measurements involving pn’, sn’, and al’ for 

the South African sample are given in Tables 3 and 4.  All hard- and soft-tissue measurements 

were significantly different between black and white South Africans (see Table 3), except for 

the distance between the pronasale to the nasion transverse plane and the distance between the 

alare to the nasion coronal plane. On account of these differences black and white South 

Africans were analysed separately (Table 4). For black South Africans, males and females were 

significantly different for nasal height and distances: pn’ to nTr, sn’ to nTr, al’ to alLSa and 

nTr, whereas white South Africans males and females were significantly different for the nasal 

width, nasal height, alare width, alare width/nasal width, and distances: pn’ to nTr, sn’ to nTr, 

al’ to alLSa, al’ to nTr and nCor. 

 
Table 3. Means and standard deviations of the measurements in mm for the South African sample. 

 

Significant values (p < 0.05) are indicated in bold.  

 

 

 

 

 

 

 

 

 

Measurements Population difference

Mean SD Mean SD Mean SD P-value

Nasal width 25.86 2.79 26.39 2.39 25.11 3.08 0.00

Nasal height 50.68 3.76 52.05 3.83 49.05 2.96 0.04

Nasal bone length 19.39 3.54 20.03 3.61 18.62 3.33 0.01

Nasal bone projection 10.25 4.13 9.43 4.08 11.21 4.02 0.00

Nasal bone angle (°) 66.7 7.69 68.55 7.15 64.52 7.79 0.00

Alare width 39.63 6.00 42.15 5.35 36.64 5.34 0.00

Alare width/Nasal width 153.72 18.23 160.09 18.29 146.25 15.37 0.00

Pronasale to Nasion Transverse plane 41.12 4.87 42.88 5.01 39.04 3.78 0.36

Pronasale to Nasion Coronal plane 28.90 7.21 28.04 7.90 29.91 6.22 0.00

Subnasale to Nasion Transverse plane 52.83 4.78 54.20 5.16 51.19 3.73 0.01

Subnasale to Nasion Coronal plane 14.87 7.18 13.40 7.51 16.60 6.40 0.00

Alare to Right Nasal Cavity Sagittal plane 6.76 2.39 7.63 2.42 5.73 1.92 0.00

Alare to Nasion Transverse plane 45.84 4.64 47.21 4.92 44.20 3.70 0.00

Alare to Nasion Coronal plane 6.60 3.84 5.81 3.25 7.52 4.34 0.34

Male Female
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Table 4. Means and standard deviations of the measurements in mm for the black and white South African 

sample. 

 

Significant values (p < 0.05) are indicated in bold.  

 

 

 Correlations of the hard- and soft-tissue dimensions with the capulometric landmarks: 

pn’, sn’, and al’ in black South Africans are shown in Table 5 and white South Africans in Table 

6. In both groups, the measurements of pn’ to nTr, sn’ to nTr, and al’ to nTr, indicating the 

inferosuperior position of the pronasale, subnasale, and alare, respectively, showed significant 

correlations with the nasal height and nasal bone length. The measurement of sn’ to nCor, 

highlighting the anteroposterior position of the subnasale, also showed a significant correlation 

with the nasal bone projection in both groups, while the measurement of pn’ to nCor 

distinguishing the anteroposterior position of the pronasale showed a significant correlation 

with the nasal bone projection only in white South Africans. In addition, the measurement of 

pn’ to nCor showed a significant correlation with the nasal bone length only in black South 

Africans. The measurements of the al’ to alLSa and al’ to nCor respectively indicating the 

inferosuperior and anteroposterior position of the Alare, did not show significant correlations 

with any skeletal measurements in both groups. Finally, the nasal width and the nasal bone 

angle did not correlate significantly with any surface measurements in both groups. All 

significant correlations were used in creating stepwise multiple regression equations for 

predicting the morphology of the nose of black and white South Africans.  

 

 
Table 5. Correlation coefficient between hard-and soft-tissue measurements in mm of the black South African 

sample. 

 

Significant correlations (p < 0.05) are indicated in bold.  

 

Sex difference Sex difference

Mean SD Mean SD P-value Mean SD Mean SD P-value

Nasal width 27.34 2.28 27.83 1.94 0.37 25.13 1.95 23.17 2.13 0.00

Nasal height 51.28 3.32 47.91 2.32 0.00 53.07 4.27 49.87 3.14 0.00

Nasal bone length 20.69 3.51 19.38 2.62 0.10 19.16 3.61 18.08 3.71 0.25

Nasal bone projection 7.66 4.07 8.40 3.22 0.44 11.78 2.72 13.24 3.27 0.06

Nasal bone angle (°) 70.66 7.07 67.08 6.95 0.57 65.76 6.35 62.68 7.95 0.75

Alare width 45.78 3.52 42.06 2.95 0.33 37.34 3.06 32.74 2.47 0.00

Alare width/Nasal width 168.17 14.52 151.56 11.23 0.34 149.41 17.14 142.44 16.92 0.00

Pronasale to Nasion Transverse plane 42.47 4.84 37.89 3.63 0.00 43.42 5.27 39.87 3.72 0.00

Pronasale to Nasion Coronal plane 23.97 7.27 25.46 5.22 0.36 33.41 4.98 33.11 4.78 0.81

Subnasale to Nasion Transverse plane 53.19 5.06 49.51 3.30 0.00 55.54 5.06 52.40 3.59 0.00

Subnasale to Nasion Coronal plane 10.10 7.48 13.72 6.96 0.06 17.77 4.94 18.67 5.14 0.49

Alare to Right Nasal Cavity Sagittal plane 8.65 2.22 6.97 1.67 0.00 6.27 1.98 4.83 1.57 0.00

Alare to Nasion Transverse plane 46.12 4.72 42.30 3.58 0.00 48.65 4.88 45.57 3.19 0.00

Alare to Nasion Coronal plane 6.02 3.04 6.64 4.33 0.55 5.54 3.54 8.15 4.31 0.01

Female
Measurements

Black South African White South African

Male Female Male

Measurements Nasal width. Nasal height. Nasal bone length. Nasal bone projection. Nasal bone angle

Pn’ to nTr 0.08 0.80 -0.14 0.03 -0.24

Pn’ to nCor 0.08 -0.05 0.69 0.15 0.16

Sn’ to nTr 0.07 0.80 0.73 0.15 -0.24

Sn’ to nCor -0.01 -0.26 -0.24 0.53 0.26

Al’ to alLSa -0.30 0.02 -0.16 0.09 0.28

Al’ to nTr 0.08 0.74 0.65 0.08 -0.16

Al’ to nCor -0.10 -0.21 -0.29 0.17 0.15

Black South African
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Table 6. Correlation coefficient between hard-and soft-tissue measurements in mm of the white South African 

sample. 

 

Significant correlations (p < 0.05) are indicated in bold.  

 Regression equations (Figs 3 and 4 in supplementary material) and the results of cross-

validations for black and white South Africans are described in Tables 7 and 8. From these 

regression equations, the nasal height and the nasal bone length were found to be significant 

predictors of the pronasale, subnasale and alare positions, while the nasal bone projection 

appeared as a consistent predictor only for the subnasale position in black and white South 

Africans. In addition, the nasal bone projection was also a consistent predictor for the pronasale 

position in white South Africans. The MSE for the regression equations of black South Africans 

ranged between 1.75 and 2.43 mm, and for white South Africans between 1.24 and 2.77 mm. 

The cross-validated accuracies for regression equations of black South Africans ranged between 

87% and 100%, and for white South Africans between 79% and 100%. A cross-validation was 

also performed by applying the regression models (black/ white South Africans) of one group 

to the other group (black/white South Africans). The regression equations of white South 

Africans applied to the black South African sample showed a MSE ranging between 2.27 and 

5.70 mm and, between 1.89 and 8.31 mm when the black South Africans regression equations 

were applied to the white South African sample. The regressions equations of white South 

Africans applied to the black South African sample showed accuracies ranging between 70% 

and 89% and, between 70% and 91% when the black South Africans regression equations were 

applied to the white South African sample. 

 

Table 7. Stepwise multiple regression equations for predicting nose position of the black South African sample. 

 

SEE, standard errors of the estimates; R², coefficient of determination. Significant values (p < 0.05) are 

indicated in bold. Mean Squared Error (MSE) using leave-one-out cross-validation and the accuracies of the 

regression equations using k-folds cross-validation. 

 

 

 

 

Measurements Nasal width. Nasal height. Nasal bone length. Nasal bone projection. Nasal bone angle

Pn’ to nTr 0.31 0.80 0.76 0.05 -0.27

Pn’ to nCor 0.11 0.19 -0.24 0.69 -0.07

Sn’ to nTr 0.24 0.86 0.71 0.18 -0.20

Sn’ to nCor 0.02 0.04 -0.31 0.64 -0.05

Al’ to alLSa -0.20 0.07 0.01 -0.20 -0.07

Al’ to nTr 0.33 0.81 0.64 0.09 -0.26

Al’ to nCor -0.07 -0.13 -0.42 0.49 0.07

White South African

SE R² P-value MSEP Accuracy MSEP Accuracy

Pronasale Pn to NaTr = -17.805+1.170*Nasal height 5.69 0.64 0.00 1.89 88% 2.55 82%

Pn to NaCor = 30.403-0.290*Nasal bone length 5.37 0.02 0.00 2.17 97% 8.31 87%

Subnasale Sn to NaTr = -5.208+1.140*Nasal height 0.11 0.64 0.00 1.83 87% 1.89 78%

Sn to NaTr = 29.723+1.092*Nasal bone length 2.67 0.54 0.00 1.82 91% 4.02 89%

Sn to NaTr = 1.270+0.795*Nasal height+0.531*Nasal bone length 0.13 0.71 0.00 1.75 80% 2.32 70%

Sn to NaCor = 3.063+1.060*Nasal bone projection 0.22 0.28 0.00 2.43 100% 3.30 87%

Alare Al to NaTr = -7.148+1.036*Nasal height 0.12 0.56 0.00 1.79 84% 2.11 78%

Al to NaTr = 25.608+0.943*Nasal bone length 2.93 0.42 0.00 1.86 88% 4.16 83%

Al to NaTr = -2.369+0.782*Nasal height+0.391*Nasal bone length 0.15 0.61 0.00 1.88 88% 2.41 83%

Cross-validation Black South Africans equation regression

White sampleBlack sample
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Table 8. Stepwise multiple regression equations for predicting nose position of the white South African sample. 

 

SEE, standard errors of the estimates; R², coefficient of determination. Significant values (p < 0.05) are 

indicated in bold. Cross-validation testing, Mean Squared Error (MSE) using leave-one-out cross-validation and 

the accuracies of the regression equations using k-folds cross-validation. 

 

Discussion      

 In the process of approximating the nose, factors such as age, sex and ancestry must be 

considered. The growth and development of the human craniofacial skeleton results from the 

interdependence of its different components, which are influenced by multifactorial processes 

involving hormonal, genetic and epigenetic factors; and external stimuli (soft-tissue growth, 

dental maturation and various biomechanical factors) [32-43]. 

 In forensic anthropology, estimation of ancestry from unknown skeletal remains is 

important for the development of a biological profile [44]. Ousley and collaborators [45] 

demonstrated that the morphological variability among population groups is quantifiable and 

may be useful in providing a probable classification of an unknown person. Data on the nose 

are also relevant to South African forensic artists and forensic anthropologists, especially in 

profile view to enhance facial recognition.  

 From the findings in this study, nasal height and nasal bone length might play important 

roles in the prediction of the shape of the nose in the frontal view in South Africans. The extent 

of nasal bone projection, on the other hand, could prove useful for the shape of the South 

African nose on profile views. Therefore, the morphology of the nose based on the pronasale, 

subnasale and alare positions, can potentially be estimated in an unknown black or white South 

African skull from the measurements of the nasal height, nasal bone length and nasal bone 

projection.  

 Although the nasal height, nasal bone length and nasal bone projection were significant 

and reproducible predictors for some of the positions of pn’, sn’ and al’ in South Africans, not 

all surface landmark positions correlated significantly with the related hard- tissues. It is 

interesting to note that the nasal width and the nasal bone angle did not show any correlations 

with the external surface of the nose in both South African groups, while for the Korean 

population, all positions of the surface landmarks on the nose showed statistically significant 

correlations with the nasal bone and nasal aperture structure [19]. The value of our findings in 

the prediction of the al’ by regression equations in both groups are limited. Indeed, the 

prediction on the alare relied only on a single vertical height measurement (al’ to nTr) and not 

on any of the antero-posterior and lateral measurements.   

 From the recent literature, distinct differences in mid-facial size and shape have already 

been observed among all South Africans groups [46-48]. Indeed, in several osteometric 

analyses, some discrete traits from the mid-face, such as nasal width, inter-orbital breadth, nasal 

bone structure and alveolar prognathism have been shown to have a significant relationship 

SE R² P-value MSEP Accuracy MSEP Accuracy

Pronasale Pn to NaTr = -7.969+0.963*Nasal height 0.09 0.64 0.00 1.79 90% 2.36 81%

Pn to NaTr = 22.859+1.004*Nasal bone length 2.09 0.58 0.00 1.80 86% 3.56 84%

Pn to NaTr = -1.341+0.633*Nasal height+0.554*Nasal bone length 0.11 0.74 0.00 1.77 83% 2.27 82%

Pn to NaCor = 19.616+1.085*Nasal bone projection 1.90 0.48 0.00 1.90 98% 4.95 92%

Subnasale Sn to NaTr = 2.950+0.991*Nasal height 0.07 0.75 0.00 1.52 86% 2.44 80%

Sn to NaTr = 37.287+0.891*Nasal bone length 2.16 0.51 0.00 1.78 92% 4.08 88%

Sn to NaTr = 6.850+0.797*Nasal height+0.326*Nasal bone length 0.09 0.79 0.00 1.24 79% 2.54 70%

Sn to NaCor = 5.055+1.050*Nasal bone projection 0.16 0.41 0.00 1.94 100% 5.70 91%

Alare Al to NaTr = 1.974+0.876*Nasal height 0.08 0.66 0.00 1.53 82% 2.61 79%

Al to NaTr = 32.924+0.757*Nasal bone length 2.23 0.41 0.00 2.77 89% 4.16 83%

Al to NaTr = 4.779+0.737*Nasal height+0.234*Nasal bone length 0.10 0.68 0.00 1.95 88% 2.68 83%

White sample Black sample

Cross-validationWhite South Africans
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with ancestry for South African groups [46-52]. Our findings confirm that a significant hard- 

and soft-tissue morphological difference exists between black and white South Africans. The 

variation in the skeletal predictors of the external shape of the nose noted between black and 

white South Africans and the results of the cross-validation testing, emphasize the need for 

population specific guidelines and highlight the importance of considering ancestry as a factor 

in the process of approximating the nose. Variation in nasal hard- and soft-tissue morphologies 

has been described in other populations as well [14]. For instance, a highly significant 

difference of hard- and soft-tissue nasal shapes between Chinese and Europeans exists. While 

the nasal complexes in Chinese are smoother and incorporated into the skull, the European nasal 

shapes are quite prominent [14]. The failure of consideration of ancestral variation when 

developing approximation approaches may impact the accuracy of the final facial 

reconstruction. 

 Dimensions of the nose are important in distinguishing male and female faces and are 

useful in establishing an accurate facial approximation of a missing person through craniofacial 

reconstruction [4]. Although distinct differences in mid-facial morphology (size and shape) 

between the sexes are shown in many research studies [14,19,46,48,53,54], this may be less 

pronounced in the black South African group because of lower levels of sexual dimorphism in 

the cranium [46,47]. More precisely, these researchers observed that black South African males 

had a greater tendency for “intermediate” or “wide” nasal width and inter-orbital breadth than 

black South African females. In this study, the statistical analysis of sex differences in each 

group has shown a more important sexual dimorphism in white South Africans than in the black 

South African sample. It is important to emphasize that the findings on sexual dimorphism may 

to some extent be impacted by the sex split in each sample (60 black (23 females and 37 males) 

and 60 white (28 females and 32 males)). The differences between sexes observed confirm that 

growth for males and females is different. At birth, a slight sexual dimorphism exists, but the 

major divergence does not occur until puberty. As the adolescent growth spurt occurs 

approximately two years earlier in females than in males a longer development in males is 

induced, creating a significant sexual dimorphism in many body measures and therefore 

variations in the dimensions of the nose are not unexpected [4,33,41]. 

 Currently, forensic artists in South Africa follow specific guidelines of soft-tissue 

thicknesses based on North American cadaver studies. Studies based on cadavers are influenced 

by desiccation, secular trends and population specificity, and the combination of these factors 

may affect the accuracy and validity of facial approximations in South Africa. As in the study 

by Lee and collaborator [19], we specifically used CBCT scans from living patients since we 

intended to remove the limits generated by the use of dry skulls, cadavers and CT datasets as 

initial references, such as desiccation and supination effects. A further advantage of CBCT 

compared to CT includes higher spatial resolution (0.1 mm to 0.4 mm) and isotropic volumetric 

data for the accurate placement of 3D landmarks and planes as required for this study [18]. 

 An attempt was made to enhance the reproducibility and therefore the precision of the 

measurements by incorporating interplane distances, using coordinate values in the correlation 

between hard- and soft-tissue dimensions. In addition, great care was taken in the 3D head 

orientation by using a reslicing process following the FH planes. The utilization of coordinate 

values allows us to overcome the limits generated by the utilization of 3D hand tools such as 

the 3D head orientation during measurements.   

 The methodology resulting from this preliminary study on a South African sample needs 

to be applied to different populations and compared more intensively with other methods before 

it could be considered robust. In this study, we selected young adults in order to exclude 

possible remodelling effects of the facial skeleton with the advancement of age. When planning 

future research, it would be interesting to include more individuals of different age classes with 

a distinction between the sexes in order to observe possible effects of these factors on the 
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approximation of the nose and their possible significant relationship with ancestry. The 

utilization of CBCT scans from living patients negated the effects of desiccation and supination 

and provided a higher spatial resolution for the placement of 3D landmarks. It is important to 

emphasize that the measurement error is probably underestimated because single scans were 

re-measured, without rescanning the same subject. 

 

Conclusion  

 The morphology of the nose based on the pronasale, subnasale and alare positions was 

found to have the potential to be estimated in an unknown black and white South African skull. 

From the findings, black and white South Africans, had significantly different hard- and soft-

tissue morphology inducing the need for specific regression equations for both South African 

groups.  

This study provides a possible reliable and reproducible method using CBCT scans and 

illustrates the importance of considering factors such as sex and ancestry in the process of 

approximating the nose. 
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Supplementary material  

 
Table 1 Supplementary material. Normality of the sample and measurement errors (ME) in mm. 

 

 

 

P-value W Inter Intra

Nasal width alLSa to alRSa 0.90 0.99 0.41 0.40

Nasal height nTr to nsTr 0.06 0.97 0.72 1.06

Nasal bone length nTr to rhiTr 0.43 0.98 0.43 0.64

Nasal bone projection nCor to rhiCor 0.17 0.98 0.32 0.33

Nasal bone angle (°) Nasal bone angle 0.97 0.05 0.70 0.40

Alare width al’LSa to al’RSa 0.16 0.98 1.14 0.56

Pronasale to Nasion Transverse plane pn’Tr to nTr 0.04 0.97 0.47 0.97

Pronasale to Nasion Coronal plane pn’Cor to nCor 0.08 0.98 0.61 0.60

Subnasale to Nasion Transverse plane sn’Tr to nTr 0.04 0.97 0.68 1.30

Subnasale  to Nasion Coronal plane sn’Cor to nCor 0.00 0.95 0.95 1.56

Alare to Right Nasal Cavity Sagittal plane al’LSa to alLSa 0.25 0.98 0.74 0.48

Alare to Nasion Transverse plane al’LTr to nTr 0.05 0.97 0.52 1.01

Alare to Nasion Coronal plane al’LCor to nCor 0.03 0.97 1.38 1.61

Measurements (mm) Abbreviation Shapiro-Wilk test ME
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Figure 1 Supplementary material. Bland and Altman plots of the difference between inter-observer 

measurements. Mean (mm): (Observer1+Observer2)/2; Difference (mm): (Observer2-Observer1). 
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Figure 2. Supplementary material. Bland and Altman plots of the intra-observer errors.  Mean (mm): 

(Observer1+Observer2)/2; Difference (mm): (Observer2-Observer1). 
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Figure 3. Supplementary material. Regression of pn’, sn’ and al’ by nasal height, nasal bone length and nasal 

bone projection for the black South African population (cf. Table 7). 
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Figure 4. Supplementary material. Regression of pn’, sn’ and al’ by nasal height, nasal bone length and nasal 

bone projection for the white South African population (cf. Table 8). 
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