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Abstract: The eyelids, external nose, and lips play an important role in individual identification and
facial recognition; however, they are excluded from tissue marker points, and are reconstructed based
on generic methods for 3D facial reconstruction or facial approximation. Therefore, this study focused
on nasal dimensions and evaluated whether Krogman’s widely used formula for estimating the
dimensions of an external nose, regardless of sex, race, and body physique, can be applied to Japanese
adults. A total of 146 postmortem CT images of Japanese adult cadavers (64 males and 82 females,
aged 58–105 years old) were retrospectively analyzed. The total nasal projection (TNP) among
Japanese adults was estimated using the formula, TNP = 1.9 × the anterior nasal spine projection
(ANSP) + the mid-philtrum depth (MPD), which differed significantly from the coefficient (3.0) in the
conventional formula, regardless of sex, race, and body physique, and therefore needed modification
for Asians. Although there was no positive relationship between the total nasal width (TNW) and the
maximum width of the anterior nasal aperture (ANAW), the TNW could be estimated by adding soft
tissue that varies by sex and body physique to both sides of the nearly constant ANAW. Therefore,
we determined a simple and practical formula to estimate nasal dimensions among Japanese adults
for conventional 3D facial reconstruction and manual 3D facial sculpture.

Keywords: 3D facial reconstruction; computed tomography; nasal approximation; imaging anatomy;
nasal anatomy; nasal approximation

1. Introduction

Three-dimensional facial reconstruction or approximation has long been used as an
alternative method in forensic sciences, physical anthropology, and anatomy to identify
unknown individuals and skeletal remains [1–4]. Therefore, a large amount of skull data,
categorized by sex, race, age, and size, have accumulated for facial approximation [5–8].
However, 3D facial approximation of skeletal remains is used less frequently in Japan,
and limited data are available on soft tissue thickness [9–15]. Similarly, of the three major
ancestry classifications, there is a dearth of gold standard studies on Asians, in contrast
to the Caucasoids (European-derived) and Negroids (African-dervived) data that have
been collected and analyzed. However, with the development of CT imaging techniques,
valuable data on Asians have been published in recent years [16–19]. It is also noteworthy
that the anthropology community is attempting to change to another classification system,
away from ancestry classification [20].

The conventional 3D facial reconstruction method estimates an unknown face based
on soft tissue thickness, which varies by sex, ethnicity, and body physique. Due to the large
number of reference points that are generally used (for example, 14 pt [21]; 21 pt [2,15]; and
52 pt [7]), it is difficult to collect a sufficiently large enough number of data points for each
sex, race, age, and body physique.

However, reconstruction criteria for eyes, nose, and mouth, which play an important
role in personal identification and facial recognition [4,22,23], have been excluded from the
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conventional measuring marker points of 3D facial reconstruction due to their complex
morphometry, large individual differences, and difficulties in obtaining scientific criteria
for measurement. Furthermore, these features are also subject to change depending on the
degree of skin tension in facial expressions. To address this, Taylor divided the 3D facial
reconstruction process into two-phases: “the technical phase” which involves reconstruc-
tion based on conventional soft tissue thickness markers, and “the artistic phase” which
involves reconstruction using markers such as the eye, nose, and mouth [2].

In the artistic phase, while the setting position of the eyeballs has been analyzed [24–26],
methods to reconstruct the eyelids, external nose, and lip dimensions remain controver-
sial [22,23,27]. Considering these technical difficulties, it is better to obtain scientific mea-
surement data for 3D facial reconstruction using the external nose because of low-mobility
cartilage framework and thin skin covering [28,29].

To date, the data for estimating nasal projection in 3D facial reconstruction have been
proposed using various methods such as the average size of the total nose projection,
similar to other markers of soft tissue thickness [30]; the nasofrontal angle method [31]);
the angle between the projections of Prosthion and Rhinion points [32]; the two-tangent
method [33]; simple calculation formulas [2,34]; and correction measurements using mul-
tiple factors [35,36]. Importantly, several studies have detailed the history and the recent
advances in methods for predicting nasal projection in facial reconstruction [22,27].

A detailed analysis of more scientifically accurate data and methods using multiple
points and factors would be significant for future advances in personal identification.
However, considering the complex process of 3D facial reconstruction/sculpture (number
of markers, texture, etc.) and tissue thickness data (sex, race, age, and size, etc.), a simple
and practical nasal reconstruction method such as a calculating formula is desirable as a
means for personal identification. Moreover, while there are other factors related to facial
soft tissue thickness, such as measurement methods, sample conditions, and nutrition
status in the past and present, we omit them from this report as previous studies have
discussed them in detail [4,5,15].

Among these historical and technical transitions [2,4], Krogman’s method is one of the
most-used 3D facial reconstruction methods among US practitioners. We hypothesize that
there is a need to modify the formula used for nasal reconstruction for Asians, which is con-
sidered constant across race and physique. Therefore, this study focuses on evaluating the
widely used Krogman’s formula in the US, and aims to provide a simplified and practical
formula to estimate nasal dimensions in manual 3D facial reconstruction for practitioners.

2. Materials and Methods
2.1. Sample

This study used postmortem computed tomography (CT) data of 146 elderly Japanese
cadavers (64 males and 82 females; 58–105 years-old, average 86.9 ± 8.9). All cadavers
were donated for anatomical education and research. The elders had a large difference
in the degree of tooth loss and alveolar bone resorption; therefore, cases in which bone
resorption extended to the nose were excluded from the sample. All cadavers were fixed
with 7% formalin solution through the femoral or radial artery, and scanned from the head
to pelvic floor range using a 16-row detection medical CT scanner (SOMATOM Emotion 16;
Siemens Healthcare GmbH Erlangen, Germany). The imaging acquisition conditions were
set as follows: tube voltage, 110 kV or 130 kV; current, 110–130 mAs; detector pitch, 1.0;
slice thickness, 0.75 mm; and reconstruction, 0.4–0.6 mm. The protocol for this study was
reviewed and approved by the ethics committee of Toho University Faculty of Medicine
(reference numbers: A21069 and A20003_A17105). All of the work was conducted in
accordance with the provisions of the 1995 Declaration of Helsinki (revised in Edinburgh
in 2000).
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2.2. Physique Classification

For physique classification, the Body Mass Index (BMI) of cadaveric samples was
calculated using the following formula.

Body Mass Index (BMI) = body weight (kg)/body height (m)2

The physiques were classified into three groups based on BMI criteria (2002) of the
Japan Society for the Study of Obesity (JASSO) [37]: slender < 18.5; normal 18.5–25;
obese > 25.

Consequently, the physique groups of our samples were categorized as follows:
64 males (22 slender, 34 normal, and 8 obese samples) and 82 females (32 slender, 38
normal, and 12 obese samples).

2.3. Terminologies Surrounding the Nose Region

The terminologies used were modified based on terms used by Taylor [2].

Total nose projection (TNP): nose projection from anterior nasal spine base to pronasale.
Exposed nose projection (ENP): nose projection from subnasale to pronasale.
Anterior nasal spine projection (ANSP): anterior nasal spine length from base to tip.
Mid-philtrum depth (MPD): depth of vertical line connecting anterior nasal spine base and
alveolar region, which corresponds to marker 5 for 3D facial reconstruction.
Mid-philtrum groove depth (MPG): maximum depth of mid-philtrum groove.
Total nasal width (TNW): maximum width between the most lateral points on the nasal ala.
Anterior nasal aperture width (ANAW): maximum width of the anterior nasal aperture.

2.4. Imaging Analysis

All The postmortem CT datasets were denoised to reduce various artifacts using
a commercial iterative image reconstruction software (SafeCT, Media Vision Imaging
Solutions, Israel). All measurements were carried out using a commercial medical imaging
workstation (Osirix MD Ver. 12.0, Pixmeo SARL, Geneva, Switzerland) installed on a
Macintosh PC (iMac Retina 4K, Apple Inc., Cupertino, CA, USA) and all presentation
images were reconstructed using a DICOM workstation (ZioCube Ver. 1.02.0, Ziosoft Inc.,
Tokyo, Japan) installed on a Windows PC (Prodesk 400 G4, Japan HP development Co.,
Tokyo, Japan).

All image measurements were taken five times for each point using the measuring
tool function of the imaging software. These measurements were relative to the Frankfurt
horizontal plane that connects the infraorbital margin and the upper edge of the outer
ear canal (Figure 1A). The TNP, ENP, ANSP, MPD, and MPG were measured on the left
lateral plane to the Frankfurt horizontal plane (Figure 1B), and TNW and ANAW were
measured on the frontal plane (Figure 1C). For the MPD and MPG in the subnasale region,
the measurement was obtained using the vertical line connecting the ANSP and alveolar
region for use in manual 3D facial reconstruction and sculpture methods (Figure 1D,E).



Forensic Sci. 2023, 3 384Forensic Sci. 2023, 3, FOR PEER REVIEW 4 
 

 

 
Figure 1. Reference anthropological landmarks. The anterior nasal spine (ANS) is shown in red and 
the pronasale is shown as a light blue dot. (A) The Frankfurt horizontal plane that connects the 
infraorbital margin and the upper edge of the outer ear canal was used in all measurements. (B) The 
measuring points for the total nasal projection (TNP). (C) The measuring points for the total nasal 
width (TNW). (D) The position of the mid-philtrum depth marker standing onto the connecting line 
between the anterior nasal spine base and alveolar region in the actual 3D facial reconstruct. (E) 
Measuring point for mid-philtrum depth in imaging analysis. ANAW, maximum width of anterior 
nasal aperture; ANS, anterior nasal spine; ANSP, anterior nasal spine projection; ENP, exposed na-
sal projection; i-Orb, inferior border of orbit; MPD, mid-philtrum depth; MPG, mid-philtrum 
groove; s-EEC, superior border of external ear canal; TNP, total nasal projection; TNW, total nasal 
wide. 

3. Results 
3.1. Anatomy of Subnasal Region 

The philtrum is anatomically recognized as a groove and provides important infor-
mation on nose region that is used in other nasal calculation formulas. 

Due to alveolar resorption and age-related changes among the elderly, the MPG and 
MPD tended to be unclear compared to the younger cadavers, but were recognizable in 
both the axial and 3D volume rendering images (Figure 2A,B). The MPG consisting of a 
central groove sandwiched between two ridges, which was distinguishable as a band-like 
structure with different contrast. The MPD consisted of a plane thickness in the lateral 3D 
volume rendering view (Figure 2C), ranging from 4.3 to 19.1 mm (mean 9.8 ± 2.6 <SD>). 
In general, the MPD became thicker depending on body shape (Figure 3A–C and Table 
1), and was somewhat thicker among males than females. However, among the elderly, 
we observed the opposite configuration, where the obese MPD (Figure 3D) was thinner 
than in the slender MPD (Figure 3E) due to alveolar resorption associated with tooth loss 
(Figure 3D,E). Both cases were accompanied by alveolar resorption. 

Figure 1. Reference anthropological landmarks. The anterior nasal spine (ANS) is shown in red
and the pronasale is shown as a light blue dot. (A) The Frankfurt horizontal plane that connects the
infraorbital margin and the upper edge of the outer ear canal was used in all measurements. (B) The
measuring points for the total nasal projection (TNP). (C) The measuring points for the total nasal
width (TNW). (D) The position of the mid-philtrum depth marker standing onto the connecting
line between the anterior nasal spine base and alveolar region in the actual 3D facial reconstruct.
(E) Measuring point for mid-philtrum depth in imaging analysis. ANAW, maximum width of anterior
nasal aperture; ANS, anterior nasal spine; ANSP, anterior nasal spine projection; ENP, exposed nasal
projection; i-Orb, inferior border of orbit; MPD, mid-philtrum depth; MPG, mid-philtrum groove;
s-EEC, superior border of external ear canal; TNP, total nasal projection; TNW, total nasal wide.

3. Results
3.1. Anatomy of Subnasal Region

The philtrum is anatomically recognized as a groove and provides important informa-
tion on nose region that is used in other nasal calculation formulas.

Due to alveolar resorption and age-related changes among the elderly, the MPG and
MPD tended to be unclear compared to the younger cadavers, but were recognizable in
both the axial and 3D volume rendering images (Figure 2A,B). The MPG consisting of a
central groove sandwiched between two ridges, which was distinguishable as a band-like
structure with different contrast. The MPD consisted of a plane thickness in the lateral
3D volume rendering view (Figure 2C), ranging from 4.3 to 19.1 mm (mean 9.8 ± 2.6
<SD>). In general, the MPD became thicker depending on body shape (Figure 3A–C and
Table 1), and was somewhat thicker among males than females. However, among the
elderly, we observed the opposite configuration, where the obese MPD (Figure 3D) was
thinner than in the slender MPD (Figure 3E) due to alveolar resorption associated with
tooth loss (Figure 3D,E). Both cases were accompanied by alveolar resorption.
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Figure 2. Anatomy and imaging of the nasal philtrum region in the anterior view in: (A) 3D volume 
rendering, (B) axial plane, and (C) left lateral view. The asterisk shows the groove in the mid-phil-
trum region. MPD, mid-philtrum depth; MPG, mid-philtrum groove. 

 
Figure 3. The changes in the mid-philtrum depth (MPD) in various body physiques: (A) slender, 
(B) normal, and (C) obese. In general, with physique changes from slender to obese, the MPD also 
thickens; however, the MPD varies widely individually. (D) Slender with thick MPD. (E) Obese with 
thin MPD. Scale bar: 30 mm. 

Table 1. Sex and physique differences in mid-philtrum depth (MPD). 

  Slender Normal Obese 
Sex (N) Male (22) Female (32) Male (34) Female (38) Male (8) Female (12) 

Ave. ± SD 8.9 ± 2.5 8.2 ± 2.0 9.7 ± 2.8 9.6 ± 2.6 11.1± 2.9 11.6 ± 2.5 
Max. 15.7 13.6 15.6 19.1 16.5 15.7 
Min. 5.7 4.3 4.6 4.8 7.2 7.0  

Even with this age-based variation, the ANSP shown in red (Figure 1) was not af-
fected due to careful sample selection. In other words, the ANSP of our analyzed material 
series was independent of the MPD. 

3.2. Total Nose Projection (TNP) 

Figure 2. Anatomy and imaging of the nasal philtrum region in the anterior view in: (A) 3D volume
rendering, (B) axial plane, and (C) left lateral view. The asterisk shows the groove in the mid-philtrum
region. MPD, mid-philtrum depth; MPG, mid-philtrum groove.
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Table 1. Sex and physique differences in mid-philtrum depth (MPD).

Slender Normal Obese

Sex (N) Male (22) Female
(32) Male (34) Female

(38) Male (8) Female
(12)

Ave. ± SD 8.9 ± 2.5 8.2 ± 2.0 9.7 ± 2.8 9.6 ± 2.6 11.1 ± 2.9 11.6 ± 2.5

Max. 15.7 13.6 15.6 19.1 16.5 15.7

Min. 5.7 4.3 4.6 4.8 7.2 7.0
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Even with this age-based variation, the ANSP shown in red (Figure 1) was not affected
due to careful sample selection. In other words, the ANSP of our analyzed material series
was independent of the MPD.

3.2. Total Nose Projection (TNP)

First, we studied a simple method to estimate the TNP from only the ANSP regardless
of the MPD, which varied greatly among the elderly in the calculation method.

Distribution plots were created for each gender and body physique, and approximate
straight lines were calculated for each taxon to provide clues for the calculation formula
(Figure 4). The results revealed positive correlations for some groups, but comparisons
between groups sorted by gender and body physique resulted in different formulas. These
were not practical for our use because they resulted in complex calculation formulas that
differed for each classification group.
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estimated using the following formula by modifying the conventional calculation for-
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Subsequently, the relationship between the exposed nose projection (ENP), from
subnasale to pronasale, and the ANSP, which is considered relatively stable, was tested.
The relationship between the ENP and the ANSP overall, and for each group sorted by
gender and body physique, are shown in Figure 5. The results show that the slope of the
approximate straight line was 1.90–1.92, indicating a similarly proportional relationship
was relatively correlated for all classification groups. These results indicate that the ENP
can be precisely calculated from the ANSP. While the ENP is not necessarily equal to “TNP
minus MPD,” the calculating formula for Japanese elderly, both male and female, can be
estimated using the following formula by modifying the conventional calculation formula:

TNP = 1.9 × ANSP + MPD (1)
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nasal spine projection (ANSP) sorted by gender and body physique. (A) Total samples. (B) Male.
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of body physique in male (B1-3) and female (C1-3).

3.3. Total Nasal Width (TNW)

For estimation of the total nasal width (TNW), the relationship between the TNW and
the maximum width of the anterior nasal aperture (ANAW) was examined (Table 2). The
results showed that the TNW was larger among males than females, and that it increased as
the body physique changed from slender to obese, while the ANAW was almost consistent
(Figure 6 and Table 3). However, it should be noted that even among pure-blooded Japanese
people without mixed ancestry, there are more significant individual differences in the form
of the anterior nasal aperture, similar to other ancestries (Figure 6).

Table 2. Unilateral soft tissue width added to the maximum width of the anterior nasal aperture
(ANAW) for the total nasal width estimation.

Slender Normal Obese

Sex (N) Male (22) Female
(32) Male (34) Female

(38) Male (8) Female
(12)

Ave. ± SD 8.9 ± 1.9 7.1 ± 1.3 9.1 ± 1.9 8.5 ± 1.8 10.5 ± 1.9 8.9 ± 1.7

Max. 12.6 9.7 13.9 12.6 13.0 11.0

Min. 5.3 4.6 5.2 5.5 7.6 5.6
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Table 3. Sex and physique differences between the total nose width (TNW) and the maximum width
of the anterior nasal aperture (ANAW).

Slender Normal Obese

Male (22) Female (32) Male (34) Female (38) Male (8) Female (12)

TNW (Ave. ± SD) 41.94 ±3.42 38.78 ± 2.20 42.69 ± 3.14 40.76 ± 2.85 44.73 ± 3.80 41.23 ± 2.68

ANAW (Ave. ± SD) 24.10± 2.03 24.66 ± 2.04 24.48 ± 1.83 23.67 ± 2.01 23.75 ± 1.39 23.46 ± 1.98

To obtain further insight on the TNW, analysis of the correction coefficient between
the TNW and the ANAW sorted by gender and body physique (Figure 7) showed that the
trends in the distribution plots portrayed no proportional relationship and no correlation
coefficient. These statistical results indicate that the TNW is independent of body physique
and does not correlate with the ANAW, suggesting that it is a better alternative to add
average soft tissue width values (Table 2) to the ANAW.
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4. Discussion

In this study, we successfully determined a simple and practical formula to estimate
nasal dimensions among Japanese adults for 3D facial approximation.

Considering the practical aspects of 3D facial reconstruction, Krogman’s formula,
which is widely used in the field of facial sculpture, is a good method to calculate the
nasal area. However, it does not take into account differences by race or sex. In this study,
we first examined: (1) whether this method is applicable to Japanese (Asian) adults, and
(2) whether a similar and simple calculation method can be used.
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Krogman’s formula used for nasal projection is as follows.

TNP = ENP + MPD = 3 × ANSP + MPD (2)

As an element of this calculation formula, the MPD has been analyzed in many studies.
In particular, studies of the MPD comparing data sorted by gender, race, and body physique
(Table 4) suggest that the MPD increases in the following order: slender, normal, and obese
for body physique; male rather than female for sex; and Caucasian, Asian, and Negroid for
ancestry [38–41].

Table 4. Comparison data on the Mid-Philtrum depth (Marker #5).

Authors Races Slender Normal Obese

Male (n) Female (n) Male (n) Female (n) Male (n) Female (n)

Rhine &
Cambell (1980)

American
Negroids, Adults 11.75 (24) 10.00 (5) 12.25 (27) 11.25 (10) 11.75 (1) 12.00 (2)

(African-derived)

Rhine & Moore
(1984)

American
Caucasoids, Adults 6.25 (3) 5.00 (3) 10.00 (37) 8.50 (19) 11.00 (8) 9.00 (3)

(European-derived)

Rhine (1983) Southwestern American
Indians, Adults 7.50 (4) 10.00 (1) 9.75 (9) 10.00 (2) 9.25 (5) 8.51 (3)

(Asian-derived)

De Greef (2006) Caucasoids

18–29 yo 11.6 (28) 10.0 (56) 11.2 (149) 9.8 (149) 10.8 (34) 9.8 (29)

30–39 yo 9.5 (3) 8.7 (12) 10.6 (37) 9.2 (40) 10.7 (31) 8.8 (20)

40–49 yo 13.1 (1) 8.2 (12) 9.7 (24) 8.5 (32) 10.6 (35) 9.3 (21)

50–59 yo 10.3 (2) 7.3 (4) 10.4 (18) 8.1 (29) 10.4 (45) 9.1 (41)

60+ yo NA (0) 7.0 (7) 9.0 (13) 8.0 (37) 9.9 (37) 8.7 (43)

Dong et al.
(2012) Chinese, Adults 10.87 (23) 8.69 (42) 11.64 (34) 9.97 (64) 12.66 (18) 11.24 (19)

Kimura &
Okazaki (2018) Japanese, Adults 11.7 (13) 10.2 (25) NA (0) NA (0) 11.5 (16) 11.1 (4)

Present study Japanese, Adults 8.9 (22) 8.2 (32) 9.7 (34) 9.6 (38) 11.1 (8) 11.6 (12)

Our results on the average thickness of the MPD sorted by sex and body physique
were also intermediate in size between Caucasians and Negroids. However, there were
large individual differences among the Japanese elderly (4.3–19.1 mm, Ave., 9.8 ± 2.6
<SD>). The large individual variation among the elderly may be attributed to the effect of
tooth loss, although it is observed that the effect does not often extend to the anterior nasal
spine [42]. In our sample, those with severe bone resorption extending to the anterior nasal
spine were excluded, suggesting that the effect of bone resorption on measurements was
not significant. Therefore, it is important to compare younger Japanese samples.

Recently, Kimura and Okazaki (2018) analyzed the younger Japanese population,
but they classified only two groups of body shape, namely, slightly slender and slightly
obese [15]. Compared to previous data, their ages for the slightly slender individuals were
higher, while those ages for the slightly obese individuals were lower, probably because the
normal group was distributed among these two groups. Therefore, it was difficult to assess
the effect of tooth loss from these data. In the future, further data collection on sex and
body physique differences are needed for more reliable and accurate facial reconstruction,
both in terms of the Japanese population and the MPD.
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Due to the remarkable individual variation in this study’s MPD, we first tried to
identify an estimating formula for the TNP regardless of MPD; however, the calculating
formula differed significantly depending on sex and body physique, making it impractical
and difficult to use. However, the relationship between the ENP and the ANAP was stable
across genders and body physiques with a constant proportional relationship of 1.90–1.92.
With this correlation identified, the conventional formula of Krogman [34] can be simply
calculated among the elderly Japanese by modifying its proportional coefficient from 3.0
to 1.9.

The limitations of this study include possible tissue shrinkage of the face due to sample
fixation and postmortem changes in size. In our analysis we used formalin-fixed samples
and some shrinkage effect, even in the restored face, was observed [21,43]. However, the
nasal area contains little fat tissue and is dominated by external nasal cartilage. Hence,
while it is not easy to compare between living and postmortem differences in the same
individual, it is necessary to evaluate them in future, alongside investigations of differences
in nasal fixation.

Furthermore, it is interesting to note that the relationship between the ENP and the
ANSP is consistently and approximately 1.9 times greater among the Japanese population
than the conventional 3.0 times in the previous formula. This is a population difference. We
also recognize that no consensus has yet been reached on how to use the nasal bridge and
the ANSP to predict the nose projection [27,44–46]. However, the simple Japanese (Asian)
calculation formula presented here for nasal dimensions is significant as an alternative.

Consequently, after modifying Krogman’s formula, at least for the Japanese (Asian)
population, the following estimating formula should be used:

TNP = ENP (1.9 × ANSP) + MPD (3)

Compared to nasal projection research, there are limited studies on nasal width in
the available literature [31,35,36]. Ryu et al. (2020) assessed many measuring points on
the nose, including the ATNW, and examined their relationships to major craniofacial
landmarks [36]. Their results showed that the TNW was approximately 1.6 times greater
than the ANAW. Rynn et al. (2010) also showed similar results: 1.60 times in Central Asian
ancestry, 1.65 times in European ancestry, and 1.75 times in African ancestry [35]. Our
results do not show such proportional relationships. Allams et al. (2018) provided the
following calculation formula for Caucasian children: TNW = 34.512 − 0.172 × ANAW [31].
However, this formula is applicable only to children and not to adults. In fact, the average
size was 41.15 mm among males and 37.62 mm among females of Korean ancestry [36],
compared to 35.97 mm among people of European ancestry, 38.68 mm among people of
Central Asian ancestry, 42.90 mm among people of African ancestry [35], and 42.4 mm
among males and 41.6 mm among female Japanese adults (the present study). Nevertheless,
as population differences cannot be ignored with respect to the TNW, it appears that the
formulas for specific ancestries cannot be adapted to other ancestries.

However, for the TNW, Krogman’s formula is also frequently used as a simple method
to calculate nasal width, which is calculated by adding the tissue thickness that varies
by race to the maximum width of the ANAW [34]. The tissue thickness to be added was
10 mm in total with 5 mm per side for Caucasoids; 16 mm in total with 8 mm per side for
Negroids; and was not stated for Asians. Therefore, Taylor calculated a total of 13 mm
with 6.5 mm per side for Asians as the intermediate between Caucasoids and Negroids [2].
The above calculation method for the TNW, as with the TNP, does not take sex or body
physique into account.

Our results for the Japanese elderly showed a slight sex difference in the TNW
(42.4 mm for males and 41.6 mm for females), but there was no proportional relation-
ship between the TNW and ANAW, nor any correlation coefficient. Importantly, our results
showed that the TNW was larger among males than females, and it increased as body size
changed from slender to obese, but the ANAW remained unchanged. Since the average
soft tissue thicknesses added to the ANAW showed gender and body physique differences,
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adding the average soft tissue thicknesses to both sides of the ANAW (Table 2) may be an
appropriate method to estimate the TNW in a simplified manner.

In the future, detailed data on nose approximation for computer-assisted and deep
learning facial reconstruction will be essential, and we strongly hope for more progress in
this area.

5. Conclusions

Along with the progress in advanced research for more detailed nasal approximation,
it is important to provide practitioners with a simplified and practical formula to estimate
nasal dimensions in conventional 3D facial reconstruction or sculpture that use numerous
markers that vary by gender, race, body size, age, and other factors. Importantly, this
study clarified the difficulty in applying Krogman’s formula to Japanese adults. Our
results showed that the formula for the total nasal projection, TNP = 1.9 × anterior nasal
spine projection (ANSP) + mid-philtrum depth (MPD), differed significantly from the
coefficient (3.0) in Krogman’s formula. Hence, we modified the formula for Asian adults.
Furthermore, to improve accuracy, it is necessary to examine differences in measurement
and preservation methods.
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Stomatology by IOFOS; Brkić, H., Leesig, R., Alves da Silva, R.H., Pinchi, V., Thevissen, P., Eds.; Naklada Slap: Jastrebarsko,
Croatia, 2021; pp. 361–379.

5. Stephan, C.N.; Simpson, E.K. Facial soft tissue depths in craniofacial identification (part I): An analytical review of the published
adult data. J. Forensic Sci. 2008, 53, 1257–1272.

6. Stephan, C.N.; Simpson, E.K. Facial soft tissue depths in craniofacial identification (part II): An analytical review of the published
sub-adult data. J. Forensic Sci. 2008, 53, 1273–1279. [CrossRef] [PubMed]

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, S126–S146. [CrossRef]

8. Parks, C.L.; Richard, A.H.; Monson, K.L. Preliminary assessment of facial soft tissue thickness utilizing three-dimensional
computed tomography models of living individuals. Forensic Sci. Int. 2014, 237, 146.e1–146.e10. [CrossRef]

https://doi.org/10.1520/JFS14176J
https://www.ncbi.nlm.nih.gov/pubmed/9243827
https://doi.org/10.1520/JFS2004117
https://doi.org/10.1111/j.1556-4029.2008.00853.x
https://www.ncbi.nlm.nih.gov/pubmed/18783475
https://doi.org/10.1016/j.forsciint.2006.02.034
https://doi.org/10.1016/j.forsciint.2013.12.043


Forensic Sci. 2023, 3 392

9. Suzuki, H. On the thickness of soft parts of the Japanese face. J. Anthropol. Soc. Nippon 1948, 60, 7–11.
10. Seta, S.; Yoshino, M. Appraisal of Skeletal Remains; Reibunsha: Tokyo, Japan, 1990. (In Japanese)
11. Ustuno, H.; Kageyama, T.; Deguchi, T.; Yoshino, M.; Miyazawa, H.; Inoue, K. Facial soft thickness in Japanese female children.

Forensic Sci. Int. 2005, 152, 101–107.
12. Ustuno, H.; Kageyama, T.; Deguchi, T.; Umemura, Y.; Yoshino, M.; Nakamura, H.; Miyazawa, H.; Inoue, K. Facial soft thickness in

skeletal type I Japanese children. Forensic Sci. Int. 2007, 172, 137–143.
13. Ustuno, H.; Kageyama, T.; Uchida, K.; Yoshino, M.; Oohigashi, S.; Miyazawa, H.; Inoue, K. Pilot study of facial soft tissue

thickness differences among three skeletal classes in Japanese females. Forensic Sci. Int. 2010, 195, 165.e1–165.e5.
14. Utsuno, H.; Kageyama, T.; Uchida, K.; Kibayashi, K.; Sakurada, K.; Uemura, K. Pilot study to establish a nasal tip prediction

method from unknown human skeletal remains for facial reconstruction and skull photo superimposition as applied to a Japanese
male populations. J. Forensic Legal Med. 2016, 38, 75–80. [CrossRef] [PubMed]

15. Kimura, Y.; Okazaki, K. Facial soft tissue depth measured using ultrasonography: Toward facial approximation for Japanese
crania. Anthropol. Sci. 2018, 26, 37–54. (In Japanese) [CrossRef]

16. Dong, Y.; Huang, L.; Feng, Z.; Bai, S.; Wu, G.; Zhao, Y. Influence of sex and body mass index on facial soft tissue thickness
measurements of the northern Chinese adult population. Forensic Sci. Int. 2012, 222, 396.e1–396.e7. [CrossRef]

17. Hwang, H.S.; Park, M.K.; Lee, W.J.; Cho, J.H.; Kim, B.K.; Wilkinson, C.M. Facial soft tissue thickness database for craniofacial
reconstruction in Korean adults. J. Forensic Sci. 2012, 57, 1442–1447. [CrossRef]

18. Bulut, O.; Sipahioglu, S.; Hekimoglu, B. Facial soft tissue thickness database for craniofacial reconstruction in the Turkish adult
population. Forensic Sci. Int. 2014, 242, 44–61. [CrossRef] [PubMed]

19. Shui, W.; Zhou, M.; Deng, Q.; Wu, Z.; Ji, Y.; Li, K.; He, T.; Jiang, H. Densely calculated facial soft tissue thickness for craniofacial
reconstruction in Chinese adults. Forensic Sci. Int. 2016, 266, 573.e1–573.e12. [CrossRef]

20. Ross, A.H.; Williams, S.E. Ancestry Studies in Forensic Anthropology: Back on the Frontier of Racism. Biology 2021, 10, 602.
[CrossRef] [PubMed]

21. Suazo Galames, I.C.; Cantín Lopez, M.; Zavando Matamala, D.A.; Perez Rojas, F.J.; Torres Munoz, S.R. Comparisons in soft-tissue
thickness on the human face in fresh and embalmed corpus using needle puncture methods. Int. J. Morphol. 2008, 26, 165–169.

22. Stephan, C.N.; Henneberg, M.; Sampson, W. Predicting nose projection and pronasale position in facial approximation: A test of
published methods and proposal of new guidelines. Am. J. Phys. Anthropol. 2003, 122, 240–250. [CrossRef]

23. Ullrich, H.; Stephan, C.N. Mikhail Mikhaylovich Gerasimov’s authentic approach to plastic facial reconstruction. Anthropologie
2016, 54, 97–107.

24. Stephan, C.N. Facial approximation: Falsification of globe projection guideline by exophthalmometry literature. J. Forensic Sci.
2002, 47, 730–735. [CrossRef]

25. Wilkinson, C.M.; Mautner, S.A. Measurement of eyeball protrusion and its application in facial reconstruction. J. Forensic Sci.
2003, 48, 12–16. [CrossRef] [PubMed]

26. Stephan, C.N.; Davidson, P. The placement of the human eyeball and canthi in craniofacial identification. J. Forensic Sci. 2008, 53,
612–619. [CrossRef] [PubMed]

27. Rynn, C.; Wilkinson, C.M. Appraisal of traditional and recently proposed relationships between the hard and soft dimensions of
the nose in profile. Am. J. Phys. Anthropol. 2006, 130, 364–373. [CrossRef]

28. Snell, R.S. Clinical Anatomy for Medical Students, 5th ed.; Little, Brown and Co., Inc.: Boston, MA, USA, 1995.
29. Standring, S. Gray’s Anatomy–The Anatomical Basis of Clinical Practice, 39th ed.; Elsevier Ltd: London, UK, 2005.
30. Wu, W.; Zhai, G.; Xu, Z.; Hou, B.; Liu, D.; Liu, T.; Liu, W.; Ren, F. Whole-exome sequencing identified four loci influencing

craniofacial morphology in northern Han Chinese. Hum. Genet. 2019, 138, 601–611. [CrossRef] [PubMed]
31. Allam, E.; Mpofu, P.; Ghoneima, A.; Tuceryan, M.; Kula, K. The Relationship Between Hard Tissue and Soft Tissue Dimensions of

the Nose in Children: A 3D Cone Beam Computed Tomography Study. J. Forensic Sci. 2018, 63, 1652–1660. [CrossRef]
32. Tedeschi-Oliveira, S.V.; Beaini, T.L.; Melani, R.F.H. Forensic facial reconstruction: Nasal projection in Brazilian adults. Forensic Sci.

Int. 2016, 266, 123–129. [CrossRef] [PubMed]
33. Gerasimov, M.M. Vosstanovlieniia Litsa po Cherapu; Gos Izd-vo Sovetskaia: Moskva, CCCP, 1955; (Cited from Rynn & Wilkin-

son, 2006).
34. Krogman, W.M. The Human Skelton in Forensic Medicine; Charles C Thomas: Springfield, IL, USA, 1962.
35. Rynn, C.; Wilkinson, C.M.; Peters, H.L. Prediction of nasal morphology from the skull. Forensic Sci. Med. Pathol. 2010, 6, 20–34.

[CrossRef]
36. Ryu, J.Y.; Park, K.S.; Kim, M.J.; Yun, J.S.; Lee, U.Y.; Lee, S.S.; Roh, B.Y.; Seo, J.U.; Choi, C.U.; Lee, W.J. Craniofacial anthropometric

investigation of relationships between the nose and nasal aperture using 3D computed tomography of Korean subjects. Sci. Rep.
2020, 10, 16077. [CrossRef]

37. Examination Committee of Criteria for ‘Obesity Disease’ in Japan. Japan Society for the Study of Obesity. New criteria for ‘obesity
disease’ in Japan. Cir. J. 2002, 66, 987–992. [CrossRef]

38. Rhine, J.S.; Campbell, H.R. Thickness of facial tissues in American Blacks. J. Forensic Sci. 1980, 25, 847–858. [CrossRef] [PubMed]
39. Rhine, J.S.; Moore, C.E.; Westin, J.T. Facial Reproduction: Table of Facial Tissue Thickness of American Caucasoids in Forensic Anthropology;

Maxwell Museum Technical Series No. 1; University of New Mexico: Albuquerque, NM, USA, 1982.

https://doi.org/10.1016/j.jflm.2015.11.017
https://www.ncbi.nlm.nih.gov/pubmed/26724561
https://doi.org/10.1537/asj.180420
https://doi.org/10.1016/j.forsciint.2012.06.004
https://doi.org/10.1111/j.1556-4029.2012.02192.x
https://doi.org/10.1016/j.forsciint.2014.06.012
https://www.ncbi.nlm.nih.gov/pubmed/25023216
https://doi.org/10.1016/j.forsciint.2016.07.017
https://doi.org/10.3390/biology10070602
https://www.ncbi.nlm.nih.gov/pubmed/34209891
https://doi.org/10.1002/ajpa.10300
https://doi.org/10.1520/JFS15457J
https://doi.org/10.1520/JFS2002053
https://www.ncbi.nlm.nih.gov/pubmed/12570193
https://doi.org/10.1111/j.1556-4029.2008.00718.x
https://www.ncbi.nlm.nih.gov/pubmed/18471206
https://doi.org/10.1002/ajpa.20337
https://doi.org/10.1007/s00439-019-02008-6
https://www.ncbi.nlm.nih.gov/pubmed/30968251
https://doi.org/10.1111/1556-4029.13801
https://doi.org/10.1016/j.forsciint.2016.05.004
https://www.ncbi.nlm.nih.gov/pubmed/27258921
https://doi.org/10.1007/s12024-009-9124-6
https://doi.org/10.1038/s41598-020-73127-8
https://doi.org/10.1253/circj.66.987
https://doi.org/10.1520/JFS11301J
https://www.ncbi.nlm.nih.gov/pubmed/7430993


Forensic Sci. 2023, 3 393

40. Rhine, J.S. Tissue Thickness of Southwestern American Indians (Asian-Derived); Laboratories of Physical Anthropology Maxwell
Museum of Anthropology: Albuquerque, NM, USA, 1983; (Cited from Taylor, 2001). (Unpublished data).

41. Rhine, J.S.; Moore, C.E. Facial Reproduction: Table of Facial Tissue Thickness of American Caucasoids in Forensic Anthropology. Revision;
Office of the Medical Investigator: Albuquerque, NM, USA, 1984.

42. Sakashita, H. Aging and dental health care. J. Acad. Clin. Dent. 2001, 21, 470–476. (In Japanese)
43. Simpson, E.; Henneberg, M. Variation in soft tissue thickness on the human face and their relationship to craniometric dimensions.

Am. J. Phys. Anthropol. 2002, 118, 121–133. [CrossRef] [PubMed]
44. Krogman, W.M.; Iscan, M.Y. The Human Skeleton in Forensic Medicine, 2nd ed.; CC Thomas Publishers: Springfield, IL, USA, 1986.
45. Prag, J.; Neave, R.A.H. Making Faces; British Museum Press: London, UK, 1997.
46. Wilkinson, C.M. Forensic Facial Reconstruction; Cambridge University Press: Cambridge, UK, 2004.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1002/ajpa.10073
https://www.ncbi.nlm.nih.gov/pubmed/12012365

	Introduction 
	Materials and Methods 
	Sample 
	Physique Classification 
	Terminologies Surrounding the Nose Region 
	Imaging Analysis 

	Results 
	Anatomy of Subnasal Region 
	Total Nose Projection (TNP) 
	Total Nasal Width (TNW) 

	Discussion 
	Conclusions 
	References

