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ABSTRACT: With the ever increasing production of average soft tissue depth studies, data are becoming increasingly complex, less standard-
ized, and more unwieldy. So far, no overarching review has been attempted to determine: the validity of continued data collection; the usefulness of
the existing data subcategorizations; or if a synthesis is possible to produce a manageable soft tissue depth library. While a principal components
analysis would provide the best foundation for such an assessment, this type of investigation is not currently possible because of a lack of easily
accessible raw data (first, many studies are narrow; second, raw data are infrequently published and ⁄ or stored and are not always shared by some
authors). This paper provides an alternate means of investigation using an hierarchical approach to review and compare the effects of single variables
on published mean values for adults whilst acknowledging measurement errors and within-group variation. The results revealed: (i) no clear secular
trends at frequently investigated landmarks; (ii) wide variation in soft tissue depth measures between different measurement techniques irrespective of
whether living persons or cadavers were considered; (iii) no clear clustering of non-Caucasoid data far from the Caucasoid means; and (iv) minor dif-
ferences between males and females. Consequently, the data were pooled across studies using weighted means and standard deviations to cancel out
random and opposing study-specific errors, and to produce a single soft tissue depth table with increased sample sizes (e.g., 6786 individuals at
pogonion).
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Facial soft tissue depths are determined by measuring at various
points on the face, the distance from the skin surface to the most
superficial surface of the underlying hard tissue. These measure-
ments, therefore, describe how the face fits over the skull but they
do so in a general way because a variety of organs are encom-
passed in any single measurement and mean values are generally
calculated (1). Discriminative information is not provided about
any single anatomic component of the face (e.g., fat or muscle) nor
do these soft tissue depths give precise estimations of any individ-
ual’s soft tissue thickness [but see Simpson and Henneberg (2) for
attempts to increase the specificity of these data]. Despite this, soft
tissue depth measurements hold a significant role in both facial
approximation and craniofacial superimposition methods because
they provide a basis for quantification and thus, repeatability.

To date, the research on soft tissue depths has been extensive:
more than 60 studies exist ranging in publication dates from 1883
to 2007. Most examine a variety of subsamples and overall, more
than 6700 sets of data have been collected from adults, representing
more than 103,100 individual soft tissue depth measurements on
human faces.

A variety of measurement techniques have been used to measure
the soft tissue depths [including needle puncture, clinical calipers,
radiographs (2D and 3D), ultrasound (A-mode and B-mode), com-
puted tomography (CT), and magnetic resonance imaging (MRI)]
and sample sizes have been broad, ranging from 1 to 297

individuals. However, group sizes generally tend to include fewer
than 40 individuals for averaging (3). Numerous age groups have
been investigated, including individuals aged as young as 1 year
(4) to as old as 101 years (2). Furthermore, many population
groups have been investigated, including: Australian Aborigines;
nonaboriginal Australians; Black Americans; British; Chinese;
Egyptians; Germans; Japanese; Swiss; and Zulus to name just a
few (see Tables 1 and 2). It should be noted, however, that precise
and explicit criteria for the assignment of individuals to any one of
these population groups is rarely established or meticulously
enforced (5–19). Rather, assignment of individuals is often based
on subjective interpretations of a person’s physical appearance or
place of study conducted, in the absence of supporting genetic data
or participant self-reports of ancestral background.

Despite the value of a large quantity of data from such a wide
section of the human population, the breadth of soft tissue data
nonetheless compromises its usefulness. Measurements have been
extensively subcategorized, and even if concerning similar samples,
they have been independently segregated when produced by differ-
ent authors. A predicament, therefore, arises as which data set is the
most appropriate to use for an individual coming from a commonly
measured population group. For example, a large number of studies
report different mean values for males of European extraction, aged
50 years (see e.g., 20–26). Furthermore, the data are often reported
or measured in different ways which decreases standardization and
complicates the selection of the data for forensic casework.

It is often stated that studies on living people should be given
higher priority than those on cadavers (3,27), but no formal empiri-
cal evidence has ever been presented to justify this standpoint in
specific regard to facial soft tissue depths. Simpson and Henneberg
(2) provide some circumstantial differences (they studied fresh,
embalmed, and embalm-cured cadavers) but then the magnitude of
the mean differences in this study was only slightly larger than the
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reported measurement errors (1–2 mm). Technologically advanced
techniques (ultrasound ⁄ MRI) also tend to be favored over more
‘‘primitive’’ methods (i.e., needle puncture), but yet the research
indicates that all measurement methods have similar measurement
errors (2,28–33), thus suggesting that no method holds strong
advantages over any other in terms of precision. Furthermore, the
prior literature has heavily relied on the results of statistical signifi-
cance tests for establishing differences between the sexes and so-
called ‘‘races’’ (typically Negroid, Caucasoid, and Mongoloid) with
little regard to the practicality of the size of the differences actually
observed (32,33), an approach which is widely known to risk over-
emphasis of any statistically indicated differences.

This paper examines the published soft tissue depth data in an
attempt to determine what data distinctions are justified, and if any
synthesis or simplification is possible. While a multivariate analy-
sis, such as principal component analysis, would provide the best
basis for such an examination, this approach is (currently) impossi-
ble since comprehensive single studies have not been undertaken
and because raw data of smaller studies are infrequently published,
rarely stored, and are not always shared by some authors. An alter-
nate approach of comparing published data means is, therefore,
used to analyze trends and differences across studies in a univariate
fashion. Regard was given to measurement errors and other forms
of data uncertainty (e.g., choice of measurement method and error
in physical positioning of soft tissue depths in forensic casework)
in addition to the results of statistical significance tests. The conclu-
sions drawn are, therefore, guided by empirical values but are not
subject to mechanical decision-making hinged solely upon statisti-
cal significance tests. This is important because large measurement

errors can explain the differences between groups if these group
differences are no greater than data uncertainty levels and because
small (statistically significant) differences may be negligible in
practical terms.

Past investigations using needle puncture techniques on cadavers
(2,29,34), ultrasound techniques on living persons (28,30,31), and
MRI (see 32,33) indicate that measurement errors are generally
10% of the measurement value, but can be higher than 30% at
some landmarks (see e.g., 2). At moderate soft tissue depths, the
absolute error equates to 1–2 mm. However, large measurements
(such as mid ramus or gonion) tend to have higher measurement
errors than sites that yield smaller measurement values (e.g., rhi-
nion or nasion; 2,29,31). Note here that total measurement error
can only be assessed by carrying out the entire data collection pro-
cedure afresh on the same subjects. Studies that leave clues as to
prior landmark placement (see e.g., 29) or do not replicate that
entire measurement process (i.e., re-use original radiographs or
imaging scans, see e.g., 32) are likely to underestimate the true
error involved.

The typical error rate of 10% may seem relatively small, but
it is twice the accepted threshold for scientific statistical signifi-
cance tests and is comparable in magnitude to many of the dif-
ferences typically found between different data sets (see e.g.,
almost any published study on soft tissue depths that carries out
statistical significance tests between the sexes or ‘‘races’’). It is
also important to note here that measurement error is only one
contributor to the total uncertainty that surrounds soft tissue
depth measurements. Other potential sources of uncertainty
include: choice of soft tissue depth measurement method (30,35)

TABLE 1—Soft tissue depth studies of females drawn from the literature and used to assess each variable examined in this study.

Publication Year (Caucasoid Data)
Measurement Methods

(Caucasoid Data) Race Sex

Needle puncture studies:
(2,21,22,26,29,43,60,65,82,100,101),
Rhine (56 cited in 57)

radiographic studies:
(4,39,40,47,51,75,80,81,100,102,103),
Kçstler (1940 cited in 25), Weining
(54 cited in 25),
Bankowski (53 cited in 25)

Needle puncture studies:
(2,21,22,26,29,43,60,63,65,82,100),
Rhine (56 cited in 57)

Radiographic studies:
(4,39,40,47,51,75,80,81,102,103),
Kçstler (1940 cited in 25),
Weining (54 cited in 25),
Bankowski (53 cited in 25)

Ultrasound studies: (24,25,94)
CT study: (79)
MRI studies: (43,70)

All the data for Measurement
Methods plus additional data from:
(3,24,44,48,66,74), Rhine
(55 cited in 57)

(2–4,21,22,24–26,29,39,40,43,44,47,
48,51,60,63,65,66,69,70,74,75,
80–82,94,100–106), Kçstler
(1940 cited in 25), Weining
(54 cited in 25), Bankowski
(53 cited in 25), Rhine
(55 cited in 57), Rhine
(56 cited in 57)

CT, computed tomography; MRI, magnetic resonance imaging.

TABLE 2—Soft tissue depth studies of males drawn from the literature and used to assess each variable examined in this study.

Publication Year
(Caucasoid Data)

Measurement Methods
(Caucasoid Data) Race Sex

Needle puncture studies:
(2,20–23,26,29,43,60,65,82,100,101,107),
Rhine (56 cited in 57)

Radiographic studies:
(4,39,40,47,51,75,80,81,100,102,103),
Weiber (1940 cited in 25), Weining
(54 cited in 25), Bankowski
(53 cited in 25)

Needle puncture studies:
(2,20–23,26,29,43,60,65,82,
100,101,107), Rhine
(56 cited in 57)

Radiographic studies:
(4,39,40,47,51,75,80,102,
103,108,109), Weiber
(1940 cited in 25),
Weining (54 cited in 25),
Bankowski (53 cited in 25)

Ultrasound studies: (24,25,94)
CT study: (79)
MRI studies: (43,70)

All the data for measurement
methods and additional
data from the following:
(3,24,44,46,66,68,74),
Rhine (55 cited in 57)

(2–4,20–26,29,39,40,43–47,51,
60,63,65,66,68–70,72–75,
79–82,94,100–105,107–112),
Fisher and Moorman
(year unknown, cited in 52),
Weiber (1940 cited in 25),
Bankowski (53 cited in 25),
Weining (54 cited in 25),
Rhine (55 cited in 57),
Rhine (56 cited in 57)

CT, computed tomography; MRI, magnetic resonance imaging.
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and errors associated with the physical placement and representa-
tion of the soft tissue depths on skulls in casework (for further
discussion and examples see 36). Given these sources for data
uncertainty, the total amount of error associated with the use of
soft tissue depths can only be conservatively expected to exceed
2 mm.

General Materials and Methods

Data Organization

Literature searches were conducted for publications concerned
with mean facial soft tissue depths using Medline (Silverplatter),
Current Contents, and traditional methods (reference lists of other
articles). Data from 66 studies were obtained. Two papers, one by
Smith and Buschang (37) and the other by Helwin (38) essentially
repeated findings of former studies and so were excluded
(see 39,40). Also excluded were the studies by Altemus (41) and
Burstone (42), which used unorthodox methods to measure horizon-
tal distances between hard and soft tissue profiles rather than
distances between defined hard and soft tissue landmarks. Thus, 62
of the 66 studies found from the literature were used in this
analysis (see Tables 1 and 2). It is worth noting here that this
sample includes several studies that are not common to the
mainstream craniofacial identification literature including: an
unpublished data set (Anderson and Henneberg, personal
communication), data from two theses (26,43), some infrequently
cited craniofacial identification papers (40,44–46), and a number of
data sets drawn from other disciplines (see e.g., 47–51).

Upon collation, many inconsistencies were found between the
original data and reproductions made by other authors. This sug-
gests that a cautious approach needs to be taken when referring to
‘‘second hand’’ citations. Thus, every effort was made to obtain ori-
ginal manuscripts for this investigation. This was not possible in
seven cases, however, we continue to include these ‘‘cited but
unseen’’ data for completeness as they represent a small component
of the total sample of this study in terms of sample size and
because some are widely referenced in the literature. The studies
concerned are: Fisher and Moorman (year unknown) cited in (52);
Weiber (1940) cited in (25); Bankowski (53) cited in (25); Kçstler
(1940) cited in (25); Weining (54) cited in (25); and Rhine (55,56)
cited in (57).

By re-evaluating the raw data available for some studies (e.g.,
20,22), previously unreported standard deviations were also calcu-
lated and used. In some cases, analyses of the raw data revealed
minor calculation errors which led to alternate values being used in
this paper. For example, our value for Welcker’s (20) ‘‘chin point’’
is 8.6 mm in contrast to the 8.5 mm originally reported. Also, it
was evident from Kollman and B�chly’s (22) paper that 22 males
and 7 females were measured in total; with sample sizes varying
depending on which landmarks were considered. This contrasts
with common reports that Kollman and B�chly examined 21 males
and 4 females for every measurement point (see e.g., 52,58;
O’Grady and Taylor cited in 27,59). The smaller sample size
reported in the literature is because of the exclusion of individuals
classified as ‘‘very lean,’’ but the validity of this exclusion rule is
dubious since it is inconsistently applied. That is, the smaller
sample also includes another extreme individual, classified as ‘‘very
well fed.’’ Thus, all individuals measured by Kollman and B�chly
(22) were included in this study.

Minor discrepancies were also noted between the data reported
by Czekanowski (60) and Martin (52), and the raw data presented
by Czekanowski in the appendix of the original paper. In the raw

data, Czekanowski reports on 68 males and 52 females (n = 120)
in contrast to 65 males and 54 females (n = 119) reported in the
text (52,60). The averages we generated from these raw data
differed slightly from the published values (by about 1 mm), but
because of technical difficulties associated with translation, we gave
the benefit of our doubt to Czekanowski and Martin, and used their
previously cited values. This procedure precluded the use of stan-
dard deviations for these data, although they potentially could have
been calculated.

The 62 studies outlined above were collated under two broad
age groups: adults (equal to or greater than 18 years) and subadults
(<18 years). Data were split at the 18-year point, despite the fact
that adolescent biological growth continues in males into the third
decade (61,62), because the data had predominantly been catego-
rized in this fashion previously and thus did not lend themselves to
any re-arrangement. Papers reporting on samples that spanned this
division point were classified based on whichever age group domi-
nated the sample. Data from one individual included in the German
sample by Stadtmuller (63) were simply reported as being
‘‘young,’’ and as we could not determine without doubt whether or
not this individual was indeed an adult or sub-adult, the data for
this person were excluded. These procedures resulted in 55 studies
related to adults (see Tables 1 and 2; also note that seven of these
studies also concerned subadults), and a further seven studies that
considered subadults alone. Only the adult data are addressed
in this paper; the subadult data are discussed in part two of this
manuscript (see 64).

Although some studies subclassified individuals according to
body fatness (22,55,65,66), we included all individuals in this study
because: (i) not all studies used a body weight classification;
(ii) studies that did use such a classification did not always use
identical group definitions; and (iii) body weight cannot yet be
determined accurately from skeletal remains so weight-categorized
data are typically of limited value. Weighted means (and standard
deviations) were, therefore, calculated across all body weight cate-
gories to obtain overall study values. As many studies have
excluded subjects using fatness variables (see e.g., 2,3,67–71), the
data used in this analysis are probably biased toward those individ-
uals thought to be ‘‘normal’’ rather than a true random sample.

In order to compare data between different studies, identical but
differently named landmarks were reclassified to a common anthro-
pometric point. For example, ‘‘H}ochster Punkt des Jochbogens’’
(22,63; translated as the widest point on the zygomatic arch),
mid-zygomatic arch (O’Grady and Taylor cited in 59; Rhine et al.
cited in 57), and other similar, though slightly different descriptions
(45,60,72–74) were reclassified as ‘‘zygion.’’ Similarly, measure-
ments from point B (47,75), chin lip fold (24,44), chin fissure (2),
and labiomental groove (76), etc., were reclassified as ‘‘mentolabial
sulcus.’’

Reclassifications were also made for other landmarks where the
original terms were found to be inappropriate. For example, the
landmark ‘‘alare’’ which is often used to imply the soft tissue depth
taken from the junction of the alar wing with the face (see e.g.,
2,25), but which actually defines as the most lateral point on the
contour of each alar margin (77) was reclassified as the ‘‘alar cur-
vature point’’—defined as the most lateral point on the curved
insertion line of each ala that indicates the facial insertion of the
nasal wing base (77).

The lack of methodological standardization for many other land-
marks also made comparisons difficult (see also 3,78). Even in sim-
ilar anatomic regions several measurement sites were sometimes
used. For example, on the infraorbital rim, three variations existed:
(i) measurements taken in the mid-plane of the orbit (e.g., 76);
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(ii) measurements taken directly under the pupil (e.g., 68,69) or
centered on the eye (e.g., 24); and (iii) measurements taken at the
lowest point of the orbital margin, i.e., orbitale (e.g., 25). Even
identically named landmarks concerned different measurements
between some studies. For example, soft tissue depths at ‘‘nasion’’
included six variations: (i) measurements taken directly anterior
to nasion or bisecting the bone curvature (2,25,66,71,76,79);
(ii) measurements taken between nasion and sellion (74,80);
(iii) measurements taken from nasion to a point on the soft tissue
surface directly between the eyes (24); (iv) measurements taken
along a plane from nasion to basion (4); (v) measurements taken
from nasion to the point of skin surface in the midline and on a
plane joining the upper limits of the two upper eyelid folds (68);
and (vi) other variations (see e.g., 81). Ambiguously defined, but
identically named landmarks, such as ‘‘beneath chin’’ (see e.g.,
56,70,73,79,82), probably represent a similar scenario as different
investigators are unlikely to measure the depth in exactly the same
way. It should also be noted here that some landmarks, though
named to imply skeletal sites, have actually been defined based on
soft tissue features alone. See, for example, glabella, nasion,
supracanine, infracanine, and supra M2 in Manhein et al. (24).
Since these studies irrespectively carry weight in the literature, we
continued to include them here.

Given the likely and relatively large (1–2 mm) error for
repeated measurements irrespective of which measurement tech-
nique is used (2,8–34) and the clear proximity of many of these
landmarks despite minor but specific differences in their location,
identically named and ⁄ or proximally located measures were amal-
gamated. For example, the measurements on the inferior border
of the orbital rim were all designated to the ‘‘mid-infraorbital’’
landmark and all measurements of ‘‘nasion’’ were considered to
be comparable. It should also be mentioned that ‘‘gnathion’’ and
‘‘menton’’ provided a special problem as these terms have been
used interchangeably for both identical and different landmark
sites (83), and in many instances descriptions ⁄diagrams provided
by authors’ were not sufficient to clarify their intentions. Thus,
we were forced to speculate in some cases as to which landmark
had actually been used. Another option would have been to
exclude these data points but then this is not the procedure typi-
cally employed in forensic casework where practitioner interpreta-
tions must be used for deciphering ambiguously reported, though
published, measurement sites. Because of space restrictions spe-
cific data amalgamations made for all landmarks cannot be pre-
sented here, however, major amalgamations are evident by
comparing the data values reported in the Figures to the studies
listed in Tables 1 and 2. It should be noted that the direct

FIG. 1—Trends of Caucasoid female soft tissue depths by publication year for needle puncture and radiographic methods. See Table 1 for studies included
in this comparison.
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comparison of similarly placed, though technically different land-
marks, is a procedure commonly employed in other soft tissue
depth studies (for clear examples see 79).

Data were initially entered and grouped by the first author
with all data entries and classifications reviewed by both authors
on a second occasion. Where means and ⁄or standard deviations
were reported for right and left sides, the two values were aver-
aged and the mean value used. The adult data were not specifi-
cally considered with respect to age because many studies used
broad and varied age groups making direct comparisons impossi-
ble. It should be noted, however, that some changes have been
found with increasing adult age (see for further discussion:
24,47).

Data Evaluation

The soft tissue depth variables were sequentially analyzed in a
hierarchical order, starting with year of measurement, then sequen-
tially by method of measurement, ‘‘race’’ and sex. Where strong
trends or differences failed to exist (especially in comparison to the
magnitude of known measurement errors), data were amalgamated
to decrease complexity and increase sample size.

Specific Methods and Results

Study Year

As needle puncture methods on cadavers and lateral radiographs
on living people date back to the 1880s, these studies were used to
analyze the effects of study year. Only Caucasoid data were used
for this analysis as measurements for this population group are the
most extensive. To provide a more robust analysis, samples with
less than five individuals were excluded. Despite having small sam-
ple sizes, the data of His (21) were retained because they are
widely referenced. Tables 1 and 2 present the studies included in
this part of the analysis.

Plots of commonly measured landmarks for the male and female
Caucasoid data, measured using needle puncture methods, demon-
strated a slight increase in all measurements over the past 50 to
100 years (see Figs. 1 and 2). Males generally increased by 1 mm
across the entire time span while the increase for females was
somewhat less. Zygion and gonion showed more substantial
increases in comparison to other landmarks, however, variation at
these landmarks was large, sometimes skewed by studies on selec-
tive samples [e.g., Sutton’s study (65) which includes a large num-
bers of obese individuals and unsurprisingly gave very large

FIG. 2—Trends of Caucasoid male soft tissue depths by publication year for needle puncture and radiographic methods. See Table 2 for studies included
in this comparison.
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values], and perhaps biased by infrequent and small sampled stud-
ies prior to 1910 (see e.g., 20,22).

Males and females demonstrated identical trends by year for
radiographic techniques, but these trends were not always concor-
dant with those for needle puncture methods. For example, while
both mid-philtrum and nasion showed slight increases for needle
puncture techniques, radiographic methods showed a marked
increase for the mid-philtrum landmark (> 2 mm), and nasion
showed a marked decrease (2 mm). In addition, females displayed
greater discontinuity between needle puncture and radiographic
measurement, with glabella and pogonion displaying marked
decreases with increasing study year for radiographic techniques.
These findings are at odds with reliable changes in soft tissue
depths by year since they should be in the same direction and of
similar magnitude, irrespective of measurement technique used. As
this is not the case, the method used to measure the soft tissue
depths seems to have a greater influence on the data than any secu-
lar trend. Overall, the data that were consistent between needle
puncture and radiographic techniques tended to show minimal
increases with publication year. We therefore collapsed these data
irrespective of publication date.

Method of Measurement

To compare data values by their method of measurement, the
male and female Caucasoid data (pooled irrespective of publication
year; see above) were analyzed the with respect to (i) needle punc-
ture on cadavers, (ii) radiographs on cadavers, (iii) radiographs on
living people, (iv) ultrasound on living people, and (v) MRI scans
of living people. As data for each measurement method were gen-
erated from weighted means we did not exclude any studies on the
basis of their sample size. The MRI Caucasoid data included a
study by Sahni et al. (70) on South Asians from the Indian subcon-
tinent as this population group is recognized to possess similar
ancestry to Caucasoids (84). We also included a CT study on a
mixed population because it comprised the only published data set
using this measurement method on a comprehensive array of land-
marks. The CT study examined a population of ‘‘Cape Colored’’
individuals who are thought to exhibit ‘‘a mixture of Caucasion,
Negro, Khoi, and San features’’ (see 79, p. 52). Only landmarks
that were commonly measured between studies were included in
this analysis.

Plots of commonly measured landmarks sites for each measure-
ment method revealed almost identical patterns between males and
females (Fig. 3). Of particular note were the findings that the lateral
radiographic method using living people consistently produced the
highest data values for midline points. The only two bilateral points
(gonion and zygion) measured using this method also consistently
produced the lowest data values of any measurement technique.
Radiographs on cadavers generally produced the second highest
values, closely followed by both ultrasound on living subjects and
needle puncture methods on cadavers. Ultrasound produced dramat-
ically higher values at the supra-M2 landmark in both males and
females in comparison to any other measurement method. At most
landmarks, ultrasound and needle puncture methods produced very
similar values. However, ultrasound tended to give slightly higher
measurements overall and marked increases were observed at five
landmarks: mid-infraorbital, gonion, supra-M2, infra-M2, and ante-
rior-masseter border. Note here, however, that ultrasound methods
on living persons did not yield measurements as high as radio-
graphic techniques on cadavers. Needle puncture studies produced
notably higher data values than ultrasound at mid-supraorbital and
zygion landmarks, but otherwise were almost identical. CT tended

to produce the lowest values of all methods, however, these data
were derived from a single study (which was based on mixed indi-
viduals) so results must be viewed with some uncertainty. MRI
tended to produce low values for all midline points, but for females
it produced higher values for bilateral landmarks. The only land-
marks that showed consistent tight clustering of values between dif-
ferent measurement methods were the mid-supraorbital point,
glabella, and rhinion (see Fig. 3).

The wide range in mean soft tissue depth values, depending on
which measurement technique was employed, highlights further the
problems associated with defining facial soft tissue depths in humans.
Not only does measurement error using a specific technique effect
the confidence with which values can be regarded as being accurate,
but the choice of the measurement method effects the magnitude,
and hence the accuracy, of the values obtained as well.

The large amount of variation evident between different measure-
ment methods is perhaps not surprising given that other authors
have found mean differences of 0.42 mm between soft tissue depth
values when one head is measured on the same CT machine by the
same investigator, using means calculated from 10 repeated mea-
surements of landmarks specifically chosen to minimize measure-
ment errors, but when different CT protocols are employed (35).
There seems little alternative then to expect comparatively huge dif-
ferences when totally different measurement methods are employed
by independent investigators using more complete landmark sets
which thereby also include more unreliable measurement points.

As each measurement method has inherent advantages and disad-
vantages that affect data quality in different manners (3; see also
Table 3), there is no reliable way to tell which method best repli-
cates the true soft tissue depths of humans. Consequently, the
uncertainty associated with soft tissue depth measurements can only
be considered to be underestimated by measurement errors for any
given measurement technique. Given the spread in the data across
measurement techniques, it seems that the total uncertainty associ-
ated with any soft tissue depth measurements is, at a conservative
estimate, probably greater than 2 mm as first hypothesized.

The variation between soft tissue depth values measured using
different techniques, the fact that each method holds its own advan-
tages and disadvantages, and the fact that no method consistently
produces midrange values makes it extremely risky to place abso-
lute confidence in the values produced by any one method. One
way forward is to pool all the data to triangulate upon real soft tis-
sue depth values by averaging out the random errors and opposing
systematic errors, so that the total cumulative error is minimized.
While error neutralization cannot be guaranteed using this approach
(especially when weighted means are used as errors in larger sam-
ples are given more weight) it offers the best chance to reliably
approximate true soft tissue depth values. Thus the Caucasoid data
were collapsed in this study across the measurement methods.

Race

To examine the affects of ‘‘race,’’ only studies falling into the
three broadly recognized racial classifications of Negroid, Mongol-
oid and Caucasoid were considered. It should, however, be noted
here that the ability to define races within the human population is
highly controversial, whether approached from a phenotypic (see
5,85,86) or a genetic standpoint (see 87–91). Since, such racial
organization of data has been common place in the previous litera-
ture, and actively promoted (3,44,71,74,76,92–94), we continued
these lines of investigation here despite empirical and objective
tests of population group membership being rarely undertaken in
soft tissue depth research.
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FIG. 3—Trends in soft tissue depth data by measurement technique for adult ‘‘Caucasoid’’ males and females. See Tables 1 and 2 for studies included in
these comparisons.
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Prior indications that measurement method strongly influences
soft tissue depth values complicates the comparison of single stu-
dies derived using different measurement methods for race effects,
however, some gereric value may be retained in these comparisons.
Consequently, we proceeded in comparing means of non-Caucasoid
studies (i.e., Negroid and Mongoloid) to the weighted means of the
pooled Caucasoid data to examine their scatter. Only non-Cauca-
soid data with sample sizes greater than five were included in the
analysis in an attempt to eliminate bias. Similarly, only Caucasoid
studies with samples greater than five were used to calculate mini-
mum and maximum values, while all Caucasoid data were used to
generate the weighted total mean. Data from ‘‘so-called’’ mixed
race samples were not included in this analysis.

The plots indicated that the data for any ‘‘race’’ group showed a
broad degree of variation (Fig. 4). This is somewhat expected since
the data includes studies using different methods, however, for
more than half of the data points examined, clustering about the
Caucasoid mean in both males and females was clearly observed
(Fig. 4). For the other landmarks, few data points fell outside the
Caucasoid range (Fig. 4). Consistently, small values were observed
for Suzuki’s (66) study on a Japanese sample, but no other Japa-
nese studies were found to demonstrate values that were so small
(see 44,46,48), rather the means of these other Japanese studies fell
relatively close to the Caucasoid mean (see Fig. 4).

Overall, these findings suggest that ‘‘race’’ effects on soft tissue
depth data are not strong since studies display broad but similar
soft tissue depth ranges and central tendencies irrespective of
‘‘race.’’ Furthermore, any race differences that do exist are likely
overpowered by differences between measurement methods. These
observations make it unsurprising that other authors have found
minimal effects when race-classified average soft tissue depth
tables are incorrectly applied across ‘‘race’’ boundaries in facial
approximation (95).

The lack of clear distinctions between disparate population
groups is also clearly illustrated by directly comparing well-known
studies to each other (see Table 4). These comparisons show that
there is as much variation between different studies of the same
population as there is between different studies of different popula-
tion groups and in most cases these differences are also no larger
than typical measurement errors (see Table 4). Given the current
levels of uncertainty associated with the use of average soft tissue
depths in forensic casework (i.e., intra-observer error, inter-observer
error, measurement method choice, and the errors of physically
placing soft tissue depths on skulls in craniofacial identification
casework) it seems justifiable to regard the effects of ‘‘race’’ on soft
tissue depths as minimal.

Sex

Comparison of the pooled data by sex revealed that males had
slightly larger mean values than females at almost all landmarks
except in the region of the cheeks (Fig. 5). Overall, sex differences
were extremely small. The median difference was 0.4 mm, with a
range of 0.0 mm to 1.9 mm, which again is small in comparison to
the magnitude of total uncertainty discussed above. The differences
between the sexes (where they exist) are highly statistically signifi-
cant (p < 0.001) when the data for which standard deviations exist
are compared using t-tests; but even so the practical meaning of
this difference is limited given the much larger measurement errors
that exist. The data were, therefore, collapsed across the sexes
using weighted means to yield one set of soft tissue depth data for
all adult individuals. The approximated reference landmarks for
these pooled data are given in Table 5, while the data values are
presented in Table 6. Only easily determinable and commonly
measured landmarks have been included. Data values have been
rounded to the nearest 0.5 mm so as not to overemphasize

TABLE 3—Advantages and disadvantages of soft tissue depth measurement techniques.�

Method Advantages Disadvantages

Needle
Puncture

Inexpensive equipment required
Used to measures decedents
(participants do not move)

Soft tissue directly measured
Any site on the head can be measured
No radiation output

Invasive
Used to measures decedents (possible soft tissue changes with death)
Participants usually in supine position (gravity effects on face)
Landmark placement can be troublesome
Contact method: Skin may ‘‘dimple’’ upon needle insertion and if rubber
stoppers are used on needles to indicate the depth, their manipulation
may cause error in soft tissue depth reading

Radiograph Noninvasive (can measure living participants)
Noncontact method
Images usually taken of participants in upright
position

Radiation output
Soft tissue depth can only be measured in planes perpendicular to line of sight
Imaging artifacts may be present, e.g., magnification affects
Relatively expensive equipment is required

Ultrasound Noninvasive (can measure living participants)
Can measure participants in an upright position
Can be used as a noncontact method (e.g., apply
large amounts of ultrasound gel)

Any site on the head can be measured
Little radiation output

Often used as contact method (instrument application may cause soft tissue
compression and inaccurate readings)

When used as a noncontact method, participants heads have not been in upright
positions (gravity effects on face)

Imaging artifacts may be present, e.g., sound wave velocity may not c. 1540 m ⁄ sec
depending on tissue structure(s)

Expensive equipment is required

CT Noninvasive (can measure living participants)
Noncontact method
Any site on the head can be measured

Radiation outputs are high
Expensive equipment is required
Imaging artifacts may be present
Participants usually in supine position (gravity effects on face)

MRI Noninvasive (can measure living participants)
Noncontact method
Any site on the head can be measured
Little radiation output

Expensive equipment is required
Imaging artifacts may be present
Participants usually in supine position (gravity effects on face)

CT, computed tomography; MRI, magnetic resonance imaging.
�Portions of this table have been drawn from (100) with permissions from Left Coast Press.
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accuracy as recommended by Aulsebrook et al. (68), however, we
note that this is not an overly conservative measure given that
uncertainty levels can be measured in whole millimeters (see e.g.,
2,28–34). Despite this, we continue to use a 0.5-mm interval here
as an improved precision indicator in contrast to the two decimal
places frequently reported in the literature. Figure 6 illustrates the
location of the hard tissue landmarks with directions of measure-
ment commonly encountered.

A subset of data for studies that report standard deviations
along with their means are also presented in Table 6 and are
very similar to the total pooled means. As some of the data
ranges calculated from these means and standard deviations are
negative (see mid-infraorbital, gonion, and zygion landmarks), it
is clear that their respective data distributions are not normal.
This jeopardizes the value of the calculated means and supports
claims made by other studies (29,96) that alternate central

FIG. 4—Comparison of non-Caucasoid soft tissue depth data to the Caucasoid weighted mean (and ranges) for males and females. Circles represent data on
Black Americans (Negroid). The black outlined circle represents data on Zulus (Negroid). Triangles represent data on American Indians (Mongoloid). Diamonds
represent data on Finns (Mongoloid). Squares represent data on Japanese (Mongoloid). Solid and dashed lines are used to more clearly illustrate Caucasoid data
ranges and the mean; they should not be interpreted to indicate any relationships between the variables along the x-axis. See Tables 1 and 2 for studies included
in these comparisons.
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tendency indicators (i.e., medians and modes) should be given
greater attention.

Discussion

The findings reported here collectively suggest that the subcate-
gorization of the soft tissue depth data according to variables such
as publication year, method of measurement, race, and sex is of lit-
tle practical benefit given the totality of data uncertainty that exists.
Given the small magnitudes of difference between the groups and
the relatively larger total sources of error, it seems reasonable to
speculate that even when differences for each variable are simulta-
neously considered in a multivariate analysis, interpretations are
unlikely to be vastly different. Some may argue that pooling data
across variables has increased the variance of the data set which
clouds any differences between the groups. We acknowledge that
the procedures used here may increase the variance, but we also
highlight the fact that even before data amalgamation, variance is
high within the groups and differences between the groups small. It
has previously been shown, for example, that sex distinction (the
last variable to be assessed in this study after prior data amalgama-
tions) is unjustified when a single study sample from a single popu-
lation group, measured using one measurement method, is
considered (96). The validity of the pooled data presented here is
confirmed by their high similarity to the values reported by the
many single soft tissue depth studies from which they were
derived. Simultaneous consideration of all variables for their total
additive influence should, however, be undertaken using multivari-
ate methods in the near future.

A principal components analysis would be useful to provide
more definitive clarifications, but unfortunately it is not presently
possible because: (i) raw data are infrequently published; (ii) raw
data published more than 5 years ago are frequently disposed of;
and (iii) raw data from published studies are not readily shared by
some authors. To avoid this situation in the future, and to enable
larger data sets to be accumulated, an online raw data store has
been established. Investigators can now voluntarily donate their raw
data to this store and ⁄ or access the full database for their own
research purposes (see http://www.craniofacialidentification.com).
Submitted data are tagged according to whether or not they have
formed part of a prior professionally peer-reviewed work, thus
enabling investigators to gauge (to some degree) the reliability of
the data they can access. The centralized collection of the raw data
will also enable adult soft tissue depths to be more specifically ana-
lyzed with respect to age in the future.

While the pooled data means reported here hold many advanta-
ges in contrast to independent study means reported in the litera-
ture, they suffer from five main limitations: (i) they are biased
toward people of ‘‘normal’’ weight; (ii) they are derived from
means despite raw data being skewed; (iii) associated measurement
errors are relatively large; (iv) data are not collected using a basic
standard set of landmarks; and (v) variables widely known to affect
skin fold measurements have not been studied or controlled in soft
tissue depth research (i.e., the effects of air temperature, hydration
status, stage of menstrual cycle, and pregnancy (97)). These limita-
tions justify the collection of additional soft tissue depth values in
the future under the provisions that: (i) individuals should not be
excluded according to their body build; (ii) complete descriptive
statistics should be reported not just arithmetic means; (iii) mea-
surement errors should be recorded and minimized; (iv) a minimal
set of standardized landmarks should be investigated; and (v) raw
data are stored and made available for future larger-sampled analy-
ses. By reviewing the published data, this study has identified 25
landmarks which are commonly measured or, at least, closely
approximated by most authors (see Fig. 6 and Tables 5 and 6). As
such these landmarks provide a good basis for a minimum set of
standardized landmarks in future investigations.

Certainly, future efforts to elucidate the effects of air tempera-
ture, hydration status, stage of menstrual cycle, and pregnancy will
be worth while along with studies that employ multiple methods of
soft tissue measurement on common samples. Only two attempts
have so far been made to address this latter aspect but sample sizes
have been small and few measurement methods examined (see
30,35). Independent studies that investigate yet another population
group without definitive (social or biological) criteria for group
membership and ⁄or do not give explicit reasoned justification for
the research (especially when other similar population groups have
already been studied) should be avoided.

FIG. 5—Sex comparison of the published soft tissue depth data. Solid
lines are used to more clearly illustrate the data, however, they should not
be interpreted to indicate any relationship between the variables along the
x axis. See Tables 1 and 2 for studies included in these comparisons.

TABLE 4—Comparison of well-known race specific means.

Caucasoid Data Black American American Indian Japanese

De Greef
et al. (94)

Helmer
(25)

Simpson &
Henneberg (2)

Rhine &
Campbell (74)

Rhine
(55 Cited in 57)

Miyasaka
(44)

n 65 11 13 52 18 56
Nasion 7.0 7.3 6.7 5.6 6.5 6.9
Mentolabial sulcus 11.0 13.0 11.1 11.8 10.3 13.1
Pogonion 11.5 13.7 8.0 11.5 11.3 12.9
Menton 7.3 9.8 7.4 8.2 7.4 —
Zygion 7.5 5.5 10.9 7.7 7.5 7.5
Gonion 17.0 11.7 18.5 12.5 12.6 13.6

1266 JOURNAL OF FORENSIC SCIENCES



TABLE 5—Soft and hard tissue landmarks approximated by the pooled data.�

Skeletal Landmarks
Definitions

Soft Tissue Landmarks
DefinitionsMedian Points Median Points

Opisthocranion (op) Midline ectocranial point at farthest
chord length from glabella

Opisthocranion (op¢) Midline soft tissue point directly overlying
hard tissue opisthocranion (op)

Vertex (v) Highest midline ectocranial point Vertex (v¢) Midline soft tissue point directly overlying
hard tissue vertex (v)

Glabella (g) Most anterior midline point on the
frontal bone

Glabella (g¢) Most anterior midline soft tissue point
overlying the glabella (g)

Nasion (n) Midline point on the naso-frontal
suture

Nasion (n¢) Midline soft tissue point directly overlying
hard tissue nasion (n) and superior
to sellion

Mid-nasal (mn) Point on internasal suture midway
between nasion and rhinion

Mid-nasal (mn¢) Midline soft tissue point directly overlying
the hard tissue mid-nasal point (mn)

Rhinion (rhi) Midline point at the inferior free
end of the internasal suture

Rhinion (rhi¢) Midline soft tissue point directly above the
hard tissue rhinion (rhi)

Subnasale (sn) Midline point just below the
anterior nasal spine

Subnasale (sn¢) Midline point of the angle at the comulella
base where the septum and upper lip join

Mid-philtrum (mp) Midline point midway between the
base of the nasal spine and
prosthion (see below) on the
anterior edge of the maxillae

Mid-philtrum (mp¢) Midline point midway between soft tissue
subnasale and the vermilion border of the
upper lip in the groove of the philtrum

Labrale superius (ls) Midline landmark at the most
anterior edge of the superior
alveolar ridge of maxillae
(or prosthion)

Labrale superius (ls¢) Midline soft tissue point at the vermilion
border of upper lip

Labrale inferius (li) Midline point at the most anterior
edge on the inferior alveolar ridge
of the maxillae

Labrale inferius (li¢) Midline soft tissue point at the vermilion
border of lower lip

Mentolabial sulcus (mls) Deepest midline point in the groove
superior to the mental eminence

Mentolabial sulcus (mls¢) Deepest soft tissue point at the midline of
the groove just superior to the chin

Pogonion (pg) Most anterior midline point on the
mental eminence of the mandible

Pogonion (pg¢) Most anterior midline point on the
eminence of the soft tissue chin

Gnathion (gn) Midline point halfway between the
most anterior (pg) and inferior
(m) points on the bony chin

Gnathion (gn¢) Midline soft tissue point directly overlying
the hard tissue gnathion (gn)

Menton (m) Most inferior midline point at the
mental symphysis of the mandible

Menton (m¢) Midline soft tissue point directly overlying
the hard tissue menton (m)

Bilateral Points Bilateral Points

Mid-supraorbital (mso) Point on the supraorbital rim at the
mid-sagittal plane of the orbit

Mid-supraorbital (mso¢) Soft tissue point anteriorly overlying the
hard tissue mid-supraorbital point (mso)

Mid-infraorbital (mio) Point on the infraorbital rim at the
mid-sagittal plane of the orbit

Mid-infraorbital (mio¢) Soft tissue point anteriorly overlying the
hard tissue mid-infraorbital point (mio)

Alare curvature point (acp) Point c. 3 mm lateral to the border
of the nasal aperture

Alare curvature point (acp¢) Soft tissue point indicating the most lateral
insertion of the alare base into the face

Gonion (go) Point on the lateral aspect of the
border of mandiblular angle where
a tangent bisects the angle formed
by the posterior ramus border and
the inferior corpus border

Gonion (go¢) Soft tissue point directly overlying the hard
tissue gonion (go)

Zygion (zy) Most lateral extent of the lateral
surface of the zygomatic arch

Zygion (zy¢) Soft tissue point directly overlying the hard
tissue zygion (zy)

Supra canine (sC) Point on superior alveolar ridge
superior to the crown of the
maxillary canine(s)

Supra canine (sC¢) Soft tissue point directly overlying the hard
tissue supra canine point (sC)

Infra canine (iC) Point on inferior alveolar ridge
inferior to the crown of the
mandibular canine(s)

Infra canine (iC¢) Soft tissue point directly overlying the hard
tissue infra canine point (iC)

Supra M2 (sM2) Point on superior alveolar ridge
superior to the crown of the
maxillary second molar(s)

Supra M2 (sM2¢) Soft tissue point directly overlying the hard
tissue supra M2 point (sM2)

Infra M2 (iM2) Point on inferior alveolar ridge
inferior to the crown of the
mandibular second molar(s)

Infra M2 (iM2¢) Soft tissue point directly overlying the hard
tissue infra M2 point (iM2)

Mid-ramus (mr) Point at the center of the
mandibular ramus

Mid-ramus (mr¢) Soft tissue point directly overlying the hard
tissue mid-ramus point (mr)

Mid-mandibular border (mmb) Point on the inferior border of the
corpus of the mandible midway
between pogonion and gonion

Mid-mandible border
(mmb¢)

Soft tissue point directly overlying the hard
tissue mid-mandibular border point (mmb)

�Landmarks are positioned assuming that the skull is in the Frankfurt horizontal.
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One of the most significant findings of this study was that
measurements on decedents may be as large or larger than those
on living individuals (or vice versa) depending on which method
of measurement is used and which landmarks are studied. Conse-
quently, this paper demonstrates that any systematic biases aris-
ing from the use of cadavers (if they exist) are not strong
enough to overpower biases because of other variables like mea-
surement technique. Therefore, generalized claims that cadaver-
based soft tissue depth measurements are inferior in quality to
living individuals is at this stage empirically unfounded. This
finding does not mean, however, that the faces of cadavers are
identical to those of living individuals. Rather the data suggest
that soft tissue depth measurements are not very sensitive to the
changes associated with death because the errors and biases
inherent to present methods make any difference impossible to
detect. Until uncertainty levels and measurement errors have been
reduced in current soft tissue depth measurement methods,
changes from the living to the dead state are likely to be better
addressed by more targeted analysis of facial shape contours than
by soft tissue depth measurements at sparsely located anatomic
landmarks on the face.

The comparison of the data across multiple measurement meth-
ods in this study also provided some insights into the systematic
errors (or biases) inherent to each method. For example, CT and
MRI of living persons most commonly positioned in the supine
position tended to produce low values in the midline but high val-
ues for bilateral points probably as a result of soft tissue movement
under the effects of gravity. This conclusion is similar to that
reached by other investigators (see e.g., 31,93,98), and it is worth
noting that such trends were not observed by Kim et al. (35) in a

repeatability study that compared CT and caliper measured cadaver
heads. Notably, the cadaver heads in this study were sectioned from
the rest of the body so they could be placed upright in the CT
scanner (35).

Higher mid-plane values for radiographic methods in comparison
to ultrasound methods are also another observation that has been
reported by other researchers (see 30). Possible causes of these dif-
ferences may be magnification differences between the views, and
inability to account for three dimensional surface typology in radio-
graphs thus generating mistaken landmark points (30).

In addition to the broader sweeping ramifications, the findings
of this study also offer useful insights into specific soft tissue
depth studies. Suzuki’s data (66), for example, are consistently
shown to fall outside the 99.7% confidence interval of other Japa-
nese studies (see 44,46,48). In contrast to radiographic studies,
needle puncture techniques are expected to produce lower values,
but Suzuki’s are so low that measurement methods alone seem
unable to reconcile the differences observed. Suzuki’s value for
pogonion in females falls, for example, 3.9 mm below Kasai’s
(48) mean. This soft tissue depth difference is double that
expected to be obtained due to the use of different measurement
methods (see fig. 3) suggesting that Suzuki’s data include other
biases. Small sample size is one conspicuous feature of Suzuki’s
data (Kasai's sample is more than 42 times as large as Suzuki’s
and produces much larger values). These observations hold signif-
icant ramifications for ‘‘race’’ distinction based on soft tissue
depths as Suzuki’s data have been heavily relied upon in the liter-
ature as an exemplar of the differences that exist between differ-
ent ‘‘races’’ especially in comparison to Caucasoids (see e.g., 3,
27, 74, 79).

TABLE 6—Pooled soft tissue depth data for adults (rounded to the nearest 0.5 mm).�

Soft Tissue
Depth
Measurement

Total
Weighted

Mean n
No. of

Samples

Weighted
Mean for s

Studies s n
No. of

Samples

Estimated
Minimum

(Mean ) 3 z-scores)
Estimated Maximum
(Mean + 3 z-scores)

Median points
op-op¢ 6.5 1152 52 6.5 2.5 990 36 )0.5 13.5
v-v¢ 5.0 1055 43 5.0 1.0 785 29 1.5 8.5
g-g¢ 5.5 5791 163 5.5 1.0 4542 115 2.5 8.5
n-n¢ 6.5 6159 154 6.0 1.5 4417 103 1.0 11.0
mn-mn¢ 4.0 1272 67 4.0 1.0 919 38 0.5 8.0
rhi-rhi¢ 3.0 5511 146 3.0 1.0 4307 100 0.0 5.5
sn-sn¢ 13.0 1768 78 12.5 3.0 1170 43 3.0 22.5
mp-mp¢ 11.5 5508 116 11.0 2.5 3955 74 3.0 18.5
ls-ls¢ 11.5 5106 133 11.5 3.0 4216 97 3.0 20.0
li-li¢ 13.0 4886 110 13.0 2.5 4017 77 5.0 21.0
mls-mls¢ 11.0 5792 158 11.0 2.0 4497 106 5.5 16.5
pg-pg¢ 11.5 6786 168 11.0 2.5 4891 105 3.5 18.5
gn-gn¢ 8.5 545 18 8.5 3.0 381 10 )1.0 18.0
m-m¢ 7.0 4475 143 7.0 2.5 3795 104 0.0 14.0

Bilateral points
mso-mso¢ 6.0 2225 78 6.0 1.5 1838 49 1.5 10.5
mio-mio¢ 7.0 2298 91 7.0 3.5 1910 61 )4.0 18.0
acp-acp¢ 9.5 1511 43 9.3 2.0 1361 31 2.5 16.0
go-go¢ 10.0 4168 113 10.0 6.0 3320 77 )8.0 27.5
zy-zy¢ 6.0 4390 103 6.0 1.0 3545 68 3.0 9.0
sC-sC¢ 9.5 3138 50 9.5 2.0 3113 48 3.5 15.5
iC-iC¢ 10.5 1184 27 10.5 2.0 1157 25 4.5 16.5
sM2-sM2¢ 25.5 1405 41 26.0 5.5 1212 33 10.0 42.0
iM2-iM2¢ 19.0 1344 39 19.5 4.5 1151 31 6.0 33.0
mr-mr¢ 17.5 2858 60 17.5 4.0 2637 37 6.0 28.5
mmb-mmb¢ 10.5 935 26 10.5 4.5 548 21 )2.5 24.0

�Landmark definitions are given in Table 5 and illustrated in Fig. 6. The ‘‘number of samples’’ represents the number of subcategorized groups previously
used for averaging and, therefore, may include several samples from any one study. A subset of studies reporting standard deviations were used to generate
the statistics for the ‘‘Weighted mean for s studies.’’
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Streamlining and standardizing of facial soft tissue depth mea-
surement methods according to optimal protocols will undoubt-
edly be beneficial in the future. Optimal methods concern those
in which upright living individuals can be measured and mea-
surement errors reduced. While this study showed that use of
cadavers does not have a major effect on soft tissue depths
(choice of measurement method is more important), minor
changes probably still occur and need to be considered as mea-
surement errors are decreased and interobserver repeatability
improved. A promising way to achieve such improvements

would be to limit the amount of variation that occurs as a result
of compression of facial soft tissue because of subject position
and use of equipment.

If all other factors are considered to be equal, high
resolution upright MRI should be given precedence as it is a 3D,
noncontact method that enables the skull and face to be visualized
on living subjects with low radiation levels, and gives still-images
that can be carefully analyzed and measured. However, given the
expense, ultrasound appears to be the most suitable compromise
(28). Ultrasound techniques should also be used on living upright

FIG. 6—Soft tissue depth measurement sites approximated by the pooled data. Top row (a) illustrates the hard tissue landmarks (see Table 5 for
definitions). Bottom row (b) illustrates the typical directions in which the soft tissue depth measurements at these landmarks are taken. Black arrows indicate
measurements at angles that bisect the curvature of the bone surface (typically, though inaccurately, known as ‘‘perpendicular’’ measurements). Gray arrows
indicate measurement directions that do not bisect the curvature of the bone surface, but are intentionally orientated in other directions (often horizontally or
towards other soft tissue features, see Table 5). Arrows with accompanying dashed lines indicate horizontal orientation of the soft tissue depth measurement,
but with anterior inclination.
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subjects and with high frequencies and resolution conducers. B-
mode ultrasound should be employed as it allows the visualization
of the soft tissue and bony profiles and, like MRI, enables onscreen
measurement of still-frame images. ‘‘Standoff’’ ultrasonic gel plat-
forms should be used to help decrease soft tissue compression and
avoid inflated measurement errors. Such platforms can be easily
constructed by applying a large amount of ultrasonic gel to the face
above the landmark of interest and placing the conducer in the gel,
but not touching the face. The ultrasonic gel has low acoustic
impedance and attenuation values so it has little effect on sound
wave transmission to and from the subject even if large amounts
are applied. It is also readily deformable so any risk of soft tissue
depression is dramatically reduced. This method also circumvents
the problem of placing subjects into the prone position during data
acquisition, as is required for other noncontact ultrasound tech-
niques (see 28,99).

Conclusions

This study demonstrates that the multitude of facial soft tissue
thickness data available in the literature for adults can be assim-
ilated to provide a more statistically powerful, yet simplified
data set. The low standard errors of the mean of the pooled
data augur well for their high interpretative and practical weight
as average soft tissue depth standards. The study also demon-
strates that no method of soft tissue thickness measurement can
be considered superior to any other, and that those studies using
small samples should not be assigned heavy weight because of
possible biases [Suzuki’s data (66) exemplify such a scenario].
The landmarks used in this study for calculating the pooled data
provide a solid basis for a minimum set of standardized land-
marks that should be used in future soft tissue depth research.
This investigation also demonstrates that new studies will maxi-
mize their value by seeking to overcome limitations inherent in
the current data (i.e., problems associated with standardization,
measurement error, and application error are of primary concern)
and highlights the need for raw data to be stored so that in
future, more comprehensive analyses can be conducted. A new
online raw data store that can be readily accessed and contrib-
uted to by researchers (see http://www.craniofacialidentifica-
tion.com) now makes this possible. An annually updated version
of the pooled data values reported in this paper will also be
available from this website in the future.
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