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ABSTRACT: Ultrasonic determinations were made of fact,z! tissue thicknesses in 50 healthy 
American caucasoid children, ranging in age from 4 to 15. Twenty measurements were taken at 
sites along the median, right sagittal, and right lateral planes. A static scanner was used in the 
B-mode. Three measurements significantly increased with age, the mid-philtrum (r s : 0.43, 
p < 0.01) in females, the mental sulcus (r s : 0.30, p < 0.05) in males, and the frontal emi- 
nence (r s = 0.32, p < 0.05) in both sexes. Moreover, 25% of the measurements, while not sta- 
tistically significant, decreased with increasing age. These data provide a basis for facial repro- 
ductions in caucasoid children. 
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Identification of skeletonized remains for forensic science purposes is normally accom- 
plished by a forensic anthropologist. After eliminating nonhuman material, the identifica- 
tion process can produce an expert opinion as to the age, sex, race, stature, anomalies, and 
sometimes the time since death of the individual in question. Preadolescent skeletal struc- 
tures rarely exhibit the necessary changes sufficient for identification purposes. When these 
changes are not evident, and in the absence of dental records, an alternative method has 
been facial reproduction on the skull [1-6]. This method has been used forensically to pro- 
duce a positive identification in adults [6]. However, there are no data available on children's 
facial tissue thicknesses, which are necessary to produce an accurate facial likeness. 

The facial reproduction method presently used in forensic anthropology is based on the 
skin tissue depth measurements originally collected from cadavera by Welcker in 1883 [7], 
His in 1895 [8], and Kollman and Btichly in 1898 [9]. The Kollmann and B~iehly tables of 
skin tissue depths for adults have been successfully used in this country to produce facial 
reproductions on adult skulls [10], but there has been some doubt as to the accuracy of this 
method [10,11]. Gerasimov felt that a better method than skin tissue thicknesses alone was 
the duplication in clay of the cervical and facial musculature covered by the fatty tissue and 
skin surface in clay to produce the final visage [3,4]. In this country, Krogman has advo- 
cated plastic restoration on the skull using the skin tissue tables referred to above [5,10[. The 
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controversy over the approach to facial reproduction has not been completely resolved, but 
recently there have been further studies in the measurements of facial tissue thicknesses on 
present populations [12,13]. 

Rhine has collected data on American blacks [12] and recently has published new data on 
American caucasoid adults [13]. In 1948, Suzuki published a similar table for Japanese 
facial tissue thicknesses [14]. These measurements were taken using essentially the same 
technique originally employed by Kollmann and Btichly in 1898. The technique involves the 
insertion of a rubber-collared needle into soft tissue until bone is encountered at various 
standard anthropometric sites on the face [10-12,14]. All previous measurements were taken 
from cadavera populations [7-9,12,14]. 

An alternative method is the application of diagnostic ultrasound for the measurement of 
skin and subcutaneous tissue thicknesses in vivo. Ultrasound was initially used by industry 
to detect flaws in metals and other materials [15]. The first biological application of ultra- 
sound was the determination of subcutaneous fat components in livestock 4 [15]. In past 
years, there have been many studies regarding the potential use of ultrasonics in body com- 
position research 4 [16-23], and for some sites it is a method of measurement potentially 
superior to calipers in humans [24,25]. In addition, Stouffer refers to a study in which direct 
comparison was made between X-ray, ultrasound, ruler probe, and lean meter measure- 
ments, in which ultrasound was found to be comparable to X-rays in accuracy [22]. The 
ruler probe and lean meter measurements, which are similar to the rubber-collared needle 
technique used in forensic anthropological research, were not as accurate as ultrasound and 
X-ray [22]. The purposes of this study are: (1) to present a table of average facial tissue 
thicknesses for American caucasoid children; (2) to determine the relationship between 
facial tissue thicknesses and sex in children; and (3) to determine the relationship between 
facial tissue thicknesses and age in children. 

Method and Materials 

Sample 

The present study population was a sample of healthy American caucasoid children of 
Northern European descent. Children with an obvious weight problem or medical disorder 
were not included. The subjects were 22 females and 28 males and ranged from 4 to 1S years 
of age. No children under the age of four were included because of a lack of sufficient bony 
facial maturity and the lack of cooperation in younger children. All the children voluntarily 
participated in this study. Ninety-four percent of the subjects in this study were cooperative 
and excited to contribute to the problem of missing children. The three hesitant children 
were all four years of age, and had recently experienced adverse medical experiences. Be- 
cause a child must hold still for 2 min and have a small amount of nonallergenic water solu- 
ble ultrasonic gel placed on the face, the presence of a parent and a trusting relationship be- 
tween child and ultrasound technician is preferable. During the ultrasonic procedures in this 
study, the children's reactions were generally favorable. 

Ultrasound Technology 

This study used diagnostic ultrasound, which is electrical energy converted by piezoelec- 
tric crystals into sound waves (in frequencies beyond human audibility limits). The resulting 
echoes received are converted into distance (time) and recorded as a two-dimensional picture 
on an oscilloscope [26]. The Technicare EDP 1000 "Sonograf" static scanner (manufactured 
by Johnson & Johnson) was used in the B-mode. B-mode ultrasonography (wavelengths of 
0.3 to 1.5 mm) refers to the method of scanning which is commonly used for any part of the 

4L. Lussier, "The Use of Ultrasound in Body Composition Research," Manuscript, Noll Laboratory of 
Human Performance Research, Pennsylvania State University, University Park, PA, 1974. 
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human body except the heart in a medical application. B-mode is based on the pulse-echo 
principle [26]. Standard diagnostic scanning equipment generate 1000 pulses per second. 
These pulses travel through the tissue until a different tissue density (acoustical interface) is 
encountered, at which time a portion of the pulse is reflected back (echo) and recorded in 
distance as a picture on the oscilloscope (see Fig. 1). 

A short-focus transducer made of lead titanate zirconate (a synthetic crystal) was used in 
the 7.5-MHz frequency range with a 0.6-mm wavelength. The short focus offers better reso- 
lution at closer ranges (two surfaces close together will appear as separate echoes). The 
greatest thickness of facial tissue in children is estimated to be 25 mm; therefore the 
7.S-MHz transducer was used, which has a penetration capacity of 1 to 80 mm in depth. Fre- 
quency is defined as "how many times the crystal expands and contracts per second" [26]. 
The synthetic crystal within the transducer generates mechanical vibration energy, sending a 
narrow beam of sound pulses into the tissues. The higher the frequency, the better the reso- 
lution of the picture. Resolution in ultrasonography refers to the ability of the equipment of 
record echoes between 0.3 and 1.5 mm in distance separately on the oscilloscope [26]. A 
10.0-MHz transducer is recommended for the best resolution, but was not available at the 

FIG. 1--Ultrasonographic films with measurement sites indicated on films and child's face. 
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time of this study. The 7.5-MHz transducer was internally focused (the face of the trans- 
ducer is flat), allowing good skin-transducer contract to be maintained and decreasing prob- 
lems associated with poor skin contact, such as attenuation. 

When ultrasound travels through human tissue the pulse is undergoing continuous 
change [26], the most significant of which is attenuation. Attenuation is the progressive 
weakening of the pulse as it travels through the various tissue interfaces (fat, muscle, bone). 
The processes through which attenuation occurs are absorption, reflection, and scattering 
[26]. Absorption occurs when the mechanical energy of the sound is converted into heat. 
Reflection is the redirection of the pulse back to its source, and scattering "occurs when the 
beam encounters an interface which is irregular and smaller than the sound beam" [26]. An 
interface occurs between two tissues of different acoustic impedance. Scattering and reflec- 
tion were the two artifacts most commonly encountered in this study, particularly in the 
areas over the nasal bones and the mouth. Absorption is associated with "diathermy," a 
treatment commonly used in physiotherapy, employing a different mode of ultrasonography, 
and was therefore not encountered in this application of diagnostic ultrasound. Because of 
the problems with reflections, the face must be scanned with a relatively short depth of pene- 
tration at a low sensitivity or gain level, thus reducing the number of echoes received. 

Ultrasound is a noninvasive low risk method widely used in medical applications. The risks 
in ultrasound are thermal effects, cavitation, and direct mechanisms [27]. A temperature rise 
(thermal effects) in the tissues is generally referred to as "diathermy." This effect requires in- 
tensity levels greater than 100 times those used in diagnostic ultrasound. Cavitation refers to 
"regions of . . .  stress . . .  in liquid sufficient to break subceUular structures" [27]. Intensity 
levels required to produce this effect must be more than 2000 times greater than those used in 
medical applications [27]. Direct mechanisms, or mechanical effects on tissue, have been the 
subject of extensive research for many years. The possible ultrasonic acceleration of chemical 
reactions or chromosome damage has been of some concern. However, a committee of the 
American Institute of Ultrasound in Medicine has issued the following statement regarding 
possible mammalian in vivo ultrasonic effects: "In the low megahertz frequency range there 
have been (as of this date) no demonstrated significant biological effects in mammalian 
tissues exposed to intensities below 100 mW/cm 2'' [28]. Most diagnostic machines operate in 
the 15 milliwatts per square centimetre (mW/cm 2) range [27]. "An ultrasonic intensity of 100 
mW/cm 2 or less was of little or no hazard for at least 10 000 seconds" [27]. The scanner used 
in this study operates at a time-averaged intensity level of 5 to 10 mW/cm 2, and the average 
time of exposure to ultrasound was 100 to 120 seconds (s). 

Measurement Shes 

Twenty measurements were made along the median, right sagittal, and right lateral 
planes. The measurement sites were: (1) supraglabella, (2) glabella, (3) nasion, (4) end of 
nasals, (5) mid-philtrum, (6) upper lip margin, (7) lower lip margin, (8) mental sulcus, (9) 
mental prominence, (10) beneath chin, (11) frontal eminence, (12) mid-eyebrow, (13) subor- 
bital, (14) inferior malar, (15) supra M 2, (16) sub M 2, (17) mid-temporal, (18) mid-zygo- 
matic arch, (19) occlusal line, and (20) gonion (see Fig. 2). The sites chosen were taken from 
the traditional Kollmann and Btichly points [9] and the sites measured by Rhine [13]. Figure 
1 indicates these measurement sites on ultrasonographic film with corresponding points on 
the photograph of the child's face. 

Techniques 

Each child was asked to lie flat on his or her back on an examining table with a rolled 
towel under the neck to maintain facial position. Towels were placed on each side of the face 
to reduce movement. The child was asked to close eyes and mouth with teeth together (edge 
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FIG. 2--Frontal and right lateral views of human skull w#h measurement sites indicated. 

to edge), and relax facial features as if in sleep. The closure of the teeth tended to reduce the 
possibility of scattering and reflection on the resulting ultrasonographic film. A small 
amount of nonallergenic water soluble ultrasonic gel was placed on the plane of the face 
being scanned and on the tip of the transducer to enhance contact. Before scanning, the 
child's vital information (sex, age, race, the date) was entered on the screen (see Fig. 3). The 
gel was wiped off the face after each plane was scanned. The ultrasonic films were developed 

FIG. 3-- Ultrasonography (B-mode) in progress on the median plane of child's face. (Photography by 
Ray R. Hale, II). 
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in the usual roentgenographic manner, producing four "plane" views on each film plate 
which also included the child's vital information as described above. 

Analysis of the ultrasonographic films were carried out on a light box using a "Royal 
Mecanic Precision Caliper in Nylon-Asbestes" (Swiss-made). This caliper is accurate to 
within 0.01 mm. Ultrasonographic films produce an image which is one-half actual life 
size. Therefore, the measurements were multiplied by a constant (2.0) for conversion to ac- 
tual size. The measurement process was further facilitated by ultrasonographically marking 
the films with calibrated dotted lines at each measurement site during the scanning process. 
The transducer tip was placed lightly on each measurement site and a calibration mecha- 
nism was activated, producing a line of dots (2 cm between each dot in actual life size) begin- 
ning at the tip of the transducer (skin surface) and radiating in a straight line parallel to the 
angle of the transducer and perpendicular to the surface of the skin. This line of dots on the 
ultrasonographic films prevented any subjective miscalculation of the skin surface and depth 
measurement in conversion to actual size. These film markings also insured correct assess- 
ment of placement of the measurement site on the films and eliminated any possibility of 
measurement miscalculations caused by transducer surface depression during ultrasound. 

Five children were measured by two different operators on the same day to assess inter- 
operator error, and five were measured twice at different times (range 2.5 to 5.0 weeks) to 
assess intraoperator error. 

Results 

Results of the data are presented in Tables 1, 2, 3, and 4. Means, ranges, standard devia- 
tions, and coefficients of variations, for male and female children (n = 50), are presented in 
Table 1. The measurements are presented in millimetres. Table 2 reports the differences 
between measurements that can be attributed to sex. The only measurement with a statis- 
tically significant difference was the mid-philtrum (t = 2.14, DF  = 48, p < 0.05). The 
male mean was 10.8 mm, with a range of 8.6 to 13.6 mm (SD = 1.10). The female mean was 

TABLE l - -Means  and ranges of  facial tissue thicknesses a 
in American caucasoid children. 

Male and Female (n = 50) 
Measurement Site Mean Range SD C.V,, % 

(1) Supraglabella 5.7 4.6-6.7 0.54 9.5 
(2) Glabella 5.3 4.0-8.1 0.77 14.5 
(3) Nasion 5.3 3.5-6.8 0.88 16.6 
(4) End of nasals 2.2 1.3-3.8 0.66 30.0 
(5) Mid-philtrum 10.5 7.3-13.6 1.34 12.8 
(6) Upper lip margin 9.7 7.4-12.2 1.28 13.2 
(7) Lower lip margin 10.6 8.2-13.3 1.13 10.7 
(8) Mental sulcus 8.2 5.8-10.6 1.07 13.0 
(9) Mental eminence 6.8 4.6-9.2 1.13 16.6 

(10) Beneath chin 4.2 2.3-6.1 0.80 19.0 
(11) Frontal eminence 5.8 4.5-7.5 0.69 11.9 
(12) Mid-eyebrow 6.4 4.5-9.3 1.08 16.9 
(13) Suborbital 6.5 4.8-9.3 0.95 14.6 
(14) Inferior malar 17.3 12,0-21.4 1.97 11.4 
(15) Supra M 2 12.3 8.8-14.9 1.42 11.5 
(16) Sub M 2 10.4 7.1-14.0 1.52 14.6 
(17) Mid-temporal 9.0 5.9-11.4 1.23 13.7 
(18) Mid-zygomatic arch 7.3 5.5-9.3 0.92 12.6 
(19) Occlusal line 18.1 12.0-22.1 2.03 11.2 
(20) Gonion 7.8 4.8-11.1 1.42 18.2 

a Measurements in millimetres. 
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TABLE 3--Spearman's ranked correlation 
coefficients by age (n = 50). 

Correlation 
Measurement Site Coefficients 

(1) Supraglabella 0.18 
(2) Glabella 0.15 
(3) Nasion 0.12 
(4) End of nasals 0.12 
(5) Mid-philtrum a 0.43 
(6) Upper lip margin 0.14 
(7) Lower lip maqgin 0.02 
(8) Mental sulcus ~ 0.30 
(9) Mental eminence 0.17 

(10) Beneath chin 0.19 
(11) Frontal eminence t' 0.32 
(12) Mid-eyebrow 0.24 
(13) Suborbital --0.10 
(14) Inferior malar --0.06 
(15) Supra M s --0.02 
(16) Sub Ms 0.05 
(17) Mid-temporal --0.001 
(18) Mid-zygomatic arch 0.09 
(19) Occlusal line 0.05 
(20) Gonion --0.07 

ap < 0.01. 
bp < 0.05. 

10.0 mm, with a range of 7.3 to 12.5 mm (SD : 1.S1). All other sites showed no significant 
differences by sex. 

To assess the possible changes in facial tissue thicknesses as children mature a 
Spearman's ranked correlation coefficient test was performed. The analysis of the data is 
presented in Table 3. The mid-philtrum (r s = 0.43, p < 0.01), the mental sulcus (r s = 

0.30, p < 0.0S), and the frontal eminence (r s = 0.32, p < 0.05) all showed statistically sig- 
nificant thickening with age for male and female children. Although some sites did not ex- 
hibit statistically significant changes, they did show some decrease in thickness with age. 
These sites were the suborbital, the inferior malar, the supra M 2, the mid-temporal, and the 

gonion. 
The data analyzed above for age were then separated by sex and analyzed again. The data 

were computed for children under twelve and over twelve years of age to determine the cor- 
relation of sex and age. The results are reported in Table 4. There was a significant thicken- 
ing in the mid-philtrum for the older female group (t  = 2.3, DF  = 20, p < 0.03), and a 
significant thickening in the mental sulcus for the older male group (t -- 2.9, DF =- 26, p < 
0.01), while the frontal eminence showed no statistical difference (see Fig. 4). Apparently, 
the frontal eminence thickens with age in both male and female children. 

The interoperator assessment of error revealed no significant differences in measure- 
ments, except at Site 10 (beneath chin), between the first and second measurements (t  = 
2.65, D F  = 6, p < 0.05). The first measurement showed a mean of 3.7 mm and the second 
measurement showed a mean of 4.6 ram. This error may be explained by the difficulty in 
maintaining skin-transducer contact whle scanning over the chin. The transducer must 
change in relationship to the hand from approximately 90 ~ to approximately 30 ~ in a dis- 
tance of about 1 cm. This maneuver was improved as the study progressed; therefore, the 
earlier measurements are not as consistently accurate as later measurements taken at this 
site. 
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FIG. 4--Measurement sites significantly increased with age in male and female children. 

Discussion and Conclusions 

In 1982 an estimated 100 000 children were reported missing in the United States [29]. 
Approximately an estimated 2500 were later found murdered [29]. This number does not in- 
clude those unidentified by the usual medical or anthropological methods. There is a grow- 
ing urgency to develop new methods of identification for deceased children in this country. 

The data presented make possible for the first time facial reproductions of unknown chil- 
drerl's remains. Ultrasonic determinations of in vivo measurements further increases the ac- 
curacy of the data reported. 

The differences reported between male and female children, as well as the statistical dif- 
ferences reported within the sexes for younger and older children, may be the result of the 
dynamics of growth. Krogman found that females "tend to have a slightly greater absolute 
gain [in facial growth] . . .  especially in mid-face depths" [30]. This growth precocity ex- 
hibited in females during puberty may account for the significance in the measurement dif- 
ferences reported for the mid-philtrum. This study measured only children between the ages 
of four and fifteen, hence the data needed for further comparison in pubertal growth spurts, 
especially in males, is not verifiable. Further research on older adolescent children is neces- 
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sary to ascertain the possible relationship of facial tissue thickness and age in the pre-adult 
years. Again, this process of "moments" in facial growth is the result of acceleration and 
then slowing down of facial growth in relationship to time [30]. Comparison between adult 
and children's facial tissue thickness measurements may prove useful in determining the 
most accurate measurement to use in a particular facial reproductive case. 

The possible statistically significant changes in facial tissues at death have yet to be inves- 
tigated. However, the marked differences in the outward appearance of the face within 
minutes of death have been substantiated and reported in the literature [31]. The difficulties 
encountered in the measurement of facial tissues after death are considerable [11]. Whether 
these surface differences are statistically significant for the underlying tissue thickness mea- 
surement in humans has not been tested. The future of facial reproduction in this country as 
a viable method of human identification will largely be determined by the ability to obtain 
accurate facial tissue thicknesses data and the ability to assess accurately the effect of bony 
anatomical variations upon the surface physiognomy of the individual. The data currently 
available in the literature have all been collected from cadavera populations [8-14]. A com- 
parison of the present data with in vivo measurements on adults may prove useful in an ac- 
curate compilation of facial tissue thicknesses. In vivo measurements are currently being col- 
lected for an adult American caucasoid population and comparable data will be published. 

The ultrasonic determination of facial tissue thicknesses requires extensive training in the 
use of ultrasound equipment and an accurate interpretation of the films. It is suggested that 
the researcher either obtain this training before attempting diagnostic ultrasonic research, 
or use the services of an experienced ultrasound technologist. A radiologist with expertise in 
ultrasonics may prove useful in ultrasonographic film interpretation. Despite these require- 
ments, diagnostic ultrasound is a potentially superior method for obtaining facial tissue 
thicknesses in all age groups. 

Summary 

The first in vivo measurements of facial tissue thicknesses for caucasoid children are pre- 
sented. Diagnostic ultrasound was used in the B-mode to produce an accurate measurement 
at 20 standard anthropometric sites in 50 healthy American caucasoid children. Three mea- 
surements significantly increased with age and five measurements, while not statistically 
significant, decreased with age. Diagnostic ultrasound is a potentially superior facial tissue 
thickness measurement technique, but ultrasonics requires proficiency in scanning tech- 
niques and film interpretation. The data reported provide a basis for facial reproductions on 
unknown children's skeletal remains. Children's remains without dental records or skeletal 
changes present a unique identification problem to the forensic anthropologist. The facial 
tissue thickness data presented can significantly contribute to a solution for the growing 
dilemma of missing children. 
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