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ABSTRACT: A method of matching and identifying skulls to family snapshots or passport
photographs is described. The technique depends on the recovery of teeth, particularly the max-
illary anterior teeth, with the skull and the availability of an antemortem photograph showing
those teeth. Measurements of the anterior dentition of unidentified skulls are used to determine
the magnification factor necessary for the preparation of life-sized transparencies of photo-
graphs. Superimposition of dental landmarks in these transparencies leads to correlation of fur-
ther cranial features, thus enabling a successful positive identification. Suggestions are made for
a system of identification based on assessment of visible features of the dentition.

KEYWORDS: odontology, physical anthropology, dentition, superimposition, photography,
cranium, photographic superimposition

The successful identification of human skeletal remains has been achieved in a variety of
ways. Positive identification has been produced, for example, by the matching of antemortem
dental records with missing teeth, restorations, bridges, partial dentures, buried roots, and
evidence of pathological conditions in the skeletalized jaws [1, 2]. All too frequently, however,
dental records may be incomplete or unavailable, or parts of the jaw or teeth may be missing.
Occasionally, the matching of photographs with the skull of a suspected victim has been made
by a technique known as photographic superimposition. One of the earliest and most widely
recognized applications of this method was made in 1935 by Glaister and Brash in their study
of the Ruxton Case [3].

Before the use of photographic superimposition in the identification of victims in the Rux-
ton Case [3], several attempts were made to fit tracings or photographs of skulls to painted or
photographic portraits of famous or infamous people in history (reviewed in Refs 3 and 4).
Lander compared the skull of an individual of known age, race, and sex with a photograph of
the individual, but conclnded that “It seems improbable that anyone examining the skull
would postulate a type of face similar to that seen in the photograph” [5]. The first
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documented use of photographic superimposition appears to have been by Derry (reported in
Ref 6), who demonstrated that tracings taken from the photographs of the head and
macerated skull of an executed Egyptian criminal could be superimposed to produce a good
fit.

In the Ruxton Case [3], Brash used the known dimensions of objects present in snapshots
or photographic portraits, including a tiara headdress, the outline of the neckline of a frock,
the heights of a door gate and wall, and, in one instance, the known focal length of the camera
lens to enlarge the photographs of the murder victims to true life-size.

In the absence of objects of known size in antemortem photographs, several workers have
combined the use of anatomical landmarks and anthropometric measurements of the facial
skeleton with so-called established values for thicknesses of soft tissues to estimate a
magnification factor and, thus, obtain a superimposition by best fit [7-13]. In some cases,
asymmetrical features of the facial skeleton [8, 1/] or presence of a supernumerary anterior
tooth {mesiodens) {/4] facilitated identification by superimposition. More recently, video-
taped recordings of mounted skulls and antemortem photographs of victims have been
superimposed using an image mixer to achieve a best fit,? enlargement of the photograph
being determined by visual assessment rather than through the use of a positive magnification
factor.

Relatively few workers have followed the example of Glaister and Brash [3] in using objects
of known size external to the person to establish a magnification factor for photographic
enlargement, presumably because such objects are not always present or clear in antemortem
photographs. When present, features of articles of clothing that lie in roughly the same focal
plane of the face have been used. Enlargements of snapshots or photographic portraits based
on the dimensions of the linear pattern of a tie [15], the pattern on the border of a saree [16],
and the diameter of a button on a sweater [/7] yielded successful superimpositions and
positive identifications. Measurements of a wooden chair present in a photographic portrait
also yielded a magnification factor from which an accurate enlargement was made [/6].

Nevertheless, identifications achieved using photographic superimposition have often been
viewed with skepticism by forensic science workers and by counsel, judges, and juries in the
courts. The comment of Mr. Justice Wrottesley, in his summing up of the Rex v. Dobkin
(Baptist Church Cellar Murder) case, is typical: “These photographs do not disagree, and if
you take my advice you will not regard that as evidence more compelling than that” {7}.
Critics of the technique cite the ditficulties of enlarging an antemortem photograph to true
life-size and the problems of accurately positioning the skulf of a suspected victim in the atti-
tude represented in the antemortem photograph. According to DeVore,

It must be strongly emphasized that this method is for general information only and cannot be
used for positive identification since the magnification and angulation of the original ... picture
are unknown.... This method of photographic superimposition is of more value in exclusion
than identification [/8].

Perhaps because photographic superimposition has received less than enthusiastic support,
Bernstein's recent review of the application of photography in forensic dentistry [/9] omits
mention of the technique altogether.

We believe, however, that photographic superimposition can have a positive value. The
method we recently used in the case of Crown v. Lam (the so-called Jar Murders Case; High
Court of Hong Kong, March 1983) overcomes some of the difficulties of previous attempts by
using selected landmarks of dental remains to compare with visible, in focus features of the
dentition in photographs of suspected victims. This is achieved by establishing an accurate
magnification factor from measurements of the dentition before the matching process is
begun. Although visible features of the dentition have been used [14, 20] or suggested [21, 22]
to facilitate identification through superimposition, precise, systematic measurements of visi-

3G. Dalitz and R. Bastiaan, personal communication, March 1983,
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ble portions of the dentition have never, to our knowledge, been employed to establish the
exact magnification factor required to bring the snapshot to the true life-size of the subject.

Method

When a macerated skull is received, thorough visual and radiographic examinations are
carried out to determine its age and sex. Attempts are made to recover all teeth missing
postmortem. Family snapshots and passport or identity card photographs (with negatives, if
possible) are requested from relatives and friends of the suspected victim. From these are
selected one or two examples in which the maxillary anterior teeth, particularly, are clearly
shown (see Fig. 1). Features of the dentition, visible in the snapshot, which would serve as
points of reference for subsequent measurements, are selected from the available anterior
dentition of the skull. Measurements between these reference points are recorded (for in-
stance, the distance between two teeth or the length of the incisal margin of a single, isolated,
socketed tooth). A slide transparency or negative of the selected photograph is enlarged in a
standard photographic enlarger to bring the dimensions of the image of the visible dentition
to the dimensions of the chosen measurements in the skull. If the skull belonged to the in-
dividual in the photograph, then all other characteristics of the dentition and skull will fall ex-
actly into place when life-sized transparencies from portrait and skull are superimposed. The
life-sized transparencies are prepared with a blue-sensitive, medium-speed, high-contrast
radiographic film (Kodak® X-Omat RP). The length of the exposure is adjusted to produce a
transparency with good contrast and of a density that allows light to be easily transmitted.

It is very important that the life-sized transparency of the skull is prepared from a photo-
graph taken in exactly the same direction as that of the snapshot selected for examination.
This presents some difficuities and to overcome them the macerated skull is mounted on a
device specially adapted from a “phantom-head” holder (used by dental students), which
permits the skull to be rotated in the three planes of space. A centimeter scale is placed on the
frontal bone to facilitate subsequent printing to life-size. The photographs of the skull are
taken with a Nikon F3 camera with a Nikkor Micro (120-mm) lens, and fine-grained, black-
and-white film (Kodak Plus-X® or Iiford® FP4135) is used. The negative of the photograph of
the skull is then enlarged and a positive transparency on radiographic film produced, as
described above.

Clearly defined features of the skull, including the anterior nasal spine, orbits, zygomatic
processes, and mandibular angles and body are traced on matte acetate (Ortho/Trace) from
the transparency of the skull. Similarly, facial contours are traced from the transparency of
the enlarged snapshot. These transparencies and tracings are then superimposed and illumi-
nated from below on a radiographic viewing box. Registration of dental landmarks is verified
and corresponding features of the facial skeleton and soft tissues of the face are noted. The
tracings mounted with the transparencies can be used for demonstration of the super-
imposition using a viewing box or an overhead projector.

Case Report

In August 1982, the Royal Hong Kong Police requested identification of two skulls from
three possible victims in the case known as the “Jar Murders.”

Skull Z7

Skull Zy was determined to be that of a female, aged 18 £ 1 years. The estimated age was
confirmed by radiographic assessment of the development of the third molars. The dentition
was in good condition although Teeth 15, 11, 21, 22, and 23 were missing at the time of the
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FIG. 1—Antemortem photographs of Victim I (top), Victim 2 (bottom), and Victim 3 (middle).

postmortem examination.* Subsequently, Teeth 15 and 23 were recovered and correctly posi-
tioned in their sockets.

A cross-bite relationship between the maxillary and mandibular right lateral incisors was

4In the Federation Dentaire Internationale (F.D.1.) system, natural, human teeth are identified ac-
cording to their anatomical positions within the jaws. The toothbearing regions of the jaws are divided
into quadrants: from the upper right to the lower right, the quadrants are numbered 1 to 4 in the perma-
nent dentition and S to 8 in the deciduous dentition. A tooth is noted by its position in the arch relative to
the midline; for example, the maxillary right central incisor is 1,1 (or simply 11), the mandibular left first
molar is 3.6 (or 36), and the mandibular left deciduous canine is 7.3 (or 73).
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noted on the skeletal dentition. Photographs from a family album were selected because they
showed the anterior teeth and, when arbitrarily enlarged, disclosed a corresponding cross-
bite relationship. It was then noticed that the tips of the cusps of the maxillary canines were
particularly clear on the photograph. Because both canines were now present in the skull, it
was decided to use the distance between their tips as the measurement from which a life-sized
enlargement would be made.

Transparencies and a composite tracing of both skull and portrait were prepared and
superimposed (Fig. 2). This resulted in registration of the following features of the dentition:

(1) outline of the labial surface of right maxillary canine (13),

(2) outline of the labial surface of right mandibular canine (43),

(3) outline of the distolabial angle of the right maxillary lateral incisor (12),

(4) outline of the distoincisal angle of the right mandibular lateral incisor (42),

(5) outline of the labial surface and cuspal margin of the left maxillary canine (23), and
(6) the cross-bite of the right maxillary and mandibular lateral incisors (12 and 42).

The distance between the cuspal tips of the maxillary canines (13 and 23) was not used as an
identifying feature because it had been used to establish the magnification factor for the
enlargement. Similarly prepared transparencies of the skulls of the other victims did not cor-
respond in any way with the enlarged photograph of this victim. Features of the facial
skeleton of Skull Z; that corresponded to those in the photograph of the face of Victim 1 are
indicated in Table 1.

Skull Zg

Skull Z¢ was determined to be that of a female, aged 30 =& 3 years. This skull could have
belonged to either Victim 2 or Victim 3, aged 29 and 31, respectively. In Skull Zg Teeth 11 and
21 were missing postmortem. A very clear snapshot of Victim 3 was available, but the only
photographs obtained for Victim 2 were a passport photograph and snapshots in which the
subject was indistinct. Of these, the passport photograph just showed the tips of the incisal
margins of the maxillary central incisors (11 and 21) (see Fig. 1, bottom). Postmortem
photographs of Victim 2 taken by the defendant showed a partial profile of the face, in-
dicating that the upper teeth could have been protrusive. Artificial teeth were constructed to
replace the missing 11 and 21 so that the degree of protrusion of these teeth could be
estimated. Indentations on the lower lip made by their incisal margins, shown in the passport
photograph, aided the visualization of the correct angulation of 11 and 21. The distance be-
tween the mesioincisal angles of the lateral incisors were measured and used as the magnifica-

TABLE 1-—Features of correspondence of the facial skeletons of Skulls Z;, Zs, and Z,, with
the superimposed photographic images of the victim's faces, after the features of the dentition
had been matched by measurement and superimposition.

Skull Z, Skull Zg Skull Zyg
Victim 1 Victim 2 Victim 3

Anterior nasal spine X X X
Zygomatic arches (and surrounding soft tissues) X X X
Orbits (and eyes) X X X
Supraorbital ridges (and eyebrows) X X X
Midline of maxilla (between sockets of 11 and 21) X
Mandibular angles X X

Mandibular body (and surrounding soft tissues) X X

Midline of mandible (between 31 and 41) X

Lip line X X

Hair line (estimated) X X X
Overall outline and thicknesses of soft tissues X X X
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FIG. 2—Superimposition of transparencies and tracings of Skull Z, with photograph of Victim 1. giv-
ing a positive identification.

tion factor. This measurement also gave an indication of the space available for the upper cen-
tral incisors.

Superimposition of the transparency of Skull Zg with that of a life-sized enlargement of the
passport photograph of Victim 2 (Fig. 3) resulted in registration of several features of the
facial skeleton with those of the photograph of the victim’s face, as listed in Table 1. The
photograph of Victim 3 was enlarged so that her two central incisors fitted the corresponding
space on Skull Zs. Superimposition of the transparencies demonstrated that Skull Zg could
not have belonged to Victim 3 (Fig. 4).

Skull ZZO

Four months after Skulls Z; and Z, were found and identified, Skull Z,; was discovered in a
small park by a park attendant. Skull Z,, was that of a female, aged 35 + S years. The mandi-
ble and the maxillary anterior and premolar teeth were missing. A left maxillary lateral in-
cisor (22) was later found and, when placed in the appropriate socket, was identified as
belonging to the skull. The length of the incisal margin of this tooth was used as the
magnification factor.

Superimposition (Fig. 5) resulted in exact registration of the following features of the denti-
tion:

(1) outline of the labial surface of the left maxillary lateral incisor (22),
(2) angulation of 22, and
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FIG. 3—Superimposition of transparencies and tracings of Skull Z, with photograph of Victim 2. giv-
ing a probable identification.

(3) sockets of the remaining maxillary incisors with the position of the cervical contours of
the anterior teeth in the antemortem photograph.

Listed in Table 1 are the features of the photographic image of the face of Victim 3 that cor-
responded to those of the facial skeleton of Skull Zy.

Discussion

Identification of human skeletal remains from dental records is a common and well estab-
lished practice. In the absence of dental treatment or dental records, however, one of the few
remaining methods by which identification of a skull can be made is photographic super-
imposition. Several technical refinements of photographic superimposition have been sug-
gested, but none of these has succeeded fully in lending credibility to the technique. In our
consideration of the various methods of superimposition for identification of victims in the Jar
Murders Case, attempts were made to determine if nondental landmarks, visible in a snap-
shot or photographic portrait, could be used as points of reference for calibrating measure-
ments. We found interpupillary distance to be unacceptable because of the uncertainties of
accurately locating the pupil in a photograph and of correctly placing the pupil within the
outline of the orbit. Use of a standard interpupillary distance of 6 cm was suggested by
Sekharan [16] as the measurement from which life-sized enlargements of antemortem
photographs could be made. We tested this claim by measuring the interpupillary distance on
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FIG. 4—Superimposition of transparencies and tracings of Skull Zg with photograph of Victim 3,
giving a positive elimination.

75 Chinese subjects between the ages of 19 and 22 years. We found that the interpupillary
distance varied widely (57 to 71 mm) in the group sampled. We, therefore, rejected use of an
average figure as the basis for photographic enlargement. We also investigated whether cor-
respondence of the lateral canthus of the eye and the lateral margin of the orbit was sufficiently
precise to permit use of the distance between the lateral orbital margins of a skull as the
calibrating measurement for photographic enlargement. Anteroposterior radiographs of
cadaveric heads were taken after small (1.6-mim [1/16-in.]) ball bearings had been inserted
into the lateral canthi. Precise registration of the ball-bearing markers in the lateral canthus
and the lateral margin of the orbit obtained in only 6 of the 24 heads examined, resulting in
our rejection of the lateral orbital margins as reference points for calibrating measurements.
Thus, none of our trials using nondental landmarks and measurements proved satisfactory.

In only a few documented cases have intraoral landmarks been used to facilitate identifica-
tion through photographic superimposition [/4, 20]. Ours is the first study to use clearly visi-
ble features of the dentition as reference points for measurements from which life-sized
enlargements of antemortem photographs can be made for superimposition.

The photographic superimpositions and composite tracings we prepared as evidence in the
case of Crown v. Lam were accepted as positive identifications by counsel for the defense and
the prosecution in the High Court of Hong Kong. Of equal importance, particularly in the
context of Chinese culture, was the acceptance of the identifications by the families of the
victims.
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FIG. S—Superimposition of transparencies and tracings of Skull Z,, with photograph of Victim 3,
giving a positive identification.

The method we describe here for identification by photographic superimposition is re-
liable, quick, and relatively simple. With this method, truly life-sized enlargements of smiling
individuals in photographs can be produced without using objects of known size external to
the person to determine a magnification factor. Such objects are frequently out of the focal
plane of the camera lens. Furthermore, this method does not rely on the subjective interpreta-
tion of anthropometric measurements of the cranium to determine the magnification factor.
Photographs showing individuals with toothy smiles are readily available in Hong Kong
because of the great popularity of amateur photography. We realize, however, that this situa-
tion may not exist elsewhere. In Hong Kong, such photographs have compensated somewhat
for the scarcity of dental records in aiding identification of human remains.

Attributes of the human dentition make it highly suitable for use in personal identification.
Individual dentitions are unique [B. H. Humble, cited in Ref 23] and relatively indestructible.
Furthermore, as noted by Sprawson, the teeth “may tell one many things about the life-
history of the individual which one cannot learn from fingerprints™ [24]. Although isolated
reports of identification by dental means continue to appear in the literature, a system of per-
sonal identification based on features of the dentition has yet to be endorsed by medicolegal
authorities. A system of identification supplemental to fingerprinting would be highly de-
sirable, especially in cases in which the soft tissues have been mutilated, destroyed by fire, or
simply lost through decomposition [23].

Variations in the patterns of tooth loss in a dentition alone run into astronomical figures
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[25]. Such patterns, combined with information on the morphology of individual teeth, could
be used to prove identity. Identification by fingerprints takes advantage of the immense num-
ber of possible permutations and combinations of nine basic patterns. Minimum numbers of
coinciding features accepted by law have been established over the years in several countries.
There seems no reason to doubt that a system of identification based on unique combinations
of the features of a dentition would be accepted by governing authorities.

A system of identification based on visible features of dentition would require a photo-
graphic record. Even without recourse to amateur photographs, such a record could be com-
piled with relative ease. Passports with photographs must be carried by international travelers
throughout the world. Identification cards with photographs are required in many countries.
Although it has been customary to have official photographs taken of an unsmiling subject,
we have found no compelling reason to support this practice. If full face photographs were
taken of a smiling subject (with maxillary anterior teeth showing), identification of unknown
skulls by photographic superimposition would be possible. Photographic superimposition
could then be established not only as a method of identification complimentary to fingerprint-
ing, but as means of positive identification in its own right.

Our attempt to influence authorities in Hong Kong to require the subject to smile for the
new series of identity cards was met with a polite acknowledgment indicating the difficulties
and risks such a request would entail.

Acknowledgments

We thank the following members of the Royal Hong Kong Police Force and Government of
Hong Kong for their cooperation and assistance: Detective Chief Inspector John Strachan,
Detective Inspector Martin Richmond, Superintendent Bruce Ferguson, and Dr. Frederic
Ong. We are indebted to the many members of the staff of the Prince Philip Dental Hospital of
the University of Hong Kong who assisted in this investigation: Dr. Laetitia Brocklebank, Mr.
Dennis Brown, Dr. Roger M. Green, Mr. Nevio Mok, Ms. Elaine Morgan, and Ms. Rebecca Ng.
Special thank go to Dr. David McDonald for acting as a liaison with the Royal Hong Kong
Police and to Mr. Raymond Leung for preparing all the photographs and transparencies used
in this investigation. We also thank Professor C. E. Renson and Dr. R. M. Green for their
critical review of this manuscript.

References

[1] Harvey, W., Dental Identification and Forensic Odontology, Henry Kimpton Publishers, London,
1976, pp. 57-85.

[2] Gustafson, G., Forensic Odontology, Staples Press, London, 1966, pp. 24-102.

[3] Glaister, J. and Brash, J. C., Medico-legal Aspects of the Ruxton Case, E. & S. Livingstone, Edin-
burgh, 1937, pp. 144-170 and 245-259.

[4] Krogman, W. M., The Human Skeleton in Forensic Medicine, Charles C Thomas, Springfield, IL,
1962, pp. 244-276.

[5] Lander, K. F., “Examination of a Skeleton of Known Age, Race, and Sex,” Journal of Anatomy,
Vol. 52, 1918, p. 283.

[6] Pearson, K. and Morant, G. M., “The Wilkinson Head of Oliver Cromwell and Its Relationship to
Busts, Masks and Painted Portraits,” Biometrika, Vol. 26, No. 3, Dec. 1934, pp. 1-116.

[7] Simpson, K., “Rex v. Dobkin: The Baptist Church Cellar Murder,” Medico-legal Review, Vol. 11,
1943, pp. 132-145.

[8] Prinsloo, 1., “The Identification of Skeletal Remains in Regina versus K and Another. The Howick
Falls Murder Case,” Journal of Forensic Medicine, Vol. 1, No. 1, July-Sept. 1953, pp. 11-17.

[9] Celesti, R. and Fierro, D., “Improtanza del Rilievo Radiologico di Piccole Modificazione di
Cadavere,” Medicina Legale e Delle Assicurazioni, Vol. 16, No. 3-4, 1968, pp. 269-282.

[10] Malinowski, A. and Porawski, R., “L’Utilité de I'Expertise Anthropométrique pour les Essais

d’Identification des Cranes Humains par la Méthode de la Superprojection Photographique,” Zac-
chia, Vol. 45, No.1, 1970, pp. 77-97.



MCKENNA ET AL * MATCHING SKULLS WITH PHOTOGRAPHS 797

{17] Sivaram, S. and Wadhera, C. K., “'Identity from Skeleton—A Case Study,” International Criminal
Police Review, Vol. 32, 1977, pp. 158-160.

[12] Furahata, T. and Yamamoto, K., Forensic Odontology, Charles C Thomas, Springfield, IL, 1969,
pp. 100-105.

[13] Gejvall, N-G., “Superimposition Plus SEM-Comparison of Hair Cuticle for Identification Pur-
pose,” Ossa, Vol. 1, 1974, pp. 99-103.

[14] Asananer, T., “News from Thailand,” Scandinavian Society of Forensic Odontology Newsletter,
Vol. 6, No. 1, 1972, p. 13.

[15] Gordon, I. and Drennan, M. R., “Medico-Legal Aspects of the Wolkersdorfer Case,” South
African Medical Journal, Vol. 22, Sept. 1948, pp. 543-549.

[16] Sekharan, P. C., “‘A Revised Superimposition Technique for Identification of the Individual from
the Skull and Photograph,” Journal of Criminal Law, Criminoiogy, and Poiice Science, Vol. 62,
No. 1, 1971, pp. 107-113.

[17] Janssens, P. A., Hinsch, C. F., and Voorhamme, L. L., “Identity Determination by Superimposi-
tion with Anthropological Cranium Adjustment,” Ossa, Vol. 5, 1978, pp. 109-122.

[18] DeVore, D. T., “Radiology and Photography in Forensic Dentistry,” Dental Clinics of North
America, Vol. 21, No. 1, Jan. 1977, p. 81.

[19] Bernstein, M. L., “The Application of Photography in Forensic Dentistry,” Dental Clinics of North
America, Vol. 27, No. 1, Jan. 1983, pp. 151-170.

[20] Klonaris, N. S. and Furue, T., “Photographic Superimposition in Dental Identification. Is a Pic-
ture Worth a Thousand Words?, Journal of Forensic Sciences, Vol. 25, No. 4, Oct. 1980, pp.
859-865.

[21] Luntz, L. L., “Dental Radiography and Photography in Identification,” Dental Radiology and
Photography, Vol. 40, No. 4, 1967, pp. 78-84 and 90.

[22] Identification of Deceased Personnel. Field Manual 10-286, United States Army, June 1976, Ap-
pendix N.

[23] Welty, L. G. and Glasgow, R. R., “A System of Dental Identification,” The Journal of the
American Dental Association, Vol. 33, June 1946, pp. 714-720.

[24) Sprawson, E., “Forensic Aspects of the Teeth and Jaws,” Proceedings of the Royal Society of
Medicine, Vol. 34, No. 1, Nov. 1940, p. 4.

[25] Johanson, G. and Lindenstam, B., “Dental Evidence in Identification,” Acta Odontologica
Scandinavica, Vol. 19, No. 1, 1961, pp. 101-119.

Address requests for reprints or additional information to
J.J. 1. McKenna

Department of Oral Surgery and Oral Medicine
University of Hong Kong

Prince Philip Dental Hospital

34 Hospital Rd.

Hong Kong





