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HEADQUARTERS QUARTERMASTER RESZARCH & DEVELOPMENT COMMAND
OFPIQ! OF THE GOMMANDING QGENERAL .
| NATIOK, MASSACHUSETTS

31 May 1957

The Quartermaster General
Pspariment of the Army

‘Washington 25, D, C.

Dear Sir:

Thls report, "Skeletal Age Changes in’ Young American Méles "is
concerned with one of the principal identification methods. available
to the Army Graves Registration Sevvice: .the successful calculation
of the age at death of an unidentified’ soidier. There are a number of
bory sites in the body whicl. show successive age changes and which can
be used for this calculation. However, the concept of age changes in
the skeleton which was initially developed on anatomical collections

.over thiity years ago has besn revitalized recently by a Quartermaster

Research and Development effort to establish a new and improved system
based on individuals of military age. In response to a request from
the Secretary of the Army, Dr. T. D. Stewart cf the Smithsonian Insti-
tution examined some 450 skeletonized and identified U, S. war dead
which were being repatriated from North Korea in "Orzration Glory"
during the fall of 1954, Deotailed recordings, ylaster casts and photo-
graphs were obtained which have been analyzed for age changes by both
Dr. T, W, McKern, Anthropology. Branch, Envi'onmental Protection Research
Division, and Dr. Stewart.

This report on skeletal ageing was compiled from the results of
the above analysis and will serve ac both a technical source and a
prac.ical tool for age identification. Also, using specific skeletal
locations that best show progressive age changes, new and improved
methods of 2g» calculation have been introduced. These new methods,
along with the general information contained 3n this report, will wake«
it possible for thoae individuals who are involved in ident.fication
vork to arrive at more accurate age estimations,

Sincerely yours,

‘"éfgg?éngiiaL;_AxJ~ea1

1 Incl 5o G. CALLOWAY
EP-45 Brigadler General, USA
Commanding

P




Dr. McKern began work on 6 Saptember 1955. and after completing his
analysis of the daba and preparing a first draft of the wanuscript,
moved o the R&D Center, Natick, hassachusetts on 15 August 1956 whera
he completed work on the manuacript

The present report represents the results of extensive identifi-
cation research on a thoroughly documented sample of a military popu-
lation and is corcerned specifically with the estimation cf chronolog-
ical age from the maturational status of unknown ‘remains. = It provides
an efficient training mource as well as more reliable standards which
will enable future observers to arrive at more accurate results.

AUSTIN HENSCHEL, Ph.D.
Chief

Environmental Protection Research

Division

Approved:

JAMES C. BRADFORD, Colonel, QMC
Commanding Officer
QM R&D Center Operations

A. STUART HUNTER, Ph.D.
Scientific Director
Q4 Research & Development Ccmmand
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Technical Report EP-45, Skeletal Age Changes in Young American Males,
by Thomas W. McKern and T. D. Stewart, May 1957.

5 21 Change skeletel to skeletal

10 24 Change 25 to 23
11 32,34 )
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13 2

20 37 Change Montague to Montagu
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Foreword

When the United Nations miliﬁafy forces retreated from Moria

Korea in 1950 they necaessarily left behinc a large nuwber of dead,
‘buried in military cemeteries or in temporary graves. During the
-following years attempts were made to get permiasion for the Graves

Registration Service groups to enter the area and to remove the re-
mains of the American dead. Permission to enter was denied but it
was finally arranged that ths Communists would disinter the American
remains and' exchange them ror their own dead which we would return
from South Korea.. v

It was realised by the Momorial Division, Office of The Quar-
termaster General, that tkis operation (known as "Opsration Glory")
held poeaibilitiea for research in the field of identification. . .
Thus, the initiation of the present research wvroject dates back to
late in the summer of 1953. At that time D». T. D, Stewart was ap-
proached informally by representatives of tne Memorial Diviesion re-
garding the desirability of further research on identification
probloms in connection with the recovery cf ihs American war dead in
Korea, Negotiations with the Communists regarding the return of the
American war dead were completed in the summer of 1954. Prior to
this time Dr. Stewart perfected plans for recording information on
the skeletal evidence of ageing and arranged for a leave of sbsence
from the Smithsonian Tnstitution, ‘

Dr. Stowart arrived in Kokura, Japan on September 18 and was
stationed with the American Graves Registration Service Group at the
Jono, Japan area. This was the Army Central Identification Labora-
tory and it was here that the remains of the American war dead from
Korea were being prccessed.

During the following four months, 450 skeletons wers thoroughly
investigated according to the procedures outlined in succeeding chap-
ters. At the end of this period the completed records were shipped
to .he Smithsonian Institution in Washington.

In the spring and summer of 1955 Dr. Russell W. Newman, Environ-
mental ?Protection Ressarch Divisior, Quartermaster Research and
Development Center, Natick, Massachusects, worked out an arrangement
whereby Dr. Thomas W. McKern was detailed to Washington, D. C. to
work with Dr. Stcwart on the analysis of the data obtained in Japan.
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ABSTRACT .

This report of skelstal age changes was compiled from the results
of extensive identification research on a series of 50 skeletal re-
mains of U. S. war dead repatriated from North Xorez under "Operation
Glory" during the fall of 1954. The repor’ is divided into eleven
chapters; ten outline the progreas of age changes in selacted skeletal
segments and one, the eleventh, portrays the total pattern -of skeletal
maturation. To further aid the observer; each chapter includes com-
plete tabular and detailed photographic evidence of the exact nature
of skeletal age changes for the particular area concerned. Also, nevw
msthods for determining age estimations have been introduced.

The present worlé can be used as a tochnical source as well as a
practical tool for the age jdentification of unknown remains.
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INTRODUCTION
1. Background of ikeletal ageing

The estimation of chronological age from the maturatisonal status
of unknown skeletal remains has long bean an important problem to the
Quartermaster Corps as well as to the federal and local law enforce-
ment agencies. Formerly the information usod in this work was obtained
mainly from textbooks of anatomy. In these sources unsubstantiated
statements are to be found regarding the ages at which maturaticnal
events occur. The placinz of definite dates on such events is in
keeping with the general practice of oversimpiifying anatomical descrip-
tions for teaching purposes. Variation was minimized and central tend-
encies became the working standards.

It was not until the 1920s that some of the anthropologically-
ninded anatomists began to reexamine skeletal maturation and to restate
the terminal ages with more reference to their variability. Perhaps
the greatest contribution along these lines was made by T. Wingate Todd
and his associates at ‘lestern Reserve 'niversity, who had access to a
large and unusually well-documented skeletal collection. Throughout the
prasent work we will have occasion to refer to these studies.

In spite of the fact that Todd was aware of the role of variation
in maturational events, he still tended to fall into ths traditional
anatomical practice of simplification because he felt the need in
this instance to emphasize general biological principlss. For this
reason it was easy for others to abstract Todd's data and thereby in-
crease the simplification. An example of this i, provided by Krogman's
"Guide to the Identification of Human Skeletal Material" prepared for
the FBI in 1939. To take c typleal case, Krogman indicates in his fig-
ure 18 that the proximal epiphysis of the humerus unites in males at
19.5-2C.5 years, thus implying a variation of only one year for this
feature. An indirect comment on this statement was made in 1952 by
F. Vandervael of the University ol Liege, wino served as an identifica-
tion specialist for AGRS in Europe after World War I. According to his
f£indings on the remains of 225 American soldiers, the head of the humerus
unites at 21 yeavs or later. Vandsrvael indicate! many other changes in
the terminal dates of maturational events. Alsc, Singer in 1953 and
Cobb in 1955 denied the utility claimed by Todd for suture closure in .
age identification. More and more, therefore, it has become apparent
that better data are neéeded in this field. Yet, in the absence of better
data, identification specialists have been relying perforce on t.ae stand-
ards at hand.




When the pressnt project got under way in the fall of 1954 at
Xokura, Japan, the anthropologists in the Identification Laboratory
there were estimating age on the basis of standzsrds derived ultimately
from the work of Todd and his asesociates. The identificatior records
of these anthropologists thus provide a base line from which to measure
future improvements, Realising this, Dr. Stewart made a comparison ol
the estimated and actusl ages for the first 200 identified cases of the
sampie which he studied. ‘ S '

The results of this comparison showed that altihough the anthropol-
ogists in Kokura, using existing standards, gave remarkably good esti-
mates of age, they had a tendensy to overestimate the ages—of a large
proportion of unknowns.# ‘

From this analysis of skeletal ageing at the time the present
project began, ths authors feel that the main problems confronting them
are the following: 1) to provide a better picture of the range of var-
fation in maturational events in the American population; and 2) to
provide a better training method to enable future observers to arrive at
more uniform results. o

2. Methods of observation

In preparation for the work in Japan Dr. Stewart devised two re-
cording forms which were printed on 8 x 104" Keysort Cards (QMC Forms -
T-90 and T-90a). These cards are reproduced here zs figures 1 and 2.
As will bs seen, Card 1 is devoted to eruption of the third molars and
to closure of the cranial sutures; Card 2 is devoted to the union of
certain epiphyses and to joint changes of an arthritic nature. Space
is provided on both cards for explanatory notes, lists of casts and
photographs. '

Although the twe cards thus serwed diffcrent purposes, both cofi-
tain a certain amount of info:mation in common, namely, military number
(really evacuation number), order mumber (in the series studied), dates
of birth and death, age, race. and state of preservaticn. Data on age
and race were not obtained, of course, until identification was complete.

The selection of observations and their arrangement on the cards
vere determined partly by space limitations on the cards and by a knowli-
edpe of the maturational status of the military age groups. Since :
spaca on Card 1 did not permit a detailed recording of facial suture
closure and Cobb (1955) had shown that closure here has very little
significance for identification, it was decided simply to noite the

#38ince a similar study is to be presented separately and more elabe-
- rately, only the main conclusions of Dr. Stewart's analysis are
presented here.
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sites of closure in the more readily observavle sutures of the face.
On ‘the other hand, cranial sutures were arranged on the. card in such
37 a8 to pormit orderly obaemtion in full detail.

Sinilarly for Card 2 cartain epiphyses had to be selscted for
detailed recordsng and others had to be relegated to notes. In the
latter group were placed the epiphyses that unite earliest, nazely,
those of ths elbow, hip, and ankle.

Some idea of the work involved in recording the maturational
status of a specimen is given by the total number of observations on
the two cards, which amounts to &bout 60. Usually a good many other
observations were added in the fora of notes.

By using punch cards it was possibls to categorizs most observa-

tions on & scale of 0-5. Zero (no punch) usually indicates absence of
the feature in questicn. For
example, in suture closure it
means no ciosure; in epiphyseal
union it means lack of union.
On the cther hand, 5 (4 and 1
both punched) means inatility to
obgserve the featwie dus to dam-
age to, or loss of, the skeletel
pert. Thus the numbers 1 to 4
‘were reserved for reporting
stages of maturation of the fea-
ture. In suture closure this
means one-quarter, one-half,
three-quarters and complete clu~-
sure; in epiphyseal union it

- means begimning, active, recent,
and complete union. The only
exceptions to this scheme are
the following: Preservation
(0 = excellent, 1 = good, 2 =
fair, 3 = poor, L4 = flesh cov-
ereds; third molars (1 = desply
imbedded, 2 = parily erupted, 3 -
impactad, L = normslly erupted,
5 = not present); synostosis of
manudric-glediolar joint: (0 =
no fusion, 1 = widened joint, 2 =
fusion, 3 = not ohservable).

#ig.3 Holdinz trays used in making

the casty., The tray balow is par- It will bo poted thaib mo
tially opzn to show hinge in base as gpace was provided om Luw wupeh
well as tho construction of the cards fer the pubic symptysis,

inverloclkting sides. cno of the mest laporlant aress
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Fig. 4 Preparation of casts of ubie symphyses showing arrangement of
equipment (Mr. Doram).

for age identification. The main reason for this is that Dr. Stewart
felt he could not take the time to make the observations dirsetiy from
the btone. Irstead, he planned to make plaster casts of the symphysis
for later ctudy. Also, he plannsé to xake casts. of the stornal end of
the clavicle and one border of the manubriuvm partly in support of ths
record and partly for furthsr study. In this comneaction and before go-
ing to Jepan, Dr, Stewert tested cavting compounds and desigred metal
traye sultabls to serve ag containers for the molds. Having found that
dental molding compound (Trads nams: D. P, Tlastic Inpression Cream)
medo » satisfectory quicik-setting zold, he erranged for 2 supply to be
sent in advancs to Japan. Also, ho made certain that adequate supplies
of plaster of Paris and dontal sione were avallable in Japan. A set of
rolding trays (Fig. 3), mads in tbe shops of the U. S. Mational Musoum,
wos %telon Lo Japan.

One of tho problems of casting wne te work on twe or more sets of
bonos et oros without wizing the bongs or mislebsaliing the caste. Iu

6




e

order to avoid such errors, one of the staff, Mr, Doram, developed a
procedure involving (distinet labelling and separate placement of each
set of bones and each set of casts. Also, as zoon a® a cast was avail-
able he compared it with its respectivs bone und inseribed its nuzmbar
and name on the base. Fig.4 shows Mr. Doram working in his section of
the laboratory and the arrangsment of his work space.

The observations recorded on the punch cards were supplemented
further by photographs. For the most part these yhotographs were re-
garded simply as evidence corroborating the ratings racorded oa the
cards. However, in addition certain features, parvicularly the sculpt-
uring on the btlade of the scapula and the lipping of the inner border

Arrangenent of phctographic equirment

.,.
=3
(2]

Eloomenhein photographing okull).




of the ischial tuberosity, were recorded only by means of photography.

To avoid errors only one set of bones was photographed at a time, and
the specimen. number and negative number were made a part of each plcture.
A1l photogmrapvhs were taken with a 4 x 5 Speed Graphic Camera equipped
with 127 mm 4.7 Kodak Ektar lens and a Kodak plus No. 2 Supplementary
lens. Fiz, 5 shows Pfc. Bloomenheim paotographing a skull and the ar-
rangemen’ of his photographic equipment.

It should be #mphasized here that the observations cf the present
sample were made by one pereen (TDS) and that svery effort was made to
avoid errors of observation. To this end the ckeletons were always laid
out anatomically in the sume way and were viewed always from the sams
side and with the licht in the aame position.

3. The sample

The remains of the American soldiers received from North Korea under
"Operation Jlory" were in varying states of decomposition. In the mili-
tary cemeteries of this area, burial had Leen at a depth of 3 to 33 feet.
the remains being wrapoed in waterproof shelter halves. Outside of the
regular cemeteries, burial conditions had not been uniform. The Commu-
nists simply removed the remains in their original wrappings and returncd
them in sealed rubberized bags. Because the remains were in different
states of decomposition, priority groupings werc established for proc-
essing. Top priority of necessityws given to the remains which were
partly flesh-covered, Also high in the pricrity lisiling were remains
accompanied by good identification media, including thosa removed from
military cemeteries. Lower priorities were given to the remains which
were completely skeletonized and which were accompanied by more or less
complete identification media; these included the remains from snemy pris-
on camps, At the bottom of the 1ist were incomplete and commingled skel-
etal remains and all those for which the assoclated identification media
were poor or missing. Under this priority arrangement inevitably some
skeletons with poor identification medja were studied by Dr. Stewurt.
Thus, although it had been anticipated originally that the project would
utilize only the remains from the military cemeteries. and in gene.al
those most likely to be identified, circumstances led to the inclusion
in the series of 75 remains which were never identified.

Among the poorly docuncnted remains studied was a series of 158 pris-
oners of war (FOW). Although it was anticipated that a high percentage cf
these remains would not be identified, actua’ly only 25 (15.8%) had to be
excluded for this reason. Pv contrast;, of the 292 individuals killed in
actlon (KIA) 50 {17.17%) were not identified. The sequence in which these
citegories were studied is shown in Table 1. From what has been said it
becomes obvious that the variations in this table sre due muinly to factors
of priority. Also, attention is cslled te the fact thit the majority of
the last 50 cas=s studied are POW. This is explained by tne {act that a
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_TABLE 1: Categories of Subjects by Order of Study

KIA

Order Ko. Dates Unident .
(No. (] .; i%, fho.g z;; iNo ) Z )

0

1- 5 24 Sep. - 9 0ct.] 10 20 3 8

51 = 100 9 Oek. = 21 Oct.| O - 0 2 L
101 - 150 21 Oct. - 3 Nov.] 22 Lk 5 10 21 hz 2 L
51 - 20C 3 Nov. - 17 Nov. i 2 2 A L5 90 2 L
20_ = 250 17 Nov. - 26 Nov.| 33 66 5 10 9 18 3 6
28 « 300 26 Nov. - 13 Dec,} 11 22 0 o 32 64 7 14
301 - 350 13 Dec. - 22 Deec.| 10 20 0 - 35 70 5 10
351 « 400 24 Dec. - 6 Jan.! 13 26 I 8 16 32 17 34
401 - 450 6 Jan. - 20 Jan.| 33 6§ 6 12 3 6 8 16
TOTAL (450) 133 29.6 25 5.5 242 53.2 50 1.1
*Identified
#tnidentified

TABLE 2: Condition of all I. ai..s Studied by Order of Emamination
(according to status of preservatiorst)

Flesh

Order No. Excellent Good Fai Poor Covered
(No.) (%) (No.) (%) (No.; ( ) (No.) (%)  (No.) (%)

1 - 50 1, 28 26 52 ? 2 A 1
51 -~ 100 6 12 33 66 10 20 1l 2 - -
101 -~ 150 23 L6 20 40 7 14 - - - -
151 ~ 200 4L 8 37 9 18 - - - -
201 -~ 250 18 36 25 50 T 14 - - - -
251 - 200 1~ 26 29 58 5 10 3 6 - -
301 - 350 1, 28 30 60 5 10 1 2 - -
351 - 400 27 L2 23 Lb s 12 - - - -
kD1 - 4,50 15 30 2L L8 10 20 1 2 - -

¢

TOTAL (50) 128 28B4k 07 6lLl.9 66 1.7 8 1.8 1

@]
48]

Fhis . .ers only to the joint surfacea; otherwlse the boner wore well

% sagp e o)
Dresciea




special effort was made during the last month to get older individuale
and these could be found only amonr the POW. Thus, selection also plays
a role.

In gencral, all ot the skeletons sean wers in a relatively good
state of preservation. However, since the observations being recorded
depended largely on Joint surfaces being intact, all skeletons were re-
Jected which exhibited extensive damage of these surfaces or which
lacked parts critical for the ageing of the particular individual,
Occasionally cases were zccepted in which parts still hed cartilage and
ligaments prescnt but only when these structures did not interfere too
much with the resquired observations. Table 2 shows the states of pres-
ervation of all the remains studied by the order in which they were
studied and Tavle 3 shows the same stages of preaervation for the iden-
tified remsins alone as arranged by age groups. It is obvious from
these takles that "poorly" preserved and flech-covered remains were
seldom included. I would appear also that the category of "excellent"
preservation was seldom encountered in the youngest individuals. This
ie explained probably by the fact that at 17-18 years the many epiphy-
seal surfaces present are quite vulnerable to weathering.

Naturally very young men predominate in the military population.
According to Table 4, in which the number of identified individuals in
each category are listed, 18, 19 and 20 were the ages most Irequently
encountered. From the peak at these years the number of cases per jyear
tapers off, especially after 25. Because some of the ages are poorly
represented, it will be our practice in the analyses to combine cer-
tain of the poorly represented ages (as for instance in Table 3) in

TABLE 3: Status of Preservation of Identified Remains by Age Groups¥*

Flesh
Age No. Exceilent GCood Fair Poor Covered
y (No.) E%s (No.) (% No.) No.) (% No.) (%)
17 - 18 55 1l 2 L5 82 9 16 - -
i9 53 12 23 30 56 11 21 - -
20 L5 9 20 26 58 a8 18 2 L -
21 39 9 23 23 59 é 15 - 1 3
22 2 10 40 1L 56 1 4 = =
23 27 8 30 13 48 N 15 2 7 -
2L, - 25 28 9 32 15 54 3 11 1 3 -
26 - 27 25 11 44 8 2 5 20 1 L -
28 - 30 29 11 38 15 52 3 10 - -
31 -~ LO 43 16 137 27 5 5 12 - -
LY - 50 6 1 17 L 66 1 17 - .
TOTAL 375 97 25.9 215 457.3 55 4.9 b 1.6 1 0.3

#Sen footnobe Table 2
10
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TABLE 4: Age Distribution of 375 Idsntifiez Gemains

Age  No. Age _ No. Age _ No, Age  No.
17 10 2/ 14 31 7 38 3
18 45 25 14 32 8 39 4L
19 53 26 15 33 b LO 1
20 45 27 10 34 5 o1
2L 239 28 12 35 4 4 3
22 25 29 6 36 L L 1
23 27 30 11 37 3 50 1

order to make groupings which are statistically more adequate. It
should be understood, however, that age was unknown at the time the
material was studied. Except during the last month of the project,

the material was accepted without respect to age. In the last month;
as has been stated, deliberate selectior was made of older individuals,
but solely on the basis of morpholcgical appearance,

The American soldiers killed in Korea came from all parts of the
continental United States ae well as from the extracontinental U; S,
territories. The origin of an individual was not known at the time his
‘remains were examined. The bulk of the identified group (368) came
from the continental United States. A percentage breakdown of the lat-
ter figure by sections of the country is shown in Fig. 6.

As will be seer, the highest percentage (25.5) occurs in the East
North Central States; the lowest percentage (3.3) oczurs in the Moun-
tain section, Pennsylvania was the iargest contributer among the
states of our series (30). Other states with high representations are:
Michigan (29); Illinois (27); California (24); New York (23). These
figures suggest a distribution similar to that of the American popula-
tion as a wvhole.

As with age and birthplace, race was not known when the remains
wore examined, although scmetimes it cculd be detected from skull mor-
phology. According to military practice, threze racial stocks were rec-
ognizad: Caucausoid, Negrold, and Mongoloid. Takle 5 shows the dis-~
tribution by age of these racial elements in the identified series.

The Caucauscid group predominates (90.4%) and only one Mongoloid is
represented. On the other hand, the Negroids are fairly evenly dis-
tributed throughout the whole age range. Unfortunately, the numher of
Negroida (38) is too small to justify separate racial analysis. We
will discuse this matter further,

11




Pig. 6 Sectional distrivution of the Ammy series.

Judging from the names of identified Caucausoids -~ admittedly a
highly subjective appraisal -- about 90% had an ancestry stemming back
to the British Islas and North.estern Burope (including Germany). The
remainder probably had been dorived from Southern and Eastern Europe.

The POWs present 2 special problem. It was noted immediately that
their skelstons were almost invariably free of tissues and complete to
the smallest bores, In contrast with the eskeletona which had coma
from ths military cemeteries, those of the POMs seemed to have lost most
of their organic matter and were light in weight. Although thass changss
may have been due mainly to differences in msde of burial, taken together -
with occasional evidence of changes in surface toxture (osteoperesis),
they suggested that the POW often had suffored from extreme and pro-
longed malnutrition. 7Thls raised the question whether tho rate of age-
ing had been altered in this group. It was important, thersfore, to
detsrmine whothsr the POWs should be combined with the KIAs in the
snalysie. or troated separabely.

Tho POWs had boon in capbivity for varying lemgbhs of timo wp %o
Oon
1‘, -

2 and & hzlf yozro before death. Table $ shows the duratiom of cap~
tivity in relation to ags. Accom!img to this, ths groat mojority were

12
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TABLE 5: Race Distribution of Idertified Remains by Age Group
Age Tot. Causausoid Negrcid Mongoloid
_ (Ne. (No.) ?i% (No.) No.

17 - 18 55 L9 8901 6 1009 -
15 53 33 100.0 0o - -
20 45 43 95.5 2 45 -
21 39 36 62.3 3 7.7 -
22 25 2, 96.0 1l 4.0 -
24 14 14 100.0 0 - -
25 .14 I T7i.4 L 28.6 -
26 15 11 73.3 L 26,7 -
27 10 7 70-0 3 3000 -
28 1z 10 83.3 2 16.7 -

29 - 30 17 12 70.6 4 23.5 1l 5.9

4 - 50 6 6 100.0 0 - -

TOTAL 375 339 90.4 35 9.3 1 0.3

TABLE 6: Age versus Duration of Captivity before Death
Intervals of captivity (months;
tge - No. & 0-3  3-6_ _6-9 9-13 13 +

' (No.) (%) (No.)(®) (No.)(%) (No.)(%) (No.,(%)

7 -18 3 2 66 1 3 - - -

19 6 3 50 3 k¢ - - -

20 8 - 3 38 3 38 2 24 - -

21 10 36,14 3 30 4 40 - 3 30 -

22 2 - 6 76 2 24 - -

23 13 L 30 7 54 1 8 - 8

Al - 25 13 \ 2 15 5 139 L 30 1 8 2

26 =27 17 , 635.97 3 18 1l 64 3 18 - -

22 - 30 17 1 é 13 76 2 12 1 & -

31 - 4O 34 £ 15 23 67 6 18 - -

Ll -~ 50 I - L 100 - - -

TOTILS 1373 53 Y7.0 60 60.1 21 15.7 7 5.2 1.

T,
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. in captivity status from 3 to 6 months. Also, rearly two-thiris of

® the POWs were 2l ysars of age or older. This means that only a littlse
.. over a third were in develomental siages whish are apt to siow signs !
. of retardation. Incidentally, the high percemtage of older iriividuals
s among the POWs is explsined by the fact that most of thex were members -
of Regular Ammy units employsd during the fluid stages of the Korean
action,

The so-called osteoporosis which was obssrved in scme of the PO¥s
was located sometimes on the vault of the skull alone; at other times
on the interproximsl surfaces of the vertebrae, on ths margins of
stermm and on the medial surface of tue clavicle; and rarely on all
these Lones in the same individusl. As the name implies and as ths
‘41lustrations show (Figs. 7 te 9), the cortical bone was unusually

R Fig. 2 Supracrbital region of the fron‘al bone showing the
porous nature of the cortical bons. (No. 329, 23 years.)

15
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Fig. 9 Top: Supsrior surface of the ist lumbar vertebrs showing
the porous nature of the cortical bone, (No. 86, 18 FOALE. )
Bottom: Kedial surfaces of left nud right clavicles
showing the porous nature of corticel bone.
(Wo. T3, 20 years.) ‘
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porous in such cases. So far as the vertebras and sterna are coacerned
it was necessary to distirguish between antemortem and postmortem

changes. The crenial osteoporosis could nob have been confused with

postmortem changes.

The 23 cases in which cranial or postcranial osteoporosis was
noted are listed by age and category in Table 7. As will be seen,
are about equally divided between POda and KIAs, but the KIAs are gen=
erally below the age of 22 years, whereas the POWs are above this age.

Since thers is as much evidence of osteoporogis among the KIAs as

" among the POWs, we feel that this fact, together with the evidence

they

(menticiied above) that the POWs show no signs of retardation, justify

combining the two groups for purposes of analysis.

TABLE 7: Analysis of 23 Czses of Osteoporosis by Age and
Individual Status

Cranial Postcranial POM Race

Age Osteoporosis Osteoporosis No. Duration KIA _C N M
17 1 - - i 1 - -
18 2 L - 6 5 1 -
19 1 1 - 12/ 1 - -
20 -2 2 1 . mo. 29 days 3 L - -
21 1 ~ 1 5 mo. 18 4days - 1 - =
22 2 1 1 Lms. i0days 1 /- -
23 1 1 2 (A mo. 21 dayse/ ~ 2 - -
(1 yr. 6 mo. -1 - -

< 1 - 1 5 mo. 6 days - - - -
25 1 - 1 2 mo. 17 days - 1 1 -
26 - 1 1 5 mo. 6 days - 1 - -
27 1 - 1 Unknown - - - -
30 1 - 1 2mo. 8 days - - = 1
3 1 - 1 3 mo. 13 days - S ..
TOTALS 15 10 11 12 19 3 1

g? The only KIA with both cranial and postcranial osteoporosis.

E/ One PO4  had both cranial and postcranial osteoporosis.

¢/ This POW had eranial osteopcrosis.

17




The following analysis of collected data is divided into an
arbitrary sequence of different parts of the skeleton. We could have
followed the conventional anatomical sequence or one based on ths im-
portance of the parts for age estimation. However. nu matter what
scheme was used, the reader would still have to use the table of con-
teats to find a particular area. We have therefore decided o follow,
in the main, that used on the data cards. Thus, the skull, which is
covered in data card #1, will be treated first and the postcranial
elsments, scored on data card #2, will follow in, more or less, the
recorded sequence. Information on the maturation o2 the ribs was
taken only in the form of notes entered on the body of card #2 and will
be discussed last. ‘

Since we will be making comparisons with studies from the litera-~
ture, it 1s desirable tn point out here that the practice varies re-
garding the concept of wher. opiphysesl union cscurs. Some authors
claim that the actual age of union occurs at the age when complete
union is actively taking place. For example, Stevenson (1924, p.59%)
states, "And it is the tim2 at which this significant transition be-
tween the major stages of absolute nonunion and complete union re-
spectively takes place that determines the actual age of union of the
eplphysis in question." Other authors refer to fusion as the time at
which 50 percent or riore of their sample show complete union. For
instance, Fleckci (1942, p.110) in his section on the clavicle, states
that, "...the maju=ity of thes males aged 19 and 21 years possess
epiphyses for the stermal end of the clavicle,...” and on this basis
he gives (p.154) the age of fusion for this event as 21.

Even though bLcul: procedures may give slightliy different age esti-
mates for the seme eveni {as will be seen in Table 20), they are in-
{ended to demonstrate time of union as it relates to the general pic-
ture of biological maturation rather than to age identification. For
asa identification it is necessary to know the whole range of occurrence
in eacu ags group as well as when the process is in its greatest inten-

sity. For this reason, ve will emphasize the total range of maturational
activity and define the age of union as that age when all cases are com-

pletely unitsd.
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CHAPTER I
SUTURE CLOSURE

1. Introduction

Sutures sre special serrated and interlocking jeints between
adjacent bcnes of the skull. DBefores the age of 17, these jcilils are,
as a rule, irregular, linear gaps, but later they temd to become
obliteratad by ossificatior across the joint lines. Since the prog-
ress of suture ossification, or closure, thus is correlated to a cer~
tain extent with age, the details of this relationship are of interest
here, '

Dus to the largs rnumber of bones that make up the skull (22;

8 paired and 6 un-paired) and hence the egually large number of sutures

readily observable (24), observations on zuturs closure bacome confusing
unless scme system of suture classification 45 used. Most of the empha-
sis has been on calvarial and facial sutures. For the former we will
follow the classification ¢f Todd and Lyon (1924) and for the latter,
one of our ovm devising. In addition, wa will differentiate the bas-
ilar =uture since it is part of the chondrocranium and is usually con-
sidered =part frem the calvariel and facial sutures.

The rasuly 'z as follows:
1. Calvarial Sutures

A. Vault sutures
1. coronal
#* 2. sagittal
3. lambdeid
#* L., metopie (when present)

B. Circummeatal sutures (those arranged around
the external auditory meatus)
1. spheno-tenporal
2. squamous
3. parieto-mastoid
L. masto-occipital

C. = Accasaory sutures (those intermediate in their
rolatione to the vault and to the meatus)
1. spheno~-paristsl
2.  ephenc~frontal

19




I1. Faclal Sutures

A. Circumnasal (those arranged around the nasal
aperture)
#'1, internasal
2. f{rontonasal
¥ 3.  intermaxillary
L., froutomaxillary
5. nasomaxillary

B, Circummalar {thoss in which the malar bone
participates)
1. frontomalar
2., temporomalar
3. sphenomalar
L. maxillomalar

C. Palatal
* ], interpalatal
2. pterygopalatal
. 3. marillopalstal
* ). intermaxillary (buccal)

#III, Basilar Suture

#Un-paired sutures

Obzarvations of the calvarial suturis are complicated by a
farther division vac>d on the structural nature of the skull. As hous-
ing for the brain, the sicull consists of a series of flattened, irreg-
ular bones shaped in the form of a hollow spherc and thus presents both
outer and inner surfaces. Therefore, each calvarial suture can be
viewed from an ectocranial (outside) or an endocranial (inside) aspect.
Since endocranial sutures are not viaible in the intact skull and can
be observed accurately only after the vault has been sectioned, they
have received less attention than the ectocranial sutures. The follow-
ing data were taken from ectocranial obcervations only.

2. Historical Remarks

As a biolegical phenomenon, suture clogsure has been described and
discussed since the time of Hippocrates, bwt as an identification tool,
useful for estimating the age of an individual after death, it has a
relatively brief historv. We do not intend to give a complete histori-
cal survey, since Todd and Lyon (1924) and Montague (1938) have pub-
lished detalled summaries of tne subject. According tc them, it was
not until the middle of the nineteenth century that Gratiolet (1356)
first describsd a seauence of suture closure related to age.

20
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.~ Through the latter half of the ninateenth century and the begin-
ning of the twentieth. century many authors contributed to various as~
pects of the subjsct. imong the more important hames in Lhis period
ars: Welcker (1862), Fommerol (1869); Sauvage (1870), Ribbe (1885),
Topinerd (1885), Dwight (1890), Parscons and Box (1505), Prederic (1906),
and Zanolld (1908). Their studiss included sex and race differences in
closure, order and veriability of closure, and differentiation between
endocranial and ectocranial closure. It is interesting to note that
most of these authors concluded that suture closure is extremely irreg-

" ular and for this reason is of little or'no value for age determination.

These early authors worked for the most part with inadequate
samplss (Pommerol, for example;, referred to only one male skull) and
hence their age determinations often were unreliable., In order to cor-
rect this deficiency, Todd and Lyon in 1921 started an investigation of
the {'irst statistically adequate sample, coneisting of 307 male Whites
and 120 male Negroes. These crania, which had bean documented as to age,
sex and race, were from the Western Reserve University collection in
Cleveland, Ohio.

. Por the last thirty years the standards in general use for age
identification by suture closure have bes~n those yielded by the inves-
tigation of Tcil and Lyon., It is therefore desirable to review their
work in some detail. o

Using Broca's sutural subdivisions and Frederic's scheme for
ermuerating the amount of closure, Todd and Lyon identified a definite
age progression in closure of the vault and circumreatal sutures and
illustrated the trend graphically by means of a three-year moving
z¥=rags. They Aarived dates for the commencement and completion of
closure, ectocranially and endocranially, for the individual sutures in
both White 2nd Negro malss.

In order to give their findinge greater clarity, Todd and Lyon
tried to eliminate all cases in which suture closure was abnormal. In
addition, they felt that since individual differences in closure
*anded to obscure the age progression, it was necessary to smooth the
graphs. They did this in three ways: 1) age intervals of three years
woere used rather than actual ages; 2) skulls which demonstrated uneven
progress in suture closure wore eliminated: and 3) skulls were rejected
vhen growth devliations were detected in the posteranial skeleton (Todd
relied solely on his earlier analysis of the pubic symphy“is for iden-
tification of skeletons with growth deviations).

The conclusions of Todd and Lyon have been reviewed by Cobb (19)?)
and his surmary of their data is reproduced in Fig.1l0.
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Todd and Lyon were interested primarily in broad biological gen-
eralizations and only secondarily in the application of their results
to age identificavion. Forgetting fo> the moment his junior author,
Todd ‘defined the scope of their project as follows (p.226): "I pro-
pose to present the facts concerning suture ¢iccure and 3ts rciation
to the raciai form and individual contour of the braincase." Ye con-
cluded (p.380) that, "The resl value of this work lies in the light
thrown Ly it upon the nature of suture closure." However, they did
attempt to utilize their modal order and dates of suture closure for
estimating the actual age of individual skulls and were forced %o
admit {p.379) that, ".., the results in individual cases leave ruch tc
be desired ... our work does not justify the uncontroled uuse of sutuce
closure in estimation of ege." But they added (p. 380) "Our resulcs
are of distinct value however when taken in conjunction with iudica-
tions given by other parte of the skeleton.”

Published criticisms of th; Todd and Lyon findings are of very
recent date. In 1952 Vandervael presented a paper outlining the re-
sults of his experience in identifying the ages of American soldiers
killed during World War II in the Europcan theater. Hié sample con-
sistad of 225 individuals between the ages of 18 and 38, Although he
does not criticize the atandards of Todd and Lyon directly, he implies
their limitations for ageing purpcses when he states (p. 10), "L'obser-
vation des sutures ne nous a eté que d'une faible utilitf dans le diag-
nostic de 1'fge."

About the same time (1953) Singer published obsei-vations on the
vault sutures of 100 Cape Toloureds, 190 Bantu, 20 White Germans,
60 North American Indians and 30 Eskimos. He concluded (p. 56) that,
"... 3he age ¢ the individual at death cannot be estimated from ths
degree of closure of the various cranial sutures, whather taken indi-
vidually or collectively or whether observed exocranially or endocran-
ially." :

: Cobb seems to be of much the same opinion, though he has yet to
publish Lis data in detail. As tho result of nvestigating the vault
and facial sutures of 2,351 adult simlls of White and American Negro
stoek (including those used by Todd and Lyon) he stated in an abztract
(1955, p. 394) thet v... suture closura (both vault and facial) is e
variable phencmenon and that age at which each specific suture should
b2 found to have begun and to have completed closure cannct he cate-
goricsily defined."

The most recent criticism comes from a study by Brooks (1955).
Workinz with 2 series of 194 male and 177 female California Indian
skaletons a8 well as .. "confirming" series of 103 males and 82 females
from the Western Reserve collection, she concludes (p. 588) that, "As
an age indicator in female skeletons, c¢ranial suture closure is doubt-
ful, in males it should only be utilized as confimmatory {o other
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indicators of adult age,"

So much for the critical comments of the findings ol Todd and Lyon.
Before concluding this revisw, we want %» point ou® that no detailed
"study on the clesure of the basilar suiture has been undertaken. How-

<ver, references to closure progress appear in most anatomy and ecxe phy- -

sical aanthrepology textbocks. The following quotations are probably

vypical:

"The basilar portion of the adult skull and the body
of the sphenoid bone are united by osseous tissus, but
up to the Lime of puberty they are articulated by the
spheno=-occipital synchondrosis or fissure,"

(Sobotta, 1906, p. 45)

"Between the eighteenth and twenty~fifth years the
cccipital and sphenoid become united, forming ons
bone." (Grey's Anatomy, 1930, p. 129)

"Cliosure of the basilar suture seems quite reguiar 2nd
bears a rather constant relationship to veginning
urion of ths lest three epiphyses cf the upper ex-
tremity.® (Stewart, 1934, p. 451)

"The basilar part is united to Lhe spheroia by carti-
lage vhich begins to disappear betwean the sighteenth
and twentieth years (earlier in females), and is com=
pletely rzplaced by bone by the twenty-fifth year."
(Cunningham's Text-Book of Anatomy, 1937, p.204)

The sphencid bone, ".., fuses with the basi-occipital
before the 25th year." (Grant, p. 622, 1937)

"Very late, the basizzzinital fuses with the basi—
sphenoid." (de Beer, 1937, p. 369)

*Tn a normal skull the cuzvynletion of the pre-adult
atage 12 marked by the closure of the basilar suture."
(Hrdlicka, 1939, p. 46) In the 3rd edition, 1947,

. %4, 5Stewart added to the abovs sentence the fol-
lowing words: ‘'about 18-19 yearas of age."

", o the twentleth year the basi-occipital is united
tn ohin Lody of the sphenoid by an intervening piece of
~ ~tilage, but about that date ossilic vpnion begins
sed Lo completed in the course of two or thres years.®
{Merris! Human Ar.tomy, 1942, p. 127)
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"The basi-occipital is united to the basi-s; =ooid
.o betwsen the age of 20 and 25 years." Monizagy;
1951, p. 489)

"Closure of the basilar suture (basis;hanoid‘with
basioccipital) has proved a conven’snt standard for
early adulthood (age 20-21)...% (Cobb, 1352, p. 799)

It is interesting to note the repetition of age 25 in four out of

‘the above ten quotations. Probably this is a reflection of a much

earlisy statement, credit for which has long ceased to be given. How-
ever it ia obvioua that, as yet, there 1s no agreessnt on ths age at
which the complete closure of the basilar suture -ccuvs.

In view of the above nistorical survey, there 2= ample justifica-
tion for presenting new data vased on a weil-=documenied series,

3. Vault sutures

The arrangement and subdivisions =f thc vault sutures, as treated
in the present series, are illustrated in Figure 11 {after Singer, 1953).
Though the suture subdiviaions of Todd and Singer are actually much alike
and are derived ultimately from Broca. we have followed Singer's practice
of giving a fourth subdivision to the coronal, nameiy, tho pars steph-
anica., We had hopsd that thereby we might have a bettsi sprortuniiy to
test the possiblo influence of the temporal muscle cn suture closure,

Since suturs closurc procseds at varyirg rates it is usually re-
corded on a scale of 0 <« L. In other words:

Opeil suture
one-~quarter cloead
one-l:alf cloaed

thr: .~quarte=s closed
completely closed

c
1
2
3
!

By tris scheme a description of the amount and location of closure in
a glven suture takes a nunerical form. For example, when apnlied to
the closurs pattern of the sagittal suturc a formula such as 0243
winild be trensiated in thes following mannor:

open
one-half closed
completely closed
three~quarters closed

pars bregmatica
pars verticis
pars obsllca
pars lambalize

i1

"f course, all such appralsals are subjective and i -dividual inter-
rretations may vary slizhtly among different observerse
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A
\ cononu. smu y /
rre

»...ﬂ\..‘? %W é %{fﬁ/” B= chgma

/ L = Lambda.
j t ‘ Sagittal: 1 = pars bregmatica.
: 2 = pars vezticis.
iy 3 | e
" 3 » = pars 1ca.
SAGJT’ AL %“’ <2 \ Corona’: 1= gats brcgmatlca.
Surues 2 \ 2 = pars complicata,
!./ 3 \ 3 = pate stephanica,
s ® : 4 = pars pterica.

Lambdoid: 1 = pars lamhdica.
= pLI3 inicrmecta.
3 = pars asterica,

i

Fig. 11 Diagrarmmatic repressntation of the subdivisions of
the cranin) vault subures (after R. Singer).

Time did not permit tL:n recowiiiy of both sides of the paired
sutures. Usually the lefi side alons was ruzorded end when asymmat -
rical closure was deemsd significant, a not.ation was made, ILi; justi-
fication of this wrocsdurz we refei® to Cobb's detalled stusy of the
eranisl sutures (in memuweript) in which he points cut that the par
centzze of suture closure within any one age group for the ccional
ard lambdoid sutures is praciically the same for each side. Heo fesls,
L“herefore, that the pooling uf side observations identifies a true
progress for total suturs ¢lsavre. Accordingly, we too have pooled
the datn relating to the two sides.

The zroas anslysis of the sgeriss wae hegun by arranging the
formulae chreonologically an plotting them as grapnas. As thus viewed,
individual differensss made sn orrztic picture in which 2 trend was
ecarcely appsrept. Howsver, in spite of such irregulerisies, no cases
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‘were eliminated., In other words, since the object of this study is

to test the significance of suture closure as a criterion for age de-
terminstion, we felt obligated to analyze the se¢ries as a whole and
not merely a rofined samr ; of the series.

In order to present all the data and yst reduce them to a lens
formidable size, we next grcuped.together. within each age the forinulaa
showing nc more than first stags of closurs in any part (for example
0100, 0111, etc.). On the other hand, we combined all those formulae
in which the final stage of closure had been reached in one or more
parts (for e.cample, 0140, 1344, etc.). All the remaining formulas
thus represant an intermediate stage and were combined into a third
group. The result, we feel, glves 2 general picture of the progress
of suture closure.

Table 8 shows the exireme variabiiity of suture closure when pre-~
dented in this manner, However, it is clear that with advancing ase
the number of skulls with open sutures becomez lazzrs wnile thoss with
advanced closurc appear more frejuently. But is it pecaible tn place
definite dates to the beginning and end of this process =~ LI not, is
the observation of any -aid to age identification? 7o estabiish the
ags of a given skull from the sutures requires thet suture cizsure
have definite and restricted age limits. This i= nci borre cub by
the data, For example, in the first age group (17-18}, 75 percent:
show no evidence of closure in the sagittal suturs, whereas in iheo
31-40 age group 10 perc.at are still open. As taken the other way
around, at 17-18 some part of the sagittal suture is already closed in
9 percent of the cases, while at 31-40 this iias reached a level of 72
percent. Undoubtedly it is misleading for identification purposes to
say that the sagittal suture begins to close at a certain time cor iz
closed at a certain time within these two decades.

The table further shows that the same observations apply to the
lambdoid and coronal sutures. Again, on the basis of these data; an
individual skull could be assigned any age bYetween 17 and 40 years.

Table 9 shows the locations of beginning closure in the several
suture subdivisions and demonstrates in more detail the same erratic
progrsess zc ozpapant in Table 8. In other words, there is no regular
incriase in the frequency of closure. In the same way, Table 10 shows
the Jocations of the final stage of closure. Again, the irregular
pattern does not indicate or support a reliable terminal age of clo-
sure within Lhe ages represented.

L. Circurmentsl and Accessory Sutures

From tables 11 and 12 which summarize the information on circum-
meatal and accessory suture closure, it ls obvicus that the ages at
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which advanced closure takes place are not rspresented. Although
there seems to be some evidence that in the accessory sutures active
and advanced clocure becomes more pronounced in the late twenties,

the general pattern of closure progress for both greups of sutures is
quite irregular and hence, age limits for beginning as well as comple-
tion of suturo closure cannot be defined.

TABLE 12

A SIMPLIFIED PRESENTATION OF THE STAGES OF SUTURE
CLOSURE TO SHOW ITS VARIABILITY: ACCESSORY SUTURES

(in %)
Spheno-frontal Spheno-~parietal
Closuresst Clcaures®

Age No, 0O 1 2,3 &4 0 l 2.3 &

17-18 55 08 2 - - 100 - - -
19 52 98 2 - - 98 2 - -
20 45 98 - 2 - 100 - - -
21 37 9L 2 2 2 98 - 2 -
22 24 100 - - - 1lo0 - - -
23 26 %2 4 L 96 = - 4
2425 27 94 3 - 3 97 - - 3
26-27 25 68 8 1 8 72 16 L 8
28-30 29 7% 6 § 9 8& 3 3 12
31-40 L2 L5 23 7 25 51 17 9 23
41-50 6 3 33 - 33 68 16 - 16

Total 344
¥*5eq fgotnote Table 11

5. Facial sutures

No provision was wade for detailed recording of all the facial
sutures of the present series. MNsvertheleas, observations were re-
corded for three circumnasal and two circummalar sutures and such
restricted observations will at least show the amount of utility ol
these sutures for age estimation., In Tables 13 and 1L the percentagss
of cases showing stages of closure by aga groups are presented.
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Closure progress seems to be more regular than that seen in the cal-
varial sutur2s and active closure begins, .in all faclal sutures, in
the middle twenties, However, as was demonstrated in the foregoing
paragraphs, a reliable trend that could be translated into a wor'cable
msthod for age determination, is absent.

TABLE 14.
A SIMPLIFIED PRESENTATION OF THE STAGES OF SUTURE
CLOSURE TO SHOW ITS VARIABILITY: CIRCUMMALAR SUTURES

(in %)
Temporomalar Mariliow:lar
Closurest | vlosurco*
Ags No. o 1 23 4 0 1 23 &
17-18 . 55 100 -« - - 100 - . @ -
19 52 99 1l - - 99 1 - -
20 L5 98 - 2 - 98 - 2 -
21 37 92 = - 8. 90 2 - 8
22 24 92 - - a 88 I - 3
23 26 92 4 - 4 88 4 - 8
2L~25 27 39 - 7 I 78 4 11 7
26-27 25 48 12 32 8 L, 8 132 16
28.30 29 40 16 38 6 3, 16 4 -9
31-40 43 15 35 46 4 15 35 46 I
k1-50 _6 17 33 50 - 17 33 50 -
Total 369

#Sae footnote Table 11

6. Basilar suture

Because of the paucity of individuals representing the earlier
ages (prior to 17 years of age), the present series lacks the cases
that would show the commencing stages of closure in the basilar
suture and thus includes mainly the terminal stages. Table 15 gives
the percentage of skulls ghowing stages of closure for each age
group and demonsirates active closure up to and juaciuding the age of
12 years. In the following age groupa (19-20) activity practically
ceases and by 21 years the basjlar suture ls elosed.
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TABLE 15
THE AGE DISTRIBUTION OF STAGES OF GLOSURE

IN THE BASTLAR SUTURE

(in %)
Closurei
Age  No.. 0 1 2 3 i
17-18 55 3 2 7 W 78
19 52 - - - "3 97
20 5 | - - - 2 98
21 37 - - = - 100
22 2 - - - 10C

#See footnote Table 11

7. Total pattern of suture closure

For further information on the nature of vhe relationship bve-
tween age and suture closure, a regression equation was formulated
for all cranial suture closure from 17 to 39 years of age. However,
in order to use the recorded observations, a slight change in ihe
scoring scale was made. The standard scale of 0 - 4 was changed to
1l - 5, Also, each of the 11 sutures was treated as a single entity
rather than & numbsr of divisions. Thus, using the new 1 - 5 scalse,
each suture was rescored on the bagis of its combined activity. For
example, if the original score for a given sagittal suture was 4430
(reading from bregmatica to lambdica) the substituted combined score .
would be 3, i. e.,, about one half closed. Then, by adding the scores
for the 11 sutures in any individual skull, a single score was given
for all individuals in the series. Table 16 summarizes the informa-

tion resulting from this procedure when applied to the Armny series.

On the assumpticn that a few sutures might produce the same re-
sulis as all sutures treated together, the method described above was
applied to the three main sutures of the vault, coronal, sagittal and
lambdoid. However, an r value of .39 showed that there was less cor-
rela’ion betwc:n these three sutures and age than between all sutures
and age (which showed an r value of .49).
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TOTAL SUTURE SCORE FOR AGES 17-39 SHOWING AGE RANGE, MEAN AGE,

TABLE 16

AND PRECICTED AGE BASED ON THE REGRESSION OF

Score

15
16
17
18
19
20
21
22
23
24
25
26
27
2

29
30
31
32
33
34

SUTURE CLOSURE AND AGE.

Predicted Age
Age Rornge Mean Age From Regressjon

18 - 25 22.3 20.6
18 - 36 25.5 21.2
17 - 23 19.5 21,7
17 - 37 A 22.2
18 - 38 24,7 2,7
18 - 34 23.5 23.2
17 - 34 23.7 22.7
19 - 39 26.6 24,2
13 - 31 23.7 25,7
18 - 36 23.5 25.2
19 - 39 28.3 25.7
21 - 27 2‘402 26.2
17 - 39 2¢,2 v 26.7
20 -« 32 26.5 27.2
30 - 33 31.5 27.7
20 - 33 26.0 28,2
30 - 35 32.5 28.7
31 - 33 32.5 29.2
26 - 38 32.5 2907
N = 356
Scores:

Mean: 21.71

s.D.: 5.00
Age: v

Mean: 23.58

S.D,: 5.12
r = 4910

Fredicted age: .5026 Scores ¢ 12.6655
Stangard error of estimate = 4.4614
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-absent, then cride estimates can be made in terms of decades only.

From Table 16 the following conclusions can be drawn:

1. On the whole, suture closure in the present series
seems to progress in a fairly uniform manzer,

2. Ths sutures and their patterns of closure are rslated
to sach other but not enough to be reliably applied in cases of indiv-
idual age determiinction, If other ageing nreas of the skeleton are

3. Age estimates based on overall suture closure are more
accurate than those based on the combination of coronal, sagittal and
larmbdoid closure alone,

8. Summary

The forsgoing analysis of suturs cloesure illusirates +u3 fact
that progress of closure has only a vary general relationsiiip with
age. So erratic is the onsst and progreas of closurs that zn zuaguotc
series will provide just about any pattern at any age lev«l. Thus, as
a guide for age dstermination, such a trend is of little use. In otner
words, suture c¢losure, as either direct or supportirz evidrice for skel-
etal age identification, is generully unreliabie.

An exception is the basilar suture which is completely closed at
the age of 20 years. It has been known that this suture closes rapidly
and completely but no evidence has been prosented herztofore on the

terminal date.




CHAPTER II

ERUPTION OF THE THIRD MOLARS

It is generaliy recognized that the eruption pattern of the third
molars is extremsiy irregular. Yet, partly because of this irregular-
ity and partly because of the late date of eruption, little specific
information is available. Most of the studies on the time ¢f eruption
of the permanent teoth in the American population have been based on

roups of school children, extending upwards in age to around 20 years
Cf.Bean, 1514, 1917; Cohen, 1928; Hurme, 1948; Suk, 1920). Since the
full picture of third molar eruption is not yielded by groups with this
upper age limit, the third molar usually has been excludad frem such
studies.

This situation is reflected in many textbooks whero the eruption
of the third molare is stated as a time interval rather than a meaa age.
For example:

Age of eruption
Textbook ~ for third moiars.

Cunningham's Text-Book 17 - 21
of Anatomy

Grey's Anatomy 17 - 25

Hrdlicka's Practical 18+
Anthropcmetry

On the other hand, although Steggerda and Hill (1942) likewise
give an interval of 17 - 21 years, they state that this represents the
period in which the greatest intensity of eruption occurs and does nob
includs the upper time limit. Actually, it is not clear that their
sample included individuals over 21 years of age. Obviously, such
data are of limited use in cases of individual identification.

Besides erupting late and slowly, the third molars often do not
erupt normally. This is especially true in the lower jaw where, be-
cause of an evolutionary reduction in length, the third molars may be
forcad out of normal alinement. A frequent result is that the lower
thind molars abut againet the second molars, a condition known as im-
paction. In other cases the third molars, both upper and lower, may
fail to erupt or wven fail to form (congenital absence). In such
cases during life, grose inspection may not reveal the presence of
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some or all of the third moiars and hence they may be reported as
Y absent when in fact they are only hidden.

Despite these irregularities, the fact that the eruption of the
third molars is orie of the last maturational esvents, makes it a pos-
sible supplementary age indicator. For efficient use however, we must
know not only ths true range of erurticn tims ia the American popuia-
tion but just when and how often the third molars appear in an erup-
tional stage that 1is meaningful for ageing purposes.

When present, a third molar may be in one of 4 positions:

-1) still unerupted; 2) erupting; 3) impacted, and 4) normally erupted.
When not present, a third molar may not have formed or may have been
extracted antemortem. No attempt was made in the present study to
identify the cause of the absencz. The frequency of these 5 catego-
ries is given in Table 17, Here, we are particularly interzsied in
the unerupted and partially erupted teeth, because thsy alore indicete
immaturity. At 17 - 18 years, 55 - 58 percent of tha upnes thiri
molars and 32 -~ 36 percen? of the lowers are in thesse staras. These
figures are reduced by nearly half (to 33 - 35 and 18 - 20 mercent
respectively) by age 19. After the age of 22, erupt‘cn hes termlnated
except in a few cases which linger until 35 years.

The difference in eruptionzl incidence between upper and lower
jaws is accounted for by impacted third molare occurring frequently in
the lower jaw between the ages of 17 and 21 years. Due perhaps to
natural loss of teeth and extractions, few cases of impactions were
seen after the age of 21. : '

The .-~ificance of these data is twofold: 1) although the main
eruptional period for the third molars is 17 - 22 wears, ai the peak
of eruption (17 - 18 years) only a little over half of the uppers and
a third of the lowers give a clue to age; and 2) although, for p.ac-
tical purposes, eruption ceases at 22 years, a few cases may be found
ir unerupted and erupting stages as late as 35 years. These data bear
out our earlier statement that the third molars, particularly in the
White race, are merely supplementary age indicators.




T M e bt 8 et Ao e e

TR L S MMM i £ e e 7 v s e

-

AN v el

SLE 18I0}
€8 L9 €8 L9. LT €€ LT €5 = = = = = - - - - - - - § 06y
g7 €5 MM 91 Sy oY ™M s & ¢ - ¢ - ¢ L ¢ ¢ - T ¢ < oor-ie
T 9€ 8¢ LE M 95 S &5 = W - - Y L % Y - = " 62 0€-82
6 2% 95 09 MM YWT ot ¢ % v -~ - - - & % - - = 7 e L2-32
€ €% 6% 28 € 2 07 2 - Y - Ot oI L L L T % hr N gc  §2-ve
9¢ €€ Of LE 99 L9 OL 65 % - - - % - - =~ - - - 9 Z %4
™ 2€ 2 O7 87 95 e e - v - - 8 8 91 8 - - - - 14 ez
€ O 92 "™ %€ 9 85 6¢£ YI TIL £ 9 IT €1 €T 8 9 - - ¢ 6¢ 12
WY ez €z LT LY M o058 %S ST M- - g S o€ % 9 ¢ L 0§ Y ce
6 Ot 92 Sz Lt 8¢ 27T O 91T 2T - - 81 9T 1€ 62 - 4% 2 ¢ es 61
S 8T 92 2 T2 8 6T OZ 22 81 - -~ YT 8T SE€ O% €0 8T 0z ST 4§ 8I-L1
T ¥4 1T ¥ T ¥ 1T ¥ T 8 T ¥ T ¥4 1 WV T ¥ T H &gy
Jem0]  Jaeddp ooy aeddp Jamo]  Jeddp Jemor] Jaddp Jamo] Jaddp

Wekqv pesdnde pejSedur peadnde pajdrasup
ZTTw=IoR ITIvT3Ed
(3 ur)

S4008D DV I8 SHVIOH QUIHL K1 JO0 SNLVIS HHI

L1 9TEYVL

Lo




e e e et g

BT —— e oL e

AT B e e e

e R L T N e
. . - -
P

CHAPTER III

EXTREMITIES

1. Introduction

The three major bones making up each of the four extremities are
called the "long boiues." Each long bone is made up of a diaphysis
(shaft) with one or more epiphyses at either end. Thus, the long bones
grow in two dimensions; in girth and in length (by means of the apiph-
yeis). Growth ceanes when the epiphysis joins or fuses with the

diaphysis .

Although the long bones of the present series presented 15 obgerv-
able epiphyses, considerations of space on the data card pet o limlt ~m
the number that could be recorded in detail. Thus, onlv thuse epiphyses
with the longest period of activity in the military age range v=ro
placed on the card., The status of all other epiphyses wes rocordsad in
the form of notes supplemented by photographas. This procsdurc iosuited
in a division of the epiphyses into two groups as foilows:

Group I. (Epiphyses shcwing early union)
Upper extremity
Elbow joint:
Distal epiphysis of humerus
Medial epicondyle of humerus
Proximal end of radius
Proximal end of ulna

Lower extremity
Hip joink:
Head of femur
Greater trochanter of femur
Lasser trochanter of femur
Ankle joint:
Distal end of tibia
Distal end of fibuls

Group II, (Epiphyses chowing delayed union)
Upper extremity
Shoulder joint:
Proximal end of humerus
Wrist loint:
Distal end of radius
Distal end of ulna

L1




Lower extremity
Knee joint:
Distal end of femur
Proximal end of tibia
Proximal end of fibula

In the 17 to 20 year age groups, 14 percent of cases show un-
attachted epiphyses of the upper and lower extramities. Table 18 shows
the distribution of cuch epiphyses as subdivided into Groups I and II.
From this it appears that 20 years is the upper age limit whers an ob-
server can expect to find unattached epiphyses of the long bones. Also,
the small representation of unattached epiphyses in Group I indicates
that  this group is the first to mature, thus substantiating the util-
ity of the division. '

TABLE 18

THE AGE DISTRIBUTION OF UNATTACHED LONG BONE
EPIPHYSES IN THE PRESENT SERIES.

(in %)
Age
Epiphyvses 17 18 19 20 21
Group I.
Greater trochanter - 2 . - -
Distal fibula 10 - = e -
Group II.
Proximal humerus 30 13 5 - -
Distal radius 50 18 7 4 -
Distal ulna 5 24 7 L =
Proximal tibia , 10 7 2 - -
Proximal fibula 40 11 4L -~ -

2. Historical remarks

The age order of epiphyseal union for the bongs of the extremities
has long been of interest to anatomists. However, despite a seeming
wealth of kncwledge, it is extremely difficult to find agreement on ages
of epiphyseal union. In a table entitled, "Ages assigned by various
authorities for union of epiphyses," Stevenson (1924, p.54) pointed out
this lack of agreement z2mong 11 auvthors and went on to demonstrate the
rasults of his work on 110 ckeletons from the Western Reserve collectiorn,

L2
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For the purpose of comparing observations made directly on bones, -
Stevenson's findings are generally considered the standard authority.

More recently, studies giving the age order of epiphyseal union
have come from the analysis of roentgenographs (for example, Paterson,
1929 and Flecker, 1942). However, a disparity in results still remains,
as is shown in Table 19 where the findings of these authors are com-
pared with those of Stevenson. Actually, the differences shown in
Table 19 are not as great as was demonstrated by Stevenson, slthough a
difference of 5 years appears in the case of the medial epicondyle of
the humerus. This variability in the stated times of epiphyseal union
has made age estimation a difficult if not confusing process.

TABLE 19
ACES ASSIGNED BY THREE AUTHORS FCR
UNION OF THE LONG BONE EPIPHYSES.

Epiphyses Stevenson Paterscn  Flsckor
(*24) (*29) {'42)

Group 1I.
Upper extremity:

Med. epicond. of

humerus 16 18-21 16
Prox. radius 13 18-19 16
Prox. ulna 16-17 19 16

Lower extremity: ,
Head of femur 18 18 17
Gtr. troch, of femur 18 18 16
Lsr. troch. of femur 13 18 17
Dist. tibia 18 18 2
Dist, fibula 18 13 17

Group II.

Upper extremity: .
Prox. humerus 20 21 18
Dist. radius - 19 21, 19
Dist. ulna 19 21 0

Lower Extr-mity:
Dist. femur 19 18 19
Prox. tibia 19 19 18
Prox. fibula 19 18 19

L3
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A suggcstion of the rattern shown in Table 18 is also seen here
in Table 19. It can be calculated from the latter that the average
age of union for Group I is 17.5 years while that for Group II 1s 19.0

years.
3. Upper extromities

Observat’ions on the epiphyses of the long bones are sumarized in
Tables 20 and ..

TABLE 20

THE AGE DISTRIBUTION OF COMPLETE UNION FOR
THE LONG BONE EPIPHYSES OF GROUP I.

(in %)
Upper Extremity Lower Extremity
Humerms: Femur:
med. - Radius: Ulna: gtr. 1sr. Tibla: Fibula:
Age No. epicond. prox. prox. head troch. troch. dist. dist.
17-18 55 86 93 90 88 88 88 89 89
19 52 96 100 100 96 98 98 98 94
20 45 100 100 100 100 100 100
Total 152

The Humsris:

A%t 17 and 1% years of age, the disval epipnysis is completely
united in all cases. On the other hand, ths: epiphyses for the medial
epicondyle and the head of the humerus are incompletely united in 14
and about 79 percent of cases respectively. Ths former reaches com=-
plete wilon in all ceses by the end of the 19th year cnd the latter in
the 24th year.

The epiphysis for the medial epicondyl. unites from below upward,
thus leaving a small notch at the superior end as the last site of union
(Fig. 12). The last site of union for the proximal end appears as a
slight gro~ve, postero-liatersily (Fig. 13).
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Pig. 12 Distal end of right humerue showing ths spiphysis
Kotc that

of the medial spicondyle in stzge 2 of union.
union has begun inferiorly. (No. 4k, 18 years).

Fig. 13 Proximal erd of right tmumeri shewing late stages

of union.
(No. 97, 20 yearsn;.

left: Farly stage 3 of union,
Right: Late atage 3 of union. (No. 174, 20 years).
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. The Radius and Ulna:
- B The epiphyses of the radius and ulna can be conwniontly treated
v together since thay unite in pairs simultaneocusly. When firet. seen in

our series, the proximal onds of the radius and ulns are in a late
. stage of fusion (Fig. k). Both epiphyses are united in all casss by
U the 19th year. Zarly atages of union for the distal epd physes. ocour
from 17 - 20 years. Thereafter, all cases are eithsr fused or in the
last stages of elosvre. By 23 years, both dizt.al opiphnu m caon-
pletely united i{n all cases, :

Last {races of the epipayseal lines are uaually loeated, for t.ho
distal ulna, at the bass of the styloid process,’ poste
(Fig. 15) and for ths distal radius, antero-lateraily (Fig. 16).

Fig. 14 Proximal Ond of righi radius (left) and ulza (right)
showing recent signa of union. (No. 4k, 18 yeara).

Fig. 15 Distol ond of lefd Mgg 14 Diztal end of lefs
ulns (pasterior, showing otags rodius {onterior) showing stage
4 of updon. (e, 99, 17ycars). I of undon. (Ho, 250, £2 yoars).
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L. Lower extremities

L

The Pemir:

As seen in Table 20, the epiphysez for the head, and greater and
lesser trochanters are in the last stagos of union for moat of the
cases (more than 80 percent)., Casés of non-union linger oa until the
end of the 19th yeei and by 20 the epiphyses for the proximal end of
the femur are united in all cases. From Table 22 we find that tha
last of the femural epiphysez to fuss is at the distal extremity where
ossification is still in esrly stages az late as 20 years and does not
become complete for all cascs until the 22nd year.

Fig. 17 Proximal end of the left femur showing the epiphysse for the
hsad in stage 3 of union, while those for tha greater and lesser tro-
chanters are in stage 2 of union. (Wo. 72, 18 years.) Note that

union begins for the head, antero-laterally; for the greater trochanter,
antero-medially; and for the lesser trochanter, supsrliorly.
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At the pro:imal end of the femur, the last sites of union tor ths
three epiphyses are as follows: 1) head, postero-medially; 2) greater
trochanter, postero-medially; and 3) lesser trochanter, inferior mar-
gin (Fig. 17). At the distal end, on the postero-medial side (Jjust
zbevo th; medial condyle), a fissure locates the last site of union

rigo 18 . . ) L

Fig. 18 Distal end of loft and right femur showing
stage 3 of union. (No. 319, 19 years).

The Tibja:

Barly stages of fusion were found in the distal epiphysis through
the 1Gth year and complets union for all cases occurs by the 20th year.
At the proximal extremity, a few casas show early stages of union in the
17-19 year age groups. Thereafter, progress for completed union is slow
and does not occur for all cases unti) the 23rd year. '

iLast traces oi union at the distal end occur antero-lsterally (un-
fortunately, we are unablis to illustrate this feature from our photo-
graphs). At the proximal end, 4ne last site of union is fowxl poste: -
medially (Pig. 19). However, a well-marked groove may persist at this
sitec of last union long after complete fusion has occurred (Fig. 20).
Evidence of this groove has heen found in tibias as old as 37 years.
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Fig. 19 Proximal end of right and left tibia
showing stage 3 of union. (No. 153, 20 years).

Fig. 20 Proximal end of right tibia
showing persistant groove at site o’
wion. (No. 21, 2L yesrs).
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The Fibula:

The pattern of maturation for Lhe distal epiphysis of the fibula
corresponds with that of the tibia: early stages of union through the
19th year and complete uniori for uil cases by the age of 20, The
proximal epiphysis shows sarly stages of fusioa as late as the 20th
Yoar and complete union for all cases does not occur until the 22nd

ysar,

The last site of union at the distal end is located medially
(Pig. 21); at the proximal end, antero-laterally (Fig. 22).

Piz. 21 Distal end of fibula (left . Fig.
medial and right lateral views) showing- ong oizrizgxma
ing stage 2 of union. (No. 2, 19 years). showing stage 3 of
union. (No. 89,
18 years).
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5. Sunmary

At 17 and 18 years of age, the epiphyses of Group I are in
late stages of union, whereas those of Group II demonstrate early
stages of union throughout the late teens and early twenties. For
purposes of easier comparison, our findings may be summarized as
follows:

Joint Age of complete
union

Croup I

Ankle 20

Hip 20

Elbow . 20
Group I1

Knee 23

Wrist 23

Shoulder 24

It will be noted that the general trend is for our ages of
union to be slishtly later than those shown in Table 19. As we
pointed out in Para. 2, the concept of when union occurs is not un-
iversally constant. Thus, on the basis of varying definitions of un-
ion, differing results are to be expected. In this regard, Stevenson
claims that the epiphysis at the distal extremity of the radius unites
at age 19, yet his graph (v. 63) shows cases of non-union for the dis-
tal radius in the 2l-yvear age group. Our figures show that complete
union occurs in onlr 40 percent of cases at 19 years and that 100 per-
cent nf completed union is not reached until 23 years. Flecker (1742,
p. 155) agrees with Stevenson's age of union, but his sample includes
cases of non-union as late as 23 years (p. 121). In other words,
whereas our ages refer to the age at which all cases are united, the
above authors have selected from their frequencies of occurrence some
kind of average age. We feel that as a practical tcol for age ident-
ification, ages other than the end age of union can be misleading and
hence our emphasis on the total range of occurrence.
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CHAPTER, IV
THE INNOMINATE BONE

1. Introduction

The Irmominate or hip bone, when mature; is one of a pair of
large irregularly shaped bones which, with the sacrum, make up the
pelvis. Before maturity, sach innominate is seen to be composed of
three main parts (ilium, ischium and pubis) and several epiphyses.
At 17 years of age, the three main elcrents of the innominate are
almost completely united and three epiphyses are ummnited: iliac
crest, ischial tuberosity and ramus. Also, the symphyseal face of
the pubis is undergoing metamorphosis.

In this chapter we shall follow the maturation of these three
epiphyses and in addition, since tne union of the epiphysis at the
symphyseal end of the pubis is only a phase of the metamorphosis of
the surface, we shall follow symphyseal changes as a whole through-
out our series,

2. Historical Remarks

Morphological changes in the innominate bonc and their rela-
tionship in general to skeletzl apge have lorng been recognized. Hunter
in 1761, ieby in 1858, Henle in 1872 and Cleland in 1889, to cite only
a few authors, described gross changes in the hip bone taking place
during the 1life of an individual (see Todd's historical summary, 1920,
p. 292). Although most of these authors concentrated their attention
upon the public symphysis, neglecting the epiphyseal areas of the rest
of the bone, they failed to relate spaciflc bone changes to age.

The final step was made when Todd (1920) developed 7% system of
symphyseal phases and Stevenson (1924) made a general suc-vey of epi-

..... okl wlaAd
‘pu‘yoceu. wiion. Dovh studlss souvld ke ""‘"1".;3'.‘. t2 prohlemae af osa

identification and are still generally considsred as the msin author-
itieas. For this rocason, a brief review of the methods used in and the
conclusions resulting from these studies is 1in order.

Todd's observations on the documented skeletons at Western Re-

serve U. showed that the symphyseal face of the pubic bone undergoes a
~egular metamorphosis from puberty onwar''. In order to represent
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this transformation he identified a succession of 10 phases involving
such bony features as a ridge and furrow pattern, a dorsal margin, a

ventral bevel, a ventral rampart, lower and upper extremities, and a

rim. ‘

To illustrate each of these phases he selected typical specimens
of known age (Fig, 23), The phases, as thus typified, he described as
follows (Todd, 1920, p. 313):

Phase 1: Age 18-19. Typical adolescent ridge and
furrow formation with no sign of margins
and no ventral beveling.

Phase 2: Age 20-21. Foreshadowing of ventral bev-
eling with slight indication of dorsal
margin.

Phase 3: Age 22-24. Progressive obliteration of
ridge and furrow system with increasing
definition of dorsal margin and commence-
ment of ventral rarefaction (beveling).

Phase 4: Age 25-26. Completion of definite dorsal
margin, rapid increase of ventral rare-
faction and commencing delimitation of
lower extremity.

Phase 5: Age 27-30, Commencing formation of upper
extremity with increasing definition of
lJower extremity and possible sporadic at-
tempts at formation of ventral rampart.

Phase 6: Age 30-35. Development and practical com-
pletion of ventral rampart with increasing
definition of extremities.

Phasze 7: Age 35-39. Changes in symphyseal face and
ventral aspect of pubis consequent upor. dim-
inishing ac.ivity, accompanisd by bony out-
growths Into pelvic attaciments ol Tenduis
end ligwients.

Phase 8: Age 39-44. Smoothness and inactivity of
symphyaeal face and ventral aspect of pubis.
Oval outline and extremities clearly de-
fined but no "rim" formation or lipping.
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Pg. 23 Modal standards of Todd's 10 typical phassss (after G. Neumann).
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Phase 9: Age L5-50. 'Developmeﬁt,of teim" on symphys-
sal face with lipping of dorsal and ventral
~margins. -

. Tt

Phase 101 Age 50 and upwards. Erosion of and erratic,
possibly pathological,oateophyhic growth on
symphyseal face with breaking down of ven-
tral margias.

Todd's pubic phases have proved fairly satisfactory for ageing
purposer. Recently, however, Brooks (1955) has tested them on a e~
ries of 194 male and 177 female California Indian skeletons and a
sample of 103 miles and 82 females from the Western Reserve collection
(the same utilized by Todd). She concludes that for all ages over 20
years the phases consistantly yield a higher than actual age and hence
should be modified., Also, she claims that Todd's "extrems deviantas"
are not necessarily anomalous, tut ere probably alternative patterns
of morphological age changes occurring in the symphyseal surface of
the pubis,

It is noteworthy that Todd's pubic phases have also been applied
to studies of age changes in the male Japanese pubic bone. Hanihara
(1952) investigated a series of 135 mile cadavers ranging in ages from
17 to 504. Although his description of symphyseal metamorphosis fol-
lows closely that used by Todd, his emphasis of certain Teatures dem-
onstrates a slipghtly different interpretation., For example, in the
age group 36-39, Hanihara gives a detalled description of the tony
atgrowth or swelling on the ventral surface of the pubis just ad ja~
cenu o the ventral rampart (included by Todd in his account of late
marginal projections) and refers to it as one of the primary features
of late metamorphosis (p. 250). ‘In our analysis of the present series,
we were inclined to agree with Hanihara but because of the paucity of
our samples in the age groups over 320 years, the importance of this
feature was difficult to interpret. Thus, we have included this fea-
ture in the gemeral picture of erratic ossification that is exhibited

in the symphysis of older individuals (see par. 7).

woalhars concludes that .. .thea changes (referring to the 10
phases) stated by Todd can he used also on Japanese individuals. How-
ever, it (symphyseal changes of Japansse pubic bone) does not always
coincide with that of Todd in the division of each age period..."

(p. 255). He poes on to state (p. 255) that, "...the age changes of

he Japanese people are, generally speaking, 2 to 3 years earlier."
He is unable to say whether these differsnces are due to racisl var-
iation or to the differences of opinion on the parts of the examiners.
The important point, however, is that Hanihara, like Brooks, finds
Todd's phases tendinc to overage many specimens.

56
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We turn now to Stevenson (1924) and his study of epiphyseal
union in general. His series consisted of aprnroximately 110 White
and American Negro skeletons or both sexes, and ages ranging from 15
to 28 years, the same material studied by Todd. among the results of
his analysis was a detailed description of the sequence of union for
the epiphyses of the iliac crest, ischial tuberosity and ramus.

Criticisms of Stevenson's study have been directed primarily to
his sample rather than to his methods. For example, Cobb (1952) points
out (p., 799) that the death certificate ages of the majority of the
collecticn are not accurate chronological ages and that actually, these
ages "represent both antemortem subjective estimate(s) as well as, in
lesser degree, postmortem objective guess(es)". Also, Stevenson's
breakdown of age, sex and stock (p. 57) shows the obvious limitations
created when 110 cases (each segregated accordirs to age, sex and
stock) are spread over an age range of 14 years., That is, the highest
total for any one group is 9 cases and most are represented by less
than 5 cazser,

Such criticisms suggest that there is still something to be learned

in this area about growth and especially as observed in the sample of
young men repressnted in the American war dead series.

3. Primapy Xlaponts

Trs terminal atdge cf union between the primary elements of the

innomiv:  was observed in only two cases in the 17 year age group and
in nory - the 1R ywar age group. This stage consisted of fissures oc-
aurrir twn sitent 1) the posterior superior angle of the obturator
foram. wrietng the line of union batween the ischium and the pubis)
and 2) Wa wniatio notech (marking the line of union between the ilium
wiid LR “dum, Fig. 24), The significance of this finding is that 17
yoars .. aritn bha final age for union of the primary elemente of the
innomin
I.. L;,‘_r“ m

The. ywin for the 1liac crest is a long slender piece of bone
extending . the anterior superlor 1liac spine to the posterior sup-
arior 414sr  ina  The auldohenis, whien 1irst scep in this series (age

17), 1s eithes mattmched ¢cr in the early stages of fusion and, accord-
ing to Stavanaem (1924, p. 79), should unite in the 22nd year. As usual,
we are primariiy soncerned with variation and thus, with the data col-
lected in the ’=mariocan war dead seriss, wa havs attempted to define more
acrurately the total progress of oagsificution for the crest,

Observations on the derree of urion were recorded on a numerical’
acale of O-4 (alrsadydemribed). In addition, the site or sites at
which union takea place was recorded in photographs and notes. The

7 Reproduced From

Best Available CoPY




Fig. 24 Left innominate showing stage I, of union for primary elements.
(No. 425, 17 yeare), HNocte fissure in the sciatic r teh marking the
line of union between the 11lium and the ischium,
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relationship between sites and stages of union can be summarized as
follows:

Stage 1. Union begirs internally near the anter- , E
ior superior spine. (Fig. 25)

Pig. 25 Right ilium {external surface) showing stage 1 of union
for the iliac crest. (No. 319, 19 years). Note beginning
union at anterior supericr spine.

Qb nerm D

Internajily: Fused in anterior half and occasion-
ally at the posterior end. (Fig. 26,top)

Externnlly: Fused at anterior superior spine and in
the middle third. {(Com-times also at
posterior end, both internally and exter-
nally.) (Fig. 26, bottom)
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Fig. 26 Top:
for the 1liac
stapge

Aman mvas

P b anha L LR

right 11ium (internal surface) showing stage 2 of union

crest.

2 of union for iliac crest.

Bottom:

right 11ium (external surface) showing
(Ne. 348, 19 years.)
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a Stage 3. ' |
. Internaliy : Umunited only at a point just above
) the junction of the iliac fossa and
articular area, (Fig. 27, top)
Externally: Ununited only at point of greatest
anterior thickness. (Fig. 27, Bottom)

Stage 4. Completed union. (The fissurss cf stage 3
often persist as shaliow grooves) (Fig. 28)

Table 22 correlates the above stages with age. From this it is obvious
that we are dealing with an epiphysis which in a good many cases has _
started to unite prior to 17 years; indeed, the majority of crests show
some union in both the 17 and 18 year age groups. At the same time, un-
united crests appear as late as 20 years while others exhibiting only
beginning union appear among the 21 year group. However, in spite of
this irregularity, the general picture is one of fcirly rapid progress
with a period of greatest activity between 20 and 21 years. The crest
is completely united at the age of 23 years,

TABLE 22

EPIPHYSIS ON ILIAC CREST: AGE DISTRIBUTION
OF STAGES OF UNION .

{in %)
: Stages of Union
Age No. v} 1l 2 3 I
.17 10 L0 i0 10 40 -
18 45 18 16 26 20 20
19 52 5 4 27 28 136
20 45 2 6 L 2 64
21 37 - 5 8 13 174
22 24 ~ - 4 L 92
23 26 -~ - = =100
Total 239

Following epiphyseal union, lipping soon begins to appear on the
inside of the crest just anterior to the junction of the 1liac fossa and
the articular area (Fig. 29), which is also ons of the last sites of ep~
iphyseal union. Lipping appears oxternally at the point of greatest an-
terior thickness (Fig. 30), but its occurrence is too erratic to warrant
glving an analyeis of the data. Table 23 shows the percentage of cases
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Pig. 27 Top: left ilium (internal surface) showing stage 3 of union
for tho ©1isc crest. Bottom: left ilium (external surface) showing
stage 3 of unlon for iliac crest. (No. 381, 17 yaars.)
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Fig. 28 Top: right 11ium (internal surface) showing stega L of
anlon for the 1liac crost. Bottom: left 1lium (external surface)
showing stage L of union for iliac crest. (Mo. 324, 19 years).

%)

&3




- Y T SRR a PR

TABLE 23

ILIAC CREST: LIPPING ON INSIDE AT JUNCTION
OF FOSSA AND ARTICULAR AREA.

Age No. Percent_of Occurrence
22 24 -

23 26 8

24-25 27 30

26-27 25 30

28-30 29 43

31-35 21 72

36-40 15 - 64

K-50  _b 50

Total 173

Fig. 29. Left {lium (internal surface) showing arca of lipping for
114ac crest. {(No. 445, 28 years).
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, Fig. 30 Left ilium (externsl surface) showing area of lipping
X for iliac crest., (No. 4L5, 28 ynarzﬁ.

in each age group observed to have lipping on the internal sida of the

crest, It is intereosting to noite that 2ipping does not occur before

the age of 23 years, but from that age its frequency rises steadily

through the upper ags groups. We have no explanation for the peak in :
ihe age group 31-35 uniess it is dua to the small mmbsr of samnles

rspresenting the agss ovsr 35.

5. Ischial Tuberosity and Ramus

The epinhysis for the iachial ramus is a ventral extension of that
which hsloas make ur the ischial tubsrosity. The lenjgih of the ramal
portion © vardiable; it may be almost nonexistent (snding at the level
of the bour~~ ¢ the cbturator foramen, Fig. 31), or long (in scme
casen exter. .8 onto the inferior axtrsmity of ths publc symphyuis,

Mg, 32). 1n this last instance the appesrance may be misleading. It
is unlikaly thut an iachial epiphysis extended onmto the pubde. Probably
8% an egrlier stege of development, a separate ossification center ex-
isted for an epiriyais of the descending pubie ramus, and this became
conjoined with thoa spliphysis of the ascending eschial ramus.
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Pig. 31 Left ischium and pubis (internal surface) showing
short ramal epiphysis. (No. 118, 32 years).

Regardless of length, this epiphysia follows a2 pattern of
union very much like, but a little more delayed than, that of ‘he
il4ac crest and, as he did with the crest, Stevenson (1924, p. 79)

rlaces complete union at <2 years.
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Fig., 32 Left ischium and pubis (internsl surface) showing long
ramal epiphysis. (No. 82, 20 years)

Our records show that union starts at the posterior end of the
tuberosity (Fig. 33) and spreads first along the internal side and
then along the external side. After thr. tuterosity is completely
united, the ramal portion is often still unattached. After union of
the latter portion, fissurss persist for a while (both internally and
externally) at the junction of the ramus and tubercsity as well as
superiorly cn the external side of the ramus. Also, the superior tip
of the vamal vortion may remain free after ths rast has fully fused

(Pig. 34).

From Table 24 the progress of union is found to bs fairly rapid.
Compared to the iliac crest, progress seems to be somswhat more ir-
regular and the finil age for complete union is not as distinct.
However, after the first half of the 23rd year the ischisl epiphysis
is completely united in all cases, :
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TABLE 24

_EPIPHYSIS ON ISCHIUM: AGE DISTRIBUTION
OF STAGES OF UNION
(in %)

AT e A T ST LR 4T e

Srtodiata iads

Stages of Union

Ags No. Q i 2 3 4 :

. E]
17 10 5 .10 & 10 10 !
18 L5 52 13 12 12 11 f
19 52 1A 2L, 13 17 32 :
20 W 1 9 23 W s
pal 37 10 6 3 5 5 ‘
22 24 A - - Lo 92 ;
23 26 - - L A 92 i
2425 22 - - - - 100 %

At this stage of maturation of the ischium the immer side of
the tubsrosity prasents a ridge along the line where the epiphy=is
upited. This ridge varies somewhat in prominence but is usually
smooth and rounded, After some years the ridge becomes more prom-
inent and roughened. This being tl.s case, it was deemed important
to learn whether the change in form of th.s ridge is a useful age-
ing eriterion. The observation was recorded solely from the photo-

graphs.

In Fig. 35, 3 specimens are shown representing early, middle
and lave stages oi iipping Lo% Vhe duborssitr. At age 18 (top
specimen), the tuberosity is smooth and rounded, Actually, although
lipping ie not rresent, the shadowy outline of a slight ridge along
the old epiphyseal line can be distinguished. Also, attention is
called to the emooth uninteriuptsd cutline of the ohturator foramen.
At rge 26 (middle specimen), the tuberosity is definitely lipred
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and its border i3 no longer smooth but has become slightly serrated.
Also, the smooth outline of the obturator foramen is now interrupted
by small bony nodules (usually found near the anterior and posterior
ebturator tubarcles). At age 36 (bettom spseimsn), 1ipping and ser=
ration is more pronounced. Here the changes are not confined to the
tuberosity, as in the 26 year old specimen but extend along the ischial
ramus. The axostoses around the borders of the obturator foramen are
als> more pronounced (demonstrated also in Fig. 36).

Fig. 36 Right ischium and pubis showing exostoses around
the bordar of the obturator foramen. (No. 379, 32 years).

In general, the formation of lipping and exostosesz about the
ischium appears to be a gradual and erratic process and such changes
tend to become pronounced in the latter part of the fourth decada.
However, it should be apparent that they are not accurate age indi-
cators,

6. The Pubic Symphysis: A now system for determining age.

The syap'iyseal face of the pubis is a nearly ldeal area in which
to seek avidence on skeletal maturation. Not only are there & suc~
ceanion of changes taking place, but these changes extend into the
later decades of adult life, a periecd for which evidence from other
parts of the skeleton is montly laci-ing.
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Todd may have been essentially right in his selection of cases
to typify svoceamsive sge periods, but the result was a static method
of age determination. Since the variability of each feature was lost,
only those pubic bones which are close to the typical can be aoed With
reasonable accuracy.

We feel that the main contribution we can make to this subject is
an analysis of our data which takes intc account 21l varidtions. In
order to accomplish this, an approach somewhat different from Todd's is
required, Rather than divide the +hole course of symphyseal metamor-
phosis simply into 10 phases, we will make it possible to translate a
large number of morphological combinations into chronological terms.
Separate components of each symphyseal face can be recognized, and also
the fact that each of these undergo transformation by stages. The re-

_sult may be avnressea as a formula,and a review of all formulae by age
will provide a basis for judging the position of a particular case re-
lative to uvhe mode,

The idea of summarizing conplex morphology by means of a formula is
not new to bioclozical science. A well known example is the somatotype
formula introduced by Sheldor (1924C). In this case a formula, consisting

of 3 components of 7 grades each, described the body type of an individual.

Such a procedure not only forces the observer to analyze ths compositiocn
of a structure but, once formulated, enables anyone to visualize what the
original structure looked like. Moreover, a formula is a convenient de-
vice for comparative purposes.

To serve description most efficiently, a formula must have certain
limitationa. If composed of too many elements, the significance of each
olemont bacomes difficult to remember; on the other hand, if reduced to
too few elements, the discriminating function becomes lost. After some
oxperimentation with elements involved in metamorphosis of the symphys=is,
we felt that the best results were obtained from a formula consisting of
3 components with 5 subdivisions or grades each.

Our search for the main elements began, naturally, with Tedd's des-
cription of the changes in the pubic symphysis. In the course of this
description he introduced 9 "features" in the following order:

Ridmea and tfurreowa
Dorsal margin

Ventral beveling

Lower extremity
Superior ossific nodule
Upper extremity
Ventral rampart

Dorsal plateau
Symphyseal rim
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Obviously, a formula of 9 digits, which would result if all 9 features
were used, would be cumberscme. Therefore, we were faced with the
problem cf dealing with combinations of previously described fsatures.

At age 17, the starting point of our series, the most prominent
feature of the symphyseal face is a pattern of transverse ridges and
furrows (Todd's features 1). The pattern is oftsn intorrupted by a sem-
blance of either a longitudinal ridge or groove, bisecting part or-all
of the eal face and dividing it into dorsal and ventral halves
(Fig. 37). We feel that this divisiocn is important because it fore-
shadows events that will be restricted to one or the other side. For

convenience in referring to this division, we are using the expreasions,
fdorsal demiffaco" and "ventral demi-face." . ’

Fig. 37 Symphyseal face of the pulls showins the left lengitudinal
ridge and right longitudinal groove which dlvides the face into dor-
sal and ventral halves (dorsal is left sni ventral is right).

(No. 88, 18 years; No. 139, 18 years).

Since ridge and furrow obliteration is retrogressivz in character.
xradusliy disappearing into cther features, it seems best to consider it
not as a separate feature but as a& part of sugcesding features.

Next, our analysis of the pressnt serias convinced us that the low-
sr symphyseal extremity (Todd's feature 4) occurs in combination with
the expansion inferiorly of the dersal margin, that the upper exiremity
(Todd's feature 6) is clossly associated with the develorment of the
ventral border, and that the so-called ossific nedvle (Tcdd's feature 5)
which is found in only & small number of cames end guickly loses iis
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identity, is but the upper part of the ventrs} rampart. These 'Ans+d4
erations again led us to believe that such teeiuraa ean be incluu tin .
the descriptions of the two demi-faces.

Lastly, we combiriad Tedd's features 2 and 8 (dorsal margin and
plateau) and features 3 and 7 {ventral beveling and rampart). In fur-
ther recognition of the ossential division of the demi-faces, we feel
that the functional relationship oi dorsal margin tc dorsal plateau,
and ventral beveling to ventral rampart are extremsly close ard thus can
" be considered as interrelated {'eatures. This leaves only one of Todd's
features (No. 9 or the symphyse2l rim) distinct from the demi-faces.
Actually it involves the face as a whole and only aftsr the uriginal
subdivision has disappeared. In this way, we have arrived at 3 compo-
nents that we consider diagnostically reliable in their chronologic be-
havior: 1) the dorsal plateau, 2) the vontral rempart ond 3) the

symphyseal rim.

The components doc nct rapresent a succeasion of structural changes
which are clearly distinguishable by inspection; inatesz, they develop
gradually and often must be subdivided quantitatively on tins basis of
experience. After all, the system depends entirely upon what the eye
sees and the relationship of the obssrvations with age must be worked
out on this basis,

As one would expect, metamorphosis is not always in the sae ai-
rection. 4 structure such as the dorsal plateau deavelops gradually,
becomes complete, and then proceeds to break down and disappear. Cn
the other hand, the symphyseal rim, having reaciied its peak in the
mid-thirties, tnereafter gradually disintegrales and eventually is re-
placed. Unavolidably, the numbers used in desigrnating the stages, and
hence the formwnla, igrnorz the changes in dirasction. Having +the numer-
ical sequsinice of the stages parallel the direction ot the structural
changes would only complicate the +isual usefulness of the formula.
Therefore, since the aim of this analysis 1s to develop a practizal
formula for estimating age, we have numbered the active stages of all
components from 1 to 5.

In addition to the 5 active deveiopmental stages, a preliminary
stage (O), denoting absence of the fecture in questjon, precedes each

L X N .411 mmaa ABadS e dln D acminmcnmmb o e A blnd e A---A‘I
uwu UJ. Duﬁﬁva- "wo Faladhode BT WUL LIV WA WU Ns v.nvu TREISNG WAL

srmental stapes.

7. The Symphyseal Components

1. Dorsal Plateau. Between the ages of 17-18, the grocves rear
the dorsal margin begin Lo fill in with finely textured bone and th-=
ridges show the first e~'..v~2 of resorption. Coincident with thir
process, a delimiting dorsai margin appears which eventually outlines
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the entire demi-face.

Starting in the 3ams general area, the interacting procesaes of
resorption and fill«in spread over. the dorsal demi-face until the ridge
and groove pattern has been obliterated. Ultimately, this gives to the
demi-face a flat, platform-like aspmct and for this reason, tie compon-
ent haz been given the name, dorsal plateau. ‘

Pig, = Symphyseal face of the pubis showing the
dorsal nodules on the inferior dorsal demi-face.
(No. 183, 18 years; No. 139, 18 years)

Attenticn is called to the dorsal nodules (not described by Todd),
somstimes associated with the early metamorphosis of the dorsal demi-
face (Fig. 38). When present, they are found in the lower third of the
demi-face. They are not simply erliarged ridges but round lumps of bone
incorporated in the ridgea. Since they do not aid in delimiting the
louer aymphysaal extremity and appear in only a smail number of casaes,

~ A kB b v el ' Moenea
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Tne 6 (U=5) stages nf Component I follow: (Fig. 39)

0. Dorsal margin abgent.

1l A glight margin Zformation firat appesrs in the
middle third of the dorsal border.

The dorzal margin extends along entiro dorsal border.
Filling in of grooves and resorption of ridges to
forw = beginning plateau in the middle third of the
dorsal den.-Tuce,
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COMPONENT I

PFig. 39 The 5 active stages of Component I,
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4., The plateau, stil.i exhibiting vestiges of billowing,
extends ever most of the dorsal demi-face.

5. Billowing disappears completely and the surface of
the entire demi-face becomes flat and slightly gran-
ulated in texture.

II. YVentral rampart. Early in the development of Compcnent I,
differentiation of dorsal and ventral demi-faces becomes pronounced due
to the breakdown, %y rarefaction, of the ventral half. Over this porous,
baveled surface, an elongated and mors or less complete epiphysis or ram-
part forms, This rampart is produced by the extension of ossification
from upper anid lower extremities aided, at times, by independent ossicles
along the line of the fulure ventral margin. Obviously, however, the pat-
tern is variable 2nd the rampart may rumain incomplete even in later age
groups ( the hiztus is usually in the middle two-thirds of the ventral

border, Fig. 40) or may bridge only cartain portions of the beveled sur-
face. ‘ v

Fig. 4O Symphyseal face of pubis chowing
veriral hiatus. (No. 239, 29 years).

Tha A (N_K) atames of Coamnonant TT are ae #allewe:  {Ris 21}

0. Vontral bsveling is absent.

1. Ventral bewsling is precant only ai superior
extremity of ventrsl bordar.

2, Bevoel axtends inferlorly along ventral corder.

3. The ventral rampart bsgins by msans of bony ex~
tensions frox either or both of the extremities.

L. Tre rampart is extensive but gaps are still evident
along the earlier ventral border, most evident in
the uroer tro-thirds.

5. The ranpert iz complete.
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III. Symphyseal rim, The final stages of symphyseal maturation
are characterized by the formation of a distinct and elevated rim sur-
rourding the now level face. . At the same time, the bony texture of the
face begins te change from a somewhat granular to a more finely grained
or dense bone and, although vestiges of the ridge and groove pattern
still ‘may be recognized in the lower third of the dorsal demi-face, it
is sometimes difficult to tell whether they are merely regular undula-
tions of the smooth bony surface or true remnants of the earlier ridge
and groove pattemn.

Following the completion of the symphyseal rim, there is a period
during which changes are minute and infrequent. Ultimately the rim is
worn down or resorbed and a smooth surface extends to the margins. As
the face levels off it undergoes erosion and esrratic ossificatlon, the
bone betumes more porous and the margins may be lipped.

Metamorphosis of the symphysis in the last decades of life is
characteriged by further breakdown of the bony tissue. However, because
of the small number of older individuals present, the series under dis-
cussion does not enable us to drfine thes last stages clearly.

The 6 (0-5) stages of Component III are as follows: (Fig. 42)

0. The symphyseal rim is absent.

1. A partial dorsal rim is present, usually at the
superior end of the dorsal margin, it is round and
smooth in texture and elevated above the symphyseal
surface,

2. The dorsal rim is complete and the ventral rim is
beginning to form. There is no particular begin-
ning site.

3. The symphyseal rim is complcte. The enclosed sym-
physeal surface is finely grained in texture and
irregular or undulaiing in appearance.

4. The rim begins to break down., The face becomes
smooth and flat and the rim is no longer round but
sharply defined. There is some evidence of lipping
on the wventral edge.

c Turthan hraalrdawm Af tha r»im (QQ"\Df‘I211’D‘ n.nr\o Allem
perior ventral edge) and rarefaction of the symphyseal

* face. 7Thers is also disintegration and erratic ossi-
fication along the ventral rim,

8, Correlations with Age

After baving constructed the symphyseal formula and defined the
components'! changes, our next step was to see whether others could apply
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it with sinilar results. Such a test was especially necessary since
the judgment of compoment stuge and ayz Gorrelation was based on the
subjective observations of ons investigator (McKern). Fefors accept-

i this judgment as final, aeveral observers not in contact with the
project ware askad to atudy the instructions and then to werk cut the
formulae of 10 selected casts, The results of this test demonstrated
that after a little practice with the method,observers witi only a gen-
eral knowledge of ostsology could formulate norma. symphyses with about
90% accuracy. After more expericnca, the same cbservers improved further
in their formulation.

With this evldence that others can judge the componentis and their
stages on the basin of our descriptlons, we proceeded to analyze each
symphysis into its formula. For example, a zymphysis from the beginning
of the series would have the simple formila of 1-0-G, indicating “hat
only the first stuge of the dorsal plateau component is present. This
stage (I-1) would then be scored as occurring at 18 (the known age of
the individuzl). Later in the saries, if we encountered the formila
3-3~0 in a symphysis from a 21 year old individuai, we cculd score the
stages I-3 and II-3 under his age. Thus, when all the formulae were
scored, an age distribution resulted which is shown in Table 25.

According to Table 25, the first and second stages of Components
I and ITI develop fairly rapidly and are completed in 4 to 6 years, where-
as the last stages progress more slowly., In Component III the {irst
stage begins late (21 years) and takes 8 years to complete, whereas the
2nd and 3rd stages take from 16 to 21 years. In our series some stages
never reached completion, as 5 of Component I, 4 and 5 of Component II,
and 3, 4 and 5 of Component III. Small samples in the age groups over
27 years are reflected in the distributions or stages 4 and 5 of Com-
ponent III. Necessarily therefore, these final stages are snly tenta-
tivaly defined.

Obviously, this is a picture of deceleration in symphyseal metamor-
phosis. Component III, in particular, represents a period which Todd
characterized as one of "quiesence", when age changes wers limited to
verivheral outgrowths into attachments of tendons and ligaments.

It will te noted also in Table 25 that the modal age is given up to
age 28 whereas all ages over 28 years have been combined into 3 age groups
and hence here the position of the mode is masked. For this reason it
seems desirable to give the mode and range for each stage in a separate
table (Takle 26).

The formulee now may be translated into probable ages. For exam-
plz, reading from Table 26 the formula 3-0-0 has an overall range of 18-
2% years (tho enrllest and latest appearance of any siuage of the 3 com-
vonsnts) and a nodal frequency of 20, 19, and 19 years (the designated
modes of each cemponent stage) for the 3 components. Thus, a final
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Judgment of the individual's most, probable apge at death would be 194
~ years, : T , \

TADLE, 26
AGE LIMITS OF THE COMPONENT STAGES

Stape Age Range Mode
Component. I:
0o 17,0 - 18,0 - 17.0
1 14,0 = 21,0 18,0
2 18,0 - 21.0 . 19.0
3 18.0 - 24.0 20.0
L 19-0 - 2900 23.0
5 23.0 + 31.0
) Component II:
0 17.0 - 22;0 19¢0
. 1 19.0 - 23.0 20.0
2 19.0 - 24,0 22,0
3 21.0 - 28.0 23.0
. A 22,0 - 33,0 26.0
. 5 24.0 4 32,0
Compocnent IIIX: _

0 17.0 - 24.0 19.C
1 21.0 - 28,0 23.0
J 2L,0 - 32,0 27.0
3 24,0 - 39,0 28.0
A 29,0 4 ' 35.0

5 38.0 +

Althouzh there are 125 possible formula combinations, only about
one fourth of these combinations are likely to occur. In the present
serlys, 21 different formulae were recorded, as Ioiiows:

000 320 43i. 543
100 330 Qi 552
200 410 - 442 553
210 420 541 55
300 430 542 555
310
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Obviousiy, sincs the components represent a chronolegical developmental -
process, certain combinations would be impossible nr, at least, patho- ‘ -
logical. towever, this is not to say that the above list includes all :
the =ormal combinations. Others will likely appear when the system i8 ,
applied to more extensive series. However, we bolieve that if other T
formulae are found, they will yield age estimates that are in accord

with those represented in this study.

il
SN

Also, it is expected that there may be differences of opinion in-
the recording of various stages of component development. For example,
it is often difficult to determine wheither the second component is in
stage 4 or 5 and similarly, whether the third component is in stage 2
or 3. The resulting formula could be either 542, 543, 552 or 553. How-
ever, these difficulties actually reflect the close interrelations of
Components 2 and 3 at this particular period of metamorphosis and the
mean ages for all four formulae are practically the same. Thus, the
system i8 flexible to the point where slight deviations in observation
will not necessarily produce grave errors in age estimations.

Carrying the analysis a step further, we found that when the fig- .
ures comprising the formula (300 = 3, 431 = 8, etc.) were added together, .
the resulting values, when plotted against age, showed distributions ex-
hibiting few, if any, differences from those of the intact formulae.,
Table 27 thus shows the calculated means and their age ranges for each
total score (0-15). Since several of the scores gave similar age esti-
mations, these scores have been lumped into a single category. We can ’
then conclude that once a symphseal formila has been established, the ‘
ags range and the probable age of the individual at death can be esti-
mated by simply calculating the sum of the 3-digit formula and reading
the corresponding age from Table 27.
Attention is called again to the smal.. number of individuals in
the upper age groups and to the possibility that they may not give a
full picture at the later stages of metamorphosis. Eventually, our ob-
servations should be checked on a large sample of older individuals and
adjustments made if necessary. '

To oroverlv utilize the symphyseal formula, the user must correctly
visualize a particular symphysis in terms of the established component
stages., Although the stages are described verbally and portrayed photo-
graphically, the prime requisite is for realistic and three~dimensional
training aids to insure comparability between users and maximum accuracy
in agsessment. To thls end, sets of plastic model symphyseal casts, re-
presenting the three components znd their 5 developmental stages have
been fabricated (Fig. 43). With an enclosed sheet of instructions and .
in combination with the informition contained in the present report ..
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the plastic sets bacome effective toola for ageing unknown aksletal
ramaing # .

| TAELE 27

CAI:CULATED MEAN ACE, STANDARD IEVIATIQ‘ AND, AGE RANGES
FOR THE TOTAL SCORES OF THE SYMPHYSEAL FORMULAE

Total Age Range Standard

Scorg Ho.  for the Scores ~  Mean Age Deviation
0 7 -7 129 -
1-2 76 17 - 20 19,04 9

z 43 18 - 21 199 - 85
] 51 18 - 23 20,84 1.13

6 <7 26 20 = 21, 22,42 99

10 19 23 - 28 26,05 1.87

11-12-13 56 23 - 39 29.18 3.33

B 31 29 4 35.84 3089

15 4 36 4 41.00 6.22

. otal 349 |
9. Abno ties of the is

" Abnormalities of the aymphyais complicate ags 1dentinoation and :
hence have pertinence to the preaent study. They fall into 2 ca%ogoriu:
postmorten srosion and antemortem malformation.

In assembling the series under discussion, poorly preserved skel-
story and especislly thooe in which the symphyses were badly eroded, were
rejected. Tha small amount of erosion which was accepted obscures rather

th-.. AL b rsnd o mocmetmemant Pandrioanm Tk k.'l ~I ava #hgb nnnh nhcm:u#im an

AMASE VAN VWL W W) W, @ e R W

oxisted has not seriously reduced the accuracy of formulatjon for iden-
tification purposea.

#Information on the procurerment of the plastiec rets may be obtained by
writing Ur. Thomas W. McKern at the foliowing address:

HQ QY Research and Development Command

Environmental Protsction Fesearch Division

Physicel) Anthropology Brarich

Katick, Mass,
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Fig. 43 The set of plastic model eymphyseal casts,

On the other hand, there was no conacious or ﬁlanned selection

against local antemortem malformations. As would be sxpected, however,

such abnormalities ars rare in this type of population. In Fig. 44,
cases #329 and #250 1llustrate two distinct types of deformed symphseal
faces. : ‘

The typs represented by case #329 (23 years old) occurs in 3 out
of the total series of 371 pelves. Compared to a normal symphyseal
face, it is extremely smail and exhibits none of the diagnostic fea-
tures characterietic of its age. The type represented by case #250
(22 years oid) was seen in i cases. Here a pacuiiar disintegration of
the upper portion of the facs (usually indicative of advanced age) ac-
companies features in the lower portion of the face characteristic of
the true age. Tha other examples of this type have disintegrated in
various places and hence the type is to be identified by the breakdown
of the face rather than by the location of the breakdown,

In all of our cases of antemortem malformation of the symphyseal
face, the rest of the skeleton shows a normal growth pattern.. This
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Fig. 4 Symphyseal face of pubis showing types of deformed symphyses.
(No. 329, 23 years (above); No. 250, 22 years (Ltelow))

suggests that such malformations may have resulted from trauma to the
pubic area. Whatever the cause, it is importeant to recognize such
conditions and to discount them in favor of other more reliable ageing
criteria, :

i, Summare

Primary elements. Last signs of union for the prixary elements
of the innominate occur as small fissures st pointa of union between
the ischium, pubis and iliwa.

Iliac crest. The early stages of epiphyseal union for the illac
crest are in progress prior to the 17th year. Ths eite of earliest
union 15 at the anterior end of the crest, usually on tnhe medial side
and just posterior to the anterior superior iliac spine. The crest is
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completely fused by the age of 22 years and the last sites of union are
at the junoticn of the iliac fosas and articular area (madiaily) and at
the point of greatest anterior thickness (laterally). '

Ischial tubercsity and ramus. The ischial epiphysis is fully united
at 23 ye years and the last site of union aeema to be on the external side

of the ramus.

Pubic symphysis. Since Todd's aysuem of typical phases serves only
those symphyses that conform to his concept of typical, we have proposed
a new method of ageins in which symphyseal metamorphosis is evaluated in
terms of combinations of its component parts. Thus, we have selected 3
ccuponents, each subdivided into 5 developmertal stages which, when com-
bined as a formula for any pubic symphysis, will yield an age range and
the srobable age of the individual. In comparison tu Toddfs system, the

synphyssal ;ormula expresses the true nature of symphyssal variability
and does not coniine the observer to the narrow limits of typical
phases,
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CHAPTER V

CLAVICLE

.1. Introduction

The medial end of the clavigle articulatea with the aternum,and
the lateral end with tha acromial process of the scapula. Both arti~

cular areas are the s itss of small and highly variable epiphyses.

The lateral epiphyseal surface is usually small and billowed in
the typical fashion. The epiphysis itazelf is seldom seen end the sur-
face simply glazes over rapidly, around 1% or 20 years, a time when much
epiphyseal activity is going on elsewhere in the skeleton. Since the
status of this epiphysis is difficult to judge, no provision was made
for it on the data card and only occasionally was a cast made of this
end of the bona.

On the other hand, the epiphyseal surface at the medial end is
relatively rich in detail and matures at a slow rate. Also, sxtra im-~
portance attaches to this epiphysis because of its late time of matura-
tion; it is the last epiphysis to unite. For these reasons, all cases
were rated on the usual acale of O to 4 and supplemented by a cast and
photegziaph of both sldes, taken together,

2. Bisto:;*ical Remarks

Although the clavicle has long been a subject of study, reliable
datz on the maturation of its epiphyses wera not reported until the
1920'a when the Tadd wkeletal call=ctich was furmesd, bBslors that time,
anatomical text books contained very littlo sbout the msbturation oi the
lateral spiphysis and varying statements, based on data of unknown ori-~
gin, about that of the med.al epiphysis.

Lzo estimatione by various authors for the union of the medial
epiptyBlis follow:s
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Aut.hor Year Age

Henle 1871 18
Krause 1509 20-21
Iwight 1911 18
Poirier 1911 25
Dixon 1912 25
Bryce 1915 25
Lewis 1918 25
Terry 1921 25
Testut 1921 2225
Thompson 1921 25
Staven=on {109258) was the first to study the maturation of the clav-

iclesin the Todd collection. On the basis of 50 specimens betwean the
ages of 21 and 27 he waa able to say that,

"The epiphysis in question shows evidence of beginning
union in several of the twenty-two year skeletons, and

of having only recently united in several of the twenty-
seven year individuals, In fact, it is not until the
twenty-eight year old group is reached that this epiphysis
is found to be united in all the cases. The usual imprea-
‘sion that this epiphysis unites more or less constantly at
the twenty-fifth year, and the common practice of consid-
oring skeletons to be either older or younger than twenty-
five according to vhether the sternal epiphyeis of the
clavizle is united or ununited, seems entirely unwarranted.
It i= impossible %o assign any age at which this epiphysis
will certainly be completely united below the twenty-eighth
yeoar."

Later Todd and D'Errico (1928) were able to expand the series to
186 specim ns (including Stevenson's 50) and the age range to 17 and 29
wanna  Thair charts sahow that union may begin as early as 20 years
(1 case) and may still be in the "reveni" stage as late as 29 years
(2 cases). Nevertheless, they state (p. 37):

"In both sexes and both races (White and American Negro)
union of the sternal epiphysis is practically completed
in the twenty-fifth year (R)."

Note that here "practically compiete" union is equated with "recent"
union. The authors recognize this equation again when they say (p. 37):

®The 1sss of all traces of the =ite of union (C) quickly
follows. Of course there are exceptions, mainly in the
four years centering on twenty-five,"
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We will now show how the findings of Todd and D'Errico comparz :
with our own. ‘ ' ;

3. Medial Epiphysis

Table 28 summarizes the data according to side. At first glance
there seenis to be some difference in the progress of union between the
right and left sides, but these differences occur o6nly in the early age
groups and are not large anough o be signifieant. For example, in the
18 year age group, union in the right clavicle does not exceed atage 1,
whereas in the left 1L has reached stage 2 in 2 percent of the cases.
Irregularities of this kind can be seen in the age groups from 18 to 23,
after which differencea between the right and left sides are absant. Of
courze, it is easy tc displace epiphyseal caps in these early sgzes and,
therafore, differences hetween sides may arise =imply from the loss of
one of the caps,

TABLE 28

AGE DISTRIBUTION OF THE STAGES OF UNION
FOR THZ MEDIAL CLAVICULAR EPIPHYSIS

(in %)
Right  Left
Stage of Union Stage of Union
Age No. 0 1 2 3 4 0 1 2 3 L
17 10 - - - - - - - - - -
18 45 90 10 - - - 86 12 2 - -
19 52 79 13 8 - - 73 21 I - -
20 L5 69 28 11 2 - 56 35 7 2 -
22 37 36 43 13 8 - 47 32 13 8 -
22 2 L 27 39 30 - 1 33 37 29 -
23 26 - 11 43 40 6 - 8 43 40 9
L2507 - 3 10 52 37 - 3 10 52 37
26-27 25 - - - 36 &4 - -~ - 2k A
28-29 18 - - - 31 69 - - - 31 69
30 11 ~ - - 9 9 - - - 9 91
32 5h - - - - 100 - - - - 100

Total 374

Although beginning union appears first at 18 years in our series,
we cannct he sure that this stage does nobt occasionilly appear at 17
years since 10 cases constitute an inadequate sample for this age.

~0
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Clavicles with unattached epiphyses may be found as late as 22 years.
On the other hand, it is interesting to note that cases of completed
union do nct appear before the age of 23 years. ,

Variability of union, as expressed in Table 2& hy the distribution
of the stages over as many as 6 to 8 age groups, makes it impossible to
associate part*cular ages with stages of union. Only a probable age for
beginning union (17 years) and a definite age for the last stage of union
(30 years) can be given,

- The results ¢o not agree with those of Todd and D'Errico, yet upon
sloser inspection, the disagreement seems to reflect mainly diffarence in
interpretation. This is shown in a further comparison of the two series
(Tables 25 anc 20) involving percentages of occurrence for beginning and
complete stages of uniovn in selected age groups. For this purpose we
have judged beginning union, as recorded by Todd arid D'Errico, to be
equivalent to ~ur stages 1 and 2, and their complete union to our stage L.

TABLE 29
THE OCCURRENCE OF BEGINNING EPIPHYSEAL UNION:

COMPARISON BETWEEN THE TODD AND D!'ERRICO
SERIES AND THE AMERICAN WAR DEAD SERIES.

Todd and D'Errico American Whr Dead
Series* Series

hge No. 2 No. 2

17 2 - 10 - .
18 8 - L5 10

19 L - 52 21

20 12 8 45 39

21 12 58 37 56

22 11 81 24 66

23 1 64 26 5

Toval ' 65 237

¥Whites and Negroes combined (after Todd and D'Errico, 1928, p. 37—38),

In Table 29 the Todd and D'Errico series does not reveal beginning
union before the 20th ysair, the samples representing the preceding years
being too omall to reveal significant trends., Cur data show begirning
“undon as early as 18 ysars. Yet Todd and D'Errico claim that the sternal
epiphysis commences to unite about the 21st and 22nd year (p.49). Obvi-
rusly, therefore, they are talking about the age when over 50 percent of

92

{..‘.“




N T AL LTS A D A AR A A B e Tt T B g o S B i SN N IR ML R S T T e i ey

T e e

- ———

. the cases are in this stage. This is misleading for identification
~ purposes. '

. Todd and D'Errico also state that complete union does not taka

T plcce until the 25th year (p. 49). Actually, Table 30 shows that com-
plete union first appears in their series at age 23, just as in ours,
However, partial substantiation of their conclusion is exhibited by the
abrunt decrease of epiphyseal activity after 25 years. This change is
further emphasized in Table 30 whers the percentages in Todd‘'s series
show a dramatic increase frum little or no occurrence of complete union,
in ages 2/ and 25 respectively, to 36 percent in age 26. In other words,
the differences betwsen the two series are not great and conld easily
derdive frem Uhe amall numbors in sach age group. Tt can be generally
stated, therefore, that from the age of 26 tc 30, last stages of union
are found in only a few cases and complete unlon occurs in the majority
of cases around the ags of 25.

TABLE 3C
THE OCCURRENCE OF NOMPLETE EPIPHYSEAL UNION:
COMPARISON BETWEEN THE TODD AND D!ERRICC
SERIES AND THE AMERICAN WAR DEAD SERIES.

Todd and D'Errico American War Dead

Series# Series
Age Ne. * No. £
22 11 - 24 -
23 14 7 26 6
24 1L 7 14 21
- 25 9 - 13 61
26 12 36 15 60
27 12 25 10 60
28 12 50 13 61
29 K] 75 6 67
Tatal 92 121

*Whites and Negroes combined (see footnote to Table 29).

Unlike most of the limb epiphyses which correspond in slze vo the
sarface to be covered, the medial clavicular epiphysis often is reduced
ir size or does not develop at all., In such cases, Todd claims, "the
epiphyeeal cartilage disappears and the same waxy textured bone which is
typlcal of the epiphysis glazes over the naked end of the shaft" (p. 49).
This seems to be borne oul by the fact that Flecker (1942,p.110) could no*
see the cap of the wedial epiphysis in his x-rays in more than 65 percent
of the cases., Though Todd and D'Errico have.described this character
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in some detail and emphasised the difficulties met, by the observer
who muet identify the two vonditions, they have not revealed how often
it occurred in their sample.

In the absence of epiphyseal ossification, how can the end stagea
of maturation be recognized? Also, can the non-developmsant of az spiphy-
sis lead to an erroneous age estimate? About the only way we can answer
these questions is to point out that the uature appearance resulting from
epiphiyseal glazing alone probably deveclops slowly. In the absence of a
cap to cover the biliowed surface we cammot see how such & surface can
be spoothe over quickly. This consideration leads us te conclude that
under these conditions there is no clear point at which maturaticm can
bs said to be complete; cases may appsar younger than they are.

Let us turn now to the phctographs and casts of the medial end nf
the clavicle. Cut of 77 cases in the age groups 22 to 25 which inciude
tbe parioda of late epiphysoal activity, we were abie to detect only one
{age 2i) where the epipnysis 1ed not developed. The cast in this case
has no epiphysis, yet a portion of its superior face is glared cver in
marked contrast to the billowed appearance »f the cmsining surface
(Fig. 45). It was recorded on the data card as, "L or 2(probably 2)"
vhich places the cast at the extreme end of the sge frequency for either
of these stages (see Table 28). Thus, we can only conclude that:

1) cases of non-ossification can be recognized only in those age groups
(22-25) wnich normally poasess epiphyseal caps in late stages of union,
and 2) within these age groups, the incidence of recognized cases of
non-ossification is low.

Fig. 45 Left and right surfaces cf the clavicle showing example ‘
of non-ozsification. (No. 231, 2, years). MNote glazed o
surface and absence of epiphysis. |
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Other than the above observation, epiphyseal caps showing stages
of union appear in about 20 percent cf the casts in cur series. Of
these cases, 91 percent show union beginning at the superior margin of
the epiphyseal face (Fig. 46). As for the last stages of union, 96
percent of the casts demonstrate fissures at the inferior margin
(Fig. 47). Union at the anterior and pusterior margins is variable.

Fig. 46 Left and right medial surfaces of the clavicie showing
beginning epiphyseal union at the superior margin.
(No. 82, 20 years).

Fig. 47 left and right medial surfaces of the clavicle showing
late stages of spiphyseal union. (No. 111, 25 yearas).
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One of the characteristic features of the medial end of the
clavicle is its diversity in shaps. Todd recognized this fact and
divided his series into four types: plane, convex, concave and
sigroid “=. 30). However, on the basis of our observations, the
variety of shapes seems to be far greater. For example, the outline
of the epiphyseal face may be round, squars, triangular or oblong,
while the surface varies from deeply concave to convex. This varia-
bility tends to discourage any set classificatory procedurs. For
this reason and also since the shape of the medial end of the clav-
icle seems to have no influence on the course of the epiphyseal mat~
uration, we feel that a few illustrations will give the reader a suf-
ficien; idea of the variability to be found in this area (Fig. 48
and 49). ’

Filg. 48 Medial surfaces of the clavicle showing the variability

in shape. Upper left: Round {No. 51, 18 ysars). Upper right:

Square (No. 66, 26 years). Lower left: Triangular (No. 330,
22 years). Lewer right: Oblong, (No. 108, 27 ycars).

i
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Fig. 49 Medial surfaces of the clavicle showing ths variability
in surface shape., Upper: Convex (No. 78, 28 years) (left
and right). Lower: Deeply concave, (No. 153, 29 years)
(left and rights.

ll»o S\m&! x

As early as 18 years but any time betwsen 18 and 25 years, the
spiphyseal cap begins to units to the billowed surfacc of the medial

mn D M AL A AN ond AV Ml oo bmmbcnm ad ble comcmcmacrd b amcndhnica P L
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face and spreads to the superior margin where it may progress either
anteriorly or posteriorlv. From 25 to 30, the majority of cases are
undergoing terminal union. The last site of union 1s located, in the
form of a fissure, along the infericr herdsr., With the oblitsaration
of these fissures (at age 31), the eplphysis is completely united.
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CHAPTER VI :
VERTEBRAL COLUMN

1. Introduction

The presacral vertebral column is composed of 23 to 26 segments
which are differentiated functionally into 3 sections: cervical (7),
thoracic {11-13) and lumbar (4-6). With the exception of some of the
cervical vertebrae, each susgvent, regardless of its position in the
column, presents at least 5 epiphyses: 2 for the centrum in the form
of superior and inferior rings, one for the tip of each tranaverse
process, and oiis for the Lip of the spinous process, The progress of
union of all these epiphyzes is important in skeletal ageing. However,
we shall limit our attantion to the 2 epiphyses of the centrum (Fig. £0)
and to the epiphysis of the spinous process.

Pig. 50 Anterior surface of I~-1 ahowing unattached epiphyaea

U.l llllU VUI’DBUKG& DUllUlﬂ.- \l'Un !.J7, .LO ‘YUMD[.

¥o are unable to say whether the epiphyses for the transverse
processes are already united at the beginning age of our series, for
no provision was made for recording them and the photographs are not
distinct enough to give us the detailed informaticn.
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Age changes in the vertebral column, cther thsn epiphyseal matur-
ation, include lipping of the anterior borders of the centra, the ap-
pearance and disappearance of striations on the surfaces of the centra,
and spur formations on the superior: bordars of the laminae. Observations
wers raecorded for thecse features.

2. Historical Remarks

A review of the literature on the presacral vertebral column reveals
-a lack of exact knowledge on epiphyseal maturation. Stevenson (1924) did
not includs theze =rizhrass in his study and Flecker (1942) limited his
attention to the time of their rirst appearance (probably because his ser-
ies did not go beyond the age of 17). Anatomy textbooks usually reflect
this state of affairs by stating simply that the epiphyses of the verte-
brae unite in the 25th year,

TABLE 31 |
THE AGE DISTRIRUTION OF STAGES OF UNION FOR THE SUPERIOR °

AND INFERIOR EPIPHYSEAL RINGS OF THE PRESACRAL
COLUMN AS A WHOLE

(in %)
Superior Surface inferior Surface
Stages Stages
Age  No. 0 1 2 3 [ 0 1 2. 3 L
17-18 54 | 5 22 37 23 13 2 2, 37 23 13
19 55 .10 30 36 2 8 32 48 1,4
20 43 7 W 3 L6 7T L 37 42
21 25 20 27 63 20 36 W4
22 2 A 8 83 L 8 83
23 26 7 93 11 89
Up25 27 100 100

Total 259

L]

3. Epiphyseal Rings of :he Centra

The progress of union for the eplphyses of the centra in the column
88 a whole is portrayed &3 a composite rating resulting from a general
impression made while viewling the specimen.. Table 31 summarizes these
observations. Stages 2 and 3 appear most commonly between the ages of 19
and 21, and stage L is always pregent by 24 years. Also, there is no
slgnificant difference in the rate of union betwesn superior or inferior
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rings. (Ses Fig. 51 illustrating stages of union).

In Table 32 we have recorded the age distribution of complete union
for each of the thoracic vertebrae in order to show the local pattern of
maturation. At the age of 20, complete union is seen only in the first
and last 5 thoracic segments (T-1, T-8, T-9, T-10, T-11, and T-12). There-

after, until the age of 24, there is a definite and consistant lag through- -

.out the age groups in the region beiwsen Tu2 and T-7, but especially in ssg~
wents T-k and T-5. Thus, it is importani to examine these segments for il
last signs of spiphyseal union in the presacrdl spins.

TABLE 32 |

AGE DISTRIBUTION OF THE COMPLETE UNION FOR THE EPIPHYSEAL

AR v o+ o e e e 11t 2 e o

{INGS OF THE INDIVIDUAL(;?ORACEC YERTEERAL ORNYRA |

T Ak R s e ST

_ Thoracgé Vertebrae
Aze  No. 1 2 3 4 5 7 8 9 10 11 12

———— ot

17-18 54 13 13 13 g8 4 4 8 13 13 13 13 13
19 50 2, 22 1, 6 8 & 2 2, 2, 2, 2 2
20 43 100 8 77 170 68 77 96 100 100 100 100 100
21 35 100 92 83 8 83 89 95 100 100 160 1M 100
22 2l 100 96 8, 67 71 91 96 100 W0 10 100 100

23 26 | 00 97 93 &8 85 97 100 100 100 100 100 100
24~25 27 1 100 100 100 100 100 100 100 100 100 100 100 100
Total 259

4. Vertebral Spines

pecauss The splnous processss were olten damaged, Thus maling doudt-
ful the status of epirhyseal union there, detalled observations were not
attempted. However, on the basis of what could be seen, Table 32 shcus
that maturation for the epiphyses ol the spincus processes parallels that
for the epiphyseal rings of the centra. #&ctive union occurs betweon the
ages of 19 and 21 while union is completed in all cases by 24 years of
age.
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TABLE 32

AGE DISTRIBUTION OF STAGES OF UNION FOR THE
EPIPHY%ES OF THE VERTEBRAL SPINES

(in %)
Stagve

Age _§2. o} 1 2 3 A
17-18 52 21 1% 20 18 25
19 s 7 10 15 27 4l
20 42 4 3 7 14 72
21 L 11 12 77
22 23 L 96
23 26 3 97
2425 _27 100

Total 255

5. Vertebral Striations

The immature surfaces of the vertebral centra have an appearance
which recalls the biliowed epiphyseal surfaces elsewhere in the skeleton,
and especially the symphyseal faces of the pubis. In the centra, the
billowing takes the form of striations, which radiate from the center of
the surface out toward the borders. These striations disappear in time
and the surface becomes irregular and pitted (Fig. 52).

Table 34 shows the occurrence of striations on the thoracic and lum-
bar cenura for ages 22 to 50 and thus demonstrates the arcas cof concen~
tration as well as their rate of disappearance. As 1s seen, striations
are highly variable and are confined to the lumbar and low thoracic cen-
tra. They occur ir about 30 percent of the lumbar centra in the middle
twantiaa and naraiat anly in low percentages in the age groups bsyond 31
years. Although striations were observed in the 41-50 age group, we feel
that exact age at which striations finally disappear cannot be stated.

The persistance of vertebral striations into the fifth decade de-
nies their utility for purposes of age identification. They constitute
an additional feature supporting age determinations derived from the sym-
physeal surface of the pubis,
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TABLE 34

AGE DISTRIBUTION D}‘}{O}.’STRATING THE OCEM_E_OF STRIATIONS ON
THE SURFACE OF T?E VE?TEBRAL CENTRA .
in %

Thoracic Lumbar .
Age Hg. 1 2 3 4 5 6 7 8 9 10 11 12 1l 2 3 I 5

22 25 16 28 32 32 32 32
23" 26 L 8 15 3030 30 30 30
2-25 26 15 30 30 30 30 30
26-27 25 5 20 28 20 16 16 16
28-30 29 6 20 13 13 13 13
31-40 A3 211 11 8 & 8 8
11-50 __6 SR

62

Total 1

6. Vertebral Lipping

As seen in Taule 35, the degree of lipping in the present series is
mostly limited to stage 1. However, this stage increases in frequency

TABLE 35

AGE DISTRIBUTION FOR STAGES OF VERTEBRAL LIPPING
FOR THE PRESACRAL COLUMN AS A WHCLE.

(in %)

Stages
Age No. 0 1 2 3 L
17-18 55 93 7
19 52 96 b
20 43 95 5
2 27 of b
22 25 92 g
23 26 89 1
24-25 26 77 23
26-27 25 6, 2%
28-30 29 40 60
31-40 43 20 76 b
41-50 6 100
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Fig. 53 Lateral anterior view, as articulated, of selected

vertebrae showing: Left: no lipping at anterior marginsg, T-3

) to T-7 (Ne. 118, 22 years). Right: marked lipping at anterior
margins, T-4 to T-9 (No. 360, 32 years).
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from the age of 22 and reachss 60 percent at 3C years of age. Above 30
years, lipping extends jn a few cases to most of the cervical and all of
the thoracic and lumbar vertebraes (Fig. 53).

The distribution of vertebral lipping, as shown in Table 36,is rather
erratic, especially in the age groups up through 22 ysars, bubl the highest
percentages are concsntrated in the lower thoracic region (7-10 and T-11).
It must be pointed out, however, that much of the erratic nature of the
data in Table 36 is probably due to cases where lipping was caused by
local injury. Without reliable medical histories or without better evi-
dence of injury, it is seldom possible to separate evidence of local trawsa
from injury caused by normal mechanical stress.

Lipping was alsc observed on the Tacet for the dens of the first cer-
vical vertebra (Fig. 54) and was found to be too variable for useful age
association. For example, in each age group from 17 to 50 the occurrence
ranges from no lipping to extreme lipping and seems to be more of an indi-
vidual characteristic than an orderly age change. £

In general, the occurrence of lipping inm ihe preésacral vertebrei col-
. umn, though progressive and somewhat localized t.o the areas of greatest
mobility, exhibits a high variabllity that cannot be adequately or usefully
applied to estimations of age.

Fig. 54 Posterlor superior view of the first coervical vertebra showing
1ipping of the tacet for the dens. (No. 440, 31 years).
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7. Laminal Spurs

spurs are often observed projecting from the laminae of the
thoraggzvveEEZbrae (Fig. 55). These spurs have been described in detail
by Le Double (1912) and Shors (1931). However, the reason or reasons
for their occurrence was no% known until 1938 when Haffziger,_%nmap and
Saunders pointed out that they represent norma® ossifications function-
ally associated with the interlaminar ligaments. Allbrook (1954) and
Davis (1955) have also investigated various aspects of spur formation
but no one has correlatud this phenomenon with age.

Laminal spurs were observed in a large portion of the series under
discussion and, although present on both superior snd inferior borders,
only those on the superior borders were recorded. The results are summar-
ized in Tables 37 and 38.

Fig. 55 Fosterior.superior view of two thoracic vertebrae showing:

Left: 8light projecting bone spurs of the 7th thoracic (No. 51, 18 years);
Right: extreme projecting Lone spurs of the 8th thoracic {No. 314,

21 years}).

From Table 37, two conclusions are immediately evident: 1) with the
exception of a few cases, the cervical vertebrae do not seem to be involved,
2) the amount of individual variation makes it impossible to correlate the
oc¢ ‘urrence of spurs with ags. We can state only that with advancing age,
“he spurs are more frequentiy present and espacially in the lower thoracic
region.
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To determine the area of most pronounced expression, the age dis-
tribution for the two most extreme stagss of development (3 and 4) are
summarized in Table 38. Again, individual variation makes it difficult
to extract any significantitrend., Since sxamples of thz pronounced
development of spurs-can be found in all age groups from 17 to 50 and
the occurrence of this feature ranges from T-3 to T-12, there seems to
be no practical correlation betweon the bony spurs and age.,

TABLE 38

AGE DISTRIBUTION FOR STAGES 3-4 OF VERTEBRAL
SPURS IN.THE THORACIC VERTEBRAE.

(in %)

‘Thoracic Vertebrae
Age No. 1 2 3 4 5 6 7 8 9' 10 11 12
17-18 55 2 2 2 2 3 2 2
19 52 2 2 2 5 3 5 3 2 7 2
20 43 2 2
2 37 3 s 3 3
22 25 8 8 16 1, 5
23 26 4 11 8 8 11 11 18
24-25 26 L 4 11 11 11 15 15 8
26-27 25 5 14, 8 16 20 8
28-30 29 3 31010 6 610 6 6 3
31-40 43 2 L 11 14 16 16 20 23 7
L1-50 _6 16 33 33 33 33 50 16
Total 367

8. Summary

The presacral vertebral column is completely ossified by the 24th
year. Noteworthy iz the sequential pattern of ossification which shows
tha last signa nf complete maturity occurring in the upper thoracic

vertebrae (specifically, T-4 and T-5).

Striations tend to disappear from the surface of the centra, start-
ing at 23 years of age, but may persist in the lumbar region for many
years. Other age changes, in the form of 1ipping of the anterior borders
and the formation of spurs on the laminae of the dorsal arches, show a
prosressive increass in their occurrence and gross development. However,
all are too variable to be of much assistance in age identification.
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CHAPTER VII

SCAPULA

\

1. Introduction

The scapula ia a uvriangular-shaped bone forming the posterior end
of the sroulder girdle. It is held in place largely by muscle but also
by articulations with the head of the humerus at the glenoid fossa and
with the ciavicle at the acromial process.

Normally the scapula presents 6 epiphyses: two for the coracoid
process and one each for the margin of the glenoid cavity, the acromion,
the inferior angle, and the medial or vertebral border. However, since
the epiphyses for the coracoid process and glenoid fossa usually unite
before the beginning age of our series (Fig. 56), only the remaining 3
were observed and their union recorded.

The acromial epiphysis and the epiphysis of the inferior angle are
easlly seen and »acorded. On the other hand, the epiphysis of the me-
dial border presents an observational problem; it is either a long,
narrow and very fragile strip of bone, or reducsd to small segments
(Fig. 57), and is frequently damaged, especially before union is com-
plete. We feel, therefore, that our recordings of stages of uniou for
this epiphysis may, in some cases, be incorrect and the results should
be viewed with this in mind.

In addition to the above information, direct observations were made
on age changes in the surfaces of the acromial facet and glenoid fossa.

2. Historical Remarks

The majority of studies on the scapula emphasize the comparative
morphology or pathology and few, if any, consider the pattern of ossi-
fication. This scarcity of information on ossification is reflected in
the anatomy textlooks (Grey, Morris and Cunningham. to mention 2 few)
wnere 1t is simply stated that the epiphyses of the scapula are joirned
by the 25th year.

It was not until the 1920's, when the Western Reserve collection
was formed, that the subject of epiphyseal maturation in this bone could
be adequately analyzed. Using this collection of documented skeletons,
Graves, in 1922, and Stevenson, in 1924, reache? practically the same
conclusions. Graves observed the age changes in 139 pairs of scapulae
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Pig. 56 Proximal end of left scapula showing last stages of
union for the epiphysis of the glenoid fossa (only case
found in our series). (No. 317, 18 years).
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union for the epiphysis of the glenoid fossa (only case
found in our series). {No. 317, 18 years).
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Fig. 57 Right scapula showing the epiphysis of the medlal
border reduced to small segments. (No. 328, 38 ysars.)
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ranging in years from 18 to 88 and concluded (p. 21) that the several

- opiphyses unite at different ages, "...finally ,producingﬁan‘adult-’tscap-
ula in every detail by approximately the:22nd:year of life..." " Two years
later, Stevenson, working with-a sample of 110 pairs from ages 15 to 28,
concluded (p. 70) that, "The date of union for these (epiphyses) varies

in different 1ndiv1duals bet.ween t.he ﬂi’neteenth and twanty—second years. .

We will now add our observations for compariaon.

3. Eoip}wses for the .‘\cromion, Inferior AngL and Medial Bordeg. )

Table 39 summarizes the 4 stages oi epiphyseal maturation for the 3

epiphyses under consideration. With the exception of 6 cases in which the
acromial epiphysis was united on one side but not ‘on the other, significant

differences in stages of maturation between right and left scapulae were
not found. 'rhua R sido is disregarded inthis: t.able.

TABLE 39

AGE DISTRIBUTION OF STAGES OF EPIPHYSEAL UNION FOR THE ACROMION,
INFERIOR ANGLE AND MEDIAL BORDER OF THE SCAPULA,

“(i\rv\ %)
o Inferior o " Medial
Acromion Angle Border

_A_§_‘_’ _!E. 0 1 2 3 4 0O 1 2 3 4 0 1 2 3 4
17 10 |50 « « 10 40 l 50 10 - - 40 |60 - =~ 10 20
18 38 |20 4 4 8 64 138 8 2 12 40 |45 10 8 10 26
19 51 |10 2 2 L4 8 |21 - 4 11 64 |30 - 10 15 46
20 43 b - 2 11 83 3 - « 4 87 7 5 5 .13 70 -
21 37 - = « 59571 5 - 2 2 91 - 6 10 13 71
22 24 L - - - 96 - - 4 - 96 - 4 4 L4 88
23 26 - =« = =100 - = - =100 ~ « = « 100
Total 229 | |

I Ay _a — et mam e M n WY ML oo
x'rvm LuULU )‘I_, .Llo J.U txv.&uvuu viitie uu...vu COBNDIIWEs Al Ghi Wik GO

epiphyses prior to the starting age of the present series (17 years) and
finishes in the 22nd ysar. The progress of union is irregular throughout

the age groups owing, perhaps, to the difficultiesc of observation mentioned.

Graves and Stevenson also noted this irregularity. However, in spite of
irregularity and rapidity of union, there is some evidence indicating a
sequence, Even though all three are completsly fused at the same age, the
opiphyses for the acromion and inferior angle show concentrated activity in

the ages of 18 to 20 whereac the epipliysis for the medial bordexr demonstrates

a lag in progress that lasts through the age of 22.
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Infrequently the acromial cpiphysis fails to unite altogether. : .
Esrlier reports of separate acromial bones by Symington (1900), Vzllois
gag:lvé"frequencies of occurrence of 6,2, 2,7 and
3.3 percent respectively. .This fealure is represented ‘in our series by B
a single case in an individual 37 years of age (Fig.58). It is necessary
order to avoid mistaking it for evidence

(1932) and Gray (1942

%0 be aware of this anomaly in

of immaturity.

L. Cha

. As aiready noted, the scapula presents 2 jcint surfaces: a facet on
the acromion for articulation with the clavicle,and the glenoid fossa for
articuwlation with the head of the humerus.
during the life span of the individual produces various changes, but main.
ly lipping of the joint margins (Fig. 59). ,
into e~nsideration in estimating skeletal age, observations on its frequen-

: N A o AR S b IOA  ren  bt  e5 r 54 - e
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s Joint S ces

Normal wear to these surfaces

Since lipping iz often taken

¢7 A% rhese gites are precented in Tabls 40.

Age

17
18
19
20
21
22
23
24~25
26-27
28-30
31-40
41-50

Total

. TABLE 4O

AGE DISTRIBUTION OF STAGES OF LIPPING POR
THE CLAVICULAR FACET AND GLENOID FOSSA. .

No.

10

38 -

51
13
37
24
20
27
25
29
42

6

358

(in %)

Clav. Facet

[N

—Lipping Glenoid Lipping
0 1 2 3 &4 0 1 2 3 &4
90 10 - - - 30 70 - - =
8 16 - - = 72 28 - - -
7% 23 2 - - Wb 5S4 2 =~ .-
66 32 2 - - L 54 - - -
5 40 5 - - 51 L 5 - -
5 4 4 - -~ 50 50 - - -
S, 4Z 4 = = 32 5/ 1L - -
50 45 4 - = 55 W 4 - -
20 44 28 8 - L0 28 24, 4 4
5, 37 9 - = bl 43 16 - -
28 57 11 2 2 16 52 23 9 -~
33 16 51 - - - 34 33 33 -
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Fig. 58 Left scapules showing failure of acromial
epiphysis to unite. (No. 122, 37 yesrs).

117

S e



e
L

BT AT S T AT, g T 7 | WA RS

s e ot ¢ e

e

.

Pig. 59 Left scapula
margin.

- - O .
g ot i e

ST s

S Teans v ST o 0 4 e A T LTS

B

_:,., apm Aoy

showing lipping of the glenoid
(No. 360, 32 years).
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As will be sesn, begimning lipping is present in both jeimta through=
out the series. In the glenoid fossa this ‘amounts to very little more -
than a slight angulation of a previously rounded margin. Although the
percentages in Table 4O are erratic (due in some part to subjectivity of

'* obsecvation), they show a general ifitreass with advancing age. It should"

be noted also that 2nd-degree lipping does not begin witil 4ho lete teens
and high frequencies of this stage do not appear until the middle 20's.
We can conclude therefore, that lipping of the scapular joints progresses

too slowly to be of much help'in age identification-uxcept as it may sub- ..

stantiate or support other ageing criteria.

5. Smmary

Sinoo the epiphyses for ‘tho caracolid process and glenoid margin
usually unite before the begimning age of our seriss, stages of union
were recordzd only for the acromion, inferior angle and medial border.

Though the epiphysis for ths medial border lags in ths early tweities o

fusion for all three¢ is completed by the 23rd year. ,

The occurrance of lipping on the acromiil facet and slamid foasa
cammot be ussd for other than cupportive age svidenca.
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CHAPTER VIII

STERNUM

1. Introduction

Morphologically the sterrum is the most variable bone in the body.
According to Ashley (1956), a very definite relationship exists between
the shape of the adult sternum and the number and arrangemsnt of the ossi-
fication centers from which the bone develops. Most of this variation
involves the middle portion of the bone, the corpus sterni; the form of
the superior portion, the manubrium sterni, is much more constant: that of
the inferior portion, the xiphoid process, is inconsiant (it has been large~
ly disregarded in the present study). At the baginning age of the Army
series (17-18 years) the sternum usually consists of a manubrium and a
still-subdivided corpus sterni (with as many as three parts and sometimes
with trac:s of other previously separate parts). '

The Joint between the manubrium and the corpus sterni, kuown as the
manubriogladiolar or superior intersternal joint, is, of coarse, unpaired
(although the second pair of ribs are attached here). Otherwise there are
nanally 8 naired joints formed by the clavicles and the first 7 ribs. Al-
vhough there are thus 17 joint areas providing age indications, only 5
(one unpaired, 4 paired) have been utilized in the present study. The
ovbserved paired joints are the sternoclaviculer and the first, third and
fourth chondrosternals. In addition, the so-czlled interarticular groove
between the sternoclavicular and first chondrosternal joints on each side
was obsarved. Each feature was rated on the usual scale of O~4. Thess
readings were supplemented with a photograph of the whole sternum (usually
only the anterior surface) and by a cast of one lateral side of the manu-

brium (both sides were cast when they were asymmetrical, and sometimes a
noat wna made of ane cida of tna corous aterni).

Attention is called to the fact that the superior intersternsl joint
and the paired first chondrosternal joints are usually synchondrodial in
type: that is, they lack joint cavities, cartilage being joined directly to
bone. The paired sternoclavicular and other chondrosternal joints are diar-
throdial, having well-defined joint cavitles, It is noteworthy also that
(Stewart. 1954, p. 521) "on each side the joints for the clavicle and first
rib, which differ in type (see above), are contipuous, whereas the joint
for the second rib is located at the junctien of the manubrium and corpus
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and hence in close relationship with the auserior intersternal joint (again
2 Joints of different type- in Jnxtapoaition ' .

2. Historical Remarks .

In 1890 Thomas Dwight Professor of Anatomy at Harvard University,
investigated the stermm from the. identification standpoint. He concluded
that, "The stermum is of little value as an index of ags" (p. 532). Per-
haps because of this discouraging report, no one else scems to have studied
age changes in the strrnum until 1954, when Stewart published his prelimin-
ary report on "Metamoi hosis of the joints of the sternum in relation to
age changes in other bones." The latter study was undertaken to explore
the possibility of including the sternum in the present work on the remains
of American soldiers. In order to evaluate the findings on the soldiers,

the summary of the 1954 findings, which was stated in very tentative terms,
is quoted here:

1. Up to the time the proximal epi is of the humerus
is uniti up to 17-18? years).

Cemponent elements of the corpus sterni ace still
identifiable, although those in the inferior two-thirds
may have fused. Joint surfaces here and in ihe manu-
brium are rounded, dimpled or hiliowed, and exhibit a
matte-like surface texture,

2, Coincident with, and somewhat followi the union
. of the proximal epiphysis of the huwsrus (about, 19-207?
years). ' )

Epiphyseal plates can be found. in all stages of union
on the clavicular facets. At the end of this period epiphy-
seal plalss ars bsginning to unite on the rib facets, or
failing the formation of plates., the articular surfaces are

" beginning to glaze over. Also, in most cases, the superior
eleme:t of the corpus is fusing with the element next bveliow.

3. Coincident with the union of the epiphyses for the
iliac crest and ischial ramus (about 20-237 years), Y

The eminence marking the boundary between the artic-
ular areas of the clavicle and first rib gives way to a
sharp transverse ridge. The last step in the formation of
this ridge is the filling-in of a ventral interarticular
notech. At Lhis time the facets for the third ribs are
uzually divided by a transverse cleft, the last remaining
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sign of the recent fusion of the superior element of the
corpus.

L. Coincident with and immediately following union of
the epiphysis at the sternal end of the clavicle (about
20-307? years). :

'

Raised rim is formed around the articular areas of
the first and second ribs and those of the superior inter-
sternal joint. By this time the superior intersternal
joint Las broadened so that the articular surfaces are
rectangular. Facets for first ribs become slightly more -
porous. Clefte in facets for third ribs are being bridged
acress ventrally and dorsally.

5. Just before or coincident with the e of
arthritis in the vertebrae (about 35 years).

Hypertrophic bone spurs appear around the margins of
the facets for the first riba, particularly ventrally and
dorsally and more abové than below. Tne other rib facets
develop spurs much more slowly. Also, there may be pro~
gressive, disorderly break-down of the joint surfaces.

3. Fusion of primary elements

As pointed out in the introduction; the corpus sterni at 17 years
of age usually is still in two or more parts. Thnereafter the fusion
which hae taken place in the lowermost segments moves upwards to bring
about tlie incorporation »I the remaining segments. Table 41 shows the
progress of fusion between tiie second and third seguents (a2t the level
of the attachment of the fourth ribs)#* during the interval from 17 to
25 years. The distinction between recent (stage 3) and. complete (stages
L) fusion is often difficult tc determine. In general, stage L was
assumed to have been reached when no cleft remained at the bottom of the
costal notch, or wi.en such a cleft, although present, was bridged over
and otherwise looked mature. Evidence of immaturity often is more vis-
ible posterioriy inan anterioriy. riguru OO siows such a cass involving
the next highest level. As will be seen from the table, 72.7% of the 17~
18 year group had reached the third and fourth stages of fusion. Nct
until 23 years were 1004 of cases in these stages. In view of this sit-
uation perhaps an equally significant finding is that nonunion at this
level may exist up to the age of 22, Figure 61 shows an example of such

" nonunicn at this age.

Fusion of the primary elements of the corpus at the next highest
level, that is, between the first and second segments (level of attach-
ment »f the third ribs) follows a later snd slower course. Table 42

#The sepments, like the ribs, are numbered from above downward.
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TABLE 41

PROGRESS OF PUSION BETWEEN SECOND AND THIRD SEGMENTS OF THE CORPUS
STERNI (AT. LEVEL OF ATTACHMENT OF FOURTH RIBS). '~

o T -
No. of  No . -Béginning  Active  Recent  Complets
Age Cases  Fusion ‘Fusion Fusion Fusion = Fusion
1718 4 | 91 9. 9.1 682 . S
19 42 | 1.9 - 48 69,0 14.3
20 6 | 5.6 - - “ 55,6 38.9
. 22 22 hos - - 1050’6 B 50.0 i
23 2l, - - - 5.0 50,0 |
2425 24 - - - 8.3 91.7
| TABLE 42 :

PROGRESS OF FUSICN BETWEEN FIRST AND SECOND SEG{ENTS OF THE CORPUS
STERNI (AT LEVEL OF ATTACHMENT OF THIRD RIBS). (in %)

No. of No Beginning  Active  Reacent Comnlete
Age Cases Fusion Fusion Fusion Fusion Fusion
17-18 L6 L5.6 2.2 13.0 34.8 .

19 . h3 2709 had 1309 . 51.2 #tg
20 38 13.2 5.3 7.9 52,6 21,0
21 32 13,2 - 7.9 52.6 26.3
. 22 23 8.7 - . 14-3 56-5 30914'
23 24 16.7 - - 58.3 25.0
21&-25 2[& - - . 1652 I-blo7 5‘4-2
26-27 25 12.0 - - 36.0 52.0
4 - - 37.9 58.6

28-30 29 3.

e e AV i eieemn ol Piin B s ~dh hldm VmeanT Al v b lia Qed ammral Faae
DUAUBIOA LUOTCT viY PIV6IUDU WL O AWMDAWVIL Aw VAL AN VLl VML AL VWY AV WA Y Cha - a wresh

17 to 30 years. Fusion here makes the corpus sterni one piece of bone. As
will be seen from this table, the combined stages of recent and complete
fusion has been reached in 39.1% of the cases by 17-18 years. Thereafter
the percentage rises but does not reach 100%, because unlike in the pre-
ceding table there is evidence in Table 42 of persistence of nonunion in
a few cases. Figure 62 shows such a case persisting to the age of 27
years. On the other hand, some of these cases of nonunion at the level
of attachment of the third ribs are to be accounted for by the presence
of an ancmaly in which the segment that would nomRally fuse with and form
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Fig. 60 Anterior and posterior views of the corpus sterni in
case No. 386 (unidentified) showing that union of the
top segment may be delayed posteriorly.

the uppermost part of the corpuc instezd fuses with the bottom of the
manubrium, thus producing an unusually long manubrium, Examples of such
ancmaly are shown in Figure 63. Except for anomslous cases which can
often bs identifisd because of signs of advanced maturation elsewhare in
the bone, it would seem that nonunion is absent after 22 years of age.
On the other hand, attention is called to the fact that signs Indicative
of stage 3 can be found throughout the third decade (Fig. 64).

Normally the Joint between the manubrium and corpus sterni, the so-
called superior intersternal joint, does not fuse. However, in the pre-
ceding paragraph it has beer pointed out that the manubrium sometimes
captures the uppermost segment of the corpus. Also, occasionally thers .
is fusion betwsen the manubrium and the corpus as a whole. Trotter "
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Fig. 61 An example of delayed union of the segmeats of

the corpus sterni. (No. 83, 22 years.)
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Fig.

62 Example of dslayed union of the top segment

corpus sterni.

(No. 420, 27 years).
126
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Fig. 63 Examples of extra long manubria in which it appears that

the segment that normally fuses with and forms the uppermost paut

of the corpus instead has fused with the bottom of the manubrium.
(Left: No. 412, 28 years; Right: No. 109, 30 years).
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Fig. 64 Signa of recent union (stage 3) of the first and second
segnents of the corpus sterni in an individuel 25-28 years of age.
(No. 424, POW, exaci date of dsath uncertainy?
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(1934) found that such fusion occurred in 5.7% of cases up tc the age
of 30 and in 10.3% of cases betwsen 30 and 60. Thus the correlation
with age is very low. As will be seen from Table 43, our total series
yvields a frequency of 5.2% of such fusions. According to this table
also a thickening of the joint surface, usually with a breakdown of the
surface (Fig. 65, middle, occurs in 13% of cases. In none of these, of
course, is the joint fused. However, since most fused superior inter-
sternal joints are thickened (Fig. 66), it would seem likely that thick-
ening and surface breakdown are preliminary stages of fusion at this
level, We feel that when no thickening can be detected in a fused sup-
erior intersternal joint, the manubrium could have bean of the anomalous

- type describesd earlier. Joint thickening does not seem to occur at

other segmental levels (Fig. 65, right).

TABLE 43
THICXENING AND FUSION OF SUPERIOR INTERSTERNAL JOINT BY AGE
(in %)

Age No. of No Joint thickened but

— Cases Fusion not_fused Fusion
17-18 52 90.4 9.6 -
19 L6 8.8 13.0 2.2
20 L 86.4 9.1 4.5
2 38 84.2 10.5 5.3
22 23 B2.6 7.4 -
23 2 66.7 25.0 8.3
2125 26 76.9 7.7 15.4
26=27 25 88.0 4.0 2.0
28-30 - 30 . 80.0 6.7 13.3
31-40 L3 62.8 32.6 L.6
41-50 6 66.7 33.3 -
Unknown 12 87.2 8.3 .2
Means 81.8 13.0 5.2
TOTAL 429

L. The Clavicular Notch

As pointed out by Stewirt in 1954, an incompletely attuched epiphy-
sis sometimes is to be scen on the surface where the clavicle articulates
(Fig. 67). This epiphysis may be so thin and scale-like that its presernce
ig not readily detected. Also, since this feature is seen infrequently,
the possibility exists that, iike the epiphysis on the medial end of the
clavicle, it may be greatly reduced in size or may not develop at 11l in
some cases. Be this as it nay, before epiphyseal union or its equivalent,
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Fig. 65 Casts of the left side of 3 manubria showing variations at
the level of the costal I notch. Left and middle: Normal and thick-
ened superior intersternal joints, respectively. Right: A manubrium
with a captive upper segment of the corpus but no thickening at the
level of fusion. (Nos. 445, 81 and 413, respectively, all 28 years).

the surface is somewhat irregular, being dimpled or billcwed, but seldom
quite as much so as most other such surfaces (Fig. 68). Thus, in acoring
the notclh, any suggestion of billowing was rated as stage i1, and a visible
epiphysis was rated as stage 2. Originally an effort was made to distin-
guisi also stages 3 and 4 (Lhat is, nearly and completely mature notches),
but it was soon realized that these stages are not distinguishable and any
opinion therson is based on a knowledge of maturation events in other parts
of the skeleton.

Table L& shows the progress of matursation, as thus defined, in the
clavicular notch from 17 to 23 years. It should be borne in mind that
these results represent scorings made over a period of aevsral months
without any opportunity for reassessment. If the spscimens had been
available for review, it is possible that more individuals might have
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Fig. 66 Three cases of synostosis between the manubrium and the
body of the stermmum showing different degrees of joint thickening.
(Left: No. 314, 21 years; Middle: No. 396, wddentified; Right:

No. 341, 39 years).
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Fig., 67 Exampla of large eniphyaes attached to clavienlar

notchesa of manubrium.

In this casec also, the manubrium is extra

long and like those showr in Fig. 63. (No. 2, 19 years).
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Fig. 68 Cast of the right side of the manubrium

(Ko. 317, 18 years) showing the clavicular notci

in the billowed stage prior to epiphyseal union.

The billowing in this case is more prominent than
usual.

been judged to be in the stage prior to epiphyseal union. Neverthcless,
it seems likely that tha date of the union of this epiphysis centers a-
round 19 years. This opinion is supported by four other cases which have
remained un‘*dentified but which show dtages of skeletal maturation com~
parable to those found in the 19-20 year group. Since the presonce of an
epiphysis was noted in such & siall mumber of cases (and it was looked
for specifically), it appears tc bhase rather little utiiicy in age iden-
tification.  Examples of clavicular notches with epiphyses presout are
shown in M gure 69.

TABLE L),
PROGRESS OF MATURATION OF THE CLAVICULAR ROTCH
"~ (in %)
' Surface
No. of Epiphysie Epiptysis Besgntially

Age Cases Ununited Uniting Maturs
7 v i 3343 - 66.7
18 35 2.8 5.7 I1.4
19 , L3 - 9.3 90.7
20 142 - h . 8 95 . 2

/ 21 36 - 2 . 8 97 ] 2
22 19 - 5 . 3 9‘& . 7
23 23 - - 100.0
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Fig. 63 Casts of th. superior
surface of 4 manubria showing
epiphyses nearly united in the

clavicuiar notches. (Top to
bottom: No. 320, 19 years; No.
207, 21 years; No. 4L3C, 19 years;
No. 195, 18 years).
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5. Costal I Notech

As pointed ocut in the intro-
duction, the first ribs join the

- stermm through cartilaginoua ox-

tensions (synchondroses) which

are contiguous with the diarthro-
dial clavicular attachmsntc. As

a result of this difference in
Joint structure the typicel cos~
tal I notch, when mature, displays
a roughened and porous surfacs,
whersas the clavicular notch has a
smooth and compact surface. Occa-
sionally, however, the surface of
the costal I notch, especially in
its supericr part, displays a tex-
ture indistinguishable from that of
the clavicular notch (Pig. 70).
Presumably this altered sucface
represents an extension do.nward
from the clavicular aotch of ths
diarthrodiel Joint structure. In -
anomalous cases of this sortymat-
urational changes are obacured

ard seldom can be intorproted,
Alsc, the porous surfaces of typ-
ical costal I notches, sapecially
before they are fully maturs, are
vulnerable to weathering, with
consequent loss of maturaticnal
detail. In the present, series, as
Tabls 45 shows, anomalous and
weathered costel I notchas are
presant and are the rcason for
eliminating & high percentage of
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Fig. 70 Casts of the left side of 4 manubria and one manubrium
fused with the corpus, The 4 separate manubria are extra long and
have costal I notches resembling in texture the clavicular notches.
Note the absencs of joint thickening in the case where the manubrium
is fused with the corpus. {(Upper left: ¥No. 22, 21 years; upper
middle: No, 428, 33 years; right: Nn, 176, 25 yerrs; lower laft:
No. 172, 20 years; lower middle: "No. 33Z, 3% yesrs.)
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TABLE 45
DISTRIBUTION OF USABLE AND UNUSABLE COSTAL I NOTCHES BY AGE

' Notch Anomalous Usable Spec.
No.of Manubrium Notch One soh

Age Cases Missing Damaged Side Sides No. %
17-18 55 10 18 L 1 26 L7.3
19 53 9 14 1 2 28 52,8
20 45 b 12 3 4 25 22.5
21 39 3 9 3 3 24 6l.5
22 25 ) 2 - - 17 68.0
23 27 3 7 2 2 15 6
2425 28 1 2 3 7 18 64.3
26-27 25 - 2 7 1 22 88.0
22-30 29 1 2 3 1 25 86.2
31-40 43 - - L I 9 0.
Ki-s0 & 1 - - 1 3a ___%3.1
Totals 375 38(10.1%)  68(18.1%) 30(2.0%) 26(6.9%) 243 64.8

specimens from analysis. In addition, the manubrium was not recovered in
gome cases. It is important to note, therefore, that after approximately
4 years of burial in Korea, and in spite of careful disinterment, the cos-
tal I notch is fully utilizable for age identirication in only abouti half
the cases around 17-19 years of age, and in about two-thiras of the caases
between 20-25 years of aze. Given different buriul conditions the state
of preservation might, of course, be worse or it might be much better.

As in the case of the clavicular nctch, the original observations on
costal I r-tch were judged to have been influenced by knowledge of other
maturational features. Since, however, a cast had been made of one side of
the manubrium in each case, new observations were made on the casts without
reference to the findings on the rest of the skeleton. The following state-
ments are based mainly on these new observation. ,

An essential part of the maturation and resultant differentiation of
the clavicular and costal I notches is the obliteration of the anterior,
or ventral, interartioular greoove (Stewart, 1954, p. 525). It i3 clear in
a number of cases that the medial portion of this groove is fillad in by
an extension of the epi~hysis for the clavicular notch (Tig. 71). How other-
wize the groove is filled in is rarely clear, but certiinly mos:. cases reach
maturity without a trace of the groove. Yet in a small percerlage of cases
the anterior supzrior border of the costal I notch may appear to be defect-
jve well after the first half of the third decade. Such defects in older
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age groupe pfobably do not represent a persistence of the interarticular
groove, but rather an irregularity of ossification. Often the border
between the two notches is the zito of one or more séparate ossific ele-
ments which may or may not unite with the manubrium. Union sesms to be
indicated when the border between the two notches is unusually proainent;
nonunion is indiéated vhen the vsual sharp border is replaced by one or
more facets (Fig. 72)., Thus, aitiough it seems likely that the last
traces of the interarticular groove disappear by 22-23 years, it becomes
necessary to base this judgment on the appeasrance of the costal I notch
as a whole. e ’ -

Fig. 71 Casts of left side of 4 manubria showing succszzsive stages of
the £illing in of the interarticular groove, seen here at the upper lefi
margin of the costal I notch (Left to right: Wo. 74, 21 years; No. 23k,
2}, years; Ho. 187, 26 years; and No. 78, 28 yeare).

While ks inlsrarvicular kivove is disappearing, the concavity of
the costal I notch is also undergoing changes. Herz the matte-like, bil-
lowed surface so typice’ .7 “5ia " =alurl J0inl L lals DU Dovomie £mUOLLET
and yet more porous. Stewart (1954, p. 524) noted ths rresence at this
stage of plagues of bone and Judged them to be epirhyses. In the present
series orly the besti-preserved specimens--that is, tb- ones listed in the
laat column of Table 45-~could be expected to show this feature. Examin-
ation of the casts of these specimens revealed 39 with plaques between
ths ages of 18 and 24. The highest incidence was bstween 19 and 21 years.
In view of the fauct that theso 39 cases represent only a iittl - over 258
of the spscimens examined, il 1s apparent that this feature by itself is
of little utility for age identification.

RV DU Y
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FPig. 72 Top row: Casts of 3 manubria showing costal I notches
with a faceted ares in the upper purtion. (Left: No. 124, 18
ywarg; middls: No. 321, 20 yesrs; right: No. 239, 21 years).

Bottom row: Casts of 3 manubria showing ossific noduleas
attaching or attached to the facets. The addition of this ele-
mont increases the prominence of the angle between the clavicular
and costal I notchas. (Left: No. 106, 22 years; middle: No. 3,
20 years; right: No. 90, 22 years).

Note the middle cast in each row is of the right side; all
others are or the left side.
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Returning now to the costal I notch as a whols, the signs of imma-
turity include remnants of the interarticular groove, a billowed and
matte-like surface, the presence of plagues..ressembling epiphyses, and
the absence of sharp margine ind prominent angles, Ideally, one would
like to analyze these features i somewhat the same way as we have done
for the face of the pubic symphyeris. However, in view of the difficulties
already stated, and the fact thet all of the features occupy a relatively
small area, such an analysis h:s not seemed feasible. Instead, after ar-
ranging the casts of the manubria by age from 17 to 26 years and studyirg
the costal I notch of each carefullr, one of us (T.D.S.) undertook to sep-
arate them into three groups: 1) those obviously immature (Fig. 73, top
row); 2) those with traces of immaturity (Fig. 73, middle row); and 3)
those with ro easily recognizable signs of immaturity (Fig. 73, bottom rowl
Table 46 shows the results of this sorting. Here it will be seen that
obviously immature costal I ncichos zieadily dooresse from about 85% at
the beginning of our series (17-18 years) and disappear after age 23, be-
coming scarce indeed after 21; that less obviously immature notches are
already present at 17-18 (15.4%) and increase to age 20, then decrease
torough the next 5 years, disappearing thereafter; and also that seeming-
1y mature notches begin to appear about age 21 and reach 100% at 26.

TABLE 46
PROGRESS IN MATURATION OF THE COSTAL I NOTCH
(BASED ON CASTS OF ONF SID% OF THE MANUBRIUM

(in #) o
Usable : S
Cases Obviously - Suggestive of Not Evidently

Age (No.) Immature Immaturity Irnature
17 5 100.0 - -
18 21 81.0 19.0 -
19 28 57.1 42,8 -
< 25 LL.2 g6 0 -
21 24 33.3 37.5 29,2
22 17 i7.6 47.0 35.3
23 15 13.3 33.3 53.3
Zh 9 - 5506 L‘J’bo’-&
25 9 - 11.1 88.9
26 13 - - 100.0

Since the costal I notches shown in Figure 73 were selected to demon-
strate the range of variation at «.ch age, and since the signs of immatur-
1ty in this joint surface dicnppzar with age, the result is essentially a
maturational progression from one row to the next; in other words, the
last specimen in the first row is at about the same stage of maturation as
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Fig. 73 Selwectior of manubria from ages 17 to 25 showing: (top
row) obvicus immaturity, (middle row) less obvious immaturity, and
(bottom row) easontial iy c - rlets mziupity. 7o top and bottom
rowe (and the middle row in threo instances) reprasent extremes

for tha agns shown., (Top row: HNoa. 96, 317, 320, and 311; middle
row: Hes. 31, 10, 177, and 321; bottom row: MNos. 212, 220 and L1).




$e. 77 cominuad.  (Top row: Nos. 203, 229, and 26; middle row:
7,118, 85, 231 and 340; bottom rew: Nos. 190, 330G, 13, 37
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the first specimen in the second row, and likewise the last specimen in
the second row resemblas the first specimen in the third row. Besides
showing the great amount of variation in the costal I notch, Figure 73
makes it clear that experience is required to interpret the signs of immu-
turity here. '

After 25 years, when all signs of.billowing are gone from the surface.
of the costal I notch, the main noteworthy change is the development of
exotoses along the margins.¥* These exotoses are in addition to the attach-
ment of ossicles at the upper extremity as already described, and as illuc-~
trated in Figure 72. Although the upper cxtremity of the notch is mainly
involved in both processes, quite commonly a characteristic small spur
develops at the inferior extremity (Fig. 74). Although these marginal
sxotoses are not zltogether limited to the ages beyond 25, they probably
represent cssification of the costal cartilage. Two extreme cases of such
ossification, in which the whole external surface of the cartilage has
turned to bone, are shown in Figure 75. Even in these extreme casez a
joint was maintained between the first rib and the manubrium, but the pos-
ition of the joint differed, being at the costal end of the cartilage in
one case and at the sternal end in the other. Obviously, as the margins of
the ccstal I notch become prominent the enclosed surface assumes a more
concave appearance,

At the time the original observations were méde, Dr. Ste...vt thought
that in general the feature described in the preceding paragrepa would
show steady progression with age and thus might prove useful for ageing
purposes. Therefore he graded subjectively all cases on the usual scale
of 0-/, differentiating as far as pocoible Lhe exotoses and the fused ossi-
cles at the superior extremity. On reviewing the results, only case 216,
shown at the left side of Figure 75, qualifies for grade 4 (case 360, shown
in the middle of Figure 75, is not nearly as iupressive without the ribs).
A true grade 3 also appears to be rare (case 239, shown at the right side
of Figgre 75 is nearest; case 9, shown in Figure 74 also was given this
rating).

Table 47 shows that the expected general trend is present, but that
Yhe progreccicon with 2g2 io ot anfficiantly unifarm to be of real use for
ageing purposes. From the oractical standpoint it appears that slight
exostoses (grade 1) occur on the margins of the notch at all ages hetween
21 ard 50, but that larger exostoses (grades 2-4) are unusual before the

age of 30

“on the record card this observation was included in the category
"arthritis.” This cateporization was more a matter of convenience
than an indication of assipgned significance.
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Fig. 74 Front view of the lefi side of a sglected group ¢f manubria

between the ages of 25 and 36. Note that the outline of the costal I
notch becomes distorted by extensions from the margins, particularly

at the superior =xtremity, but also to a 1e§ser extent at the inter-

ior extremity. Theso sxtensions are oesifications of the exterior of
the costal cartilage and result in the surface of the notch becoming

more and more concave. (Right to left, uppaf row: No. 426, 25 years;

No. L50, 30 years; No. 336, 30 years. Lower row: No, 442, 21 years;
No. 9 32 years; No. 354, 36 years.)
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Fig. 75 The most extreme casez observed of ossificaticn of the first
zostsl cartilages. Note that in the middle specimen (age 32) the
riba havs captured the ossified cartilages, whereas in the specimen
on the left (age 37) the manubrium has ceptured the cartilages. The

. R aY o Vol Brr—

spscimsn at ths right (age 29) shows less ossification of the cart-
ilage (stage 3 vs. stage L). Synoatoais betwsen the corpus 2nd the

---------- ARt cazaAva

xiphoid 1s also present in the two spocimens on tho left. (Left to
rignt, Mon.: 216, 360, 239).
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TABLE 47

EXOTOSES ALONG THE MARGINS OF THE COSTAL I NOTCH, BY SIZE
AND ACCORDING TO AGE

(3in %)
No. of cases No Exostoses Present
Age Observed 1/ Fxotoses Slight(l) Medium(2) Moderate(3) Large(l)
21-23 73 94.5 5.5 - - L=
24~25 25 80.0 20.0 - - -
26-27 25 68.0 28.0 L.0 - -
28-30 26 - 38.5 42.3 15.4 3.8 -
31-35 28 1 25.0  53.6. 14.3 7.1 -
3640 15 13.3 40.0. 26.7 3.3 6.7
kl-50 5 - - 40.0 20.0 40,0 v -

1/ Cases not recorded: 18 in 21-23 age group, 3 in 24-25 age group,
3 in 28-30 age group, 1 in 41-50 age group.

6. Summary

A comparison is now in order between the present findings and the
tentative findings of Stewart (1954), quoted at the beginning of this chap-
ter, which are based cr waterials from archeological sources in North America.

1. Fusion of the component elements of the corpus sterni was
observed to be essentially complete in most cases by 22-23 years, al-
though rarely the uprermost segment was found still separate as late as
27 years. Signs of recent union not infrequently were observed to per-
sist in the depths of the costal III and IV notches throughout the third
decade. Stewart suggested that signs of recent union could persist to
30 years, but he was inclined to give a slightly earlier age for the
muain stage of segment~l fusien.

2. In a corsiderable number of sterna the manubrium appeared to
have captured the uppermost segment of the corpus. In some of thase
cases the related costal mntches also had an anomalous character. This
ia a factor complicating the statistics on segmental fusion which Stewarti
did not take into account.

3. The eoiphyseal plate for the surface of the clavicular notch,
although seldom observable, was recorded as uniting between 18 and 22
years, with greatest activity at 19 years Stewart suggested that this
event occurred at 19-20 years,

.
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L. No clear end pcint was discovered for the obliteration of the
ventral interarticular groove, on account of the varisilie presence of
ossicles (or facets thereof) at the superior extremity of the costal I
notch. Judging from the maturation of this notch as a whole, a true
groove dovs not persist beyrr 23 y=ars {Stewart estimated between 20
and 23 years).

5. The costal I notch was found to be damaged or anciialous, and
hence not usable for analysis, in a high percentage of cases (hazlf of
the cases around 17-19 years, and two-thirds of the cases between 20 and
25 years). These figures, and espacially the part due to anomalies; prc-
bably could not have been anticipated.

6. Plaquea (epiphyses ?) were seen in the concavity of the costal
I notch in 39 cases between the ages of 18 and 24. The highest incidence
was between 19 and 21 years. Stewart placed this event at 19«20 years.

7. Otviously immature costal I notches were not found after 23
years. All signs of immaturity were Judged to have disappeared from this
notch by 26 years. Stewart did not use this method of analysis,

8. Cases in which the cocstzl I notch exhibited a slightly vaised
rim were found at all ages betwser 21 and 50 years (Stewart suggested 20-
30 years), but cases with sizable spurs or exostoses were rarely seen be-
fore 30 (Stewart suggested about 35 years).

This comparison shows that Stewart came fairly close in his estimates
of age for maturational events in the sternum, but that he failed to detect
the extent of the variability in this bone among different racial growps,.*
So much variability in Whites is disappointing from the standpoint of age
identification and s omewhat surprising. Thus the question arises whether
the sternum in modern Whites is more variable than in American Indians
and Fekimos,

31 material from both American Indians and Eskimo
1954 study.

#Ortawart, used skalst
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CHAPTER IX

SACRUM

1. Introduction

The sacrum is that section of the vertebral column which normally
fuses into a single bone and forms part of the pelvis. Usually the sacrum
consists of 5 segments, but it may have as few as 4 or as many as 6. At
the age of 17 the segments are still incompletely united and the epiphyses
for the top surface of S1, the lateral articular area and the lateral
edge, caudad of the articular area, have just begun to unite.

The only direct observations recorded for the sacrum were the states
of fusion of the joints between the centra of £1-2 and S2-3. These obser-
vations were supplemented by two photographs (the anterior surface, and
lateral articular avea) which were used to confirm the observations and to
analyze the state of union of the marginal epiphyses.

2. Historical Remarks

The sacrum is another area or the skeleton where few studies exist
that are specifically related to patterns of ossification. Stevenson:
(1924) does not include the sacrum in his study of epiphyseal maturation
and Flecker (1942) limits his observations to the appearance of ossifica-
tion centers. However. he refers to a study by Cleaves (1937) who analyzed
the auricular (articular) epiphyses in repeated stereoscopic roentgenograms
of 16 American boys ranging in age from 12 to 19 years. Though his sample
at. apes 18 and 19 consisted of only % and 2 cases respectively, he con-
cluded that fueion of the auricular epinhysis takes place in the majority
of boys at the aze of 18,

The most generally uged information on the development of the sacrum
comes from those sections on ossification in anatomy textbooks. The lack
of supporting research 1s reflected in the general disagreement among the
textbook writers on the age at which the elements of the sacrum are united.
For example, Cunningham's saction on the ossification of the sacrum states
(p. 120) that " ..the epip' yses fuse with the bodies and the bodies fuse
torether from below upwards between 18 and 25", whereas Grey's Anatomy
claims (p. 109) that "...about the eighteenth y:ar the lowest segments be-
came united by bone, with the result that between the twenty-fifth and
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thirtieth years of 1life all the segments are united." On the basis of
these representative statements, it would seem that the state of our know-
ledge concerning sacral maturation leaves much to be desired, especially
as it is applied to problems of age identification.

3. Epiphyseal Jnion

Fig. 76 shows the earliest maturative stages of the sacrum encountered
in our series. It is evident here that at this age (17 years) the segments
are incompletely fused and the marginal epiphyses ununited or just beginning
%o unite. This being the cass, it is desirable to know the date of disap-
pearance of all such signs of immaturity. To this end we have not only
analyzed the direct observations on the union of S1-2 and 52-3 but have ex-
amined all photographs. . Since we had anterior and lateral views to compare,
there is seldom any doubt about the status of unior of any particular
epiphysis. The results are summarized in Tables 48 and 49.

TABLE L8

AGE DISTRIBUTION FOR STAGES OF UNION BETWEEN
THE SEGMENTS OF THE SACRUM

(in %)

S4=5 S3-4 S52=3 512

Stages Stages Stages ~ Stages
Age No. 01 2 3 4 01 2 3 4 012 3 Kk 01 2 3 4
17-18 55 §7 5 72247 8 614 L8 24 25 4530 1 32370 3
19 5« 2 L 29 65 2 7 L4LO 51 11 28 61 L 28l 6
20 L5 26 7 21 79 9 27 64 2 967 22
21 39 14 26 2 18 80 5 27 68 2 B66 2
22 2l 8 92 12 88 . 20 80 L 63 33
23 26 - 100 100 8 92 62 37
2L 1 100 35 65
25 13 20 70
26-27 2% | EE L5
28-29 19 56 Ll
30-32 27 37 63
33+ 34 100
Total 373

As i1llustrated in Figs. 76 and 77 the lowermost sacral bodies unite
from below upwards. This order of union is further demonstrated in Table
4L8. Here. the S4-5 and S3-4 juints show completed union at the age of
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Fig. 77 Anterior surface of sacrum showing incorporation of
superior and inferior rings with the intervertebral disks.
(No. 30, 18 years).
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TABLE 49
AGE DISTRIBUTION OF STAGES OF UNION FOR

THE MARGINAL EPIPHYSES OF THE SACRUM.

: (in %)
81t Sup. - Auricular
Epiphyseal Ring Lateral Joints Epiphysis
. Stages Stages Stages
Age No. 01 2 3 4 0O 1 2 3 4 01 2 3 4
17 10 |30 10 20 20 10 «2030 50 -~ 2050 2010 =~
18 LS 2 6 14 45 33 14 5432 216 42 2812
19 52 2 2 1722¢€7 10 37 53 2 710 &L 36
20 L5 8 92 29 71 » 2 41 57
21 39 6 92 13 85 213 85
22 24 100 100 100
Total 215

e— s PSP RPNy UV O IR

23 years with the former slightly in advance. By contrast, the S2-3

and 81«2 joints at this age are s%ill in active stages of union they
complete their maturation at 24 and 33 years respectively. However,

the progreas of union for the 51-2 joint exhibits irregularity between

the ages of 26 and 30, or just bef-re the joint bocomes completely fused.
The explanation for this irregularity probably lies in the drawn-out pro-
cess of terminal ossification and the consequent difficulty in delermining
when maturation is complete. Sometimes when examining these cases of de-
layed union it was tempting to regard them as comparable to the so-called
nlapsed union" found in sutures (Todd and Ljon, 192&, P. 337;. It was
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that separate the segments. Where the space beitween the sacral elements
is small, ossification is more likely to Le complete early (Fig. 78),
whereas widely ceparated segments will often exhibit incomplete ossifica-
tion in the form of medial gaps (Fig. 79). Thus, a persistent gap at the
51-2 level requires careful evaluation.

As will be recalled, we have followed the progress of union or the
superior and inierior rings of the presacral centra. In the sacrum, most
of these rings are incorporated wiLh the intervertebral disks in the pro-
cess of ossification (Fig. 77 and only the one on the superior surface of
the first segment fuses in ths same manner as its presacral counterparts. Re-
ferring to Table L9, the first column shows the maturative progress of
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Fig. 78 Anterior surface of sacrum showing completely united segments.
(No. 216, 38 years).
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_‘ : Fig. 79 Anterior surface of united sacrum showing medisl gap
f : between segments 1 and 2. (No. 16, 22 years).




this ring and demonstrates its complste fusion by 22 years of age.

The sacrum fuses through the lateral processes as well as through
the centra. According to Table 49, the lateral joints are fully united
by the 22nd year, that is, just ahead of the lowermost centra. Note too
that last remnants of union occur as shallow grooves, usually at the
level of the 2nd and 3rd segments (Fig. 80).

Tz epiphyses for the articular surface of the sacrum and for the
lateral edgs, czudad to the articular area, varies in length according to
the number of segments involved. We have disregarded the subdivisions and
considered tham as a single epiphysis. As ceen in Table 49, the articular
epiphysis reaches complete union by the age of 22 years.

Beyond this age, we can only point ocut the general distinction be-
tween the appearance of the articular surfaces in young and old., Fig. 81,
left, shows this surface in a 20 year old individual. Note the smooth and
rounded relief. Or the other hand, Fig. 81, right, shows the same surface
in a 33 year old individual. By this age the surface has become rough and
erroded with a sharp sad irregular anterior margin. These changes are not
orderly enough to be useful in ageing.

4. Summary

The several elements comprising the sacrum bagin to fuse from below
upwards and along the sides. By 23 years ossification is compleie except
often between the S1-2 centra, where a gap may persist until ths 32nd year.,
This gap seems to represent a sort of "lapsed union" which may bLe related
to an extra wide intersegmental space.

The lateral joiht surfaces of the sacrum also undergo gradual changes
but these are not very useful for ageing purposes.
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Fig. 81 Left lateral views of sacra

of young (left, No, 153,
years) individuals. .

20 years) an
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CHAPTER X

RIBS

1. Introduction

Usually there are 12 pair of ribs which articulate posteriorly
with the thoracic vertebras. Epiphyaoa are located at the points of
articulation: namely, 1) on the head (single), and 2) on the tubercle
(often double) {Fig. 82).

No provision was made on the data shcet for recording stages of
epiphyseal union for the ribs but it was decided to make notes on the
epiphyses of the hsade, The epiplyses for the tubercles were not re-
corded because of the difficulty of interpreting their status of union;
they ars annng the smdallest in the skeleton and their appearance is much
the same before and after union.

Fig. 82 The 6th (left) and 11th (right) right ribs showing location of
the epiphyses (head and tubercle). Note that the head epiphysis of the
11th rib is in stage 1 of union as is the epiphysis of the tubercle for
the 6th rib. (No. 2, 19 years).
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In each case the ribs were arranged in anatomical ‘order so that
the serial number of each could be sasily identifisd (Fig. 83). Also,
each head epiphysis, on both right and left sides, was recorded simply
8% united or ununited.

2. Historical Remarks.

Most anatomy textbooks state simply that the epiphyses for the ribs
unite around 23 years of age. Stevenson (1924) records, in general and
not individually, observations on the union of the rib epiphyses. He con-
cludes (p. 73) that, "they are found to be united in all cases after the
twenty-second year." X-ray studies have contributed little if anything to
this subject. For example, Flecker (1942) limits his discussion of the
ribs to two short paragraphs on the number of ribs present in fetuses, No
mertion of the ribs is found in his final chronological summary.

Since studies of epiphysecal union have treated the ribs as a unit and
more or iess ignored the progross of union in the individual ribs, we feel
there is a real nced for further details on rib maturation.

3. Epliphyses of the Rib Heads.

Table 50 shows the nercentages of cases with complete union for each
age group. Although both right and left sides were observed, no signifi-
cant difference in the progress of union for either side was found.

TABLE 50
RIB HEAD EPIPHYSES: AGE DISTRIBUTION OF

THE PERCENTAGE OF COMPLETE UNION
(Ribs)

Age No. 1 2 3 b 5 6 7 g8 9 10 1 12

——

17 10 - e - - - e e e e e .-
18 L5 &0 2 17 15 i5 11 i3 15 20 22 22 3
19 52 | 41 30 25 19 17 17 1 13 15 21 30 36
20 45 6, 55 52 46 46 31 28 28 31 38 53 60
21 37 78 73 70 64 67 64 54 51 62 67 73 78
22 25 96 92 8 80 8, 8, 72 72 80 8 92 92
23 27 96 9 96 92 92 92 92 92 92 96 96 96
2, 1, |106 100 100 100 100 100 100 100 100 100 100 100

Total 255
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Pig. 83 Left ribs in anatomical order. Note that the head epi es
of the middle ribs are in stage 1 of union., (do. 390, 18 years).
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It is worthy of note that complets union has not occurred in any
of the 10 cases constituting the 17 year age group. Howsver, since the
next age group shows percentages of union of as much as 40 percent, it is
likely that a larger 17 year sample would reveal some instances of complete
union. "

It is interesting aiso that the ribs at both ends of the sequence
mature more rapidly than those in the middle (also seen in Fig. 83). The
epiphyses on the heads of ths 4th to 9th ribs are particularly slow to
unite., As has been shown in Chapter VI, a similar pattern of maturation
characterizes the vertebrae. The ribs complete their maturation in the
23rd year,

The utilitr =f =13 zzsing oritcrion depends on the parts of the skel-
eton available. Though Stevenson questions thc value of rib epiphyses as
age indicators, they can be heipiui in cases where age identification must
rely on *he ribs alone. However; since all rib epiphyses do not unite at
the same time, but in a demonstrated sequence, age estimates must be qual-
ified according to tha particular ribs upon which the estimations are
basedo

l&o sm!!

The present data point to & probable age of 17 years for first ap-
peararnice of complete union of the head epiphyses and a definite age of 23
years for the stage when all ribs are mature in all casss. However, ’
ossification begins in the upper and lower ribs and slowly progresses
toward the middle. Thus, the last ribs to become fully united are ribs
i to 9.
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CHAPTER X1

R iy

TOTAL PATT'IRN OF SKELETAL MATURATZON

In the foregning chapters we have concentrated on individual events
in skeletal maturation without considering their interrelationship. It
has been generally believed, however, that an estimstion of age should

be based on the maturational status of as many evenis as possible.

There~

fore, we noced now to consider the total pa&tern of ossification as a pos~
sible too) for purposes of age identificati%n.

With this in mind, we have attempted to formulate a mathematical
expression of the major events in skeletal maturation that could, for any
individual skeleton, ba translated into a probabls nean age.

The data were treated much the same as outlined in the section on the
total pattern of suture closure, so that the maturaticnal stage for each
individual is represented by the sum of the scores for +te over-all epiphy-

seal activity.

Again, the standard scale of O-4 was changed to 1-5.

Also,

since the total skeleton is not always available for epiphyseal scoring, we
have computed regression equations for three skeletal avzments as follown:

Segment I.

Sutures:

Spheno-frontal
Spheno~parietal
Spheno~temporal
Squamous
Masto-oceipital

Postceranial epiphyses

Humawna = nrawimal

Humerus, distal

Humerus, medisl epicondyle
Radius, proximal

Radius, distal

Ulna, proximal

Femur, head

Femur, gtr. trochantsr
Femur, lsr. trochanter
Femur, distal

161

Lambdoid
Coronal
Sagittal
Metopic
Basilar

Tibia. proximal

Tibia, distal

Fibula, proximal

Fibula, distal

Innominate, primary elements
Iliac crest

Ischial ramus

Clavicle, medial

Vertebral centra

Scapula, acromion




Postcranial epiphyses: (cont'd)

Scapula, inferior angle Sacrum, S1 ring (sup.)

Sacrum, Sl-2 Jjoint Sacrum, lat. Jjoints

Saerum, S2-3 Joint Sacrum, auricular epiphyses
Sacrum, S3-4 Jjoint Ribs, 1-4 and 9-12

Sacrum, S4-5 joint Ribs, 5-8

Segment II. Includes all postcranial epiphyses listed for Segment I.
Segment III. Postcranial epiphyses: '

Humerus, proximal Femur, distal
Humerus, medial epicondyle Iliac crest
Radius, distal Clavicle, medial
Femur, head Sacrum, 3-4 Joint

Sacrum, lateral Joints

Scatter diagrams, in which age is plotted against total maturstion
scores for the three segments, are represented in Figures 84, 85 and 86,
As can be seen, the distribution indicates a curvilinsar relationship but
for simplicity, two straight line regressions were derived to fit the dis-
crete segments of the curve. The age range and predicted age for the total
scores in all three segments are shown in Table 51. The use of the two
straight line regressions leads to minor differences in the predicted age
columns for Segments II and III wvihere the regressions are overlanped. How-
ever, the overlap is slight (nct more than .19 of a year), and no signifi-
cance should be attributed tc these differences in age prediction.

Table 51 has not been carried beyond the 25th year because, with ths
exception of the metamorphosis oif tie pubic symphysis, ossification is
essentially complete by that year. Those epiphyses that still show degrees
of non-union at 25 linger on for several years ard terminate erratically.
Thare ia furthar cnonsiderat.ion that our samples for aze groups above Z5
years are too small to be representative. Thus, for information in the
older ages, we can do no more than refer the rcadar to the foregoing chap-
ters on individual maturational events (for example, Table 30 in Chapter V

shows that the medial epiphyses of the clavicle areunited in all cases by
the 2lst year).

To apoly Table 51 to specific cases of age identification, we have
constructnd a scoring form (Figure 87) in which the maturational events
are arranged in the order of thsir appearance in chapters 1-19, When the
age of an unidentified skeleton is to be estimated, the observed status of
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TABLE 51

TOTAT, MATURATIONAL SCORE FOR SKELETAL SEGMENTS I, I, AND III *
SHOWING AGE RANGE AND PREDICTED AGE BASED ON THE REGRESSION )
OF SEGMENTAL SCORES AND AGE.*

SEGMENT I ' SEGMENT XI : SEGMENT IIX
#t0Observed Prediciled Obaserved Predicted Observed Predicted
Score Ags Range Age Score Age Range Age Score Age Range Age
90  17-19 17.9¢ 75 17-19 18,13 18 17-18 17.98
95 17-19 18.07 80 17-20 18.21 20 17-20 18.13
100 17-20 18.17 85 17-20 18.30 22 17-20 16.28 :
105 17-20 18,27 90 17-20 18.39 24 17-21 18.43 ;
110 3720 18.38 95 1720 18.48 26 17-20 2. .9
115 17-19 18.48 100 17-20 18.56 28 17-20 18.74
120 17-20 18.58 105 17-21 18.65 30 17-21 18.89
125 17-21 18.69 110 17-22 18.74 32 17-22 19.04
130 18.22 18.79 115 17-21 18.83 34 17~-22 19.19
13% 18-22 18.89 120 17-22 18.91 36 17-22 19.34
140 18-22 19,00 125 17-21 19.00
145 18-21 19,10 130 17-23 19.09 38 18-23 19.15
150 18-23 19.21 40 18-24 20.27
118 16-22 i8.81 42 18-25 21.37
155 18-21 19.09 140 18-23 19.73 L4 19-25 22,52
160 18-23 19.86 145 18-24 20.65 L6 19-25 23,64
165 18-24 20,63 150 18«24 21.57
170 18-25 21.40 155 19-25 22.49

175 18-25 22,17
180  20-25 22.93
185 20-25 23.70
190 21-25 24,47

#Age prediction equations: SEGMENT T
(Scores 90-150) Age = .0207 Score + 16.1003
(Scores 155-190) Age = .1537 Score 4 4.7311
SEGMENT II
(Scores 75-130) Age = .0175 Score 4 16.8140
{Scores 135-155) Age = .1842 Score 4 6,0598
SEGMENT III )
(Scores 18-36) Age = .0758 Scorc ¢ 16.6146 '
(Scores 38-46) Age = .5617 Score + 2,1995

rtScore intervals for Segments I, II, and XII are in units 5, 5, and 2 respectively.
To calculate for acores betweer intervals, the appropriate prediction equations are
provided.
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Sutures:*
Spheno-frontal
Spheno-parietal
Sohano-temporal
Sanamouy
Masto-occipital
Lambdoid
Coronal
Sagittal
Metopic
Basilar ‘

Postcranial Epiphyses:
Humerus, prox.
Humerus, dist.

Humerus, med. epicondyle

Radius, prox.
Radius, dist.

Ulna, prox.

Ulna, dist.

Femur, head

Fsmur, gtr. troch,
Femur, lsr. troch,
Femur, dist.

Tibia, prox.

Tibia, dist.
Pibula, prex.
Fibula, dist.
Innominate, prim, el.
Iliac crest
Ischial ramus
Clavicle, medial
Vertebral centra
Scapula, acromion
Scapula, inf. angle
Sacrum, 1-2 joint
Sacrum, 2-3 Joint
Sacrum, 3-4 joint
Sacrum, 4-5 joint
Sacrum, lat. joints
Sacrum, auricular
Ribs, 1-4 and 9-12
Ribs, 5-8

Observed Score

T T

HTTHTTHITTTT

Total Score

Pubic Symphiysis:
Componient 1
Component II
Component III

Total Score

o p—cn o L L

Remarks

Estimated Age

Estimated Ags

All events scored on scale of 1-5: 1 ® no closure; 2 = one quarter closed;
3 = one half closed; 4 = three quarters closed; 5 = complete closure,

#Sutures treated as complete units,

Fig. 87 Score sheet for the age identification of unknown remains,
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sach maturational event is entered on the form in the space nrovided.
When the form is completed, the scores are then added, and their sum can
be translated into 2 predicted ages by referring to che regressed values
in Table 51. Thus, if an individual score was found to be 120 for Segment
I, the individual case could be anywhare from 17-20 years, but has the
high probability of having the predicted age of 18.58 years. The age
prediction equations for each segment are footnoted to Table 45. Also, a
separate space has been provided on the scoring form fo» the purpose of
entering clarifying or additional information for individual events. 1In
inte»preting such data, it may be necessary to refer to the more detailed
analyses in the preceding chapters before completing the analysis.

Obviously the three segments we have outlined do not cover all the
possible combinations of maturational events. Thue, to aid in the estima-
tion of age from skeletzl remains that are too deficient in maturation
areas to fulfill the required number of events for any of the three seg-
ments, we have arranged the complicated data of epiphyseal 2ziivity in a
more subjective marmer (Table 52). This has amounted to emphasizing the
cases showing minimum and maximum maiuration at all age levels. 1In otner
worda, ws have subjectively selected - few cases in each age group repre-
senting the l=2ast and most mature individuale.

In Table 52, the selected extreme cases are arranged chronolegically
and in the order of kompletion of the component maturational events. The
table thus clearly shows not only the order of maturational progression
from 17 4o 25 yoars, Lul alco the extreme variability of skeletal matura-
tion for each age group. Inspection of the different age groups shows
individuals who are older, chronolcgically, but least mature, osteolog-
ically. The reverse is also true. This chronological over-lap further
emphacizes the fact that the full range of variability for current popu-~
lations must be knuwn befure reliable methods for estimeting skeletal
age can be formulated.

Ths firct 22lumn 4n Tahle 52 includes 5C epiphyses and 1 suture
(basilar) beginning with the first area to show complete union for all
cases (distal end of humerus) and gnding with the last epiphysis to unite
in all cases (sacrum, S)-2 joint).* As one follows an event across ths
chart from left te right, the agze at whish maturation is reached is indi-
cated by the occurrence of stage 4 for all cases and the discontinuance

of scores from that age on. '

#Since the basi_ar suture has proved itself a most reliable ageing crite-
rion, we have included it with.the epiphyseal data in Table 52.
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TABLX 52
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THE INDIVIDUAL MATURATON AL SCORISS LISTED IN CFRONCLOCICAL OKDER.
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When the age of fragmentary remains is to be estimated, the observed
status (by the standard scoring method of 0-4) of as many maturational
events as possible should be listed in an order similar to that shown in
Table 52. When tnese ovbservations have been completed they may be com-
pared directly to the chronologicai list in Table 47 and, by moving the
preparsd column of observed scores from one age to another, it can be re-
lated to the most applicahle column of sample scores. Of course, the
reliability of this system depends largely on the number of observed events
that can be used. Ageing estimates based on single events may bcst be
analyzed by referring to the chapter of this paper which is concerned with
that particular event. :

Inspection of the age ranges for the total scorc groups in Table 51
and for the selected extreme cases in Table 52 clearly shows the high var~-
iability of skeletal maturation. For several years, around the end of the
second decade of life, many maturational events are occurring simultaneous-
ly in the individual. Also, in each age groupyws are dealing with casesof
retarded maturaticn oa the one hand and with cases of accelerated maturaticn
on the other., However, nothing has been said so far about the causes of
this variable rate of maturation. Todd (7935) and otners have emphasized
the effect on the growing individual of cultural factors centering mainly
in the fields of health and nutrition. They claim that retarded growth is
more common among the less-favored economic groups and accelerated growth
is characteristic o' the well-to-do classes. Our records do not include
data on social status, except as it may be reflected in race.

As we pointed out on page 20, the present sampie inciudes 35 American
N “roes. Of the 20 most retarded and 20 most accelerated case3 in age
groups 17-25, the retarded cases comprise 15 Caucasolds and 5 Negroids,
whireas the accelerated cases comprise 19 Caucasoids and 1 Negroida. The
re.arded Negroids are distributed as follows: 2 at 17-18, 1 at. 20 and 2 at
25 years. Although 5 is not a large number, in this instance it represents
14.5 pevcent of the total Negrolds in our series. By contrast, the 15 re-
tarded Caucasoids represent only 2.9 percent of the tctal Caucasoids in our
sample. On the other hand. the 1 accelerated Negroid and 19 accelerated
Caucasoids represent 2.5 and 5.6 percent of their respective samples. From
this memager evidence it would seem that cultural factors may have affected
the present sample, cor that genetic differences may cause retardation.

At the time our sample was assembled, 2ll cases selected were unknowns.
Even though the presence of retarded individuals was suspected, due to var-
jous factors, we made no effort to eliminate them. We feel that this pro-
cedure was justified, because in the actual work of age identification there
is no way of knowing the sociologizal status of urknowns and hence any method
used to derive ape estimates must include all possibilities.
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As » result of tne experience gained in constructing Tables 51 and

52, we ars now sble to distinguish certain critical areas, or those areas
that, if possitle, should bs observed first ac 4Lhe best indicators of
skeletal age. By giving first attention to these eritical areas, the
observer can make a rapid appraisal of the age status of the skeleton in
questior. and thus iearn his subsequent course for final age analysis.
Actually, Segment III (refer to tabulation, beginming of this chapter)

1s comprised of 9 ¢f the most critical epiphyses.

We suggest that the innominate bone is the nost critical ageing area
of the skeleton. The combination of pubic cymphysis, iliac crast, ischial
tuberosity and ramus will immediately place the skeloton in its proper age
group. If the pubic symphysis, which is a good age indicator over much of
the life span, is damaged or missing, the remaining age areas of thc innom-
inate will give the observer a clue as to his next most relisiie source of
age information. For example, if the ilianc crest suggests an adolescant
age, then the bazilar suture and ths epiphyses of the elbow can be turned
to for both clarification and supportive evidence. On the other hand, if
the iliac crest exhibits the pattern ¢f a young adult, ths epiphyses of the
shoulder, wrist and knee joints as well as the medial end of the clavicle
will help to establish an exact age estimate.




CONCLUDING STATEMENT

One of the principal conciusions emerging from the foregoing study
is that individual maturational features or evenis are highly variable in
the chronoinal=al =ene.  An eplp.nysis, for instance, which is completely
closed in 100% oy the population only after the 24th year, can have veached
tris stage for the mxjcrity of individuals several years earlier. It is
incoirect and misleading, therefore, to state categorically, as has been
done all too often in the past, that this epiphysis closes, let us say, at
21 years, or even at 20.5-21.5 years. We feel that Lhe present documenta-
tion of full variability and the emphasis we have placed thereon is a step
forward in identification procedure.

We also point out thav, although variability in individual maturaticn-
al featurea leads tc variability in the total pattern of maturaticn, it is
usually less, again in the chronological sense. Viewing an unknown indi-
vidual es a total skeleton, rather than bone by bone, it is possible tlms
to estimats the age at death within narrower limits. We have geen that the
anthropologists who first examined the material on which this study is
based, and who judged the skeleton as a whole, succecded in giving remark-
ably good astimates of age. Their errors, it is now clear, were due to
reliance on existing standards which do not allow for variability.

There is no denying the fact that a remarkable orderliness exists in
the progress of maturation; that in the case of the epiphyses, closure
takes place in a surprisingly uniform sequence, and especially when agse is
disregarded. We have laid very.little stress on this fact since it is al-
ready well established and is of seccndary importance in age identifica%ion.
Nevertheless, the establishment of this principle was an important advance
in our knowledge of ageing.

The skeletons used in previous studies on ageing were derived mostly
from disaacting raoms; which are thae repositories of the unclaimed dead of
our large cities. In many cases the individuals had died in hospitals of
lingering illnesses. But the fact that they were not claimed by families
carries implications of irregular living and low social status. Under the
circumstances it is understandable that the scientists studying age chzngez
in these skelstons were prone to be suspicious of the nomality of indivi-
dual cases. Not infrequently, as we have pointed out, they eliminated
cases that varied widely from their concepts of normal maturation. However
it should he remembered that the goal of these investigators was the estab-
lishment of broad principles of maturation, not the collection of data for
application to problems of age identification. In retrospect we can see
ciearly that variability is present in the skeletons which they studied,
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but almost wholly disregarded in tho principles they enunciated.

By contrast with the doubtful physical status of the dissecting-room
population which provided existing ageing standards, the military popula-
tion used in the present study can only be considered more typical and normal.
Soldiers aras selected for physical fitness and trained for endurance; they
are well cared for, medically and nutritionally. Never before has there
been an opportunity to study ageing on such fine physical specimens.

‘Here, then, the elimination of cases on account of variability in matura-

tion would amount to scientific dishonesty. One might even expect that
the variability encountered in the military sample is less than in the
unselected, less evenly healthy, general population.

No case has been eliminated from the present series on the basis of
supposed abnormality. Moreover, we have included POW's who were subjected
to malnutrition for many monthis. In some of thess POVW's, undoubtedly, the
malnutrition was eccentuated by dysem.ery and other debilitating condi-
tione. Yet we feel that any resulting maturaticnal disturbances are within
the linits of the general population. <Certainly their iinclusion does not

"&pureciably detract from the valldi*y of the resilts obtained.

Our concern with the problem of variability in maturation stems, of
course, from the very nature of human identification. As a rule the iden-
tification specialist has no way of knowing what was the racial, socio-
logical or health status of the individual he is dealing with. Any or all
of these factors could have affected (accelerated or retarded) the unknown'’s
rate of growth. 41l that the specialist can predict with safety is the age
range in which the observed complex of maturational features are known to
ecsur. If he attempta to place the individual in a particular spot in the
age range, he is only guessing. The present evidence of variability should
make the specialist mors cautious.

Finally, we would point out that our insistence on chronological var-
iability in maturatbion is derived ulbimatoly from the imnreasive sample we
were priviieged to study. VWhere, in one of the few comparable studies,
Stevenson (1524) had only 10 individuals (3 of them females) at the criti-
cal age of 18, we have 45; where he had only 6 at the age of 21, we have
39; and so on., Although it 13 distressing Lo consider the extent of the
loss of American youth implied ir these rigurss, ws are consoled in part
by being able to perpetuate them in the form of knowledge. At the same
time, we hope that our efforts will not discourage others from tontinuing
in this area of investigation. Certainly there is an lmmediate naed for
additional research in the ycungsr and oider ags groups.
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