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ABSTRACT 

The developmental ossification patterns in the sternal 

radiographs of 479 autopsy cases were analyzed in an attempt to 

determine the variation of ossification patterns in relation to age, 

sex and race. This study population consisted of 302 fetuses or 

.newborns ranging in gestational age from 18 to 38 weeks, and 177 

iv 

children or subadults ranging in age from 1 month to 19 years of age. 

Examination of the sternal radiographs revealed that the number and 

patterning of ossification centers in the sternum varied with age. 

Variation in ossification patterning was found to be greatest 

during pre-natal and early post-natal development. Also with the 

increase of age, the mean number of ossification centers in the 

sternum increased. This increase in the number of ossification 

centers continued up to approximately 140 weeks after birth, after 

which there was a leveling due to fusion of adjacent centers. Also 

observed in this study were various sternal anamolies, primarily 

pre-mature ossification and fusion. 

Statistical analysis of age, sex and race differences in the 

number of ossification centers in the sternum revealed variation as to 

age and sex. It was found that during early sternal development (18 

weeks gestation to 140 weeks post birth) the mean number of 

ossification centers was greater in males than in females. Racial 

variation in the number of ossification centers, was found not to be 

statistically significant. 



Application of this data can be used to up-date present 

anatomical literature concerning the development of.the sternum. The 

findings pertaining to the sex differences in the developing sternum 

may provide an insight to sexual dimorphism in the adult sternum in 

future research. 

V 
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CHAPTER I 

INTRODUCTION 

The human sternum is probably one of the least studied skeletal 

elements in the human body. Anthropologists and anatomists in the 

past, for the most part, have studied the ste!num only in the context 

of sexual dimorphism and pertaining only to the final or 11 adult 11 

sternal form. Only a few studies have been devoted to the 

developmental ossification of the sternum which in turn, has led to 

inaccurate or vague descriptions of the processes which lead to the 

adult form. 

1 

Recent research on the adult human sternum and associated costal 

cartilages has shown great potential for use in forensic anthropology. 

These studies found that the degree of sternal costal cartilage 

calcification can be used as an accurate method of age determination. 

The pattern of costal cartilage calcification has also been shown to 

be an accurate indicator of sex. It is is hoped that the findings of 

this dissertation research might also provide sue� useful information. 

The Adult Sternum and its Embryological Origin 

The sternum has been described morphologically by many 

anatomists, however the most familiar or most often used description 

is that given by Henry Gray in his classic anatomical textbook Gray's 

Anatomy (Pick and Howden 1977:124-125). The sternum as quoted in the 

revised American edition of "Gray I s Anatomy" 

is a flat, narrow bone, situated in the median line of the 



front of the chest, and consisting, in the adult, of three 
portions. It has. been likened to an ancient sword; the 
upper piece, representing the handle, is termed the 
Manubrium; the middle and larger piece, which represents the 
chief part of the blade, is termed the meso-sternum or 
gladiolus; and the inferior piece, which is likened to the 
point of the sword, is termed the xiphoid appendix or 
enisiform. 

In its natural position its inclination is oblique from 
above downward and forward. It is slightly convex in front, 
concave behind, broad above, becoming narrowed at the point 
where the first and second pieces are connected, after which 
it again widens a little, and is pointed at its extremity. 
Its average length in the adult is about seven inches, being 
rather longer in the male than in the female. 

The first piece of the sternum, or Manubrium, is of a 
somewhat triangular form, broad and thick above, narrow 
below at its junction with the middle piece. Its anterior 
surface, convex from side to side, concave from above 
downward, is smooth, and affords attachment on each side to 
the Pectoralis major and sternal origin of the 
Sterno-cleido-mastoid muscle. Its posterior surface, 
concave and smooth, afford attachment on each side to the 
Sterno-hyoid and Sterno-thyroid muscles. The superior 
border, the thickest, presents at its center the pre-sternal 
notch; and on each side an oval articular surface, directed 
upward, backward, and outward, for articulation with the 
sternal end of the clavical. The inferior border presents 
an oval, rough surface, covered in the recent state with a 
thin layer of cartilage, for articulation with the second 
portion of the bone. The lateral borders are marked above 
by a depression for the first costal cartilage, and below by 
a small facet, which with a similar facet on the upper angle 
of the middle portion of the bone, forms a notch for the 
reception bf the costal cartilage of the second rib. These 
articular surfaces are separated by a narrow, curved edge, 
which slopes from above downward and inward. 

The second piece of the sternum, or Mesa-sternum, 
considerably longer, narrower, and thinner than the first 
piece, is broader below than above. Its anterior surface is 
nearly flat, directed upward and forward, and marked by 
three transverse lines which cross the bone opposite the 
third, fourth, and fifth articular depressions. These lines 
are produced by the union of the four separate pieces of 
which this part of the bone consists at an early period of 
life. 

At the junction of the third and fourth pieces is 
occasionally seen an orifice, the sternal foramina; it 
varies in size and form in different individuals, and 
pierces the bone from before backward. This surface affords 

2 



attachment on each side to the sternal or1g1n of the 
Pectoralis major. The posterior surface, slightly concave, 
is also marked by three transverse lines, but they are less 
distinct than those in front: this surface affords 
attachment below, on each side, to the Triangularis sterni 
muscle, and occasionally presents the posterior opening of 
the sternal foramina. 

The superior border of the manubrium presents an oval 
surface for articulation with the ensiform appendix. Each 
lateral border presents, at each superior angle, a small 
facet, which with a similar facet on the manubrium, forms a 
cavity for the cartilage of the second rib; the four 
succeeding angular depressions receive the cartilages of the 
third, fourth, fifth, and sixth ribs; with each inferior 
angle presenting a small facet, which, with a corresponding 
one on the ensiform appendix, forms a notch for the 
cartilage of the seventh rib. These articular depressions 
are separated by a series of curved interarticular 
intervals, which diminish in length from above downward, and 
correspond to the intercostal spaces. 

Most of the cartilages belonging to the true ribs, as 
will be seen from the foregoing description, articulate with 
the sternum at the line of junction of two of its primitive 
component segments. This is well seen in many of the lower 
animals, where the separate parts of the bone remain united 
longer than in man. 

The third piece of the sternum, Xiphoid appendix or 
Ensifonn, is the smallest of the three; it is thin and 
elongated in form, cartilagenous in structure in youth, but 
more or less ossified at its upper part in the adult. Its 
anterior surface affords attachment to the chondro-Xiphoid 
ligament; its posterior surface, to some of the fibers of 
the Diaphragm and Triangularis sterni muscles; its lateral 
borders, to the aponeurosis of the abdominal muscles. Above 
it articulars with the lower end of the gladiolus, and at 
each superior angle presents a facet for the lower half of 
the cartilage of the seventh rib; below, by its pointed 
extremity it gives attachment to the linea alba. This 
portion of the sternum is various in appearance, being 
sometimes pointed broad, and thin, sometimes bifid or 
perforated by a round hole, occasionally curved or deflected 
considerably to one or the other side. 

Structurally the sternum "is composed of delicate cancellous 

structure, covered by a thin layer of compact tissue, which is 

thickest in the manubrium between the articular fac€ts for the 

clavicals" (Pick and Howden 1977:125). The earliest appearance of th€ 
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sternum in humans, occurs as a pair of mesenchymal bands that can be 

observed in human embryos of six weeks (Arey 1960:410). The 

mesenchynal bonds lie ventrolaterally in the chest wall and at first 

have no bond either with the ribs or with each other. After 

attachment of the ribs the mesenchymal bars fuse progressively in a 

cephalocaudal direction and at the same time consolidating a smaller 

mesial mass which is similar to the presternum of lower animals, and 

two variable suprasternal elements (Arey 1960:410). 

At approximately nine weeks the fusion of the cartilaginous bars 

is complete. The cranial end of the early sternum possesses two 

imperfectly separated suprasternal cartilages with which the clavicals 

articulate. These suprasternal cartilages usually fuse with the 

manubrium of the sternum and lose their identity (Arey, 1960, p. 411). 

Ossification begins about 21 weeks, but all the centers are not 

present until childhood. Ossification centers have been shown to be 

highly variable, although a bilateral tendency is evident (McCormick 

and Nichols 1981). The segmentation of the sternum into sternebrae is 

acquired secondarily. Figure 1, Appendix, illustrates the early 

development of the human sternum, as previously described. 

Previous Studies on Develo mental Ossification Patterns 
195 to Present 

First to be discussed, dealing with the developmental 

ossification patterns in the sternum, is a paper by T. D. Stewart. 

Stewart (1954) discussed little in the way of early developmental 

ossification but examined the metamorphosis of the joints of the 
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sternum in relation to later age changes. The changes expounded on by 

Stewart consisted of the changes between the areas of sternal 

articulation from the ages of 17 to 35 years of age. Although a 

significant work, this manuscript shed little light on this study with 

exception of reference to fusion of the mesosternum segments. One of 

the most detailed studies on developmental ossification patterns of 

the human sternum was published by Ashley in 1956. His manuscript 

entitled "The Relationship between the Pattern of Ossification and-.the 

Definitive Shape of the Mesosternum in Man, 11 is an excellent work and 

serve as a basis for this study. The main focus of Ashley's study was 

to determine the relationship between the early developing 5ternum to 

that of the final adult form. 

In the introduction of his paper Ashley provides a review of the 

early anatomical literature concerned with the development of the 

sternum. He points out that in many of the early manuscripts, the 

authors hinted at the possible relationship between the manner of 

ossification and the definitive shape of mesosternum, although the 

precise nature of this relationship had never been researched. Ashley 

stated that early observations of the developing sternum revealed the 

great inconsistencies, "not only in the times of appearance of the 

various ossification centres, but also in the size attained by each 

cent re 11 (Ash 1 ey 19 56 : 10 2 ) . 

Earlier research by Ashley in 1951 and 1953 presented the first 

evidence shewing a direct relationship between the adult mesosternum 

and the arrangement and number of the ossificction centers from which 



6 

the bone develops (Ashley 1951, 1953). These earlier studies by 

Ashley were based on observation of the mesosternum at various ages 

from anatomical collections. Ashley also provides discussion on the 

occurrence of sternal foramen, and the various speculations of earlier 

researchers, of their origin and function. 

The population examined by Ashley as noted in his 1956. 

publication consisted of over a thousand individuals with the great 

majority of specimens belonging to the Paterson anatomical collection 

at Liverpool University, England. Approximately 794 adult (118 

African and 676 European) mesosternums were examined by visual and 

radiographic methods. Subadults as well as fetal and embryo specimens 

were also examined. The study group noted as subadults, consisted of 

approximately 140 individuals (seven Africans and 133 Europeans) 

between the ages of two and 19 years of age. Another group noted as 

infants included 73 Europeans between birth and one year of age. The 

earliest developmental sample examined by Ashley consisted of 393 

European fetus, ranging in gestational age from 10 weeks to term, and 

10 embryos ranging in size from four to 40 mm (four to nine weeks). 

Ashley's analysis of the adult mesosternum specimens involved 

visual inspection of general shape and of foramina, notches, grooves, 

ridges and abnormalities if present. Measurements were also taken on 

the adult specimens in order to provide two indices, manubrium-corpis 

index and the mesosternal relative width index. Analysis of the 

subadult fetal and embryo mesosternums involved radiography and 

histological sectioning. 
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From the analysis of the subadult mesosternums, Ashley described 

16 "regular" possible patterns of developmental ossification which 

could be further grouped into four " basic patterns," from these four 

patterns, three final adult sternal forms could be correlated. The 

description of Ashley's four " basic patterns" (Ashley 1956:�0-91), are 

as fo 11 ows: 

Ossification pattern type I: In each of the first 
three segments of the mesosternum the ossification centres 
are usually single and always mid-line. Occasionally they 
may be do u b 1 e v e rt i ca 11 y , but st i 11 , st r i ct 1 y mi d-1 i n e i n 
position. In the fourth segment centre (s) may be single 
double or completely absent. 

Ossification pattern type 11: In either the first or 
first and second segment (s) of the mesosternum the 
ossification centre(s) is/are single and mid-line, whereas 
in the second (in some), third (in all) and fourth (in some) 
the centres are double, and bilaterally or obliquely placed. 

Ossification pattern type I I I: In each of the first 
three segments of the mesosternum the ossification centers 
are double (bilaterally or obliquely), and in the fourth 
segment the centre(s) may be double, single or absent. 

Ossification pattern type IV: In either the first or 
first and second segment (s) the centres are double, 
bilaterally or obliquely; whereas in the third they are 
single and in the fourth single or absent" (Ashley 1956). 

Ashley's classification of ossification patterns in 357 fetal 

sterna ranging from five months to nine months gestational age placed 

26% of the sterna as Type I, 31% as Type II, 12% as Type III and 31% 

as indeterminate. In his classification of 224 post-natal sterna 

ranging in age from birth to 19 years of age, Ashley placed 25% of the 

sterna as Type I, 52% as Type II, 8% as Type III and 15% as 

indeterminate. It is important to note that Ashley reported that th€ 



manubrium 11in all of his 11types 11 was shown to ossify from a single 

center. 

A more recent manuscript reporting on the developmental 

ossification in the human sternum, was published by McCormick and 

Nichols in 1981. The authors' paper entitled " Formation and 

Maturation of the Human Sternum," provided a testing of Ashley's 

(1956) results. Although McCormick and Nichols sample was smaller 

than Ashley's and restricted to fetal and newborn specimens it 

provided better evaluation of early ossification by means of 

u1tra-high resolution radiography. The observations reported by 

McCormick and Nichols agree for the most part with those reported 

earlier by Ashley, however there were some disagreements. 

8 

The McCormick and Nichols study included 100 sequential fetal and 

newborn sterna. The sterna which were examined as "chest plates 

consisting of the sternum, costal cartilages, ventral rib ends, and 

medial clavicular ends with soft tissues attached, were X-rayed in a 

radiographic unit capable of high resolution radiographs. 

From the radiographic analysis, they reported that "one or more 

minute areas of sternal mineralization were demonstrable in all 

fetuses over 24 weeks gestational age" (McCormick and Nichols 

1981:324). They also found that the youngest case examined with 

demonstrable mineralization was 21 weeks gestational age. In 

agreement with Ashley, McCormick and Nichols noted that the size, 

number and shape of foci of sternal mineralization varied widely even 

within narrow age and weight ranges. 



The authors (McCormick and Nichols 1981) also reported that=94% 

of the time the developing manubrium was the first demonstrable area 

of mineralization, and was usually proceded by a second center of 

ossification in the first sternebra. They also state that the fourth 

mesosternal ossification center often never formed. As for relative 

size differences between the manubrial center and the mesosternal 

centers, they found some variation, with the manubrial center being 

typically larger. Similarly, they noted that adjacent mesosternal 

areas of ossification often varied greatly in size. 

!n observations of the number of ossification centers in the 

developing manubrium and .sternebrae, McCormick and Nichols reported 

that manubrium most often developed from a single center of 

ossification, but in certain cases 10% arose from two or more unequal 

centers (McCormick and Nichols 1981:324). Some or all of the 

sternebrae arose from paired (34%) or even multiple ossification 

centers, al though single centers were observed 46% of the time. The 

maximum number of centers of ossification as noted by the authors, 

developed by the gestational age of 38 to 42 weeks, and in one fetus, 

total ed 13 centers. 

9 

Concerning the fusion of adjacent centers of ossification, 

McCormick and Ni.chols found it to occur early at a gestational age of 

30 weeks. They noted that fusion was "either side to side or cephalad 

to caudad" and "in general ossification centers developed from rostral 

to caudal" (McCormick and Nichols 1981:324). The final o r  "adult" 

sternum form as describe by the authors, being that of a manubrium, 
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body {composed of three to five sternebrae), and the ossified xiphoid 

was not seen for many years foll owing birth, with the xiphoid being 

the last to ossify. They noted that none of the 100 fetal sterna 

examined displayed ossification centers in the xiphoid. 

McCormick and Nichols grouped each sternal specimen into one of 

the "basic" types as described by Ashley. They found that 46% of 

their specimens could be classified as Type I, 30% as Type 11, 4% as 

Type III and that no Type IV specimens were encountered. However 20% 

of their specimens had 11irregular 11 or "intermediate" patterns of 

ossification making it impossible to classify into one of the 11 basic11 

types (McCormick and Nichols 1981:327). 

McCormick and Nichol's study provided a better insight into early 

sternal development than did Ashley's 1956 work because of the 

advanced radiographic technique which allowed more accurate 

determination of the developing ossification centers. 

There are several differences between the study conducted by 

McCormick and Nichols (1981) and this dissertation research. One 

major difference is that the present study included a much larger 

sample size as well as pre- and postpubertal individuals. This study 

included data on the degree of fusion between sternal segments and 

fusion anomalies and the relationship of age to sternal ossification. 

This investigation study went a step further than that of McCormick 

and Nichols (1981) in examining sexual and racial dimorphism in 

rel ation to developmental ossification of the sternum. 
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While there are differences in this study from that of McCormick 

and Nichols, similar observations on the percentage of Ashley's 

sternal types (Ashley 1956) and the appearance of sternal ossification 

centers as observed in this sample allowed confirmation of McConnick 

and Nichols earlier study. 

The main objective of this dissertation research is to provide 

further insight i�to the clarification of the developmental 

ossification of the human sternum in relation to the 11 adult form. " 

Another goal of this study is to determine if age, sex and race 

differences are observable in the developing sternum. Also the 

cumulative results of this investigation are to be compared with 

earlier studies so as to confirm or reject prior observations and 

expound on areas which were not discussed in those studies. With a 

better understanding of sternal development it may be possible to 

develop methods for aging and sexing subadults based on sternal 

ossification. Although other methods are available for aging 

subadults no method presently exists for sex determination. 



CHAPTER I I 

MATERIALS AND METHODS 

Specimens and Collection of Data 
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The specimens utilized in this study were·the "chest plates" 

consisting of the sternum, costal cartilages, ventral rib ends, and 

medial clavicular ends of 479 autopsy subjects from the University of 

Texas Medical Branch at Galveston. Of the 479 subjects, 302 were 

fetuses or newborns ranging in gestational age from 18 to 38 weeks. 

The remaining 177 subjects consisted of 113 infants ranging in age 

from one month to 36 months� and 64 subjects subadults ranging in age 

from four to 19 years. The sex ratio of this population was 268 males 

to 221 females. There were 233 American Whites, 141 American Blacks, 

97 Latin Americans and eight South East Asians. 

Upon removal of the intact chest pl ate at autopsy each specimen 

was X-rayed in a Faxitron 43805N closed X-ray system. This particular 

device is capable of producing ultra-high resolution radiographs. 

These "chest plate" specimens were indiviaually X-rayed at 20-25 kV 

peak at 2. 5 mA for 1. 8-2. 0 minutes with Kodack X-Omat TL film "Ready 

Pack." A picture of the Faxitron unit used in this study if shown ifl 

Figure 2, Appendix. 

Data concerning the age, sex, race and contributing cause of 

death was recorded for each subject. The ge�tational ages of the 

fetal and newborn subjects were estimated based on crown-rump length 

and head circumference (Moore 1973: 71-84), physical appearance of 
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skin, ears, breast tissue, and genitali a ( Dubowitz and Dubowitz 

1970 : 1- 10 )  and ( F innstrom i977 : 601-604 ) development of cerebral gyr i  

and f issures ( Larroche 1977 : 319-327 ), and microscop ic  appearan�e of 

the brain, lungs, ki dneys , l iver and genital ia  ( Valdes-Dapean 1979 ) .  

Data also i ncluded i n  th i s  study on the fetal and newborn subjects 

were we i ght , crown-rump length , crown- heel length and head 

circumference . Complete autopsy i nformat ion and placental exami nati on 

reports were made available through the Department of Pathology, 

Uni versity of Texas Medical Branch at Galveston. 

Data collecti on from each sternal radi ograph cons isted of 

recording the number of ossi ficati on centers in the manubri um and each 

sternebra 1-5 and xi phoi d. In addit ion to the number of oss i f icati on 

centers , the degree of fusion between the ossi f icati on centers i n  the 

manubrium and each sternebra were noted. Also the degree of fusi on 

between the manubrium and the first sternebra and between each 

sternebra segment ( 1-2 , 2 -3, 3 -4 ).  The degree of fusi on was 

semi -quantitati vel y graded as bei ng ei ther 0 ,  1 ,  2 or 3. A grade Q 

fus ion represented no fusion or contact between adjacent ossi f icati on 

centers . Grade 1 fusion was defi ned as border contact between 

adjacent ossi ficati on centers and grade I fusi on was un ion izati on of 

two adjacent ossi ficati on centers in  wh ich the uni on izati on was 

observed as 1
1 p inched 1 1  with a distinct l i ne of fusi on. Grade 3 fus ion 

was defined as uni onizat ion of two adjacent ossi fication centers 

\<I i thout an observab 1 e 1 i ne of fus i on and min i ma 1 " p i nch i ng 1 1  at the 

contact boundary. F i gure 3 ,  Append ix, i l lustrates the four grades of 



fusion between adjacent ossification centers as observed in sample 

specimens. 

Methods of Data Sorting and Analysis 
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Visual examination of each of the 479 sternum radiographs were 

made in order to collect data on the various criteria previously 

mentioned. These data in turn were recorded on a TRS-80 color 

computer employing a sternum file program written by Dr. J. H. 

Stewart, a former resident in pathology at the University of Texas 

Medical Branch. Later these files were re-assembled and down -loaded 

to the IBM main frame computer system at the University of Tennessee, 

Knoxville. Sorting and statistical analysis of the data was performed 

using various 1 1 SAS 1 1  procedures Statistical Analysis System, (Ray 

1982). The complete coded data for each of the 479 individual s  was 

formulated into two separate computer files, one file (File 1) for 

in i tial recording and sorting of data and a second file { file 2) for 

statisti cal analysis of data. Fil e 1 and File 2 are found in iable 1 

and 2 respectively, Appendix. 

The . coding used in formating File 1 are as follows : AUTOP, 

represented by a five digit number noted the year and autopsy case 

number of each individual. AGE, represented by a two digit numb-er and 

a single letter noted the age by day, month or year. GA , represented 

by a two digit number, noted the gestational age in weeks of the 

individual, which applied only to newborns and fetus. R and S 

represented by a single letter noted the race and sex of the 

individual respectively. Weigh , represented by a four �igit number 
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noted the weight of the individual in kilograms, this only applied to 

newborns and fetus. The codes CR, CH and HC were each represented by 

a two digit number, noting the crown-rump length, crown-head length 

and head-circumference in centimeters, respectively, these criteria. 

also applied only to newborns and fetuses. 

The number of ossification centers in the sternum was represented 

by the code MX which was a seven digit number, noting the number of 

ossification centers as observed in the manubrium, sternabra 1,  

sternabra 2, sternabra 3, sternebra 4, sternabra 5 and xiphoid. In 

Table 1, Appendix the code MX is shown in its expanded form M12345X. 

Also shown in Table 1, Appendix, is the code ABCDEFGH I J K, which 

was represented by an eleven digit number noting the semi-quantitative 

degree of fusion of adjacent centers of ossification in ( A) the 

manubrium , (B) the manubrium and sternebra 1,  (C) sternebra 1, (D) 

between sternebra 1 and 2, (E) sternebra 2, (F) between sternebra· 2 

and 3, ( G) sternebra 3, (H ) between sternebra 3 and 4, ( I )  sternebra 

4, (J) between sternebra 4 and 5, ( K ) ·xiphoid. The code MD 

represented by two letters is an abbreviation of the cause of death or 

medical disorder in each i ndividual. The diseases or conditions 

contributing to death are listed by code and non-abbreviated form i n  

Table 3, Appendix. 

The coding in formating File 2 are as follows: AUTOP, 

represented by a five digit number noted the year and autopsy case 

number of each individual. AGE, represented by a two digit number 

noted the age by weeks post-conception (O weeks being term birth : 38 
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weeks gestation). f ,  represented by a single digit number noted the 

race of each individual (l=White, 2=B1ack, 3=Latin, 4=Asian). � '  

represented by a singl e digit number noted the sex of each individual 

(l=Male, 2= Female). 

The code TO in File 2 was represented by a two digit number (1 

through 13) note the total number of ossification centers observed in 

each sternum. MX, represented a seven digit number, noted the total 

number of ossification centers as observed in the manubrium, 

sternabrae 1, sternabrae 2, sternabrae 4, sternabrae 5 and xiphoid. 

In  Table 2, Appendix, the code MX is shown in its expanded form 

M12345X. Also shown in Table 2, Appendix, is the expanded code 

ABCDEPG, which was represented by a seven digit number noting the 

single number of ossification centers (multi ple centers in each 

segment be count as only one) observed in the manubrium, sternabra 1 

through 5 and xiphoid. The abb reviated form of the previous noted 

code was MK. I ,  represented by a single digit number (1 through 6 )  

noted the total number of single ossification centers in the sternum 

as previously described. 

After collection and computer  entry of the data, File 1 was 

sorted utilizing the SAS " Sort Procedure" (Ray 1982:771-781). The 

parameters for the sort routines are as follows: (MX by �) total 

ossification pattern of the sternum by gestational age, ( MX by AGE) 

total ossification pattern of the sternum by age year, day or month, 

(MX by B) total ossification pattern of the sternum by race, (MX by �) 

total ossification pattern of th€ sternum by sex, a i ong with a second 
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sorting by sex including gestational age (MX by � GA ) � and age year, 

day or month, (MX by � '  AGE). 

After computer sorting ,  the sampl es were divided into seven basic 

age groups , those bei ng fetal and newborns , gestational ages 18 to 42 

weeks , infants ages one to 36 months , children four to six, seven to 

nine , pre-adolescents 10 to 12 , early adolescents 13 to 15 , l ate 

adolescents 16 to 19 years. Breakdown by age, sex and race were 

further tabulated for each of the seven major age groupings. 

From the previous sort routines additional sorting consisting of 

defining all possible MX types by age groups and calculating the 

percentages of each MX type was conducted. Also the possible number 

of ossification centers in the manubrium , sternabra 1 ,  2, 3, 4 and 5 

were calculated as to their occurrence. The percentage of Ashley's 

Type I, II, or Type III classifications , were also calculated for each 

major age group. General observations on the degree of fusion between 

ossification centers and certain anomalies of fusion and sternal 

patterning were also recorded in thi s  study. 

File 2 which conta i ned reformated sternum data was analyzed 

utilizing two SAS procedures , GLM "general linear models procedure" 

(Ray 1982 : 139-199 ) and PLOT " basic plot procedure" { Ray 1982:629-655 ). 

In addition to the l inear regressi on procedure , covariance analysis 

was performed using the 1
1 SAS 1 1  GLM procedure to determine sex 

differences after age adiustment. Data contained in F i le 2 were also 

analyzed as to the total number of ossifiction centers (TO) and single 



centers of ossification { Z) { observ i ng multiple centers of 

ossification in each segment as only one) � age, sex and race. 
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CHAPTER III 

PATTERNS OF STERNAL OSSIFICATION IN FETAL AND NEWBORNS, 

GESTATIONAL AGES 18 to 38 WEEKS 

1 9  

This sample consisted of 302 fetal and newborns ranging in 

gestational age from 18 to 38 weeks. The male to female ratio was 167 

males to 135 females, and the racial breakdown was 148 American 

Whites, 90 American Blacks, 58 Latin Americans and 6 East Asians. Out 

of this group 99 individuals died as the result of trauma or cause was 

unknown. The remaining 203 individuals from which sternal radiographs 

were made died as the result of a particular disease or condition. 

Number of Ossification Centers 

The ossification patterns as observed radiographically in this 

group exhibited much variation, however the majority of them could be 

classified as to one of the four types established by Ashley ( 1956). 

Specimens which could not be classified as to type and represented 

"indeterminate" patterns are the result of what Ashley termed 

1
1supernumary 11 centers. Ashley, as well as McCormick and Nichols 

( 1981), pointed out that in general, the earlier the age of the fetus 

the greater the difficulty in placing it in a type group. figures 5 

and 6, Appendix, illustrate an example of 1
1supernumary 11 centers of 

ossification. 

From the radiographs , 73 different ossification patterns were 

observed. These 73 possible ossification patterns along with the 

percentage of occurrence are given in Table 4, Appendix . The most 
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common pattern, which was found in 25% of the individuals, was 

classified as an Ashley ' s  Type I, that being a single center of 

ossification in the manubrium, with singl e ossification centers in 

sternebra 1 and 2. The second most common pattern was found in 1 1% of 

the individual s, and was classified as an Ashley Type I I , that being a 

singl e ossification center in the manubrium, with the first and second 

sternebra ossifying from a single center, with the third sternebra 

having two centers of ossification. The third most common pattern was 

found in 10% of the individuals, and was cl assified as an Ashl ey Type 

I .  

The greatest number of ossification centers observed in the 

manubrium was four. The greatest number of centers observed in 

sternebra 1 ,  2 ,  3 ,  and 4 were three, four, three, and five 

respectively. Tabl e 5 ' Appendix, shows the possible number of 

ossification centers in each section of the sternum and the percent of 

occurrence as observed in this study group. It must al so be noted 

that no centers of ossification were observed among this a ge group in 

either the 5th sternebra or xiphoid . 

The youngest case in which demonstrabl e  mineralization was 

observed was 2 1  weeks 1 gestational age, the sternal radiograph of this 

individual is shown in Figure 4 ,  Appendix. It was found that the 

maximum number of ossification centers in the sternum developed by 38 

to 42 weeks. One specimen, a 38 week fetus , had a total of 13 

ossification centers in the sternum ( Figure 5, Appendix ). The absence 
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of any ossification in the sternum was seen in a total of 1 6  specimens 

with none being over the gestational age of 38 weeks. 

The first demonstrable area of mineralization occurred 94% of the 

time in the manubrium, however four individuals were found to present 

ossification centers in the sternabra segments with no manubrial 

center of ossification ( Figures 6 and 7). 

Development of the manubrium in most cases arose from a single 

center of ossification, however 21% were found to develop from two or 

more centers. In reference to the sternebrae, 50% were found to 

develop from single ossification centers and 21% from two or multiple 

ossification centers. Classification of the sternum samples into one 

of the four 11 basic 11 sternum types was conducted. The percentage of 

sternum Type 1 as observed in our population was 42%. Type 2 and 3 

were observed occurring in 28% and 3% respectively. The Type 4 

sternum pattern was not observed i n  any of the 302 sterna evaluated. 

Observations on the Degrees of Fusion and Anomalies 

Fusion of adjacent centers of ossification was observed to be 

variable. Fusion of adjacent centers was observed to occur as early 

as 29 weeks, with a grade 1 fusion. At gestational ages of 30 weeks 

upwards fusion of adjacent centers was more common and of grade 2 or 

higher. 

One anomaly observed was the early stage of fusion between the 

manubrial ossification center and sternabra 1. This highly premature 

fusion was observed in four cases, with a grade 1 fusion. One of the 

individuals, a pituitary dwarf, also exhibited what I termed 
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11snowflake 1 1  ossification centers. This "snowfl ake" or irregular 

shaped ossification centers, was seen in other individuals classified 

as achondroplastic or pituitary dwarfs. A radiographic print of one 

individual illustrating the grade l fusion between the manubrial 

ossification center and sternebra 1 ,  is shown in Figure 8 ,  Appendix. 

Determination of other anomalies in the study g·roup did not 

reveal any other occurrences , however it was difficult to judge due to 

"supernumerary" centers and the great variation in ossification 

patterns among this group. Another example of sternal devel opment is 

in a 37 week old fetus shown in Figure 9 ,  Appendix. Figures 10 , 11  

and 12, Appendix , show various sternal ossification patterns as viewed 

from dried sternum specimens of fetus and newborns. 



CHAPTER IV 

PATTERNS OF STERNAL OSSIFICATION IN INFANTS 

AGES 1 TO 36 MONTHS 

23 

This study group consisted of 1 13 infants ranging in age from 1 

to 36 months . The male to fema le  ratio was 59 males to 54 females, 

and the racial breakdown was 5 1  American Whites, 36 American Blacks 

and 26 Latin Americans. Out of this group 24 individuals died as the 

results of trauma or unknown causes. The remaining 89 individuals 

from which sternal radiographs were made died as the result of a 

particular disease or condition . 

Number of Ossification Centers 

The ossification patterns as observed radiographically in this 

group, exhibited variation, but to a lesser extent than seen in fetus 

and newborn material. This is most likely  due to the more mature 

ossification centers and the decrease in "supernumerary" centers. The 

majority of these patterns could be classified as to one of the four 

types set forth by Ashley { 1956), however some specimens could not be 

classified as to type because they were intermediate patterns. 

From the radiographs, 63  different ossification patterns were 

observed. These 63 possible ossification patterns along with the 

percentage of occurrence are given in Table 6, Appendix. The most 

corrmon pattern , which was found in 1 4% of the individuals, was 

classified as an Ashley ' s  Type I ! that being a single center of 

ossification in the manubrium , with sing l e  ossification centers in 
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sternebra 1 and 2 .  The second most common pattern was found in 7% of 

the i ndividuals, was classified as an Ashley Type I I, or a single 

ossification center in the manubrium, and the first and second 

sternebra ossifying from a single center, with the third sternebra 

having two centers of ossification. The third most common pattern 

actually consisted of two patterns and was found in 8% of the 

individuals . Both patterns although not exactly configured as an 

Ashley Type I, would, with further devel opment, meet the 

classification criteria. 

The greatest number of ossification centers observed i n  the 

manubri um was six (including "supernumerary centers") .  The greatest 

number of centers observed in sternebra 1, 2, 3, 4, and 5 were four, 

six, three, three and one respectively. Table 7, Appendix, shows the 

possible number of ossification centers in each section of the sternum 

and the percent of occurrence as observed in this study group. It 

must also be noted that no centers of ossification were observed among 

this age group in the xiphoid. 

Demonstrable mineralizati on was observed in all 113 chil dren, and 

i n  no case was their absence of an ossification center or centers in 

the manubrium. A single center of ossification in the manubrium was 

observed in 68% of the individuals examined. Figures 13 through 26, 

Appendix, show various examples of the ossification patterns observed 

in this group. 

The greatest number of oss if icati on centers observed in the 

sternum samples examined was 12 . In  reference to the sternebra , 
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approxi mately 69% were found to be developi ng from si ngle ossifi cati on 

centers and 30% from even or multi ple ossif ication centers. 

Classif ication of the sternum samples i nto one of the four 11basi c 1 1 

sternum types was also conducted. The percentage of sternum Type 1 as 

observed i n  th is  population was 39% . Type 2 and 3 were observed 

occurri ng i n  5 1 %  a nd 73% perspectively. The Type 4 sternum pattern 

was not observed i n  a ny of the 1 13 sterna evaluated. 

Observati ons on the Degrees of Fusion a nd Anomal ies 

Fus ion of a dj acent centers of ossifi ca t i on were observed to be 

vari able, but with a greater frequency over that of the newborn a nd 

fetus sample . Of the study populat ion 48% exh i bited some degree of 

fusi on between adj acent ossifi cati on centers and approxi mately 19% of 

the i ndividuals exami ned had a grade 3 fusion i n  one or more segments .  

The early stage of fusion between the ma nubr i al ossif i cati on 

center a nd sternebra 1 ,  along with premature fus ion of the adj acent 

sternebrae was not common . Three s peci mens ex h i bi t i ng th i s  irregula r 

fus i on were found with i n  the study group. Two i nd i v iduals, a 16 month 

o l d a nd a · 5 month old i nfant ,  presented a grade 2 fusi on between the 

developi ng manubrium and sternebra 1 wi th grade 3 fusion between 

sternebra segments. The th ird i ndi vi dual possessed a grade 1 fusi on 

between the manubrium a nd sternebra 1 ,  w ith grade 2 fusion between 

sternabra segments. 

One i nd iv idual possessed a sternal forami na , wh ich was v isib le  i n  

the cart i l age of the l ower sternal body. Although  th€ foramen i s  

qui te large i n  s ize,  i t  wi l l  most li kely be f ill ed i n  to a grea ter  
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degree once ossification centers develop and form around it. Figure 

20, Appendix shows the cartilagenous foramen as observed in a 1 month 

old Black female. 



CHAPTER  V 

PATTERNS  OF STERNAL OSS I F I CAT I ON I N  

CH I LDREN  4 TO 6 Y EARS 
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This  study group consisted of 17  chi l dren varying i n  age from 4 

to 6 years. The male to female ratio  was 12  males to f ive fema l es , 

and the racial breakdown was n ine Ameri can Whi tes , si x Ameri can Blacks 

and two Latin  Ameri cans. Out of this  group, four i ndiv i duals of the 

17, d i ed as the result of trauma or cause was unknown. The remai ning 

13 individuals from whi ch sterba were examined d ied as the result of  a 

parti cular disease or condi ti on. 

Number of Ossi fi cation Centers 

The total ossi fi cati on pattern , as observed radi ographi cally i n  

this group vari ed less i n  than the previ ous earl i er age groups . 

"Su pernumerary" centers of ossi f i cati on were not observed . i n  this 

group and larger ossi f icati on centers were more prevalent. F rom the 

radiographs, 13 di fferent ossi fi cati on patterns were observed . These 

1 3  possi b l e  ossi f icati on patterns along with percentage of occurrence 

are given i n  Table 8, Appendix. 

The greatest number of ossi f icat i on centers observed i n  the 

sternum as a whole was 10 . The radi ograph of the 4 year ol d Black 

female in  whi ch these 10 ossi f icati on centers were observed is  shown 

in  F i gure 31, Appendi x .  Maxi mum number of ossi f ication centers i n  the 

manubrium, sternebrae 1 through 5 were 4, 1, 2, 2, 2 and 1 

respectively . Table 9, Appendi x, shows the possi ble number of 
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ossification centers in each section of the sternum and the percent of 

occurrence. Classification of the sternum samples into one of four 

"basic" sternum types was also made. The percentage of sternum Type 1 

as observed in this population was 5 1%. Type 2 and 3 were observed 

occurring in 42% and 0% respectively. Type 4 sternum pattern was not 

observed in any sternum. 

Observations on the Degrees of Fusion and Anomalies 

Fusion of adjacent centers of oss ification was observed to occur 

in 1 1  of the 1 7  s ample sterna examined . I n  11  of the s terna , fusion 

of adjacent centers of ossifica tion was observed with al l but one 

individual exhibiting a grade 2 fusion. No other significant 

observations on fusion of adjacent centers of ossification in thi s 

group were observed ( Figures 32-34, Appendix ). 



CHAPTER V I  

PATTERNS O F  STERNAL OSSIFICATION 

IN CHILDREN 7 TO 9 YEARS 

This study group consisted of 10 children varying in age from 

seven to nine years. The male to female ratio was six males to four 

females, and the racial breakdown was six American Whites, three 

American Blacks and one Latin American. Out of this group five 

individuals had died as the result of trauma. The remaining five 

individual s  whose sternums were examined had died as the re sult of a 

particular disease or condition. 

Number of Ossification Centers 

The total ossification pattern as observed radiographically in 

this group showed variation from individual to individual . From the 

radiographs, eight different ossification patterns were observed. 

Only in two of the patterns were there individuals sharing the same 

pattern. However, classification of these sterna into one of the 

three Ashley Types could be easily made. Eight individuals had 

ossification patterns which could be classed as Type I and the other 

two as Type I I .  The eight different ossification patterns observed 

along with their frequency of occurrence are given in Table 10, 

Appendix. 

The greatest number of ossi fication centers observed i n  the 

sternums was seven. Maximum number of ossification centers in the 

manubrium, sternebrae 1 through 5 were 2 ,  1 ,  1, 2, 1 ,  and 1 

29 
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respectively. The number of centers in each element of the sternum is 

much smaller than in the earlier age groups particularly the newborn 

and fetus sample. Table 1 1, Appendix gives the possible number of 

ossification centers in each section of the sternum and their 

frequency of occurrence. As one would expect with increasing age, the 

ossification centers are larger in diameter with a more squared-off 

appearance. Also at this age sternum begins to take on the adult form 

as seen in the conforming of the manubrium to the positions of the 

jugular, clavicular and costal notches. The manubrium consisted of a 

single ossifi cation center in all specimens exam ined  with the 

exception of two individuals. One sternum from an eight year old 

White male, in which the manubrium still persists as dual centers of 

ossification, is shown in Figure 35, Appendix . 

Two of the sternums examined showed early ossification of the 

xiphoid . This premature ossification of  the xiphoid was observed in a 

seven year old White male and a nine year o l d  L atin female, whose 

rad i ographs are shown in Figures 36 and 37, Appendix. 

Observations on the Degrees of Fusion and Anomalies 

Observations on the fusion of adjacent centers of ossification 

was found to be occurring in some form, at one area or another, in all 

but one individual who exhibited no distinct fusion between centers. 

In one specimen a grade 2 fusion was observed between the manubrium 

and sternebra 1.  

Another sternum specimen from an eight year old White male, in 

which the manubrium can still be observed as developing from dual 
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centers of ossification, presents a small sternal forami na located at 

the junction of sternebra 2 and 3 (Figure 38, Appendix). No other 

abnormalities or unusual ossification patterns or fusion were observed 

in  thi s  study group. 
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CHAPTER VII 

PATTERNS OF STERNAL OSSI FICATION IN 

PRE-ADOL ESCENTS 10 TO 12 Y EARS 
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This study group consisted of six pre-adolescents 10  to 12 years 

of age, with a male to female ratio of 3 to 3. Racial breakdown of 

this group was five American Whites and one Latin American. Out of 

this group, three individuals from which sternal radiographs were 

made, died as the result of trauma. The remaining three individual s 

whose sternal radiographs were examined, died as the result of a 

particular disease or condition. 

Number of Ossification Centers 

From the radiographs, four different ossification patterns were 

observed. Only in two of the patterns were there individual s sharing 

the same pattern. Classification of these sterna into one of the 

three Ashley Types were made. Four of the individuals could be 

classified as Type I and the other two as Type II. The four oiffer€nt 

ossification patterns observed along with their frequency of 

occurrence are given in Table 12, Appendix. 

The greatest number of ossification centers observed in the 

sternums was nine. Maximum number of ossification centers in the 

manubrium, sternebrae 1 through 5 were 1, 1, 3, 4 and 1 respectively. 

Table 13, Appendix, gives the possible number of ossification cent€rs 

in each section of the sternum and their frequency of occurrence. 

Again as in the previously discussed study group the ossification 
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centers are much larger and at this age level approach the adult form 

in sternal segments. 

Three of the sternums examined , showed early ossification of the 

xiphoid. The sternal radiographs in which the early xi phoid 

ossification was observed are from a 10 year old Latin male and a 10 

year old White male. This premature ossification xiphoid in the three 

pre-adolescents are shown in Figures 39 and 40 , Appendix. 

Observations on the Degrees of Fusion and Anomalies 

Observations on the fusion of adjacent centers of ossification , 

was found to be present in all but one case. The degree of fusion 

observed in the five sterna was of a g rade 2. No premature fusion of 

the manubrium and sternebra 1 was observed nor was the presence of a 

sternal foramen seen. Figure 4 1 , Appendix , show the sternal 

radiograph of an 1 1  year old White female which was included in the 

study sample. 



CHAPTER VIII 

PATTERNS OF STERNAL OSSIFICATION IN EARLY 

ADOLESCENTS 13 TO 15  YEARS 
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This study group consisted of 1 2  adolescents 13 to 15 years of 

age. The male to female ratio was seven males to five females, and 

the racial breakdown was four White Americans, four Black Americans, 

three Latin Americans and one East Asian. Out of this group four had 

di ed as the result of trauma. The remaining eight individuals whose 

sternums were also examined, had died as the result of a particular 

disease or condition. 

Number of Ossification Centers 

The total ossification pattern as observed radiographically in 

this group showed little variation considering the number of single 

ossi fication centers. From the radiographs six different ossification 

patterns were observed. One pattern was shared by five individuals 

and in another pattern three individuals were observed to have the 

same pattern. Classifi cation of the sterna ·by Ashley ' s  Types was also 

made. Out of the 1 2  sterna examined 10 could be classified as 

Ashley ' s  Type I, with the remaining two sterna being classified as a 

Type II  and Type I I I �  The greatest number of ossification c€nters 

observed in any of the sterna was six. The gr�atest number of 

ossification centers in the manubrium, sternebra 1 through 5 were 1, 

1, 2, 2, and 2. Here one center occurs most often and two centers 

represent an even closer relationship with the adult form. The six 
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di fferent oss i f i ca t i on patterns observed a l ong w i th thei r frequency of 

occurrence a re gi ven i n  Tab l e 14 , Appendi x .  Tab l e 15 , Append ix  gi ves 

the pos s ib l e number of os s i f i ca t i on centers in each sect i on of the 

s ternum and thei r frequency of occurrence . 

X i pho id  oss i f i cat ion .wa s seen i n  onl y  one speci men from thi s age 

group , that be ing the s ternum from a 13 yea r o l d Whi te ma l e  ( F i gure 

42 , Appendi x ) .  Al so observed was the i ntermed i a te format i on of 

s terna l forami na in the s ternum of a 14 yea r o l d Lat i n  ma l e . The 

foramen whi ch wa s present i n  the ca rti l agi nous ba r of a sternebra , wa s 

i n  the proces s of be i ng surrounded by os s i fy ing t i s sue and i s  s hown 

radi ographica l l y i n  F i gure 43 , Appendi x .  

Observations on· the · Oegrees of Fus i9n _and .Anoma l i es  

The degree of fus i on .:between a�j acent oss i f i cation centers as  

observed in  th i s age group wa s mi ni mum . The grea t majori ty of the 

ea rl i er os s i fi cat i on centers have prev i ous ly  fused wi th adj acent 

centers fo rmi ng a s i ngl e ma nubr i um o r  s ternebra . On ly  i n  two 

indi v i dua l s ,  i n  whi ch there were dua l or numerous os s i f i ca t i on centers 

present , wa s fus i on occurri ng. In  the ca se of a 14 yea r o l d  Wh i te 

fema l e  affl i cted wi th cerebra l pa l sy and growth reta rda t i on there wa s 

prema ture fus i on of the manubri um to the f i rst s ternebra and each of 

the three sternabra were fused to one another. The radi ograph of thi s 

hi ghl y premature fus i on i s  shown i n  F igure 44 , Appendi x .  

Prema ture fus i on i n  the s ternum ha s been reported on by severa l 

i nves t iga tors i n  reference to congeni ta l hea rt di sease and Noonan ' s  

syndrome ( Ha l l 1960 ; Gabri el sen and Ladyman 1963 ; Hoeffel and Pernot · 
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1981). An even more striking defect was observed in the sternum of a 

15 year old Black female suffering from Prader-Willi's syndrome. The 

sternum of this individual is void of any sternebra segments with only 

slight traces of calcification of tissues where the sternebrae should 

normally be. Steiner, Kricum and Shapiro (1976), reported similar 

observations in individuals with congenital heart disease. Figure 45, 

Appendix shows the sternal radiograph of the 15 year old Black female 

and the absence of the mesosternum. 

Figures 46, 47, 48, and 49 are sternal radiographs of a 15 year 

old White female, 13 year old Black female, 13 year old Black male, 14 

year old Black male, all of whose sternums were examined in this 

particular study group. 



CHAPTER IX 

PATTERNS OF  STERNAL OSSIFICATION IN 

LATE ADOLESCENTS 16 TO 19 Y EARS 

This study group consisted of 19 late adolescents from 16 to 19 

years of age. The male to female ratio was 14 males to 15 females , 

and the racial breakdown was 10 American Whites , 6 Latin Americans , 

two American Blacks and one East Asian. Out of this group 10 

individuals had died as the result of trauma. The remaining nine 

individuals whose sternums were examined had died as the result of a 

particular disease or condition. 

Number of Ossification Centers 

3 7  

The total ossification pattern as observed radiographically in 

this group showed less variation from individual to individua l than 

observed in any of the previously discussed age groups . From the 

radiographs a total of seven different ossification patterns were 

observed. Three of the patterns observed , were each shared by five 

individuals. In classifying these 19 sterna into Ashley's Types it 

was found , that all but two could be classified as Type I ,  with the 

other two being Type II specimens. The seven different ossification 

patterns observed along with their frequency of occurrence are given 

in Tab l e  16 , Appendix. Table 17 , Appendix , shows the possible number 

of ossification centers in each segment of the sternum and the 

frequency of occurrence in lat€ adolescents, 16 to 19 years. 
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An examination of the sternum from a 16 year old White female , 

found only two sternebrae , those being number 1 and 2. This rarity 

was not observed in any other individuals except fetal and newborn 

material in which case the lower sternebrae had not yet begun to 

ossify. One might expect to see the deletion of the sternebra 3 in 

individuals with certain diseases as pointed out earlier , however this 

individual whose sternal radiograph can be seen in Figure 50 , Appendix 

was considered to be of normal development. 

Observations on the Degrees of Fusion and Anomalies 

Observations on the degree of fusion between sternebrae or dual 

centers of ossification in this group was found, quite interesting. 

In six of the sterna examined there was some degree of fusion between 

the manubrium and the first sternebra . Two individuals exhibited 

grade 1 fusion and three others exhibited a grade 2 fusion. 

Of particular interest was a 19 year old Black female born with 

spinal bifida . The sternum of this individual was totally ossified 

with complete fusion of all sternebra segments including fusion 

between sternebra one and the manubrium. In addition to the premature 

sternal fusion, a sternal foramen was located in the lower third of 

the sternal body. The radiographi c  plate of this individual showing 

the premature fusion and sternal foramina is shown in Figure 5 1, 

Appendix. Figures 52 and 53, Appendix, show the actual chest plate 

prior to skeletalization, in which the location of the sternal foramen 

is marked. After the specimen was X -rayed it was skeletalized to 



a l low gross examination, Figure 54, Appendix, shows the skeletal ized 

specimen . 
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ANALYSI S OF  AGE,  SEX AND RACE D I F FERENCES 

IN DEVELOPMENTAL OSS I F ICAT I ON 
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It was observed in thi s  study , that the formation of ossif icat ion 

centers i n  the developi ng sternum varied with age. In order to 

examine this  relationship, sorting along wi th statistical analys i s  of 

the sternal data were performed. 

Sex and raci al d i fferences i n  the number of ossifi cation centers 

were not apparent by visual exami nati on so stati sti cal methods were 

used to determi ned if  possi ble relationships exi sted. Preli mi nary 

plating of AGE vs TO ( total number of ossi f icat ion centers ) ,  found 

indivi duals older than 150 weeks of age to exhi bi t marked variab il ity, 

due to multiple centers of ossifi cati on in younger i nd iv iduals and 

differences between the fi nal number of sternebrae i n  older 

indivi duals. Si nce marke var iab il ity was observed i n  i ndivi duals 

older than 150 weeks, they were not inc l uded i n  the following 

analyses. 

Analysis of Age Di fferences 

In  examin ing the relati onshi p  between age and the number of 

ossifi cation centers in  the sternum two 11 SAS 1 1  Statist i cal Analys is  

System, procedures were employed ( Ray 1982 ) .  The f irst procedure 

cons isted of a basi c sort routi ne whi ch was run on sternum f i le 2 .  

Sorting of the study population was done on the bases of AGE to TO, 

w ith all ages be i ng rounded to ten week i ntervals. The results of 
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this procedure included the following : the mean, standard deviation 

and variance of TO for each age group; number of individuals in each 

age group; and the maximum and minimum TO values. 

The previously described procedure was also used to sort the 

study population on the bases of AGE vs I (single centers of 

ossification; multiple centers in each sternal segment being viewed as 

only one). This was initiated to provide another means of determining 

if any relationship existed. 

The second procedure used in examining age differences in TO was 

the 1 1 SAS 1 1  GLM (general linear models), which is a linear regres sion 

analysis. Prior to running the regression analysis, all ages were 

increased by thirty-eight (38 weeks being term birth) so as to delete 

negative age values which represented pre-natal ages. Conversion of 

all ages to positive values allowed further conversion of the ages by 

the log of ten, which was necessary in running the regression 

analysis. 

Analysis of Sexual Dimorphism 

Examining sexual dimorphism on the bases of TO ( total number of 

ossification centers) as observed in the sternum, three 1 1 SAS 1 1  

procedures were employed. The first procedure consisted of an 

identical sort routine as previously applied for age, with the 

addition of sex as a second variable. 

The same 1
1 SAS 1 1 sort procedure was run comparing Z values vs AGE 

by sex. 
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A second " SAS" procedure used in examining sexual dimorphism in 

relation to TO wa s the GLM (general linear model). This regressi-0n 

analysis wa s applied to the data in sternum File 2, so that a 

regression model could be formulated for each sex a s  well a s  determine 

the significance of age to TO in each sex . As in the previous GLM 

procedure the ages in File 2 were increased by the addition of 38 and 

converted by the log of ten. 

Plots of log TO vs log AGE by sex were produced for both males 

and females using the 1
1 SAS 1 1 PLOT procedure. Upon completion of the 

plots, regression lines were plotted for males and females using the 

linear regression formula (bo + b
1 

x
1
) and the intercept and slope 

values. Four points were plotted for each sex being the log AGEs 

1. 25, 1. 45, 1. 65, 1. 85, 2. 05 and 2. 25. 

A third " SAS" procedure used in examining sexual dimorphism in 

relation to TO was the GLM, in which the analysis of co-variance was 

performed. In  the co-variance analysis both sexes were adjusted for 

age. Also included in this statistical procedure was the test of 

LSMEAN (least squares means), in which the mean values for the 

regression of each sex were adjusted to the same age and tested for 

significance. 

Analysis of Racial Variation 

Analysis of racial variation in relationship to TO ( total number 

of ossification centers) wa s prepared emplying two 11 SAS 1 1 routines, 

those being the SORT and GLM { general linear models) procedures 

including analysis of co-variance and LSMEANS (least square means ). 
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Two sort routines were used to sort the date in File 2. One routine 

sorted the study population on the bases of TO, AGE and B. (race ).  A 

second routine was used to sort the sample on the bases of I, AGE and 

R. 

Final examination of racial variation i n  relation to TO, was 

perfonned with the " SAS" GLM routine: analysis of co-variance and 

LSMEANS. As in the previo�s GLM routines the ages in File 2 were 

increased by the addition of 38 and converted by the log of ten, prior 

to analysi s. In the first step of the analysis  regression values were 

calculated so as to test the regression slopes for heterogenity of log 

AGE by B. (race). Secondly analysis of coyariance was employed to test 

for heterogenity among racial groups, with the means adjusted by log 

AGE. The last step of analysis was to examine the least square means 

( LSMEANS ) of log TO vs B., with adjustment of the means by log AGE. 



CHAPTER XI 

RESULTS AND CONCLUSIONS 

SunJTiary of Observations on Patterns of Sternal Ossification 
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This study of developmental ossification was observed in 479 

individuals ranging in age from 18 gestational weeks to 19 years, 

provide much insight into the development of the human sternum. I had 

not previously realized the complexity and tremendous variability 

which could occur during the developmental process. 

Developmental ossification patterns in fetus and newborns was 

observed to exhibit the most variability . Seventy-three different 

patterns of ossification were seen in this group. Utilizing Ashley's 

classification of "basic" sternum types, the majority of the fetal and 

newborn sterna could be typed. Approximately 42% of the sterna could 

be classed as Ashley ' s  Type I, with 28% and 3% being classed as Types 

1 1  and III respectively. Due to the irregular ossification and 

transi tional fusion of "supernumerary" centers of ossification 27% of 

the specimens examined could not be typed . Ashley ' s  rare Type IV 

sternum pattern was not observed in any of the specimens examined. 

About 25% of the individuals in the fetus to newborn group shared 

the same total ossification pattern, that being a single center of 

ossification in the manubrium and a single center in sternebra 1 and 

2 .  The greatest number of ossification centers from which the 

manubrium developed was four . In none of the cases examined were 

there centers of ossifications in either the fifth sternebra or 
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xiphoid. The youngest case in which demonstrable sternal ossification 

was observed was 21 weeks gestational age. Maximum number of 

ossification centers were found to be present by 38 to 42 weeks 

gestational age. The number of ossification centers in the sternum 

ranged from 1 to 13. Absence of ossification in the sternum was 

observed in 16 individuals with none being over the gestational age of 

38 weeks. 

Concerning the development of the manubrium , it was found that 

the manubrium arose from a single center of O$ Sification in 79% of the 

specimens exami ned. I n  reference to the sternebrae , 50% were found to 

develop from single centers of ossification ,  with 21% developing from 

dual or multiple centers. Only 15% of the sterna from the fetus and 

newborn group exhibited ossification in the fourth sternebra. 

Variable fusion of adjacent centers was observed to occur as 

early as 29 weeks gestation ,  with fusion of a grade 2 or higher after 

30 weeks of age. A highly premature fusion of the manubrial center to 

the first sternebra was also observed. Al though the degree of fusion 

observed i n  four different individuals, was only a grade 1 fusion , it 

still was a rarity. Determination of particular anomal i es in this 

group was difficult due to the tremendous variation of patterns and 

1 1supernumerary 11 centers , however individuals who were classified as 

metabolic dwarfs were observed to exhibit a "snow-flake" appearance of 

ossification. This "snowflake" appearance consisted of very irregular 

and thread-like ossification centers thus giving the appearance of 

large snowflakes. 
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Developmental ossification patterns in the age group 1 to 36 

months , were similar to those of the fetal and newborn group . In this 

group , 63 different ossification patterns were observed with the most 

common pattern being found in 14% of the individuals � This particular 

pattern consisted of a single center of ossification in the manubrium 

and single centers in sternebrae 1 ,  2 and 3. The manubrium was 

observed to develop from one to six centers of ossification , with 69% 

developing from a single center. Total number of ossification centers 

in the sternum as a whole ranged between three and twelve. 

Approximately 39% of the sterna could be classed as Ashley's Type 

I, with 5 1% and 3% being classed as Type II and III respectively. 

Differing from the fetus and newborns , certain individuals in this 

group exhibited centers of ossification in the fifth sternebrae. 

Fusion of adjacent centers of ossification was also variable in 

this group, however 48% of the sternums examined, exhibited some 

degree of fusion between adjacent ossification centers and 

approximately , 19% of the individuals had grade 3 ossification in one 

or more segments. Premature fusion of sternebra, one to the 

manubrium , and fusion of adjacent sternebrae was observed in three 

specimens. One individual in this study was observed to possess a 

sternal foramina , which was visible in the cartilage of the l ower 

sternal body. 

Among children 4 to 6 years of age , the total ossification 

pattern was found to be less variable than the two earlier age groups 

examined . Thirteen different ossification patterns occurred in this 



47 

group , with the most common patterns consisting of single ossification 

centers in the manubrium and sternebrae. The greatest number of 

ossification centers in a single sternum was 1 0 .  The manubrium in 

this group consisted of a single center of ossification in 65% of the 

individuals . Some individuals in this group were observed to have · 

ossification centers in sternebra 4 and 5. 

Fusion of adjacent centers of ossification occured in some form 

in 1 1  of the 17 sterna examined , with 10 of the individuals exhi biting 

grade 2 fusion. No significant forms of premature fusion were found 

in this group . 

Among children 7 to 9 years of age , eight different ossification 

patterns were observed. Classification of these sterna into one of 

the three Ashley Types , found eight sterna to be classified as Type I 

and two as Type II. The greatest number of ossification centers 

occurring in any sternum was seven. The number of ossification 

centers in each element of the sternum was found to be smaller than 

any of the previous age groups discussed. 

In the manubrium , all but two individuals had single centers of 

ossification. As one would expect with increasing age , the 

ossification center(s) were much larger and appeared more squared-off. 

The adult configuration of the sternum begins to take place at this 

time (7 to 9 years of age) as seen in the conforming of the manubrium 

to the positions of the jugular , clavicular and costal notches. Earl y 

ossification of the xiphoid was observed also in two individuals , a 

seven and nine year old. 
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Fusion between adjacent centers of ossification centers was found 

to be occurring in all but one individual. In one specimen there was 

fusion between the manubrium and sternebra one of a grade 2. The only 

significant observation concurring irregularities was the presence of 

a small sternal foramen in an eight year old . 

Among pre-adolescents ages 10 to 12 years, four different 

ossifications were observed. Classification of these sterna into 

Ashley Types, found four individual s  to be Type I and the other two as 

Type II . The greatest number of ossification centers seen in  any 

sternum was nine. All six sterna from this age group had single 

centers of ossification in the manubrium. As in the previous group 

the centers which are now segments of the sternum were larger and more 

adult in fonn. Three of the six sternums examined showed early 

xiphoid ossification. 

Fusion of adjacent centers of ossification was found to be 

present in all but one sternum sample . No examples of premature 

fusion of the manubrium and sternebra 1 were observed nor were any 

abnormalities or irregularities found. 

Observation of developmental ossification i n  adolescents ages 13 

to 15 years of age, revealed six different ossification patterns. The 

most common pattern, exhibited by five individuals, consisted of a 

single osseous element in the manubrium , sternebra one, two an-0 

sternebra three. This particular pattern is the most like the final 

adult form. Out of the 12 sterna examined in this age group 10  could 

classified as Ashley's Type 1, with the remaining two s terna being 
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Type II. The greatest number of osseous el ements observed in any 

single  sternum was six. In al l individual s the manubrium consisted of 

a sing le  osseous el ement . 

Xiphoid ossification was seen in only  one individual between the 

ages of 13 and 15 years. An intermediate sternal foramen was observed 

in a 14 year o ld  in which the foramen was in the process of being 

surrounded by ossifying tissue. Fusion between adjacent centers in 

this group was minimum, this due to the fact that earl ier ossification 

centers have al ready under gone fusion forming sing le  el ements . 

Premature fusion of the total sternum was observed in a 14 year ol d 

who was affl icted with cerebrial pa lsy. Another highl y unusual 

specimen observed was from a 15 year o ld  suffering from Prader-Wil l i ' s 

syndrome . This individual ' s  sternum consisted of only  a manubrium. 

Observation of the developmental ossification patterns in l ate 

adol escent ages 16 to 19 years, showed l ess variation between 

individual s  than a l l  previous groups . There were seven different 

ossification patterns observed in this group, of which three patterns 

were shared by five individual s  each. The greatest number of 

ossification elements observed in individual s  between 16 and 19 years 

of age was six . An observation to be noted was the presence of onl y  

two sternebrae in a 16 year o l d  giving the sternum a dwarf appearance, 

however this was not the resul t  of disease or growth retardation as 

the individual was considered normal and had died as the resul t of 

trauma . 
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Fusion among adjacent centers of ossification was seen in every 

sample with 47 of the sterna having a grade 3 fusion present in one or 

more areas. Six of the individuals from this study sample exhibited 

fusion between the manubrium and sternebra one. In one 19 year old 

afflicted with spinal bifida, there was complete sternal fusion and a 

large sternal foramen. 

From the previous descriptive observations, it is evident that 

developmental ossification is a complex process in which some 

variability exists. The process of ossification appears to begin at 

approximately 18 to 2 1  weeks of gestation. The manubrium is the first 

segment of the sternum to ossify followed by ossification of the first 

sternabra and lower sternebra segments. Formation of the manubrium 

consists of a single center of ossification in the great majority of 

individuals, where as the developing sternebrae consist of two or more 

centers. As gestational age increases so does the number of 

ossification centers, with the maximum number being reached by the 

gestational age of 38 to 42 weeks. 

Fusion of adjacent centers of ossification begins at a 

gestational age of approximately 29  to 30 wee ks. The typical pattern 

of fusion occurred either from side to side or cephalad to caudad . 

Continuing fusion of the centers of ossification up through early and 

late adol escents produced the 1 1 adult 1 1  sternal form of a manubrium, 

body (consisting of three to five sternebrae), and ossified xiphoid. 

Although the previously outlined development of sternum can be 

considered normal or typical, there are some inconsisten�ies. These 



5 1  

inconsistencies or anomalies which for the most part consist of 

premature fusion of sternal segments, can be encountered in 

individuals who are considered to be of normal growth and development. 

Correlations of Age , Sex and Race to Developmental Ossification 

The results of the various statistical analysis on the 

relationship of age, sex and race to developmental ossification of the 

sternum, provided new information as well as new questions. In 

examining the mean TO (total number of ossification centers in a 

sternum) values as given in Table 1 8, Appendix, it is apparent that 

with the increase of age, the number of ossifications centers in the 

sternum also increases. This increase of ossification centers begins 

at 1 8  weeks gestation and peaks at approximately 60 weeks post-natal, 

after which there is a leveling off, followed by some fluctuation. A 

graphic representation of the increase of TO with age, is shown in 

Figure 55, Appendix . 

Examination of mean I (single centers of ossification : 

reguarding multiple centers as only one), values in relationship 

to age as given in Table 1 9, Appendix, a similar pattern was evident 

although the increase of I with age was greater. This increase of Z 

with age can also be viewed graphically in Figure 56, Appendix .  

Results of the Anova test for regression of log TO  vs log AGE are 

as follows : 

SOURCE OF SUM OF SQUARES MEAN SQUARE F VALUE PR- F R-SOUARE Ll_. 

MODEL 4 . 4301491 2 4 . 4301 491 2 1 09 . 40 0 . 001 0 . 21 0222 27 . 5245 

ERROR 41 1 1 6 . 64352054 

2 1 . 07366967 

0 . 04049518 



The predicted F-value of . 0001 with 1 degree of freedom as given 

above is highly significant, thus confirming a linear relationship 

of log TO with log AGE. The following regression formula was 

calculated for testing the model: 

Log TO = . 4924 + Log AGE x -. 0557 

Analysis of sexual dimorphism found TO to be greater in males 

than females at most ages. This finding is somewhat apparent when 

examining the mean TO values given in Table 20, Appendix, but is 

better visualized in the graphic representation shown in Figure 58, 

Appendix. Results of the calculated mean Z values in relationship 

to age and sex as given in Table 21, Appendix, and graphically 

represented in Figure 58, Appendix, show this variation to a lesser 

degree. 

Further detailed analysis found the difference between males and 

females in relation to TO, to be statistically significant . Results 

of the Anova test for regression of Log TO and log AGE for males 

are shown below: 

SOURCE 

MODEL 

DF SUM OF  SQUARES MEAN SQUARE F VALUE PR- F R-SQUARE 

. ERROR 220 

CORRECTED TOTAL 221 

3 . 0541 9227 

8 . 941 45 1 79 

1 1 . 99564406 

3 . 0541 9227 

0 . 0406429c 

75 . 1 5  0 .0001 0 . 254608 26 . 936f 

Examination of the calculated results for males _by age shows a 

predicted F-value of . 0001 with 1 degree of freedom. The T-

value given for the regression model slope is also . 0001 . Both 

the F and T values are statistically significant thus confirming 

a difference in TO between a�e groups of males. Identical F and T 

values were also found for femal es from regression analysis by age . 
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The complete regression results for females are shown below : 

SOURCE OF SUM OF SQUARES MEAN SQUARE F VALUE fR:..£. R-SOUARE � 

MODEL 

ERROR 1 89 

CORRECTED TOTAL 1 90 

1 . 58857306 

7 . 34548061 

8 . 93405367 

1 . 58857306 

0 . 03886498 

40 .87 0 . 0001 0 . 1 7781 1 2 7 . 7282 

The following regression formulas allowed plotting of 

regression lines for males and females by age ; 

Males Log TO = . 5908 + Log AGE x - . 1916 

Females Log TO = . 4089 + Log AGE x . 5043 

The regression lines as plotted from the intercept and slope values 

for males and females are shown in Figures 59 and 60 respectively, 

Appendix . Again as in previous analyses the increase of TO with 

age is seen to occur in both males and females . 

Further regression analysis comparing log TO to log AGE by 

i provided additional information reguarding variation . The full 

model regression results of log TO vs log AGE, 1 and log AGE * i 

inte raction are given below : 

SOURCE 

MODEL 

ERROR 

OF 

3 

409 

CORRECTED TOTAL 412  

SUM OF SQUARES 

4 . 78673726 

1 6 .  28693240 

21 . 07366967 

MEAN SQUARE 

1 . 59557909 

0 . 03982 1 35 

F VALUE PR- F 

40 . 07 0. 0001 

R-SQUARE 

0 . 227143 
� 

27 . 2945 

Additional examination of sex differences was accomplished by sum 

of squares analysis in which the independependent variables log 

AGE, i and log AGE by i were tested for equality of slopes . 

Results of this analysis gave a predicted F value of . 0001, . 1035 

and . 0524 with 1 degree of. freedom for log AGE , i and log AGE by 

1 respectively . The predicted F value for log AGE and log AGE by 
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1 are statistically significant with the latter being the least 

significant. Regression analysis of the variable S alone produced 

a non-significant value. The complete results of the sum of squares 

analysis are given below : 

SOURCE 

LAGE 

s 

LAGE*S 

OF TYPE I SS 

1 4 . 4301 49 1 2  

1 0 . 20586658 

1 0 . 1 5072 1 56 

F VALUE £E.:_£_ OF TYPE I I I  SS 

1 1 1 . 25 0 . 0001 4 . 55235394 

5. 1 7  0 . 0235 0 . 1 0599971 

3 . 78 0 . 0524 o. 1 5072 1 56 

F VALUE PR- F 

1 1 4 .  32 C .0001 

2 . 66 0.  1 035 

3 . 78 0 . 0524 

In order to better test the sex differences an analysis of 

covariance for diff€rences between sexes controlling for age was 

performed . From the analysis of covariance a predicted F value 

of . 0001 denotes the significant differences between males and 

females when age is controlled . Complete results of the analysis 

of covariance are given below: 

SOURCE 

MODEL 

ERROR 

OF 

2 

41 0 

COP.RECTEO TOTAL 4 1 2  

SUM OF SQUARES MEAN SQUARE 

4 . 6360 1 570 2 . 31 800785 

1 6 . 43765397 0 . 04009 1 84 

2 1 . 07366967 

F VALUE fE:._l 

57 . 82 0 . 0001 

R-SQUARE C . V .  

0 . 2 1 9991 27 . 3871 

Analysis by the sum of squares which tested the independent 

variables S and log AGE for differences between the adjusted age 

means , produced a predicted F value of . 0240 for i, thus futher 

confirming the sex differences in relation to TO . Comp l ete results 

of the analysis of the sum of squares are as follows : 

SOURCE OF TYPE I SS F VALUE PR- F OF TYPE I I I  SS F VALUE PR- F 

s 

LAGE 

0 . 1 43971 94 3 . 59 0 . 0588 

4 . 49204376 1 1 2 . 04 0 .0001 

0 . 20586658 5 . 1 3  0 . 0240 

4 . 49204376 1 1 2 . 04 0 . 0001 

Results of the LSMEANS analysis of variation between mean log 

TO in relation to sex, provid€s additional support for sexual 

54 



dimorphism in which the LSMEANS value for males (. 751 8) is higher 

than for females (. 7072). Complete results of the LSMEANS 

analysis are given below: 

LTO STD ERR PROB - ( T )  PROB - ( T )  HO : 
SEX LSMEAN LSMEAN HO :LSMEAN•O LSMEAN1 •LSMEAN2 

MALE 0. 75 1 83069 0 . 01 344237 0 . 0001 0 . 0240 

.FEMALE 0. 70702394 0 . 01 449292 0 . 0001 

Variation among the races examined in this study was found 

not to be significant. Comparison of the calculated mean TO values 

for each race by age showed little differences, Table 22, Appendix. 

Examination of Table 23, Appendix, the mean Z values were also found 

to be similar for each race in all age groups. The results of the 

full model regression analysis of log TO vs R are shown oelow: 

SOURCE 

MODEL 

ERROR 

OF SUM OF SQUARES MEAN SQUARE F VALUE fB.:.l. R-SQUARE 

405 

4 . 8 1 777944 0 . 6882542 1 1 7 . 1 5  0 . 0001 0 . 2286 1 6  2 7 . 4029 

1 6 . 25589023 0 . 0401 3800 

CORRECTED TOTAL 41 2 2 1 . 07366967 

From this regression the predicted F value is . 0001 with 7 degrees 

of freedom. Further analysis employing the sum of squares and tests 

of significance for independent variabl es log AGE, �  and log AGE 

by B.., show no significant differences. Compl ete results of this 

analysis are shown below: 

SOURCE QE TYPE I SS F VALUE PR- F OF TYPE I I I SS F VALUE fB...:...£. 
LAGE 

s 

LAGE*R 

4 . 4301 491 2 

3 0 . 2 1 73 1 591 

3 o. 1 7031 44 1  

1 1 0 . 37 0 . 0001 0 . 42425375 1 0 . 57 0 . 001 2 

1 . 80 o. 1 439 3 0 . 20553807 

1 . 4 1  0 . 2 368 3 0 . 1 7031441  

1 . 7 1 0 . 1 632 

1 . 41  0 . 2368 

Analysis of covariance for differences between races con­

trolling for log AGE also failed to show statistical significance . 

Complete results of this analysis are as follows: 
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SOURCE OF SUM OF SQUARES HEAN SQUARE F VALUE f!L:.1. R-SQUARE C . V .  

MODEL 

ERROR 

4 

408 

CORRECTED TOTAL 4 1 2  

4 . 64746503 1 . 1 61 86626 

1 6 . 42620463 0 . 04026031 

21 . 07366967 

28 . 86 0 . 0001 0 . 220534 27 . 4446 

In examing the sum of squares and tests for independent variabl es 

for racia l differences between adjusted age means the probabi l ty 

of F was calculated as . 1449 for R. Again as in a l l previous• 

regression anal yses for racia l variation there is no statistical 

significance . Compl ete resul ts of the sum of squares anal ysis are 

shown bel ow: 

SOURCE OF TYPE I SS F VALUE PR- F OF TYPE I I  I SS F VALUE PR- F 

R 3 0 . 266937 1 1 2 . 21 0 . 0849 2 0 . 2 1 731 591 1 . 80 0 . 1 449 

LAGE 4 . 38052792 1 08 . 8 1  0 . 0001 4 . 38052792 1 08 . 81 0 . 0001 

Final teseting for racial variation, emp loyed anal ysis of LSMEANS 

where B_ was adjusted by l og AGE means, showed no statistical 

significance among racial groups. The LSMEANS val ues ca lculated 

for each race were .7341 for Whites, . 7051 for Blacks, . 7670 for 

Latins and .75 32 for Asians (Table  24, Appendix). 

Concl usions and Discussion 

The resul ts of this study have for the most part confirmed 

the findings of earlier research on the devel opmental ossification 

of the human sternum. Additional l y, this research has demonstrated 

the occurence of sexual dimorphism in relationship to the total 

number of ossification centers in the sternum during pre-natal and 

ear l y  post-natal (birth to 3 years) ages . 

Variabi lity in the sternal ossification patterns, as observed 

in this study were found to decrease with age. Between 18 to 38 
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weeks gestation, a total of 73 possible ossification patterns 

were observed and. by 16 to 19 years of age only 3 patterns were 

observed. The greater variability of ossification patterns as 

observed in fetus and young children is a direct result of normal 

skeletal growth. Once· the maximum number of ossification centers 

is reached in an individual (by 38 weeks gestation-birth) their 

number will be reduced by fusiog with the progression of age. 

Statistical analysis also showed that in early sternal development 

the total number of ossification centers increased with age. 

Similar to Ashleys (1956) and McConnick and Nichols (1981) 

studies each fetal and newborn sternum, was classified as to 

Ashley "types". The percentage of the four 1 1types 11 as reported 

in this study were different than reported by Ashley (1956) but 

very similar to those reported by McConnick and Nichols (1981 ) .  

In Ashley ' s  study he reports frequencies of 22 , 60 and 18% for 

Types I ,  II , and III respectively . McCormick and Nichols reported 

frequencies of 46 , 30 and 18% for the three types , which are very 

close to the ones reported here as 49 , 32 and 5% . 

Ashley J· s  frequencies as to sternal 11type 1 1 in older children 

and subadults were somewhat different than those found in this 

study, however these differences could be due to the variations 

in sample size . The study conducted by Ashley can be cosidered 

a classic but in many areas of discussion he failed to mention 

particular types of variation, such as the maximum number of 

ossification centers observed in the sternum and particularly 

the development of the manubrium . He also fails to mention 
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premature sternal fusion which in this study was observed to occur 

at verly ages in individuals considered to be normal by growth 

standards. In his mauscript he depicts the manubrium as a single 

center of ossification in al l of his 1 6  "regular" patterns of 

ossification, with no mention of the manubrium developing from 

two or as many as six centers. 

If there is to be any disagreement sterrming from the results 

of this study, they are with many of these basic anatomy texts 

which are used in academic institutions today. These texts fail 

to mention the variability of ossification patterns in the human 

sternum and have one believing that there are only one or two ways 

in which the sternum ossifies. Other misinformation concerns the 

fusion of the sternal body to the manubrium and ossification of the 

xiphoid. This dissertation research went a step further than pre­

vious studies in describing various sternal anomalies. For example 

xiphoid ossification was observed to occur as early as 7 years of 

age and premature fusion of the sternal body to the manubrium as 

early as 5 months of age. 

Statistical analysis in this study showed that the total 

number of ossification centers in the sternum could possibly be 

used as a method for determing the age of a fetus or infant. 

This method would however not be as feasible as other established 

methods which inturn have been shown to be more accurate. 

The most significant finding of this study was the observation 

of sexual dimorphism in relation to the total number of ossification 

centers in the sternum. Application of this information is 
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precluded as a method of sexing a fetus or infant, since other 

methods could used with greater accuracy. The observation of 

sexual dimorphisim has provided new questions as to cause. One 

might speculate that this dimorphisim is related to the final 

dimensions of the adult sternum which has been shown to be larger 

in male sthan in females . On the other hand the increased number 

of ossification centers in the developing male sternum might just 

be a function of early hormonal growth patterns. 

Continued research on these data may answer the question of 

sexual dimorphism of the developing sternum in relation to the 

adult form. This problem will mainly be a methodological one in 

which methods for measuring the developing centers of ossification 

in the autopsy population as well as longitudinal study of living 

populations should be devised. 
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FIGURES 



1. The Early Development of the Human Sternum 

2. Faxitron Unit Used in this Study 
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Fi gure 1 

F i gure 2 



3. Four Grades of Fusion between Adjacent Ossification Centers as 
Observed in Sample Specimen 

4. Sternal Radiograph of Youngest Case in which Demonstrable 
Mineralization was Observed ( 18 Weeks Gestational Age) 
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F igure 3 

Fi gure 4 



5. Sternal Radiograph of a 42 Week Fetus with a Total of 13 
Ossification Centers in the Sternum 

6 .  Sternal Radiograph of a Fetus having Ossification Centers in 
the Sternabra with no Manubrial Center of Ossification# 1 
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Fi gure 5 

F igure 6 



, 7 .  Sternal Radiograph of a Fetus having Ossification Centers in 
the Sternabra with no Manubrial Center of Ossification # 2 

8. Sternal Radiograph Showing Grade l Fusion between the 
Manubrial Ossification Center and Sternabra l 
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Figure 7 

F i g u re 8 



9. Sternal Radiograph Showing Sternal Development in a 37 Week 
O l d  Fetus 

1 0. Sternal Ossification as Viewed in Dried Sternum of Newborn# 
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F i gure 9 

F i g ure 1 0  
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11 . Sternal Ossification as Viewed in Dried Sternum of Newborn# 2 

1 2. Sternal Ossification as Viewed in Dried Sternum of Newborn # 3 



76 

Fi gure 1 1  

F i g ure 1 2  
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1 3. Sternal Radiograph of Ossification Pattern in Infant # l 

1 4. Sternal Radiograph of Ossification Pattern in Infant# 2 
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1 5. Sternal Rad iograph of Oss i fi cation Pattern in  Infant# 3 

1 6. Sternal Rdai ograph of Ossi fi cation Pattern in Infant# 4 
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1 7 .  Sternal Radiograph of Ossification Pattern in Infant # 5 

1 8. Sternal Radiograph of Ossification Pattern in Infant # 6 
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19. Sternal Radiograph of Ossification Pattern in Infant # 7 

20 . Sternal Radiograph of Ossification Pattern in Infant # 8 
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21 . Sternal Radiograph of Ossification Pattern in Infant # 9 

22 . Sternal Radiograph of Ossification Pattern in Infant # 1 0  
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2 3. Sternal Radiograph of Ossification Pattern in Infant# 1 1  

24 .  Sternal Radiograph of Ossification Pattern in Infant# 1 2  
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25 . Sternal Radiograph of Ossification Pattern in Infant# 13 

26 . Sternal Radiograph of Ossification Pattern in Infant# 1 4  
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27 . Sternal Radiograph Showing Premature Fusion in Infant# 1 

28. Sternal Radiograph Showing Premature Fusion in Infant# 2 
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F i g u re 27 

F i g u re 28 



29 . Sternal Radiograph Showing Premature Fusion in Infant# 3 

30 . Cartilagenous Sternal Foramen as Observed in a 1 Month 
Old Black Female 
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F i g u re 29 

F i g u re 30 



3 1 .  Sternal Radiograph of a 4 Year Ol d Black Female in Which 
10  Ossification Centers were Observed 

32 . Sternal Radiograph Showing Pattern of Ossification in a 
Young Child # 1 
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33. Sternal Radiograph Showing Pattern of Ossification in a 
Young Child # 2 

34. Sternal Radiograph Showing Pattern of Ossification in a 
Young Child # 3 
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35. Sternal Radiograph of a 8 Year O ld  White Mal e  in Which the 
Manubrium sti l l Persists as Dual  Centers of Ossification 

36 . Sternal Radiograph of a 7 Year Ol d White Mal e  with Premature 
Ossification of the Xiphoid 
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F i gure 35 F i gure 36 
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37 . Sternal Radiograph of a 9 Year Old Latin Female with 
Premature Ossification of the Xiphoid 
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Figure 37 



38. Sternal Radiograph of a 8 Year Old White Male in Which the 
Manubrium can still be Observed as Developing from Dual 
Centers of Ossification and there is the Presence of a 
Sternal Foramina 

39. Sternal Radiograph of a 10 Year Old Latin Male with 
Early Ossification of the Xiphoid 
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40. Sternal Radiograph of a 10 Year Old White Mal e  with 
Early Ossification of the Xiphoid 

41. Sternal Radiograph of a 1 1  Year Ol d White Female 
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42. Sterna l Radiograph of a 13 Year O l d  White Mal e  

43 . Sternal Radiograph of a 14 Year O ld  Latin Mal e  with 
I ntermediate Formation of a Sternal  Foramina 
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44. Sternal Radiograph of a 14 Year Old White Female Afflicted 
with Cerebral Palsy in which there is Premature Fusion of 
the Manubrium to the First Sternebra 

45. Sternal Radiograph of a 15 Year Old Black Female Suffering 
from Prader-Willi ' s  Syndrome, with the Absence of a 
Mesosternum 
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46. Sternal Radiograph of a 15 Year Old White Female 

47. Sternal Radiograph of a 13 Year Old Black Male 
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48. Sternal Radiograph of a 13 Year Old Black Male 

49. Sternal Radiograph of a 14 Year Old Black Male 
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50 . Sternal Radiograph of a 16  Year O ld  White Female ,  Considered 
to be of Normal Devel opment with onl y  Two Sternebrae 

5 1. Sternal Radiograph of a 19 Year O ld  B l ack Femal e  Born with 
. Spina Bifida , Showing Premature St�rnal Fusion and Sternal 
. Forami na 
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52 . Chest Plate of a 19 Year Old Black Female Prior to 
Skeletalization 

53. Cl ose Up View of the Chest P late of a 19 Year Old Black 
Female 
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54. Ske l etal ized Sternum of a 19 Year O l d B l ack Fema l e 
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Figure 56 .  ·Graph Plot Showing /the Mean and Maiimum · z  Values· vs AGE 
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F igure 57 . Graph P l ot of TO Mean Va l ues  vs AGE by i 
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Table 58. Graph Plot of I Mean Values vs AGE by i 
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TABLES 



Ta ble 1 .  Computer F i l e  1 1 28 

AUTO P  AGE GA R s B WE I GH CR CH HC M 1 2 3 4 5XABCOE FGH I J K  MO 

790 1 4  OB 24 w F p 6 1 8  22 3 4  22 1 1 1 000000000000000 1 0  

79055 3Y 00 L F X 00000 00 00 00 2 1 1 200020000000000 TR 

79 1 80 9Y 00 w M X 00000 00 00 00 1 1 1 1 1 000000000 1 000 TR 
79 1 8 3 3M 00 B M X 00000 00 00 00 1 1 1 2 1 1 000000000000 T R  

79 1 99 4Y 00 B F X 00000 00 00 00 2 1 1 1 00000000000000 GO 
792 1 8  9Y 00 L F X 00000 00 00 00 1 1 1 1 1 1 000000 1 1 0000 PH 
79223 1 9Y 00 L M X 00000 00 00 00 1 1 1 1 1 1 000020202000 TR 
7925 1 1 7Y 00 W M X 00000 00 00 00 1 1 1 1 1 1 00 1 022020000 TR 
79255 1 3Y 00 B M X 00000 00 00 00 1 1 220000000 1 0 1 0000 TR 
79326  20  29  W F P 1 1 50 26 39 26 1 1 2000000000000000 TR 
79327  1 20 30  W F P 1 2 30  30 40  00 2 1 1 000000000000000 NO 

7 9 3 28 OB  3 6  L M P 2 1 60 3 2  00 00 1 1 1 1 00000000000000 MH 
79 3 3 0 1 3Y 00 B F X 00000 00 00 00 1 1 1 200000000020000 TR 
793 32  7M 00 L M X 00000 00 00 00 1 1 1 200000000000000 TR 

79 3 3 3  5 0  28 W F P 860 25 35 25 1 20000000000000000 I A  

79342  OB 3 4  L M P 1 3 60 28 00 30 2 1 1 000000000000000 A P  
7 9 3 48 1 40 3 4  8 F P 1 600 3 1  44 29 1 1 1 1 1 0000000000000 I A  
7 9 3 50 6M 00 L M X 00000 00 00 00 1 2 1 1 1 0000200000000 C P  
7 9 3 5 5  OB  26 W F P 720 2 3  35  22 2 1 2000000000000000 I A  
79366  OB 37 W F I 00000 00 00 00 1 1 2220000000000000 MD 
79382  40  3 3  B F P 1 840  29  00  29 1 1 1 000000000000000 MA 
79 3 8 3  1 D  28 B M P 1 060 30  42 27 2 1 1 1 00000000000000 HM 
7939 1  OB 3 1  B M P 1 1 11 0  27 0 0  2 8  1 1 1 20 1 000000000000 I A  
79396  1 D  38 B F I 3 1 00 3 3  00 34  1 1 1 1 00000000000000 CH 
7940 1 1 8 0 28 B F P 890 25  38 25 1 1 1 200000000000000 HM 
79405 1 6Y 00 L M X 00000 00 00 00 1 1 1 22 1 000020222200 DO 
800 1 4  1 0  25  B M P 670 22 34  2 1  1 1 1 000000000000000 I D  

800 1 8  O B  40 A M I 2 300  32 4 8  3 2  2 1 1 1 00000000000000 I D  

80045 5Y 00 W M X 00000 00 00 00 1 1 1 200000000000000 MC 

80049 5Y 00 W M X 00000 00 00 00 1 1 1 1 000000 1 0000000 RS 

80055 36M 00 L F X 00000 00 00 00 2 1 1 200020000000000 B P 
80082 OB  36 L M P 1 940  3 3  4 7  00 1 1 1 300000000000000 MD 
80088 6M 00 B M X 00000 00 00 00 1 1 1 200000000020000 so 

80089 4Y 00 B M X 00000 00 00 00 2 1 1 1 20020000000200 TR 
8009 3 1 D  27 W M P 9 1 0  2 4  3 6  2 3  1 1 2000000000000000 MF 
80094 3 0  40  B M I 3 3 40 3 6  43 40 1 00000000000000000 ow 
80098 OB  32  W F P 1 1 30 27 4 1  28  2 1 1 1 00000000000000 M F  
80099 OB  25 W F P 600 21 29 2 3  00 1 1 00000000000000 P l  
80 1 00 1 D  25 W M P 640 22 32  22  1 1 1 000000000000000 MF 

80 1 0 1 9M 00 W M X 00000 00 00 00 1 1 1 3 00000000000000 B P  
8 0 1 05 1 1 0  28 W F P 1 0 1 0  2 5  39 26 1 1 0200000000000000 BC 
80 1 07 2M 40 W F I 2500 00 46  34  1 1 1 000000000000000 OS 
80 1 08 OB 25 W M P 8 1 0  2 1  34  2 3  1 1 1 1 00000000000000 NO 
·80 1 1 2  OB 28 W F P 970 26 00 00 1 0 1 1 00000000000000 P l  
80 1 1 3  OB 28 W F P 860 27  39  24  1 1 1 000000000000000 P l  
80 1 1 4  70 40  W F I 2700 3 5  4 1  32 1 1 1 2 1 0000000000000 MM 
80 1 1 6  OB 24 W F P 9 30  22 00 24 1 1 1 000000000000000 BO 
8 0 1 1 8  OB  36  W F P 1 500 27 00 42 2 1 1 000020000000000 AC 
80 1 1 9  O B  20 W F P 405 1 9  00 1 9 000000000000000000 P l  

80 1 24 3 0 3 2  W M P 1 1 80 28  00 27 1 1 2 300000002000000 I A  

80 1 26 OB  38 W M I 2 1 80 3 1  1 5 3 1 2 1 2 300000000000000 P l  
80 1 28 90 3 2  B F P 1 48 0  28  00 24 1 1 0000000000000000 I A  



Table 1 .  ( Conti nu ed ) 1 29 

AUTO P AGE GA R s B WE I GH CR  CH  HC M 1 2 3 4 5XABCDE FGH I J K  MD 

80 1 47 OB 22 w F p 680 25 00 00 1 1 1 1 00000000000000 M F  
80 1 49 OB 26 L M p 1 080 27 00 26 1 1 1 000000000000000 M F  
8 0 1 50 OB 32 B M p 2030  29  00 00 1 2 1 200000000000000 MD 
80 1 62 OB 28 w M p 1 070 24  36  27 1 1 1 1 00000000000000 A P  
80 1 68 OB  28  w F p 1 082 28  38  25 1 0 1 000000000000000 A P  
80 1 69 OB  3 7  L M I 2950 3 3  50 33  1 1 1 1 1 0000000000000 A P  
80 1 72 3 0  3 5  L F p 1 980  40  45 30  2 2 3 1 00020000000000 SD 
80 1 74 2 0  0 0  w M X 3 400 3 7  5 1  00 42 1 220000000000000 OS 
80 1 75 OB  40  w M I 2400 36 48 00 1 1 2220000002000000 I D  
8 0 1 76 1 0  4 1  B M I 3 1 00 36 56 3 3  1 1 1 2 1 0000000000000 A P  
80 1 77 2M 00 B F X 4600 00 55 00 1 1 1 220000000000000 GR 

80 1 78 2M 00 L F X 3 4 70 39  54  33  1 1 1 200000000000000 GR 

80 1 8 1  O B  4 0  B M I 3 300 34 48 00 1 2 1 1 00000000000000 I A  
80 1 87 7M 00 B F X 00000 00 00 00 1 1 1 1 00000000000000 B P  
80 1 92 OB  28  w M p 1 005 26 37 00 1 00000000000000000 I A  
80 1 99 1 0  3 0  w M p 1 390 27 42 27 1 22000000000000000 M F  
80200 OB 27 B M p 880 24  35  2 3  2 1 2000000000000000 I D  
80203 OB  2 5  w F p 880 25 37 00 1 1 2 1 00000000000000 I A  
80205 1 9Y 00 w M X 00000 00 00 00 1 1 1 1 1 1 00 1 0 1 0202000 TR 

80206 1 0  26 B M p 620 27 34 22 1 00000000000000000 A P  
802 1 3  OB 25  B M p 650 23 34 00 1 00000000000000000 I D  
802 1 5  1 M  3 3  B M p 1 470 30 42 00 2 1 2200020002000000 KD 
802 1 6  O B  22 B F p 400 27 40 1 8  000000000000000000 A P  
802 1 8  OB 32 L F p 77 5  2 4  OU 00 1 00000000000000000 M F  
80220 OB 28 w M p 1 270 28 00 00 1 1 1 1 00000000000000 I A  
80225 32M  00 B F X 00000 00 00 00 2 1 22 1 0020000000000 MY 
80227 4M 00 L M X 00000 00 00 00 1 1 2220000000000000 NO 

80229 8Y 00 w M X 00000 00 00 00 2 1 1 20 1 020000220000 J B  
802 3 4  OB  4 0  w F ' 3 3 30  3 7 5 1  3 3  1 1 2 3 00000000000000 I D  
8023 8  OB  2 3  B F p 3 70 1 8  26 1 9  1 00000000000000000 I D  
8023 9  OB  2 3  B F p 470 20 29 20 1 1 0000000000000000 I D  
80242 1 D 00 L M X 3920 36 5 1  3 3  1 1 1 1 1 0000000000000 co 
80244 2M 00 B M X 3040 34 49 00 1 1 22 1 0000002000000 so 
80247 OB  38 L M I 3 590 39 5 3  3 8  1 1 1 1 1 00000 1 0202000 ow 
80248 OB  37 L F I 2200 3 3  46  3 1 1 1 1 1 00000000000000 I D  
80249 O B  37  L F I 22 1 0  3 3  48 30 1 1 1 000000000000000 I D  
80250 OB  36 w M P 2820 35  5 1 3 4  1 1 1 20 1 000000220000 M F  
80252 OB 00 w M X 3 300 3 8  5 5  3 4  1 1 22 1 0000000000000 NO 

80254 OA 1 8  B M p 320 1 8  27 1 8  000000000000000000 A P  
80260 1 1  D 28  B M p 760 25 35  25  1 1 1 000000000000000 NO 

80267 OB 22 w F P 570  22  3 2  2 2  1 1 2 1 00000000000000 I D  
80270 1 4 0 00 w F X 4 1 00 00 56 4 1  3 1 1 1 1 1 0200 1 020 1 020 I A  
80277 OB 3 4  w M p 2 1 1 0  32 4 7  3 1  1 1 1 200000000000000 AP 
80286 OB 24 B F p 870  25  37  23  1 22 1 00000000000000 A P  
80287 OB  44 B M A 3 960 56 42  38  2222 1 1 000200000000 M F  
80289 OB  22 w M p 570 22 32 1 9  1 00000000000000000 NO 
80293  OB  2 1  B F P 400 20 29 20 1 1 2 1 00000000000000 A P  
80299 OB 4 1  B M I 00000 00 00 00 1 1 0000000000000000 B P  
80300 7M 00 w M X 00000 00 00 00 1 1 2 3 0 1 000002000000 B P  
80306 2 0  25  8 F p 670 23  37  2 3  1 1 1 000000000000000 R S  
80307  1 0  26 w F p 750 24  3 6  24  1 1 1 000000000000000 TA 
80309 OB  3 8  B M I 3 000 3 5  00 00 1 1 1 22 1 000000000000 HY 
803 1 2  2D  26  w M p 750  23  34  23  1 1 2000000000000000 NO 

803 1 3  OB  3 3  w F P 1 4 1 0  29 4 1  27 1 1 1 2000000000 1 0000 NO 



Ta bl e 1 .  ( Cont i nued ) 1 30 

AUTO P AGE GA R s B WE I GH CR  CH HC M 1 2 3 45XABCOE FGH I J K  MO 

80320 1 0  28 w M p 1 250 28  4 1  27 1 1 1 1 00000000000000 NO 
80322 OB  30  w M p 1 300 27 3 8  25  2 1 2200000000000000 A P  
80324 08 32  w F p 1 200 28 40 27 1 1 1 1 00000000000000 CA 
80325  2 3 0  3 1  W M  p 1 1 80 27 00 27 1 1 1 200000000000000 RS 

80332  22M  00 W M X 00000 00 00 00 4 1 2 3 1 0020000000000 TR 
80627 1 7M 00 W F X 00000 00 00 00 1 1 1 1 1 1 0000 1 0202000 TR 
8 1 002 9M  00 B M X 00000 00 00 00 1 1 1 1 1 1 000000000000 NO 

8 1 004 4M  00 L M X 00000 00 00 00 1 1 1 220000000000000 so 
8 1 007 10  24 B M p 5 1 0  1 0  1 9  2 1  1 00000000000000000 I D  

8 1 008 OB  24 B F p 450 1 9  28 1 9  1 00000000000000000 I D  

8 1 0 1 0  8 0  30 L M p 960 24  00 25  1 1 1 1 00000000000000 NO 

8 1 0 1 3 OB  24  B F p 770  24  34  22 1 1 0000000000000000 OS 
8 1 0 1 4  O B  3 3  B F p 1 600 3 1  44  3 2  220000000000000000 NO 
8 1 0 1 8  O B  3 3  W F p 2040 3 1  46 3 1  1 1 1 300000000000000 M F  
8 1 022 O B  00 8 M X 3 3 60 40  57  3 1  1 1 1 200000000000000 AP  
8 1 024 4Y 00 W F X 00000 00 00 00 2 1 1 1 000002000 1 0000 MG 

8 1 02 8  O B  25  8 F p 600 22 00 22 2 1 1 000000000000000 P l  
8 1 029  1 2Y 00  W M X 00000 00 00 00 1 1 1 2 1 0000000 1 22000 L L  
8 1 032  4M 00 W M X 00000 00 00 00 4 1 1 1 000 1 0000000000 MG 

8 1 036  OB  36 W F p 2250 32 49 32 1 2 1 1 00000200000000 P l  
8 1 040 2 1 M  00 B M X 00000 00 00 00 1 1 1 1 1 1 000000000000 WO 
8 1 046 O B  37  B M I 2000 3 3  4 9  3 2  1 1 2 1 00000000000000 A P  
8 1 057  2 1 M  00 B M X 00000 00 00 00 1 1 2200000002000000 ss 
8 1 07 3  3M  00 L F X 00000 00 00 00 1 1 1 2000000000 1 0000 OS 
8 1 084 OB  26  L M p 670 23  00 23 1 1 1 1 1 0000000000000 NO 
8 1 09 1  O B  22 W M p 500 20 3 1 2 1  1 1 1 000000000000000 P l  
8 1 1 00 2 1 0  00 L M X 00000 00 00 00 1 1 1 1 00000000200000 SD 
8 1 1 28 4Y 00 B M X 00000 00 00 00 2 1 1 1 00020000000000 N B  
8 1 1 3 3  1 0Y 00 L M X 00000 00 00 00 1 1 1 2 1 1 000000022000 T R  
8 1 1 36 O B  00 L M X 3 5 3 0  36  5 5  3 4  2222 1 0000000000000 NO 
8 1 1 44 O B  38  W M I 2480 3 5  50 00 3 1 1 22 1 0 1 0000000000 NO 
8 1 1 52 2M 3 3  W M p 1 480  00  38  28  1 1 1 200000000000000 GS 
8 1 1 72 1 8Y 00 W M X 8000 54 96 00 1 1 1 2 1 0000000202000 C P  
8 1 1 74 OB 3 7  W M  I 29 1 8  3 4  4 9  3 5  1 1 1 1 1 1 000000000000 A P  
8 1 1 84 1 7Y 00 L F X 00000 00 00 00 1 1 1 1 1 0002020202000 GA 
8 1 1 86 1 9Y 00 W F X 00000 00 00 00 1 1 1 1 1 00000 1 0 1 02000 TR 

8 1 1 92 OB  42  W F I 3850  38  00 30 2 1 1 1 1 0000000000000 CA 
8 1 200 BY 00 B F X 00000 00 00 00 1 1 1 1 1 1 00000 1 0 1 0000 PC 
8 1 205 OB  34  W F p 1 860 30 44 3 1  1 1 1 200000000000000 NO 
8 1 22 1  1 6M 00 B F X 00000 00 00 00 1 1 2200000000000000 TR 
8 1 2 3 5  2M  2 7  W F p 1 2 1 0  26 39 2 7 1 1 2000000000000000 C l  
8 1 237  1 0  35  W F p 2500 00 00 00 1 1 2 1 20000000000 1 00 S P  
8 1 2 3 8  2 0  2 7  W M p 900 2 3  3 5  2 5  1 00000000000000000 NO 
8 1 256  OB  42  B M I 4000 3 7  5 4 34  1 1 2200000000000000 P l  
8 1 269 OB  3 5  W F p 1 940 1 8  3 1  00 1 1 1 000000000000000 P l  
8 1 28 3  20  2 4  B F p 585 2 1  3 3  22 1 1 0000000000000000 NO 

8 1 285 1 6M 00 B M X 00000 00 00 00 1 1 1 3 1 1 000000020000 TR 

8 1 287  1 5Y 00  B M X 00000 00 00 00 1 1 1 1 1 1 000000202000 TR 
8 1 289 4M 00 L F X 00000 00 00 00 1 1 1 3 3 1 000000000000 RS 

8 1 298 1 0  4 1 W M I 3 400 3 6  5 3  3 7  1 1 1 24 1 000000000000 B P  
8 1 302 4Y 00 W F X 00000 00 00 00 1 1 1 1 1 1 000000002000 LL 
8 1 323  4Y  00  B F X 00000 00 00 00 1 1 222 1 000000000000 MC 
8 1 3 40 1 9M 00 W M X 00000 00 00 00 1 1 1 1 00000000000000 GA 
8 1 345  3M  00 W F X 00000 00 00 00 2 1 1 1 1 0000000000000 BC 



Table 1 .  ( Conti nued ) 1 3 1 

AUTOP AG E GA R S 8 WE I GH CR CH HC M1 2 345XABCDE FGH I J K  MD 

82004 1 8Y 00 L M X 00000 00 00 00 1 1 1 1 00000030300000 TR 

82008 1 8Y 00 A M X 00000 00 00 00 1 1 1 1 1 0000020303000 TR 

820 1 5  24M 00 w r X 00000 00 00 00 1 1 2 1 1 0000002000000 OD 
82027 4Y 00 w M X 00000 00 00 00 1 1 1 1 1 0000020202000 e r  
82039  1 '-1 0  32  L F p 1 6 1 5 28  4 3  52  1 1 1 1 1 2000000 1 20000 MM 
8204 3 OB  42  L F I 2555  3 6  5 3  37  2 1 1 1 1 0000000002000 P l  
82045 OB 27 L M p 905 26  39  23  1 1 1 1 1 0000000000000 AP 
82060 20 28 B M p 1 080  25  3 7  27  1 1 1 00 1 000000000000 CA 
82062 1 3Y 00 w M X 00000 00 00 00 1 1 1 1 0 1 0000 1 0 1 00000 RS  
82065 1 0  3 7  w M I 1 200 43 29 3 1  1 1 1 000000000000000 PH 
82069 1 4Y 00 L M X 00000 00 00 00 1 1 1 1 1 000000000 1 000 J P  
82073  20 27 L r p 890 24 3 5 24 1 1 1 1 00000000000000 CA 
82076 OB 38 8 M I 1 970 46 3 1  30  1 1 1 220000000000000 P l  
82084 1 4Y 00 L r X 00000 00 00 00 1 1 1 1 1 000002020 1 000 S P  
82085 30 32  B M p 1 440 29  42  29 1 1 2200000000000000 C l  
82087 1 6Y 00 w M X 00000 00 00 00 1 1 1 1 1 0000020303000 LB 
82096 1 5Y 00 L F X 00000 00 00 00 1 1 1 1 1 1 000020303030  MG 
82 1 03 8M 00 w M X 00000 00 00 00 1 1 1 22000 1 020000000 SD 
82 1 1 4  1 4Y 00 w M X 00000 00 00 00 1 1 1 1 1 1 000000202020 PW 
82 1 1 8  3M  00 w F X 2 1 80 00 3 3  46 1 1 1 000000020300000 BO 
82 1 25 2M 00 B M X 00000 00 00 00 1 1 1 3 00000000000000 SD 
82 1 29 24M 00 B F X 00000 00 00 00 3 1 1 220020000000000 ON 

82 1 3 5 24M  00  W M X 00000 00 00 00 2 3 2200020200000000 TR 

82 1 3 6 1 M  oo · B  F X 3 000 00 00 00 1 46 1 00000 1 00000000 T S  
82 1 3 9 OB  36  L F p 00000 00 00 00 1 1 1 000000000000000 M F  
82 1 40 3 6M 00 W M  X 00000 00 00 00 2 1 1 1 1 1 020000 1 00000 SD 
82 1 49 90 26 W M  p 855 24 36 25  1 1 1 000000000000000 M F  
82 1 50 3 6M 00 W M  X 00000 00 00 00 1 1 3 2 1 0000002000000 TR 
82 1 59 70  37  L M I 2405 3 3  4 8  3 4  1 1 1 1 00000000200000 CA 
82 1 69 1 0M 00 B M  X 00000 00 00 00 1 1 1 1 00000000000000 SD 
82 1 8 1 20  00 W M  X 3 9 3 0  56  35  37  4 1 3 3 2 1 02000000 1 000 CD 
82 1 88 1 6Y 00 L F X 00000 00 00 00 1 1 1 1 00000020300000 LE  
82 1 89 24M 00 W F X 00000 00 00 00 1 1 1 1 00000000000000 TR 
82 1 93 1 0  38  B M I 3050 3 5  4 9  00 1 1 1 000000000000000 NO 
822 1 0  240 28  B F  p 1 495  28  44  34  1 1 1 000000000000000 RD 
822 1 1 1 8Y 00 L M X 00000 00 00 00 1 1 1 1 1 1 000030303000 TR 
82224 1 0M 00 B M  X 1 1 300 00 00 00 1 1 1 22 1 000000000000 TR 
82228 OB 42 B M  I 5005 56 4 1  3 7  1 1 222 1 000000000000 I A  
82234  20  4 1  w r I 3 1 20 3 7  5 4  34  1 1 1 2 1 0000000000000 NO 
822 36  OB 34 W M  p 2 1 00 4 7  3 3  3 3  1 3 1 1 00000000000000 P l  
82245 OB 28 L M p 00000 4 1  28  00 1 1 1 1 20000000000000 M F  
82248 OB 38  L M I 2725 35  5 1  00 1 1 1 200000000000 1 00 NO 
82257 1 7M 00 W F X 1 2 1 00 00 00 00 1 1 2 320000000000000 TR 
82258 1 7M oo w r X 1 1 3 40 00 00 00 2 1 1 1 00020000000000 LB 
82260 8M 00 L F X 00000 00 00 00 1 1 1 2 1 1 000000000000 CD 
82270 5M 00 L F X 00000 00 00 00 2 1 1 1 000 1 0000000000 HY 
82272 OB  32 W M  p 1 020 3 1  25 26 1 1 1 000000000000000 PH 
8227 3 OB 34  B M  p 20 1 0  3 0  4 7  2 9  1 1 1 000000000000000 CA 
82274 1 1 Y 00 W F X 00000 00 00 00 1 1 1 0 1 00000 1 0 1 00000 ML 
82275 OB  3 3  B F  p 1 700 28 4 1  29 1 0 1 000000000000000 I D  
8228 1  O B  34  W F p 1 550 29 4 1  27 1 1 2 1 00000000000000 MY 
82283 4Y 00 L M X 00000 00 00 00 4 1 22 1 0020000000000 SD 
82286 8M 00 B M  X 2290 3 1  44 00 1 1 1 20 1 000000000000 I D  
82287 OB 3 7  W M  I 204 1 3 5  47  30  1 1 1 1 1 000000000 1 000 P l  



Table 1 .  ( Conti nued ) 1 32 

AUT O P  AGE GA R s B WE I GH CR CH HC M 1 2 3 45XABCDE FGH I J K  MD 

82295 1 0  26 w F p 990 23 00 00 2 1 0000020000000000 OD 
82297 70 00 w M X 00000 00 00 00 1 1 1 2 1 0000000000000 I D  
82298 OB 34  w M p 1 550 40  28  30  1 1 1 1 1 0000000000000 P l  
82 303  OB  28  B M p 1 0 30  27 40  25  2 1 2 1 00000000000000 P l  
82304  7Y 00 B F X 24040 00 00 00 1 1 1 000000000000000 DH 
82309 SB 43  L F X 3 0 3 0  3 6  5 1 00 1 1 1 200000000000000 NO 
82 3 1 3 4Y 00 B F X 00000 00 00 00 1 1 1 1 1 0000000002000 C P  
82324  5M 00 w M X 00000 00 00 00 1 2 1 2200020 1 0202200 SD 
8 2 3 2 5  5M 00 w F X 3 3 50 56  3 6  00 1 1 1 200000000000000 DW 
82326  1 D  27  B F p 900 37 25 25 1 1 1 200000000000000 HM 
82 3 3 1  36M 00 w M X 8860 00 89  45  222 1 20000202000200 I D  
830 1 5 OB  39  L M I 2540 3 3  52 32  2 1 1 2 1 1 020000020000 P l  
8 30 1 6  3M 00 L F X 00000 00 00 00 1 1 1 1 00000000000000 MY 
8302 1 OB 35 w F p 1 560  27  42  27  1 1 1 200000000000000 MD 

83025  3 0  40 w M I 3400 34 50 34  1 1 4200000000000000 GA 
8 3029 OB 40 B M I 2060 29 50 29 1 1 1 0 1 0000000000000 MA 
83030  1 0  3 6  w M p 2450 33  00  33  222200000202000000 S P  
8303 1 5M 00 B F X 3200 3 6  5 1  3 5  3 1 1 1 00000000000000 HM 
8 3 0 32 1 9Y 00 L M X 00000 00 00 00 1 1 1 1 0 1 000000200000 NB 

8 3 0 3 4  O B  36  w F p 1 0 1 0  1 3  28  00  000000000000000000 AC 

8 3 0 3 5  1 1 M 00 L F X 00000 00 00 00 3 1 1 1 3 3 002020022220 S P  
83Q Li 1 1 8Y 00 B F X 00000 00 00 00 1 1 1 1 1 0000030300000 TR 

83045  1 0  23  B M p 700 22 32 23 1 00000000000000000 I A  
8 3054  1 1  Y 00 w F X 32800 00 00 00 1 1 1 1 1 0000000 1 00000 J D  
83 059 OB 23 B F p 550  20 28  20  1 1 1 000000000000000 I D  
8 3067 1 2M 00 w F X 00000 00 00 00 3 1 1 2 1 0020000000000 OS 
83072 OB  23  L M p 540 20  29 20 1 1 1 000000000000000 M F  
83075  OB  30  w M p 1 005 00 35 25  1 3 1 200000000000000 M F  
83079 OB  30  B M p 1 300 4 1  28  25  200000000000000000 I D  
83087  OB 23  W F p 560 20 3 1  2 1  1 1 2000000000000000 I D  
8 3088 OB 29 W M p 980 27 39 27  1 22000000000000000 P l  
8 3089 1 D  25 B M p 690 22 32 23 2 1 1 1 00000000000000 NO 
8 3098 1 0  24 W M p 590 22 32 22 1 00000000000000000 I D  
8 3099 OB 24 A M p 750 22  32  2 3  1 1 0000000000000000 I A  
8 3 1 00 3 0  40 W F I 2620 34 50 34 1 2 1 200000200000000 C P  
83 1 02 7M 00 B F X 00000 00 00 00 3 1 1 1 00000000000000 SM 
8 3 1 04 2 3 0  3 0  B F p 1 360 27 4 1  27 1 1 2200000000000000 SM 
83 1 06 20  00 W M X 900 00 3 5  2 5  1 1 1 000000000000000 NO 
8 3 1 09 20  4 1  W M I 3990 39 55 38 2 1 2 3 2003 1 0030 1 0000 I D  
83 1 1 1  OB  24  B M p 565 21  3 1  2 1  000000000000000000 NO 
8 3 1 1 3  OB  24  W M p 620 2 1  3 2  2 3  2 1 1 1 1 0000000000000 P l  
8 3 1 1 6  1 4Y 00 I& M X 00000 00 00 00 1 1 1 1 000000 1 0000000 E S  
83 1 1 9 OB 32 W M p 1 63 0  3 0  4 2  28  1 1 22 1 0000000000000 NO 
83 1 2 1  20  00  B F X 1 600 28 42 3 3  3 1 1 000030000000000 C P  
83 1 2 1  OB  20  B M p 580 20 3 2  2 0  1 1 2000000000000000 BH 
83 1 25 1 D  40 L M I 4 350  3 6  5 2  4 1  1 2 1 1 00000000000000 HY 
8 3 1 2 8  OB  29  L M p 650 22 3 3  20 1 1 1 1 00000000000000 P l  
8 3 1 29 1 0  25 W F p 590 2 1  3 5  22 1 1 0000000000000000 NO 
8 3 1 3 1  OB  20  B F P 440  20  28 1 8  000000000000000000 C P  

8 3 1 3 2 OB 00 L F X 2900 36 53 33 3 1 1 1 00020000000000 NO 
8 3 1 3 8  OB  24  W M P 630  2 1  3 1  2 3  0 1 0000000000000000 P l  
8 3 1 3 9  OB  2 4  W M P 3 1 0  1 7  2 3  3 0  000000000000000000 P l  
8 3 1 40 OB  42  W M I 2800 3 3  5 7  3 4  222 1 000 1 0 1 00000000 NO 

83 1 45 1 6M 00 L F X 00000 00 00 00 3 1 1 1 0 1 022030300000 1 0  



Tabl e  1 .  ( Cont i nued )  1 33 

AUTOP  AGE GA R s B WE I GH CR CH HC  M1 2345XABCOE FGH I J K  MD 

8 3 1 46 OB  25  w F p 676 22 3 3  2 3  1 1 1 000000000000000 I A  
83 1 49 36M 00 w F X 00000 00 00 00 1 1 1 200000000000200 TR 
8 3 1 5 1 O B  3 2  w M p 1 300 25  35  28  2 1 22 1 0020002000000 I D  
8 3 1 55 O B  3 7  B F I 2080 3 2  5 3  3 1  1 1 1 1 0 1 000000000000 NO 
8 3 1 62 1 M  00 w M X 4670  34  54  36  2 1 2 1 3 1 0 30000000000 B P  
8 3 1 64 OB  2 4  W F P 5 30 20 30 2 1  1 1 1 1 1 0000000000000 I D  
8 3 1 65 O B  25 W M P 890 24  3 6  2 3  1 1 1 000000000000000 A P  
83 1 68 1 7Y 00 W F X 00000 00 00 00 1 1 1 1 1 000202000 1 000 C P  
83 1 70 6Y 00 W M X 22680 00 00 00 1 1 1 22 1 000000022200 1 0  
8 3 1 7 1 1 6Y 00 W F X 00000 00 00 00 1 1 1 1 00000030000000 TR 
8 3 1 72 1 40 00 B F X 2860 34  46  3 3  1 1 2220000000000000 DS 
8 3 1 7 3  30M  00  B M X 1 3 3 00 00 00 50 1 22200003 303000000 LB  
8 3 1 75  1 D  25 B M P 940 23  3 1  25  1 00000000000000000 MM 
8 3 1 76 1 0  29  A F P 1 790 28  40  27 1 1 1 20000 1 0000 1 0000 NO 

8 3 1 78 1 0M 00 B M X 4960 29 6 3  4 1  2 1 222 1 000000000000 BO 
8 3 1 8 3  1 0  24  W M P 550  2 1  3 3  2 1  1 00000000000000000 TR 
83 1 84 1 6Y 00 W M X 00000 00 00 00 1 1 1 1 00000023000000 TR 
83 1 85 30M 00 W r X 1 2700 6 1  00 49  4 1 22 1 1 02000003 0000 B P  
8 3 1 88 O B  3 7  B M I 2240  3 3  49  3 3  1 1 1 1 00000000000000 p I 

83 1 89 O B  2 8  B F P 8 1 0  2 3  3 5  24  1 00000000000000000 p I 
8 3 1 90 2M  00  L M X 5620 42  62  00  1 1 2 1 20000000000000 CT 
8 3 1 94 O B  3 7  L M I 3920 35 42  3 6  1 1 1 1 1 1 00 1 020 1 00 1 00 ow 
83 1 97  1 D  34  W M P 1 73 0  30  45 27  1 1 1 1 00000000000000 1 0  
8 3 1 99 30M 00 B F X 1 406 1 56 89 5 1 1 1 1 1 00000000000000 MG 
83202 1 M  38  W F I 2860 00 5 4  3 5  1 22 1 00000000000000 co 
8 3203  4 0  30  W M p 1 1 50 25  3 6  27  1 2 1 200000000000000 NO 

8 3205 2M  00 L F X 2440  3 2  50  3 1  2 1 1 000000000000000 OS 
83208 OB  29  W M p 920 26 39 2 1  1 1 1 1 1 1 000000000000 I D  
832 1 0  O B  28 W M p 1 340  28 00 00 1 1 1 20 1 000000000000 I D  
832 1 1 1 0  3 8  W F p 5500 42  59 3 8  3 2 3220000000000300 I D  
832 1 3 OB 22 W F p 560  2 1  3 2  22  1 1 1 000000000000000 I D  
832 1 4  O B  3 0  W M p 1 520  26 39 28  1 1 1 000000000000000 1 0  
8 3220 30M 00 W F X 00000 00 00 00 1 1 2 1 0000 1 003000000 GR 
832 3 1 1 6Y 00 W M X 00000 00 00 00 1 1 1 1 1 1 0000 1 0200200 GR 
8 3 2 3 3  2 M  00 W r X 00000 00 00 00 3 1 2 1 00000000000000 1 0  
8 3 2 3 4  OB  00 B M X 3 240 3 5  0 0  0 0  2 1 1 1 0 1 020000000000 I A  
8 3 2 3 6  O B  24  W M P 600 2 1  00 00 2 1 1 000000000000000 MM 
8 3 2 3 7  O B  24  W F P 380  1 8  00 00 1 1 0000000000000000 MM 
83 240 OB 30  B F P 820 23 35 23 400000000000000000 P l  
8 324 1 OB  26 L F P 4 3 5  1 9 2 8  1 8  1 1 1 000000000000000 I D  
83243  1 3M 00 W F X 00000 00 00 00 1 3 1 2 1 000020000 1 000 GR 
8 3245  1 0  27  W M P 850 2 1  3 4  2 4  1 1 2200000000000000 CA 

8 3246 OB  26  W F P 720 22 22 00 000000000000000000 MM 
83247  1 D  00 B M X 3 62 8  0 0  0 0  0 0  1 1 1 1 00000000000000 1 0  
8 3248 1 0  24  W F P 640 1 9  3 1  22  000000000000000000 I D  
8 3253  OB  22  W M P 320  00 00 00 1 1 0000000000000000 I D  
8 3254  OB  25  W F P 740  2 1  34  22 1 1 1 000000000000000 I D  
83259 OB 23 L M P 700 22 3 4  2 1 1 1 1 000000000000000 1 0  
8 3263  3M  0 0  B F X 3750  3 8  56  40  1 1 1 000000000000000 PW 
83264 OB  32  B r P 1 480  28 42 29 1 1 2 1 0000000 1 000000 1 0  
8 3266 40 00 W F X 2 1 90 3 1  4 7  3 2  1 1 1 1 00000000000000 CD 
8 3269 5M 00 W F X 5 3 60 4 3  65  40  1 1 1 1 1 0000000000000 so 
83272 9M 00 W F X 5900 00 64  4 1  1 1 2000000000000000 MY 
8 3274  24M  00  B F X 1 5000 00 00 00 1 1 222 1 000000020000 TR 



Tab l e  1 .  ( Continued )  1 34 

AUT O P  AGE GA R s B WE I GH CR CH HC M 1 234 5XABCDE FGH I J K  MD 

8 3280 lt D 3 5  B F p 2270 30  45 24 1 22200000002000000 MM 
83 282 1 M  3 7  \-I F I 2870 3 0  4 9  00 2 1 22000 300020 1 0000 MM 
8 3 287 30 4 1  B r I 3 30 3  3 6  53  3 6  2 1 1 00 1 030000000000 I D  
8 329 1 2M 00 w M X 5780 50 62 4 1  22 1 3 2 1 0003000 1 0000 SD 
8 3294 3M 00 w F X 00000 00 00 00 1 1 1 1 00000000000000 S P  
8 3 296 1 0  34  L F p 2630  32  52 3 3  1 1 1 200000000000000 KO 
83297 OB  27  L f p 1 020 24 37 25 1 1 1 1 00000000000000 I D  
8 3298 OB 25 w F p 7 1 0  22  3 2  23  2 1 2000000000000000 1 0  

8 3 30 3  2M 00 B F X 4820 42  59 4 1  2 1 2220030002000000 SD 
8 3 304 OB 34 B F p 1 960 .3 1  , 45  30  1 1 1 000000000000000 I D  
8 3 3 1 7  4M  34 L F X 4270 3 8  54  42  1 1 1 1 1 0000000000000 HY 
8 3 3 1 8  7 Y  00 w F X 20000 00 00 5 3  1 1 1 1 00000000200000 TR 
8 3 3 22 OB 30  w M p 1 3 00 27  38  25  1 1 1 000000000000000 A P  
8 3 3 2 3  1 D 36  w F p 2850  34  5 1  3 3  1 2 1 200000000000000 1 0  

8 3 325  3M  00 L M X 4 3 3 0 3 3  52 38  2 1 22 1 0000000000000 vs 
83 327  2M  3 6  w F p 3480 3 5  52 37  1 1 2200000000000000 MM 
8 3 328 22M 00 w M X 1 4000 25 00 48 1 1 1 2 1 1 000000000000 MM 
8 3 3 3 2  OB  2 7  w M p 987 26  38  27 1 22000000000000000 I D  
8 3 3 3 3  7M  00 B F X 5550 44  67  40  1 1 1 1 00000000000000 SD 
8 3 3 3 5  5M 26 w M X 14 6 30  00 57  38  1 1 22 1 0000000000000 MM 
8 3 3 37 1 M  3 5  L M p 2500 30  47  3 1  1 1 1 20 1 000000000000 CT 
8 3 3 3 8  O B  3 6  w M p 2 1 80 3 3  49 30  1 1 1 000000000000000 I D  
8 3 3 3 9 1 D  00 w F X 2 1 90 3 1  Ll 2 36  000000000000000000 DW 
83 340 1 0  38  W F I 28 1tQ 3 4  lt9 3 3  1 1 1 200000000020000 RD 
8 3 3 4 3  1 0  00 W M X 00000 00 00 00 2 1 1 1 00000000000000 CH 
8 3 34 5  1 0  2 2  W M p 545  22 00 00 2 1 0000000000000000 I D  
8 3 3 56 1 2 D  00 W M X 00000 00 00 00 3 1 22 1 0000000000000 HY 

83 357  25D 28  W M p 840 26  3 5  2 7  1 1 0000000000000000 I D  
83 358  1 4Y 00 W F X 1 9000 00 00 5 1 1 1 1 1 00002020200000 C P  
83 359 2M  00 L M X 5900 42 57 40 1 1 1 200000000030000 SD 
8 3 3 63  2M 00  W F X 00000 00 00 00 300000000000000000 MG 
8 3 368 5 0  00 B M X 2 0 1 3 30 44  3 0  1 1 1 1 00000000000000 OS 
8 3 3 70 2M 00 W M X 00000 00 00 00 2 3 3 200002020000000 so 
8 3 3 7 1  O B  00 L F X 00000 00 00 00 1 1 0000000000000000 PS 
8 3 3 77 OB 22 W M p 495 21  3 1  2 1  1 00000000000000000 A P  
8 3 3 82 OB 34  L F p 1 72 5  3 2  4 2  2 9  1 1 1 000000000000000 A P  
8 3 3 86 4Y 00 W M  X 00000 00 00 00 1 1 1 1 1 1 000000000000 HT 

84002 2M  00 w f X 2250 3 3  4 5  3 2  422 1 000 3 0 1 00000000 NO 

84004 1 0  00 W F X 3860 38  5 7  49  1 1 1 1 00000000000000 MM 
8 4005  O B  00  L M X 4840 3 6  64  00 1 1 1 2 1 1 000000020000 I D  
84006 4 0  26 B f p 7 1 0  2 0  3 2  1 0  1 1 1 000000000000000 I D  
840 1 1 OB 34  L M p 1 3 90 29 00 3 3  2 1 1 1 0000200000 1 000 I D  
840 1 9  4 M  00 W M X 00000 00 00 00 1 1 22000000000 1 0000 SD 
84022 O B  39 B M I 2800 37 54 3 4  1 222 1 1 000000000000 cs 
84023 l M  00 L M X 4620 3 1  5 1  3 7  3 1 2200000003000000 I D  

840 3 2  1 0  27  w f p 740 2 2  34  20  1 1 1 1 00000000000000 I D  
84037  3M 00 W f X 5660 4 2  62 00 1 1 1 1 00000000000000 SD 
84040 8M  00 W M X 00000 70 4 1  00 1 0 1 1 0 1 000000000000 SM 
8404 1 OB 34  W M p 1 6 30  28 46 00 3 222000 3 0000000000 I D  

84042 O B  3 7  L M I 2 1 90 3 3  48  3 2  3 1 23 00000000000000 1 0  

84046 O B  39 W F I 1 850 32  45 00 1 1 1 2000000000 30000 I D  
84048 3 M  00 L M X 2 3 000 58 94 5 2 · 22 1 1 0000 3000000000 PW 
84050 O B  22 W F p 580 2 1  00  00 1 1 2000000002000000 I D  
8405 1 2 1 0 00 W F X 3 7 50 3 8  5 6  0 0  2 1 1 1 1 00 30000000000 SD 



Tabl e 1 .  (Continued ) 1 35 

AUTOP  AGE GA R S B WE I GH CR CH HC M 1 2345XABCDE FGH I J K  MD 

8 IJ058 l OM 00 w F X 00000 00 00 00 1 1 1 1 00000000000000 TR 
84059 1 M  00 L M X 4 1 30 00 5 3  3 6  622000000300000000 MM 
8406 1 1 0  3 4  L M p 1 9 30  3 0  4 lt 00 1 1 1 200000000000000 I D  
84063 1 0  00 w M X 4 3 66 38 56 37 2 1 3 2 1 003 00000 1 0000 CH 
84067 22M 00 w F X 00000 85 49 00 3 1 1 200020000003000 NC 
84068 OB 40 w M I 3 450  38  53  35  1 1 1 1 1 2000000000000 I D  
8 lJ072 24M 00 w f X 00000 00 00 00 1 1 1 1 000000 1 0200000 MG 

84074 1 5Y 00 B F X 00000 00 00 00 1 22200000000000000 PW 
84076 OB 39  w F I 3 1 00 3 4  5 1  3 6  1 1 1 200000000000000 I D  
84077 2M 3 7  B M I 2 700 36 54 36 1 1 2 3200000000 1 1 000 NO 

84084 O B  32 w f p 1 1 90 28 4 1  2 4  2 1 2 1 000 3000 1 000000 I D  
84088 6Y 00 L M X 00000 00 00 00 1 1 1 2200000003 20000 MS 
84090 O B  3 3  B F p 940 26  38  26 2 1 1 200000000000000 I D  
8 4094  O B  38  w F I 2 3 50 3 5  5 1  2 9  2 1 1 1 00030000000000 I D  
84 1 02 1 D  25  B F p 7 50 2 3  36  2 3  2 1 2200000000000000 I D  
84 1 06 OB 25 w F X 1 060 2 1  3 1  00 000000000000000000 CN 
84 1 07 O B  26 B f p 690 2 1  34  2 1  2 1 1 00003 0000000000 M f  
84 1 08 OB 3 6  B F p 1 3 1 0 2 8  39  3 1  1 1 1 000000000000000 I D  
84 1 1 1  O B  3 6  B M p 2 1 3 0 3 3  48 34 322 1 00000000000000 I D  
84 1 1 3  9Y 00 B F X 00000 00 00 00 1 1 1 1 00002000000000 C P  
84 1 29 1 M  3 8  A F I 3 1 80 3 2  4 9  3 6  1 32000000000000000  ow 
84 1 3 4 OB 22 B M p 820 25  35  2 3  0 1 1 000000000000000 NO 
84 1 36 OB 22 B M p 5 3 0  1 9 3 0  20  1 00000000000000000 NO 
8Ln 38  OB  3 8  w F I 3060 34 47 3 5  222 2 1 0000000000000 NO 
84 1 4 1  8 Y  00 w M X 22680 00 00 00 2 1 1 1 00030020 300000 CM 
84 1 44 1 M  38  A F I 3 540 42 49  3 6  2 1 1 1 00000000000000 NO 
84 1 46 1 D  3 4  w F p 1 7/tO 28  4 2  28  2 1 2200000000000000 MM 
8 4 1 5 1 OB 00 w F X 1 540  24 37 1 8  1 1 1 000000000000000 AC 
8 4 1 53 OB 32  L M p 1 800 30 4 1  3 3  2 1 200000000 1 000000 I D  
84 1 54 1 0  3 1  w M p 1 2 1 0  26 3 8  28 2 1 1 1 00030000000000 I D  
8 4 1 55  1D  2 5  w M p 200 20 32 2 1  1 1 22 1 0000000000000 I D  
84 1 56 1 D  36  L M p 2240 3 1  46 3 1  1 1 3 300000002000000 I D  
84 1 62 O B  00 B M X 2050 3 1  5 1  3 1 3 1 2200000000000000 I D  
8 4 1 64 200 3 7  A F I 257 1 3 3  45  34  2 1 1 1 000 1 0000000000 NO 

84 1 66 1 00 3 4  L M p 2580 32 48 34 2 1 2300030002000000 NO 
84 1 67 OB 00 w M X 3600 37  57  3 5  1 1 2 1 1 0000000000000 I D  
84 1 69 240  3 2  B M p 1 1 70 2 3  34  28  1 1 1 000000000000000 NO 
8 4 1 7 3  20  2 3  w F p 570 2 1  28  2 3  2 1 1 000000000000000 I D  
84 1 82 OB 2 4  w M p , 7 20 22  35  24  0 1 0000000000000000 I D  
84205 1 D  24 w M p 550 22 32 2 1  0 1 1 1 00000000000000 CA 
84206 OB 24 w F p 550 2 3  3 3  2 1  1 1 1 000000000000000 M F  

84207 4M 00 B M X 00000 00 00 00 3 2 1 220000300030000 SD 
842 1 4  2 0  3 4  w F p 1 520 30 3 9  2 7  1 1 1 1 00000000000000 MM 
842 1 5  9 0  2 6  L M p 740 2 1  3 3  2 3  000000000000000000 RD 
8422 1 1 D  00 w M X 3 8 1 0  3 9  5 3  3 5  1 1 1 2 1 0000000000000 M F  
84222 5M  00 w F X 6 550 38 6 1  00 222000020300000000 HS 
8422 3 OB 2 1  B M p 5 30 22 3 1  2 1  1 00000000000000000 CA 
84227 O B  40  w F I 2440 3 3  50 3 1 1 1 1 1 1 0000000000000 NO 

84228 1 M  00 B M X 4270 3 6  5 4  3 7  1 1 1 1 00000000000000 SD 
84229 1 0  2 3  w M p 560 2 1  3 3  22 000000000000000000 NO 

84230  1 D  23  w M p 630  22 33  1 8  000000000000000000 NO 
84237  O B  00 B F X 2250 3 3  49  3 1  1 1 2 1 00000000000000 NO 

8424 1 2 0  00 L F X 00000 00 00 00 1 2 1 200000020000000 OS 
84247 1 2 0 00 B M X 00000 00 00 00 1 1 220 1 000003000000 B l  



Table 1 .  (Cont i nued ) 1 36 

AUTO P AGE GA R S B WE I GH CR  CH  HC  M 1 2 3 4 5XABCDE FGH I J K  MD  

84252 O B  00 B M X 2945 00 5 1 3 3  1 1 1 1 0 1 000000000000 A P  
8425 3 1 5Y 00 w M X 00000 00 00 00 1 1 222 1 000000000000 C F  
84255  2M 00 L F X 44 1 0  40 58  3 6  2 1 1 1 000 1 0000000000 SM 
84257 1 0Y 00 W F X 00000 00 00 00 1 1 1 1 1 0000000 1 00000 TR 
84262 OB 38  L M I 00000 00 00 00 2 1 2 1 000 1 0000000000 I D  
84267 1 D  23  L F p 6 50 2 1  3 5  22  1 1 1 1 00000000 1 00000 I D  
84268  O B  23  W F p 540 2 1  3 1  22 2 1 1 000000000000000 TR 
84269 OB 23 W F p 650 21  33  2 3  2 1 2000000000000000 T R  

84273  OB  37  L F I 00000 00 00 00 1 1 1 1 1 0000000000000 I D  
84274  OB  35  L M p 2280 00 49 32  1 1 1 1 00000000000000 I D  
8 4275 5M 00 W M X 55 1 3  40 5 8  3 9  1 1 1 000000000000000 B P  
84282 OB  3 2  L M p 1 440 29  40  29 1 1 2 1 1 0000000000000 A P  
84288 7M  00 B M X 00000 00 00 00 3 1 2200000003 000000 C l  
84289 OB  46 L M A 2740 3 1 49 00 2 1 1 000000000000000 AC 
8 4290 9Y 00 w r X 00000 00 00 00  1 1 2 1 0000000300 1 000 TR 

8 4293 3 D  38  L F I 2640 29 42  37  000000000000000000 DW 
84 309 1 D  35 W M p 2480 3 1  42  00  1 1 1 1 1 0000000 1 00000 MM 
8 4 3 1 0  O B  3 8  A F I 3200 00 5 5  3 2  1 1 1 1 00000000000000 NO 

84 3 1 1 OB  26 w r p 600 00 37 32 1 1 1 000000000000000 I D  
84 3 1 5  1 0  23  L F p 5 3 5  20 28 2 1  · 1 1 1 000000000000000 I D  
8 4 3 2 3  1 D  3 7  W M I 2230  22  50  00 1 1 1 200000000000000 AC 
84324  1 D  28 B M p 1 3 1 0  25  40  27 1 1 2 1 00000000000000 RD 
84329  OB  3 3  B F p 2300  00  4 7  3 4  1 1 1 2000000000 1 0000 M F  
8 4 3 3 5  1 D  2 4  B M p 540 20 30  2 1  000000000000000000 I D  
8 4 3 3 8  36M  00 W M X 00000 00 00 00 1 22 1 1 0000 1 0 1 3 03000 PD 
8 4 3 4 1  6D  34  B M X 1 300 28 4 1  2 8  1 1 1 000000000000000 RD 
84344  OB  28  B M X 830  2 4  3 6  25  1 00000000000000000 NO 

84348  1D  26 L M X 790 34 3 5  2 4  1 1 1 200000000000000 NO 
8 4 3 5 1 3 M  00 B M P 3275  00 00 00 1 1 2200000000000000 BO 
8436 1 1 5Y 00 A M X 00000 00 00 oo · 1 1 1 1 000000003 00000 TR 
84367  20 42  L M X 6260 43  62  4 7  3 1 1 20 1 030000000000 MD 
84370  2 D  3 8  W F X 3289 3 7  5 4  3 6  2 1 2 3 00000000000000 CD  
84373  O B  37  L M I 3250 3 3  5 0  3 5  2 1 2 1 00000002000000 HY 
35256  5M  00  W M X 00000 00 00 00 1 1 1 1 1 0000000000000 TR 

35264 9Y 00 W M  X 00000 00 00 00 1 1 1 2 1 1 00000011 0000 TR 

3 5295  36M 00  L M X 00000 00 00 00 1 1 1 220000000020000  T R  

3 5 3 7 1  30M 00 B F X 00000 00 0 0  00 1 1 1 1 00000000000000 TR 

3 5 4 5 1 4Y 00 B M X 00000 00 00 00 2 1 2000020000000000 TR 

3 5604 1 5M 00 L M X 00000 00 77  00 2222200 30 1 02000000 TR 
3 5665 7Y 00 W M X 00000 00 00 00 1 1 1 1 0 1 000000 1 00000 TR 

3 5668 1 5M 00 W M X 1 5000 00 84  00 4 1 1 1 1 1 00 1 000000000 TR 
3 5669 5Y 00 W M X 2 1 000 00 00 00 1 1 2200000002000000 TR 

3 5 7 0 3  1 0Y 0 0  W M X 30000 00 00 00 1 1 3220000020000000 T R  
46 1 57 6Y 00 W M X 48000 00 00 00 1 1 22 1 0000003 200000 TR 

46 1 8 7  36M 00 B F X 22000 00 99 00 1 1 1 2 1 0000000000000 TR 
8 4 3 7 5  OB  3 6  B M I 2240 32  49 32  1 1 2220000000000000 NO 

84380  1 0M 00  B M X 00000 00 79  00 1 1 2 1 0000000 3000000 SC 
8 4 3 8 2  1 9Y 00 B F X 00000 00 00 00 1 1 1 200003030320000 SB 
84384  OB  4 1  B M P 2770  35  5 1  53  2 1 22 1 0030003000000 AP 



1 37 

Tabl e 2. Computer File 2 

eiim2e !�t B� IQ MJ�J!i�2S eia�Q,F� 
790 1 4  - 1 4  1 2  3 1 1 1 0000 1 1 1 0000 3 
79055 1 56 32  6 2 1 1 2000 1 1 1 1 000 4 
79 1 80 468 1 1  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
79 1 8 3 1 2  2 1  7 1 1 1 2 1 1 0  1 1 1 1 1 1 0 6 
7 9 1 99 208 22 5 2 1 1 1 000 1 1 1 1 000 4 
792 1 8  478  32  6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
79223  988 3 1  6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
7925 1 884 1 1  6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
79255  676 21  6 1 1 22000 1 1 1 1 000 4 

7 9 3 26 -9 1 2  4 1 1 20000 1 1 1 0000 3 
79327  - 8  1 2  4 2 1 1 0000 1 1 1 0000 3 
79328 -2  3 1  4 1 1 1 1 000 1 1 1 1 000 4 
79 3 30 676 22 5 1 1 1 2000 1 1 1 1 000 4 
7 9 3 3 2  2 8  3 1  5 1 1 1 2000 1 1 1 1 000 LI 
79 3 3 3  - 1 0  1 2  3 1 200000 1 1 00000 2 
79342  -4  3 1  4 2 1 1 0000 1 1 1 0000 3 

79348  6 22  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
7 9 3 50 24  3 1  6 1 2 1 1 1 00 1 1 1 1 1 00 5 
7 9 3 55 - 1 2  1 2  5 2 1 20000 1 1 1 0000 3 
79366 1 1 2  8 1 1 22200 1 1 1 1 1 00 5 
7 9 3 82 - 5  22 3 1 1 1 0000 1 1 1 0000 3 

7 9 3 8 3  - 1 0  2 1  5 2 1 1 1 000 1 1 1 1 000 4 
7939 1 -7 22 5 1 1 1 2000 1 1 1 1 000 4 
79396  0 22 4 1 1 1 1 000 1 1 1 1 000 4 
7940 1 - 1 0  22  5 1 1 1 2000 1 1 1 1 000 4 
79405 8 32 3 1  8 1 1 1 22 1 0  1 1 1 1 1 1 0 6 
800 1 4  - 1 3  2 1  3 1 1 1 0000 1 1 1 0000 3 
800 1 8  2 4 1  5 2 1 1 1 000 1 1 1 1 000 4 
80045 260 1 1  5 1 1 1 2000 1 1 1 1 000 4 
80049 260 1 1  4 1 1 1 1 000 1 1 1 1 000 4 
80055  1 44 32  6 2 1 1 2000 1 1 1 1 000 4 
80082 -2  3 1  6 1 1 1 3000 1 1 1 1 000 1, 
80088 24  2 1  5 1 1 1 2000 1 1 1 1 000 4 
80089 208 2 1  7 2 1 1 1 200 1 1 1 1 1 00 5 
8009 3 - 1 1  1 1  4 1 1 2 0000 1 1 1 0000 3 
80094 2 2 1  1 1 000000 1 000000 1 
80098 -6 1 2  5 2 1 1 1 000 1 1 1 1 000 4 
80099 - 1 3  1 2  2 00 1 1 000 00 1 1 000 2 
80 1 00 - 1 3  1 1  3 1 1 1 0000 1 1 1 0000 3 
80 1 0 1 36 1 1  6 1 1 1 3 000 1 1 1 1 000 4 
80 1 05 - 1 0  1 2  4 1 1 02000 1 1 0 1 000 3 
80 1 07 8 1 2  3 1 1 1 0000 1 1 1 0000 3 
80 1 08 - 1 3  1 1 4 1 1 1 1 000 1 1 1 1 000 4 
80 1 1 2  - 1 0  1 2  3 1 0 1 1 000 1 0 1 1 000 3 
80 1 1 3  - 1 0  1 2  3 1 1 1 0000 1 1 1 0000 3 

80 1 1 4  - 3  1 2  6 1 1 1 2 1 00 1 1 1 1 1 00 5 
8 0 1 1 6  - 1 4  1 2  3 1 1 1 0000 1 1 1 0000 3 
8 0 1 1 8  - 2  1 2  4 2 1 1 0000 1 1 1 0000 3 
80 1 1 9  - 1 8  1 2  0 0000000 0000000 0 
80 1 24 6 1 1  7 1 1 2 3 000 1 1 1 1 000 4 
80 1 26 0 1 1 8 2 1 2 3 000 1 1 1 1 000 4 
8 0 1 28 - 5  2 2  2 1 1 00000 1 1 00000 2 
80 1 47 - 1 6  1 2  4 1 1 1 1 000 1 1 1 1 000 4 
80 1 49 - 1 2  3 1  3 1 1 1 0000 1 1 1 0000 3 



Tabl e. 2. ( Continued ) 

AUTOP AG� R§ TO M l,���X A��Q, FQ 
80 1 50 -6 2 1  6 1 2 1 2000 1 1 1 1 000 4 
80 1 62 - 1 0  1 1  4 1 1 1 1 000 1 1 1 1 000  4 
80 1 68 - 1 0  1 2  2 1 0 1 0000 1 0 1 0000 2 
80 1 69 - 1  3 1 5 1 1 1 1 1 00 1 1 1 1 1 00 5 
80 1 72 - 3  32  8 22 3 1 000 1 1 1 1 000 4 
8 0 1 74 4 1 1  9 42 1 2000 1 1 1 1 000 4 
80 1 75 2 1 1  8 1 1 22200 1 1 1 1 1 00 5 

80 1 76 3 2 1 6 1 1 1 2 1 00 1 1 1 1 1 00 5 
80 1 77 8 22 7 1 1 1 2200 1 1 1 1 1 00 5 
80 1 7 8  8 3 2  5 1 1 1 2000 1 1 1 1 000  4 
80 1 8 1  2 2 1  5 1 2 1 1 000 1 1 1 1 000 4 
8 0 1 87  28 22 4 1 1 1 1 000 1 1 1 1 000 LJ 
8 0 1 92 - 1 0  1 1  1 1 000000 1 000000 1 
80 1 99 8 1 1 5 1 220000 1 1 1 0000 3 
80200 - 1 1 2 1  5 2 1 20000 1 1 1 0000 3 
80203 - 1 3  1 2  5 1 1 2 1 000 1 1 1 1 000 4 
80205 988 1 1  6 1 n 1 1 1 0 1 1 1 1 1 1 0 6 
80206 - 1 2  2 1 1 1 000000 1 000000 1 
802 1 3 - 1 3 2 1 1 1 000000 1 000000 1 
802 1 5  4 2 1 7 2 1 22000 1 1 1 1 000 4 
802 1 6  - 1 6  22 0 0000000 0000000 0 
802 1 8  -6  32  1 1 000000 1 000000 1 
80220 - 1 0  1 1 4 1 1 1 1 000 1 1 1 1 000 4 
8022 5 1 28 22 8 2 1 22 1 00 1 1 1 1 1 00 5 
80227  1 6  3 1 8 1 1 22200 1 1  1 1 1 00 · 5 
80229 4 1 6  1 1 7 2 1 1 20 1 0  1 1 1 1 0 1 0  5 
80234 2 1 2  7 1 1 2 3 000 1 1 1 1 000 4 
802 38  - 1 5 22 1 1 000000 1 000000 1 
802 39 - 1 5  22 2 1 1 00000 1 1 00000 2 
80242 -4 3 1 5 1 1  1 1 1 00 1 1 1 1 1 00 5 
80244 8 2 1  7 1 1 22 1 00 1 1 1 1 1 00 5 
80247 0 3 1 5 1 1 1 1 1 00 1 1 1 1 1 00 5 
80248 - 1 3 2  4 1 1 1 1 000 1 1 1 1 000 4 
80249 - 1 3 2  3 1 1 1 0000 1 1 1 0000 3 
80250 -2 1 1 5 1 1 1 2000 1 1 1 1 000 4 
80252 4 1 1  7 1 1 22 1 00 1 1  1 1 1 00 5 
80254 -20  2 1  0 0000000 0000000 0 
80260 -9 2 1 3 1 1 1 0000 1 1 1 0000 3 
80267 - 1 6  1 2  5 1 1 2 1 000 1 1 1 1 000 4 
80270 6 1 2  7 3 1 1 1 1 00 1 1 1 1 1 00 5 
80277 -4  1 1 5 1 1 1 2000 1 1 1 1 000 4 
80286 - 1 4 22 6 1 22 1 000 1 1 1 1 000 4 
80287 6 2 1 9 2222 1 00 1 1 1 1 1 00 5 
80289 - 1 3 1 1 1 1 000000 1 000000 1 
80293  - 1 7  22 5 1 1 2 1 000 1 1 1 1 000 4 
80299 3 2 1  2 1 1 00000 1 1 00000 2 
80300 2 8  1 1 8 1 1 2 30 1 0  1 1 1 1 0 1 0  5 
80306 - 1 3  22 3 1 1 1 0000 1 1 1 0000 3 
80307 - 1 2  1 2  3 1 1 1 0000 1 1 1 0000 3 
80 309 0 2 1  7 1 1 1 2200 1 1 1 1 1 1 0 5 
803 1 2  - 1 2  1 1 4 1 1 20000 1 1 1 0000 3 
803 1 3  - 5  1 2  5 1 1 1 2000 1 1 1 1 000 4 
80320 - 1 0  1 1  1 1  1 1 1 1 000 1 1 1 1 00 0  4 
80322 -8 1 1  7 2 1 22000 1 1 1 1 000 4 
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Table 2. (Continued) 

AUTQP AgE RS TO M 1 ,�!;t!zX A��12t:Fg ' 
80324 -6  1 2  4 1 1 1 1 000 1 1 1 1 000 4 
80325  - 1 2  1 1  5 1 1 1 2000 1 1 1 1 000 4 
803 3 2  88 1 1 1 1  4 1 2 3 1 00 1 1 1 1 1 00 5 
80627 68  1 2  6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
8 1 002 36 2 1  6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
8 1 004 1 6  3 1  7 1 1 1 2200 1 1 1 1 1 00 5 
8 1 007  - 1 4  2 1  1 1 000000 1 000000 1 
8 1 008 - 1 4  22 1 1 000000 1 000000 1 
8 1 0 1 0  3 3 1  4 1 1 1 1 000 1 1 1 1 000 4 
8 1 0 1 3 - 1 4  22 2 1 1 00000 1 1 00000 2 

8 1 0 1 4  - 5 22 4 2200000 1 1 00000 2 
8 1 0 1 8  - 5  1 2  5 1 1 30000 1 1 1 0000 3 

8 1 022 4 2 1  5 1 1 1 2000 1 1 1 10 00 lJ 
8 1 024  208  1 2  5 2 1 1 1 000 1 1 1 1 000 4 
8 1 028 - 1 3  22 4 2 1 1 0000 1 1 1 0000 3 
8 1 029  62 1� 1 1 6 1 1 1 2 1 00 1 1 1 1 1 00 5 

8 1 032  1 6  1 1  7 4 1 1 1 000 1 1 1 1 000 /_J 
8 1 036  - 2 1 2  5 1 2 1 1 000 1 1 1 1 000 Lt 
8 1 040 84 2 1  6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
8 1 046  - 1  2 1  5 1 1 2 1 000 1 1 1 1 000 4 
8 1 057  84 2 1  6 1 1 22000 1 1 1 1 000 l,J 
8 1 07 3  1 2  32  5 1 1 1 2000 1 1 1 1 000 4 
8 1 08 4  - 1 2  3 1  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
8 1 09 1 - 1 6 1 1  3 1 1 1 0000 1 1 1 0000 3 

8 1 1 00 3 3 1  4 1 1 1 1 000 1 1 1 1 000 4 
8 1 1 28 208 2 1  5 2 1 1 1 000 1 1 1 1 000 4 
8 1 1 3 3 520 3 1  7 1 1 1 2 1 1 0  1 1 1 1 1 1 0 6 
8 1 1 36 4 3 1  9 2222 1 00 1 1 1 1 1 00 5 
8 1 1 1 4 0 1 1  1 0 3 1 1 220 1 1 1 1 1 1 0 1  6 ·  
8 1 1 52  8 1 1  5 1 1 1 2000 1 1 1 1 000 4 
8 1 1 72 9 3 6  1 1  6 1 1 1  2 1  00 1 1 1 1 1 00 5 

8 1 1 74 - 1  1 1  5 1 1 1 1 1 00 1 1 1 1 1 00 5 

8 1 1 84 884 3 2  5 1 1 1 1 1 00 1 1 1 1 1 00 5 

8 1 1 86 9813 1 2  5 1 1 1 1 1 00 1 1 1 1 1 CH.l 5 
8 1 1 92 4 1 2  6 2 1 1 1 1 00 1 1 1 1 1 00 5 

8 1 200 4 1 6  22 6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
8 1 205  - 4  1 2  5 1 1 1 2000 1 1 1 1 000  4 
8 1 22 1  64 22 6 1 1 22000 1 1 1 1 000 4 
8 1 2 3 5  8 1 2  4 1 1 20000 1 1 1 0000 3 
8 1 2 3 7  - 3  1 2  7 1 1 2 1 200 1 1 1 1 1 00 5 
8 1 2 3 8  - 1 1  1 1  1 1 000000 1 000000 1 
8 1 256 4 2 1  6 1 1 22000 1 1 1 1 000 4 
8 1 269 - 3  1 2  3 1 1 1 0000 1 1 1 0000 3 
8 1 28 3  - 1 4  22  2 1 1 00000 1 1 00000 2 
8 1 285  64 2 1  8 1 1 1 3 1 1 0 1 1 1 1 1 1 0 6 
8 1 28 7  7 8 0  2 1  6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
8 1 289 1 6 3 2  1 0  1 1 1 3 3 1 0  1 1 1 1 1 1 0 6 
8 1 298 3 1 1 9 1 1 1 2400 1 1 1 1 1 00 5 
8 1 302 208 1 2  6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
8 1 3 23  208  22  9 1 1 222 1 0  1 1 1 1 1 1 0 6 
8 1 340 76 1 1  4 1 1 1 1 000 1 1 1 1 000 4 
8 1 345 1 2  1 2  6 2 1 1 1 1 00 1 1 1 1 1 00 5 

82004 9 3 6  3 1  4 1 1 1 1 000 1 1 1 1 000 4 
82008 9 36 4 1  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
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Tabl e 2. (Continued) 

AUTOP AGE RS TO M1 2�4�X A�CQ�f� z 
820 15 96 1 2  6 1 1 2 1 1 00 1 1 1 1 1 00 5 
82027 208 1 1  5 1 1 1 1 1 00  1 1 1 1 1 00 5 
82039  -4  32  5 1 1 1 1 1 00 1 1 1 1 1 00  5 
8204 3 4 3 2  6 2 1 1 1 1 00 1 1 1 1 1 00 5 
82045 - 1 1 3 1  5 1 1 1 1 1 00 1 1 1 1 1 00 5 

82060 - 1 0  2 1  4 1 1 1 00 1 0  1 1 1 00 1 0  l+ 
82062 676 1 1 5 1 1 1 1 0 1 0  1 1 1 1 0 1 0  5 
82065 1 1 1  3 1 1 1 0000 1 1 1 0000 3 
82069 728 3 1  5 1 1 1  1 1  00 1 1 1 1 1 00 5 
82073  - 1 1  3 2  4 1 1 1 1 000 1 1 1 1 000 4 
82076 0 2 1  7 1 1 1 2200 1 1 1 1 1 00  5 
82084 728 32  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
82085 -6 2 1  6 1 1 22000 1 1 1 1 000 4 
82087 8 3 2  1 1  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
82096 780 3 2  6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 

82 1 0 3  3 2  1 1  7 1 1 1 2200 1 1 1 1 1 00 5 
82 1 1 4  728 1 1 6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
82 1 1 8  3 6  1 2  3 1 1 1 0000 1 1 1 0000 3 
8 2 1 25 8 2 1 6 1 1 1 3 000 1 1 1 1 000 4 
8 2 1 29 96 22 9 3 1 1 2200 1 1 1 1 1 00 5 

8 2 1 3 5  96 1 2  9 2 322000 1 1 1 1 000 4 
82 1 3 6 4 22  1 2  1 46 1 000 1 1 1 1 000 LI 

82 1 3 9 - 2  3 2  3 1 1 1 0000 1 1 1 0000 3 
8 2 1 40  1 lf 4 1 1  7 2 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
8 2 1 49 - 1 1 1 1  3 1 1 1 0000 1 1 1 0000 3 
8 2 1 50 1 44 1 1  8 1 1 3 2 1 00 1 1 1 1 1 00 5 
8 2 1 59 (J 3 1  4 1 1 1 10 00 1 1 1 1 000 4 
82 1 69 40 2 1  4 1 1 1 1 000 1 1 1 1 000 I+ 

8 2 1 8 1  4 1 1  1 3  4 1 3 3 200 1 1 1 1 1 00 5 
82 1 88 8 3 2  3 2  4 1 1 1 1 000 1 1 1 1 000 4 
82 1 89 96 1 2  4 1 1 1 1 000 1 1 1 1 000  4 
82 1 9 3 0 2 1  3 1 1 1 00 00 1 1 1  OO<JO 3 

822 1 0  - 7  22  3 1 1 1 0000 1 1 1 0000 3 
822 1 1 9 3 6  3 1  6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
82224 40 2 1  8 1 1 1 22 1 0  1 1 1 1 1 1 0 6 

82228 4 2 1  8 1 1 22200 1 1 1 1  1 00 5 
822 3 4  3 1 2  6 1 1 1 2 1 00 1 1 1 1 1 00 5 
822 36  -4  1 1  6 1 3 1 1 000 1 1 1 1 000 4 
82245 - 1 0  3 1  6 1 1 1 1 200 1 1 1 1 1 00 5 
82248 0 3 1  5 1 1 1 2000 1 1 1 1 000 4 
82257 68 1 2  9 1 1 2 3200 1 1 1 1 1 00 5 

82258 68 1 2  5 2 1 1 1 000 1 1 1 1 000 4 

82260 32 32 7 1 1 1 2 1 1 0  1 1 1 1 1 1 0 6 
82270 20  32  5 2 1 1 1 000 1 1 1 1 000 4 

82272 - 6  1 1  3 1 1 1 0000 1 1 1 0000 3 
8227 3  - 4  2 1  3 1 1 1 0000 1 1 1 0000 3 
82274 572 1 2  4 1 1 1 0 1 00 1 1 1 0 1 00 4 
82275 - 5  2 2  2 1 0 1 0000 1 0 1 0000 2 
8228 1 -4 1 2  5 1 1 2 1 000 1 1 1 1 000  4 
82283  208 3 1  1 0  4 1 2 2 1 00 1 1 1 1 1 00 5 

82286 32 2 1 6 1 1 1 20 1 0  1 1 1 1 0 1 0  5 
82287 - 1  1 1  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
82295 - 1 2  1 2  3 2 1 00000 1 1 00000 2 

82297 1 1 1 6 1 1 1 2 1 00 1 1 1 1 1 00 5 
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Table 2. (Continued ) 

AUTO P AGE RS TO M 1 2 3 4�X ABCOE F G  
82298 -4 11 5 1 1 111 0 1 1 1 1 100 5 
82303  - 1 0  2 1  6 2 1 2 1 000 1 1 1 1 000 4 
82 304 364 22 3 1 1 1 0000 1 1 1 0000 3 
82309  5 3 2  5 1 1 1 2000 1 1 1 1 000 4 
82 3 1 3 208 22 5 1 1 1 1 1 00  1 1 1 1 1 00 5 
82324  20  1 1 8 1 2 1 2200 1 1 1 1 1 00 5 
82 325  20  1 2  5 1 1 1 2000 1 1 1 1 000 4 
82326  - 1 1  22  5 1 1 1 2000 1 1 1 1 000 4 
82 3 3 1 1 44 1 1  9 222 1 200 1 1 1 1 1 00 5 
8 30 1 5 1 3 1  7 2 1 1 2 1 00 1 1 1 1 1 00 5 
8 3 0 1 6  1 2  3 2  4 1 1 1 1 000 1 1  1 1 000 ,� 
8 3 0 2 1  - 3  1 2  5 1 1 1 2000 1 1 1 1 000 4 
8 3025 2 1 1  8 1 1 42000 1 1 1 1 000 '-' 
83 029 2 2 1  4 1 1 1 0 1 00 1 1 1 0 1 00 4 
8 3 0 3 0  -2  1 1  8 2222000 1 1 1 1 001) 4 
8 3 0 3 1 20 22 6 3 1 1 1 000 1 1 1 1 000 4 
8 3 0 3 2  9 8 8  3 1  5 1 1 1 1 0 1 0  1 1 1 1 0 10 5 
8 3 0 3 4  -2  1 2  0 0000000 0000000 0 
8 3 0 3 5  4 4  3 2  1 2  3 1 1 1 3 3 0  1 1 1 1 1 1 0 6 
8 304 1 9 3 6  2 2  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
8 3 045 - 1 5 2 1  1 1 000000 1 000000 1 
8 3054  572 1 2  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
8 3 059 - 1 5  22 3 1 1 1 0000 1 1 1 0000 3 

8 3067  48 1 2  8 3 1 1 2 1 00 1 1 1 1 1 00 5 
83072  - 1 5 3 1  3 1 1 1 0000 1 1 1 0000 3 
83075  - 8  1 1  7 1 3 1 2000 1 1 1 1 000 4 
8 3 079 -8 2 1  2 2000000 1 000000 1 
8 3087  - 1 5 1 2  4 1 1 20000 1 1 1 0000 3 
83088  -9 1 1 5 1 220000 1 1 1 0000 3 
83089 - 1 3  2 1  5 2 1 1 1 000 1 1 1 0000 3 
8 3098 - 1 1, 1 1  1 1 000000 1 000000 1 
8 3 099 - 1 4  4 1  2 1 1 00000 1 1 00000 2 
8 3 1 00 2 1 2  6 1 2 1 2000 1 1 1 1 000 4 
8 3 1 02 28 22 6 3 1 1 1 000 1 1 1 1 000 4 
8 3 1 04 - 5  2 2  6 1 1 22000 1 1 1 1 000 4 
8 3 1 06 4 1 1 3 1 1 1 0000 1 1 1 0000 3 
8 3 1 09 3 1 1  1 0  2 1 2 3200 1 1 1 1 1 00 5 
8 3 1 1 1  - 1 4  2 1  0 0000000 0000000 0 
8 3 1 1 3  - 1 4  1 1  6 2 1 1 1 1 00 1 1 1 1 1 00 5 
8 3 1 1 6  728 2 1  4 1 1 1 1 000 1 1 1 1 000 4 
8 3 1 1 9  - 6  1 1 7 1 1 22 1 00 1 1 1 1 1 00 5 
8 3 1 2 1  4 22 5 3 1 1 0000 1 1 1 0000 3 
8 3 1 22 - 1 8  2 1  4 1 1 20000 1 1 1 0000 3 
8 3 1 25 2 3 1  5 1 2 1 1 000 1 1 1 1 000 4 

8 3 1 28 -9  3 1  4 1 1 1 1 000 1 1 1 1 000 4 
8 3 1 29 - 1 3  1 2  2 1 1 00000 1 1 00000 2 
8 3 1 3 1  - 1 8  2 2  0 0000000 0000000 0 
8 3 1 3 2  4 32 6 3 1 1 1 000 1 1 1 1 000 4 
8 3 1 3 8  - 1 4  1 1 1 0 1 00000 0 1 00000 1 
8 3 1 3 9 - 1 4  1 1 0 0000000 0000000 0 
8 3 1 40 4 1 1 7 222 1 000 1 1 1 1 000 4 
8 3 1 45 64 32  7 3 1 1 1 0 1 0  1 1 1 1 0 1 0  5 
8 3 1 46 - 1 3  1 2  3 1 1 1 0000 1 1 1 0000 3 
8 3 1 49 1 44 1 2  5 1 1 1 2000 1 1 1 1 000 4 
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Tab l e  2. (Continued) 

AUTOP  AGE RS  TO M 1 2 3 4�X ABCOE F G  
83151 -6 11 8 2122 100 1 1 1 1 1 00 5 
83 1 55 - 1  22 4 1 1 1 1 000 1 1 1 1000 4 
8 3 1 62 4 1 1  1 0  2 1 2 1 3 1 0  1 1 1 1 1 1 0 6 

8 3 1 64 - 1 4  1 2  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
83 1 65 - 1 3  1 1  3 1 1 1 0000 1 1 1 0000 3 
83 1 68 6 8  1 2  5 1 1 1 1 1 00  1 1 1 1 1 00  5 
8 3 1 70 3 1 2  1 1  8 1 1 1 22 1 0  1 1 1 1 1 1 0 6 

8 3 1 7 1  8 3 2  1 2  4 1 1 1 1 000 1 1 1 1 000 4 

8 3 1 72 2 22 8 1 1 22200 1 1 1 1 1  00 5 
8 3 1 73 1 20 2 1  7 1 222000 1 1 1 1 000 4 
8 3 1 7 5 - 1 3  2 1  1 1 000000 1 000000 1 
83 1 76 - 9 42 5 1 1 1 2000 1 1 1 1 000 l� 

8 3 1 78 40 2 1  1 0  2 1 222 1 0  1 1 1 1 1 1 () 6 
83 1 8 3 - 1 4  1 1  1 1 000000 1 ooonno 1 
83 1 84 8 3 2  1 1  4 1 1 1 1 000 1 1 1 1 000 4 
8 3 1 85 1 20 1 2  1 1  4 1 22 1 1 () 1 1 1 1 1 1 0 6 
83 1 88 1 2 1  4 1 1 1 1 000  1 1 1 10 00 4 
8 3 1 89 - 1 1) 22 1 1 000000 1 000000 1 
8 3 1 90 8 3 1 7 1 1 2 1 200 1 1 1 1 1 00 5 
83 1 94 - 1  3 1 5 1 1 1 1 1 00 1 1 1 1 1 00 5 
83 1 97 -4 1 1  4 1 1 1 10 00 1 1 1 1 000 lj 

8 3 1 99 1 20 22  4 1 1 1 1 000 1 1 1 1 000 4 
8 3 202 0 1 2  6 1 22 1 000 1 1 1  HJOO 4 
83203 -8 1 1  6 1 2 1 2000 1 1 1 1 000 4 
8 3205 8 32 4 2 1 1 0000 1 1 1 1)000 3 
83208 - 9 1 1  5 1 1 1 1 1 00 1 l 1 1 1  00 5 
8 3 2 1 0  - HJ 1 1  5 1 1 1 2000 1 1 1 1 000  4 
8 32 1 1 0 1 2  1 2  3 2 3 2200 1 1 1  1 1 00 5 
8 32 1 3  - 1 6  1 2  3 1 1 1 0000 1 1 1 0000 3 
8 32 1 4  - 8  1 1  3 1 1 1 0000 1 1 1 0000 3 
8 3220 1 20 1 2  5 1 1 2 1 000 1 1 1 10 00 4 
832 3 1 8 32  1 1 6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
8323 3 8 1 2  7 3 1 2 10 00 1 1 1 1 000 4 
8 3 2 3 4  , , 2 1  5 2 1 1 1 000 1 1 1 1 000  4 
8 3 2 3 6  - 1 4  1 1  4 2 1 1 0000 1 1 1 0000 3 
8 32 3 7  - 1 4  1 2  2 1 1 00000 1 1 00000 2 
83240 -8 22 4 4000000 1 000000 1 
8324 1 - 1 2  32  3 1 1 1 0000 1 1 1 0000 3 
8 3243  52 1 2  8 1 3 1 2 1 00 1 1 1 1 1 00 5 
8 3245 - 1 1 1 1  6 1 1 22000 1 1 1 1 000 4 

· 8 3246 - 1 2  1 2  0 0000000 0000000 0 
83247  4 2 1  4 1 1 1 1 000 1 1 1 1 000 4 
83248 - 1 4  1 2  0 0000000 0000000 0 
8 3 2 5 3  - 1 6  1 1 2 1 1 00000 1 1 00000 2 
8 3 2 54 - 1 3  1 2  3 1 1 1 0000 1 1 1 0000 3 

8 32 59 - 1 5 3 1  3 1 1 1 0000 1 1 1 0000 3 
8 3263  1 2  22 3 1 1 1 0000 1 1 1 0000 3 
8 3264 1 0  22 5 1 1 2 1 000 1 1 1 1 000  4 
83266 5 1 2  4 1 1 1 1 000 1 1 1 1  000 4 
8 3269 20 1 2  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
83272 3 6  1 2  4 1 1 20000 1 1 1 0000 3 
8 3274 96 22  9 1 1 222 1 0  1 1 1 1 1 1 0 6 
8 3280 - 3  22 7 1 222000 1 1 1 1 000 4 
8 3282 - 1  1 2  7 2 1 22000 1 1 1 1 000 4 
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Table 2. (Continued) 

AUTO P AG E RS T O  M 1 2J42X ABCDEFG 
8 3 2 87 3 22 4 2110000 1 1 1 0000 3 
8329 1 8 1 1  1 1  2 2 1 3 2 1 0  1 1 1 1 1 1 0 6 
83 294 1 2  1 2  4 1 1 1 1 000 1 1 1 1 000 4 
8 3296 4 3 2  5 1 1 1 2000 1 1 1 1 000 4 
83297  - 1 1 3 2  4 1 1 1 1 000 1 1 1 1 000 4 
8 3298 - 1 3  1 2  5 2 1 20000 1 1 1 0000 3 
8 3 3 03  8 22 9 2 1 22200 1 1 1 1 1 00 5 

8 3 304 -4 22 3 1 1 1 0000 1 1 1 0000 3 
8 3 3 1 7  - 2  32  5 1 1 1 1 1 00 1 1 1 1 1 00 5 

8 3 3 1 8  364  1 2  4 1 1 1 1 000 1 1 1 1 000 4 
8 3 3 22 - 8  1 1  3 1 1 1 0000 1 1 1 0000 3 
8 3 32 3  - 2  1 2  6 1 2 1 2000 1 1 1 1 000 Ll 
8 3 32 5  1 2  3 1  8 2 1 22 1 00 1 1 1 1 10 0  5 

8 3 327  8 1 2  6 1 1  ;� 2000 1 1  1 1  001.l 4 
8 3 3 28 88 1 1  7 1 1 1 2 1 1 0  1 1  1 1 1 1  U 6 

8 3 3 32 - 1 1  1 1  5 1 220000 1 1 1 1 001) 4 
8 3 3 3 3  28 22 4 1 1 1 1 000 1 1 1 1 000  4 
8 3 3 3 5  6 1 1 7 1 1 22 1 00 1 1 1 1 1 00 5 

8 3 3 3 7  - 3  3 1  5 1 1 1 2 000 1 1 1 10 00 4 
8 3 3 38 -2  1 1  3 1 1 1 0000 1 1 1 0000 3 
8 3 3 3 9  4 1 2  0 0000000 0000000 0 
8 3 3 LJO 0 1 2  5 1 1 1 2000 1 1 1 1 000 4 
8 3 3 4 3  4 1 1  5 2 1 1 1 000 1 1 1 1 000 I� 
8 3 345  - 1 6  1 1  3 2 1 00000 1 1 00000 2 
83 356  2 1 1  9 3 1 22 1 00 1 1 1  1 1 00 5 

8 3 357 - 7 1 1  2 1 1 00000 1 1 00000 2 
8 3 3 5 8  7 2 8  1 2  4 1 1 1 10 00 1 1 1 1 000 4 
8 3 3 59 8 3 1  5 1 1 1 2000 1 1 1 1 000 4 
8 3 3 6 3  8 1 2  3 3 000000 1 000000 1 
8 3 368  1 2 1  4 1 1 1 1 000 1 1 1 1 000 4 
8 3 370  8 1 1 1 0  2 3 3 2000 1 1 1 1 000 4 
8 3 3 7 1  4 32  2 1 1 00000 1 1 00000 2 
8 3 3 77 - 1 6  1 1 1 1 000000 1 000000 1 
8 3 382  -4  32  3 1 1 1 0000 1 1 1 0l)00 3 

8 3 386  208 1 1 6 1 1 1 1 1 1 0 1 1 1 1 1 1 0 6 

84002 8 1 2  9 422 1 000 1 1 1 1 000 4 
84004 4 1 2  4 1 1 1 1 000 1 1 1 1 000 4 
84005 4 3 1  6 1 1 1 2 1 00 1 1 1 1 1 00 5 
84006 - 1 1  22 3 1 1 1 0000 1 1 1 0000 3 

840 1 1 - 4 3 1  5 2 1 1 1 000 1 1 1 1 000 4 

840 1 9  1 6  1 1  6 1 1 22000 1 1 1 1 000 4 
84022 1 2 1  8 1 222 1 00 1 1 1 1 1 00 5 
8 402 3 4 3 1  8 3 1 22000 1 1 1 1 000 4 
8403 2  - 1 1 1 2  4 1 1 1 1 000 1 1 1 1 000 4 
84037  1 2  1 2  4 1 1 1 1 000 1 1 1 1 000 4 
8 4040 32 1 1  4 1 0 1 1 0 1 0 1 0 1 1 0 1 0  4 
8404 1 - 4  1 1  9 3 222000 1 1 1 1 000 4 
84042 - 1  3 1  9 3 1 2 3000 1 1 1 1 000 4 
84046 - 3 1 2  5 1 1 1 2000 1 1 1 1 000 4 
84048 1 2  3 1  6 22 1 1 000 1 1 1 1 000 4 
84050 - 1 6  1 2  4 1 1 20000 1 1 1 0000 3 
8405 1 3 1 2  6 2 1 1 1 1 00 1 1 1 1 1 00 5 

84058 40  1 2  4 1 1 1 1 000 1 1 1 1 000 4 
84059 4 3 1  1 0 6220000 1 1 1 0000 3 
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Tabl e 2 .  ( Conti nued )  

A!.!TO P  AQ� R S  TQ Ml,J!;t�X �CQ�;FQ 
8406 1 - 4  3 1  5 1 1 1 2000 1 1 1 1 000 4 
8406 3 4 1 1 9 2 1 3 2 1 00 1 1 1 1 1 00 5 
84067 88 1 2  7 3 1 1 2000 1 1 1 1 000 4 
84068 2 1 1 5 1 1 1 1 1 00 1 1 1 1 1 00 5 
84072 96  1 2  4 1 1 1 1 000 1 1 1 1 000 4 
84074 450 22 7 1 222000 1 1 1 1 000 4 
8 4076 1 1 2  5 1 1 1 2000 1 1 1 1 00 0  4 
8lJ077  3 2 1  9 1 1 2 3 200 1 1 1 1 1 00 5 
84084 -6  1 2  6 2 1 2 1 000 1 1 1 1 000 4 
84088 3 1 2  3 1 7 1 1 1 2200 1 1  1 1 1 00 5 
84090 - 5  2 2  6 2 1 1 2000 1 1 1 1 000 4 
84094 0 1 2  5 2 1 1 1 000 1 1  1 1 000 lj 

84 1 02 - 1 3  22 7 2 1 22000 1 1 1 1 000  4 
84 1 06 - 1 3  1 2  0 0000000 0000000 0 
84 1 07 - 1 2 22 4 2 1 1 0000 1 1 1 0000 3 
84 1 08 - 2  22 3 1 1 1 0000 1 1 1 0000 3 
84 1 1 1  - 2  2 1 8 322 1 000 1 1 1 1 000 4 
8 4 1 1 3  468 22 4 1 1 1 1 000 1 1 1 1 000 4 
84 1 29 0 42 6 1 32 0000 1 1 1 0000 3 
8 4 1 34  - 1 6  2 1  2 0 1 1 0000 0 1 1 0000 2 
84 1 3 6 - 1 6  2 1  1 1 000000 1 000000 1 
84 1 38 0 1 2  9 222 2 1 00 1 1 1 1 1 00 5 
84 1 4 1  4 1 6  1 1 5 2 1 1 1 000 1 1 1 1 000 4 
84 1 4 4 4 42 5 2 1 1 1 000  1 1 1 1 000 4 
84 1 46 -4  1 2  7 2 1 22000 1 1 1 1 000 4 
84 1 5 1 4 1 2  3 1 1 1 0000 1 1 1 0000 3 
84 1 5 3 - 6  3 1 5 2 1 20000 1 1 1 0000 3 

84 1 54 - 7  1 1 5 2 1 1 1 000 1 1 1 1 000 4 
84 1 55 - 1 3  1 1  7 1 1 22 1 00 1 1 1 1 1 00 5 
84 1 56 - 2  3 1 8 1 1 3 3 000 1 1 1 1 000 4 
84 1 62 4 2 1  8 3 1 22000 1 1 1 1 000 4 
84 1 64 2 42 5 2 1 1 1 000 1 1 1 1 000 4 
84 1 66 - 3  3 1 8 2 1 2 3 000 1 1 1 1 000 4 
84 1 67 - 1 0  1 1  6 1 1 2 1 1 00 1 1 1 1 1  00 5 

84 1 69  - 3  2 1  3 1 1 1 0000 1 1 1 0000 3 

84 1 7 3 - 1 5  1 2  4 2 1 1 0000 1 1 1 0000 3 
84 1 82 - 1 4  1 1  1 0 1 00000 0 1 00000 1 
84205 - 1 4  1 1  3 0 1 1 1 000 0 1 1 1 000 3 
84206 - 1 4  1 2  3 1 1 1 0000 1 1 1 0000 3 
84207 1 6  2 1  1 0  32 1 2200 1 1 1 1 1 00 5 
842 1 4  - 4  1 2  4 1 1 1 1 000 1 1 1 1 000 4 
842 1 5 - 1 1  3 1 0 0000000 0000000 0 
8422 1 4 1 1  6 1 1 1 2 1 00 1 1 1 1 1 00 5 
84222 20 1 2  6 2220000 1 1 1 0000 3 
84223  - 1 7  2 1  1 1 000000 1 000000 1 
84227 2 1 2  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
84228 4 2 1  4 1 1 1 1 000 1 1 1 1 000 4 
84229 - 1 5 1 1  0 0000000 0000000 0 
84230  - 1 5  1 1  0 0000000 0000000 0 
84237  4 22 5 1 1 2 1 000 1 1 1 1 000 4 
8424 1 4 32 6 1 2 1 2000 1 1 1 1 000 4 
84247  2 2 1  6 1 1 22000 1 1 1 1 000 4 
84252 4 2 1  4 1 1 1 1 000 1 1 1 1 000 4 
84253  780 1 1  9 1 1 222 1 0  1 1 1 1 1 1 0 6 
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Tabl e 2. (Continued ) 

AUTOP  AGE RS TO M 1 2�42X ABCj2E F� � 
84255 8 32 5 2 1 1 1 000 1 1 1 1 000 4 
84257  520 1 2  5 1 1 1 1 10 0  1 1 1 1 1 00 5 
84262 0 3 1  6 2 1 2 1 000 1 1 1 1 000 4 
84267 - 1 5  3 2  !J 1 1 1 1 000 1 1 1 1 000 4 
84268 - 1 5  1 2  4 2 1 1 0000 1 1 1 0000 3 
84269 - 1 5 1 2  5 2 1 20000 1 1 1 0000 3 
84273  9 3 2  5 1 1 1 1 1 00 1 1 1 1 1  no 5 
84274  - 8  3 1  4 1 1 1 1 000 1 1 1 1 000 4 
8 11 275  20  1 1  3 1 1 1 0000 1 1 1 0001) 3 
84282 - 6 3 1  6 1 1 2 1 1 00 1 1 1 1 1 00 5 

84288 28  2 1  8 3 1 22000 1 1 1 1 000 4 
8 !1 289 8 3 1  , .. 2 1 1 0000 1 1 1 0000 4 
84290 468 1 2  5 1 1 2 1 000 1 1 1 1 000 4 
84293  0 3 2  0 0000000 0000000 0 
8 4 3 09 - 3  -1 1 5 1 1 1 1 1 00 1 1 1 1 1 00 5 

843 1 0  0 42  4 1 1 1 1 000 1 1 1 1 000 4 
843 1 1  - 1 2  1 2  3 1 1 1 0000 1 1 1 0000 3 
843 1 5  - 1 5  42  3 1 1 1 0000 1 1 1 0000 3 
8 LJ 3 2  3 - 1  1 1  5 1 1 1 2000 1 1 1 1 000 4 
84324  - 1 0  2 1  5 1 1 2 1 000 1 1 1 1 000 4 
8 1� 329  - 5 2 1  5 1 1 1 2000 1 1 1 1 000 4 
84 3 3 5  - 1 4  2 1  0 0000000 0000000 0 
84 3 3 8 1 44 1 1 7 1 22 1 1 00 1 1 1 1  1 00 5 
84 3 4 1  - 3 2 1  3 1 1 1 0000 1 1 1 0000 3 
8 4 3 4 4  - 1 0  2 1  1 l OOOOOIJ 1 000000 1 
8 4 3 4 8  - 1 2  3 1 5 1 1 1 2000 1 1 1 1 000 ti 
84 3 5 1 1 2  2 1  6 1 1 22000 1 1 1 1 00() 4 
8436 1 780 4 1  4 1 1 1 1 000 1 1 1 10 00 ,� 
8 4 3 6 7  4 3 1  7 3 1 1 2000 1 1 1 1 000 l.1 
84 3 70 0 1 2  8 2 1 2 3 000 1 1 1 1 000 ,� 
84 3 7 3  1 3 1  6 2 1 2 1 000 1 1 1 1 000 4 
3 5256  20 1 1  5 1 1 1 1 1 00 1 1 1 1 1 00 5 
3 5264 468  1 1  7 1 1 1 2 1 1 0  1 1 1 1 1 1 0 6 
3 5295 1 44 3 1  7 1 1 1 2200 1 1 1 1 1 00 5 
3 53 7 1  1 20 1 2  4 1 1 1 1 000 1 1 1 1 000 4 
3545 1 208 2 1  5 2 1 20000 1 1 1 0000 3 
3 5604 60 3 1  1 0  2222200 1 1 1 1 1 00 5 
35665  364  1 1  5 1 1 1 1 0 1 0  1 1 1 1 0 1 0  5 

3 5668 60 1 1  9 4 1 1 1 1 1 0 1 1 1 1 1 1 0 6 
35669 260 1 1  6 1 1 22000 1 1 1 1 000 4 
3 5703  520 1 1  9 1 1 3 2 200 1 1 1 1 1 00 5 
46 1 57 3 1 2  1 1  7 1 1 22 1 00 1 1 1 1 1 00 5 

46 1 87 1 44 2 1  6 1 1 1 2 1 00 1 1 1 1 1 00 5 
8 4 3 7 5  - 2  2 1  8 1 1 22200 1 1 1 1 1 00  5 
84380  40 2 1  5 1 1 2 1 000 1 1 1 1 000 4 
84382  988  2 1  5 1 1 1 2000 1 1 1 1 000 4 
8 4 3 8 4  3 2 1  8 2 1 22 1 00 1 1 1 1 000 4 



Tab l e 3 .  

GD 
ON 
OD 
WO 
ss 

GA 
LB 
OS 
PH 
BP 
BO 
HY 
OU 
TR 
BC 
SD 
TS 
HG 
P l  
NB 
CD 
NO 
TA 
CP 
C l  
DH 
SH 
CT 
GR 
SC 
SB 
NC 
BH 
HD 
CN 
GS 
NS 
HM 
PD 
cs 

CH 
B l  
ow 
PM 
DD 
LB 
SP 
JP 
PW 
NE 

D iseases or Cond i t i ons Contr i but ing to Death L isted by Code and Non- Abbreviated Form 

Gauchers d i sea se 
Desmop l ast ic  cerebra l neurobastoma 
Ol i vopontocerebel lar  degenerat ion 
Werding-Hoffmann ' s  di sease 
Subg l ott ic  stenos i s  
Gastroenteri t i s  
Laryngotracheobrochi t i s  
Down syndrome 
Pulmonary hypertens ion 
Bronchopneumon i a  
Bronchopu lmonary dysp l a s i a  
Hy rocepha 1 i c 
Doubl e  ureters 
Trauma , automob i l e cra sh ,  po i son i ng ,  asph i x i a , gunshot 
Bacteremi a 
Sudden i nfant death syndrome 
Turners syndrome 
Heni ngococcoss i s  
Pl acenta l i nsuffiency o r  pl acental i nfarct i on 
Neu rob 1 as toma 
Congen i ta l  heart d i sease 
Unknown 
Theraputic abort ion 
Cerebra 1 pa l sy 
Comp l i cat ions of inmmf ty 
Severe dehydrat ion 
Severe ma l nutri t ion 
Congeni ta l  tyrose11111ia 
Growth reta rdation 
S i ckl e-cel l anemi a 
Sp ina l  b i f i da 
neurocutaneous melanoma syndrome 
Bra i n  he111110rage 
Hi nschspri ng ' s  d i sease 
Cystopyel onephri t i s  
gastrosch i s i s  
nephroti c  syndrome 
Multiple  congeni ta l  ma l format i ons 
Gl ucose 6-PDH d i ffiency 
Congeni ta l  syphi l i s 
Congeni tal inega l encepha ly 
Bl ood i ncompat ib i l i ty ;  c l ott i ng prob l ems 
Owarfi sm; thanatrophi c ,  p i tu i ta ry ,  achordrop l ast i c  
Psychogen i c  ma l nutri t ion 
Duchennes dystrophy 
Lymphobl ast i c  l eukemi a 
Sept i cemi a 
Juven i l e  papi l l omatos i s  
Prader-Wi l l i  syndrome 
Necrot i z i ng enterocol i ti s  

PC 
JB 
RS 
HG 
CF 
LL 
HS 
I D  
HD 
CH 
CA 
AC 
CE 
KO 
RD 
JD 
vs 
PS 
HT 
ML 
NB 
IA 
HH 
PG 
HY 
HM 
L E  
MF 
MA 
ES 
HP 
AP 

Porta l c i rrhos i s  
Jansky-B ie l schousky syndrome 
Reyes syndrome 
Men i ngococcos i s  
Cyst ic  f i bros i s  
Lymphocyt i c  l eukemi a 
Materna l syphi l i s 
lnmature devel opment 
Materna l d i abetes 
Congen i ta l  d i aphramatic  hern i a  
Acute chorioamn ion i t i s  
Anencepha ly 
Cerebra 1 endema 
K i dney dyspl a s i a  
Respi ratory d i stress syndrome 
Juven i l e d i abetes 
Vater syndrome 
Post-mature syndrome 
H i st iocytos i s  
Myebgenus l eukemi a 
Nes i dobl astos i s  
I ntrauteri ne anox i a  
Materna l hypertens i on 
Pu lmonary hypertens i on 
Hyocardi t i s  
Hya l i ne membrane d i sease 
Lupus erythematosus 
Materna l fa i l ure ;  knot in umb i l i ca l  cord , traumat i c  del i very 
Heconi um aspi rat i on 
Ewi ngs sa rcoma 
Hyperostos i s  
Abrupt i o  pl acenta 

__, 
..i::-, 
O'\ 



Table 4. The Possible Ossification Patterns 
Observed in Fetus and Newborns Gestational 
Ages 18 to 38 Weeks 

Total I H l 2 J ' 5 X Percent of 
of centers Occurrence 

0 0 0 0 0 0 0 0 
2 0 0 l l 0 0 0 
l 0 l 0 0 0 0 0 
2 0 l l 0 0 0 0 
J 0. l l l 0 0 0 
l 0 0 0 0 0 0 0 7 
2 l 0 l 0 0 0 0 . 
J l 0 l l 0 0 0 
2 l l 0 0 0 0 0 ' l l 0 2 0 0 0 
J l l l 0 0 0 0 2 5  ' l l l 0 l 0 0 ' l l l l 0 0 0 10  
5 l l l l l 0 0 . 
7 l l l l J 0 0 
6 l l l l 2 0 0 
5 l l l 2 0 0 0 11  
6 l l l 2 l 0 0 l 
7 l l l 2 2 0 0 . 
8 l l l 2 J 0 0 
1 0  l l 1 2 5 0 0 
6 l 1 l J 0 0 0 ' 1 l 2 0 0 0 0 l 
5 l 1 2 l 0 0 0 2 
7 l l 2 l 2 0 0 . 
6 1 l 2 2 0 0 0 
7 l l 2 2 1 0 0 
8 l 1 2 2 2 0 0 
g 1 1 2 2 J 0 0 
7 l l 2 J 0 0 0 
g l l 2 J 2 0 0 
8 1 l J J 0 0 0 
8 1 1 ' 2 0 0 0 
J 1 2 0 0 0 0 0 
5 1 2 1 1 0 0 0 l 
6 l 2 1 2 0 0 0 2 
5 l 2 2 0 0 0 0 l 
6 l 2 2 l 0 0 0 . 
7 l 2 2 2 0 0 0 
g l 2 2 2 2 0 0 
6 l J l l 0 0 0 
7 l J l 2 0 0 0 
6 l J 2 0 0 0 0 
2 2 0 0 0 0 0 0 
J 2 l 0 0 0 0 0 ' 2 l l 0 0 0 0 J 
5 2 l l 0 l 0 0 . . 
J 2 l l 1 0 0 0 ' 2 1 l l l 0 0 ' 2 l l 2 0 0 0 
6 2 l l 2 2 0 0 
5 2 l 2 0 0 0 0 
6 2 l 2 l 0 0 0 
7 2 l 2 2 0 0 0 
8 2 l 2 2 l 0 0 
8 2 l 2 J 0 0 0 
10  2 l 2 3 2 0 0 ' 2 2 0 0 0 0 0 
7 2 2 2 l 0 0 0 
8 2 2 2 2 0 0 0 
g 2 2 2 2 l 0 0 
10  2 2 2 2 2 0 0 . 
8 2 2 J l 0 0 0 
7 3 l l l l 0 0 
8 J l l 2 l 0 0 
1 0  J l l 2 3 0 0 
9 J l 2 J 0 0 0 
8 3 2 2 l 0 0 0 
6 J 2 2 2 0 0 0 
12  J 2 J 2 2 0 0 ' ' 0 0 0 0 0 0 
1 3  ' l 3 J 2 0 0 
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Table 5. Possible Number of Ossification Centers in each 
Segment of the Sternum and the Percent of Occurrence 
as Observed in Fetus and Newborns Gestational Ages 
18 to 38 Weeks 

Manubr i u m  s t e r ne b r a  l s t e r ne b r a  2 s t e r nebr a 3 s t e r ne b r a  4 

# % # % # % # % # % 

0 2 0 l 0 1 5  0 4 1  0 8 5  
l 7 6  l 8 4  l 5 8  l 2 5  l 8 
2 1 9  2 1 4  2 2 5  2 2 5  2 5 
3 2 3 l 3 2 3 9 3 2 
4 * 4 * 4 * 
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Tabl e 6. The 63 Possible Ossification Patterns Observed in 
Infants Ages l to 36 Months 

Tota l  I " l 2 

of Centers 

4 l 0 l 
J l l l 

4 l l l 

5 l l l 

6 l l l 

5 l l l 
6 l l l 
6 l l l 
7 l l l 
7 l l l 
e l l l 
6 l l l 

e l l l 
10  l l l 
4 l l 2 
5 l l 2 
6 l l 2 
7 l l 2 

6 l l 2 
7 l l 2 
e l l 2 
9 l l 2 

e l l 2 
9 l l 2 
e l l J 
6 l 2 l 

e l 2 l 
7 l 2 2 
7 l 2 2 
e l J l 

6 l J 2 
1 2  l 4 6 
4 2 l l 

s 2 l l 

7 2 l l 

10  2 l 2 
7 2 l 2 
e 2 l 2 
9 2 l 2 
1 0  2 l 2 
6 2 2 l 

1 1  2 2 l 

6 2 2 2 
9 2 2 2 
10  2 2 2 
9 2 J 2 
1 0  2 J J 
J 3 0 0 

6 3 l l 
7 3 l l 

1 2  J l l 

7 J l l e J l l 

9 J l l 

7 J l 2 

e J l 2 

1 0  3 2 l 

7 4 l l 

9 4 l l 

1 1  4 l 2 

1 1  4 l 2 
9 4 2 2 
1 0  6 2 2 

J s 

l 0 l 

0 0 0 

l 0 0 

l l 0 

l l l 

2 0 0 

2 0 l 

2 l 0 
2 l l 

2 2 0 

2 2 l 

J 0 0 

J l l 

J J l 

0 0 0 

l 0 0 

l l 0 

l 2 0 

2 0 0 

2 l 0 

2 2 0 

2 2 l 

J 0 l 

J 2 0 

2 l 0 

l l 0 

2 2 0 

l l 0 

2 0 0 

2 l 0 

0 0 0 

l 0 0 

0 0 0 

l 0 0 

l l l 

l J l 

2 0 0 

2 l 0 
2 2 0 

2 2 l 

l 0 0 

J 2 l 

0 0 0 

l 2 0 

2 2 0 

2 0 0 

2 0 0 

0 0 0 

1 0 0 
l 0 l 

l J J 

2 0 0 

2 l 0 

2 2 0 

l 0 0 

2 0 0 

2 2 0 

l l 0 

l l l 

2 l l 

J l 0 

l 0 0 

0 0 0 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

J 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Percent of 

Occurrence 

J 

1 4  
2 

2 

7 

4 

2 

J 

2 . 
2 

2 . 
4 

2 . . . . 
2 . 

4 . 
2 
2 . 

2 . 
2 
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Table 7 .  Possible Number of Ossification Centers in each Segment 
of the Sternum and the Percent of Occurrence as 
Observed in Infants Ages 1 to 36 Months 

Ma nubr i um s t e r nebra  l s t e r nebra  2 s t e r neb r a  3 s t e r nebra  4 

# % • % # % • % • % 

0 0 0 * 0 * 0 9 0 6 0  

l 6 8  l 8 4  l 6 2  l 4 1  l 2 2  
2 1 7  2 1 1  2 3 5  2 4 2  2 1 5  
3 1 0  3 3 3 l 3 8 3 3 
4 4 4 * 
6 * 6 * 

s t e r ne b r a  5 

# % 

0 8 2  
l 1 7  
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Table 8 .  The 1 3  Possible Ossification Patterns and the ir  Percentage 
of Occurrence in Chil dren 4 to 6 Years of Age 

Tota  1 i M l 2 3 4 5 X Pe r cen t o f  
of  ce n te r s  Occurrence 

4 l l l l 0 0 0 6 
5 l l l l l 0 0 1 1  

6 l 1 l l l l 0 1 1  

5 l l l 2 0 0 0 6 
7 l l l 2 2 0 0 6 

8 l l l 2 2 l 0 6 

6 l l 2 2 0 0 0 6 

7 l l 2 2 l 0 0 6 

9 l l 2 2 2 l 0 6 
5 2 l l l 0 0 0 1 7  
7 2 l l l 2 0 0 6 

5 2 l 2 0 0 0 0 6 



Table 9. Possi b le  Number of Ossi fi cati on Centers i n  each Segment 
of the Sternum and Percent of Occurrence as Observed i n  
Children 4 to 6 Years of Age 

Manubr i um s t e r nebra  l s t e r nebra  2 s t e r nebra  3 s t er nebra  4 

• % i % i % i % i % 

0 0 0 0 0 0 0 6 0 4 1  
l 6 5  l 1 0 0  l 7 1  l 5 3  l 3 5  
2 2 9  2 2 9  2 4 1  2 2 4  
4 6 

s te rnebra 5 

# % 

0 7 6  
l 2 4  

1 5 1 

Table  1 0. The 8 Possibl e Ossificat i on Patterns and their Percentage 
of Occurrence in Chi ldren 7 to 9 Years of Age 

Tot a l # M l 2 3 4 5 X Pe rcent  of  
of  Centers  Occurrence 

3 l l l 0 0 0 0 1 0  

4 l l l l 0 0 0 2 0  

5 l l l 1 l 0 0 1 0  

6 1 1 1 l l l 0 2 0  

7 1 1 1 2 1 1 0 1 0  

5 2 1 1 2 0 1 0 1 0  
7 2 1 1 2 0 1 0 1 0  

5 1 1 1 1 l 0 l 1 0  



Table 11 . Possible Number of Ossification Centers in each Segment 
of the Sternum and their Frequency of Occurrence in 
Children 7 to 9 Years of Age 

Manub r i um 

' 
0 0 

l 1 0 0  

sternebra 5 

f ' 

0 0 

sternebra 1 

' 
0 0 

l 1 0 0  

sternebra 2 aternebra 3 sternebra 4 

' ' ' 
0 0 0 17  0 67  

l 6 7  l 67 l 33  
33  
17 
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Table 12 . The 4 Possible Ossification Patterns and their Percentage 
of Occurrence in Pre-Adol escents 10 to 12 years 

Table 13 . 

To t a l  # M l 2 3 4 5 X Pe r c e n t  o f  
of cen t e r s  Occurrence 

5 1 l l l 0 0 l 3 3  

5 l l l l l 0 0 3 3  

l 1 3 0 0 0 0 1 7  
l l 3 4 0 0 0 1 7  

Possible Number of Ossification Centers in each Segment 
of the Sternum and the Frequency of Occurrence in Pre­
Adolescents 10 to 12 Years 

Manub r i um s te r ne b r a  l s te r neb r a  2 s t e r ne b r a  3 s t e r nebr a 4 

# % # % • % # % # 
,-

0 0 0 0 0 0 0 1 7  0 6 7  
l 1 0 0  l 1 0 0  1 6 7  l 6 7  l 3 3  

3 3 3  
4 1 7  

s te r nebra  5 

# % 

0 0 
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Table 14. The 6 Possible Ossification Patterns and their Percentage 
of Occurrence in Adolescents 13 to 15 Years 

Tota l  I M l 2 3 4 5 X Pe rcent  of  
of  Cente r s  Occurrence ---------------------------------------------------

4 l 1 . l l 

5 1 l l 1 

6 l l l l 

5 1 l l l 

9 l l 2 2 

6 l l 2 2 

0 0 

l 0 

1 l 

0 0 

2 l 

0 0 

0 

0 

0 

l 

0 

0 

5 0  

2 6  
8 
8 
8 
8 

----· · - . -·· . 

Table 15. Possible Number of Ossification Centers in each Segment 
of the Sternum and the Frequency of Occurrence in 
Adolescents 13 to 15 Years 

Manubr i um s t e r nebra  l s t e r nebra  2 s t e r nebra  3 s t e r nebra  4 

• % • % • % • % • % 

0 0 0 0 0 0 0 0 0 58  
l 1 0 0  l 1 0 0 ,  l 8 3  l 8 3  1 3 3  

2 1 7  2 1 7  2 8 

s te r nebra  5 

# % 

0 8 3  
1 1 7  

Table 16. The 7 Possible Ossification Patterns and their Percentage 
of Occurrence in Late-Adolescents 16 to 19 Years 

Tota l  t 
of Cen t e r s  

M l 2 3 4 5 X Percent  of  
Occurrence ---------------------------------------------------4 l l l l 0 0 0 2 7  

5 l l l l 0 l 0 5 
5 l l i l l 0 0 2 7  

6 l l l l l l 0 2 7  
5 l 1 l 2 0 0 0 5 
6 l 1 l 2 l 0 0 5 

3 l l l 0 0 0 0 5 



Table 17. Possible Number of Ossification Centers in each Segment 
of the Sternum and the Frequency of Occurrence in Late­
Adolescents 16 to 19 Years 

Manubr i um ste r nebra  1 s t e r nebra  2 s te r nebra  3 s t e r nebra  4 

t ' t ' • % t % • % 

0 0 0 0 0 0 0 5 0 4 2  
l 1 0 0  l 1 0 0  l 1 0 0  l 8 4  l 5 8  

1 1  

ste r nebr a 5 

# % 

0 6 8  
1 3 2  
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Tabl e 1 8 .  Resul ts of Sort Procedure: 
1 55 AGE vs TO 

Age Standa rd Mi nimum Max ina.,m 
i n  Weeks Mean Dev i at ion Variance Observati ons Va l ue Va l ue 

18g 2 .419  1 . 688 2 .851 31 0 5 
28g 3 . 656 1 . 988 3 . 953 125 0 1 1  
38g 5 . 696 2 . 270 5 . 157 145 0 13 
10 5 .87 1 1 . 949 3 . 798 39 3 1 1  
20 6 . 375 1 . 892 3 . 583 16 3 10 
30 5 . 900 1 . 595 2 . 544 10 4 8 
40 6 . 200 2 . 936 8 . 622 10 3 12  
50 8 . 000 . 0  . o  2 8 8 
60 8 . 000 1 . 581 2 . 500 5 6 10 
70 6 . 250 1 .892 3 . 583 4 5 9 
80 5 . 333 1 . 154 1 . 333 3 4 6 
90 8 . 333 2 . 309 5 .333 3 7 1 1  

100 6 . 833 2 . 483 6 . 166 6 4 9 
120 6 . 200 2 . 949 8 . 700 5 5 1 1  
130 8 . 000 , 0  . o  1 8 8 
140 6 .875 1 . 246 1 . 553 8 5 9 

Table 1 9 .  Resul ts of Sort Procedure: 
AGE vs z 

Age Standard Mi nimum Maximum 
in Weeks Mean Dev iat i on Vari ance Observati ons Va l ue Val ue 

18g 2 .096 1 . 374 1 . 890 3 1  0 4 
28g 2 . 936 1 . 348 1 . 818 125 0 5 
38g 4 .04 1 . 963 . 928 145 0 6 

10 4 . 179 . 913  .835 39 1 6 
20 4 . 437 .81 . 662 16 3 6 

30 4 . 500 .707 . 550 10 4 6 
40 4 , 600 1 . 264 1 . 600 10 3 6 

50 5 . 000 . o  . o  2 5 5 
60 5 . 200 .836 . 700 5 4 6 
70 5 .000 .816 . 666 4 4 6 
80 4 . 666 1 . 154 1 . 333 3 4 6 
90 5 .000 1 . 000 1 . 000 3 4 6 

100 4 .666 .816 , 666 6 4 6 
120 4 . 400 .894 . 800 5 4 6 

130 5 . 000 . o  . 0  1 5 5 
140 4 .875 . 640 . 4 10 8 4 6 
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Tabl e 20 . Results of Sort Procedure : s vs AGE 

Age Standard Mi nimum Max imum 
Sex in Weeks Mean Dev iat ion Variance Observations Va l ue Va l ue 

Ma l e  18g 1 . 7 14 1 . 325 1 . 758 14 0 4 
Female 18g 3 ,000 1 . 767 3 . 125 17 0 5 

Ma l e  28g 3 .823 2 . 265  5 . 132 68 0 1 1  
Female 289 3 . 456 1 . 593 2 . 538 57 0 7 

Ma l e  38 6 ,034 2 . 207 4 .870 87 1 13 
Fema l e  38 5 . 189 2 . 290 5 . 244 58 0 12 

Ma l e  1 0  6 .875 1 .892 3 . 583 16 4 1 1  
Female  1 0  5 . 173 1 . 696 2 . 877 23 3 9 

Ma l e  20 6 .500 1 . 957 3 . 833 10 3 10 
Female  20 6 . 166 1 . 940 3 . 766 6 5 10 

Ma l e  30 6 , 333 1 . 632 2 . 666 6 4 8 
Fema le  30 5 . 250 1 . 500 2 . 250 4 4 7 

Ma l e  40 6 . 500 2 . 167 4 , 700 6 4 10 
Female  40 5 . 750 4 . 1 93 17 . 583 4 3 12 

Mal e  50 8 , 000 . o  .o 2 8 8 

Ma l e  60 9 . 000 1 . 000 1 . 000 3 8 10 
Femal e  60 6 , 500 . 707 . 500 2 6 7 

Fema l e  70 6 . 250 1 . 892 3 . 583 4 5 9 

Ma le 80 5 . 333 1 . 154 1 . 333 3 4 6 

Ma l e  90 9 . 000 2 . 828 8 ,000 2 7 1 1  
Fema l e  90 7 . 000 .o .o l 7 7 

Female  100 6 . 833 2 . 483 6 . 166 6 4 9 

Male 120 7 .000 . o  .o 1 7 7 
Fema l e  120 6 . 000 3 . 366 1 1 . 333 4 4 1 1  

Female  1 30 8 .000 . 0  .o 8 8 

Ma l e  140 7 . 333 1 . 032 1 . 066 6 6 9 
Female 140 5 . 500 . 707 . 500 2 5 6 
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Tabl e 2 1 . Resu l ts of Sort Procedure : Z vs AGE 

Age Standard Mi ni111.1m Max iirum 
Sex in Weeks Mean Dev i ation Vari ance Observations Va l ue Va l ue 

Mal e  18g 1 . 571  1 . 157  1 . 340 14 0 3 
Fema le  18g 2 . 529 1 . 419  2 . 01 17  0 4 

Ma l e  28g 3 .029 1 . 505 2 . 267 68 0 5 
Fema le  28g 2 . 824 1 . 135 1 . 290 57 0 5 

Ma l e  38g 4 . 206 . 794 .631 87 1 6 
Female  38g 3 . 793 1 . 1 35 1 . 289 58 0 5 

Ha l e  10 4 . 500 .816  .666 16 3 6 
Female  10 3 . 95 . 928 .861 23 1 5 

Mal e  20 4 . 500 . 707 . 500 10 3 5 
Female  20 4 . 333 1 . 032 1 . 066 6 3 6 

Mal e  30 4 . 500 . 547 . 300 6 4 5 
Female  30 4 . 500 1 . 000 1 . 000 4 4 6 

Mal e  40 5 . 000 1 .095 1 . 200 6 4 6 
Female  40 4 . 000 1 . 4 14 2 .000 4 3 6 

Femal e 50 5 . 000 . o  . 0  2 5 5 

Ma le  60 5 . 666 . 577 . 333 3 5 6 
Female  60 4 . 500 . 707 , 500 2 4 5 

Fema le  70 5 .000 .816 .666 4 4 6 

Ma le  80 4 . 666 1 . 154 1 . 333 3 4 6 

Ma l e  90 5 . 500 . 707 . 500 2 5 6 
Female  90 4 . 000 .0 .o 1 4 4 

Femal e 100 4 . 666 . 816 . 666 6 4 6 

Ma l e  120 4 . 000 . o  . 666 6 4 6 
Female  120 4 , 500 1 . 000 .o 1 4 4 

Female  130 5 . 000 .0 . o  5 5 

Mal e  140 5 . 166 .408 . 166 6 5 6 
Female  140 4 , 000 . o  . 0  2 4 4 



Table 22. Results of Sort 

Age S tandard 
Race 1n Weeks Mean Dev i a t i on 

Wh i te 189 2 . 800 1 . 780 
Negro 189 1 . 666 1 . 614  
Lat i n  189 3 . 333 . 577 
As ian 189 3 . 000 . o  

Whi te 289 3 . 724 2 .078 
Negro 289 3 . 450 1 . 960 
Lat i n  289 3 . 928 1 . 730 
As ian 289 3 . 500 2 . 121  

Wh i te 389 6 . 129 2 . 452 
Negro 389 5 . 384 2 . 289 
Lat i n  389 5 . 410  2 .009 
As i an 389 5 . 000 . 707 

Wh i te 10 6 . 000 2 . 37 1 
Negro 10 6 . 400 1 . 837 
Lat i n  1 0  5 . 250 1 . 2 1 5  

Wh i te 20 5 . 625 1 . 505 
Negro 20 7 .000 2 . 645 
Lat i n  20 7 . 200 1 . 923 

Wh i te 30 6 . 333 2 .081 
Negro 30 5 . 600 1 . 675 
Lat i n  30 6 .000 1 . 414 

Wh i te 40 4 . 250 1 . 258 
Negro 40 6 . 600 2 . 408 
Lat in  40 1 2 . 000 . o  

Whi te 50 8 . 000 . 0  

Whi te 60 9 . 000 . o  
Negro 60 7 .000 1 . 4 14 
Lat i n  60 8 . 500 2 . 12 1  

Wh i te 70 6 . 250 1 . 892 

Whi te 80 4 . 000 .o 
Negro 80 6 .000 . 0  

Whi te 90 8 . 333 2 . 309 

Wh i te 100 5 . 750 2 . 362 
Negro 100 9 . 000 .o 

Whi te 120 6 . 666 3 . 785 
Negro 120 5 . 500 2 . 12 1  

Negro 130 8 . 000 .0 

Wh i te 140 5 . 000 . 707 
Negro 140 5 .000 .0 
Lat i n  140 4 . 500 . 707 

Procedure : TO vs AGE by E. 

Mi n imum 
Vari ance Observat i ons Va l ue 

3 . 17 1  1 5  0 
2 . 606 12  0 

. 333 3 3 

. o  1 3 

4 . 320 69 0 
3 . 843 40 0 
2 . 994 14 0 
4 . 50 2 2 

6 .015 62 0 
5 . 242 39 1 

· 4 .037 39 0 
. 500 5 4 

5 . 62S 1 7  3 
3 . 377 10 3 
1 . 477 1 2  4 

2 . 267 8 3 
7 .000 3 5 
3 . 700 5 5 

4 . 333 3 4 
2 . 800 5 4 
2 .000 2 5 

1 . 583 4 3 
5 .800 5 4 

. 0  1 12  

.o 2 8 

.0  1 9 
2 . 000 2 6 
4 . 500 2 7 

3 . 583 4 5 

. o  1 4 

.o 2 6 

5 . 333 3 7 

5 . 583 4 4 
.o 2 9 

1 4 . 333 3 4 
4 . 500 2 4 

. o  8 

. 500 5 4 

.o 1 5 

. 500 2 4 
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Max inum 
Va l ue 

5 
5 
4 
3 

1 1  
7 
6 
5 

13 
12 
10 
6 

1 1  
9 
8 

8 
10 
10 

8 
8 
7 

6 
10 
12  

8 

9 
8 

10 

9 

4 
6 

1 1  

9 
9 

1 1  
7 

8 

6 
5 
5 
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Table 23 . Results of Sort Procedure: I vs AGE by E. 

Age Standard Mi nillMll Max illK.lm 
Race in Weeks Mean Dev i a t i on Vari ance Observat ions Va l ue Va l ue 

Wh i te 18g 2 . 266 1 . 387 1 . 923 15 0 4 
Negro 18g 1 . 500 1 . 314 1 .  727 12 0 4 
Lat in  18g 3 . 333 .577 . 333 3 3 4 
As i an 18g 3 . 000 . o  .o 1 3 3 

Wh i te 28g 2 . 985 1 . 3 1 1  1 . 720 69 0 5 
Negro 28g 2 . 625 1 . 314 1 .  727 40 0 4 
Lat i n  28g 3 . 57 1  1 . 504 2 . 263 14 0 5 
'As ian  28g 3 . 000 1 . 414 2 . 000 2 2 4 

Wh i te 38g 4 . 209 1 . 042 1 . 086 62 1 6 
Negro 38g 3 .871 . 863 . 746 39 0 5 
Lat i n  38g 3 . 974 . 959 . 920 39 3 5 
As ian  38g 3 .800 , 447 . 200 5 1 4 

Wh i te 10 3 . 941  1 .088 1 . 183 17 1 6 
Negro 10 4 . 600 .843 . 7 1 1  10 3 6 
Latin 10 4 . 166 . 577 . 333 12 3 5 

Wh i te 20 4 . 125 .834 .696 8 3 5 
Negro 20 4 . 333 . 577  . 333 3 4 5 
Latin 20 5 . 000 . 707 . 500 5 4 6 

Wh i te 30 4 , 666 . 577 . 333 3 4 5 
Negro 30 4 . 200 .447 . 200 5 4 5 
Lat i n  30 5 .000 1 . 414 2 . 00 2 4 6 

Whi te 40 3 . 500 . 577 . 333 4 3 4 

Negro 40 5 . 200 1 .095 1 . 200 5 4 6 
Lat i n  40 6 . 000 .o . o  1 6 6 

Wh i te 50 5 . 000 . o  .o 2 5 5 

Whi te 60 6 .000 . o  . o  1 6 6 
Negro 60 5 . 000 1 . 414 2 . 000 2 4 6 
Lati n 60 5 . 000 . o  . o  2 5 5 

Wh i te 70 5 .000 .816 . 666 4 4 6 

Wh i te 80 4 . 000 . o  . 0  1 4 4 
Negro 80 5 .000 1 . 414 2 . 000 2 4 6 

Wh i te 90 5 .000 1 . 000 1 . 000 3 4 6 

Wh i te 100 4 . 250 . 500 . 250 4 4 5 
Negro 100 5 . 500 . 707 .500 2 5 6 

Wh i te 120 4 . 666 1 . 154 1 . 333 3 4 6 
Negro 120 4 .000 . o  .0  2 4 4 

Negro 130 5 .000 .o .o 5 5 

Wh i te 140 7 . 200 1 . 482 2 . 200 5 5 9 
Negro 140 6 ,000 .o . 0  1 6 • 6 
Lat i n  140 6 . 500 . 707 . 500 2 6 7 
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Table 24. Analysis of LSMEANS of B. Adjusted by Log AGE Mean� 

LTO STD ERR PROB - ( T )  PROB- (T )  HO : LSMEAN ( I )•LSMEAN ( J )  
RACE LSHEAN LSMEAN HO : LSM�AN•O It,J 1 2 3 4 

WHITE 0 . 734 1 74 1 5  0 . 01 41 5275 0 . 0001 . 1 552 . 2 1 64 . 7923 

NEGRO 0 . 701 54225 0 . 0 1 80 1 947 0 . 0001 2 . 1 552 . 0234 . 4807 

LATIN 0 . 76702 1 23  0 . 02244 1 92 0 . 0001 3 . 21 64 . 0234 . 8535 

AS IAN 0 . 75325551  0. 07 1 02557 0 . 0001 4 . 7923 . 4807 . 8535 
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