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ABSTRACT As shown in nearly 10,000 Negro and White boys and girls 
between 4.5 and 16.5 years of age, poverty-level children (with an  income-to- 
needs ratio of 1.0) tend to be delayed in permanent tooth emergence as com- 
pared with those approximating median per-capita income. For boys, a per-capita 
income difference of $2200 was associated with a 0.15 standard deviation 
difference in emergence timing of 28 permanent teeth. 

The effect of socio-economic differences 
on the emergence timing of the perma- 
nent teeth constitutes a fundamental and 
still-unresolved problem in human dental 
development. It is relevant, moreover, to 
population comparisons (where economic 
differences are so often considerable), and 
in the analysis of human skeletal remains, 
where current tooth emergence standards 
may not be fully applicable. Quantitative 
information on the economic effect is 
scant, however, since few studies of tooth 
emergence have been specifically designed 
to resolve the fundamental question (cf. 
Fess, ’65; Garn and Russell, ’71). The 
present investigation, therefore, provides 
new tooth emergence information on a 
very sizable sample of subjects (N = 9656), 
separately for youngsters of European and 
largely-African derivation, and in conjunc- 
tion with individual data on family in- 
come and family composition. 

In this tooth emergence study we have 
made use of precoded presence-absence 
dental data on 5788 White children (2967 
boys and 2821 girls) and 3868 Black or 
American Negro children and adolescents 
(1847 boys and 2021 girls). The prime den- 
tal data were collected in the course of 
the ten-State Nutrition Survey of 1968- 
1970, and represent the eight states where 
exact birthdate information was reported 
and recorded (cf. Garn, Nagy and San- 
dusky, ’72; Garn, Sandusky, Nagy and 
McCann, ’72a; Garn, Wertheimer, San- 
dusky and McCann, ’72b; Garn, Sandusky, 
Nagy and Trowbridge, ’73a; Garn, San- 

dusky, Rosen and Trowbridge, ’73b). These 
states include Massachusetts, New York 
(including New York City), Michigan, Ken- 
tucky, West Virginia, South Carolina,Cali- 
fornia and Washington. The census des- 
ignations “White” and “Black” were used 
for subject identification. As ascertained 
from the final corrected computer listings, 
the actual age range encompassed was 
4.50 through 16.49 years, as computed 
from birthdate and date of examination. 

For each individual in the survey, fam- 
ily income, family size and age of indi- 
viduals in the family were together cal- 
culated to provide an index of income 
relative to needs, so calculated that an 
index of 1.0 represents the poverty level 
(Orshansky, ’65, ’68; Ten-State Nutrition 
Survey, ’72). As described in the published 
report on the Ten-State Survey, “Ratios 
of less than 1.0 can . . . be described as 
‘below poverty’; ratios greater than 1.0, as 
‘above poverty,’ A family with a P.I.R. of 
1.0 is living at the poverty line.” For the 
present study, two income-needs group- 
ings were selected for comparison, one 
grouping with income-needs ratios up to 
1.49 (and straddling the poverty line of 
1.0) and a second income-needs grouping 
ranging from 2.25 upward (and approxi- 
mating the median income level for 1968). 

We have separately calculated the per- 
capita incomes for the two groupings used. 
The median per-capita income for the 
lower or poverty-level grouping approxi- 
mated $720 per capita, while the higher 
income grouping had a median per-capita 
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income of $2920. These median values 
necessarily differ slightly from age to age 
and state to state, even though the cutoff 
values were consistent as given above. The 
per-capita income difference between the 
lower and higher income groupings was 
$2200 for Whites and somewhat less for 
Blacks. 

Recoding the presence-absence data for 
28 individual teeth, I1 through M2, so as 
to count extracted or replaced permanent 
teeth as “present,” tooth emergence in- 
formation was computer calculated, and 
initially analyzed state by state to detect 
and delete possible irregularities of coding 
or punching. Then the data for all eight 
states were combined, and analyzed by 
sex, by race, and by tooth, for each of the 
two economic groupings, using the publi- 
cation of Klein, Palmer and yramer (‘37) 
as an inspectional guide, in data editing 
throughout. 

For the purposes of this study the mea- 
sure of central tendency calculated was 
M ,  corresponding to the mean in a Gaus- 
sian distribution, as described previously 
by us (Garn et al., ’72a,b). Differences in 
emergence timing between the two income 
groupings were then calculated as d (dif- 
ference in years) thus minimizing any bias 

resulting from choice of a particular al- 
gorithm. The direction of the differences 
(d) was tested by a simple sign test, 
against chance expectancy, to determine 
whether the higher income grouping was 
earlier (i.e., advanced) in tooth emergence 
for each of the sex-race comparisons. 

Further, the magnitude of the differ- 
ences in tooth emergence (d )  was ex- 
pressed as Z-scores or standard deviation 
units, using values of U ,  calculated from 
the total sample, as described in Abramo- 
witz and Stegun (’64). Differences in Z- 
scores were based upon values of u appro- 
priate for sex, race and tooth, as set forth 
in table 1.  

Analyzing the income-groupings, then, 
for possible differences in tooth emergence 
timing, as reflected by differing values of 
M, permanent tooth emergence (11-M2) 
tends to be systematically delayed in the 
boys of lower income-needs ratios or lower 
per-capita incomes. This economic delay 
in tooth emergence is demonstrated first 
for White boys where 10 out of 14 com- 
bined-side tooth pairings are delayed or 
later in those in the lower or “poverty 
level” grouping. It is again demonstrated, 
separately, for Black or American Negro 
boys, where 11 out of 14 teeth are delayed 

TABLE I 

Variability i n  permanent  tooth emergence t iming  

White children Black children 

Tooth Boys Girls BOYS Girls 

N 1  S.D. N ’  S.D. N 1  S.D. N 1  S.D. 

Maxilla 

I1 4434 0.77 3932 0.75 3284 0.82 3104 0.84 
12 4354 1.01 4007 0.91 3598 0.99 2763 1.14 
C 6166 1.39 5024 1.40 3949 1.63 2884 1.59 
P1 4938 1.41 3775 1.38 3897 1.54 3409 1.46 
P2 5358 1.48 4818 1.56 4063 1.55 3339 1.54 
M1 3905 0.79 2515 0.74 3070 0.79 3462 0.93 
M2 6149 1.34 4057 1.22 3423 1.36 3210 1.32 

Mandible 

I1 4434 0.81 2630 0.79 2647 0.77 3072 0.87 
I2 4303 0.78 3510 0.82 2778 1.05 3036 0.88 
C 4983 1.14 4626 1.26 4043 1.52 3214 1.61 
P1 4755 1.37 3955 1.28 4098 1.38 2528 1.29 
P2 4305 1.61 5425 1.50 4293 1.44 4027 1.45 
M1 2825 0.79 2484 0.76 3118 0.77 3592 0.85 
M 2  3920 1.38 3880 1.23 3073 1.47 3918 1.33 

1 N represents the number of sides. All values i n  years and decimals.  
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or later in the lower (poverty level) eco- 
nomic grouping. Even though tooth emer- 
gence is later in  Whites and earlier in 
Blacks, the within-race between-strata dif- 
ferences are very much the same for boys. 
Out of 28 combined-side comparisons (in- 
volving 56 teeth) 21 comparisons show 
delay in the lower socio-economic group- 
ing. The stochastic chi-square for the 
observed ratio 21:7 as against the chance 
ratio 14:14 is 7.0, surely a highly signifi- 
cant difference in overall emergence 
timing for a per-capita income difference 
of $2200 or less. 

In girls, both Black and White, and 
with systematically earlier ages at emer- 
gence, the dental delay associated with 
poverty is less clear. For the White girls, 
9 out of 14 combined-side tooth-emergence 
comparisons are delayed in the lower (up 
to 1.49) income-needs grouping. The di- 
rection is the expected one, but the ob- 
served proportions (9: 5) are not significant. 
For the Black girls the observed propor- 
tions (7:7) are exactly even, i.e., equal to 
chance. While for both sexes and both 
races, taken together, the income-associ- 
ated emergence delay is quite evident 
(37:19 as against the chance proportions 
of 28:28, and with a chi-squared value of 
5.78 by stochastic test) it is clear that the 
bulk of the income influence on perma- 
nent tooth emergence is evidenced in the 
boys. 

Having completed the sign-tests and 
stochastic chi-squares, attention was then 
given to the relative magnitude of the 
emergence differences. This was done first 
by tooth, expressing the absolute differ- 
ences (d)  as standard scores or Z-scores, 
relative to the sex- and race-appropriate 
standard deviation (a) for the total U.S.A. 
sample. Then the tooth-specific values 
of Z (the difference in standard scores) 
were pooled for all pairs of teeth, to assess 
the overall extent of relative (Z-score) 
dental delay. 

As also shown in table 2, the average 
economic difference in tooth emergence 
timing was 0.13 Z-scores for the White 
boys, and a very similar 0.17 Z-scores 
for the Black boys. For girls, again com- 
paring the lower (x - 1.49) and higher 
(2.25 - x) income-needs groupings, the 
Z-score differences were 0.09 in White 
girls and - 0.03 for the Black girls. Taking 

as N one-half the total number of sides, 
the first three differences are highly sig- 
nificant, a t  any reasonable level of con- 
fidence. However, if N is taken as one-half 
the average number of sides for each of 
the 14 tooth pairs considered, the eco- 
nomic delay is significant only for boys. 
If further restricted to race-specific com- 
parisons, the analysis thus based on the 
average number of individuals is signifi- 
cant only €or the White boys, though not 
far from significance for the White girls. 

These socio-economic differences in per- 
manent tooth emergence, in the direction 
that would be expected in theory, apply 
to a pair of income needs and per-capita 
income groupings. One grouping is a t  
poverty level, and the second grouping 
approximates the median U.S.A. income 
at the time of data collection. For a per- 
capita difference of approximately $2200, 
the difference in emergence timing is of 
the order of 0.15 standard deviations in 
boys, both Black (0.17 SD) and White 
(0.13 SD) and less than that for girls, 
both Black and White. Overall, the in- 
come-related delay in dental development 
is less than that similarly observed, and 
for the same population sample, for post- 
natal ossification timing (Garn et al., 73b). 
The lesser economic impact on tooth emer- 
gence is consistent with other data show- 
ing that dental development is less af- 
fected by other endocrine, metabolic and 
nutritional conditions (cf. Garn, Lewis 
and Blizzard, '65). 

Now the lower socio-economic groupings 
in this study are not only less affluent, 
but they are shorter, they weigh less, 
they have less subcutaneous fat, lower 
hemoglobin levels, they are delayed in 
osseous (skeletal) maturation, and they 
differ in such economic indices as persons 
per room. Delayed emergence timing may 
therefore be viewed in terms of the total 
picture (cf. Garn and Russell, '71). At the 
same time it must be pointed out that the 
economic range here considered, from pov- 
erty level to U.S.A. median income, is not 
as wide a range as might be considered. 
At the upper end, median income is not 
middle class, i.e., mercantile and profes- 
sional. Nor is the lower end equivalent 
to the rural populations of Central and 
South America, Asia, India or the Middle 
East. So the differences here reported in 



T
A

B
L

E
 2

 

E
co

n
om

ic
 i

m
pa

ct
 o

n
 to

ot
h

 e
m

er
ge

n
ce

 t
im

in
g 

W
h

it
e 

ch
il

d
re

n
 

B
la

ck
 c

h
il

d
re

n
 

In
co

m
en

ee
d

 s 
gr

ou
p 

In
co

m
en

ee
d

s 
gr

ou
p

 

L
ow

er
 

H
ig

h
er

 
L

ow
er

 
H

ig
h

er
 

N
' 

M
ea

n
 

N
1

 
M

ea
n

 
d

2 
2

3
 

N
' 

M
ea

n
 

N
1

 
M

ea
n

 
d

2
 

2
3
 

M
ax

il
la

 
I1

 
16

54
 

I2
 

16
60

 
C

 
17

56
 

P1
 

18
30

 
P

2 
15

60
 

M
1 

14
39

 
M

2 
15

00
 

M
an

di
bl

e 
I1

 
15

66
 

I2
 

15
66

 
C

 
17

98
 

P1
 

13
17

 
P2

 
14

80
 

M
1 

10
13

 
M

2 
11

51
 

M
ea

n 
di

ff
er

en
ce

 

M
ax

il
la

 
I1

 
12

94
 

I2
 

15
20

 
C

 
14

53
 

P
I 

14
79

 
P2

 
I6

40
 

M
1 

10
90

 
M

2 
13

57
 

M
an

di
bl

e 
I1

 
14

77
 

I2
 

14
35

 
C

 
15

32
 

P1
 

16
22

 
P2

 
13

39
 

M
I 

84
4 

M
2 

13
08

 

M
ea

n 
di

ff
er

en
ce

 

7.
40

 
8.

51
 

11
.4

5 
10

.6
3 

11
.1

7 
6.

47
 

12
.4

5 

6.
37

 
7.

54
 

10
.6

1 
10

.7
9 

11
.4

7 
6.

36
 

12
.0

5 

7.
02

 
7.

95
 

10
.7

8 
10

.1
8 

10
.8

7 
6.

35
 

12
.0

1 

6.
29

 
7.

15
 

9.
84

 
10

.1
5 

10
.9

6 
6.

15
 

11
.5

0 

52
6 

79
9 

10
50

 
96

8 
10

50
 

44
6 

88
6 

50
4 

75
4 

94
5 

95
9 

10
64

 
41

8 
79

7 

63
4 

89
0 

11
68

 
10

47
 

92
 1

 
46

8 
68

7 

41
6 

62
6 

83
3 

90
6 

10
44

 
51

 7 
83

8 

7.
12

 
8.

10
 

11
.1

2 
10

.6
7 

11
.3

0 
6.

24
 

12
.5

2 

6.
23

 
7.

34
 

10
.4

6 
10

.5
7 

11
.5

3 
6.

35
 

11
.9

8 

6.
77

 
7.

99
 

10
.4

9 
10

.2
3 

10
.8

3 
6.

30
 

12
.0

1 

5.
92

 
7.

05
 

9.
69

 
10

.1
5 

11
.0

7 
6.

13
 

11
.4

9 

0.
28

 
0.

41
 

0.
33

 
-
 0

.0
4 

-0
.1

3 
0.

23
 

-
 0

.0
7 

0.
14

 
0.

20
 

0.
15

 
0.

22
 

-
 0

.0
6 

0.
01

 
0.

07
 

0.
25

 
-
 0

.0
4 

0.
29

 
-
 0

.0
5 

0.
04

 
0.

05
 

0.
00

 

0.
37

 
0.

10
 

0.
15

 
0.

00
 

-0
.1

1
 

0.
02

 
0.

01
 

B
oy

s 

0.
36

 
0.

41
 

0.
24

 
-
 0

.0
3 

-
 0

.0
9 

0.
29

 
-
 0

.0
5 

0.
17

 
0.

26
 

0
.1

3
 

0.
16

 
-
 0

.0
4 

0.
01

 
0.

05
 

0.
13

 

G
ir

ls
 

0.
33

 
-
 0

.0
4 

0.
21

 
-
 0

.0
4 

0.
03

 
0.

07
 

0.
00

 

0.
47

 
0.

12
 

0.
12

 
0.

00
 

-
 0

.0
7 

0.
03

 
0.

01
 

0.
09

 

25
08

 
27

40
 

30
04

 
29

70
 

30
44

 
23

59
 

23
52

 

17
39

 
21

31
 

30
82

 
31

19
 

32
77

 
22

21
 

23
39

 

23
56

 
20

80
 

21
67

 
23

88
 

19
69

 
22

11
 

24
31

 

20
52

 
17

90
 

23
28

 
17

16
 

28
14

 
20

50
 

28
75

 

6.
96

 
7.

97
 

10
.9

7 
10

.4
5 

11
.2

2 
6.

25
 

12
.3

2 

6.
11

 
6.

98
 

10
.3

8 
10

.4
0 

11
.1

8 
6.

10
 

11
.9

6 

6.
75

 
7.

64
 

10
.6

6 
10

.0
6 

10
.7

3 
5.

95
 

11
.6

1 

5.
87

 
6.

55
 

9.
81

 
10

.0
9 

10
.7

5 
5.
67
 

11
.2

1 

46
 

48
 

98
 

84
 

84
 

36
 

74
 

41
 

6
5

 
62

 
84

 
84

 
41

 
86

 

56
 

56
 

40
 

96
 

80
 

38
 

62
 

50
 

56
 

96
 

96
 

84
 

38
 

68
 

6.
79

 
0.

17
 

0.
21

 
7.

74
 

0.
23

 
0.

23
 

10
.4

2 
0.

55
 

0.
34

 
10

.2
0 

0.
25

 
0.

16
 

10
.8

2 
0.

40
 

0.
26

 
6.

12
 

0.
13

 
0.

17
 

12
.5

9 
-0

.2
7

 
-0

.2
0

 

5.
56

 
0.

55
 

0.
71

 
6.

82
 

0.
16

 
0

.1
5

 
10

.2
1 

0.
17

 
0.

11
 

10
.4

3 
-0

.0
3

 
-0

.0
2 

10
.7

3 
0.

45
 

0.
31

 
5.

89
 

0.
21

 
0.

27
 

12
.3

8 
-0

.4
2 

-0
.2

9
 

0.
17

 

6.
77

 
-0

.0
2 

-0
.0

2
 

7.
26

 
0.

38
 

0.
33

 
10

.2
8 

0.
38

 
0.

24
 

10
.0

5 
0.

01
 

0.
01

 
10

.6
9 

0.
04

 
0.

03
 

6.
61

 
-0

.6
6

 
-0

.7
1 

11
.7

1 
-0

.1
0 

-0
.0

8 

5.
66

 
0.

21
 

0.
24

 
6.

82
 

-0
.2

7 
-0

.3
1

 
9.

01
 

0.
80

 
0.

50
 

9.
41

 
0.

68
 

0.
53

 
10

.9
3 

-0
.1

8 
-0

.1
2 

6.
57

 
-0

,9
0 

-1
.0

6 
11

.2
5 

-0
.0

4 
-0

.0
3

 

-
 0

.0
3 

1 
N

 r
ep

re
se

n
ts

 th
e 

n
u

m
b

er
 o

f 
si

d
es

. A
11

 v
al

u
es

 i
n

 y
ea

rs
 a

n
d

 d
ec

im
al

s.
 

2 
d

 r
ep

re
se

n
ts

 th
e 

d
if

fe
re

n
ce

 in
 y

ea
rs

 a
n

d
 d

ec
im

al
s.

 
3 

Z 
re

p
re

se
n

ts
 th

e 
d

if
fe

re
n

ce
 in

 y
ea

rs
 e

xp
re

ss
ed

 i
n

 s
ta

n
d

ar
d

 d
ev

ia
ti

on
 u

n
it

s 



ECONOMIC IMPACT ON TOOTH EMERGENCE 237 

permanent tooth eruption timing do not 
constitute a comparison of extremes. 

Besides the basic indication of the ex- 
tent of dental delay that poverty produces, 
in less-affluent North Americans, these 
findings have several additional implica- 
tions. They suggest, but do not prove, 
the magnitude of secular change that may 
have existed, or may be projected. Moving 
poverty-level boys and girls to median 
U.S.A. income may speed permanent tooth 
emergence by the magnitudes indicated 
by the differences. The observed differ- 
ences, in emergence timing, do indicate 
the impropriety of comparing tooth emer- 
gence in truly malnourished populations 
elsewhere in the world with established 
“norms” or standards derived from mid- 
dle class and private school boys and girls 
in the U.S.A. Yet the economic effect, as 
shown here, is sufficiently small as to 
indicate that contemporary emergence data 
may be applied to past populations with- 
out fear of gross or serious error, provided 
that clinical emergence (i.e., emergence 
through the gums) is not confused with 
alveolar eruption (movement through and 
above the alveolar process) as is still often 
done in paleontological studies and osteo- 
logical investigations. 

Finally i t  should be observed that the 
magnitude of economic delay in perma- 
nent tooth emergence timing is small in 
comparison with the racial difference in 
permanent tooth emergence. Poverty-level 
American Negro boys and girls are still 
advanced, dentally, over median-income 
White boys and girls (cf. Garn et al., ’73a) 
and the difference increases only slightly 
when income-matched samples are com- 
pared, as in this study. Permanent tooth 
emergence remains an example of a 
growth parameter where population differ- 
ences in timing or size are largely genetic 
but where careful analysis can elucidate 
the contribution of the environment. 
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