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EFFECTS OF THE CONDITIONS OF NURSING ON 
THE DEVELOPMENT OF INFANT HIP-BONES* 

ITARu HoTTA 

Department of Public Health , Nagoya University School of Medicine 

(Directors: Proj: Yahito Kotake and Assist. Prof. Hiroshi Mizuno) 

In Japan the physical development of infants, especially in early infancy, 

has shown marked improvement in recent years1l, and this has been attributed 

to advances in methods of rearing, rationalization of the environment and 

diffusion of the knowledges of nuring-care. 
The fact that the physical development of infants is dependent on methods 

of rearing, socio-economic status and the customs of their families, has been 
gradually brought to light. 

Some2i3 ' reported on the relation of infant mortality or premature birth to 
socio-economic factors and others•>- 7> the effects on the physical development, 

especially weight growth, of the parents' occupation. 
At our department of public health, the development of infant hip-bones 

has been repeatedly8>-w studied from the stand point of relative growth, based 

on a hypothesis established by Mizuno15 ' that the ratio of the measurement­
values of any two parts of the developing body selected at will would change 

continuously and a defenite normal form could not be settled. 
Mizuno15 ' emphasized that the pattern of the normal hip-joint, generally 

described in textbooks of orthopedics, is not of the early infant but of older 

ones, and this has often caused errors in diagnosis of dislocation, and hence, 

the need of clarifying the normal form of the infant hip-bones was acquired. 

Even in the normal roentgenogram of the early infant, the hip-bones show a 

picture which has been considered to be characteristic of dislocation of the 

hip-joint. Consequently there is need to know the relative position of the 
femur to the ilium as it changes with advance in age. 

From these points of view, many studies16>- 21> have helped to clarify the 

closely relation between dislocation of the hip and the development of the hip­
bones. 

Needless to say the development of infant hip-bones, as a part of body, 
will be affected by nursing-conditions as well as the general physical de­
velopment. 

The conditions may be roughly divided into biological, natural and social 
(or socio-economic) factors. 
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Developmental changes in i,nfant hip-bones affected by biological factors 
such as sex and month-age have already been studied by Kuroda,131 Mizuno121 

and Morita10 ' of our department. 
Nagura221 , Imada23l, Ueda24 1 , Tanaka25 ' and R. G. Record26 1 have previously 

reported on the great influence of the natural environment upon development 
of hip-bones. 

They reported that the occurence of dislocation of the hip-joint is closely 
related to such natural factors as sun-beam; birth-season, living-location and 
climate. 

Tanaka251 reported that a higher incidence of dislocation of the hip was 
observed in infants living under poor conditions, of housing, humidity, sun­
beam, drainage and home economic status. 

W atanabe27 l pointed out that developmental formation of the hip was af· 
fected by the way of holding or shouldering babies. 

Iino281 emphasized on secondary factors after birth affecting greatly the 
formation of infant hip-bones, and AkabayashF91 pointed out that the physical 
development and nutritional condition after birth were most important. 

On the other hand, Tsuchiya30 l and Klopfer311 asserted that both genetic 
back ground and environments after birth must be simultaneously taken count 
of. 

Nomura321 of our department made an experimental survey on methods in 
rearing infants that affect the development of hip-bones. 

He compared two groups, one instructed in rearing method such as nutrition, 
sun-bathing, exercise of lower extremities, massage, sleeping-posture and sit­
ting-posture favorable to the development of hip-bones, and another without 
instruction, and found that the horizontal growth of the hip-joint was greater 
in the former group than in the latter and that the influences were more ob­
vious in females than in males. 

Another investigation331 made at our department has proved that Vitamin­
D intake, exercise of lower extremities and sitting-posture with the lower 
extremities extended favorably affect the development of the upper structures 
of the hip-joint. 

Difficulties, however, lie in examining the social factors affecting the de­
velopment of hip-bones as pointed out by Tanaka,25 ' especially in analysing the 
data obtained. The experimental plans for such a purpose should be carefully 
designed. 

The author attempted to solve these problems with samples of infants 
taking into account, such social and natural factors as parents' occupations, 
utilization of the Health Center Clinic, characteristics of the areas where they 
live, home-environments, and birth-season, that could be practically and dis­
tinctly classified. 

The author belives that such a survey will contribute further to studies 
on maternal-child health of public health activities, and also to methods of 
community-diagnosis which is receiving increasing interest34 ', and its need re­
cognized widely. 

The author presents this study as an attempt at community-diagnosis, G\s 
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well as the first step in solving the problems underlying the analysis of nursing­
conditions influencing the development of infant hip-bones. 

MATERIALS AND METHODS 

A. Materials 

1) Materials for the study of influences in the social environments that 
affect the development of the infant hip-bones 

The infants, classified systematically by month-age and sex, were selected 
from the service-area of a Health Center in Aichi Prefecture and were asked 
to visit the clinic of the Health Center for one year, from April1959 to March 
1960. 

873 infants (male 439, female 434), as shown in Table-1, were measured for 
their weights and heights and the X-ray photographs of the hip-joint were 
taken ventrodorsally. 

TABLE 1. Number of Infants by Sex and Month-Age 

1 34 33 67 
2 29 27 56 
3 30 29 59 
4 53 44 97 
5 46 45 91 
6 42 44 86 
7 50 45 95 
8 40 46 86 
9 43 41 84 

10 34 43 Tf 

11 38 37 75 

Total 439 434 873 

Then their mothers were interviewed as regards their nursing-methods 
and the environments under which the infants nursed daily. 

As the objective recognition of facts is very difficult by the question-answer 
method, some items supposed to be more correctly obtainable by question· 
answer method were selected among the nursing-conditions. 

Two persons were selected as interviewers, throughout the entire period. 
The items of the questionairs were as follows 
1. Breadearners' (mostly fathers) occupations 
This item was subdivided into 4 groups, of agriculture, clerical, laboring 

and other occupations. 
2. Utilization of the clinic of Health Center 
Whether the mothers utilized the clinic of the Health Center or not for 

nursing their babies. 
3. Location of the infants' homes 
Two cities and three villages were selected from the service-area of the 

Health Center, and they were grouped into 3 areas. 
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city ......... a middle sized and small city 
3 villages ... farm area 

4. Existence of Grandparents 
The aim was to know if the infants live with their grandparents or not, 

and was grouped into 4. 
with grandparents 
with grandfather but not grandmother 
with grandmother but not grandfather 
neither grandfather nor grandmother 

5. Occupation of Mothers 
This item was grouped into 5. 

no occuption 
agriculture 
agriculture and sericulture 
agriculture and miscellaneous affairs 
other occupations except the above 

In these areas of this survey, sericulture has been conducted since old 
times as subsidiary to agriculture, in between periods of agricultural work. 

2) Materials for the study on influences of the birth-season, as a natura] 
environment, on the development of the infant hip-bones 

The influences of the birth-season as a natural environment on the develop­
ment of infant hip-bones was studied as shown in Table-2, 

TABLE 2. Number of Infants by Sex, Birth-Season 
and Month-Age 

Sex I Birth-Season->j -··. - r • 
Month-Age~ Spnng-SummerfAutumn-Wmter - ·--r- ~ 1 

Male 

Female 

I 3 I 
' 4 

5 
6 
7 
8 

- ----

1 
2 
3 
4 
5 
6 
7 
8 

8 
18 
14 
13 
11 
11 
16 
14 

12 
19 
17 
8 

15 
8 

13 
8 

-~-

13 
17 
20 
23 
18 
24 
12 
6 

15 
18 
18 
16 
20 
::!2 
6 
9 

577 infants were selected so that an analysis of variance by sex, month­
age and birth-season could be made. These infants were groups visiting the 
clinic of a Health Center in Nagoya city and its suburbs. 

B. Method of taking roentgenogram of the infant hip 
Roentgenograms were taken with the infants laid in the dorsal position 
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with the legs stretched parallel and 
with the distance between the X-ray 
tube and the focus at one meter-

The X-ray was focused at the 
central point of a triangle joining the 
two anterior spines of the ilium and 
the symphysis pubis. 

The pictures were taken under the 
conditions shown in Table-3, dorso­
ventrally. From these pictures, those 
with the form and size of the foramen 
obturatorium of the pelvis of both 
sides alike and with the median of the 
sacral bone and the extension line 
from the apex of the coccyx running 
exactly through the middle of the 
pubic cartilage were chosen, and bio­
metry was conducted by the follwoing 
method (Fig-1). 

( 1) The distance between the 
apices of both acetabular roofs ( s-s) 

( 2) The distance between the most 
lateral parts of both Ilia (T-T) 

T 

( 3) The distance of Wollenberg's FIG. 1 

Y-Cartilage Line ( Y-Y) 
( 4) The distance between the most lateral margins of both Ischia (Z-Z) 

(5) The distance between the Lingulae of both Femur-Necks (H-H) 
( 6) The distance between the lateral margins of both Femur-Metaphysis 

(F-F) 
( 7) Horizontal distance of Acetabulm (a) 
( 8) Vertical distance of Acetabulum (b) 
( 9) The depth of Acetabulum (c) 
(10) The steepness of Acetabulum ( L B) 

TABLE 3. Condition of Roentgenography of Hip-Bones 

Th · k I Primary voltage I Seconpary I 
lC ness ( V) voltage I 
(em) (Ms) (Fs) (KVJ 

6.0 76 79 42-43 

I 
6.5 79 82 43-45 
7.0 80 85 44-46 
7.5 82 86 II 

8.0 82 89 II 

8.5 

I 
84 94 II 

9.0 87 95 II 

9'5 92 97 II 

10.0 96 99 rr 
l0.5 96 100 49-50 
11.0 87 103 49-51 
ll.5 100 106 50-55 
12.0 103 110 50-56 

rnA I Time II 

, (sec) 

50 1/ 20 
II II 

II II 

!I rr 
II rr 
II II 

II II 

II II 

II II 

II II 

II rr 
II II 

II rr 

Distance 

(m) 

1 
II 

II 

II 

II 

II 

II 

rr 
rr 
II 

rr 
II 

II 
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C. The method of statistical analysis 
1. The method of statistical analysis for the study on influences of social 

environments 
Measurement was carried out at all 10 parts of the hip to estimate the 

development and formation of hip-bones. 
All values obtained by measurement were arranged by code-number to 

facilitate calculation, and the minimum value was arranged into code-number I. 
T-T, S-S. Y-Y, Z-Z and H-H were arranged at 0.2 em and likewise F- F 

at 0.4 em, a and b at 0.1 em, c at 0.05 em and L.JJ at 1 degree. 
Some samples (number of samples different according to factors) were 

extracted by sex, month-age and nursing-environment to examine the develop­
ment and formation of the hip by analysis351 of variance. 

The calculation of mean and analysis of variance were all carried out by 
code-numbers. 

2. The method of statistical analysis for the study on influences of birth­
season as a natural environment 

Measurement was made with 7 parts of hip-bones on roentgenogram. 
These 7 parts were H-H, Z-Z, Y-Y, S-S, a, c and L.B. And 3 samples were 
selected by sex, month-age and birth-season to examine for development of 
hip-bones by analysis of variance. 

The values obtained by measurement were grouped into 2, one of infants 
born in the warm season (spring and summer) and another in the cold season 
(autumn and winter). 

The mean of each part was calculated by month·age group, sex and two 
seasons of birth. 

RESULT 

A. Influences of social environments on the development of the infant hip­
bones 

1 J Influences of bread earners' occupation on the development of infant hip­
bones 

Breadearners' occupation was classified into 4 groups, of agricultural, cleri­
cal, labouring and other occupations. 

The .infants classified according to the above. excepting the last, were 
compared for development of the hip-bones by month·age groups of 2-3, 4-5, 
6- 7, 8-9 and 10- 11 months. 

1. Tables 4-1 and 5-1 show the means and the standard deveations of 
Y-Y and Z-Z in the infant hip-bones classified by breadearners' occupations, 
month-age and sex. 

From these tables, the developments of Y -'-Y and Z-Z in infant hip-bones 
of clerical occupations were considered to be greater than those of the other 
two occupations. 

10 samples each were selected by occupation, month-age and sex to examine 
the difference statically, and significant differences were noted in Y-Y at 1% 
level of confidence and in Z- Z at 5%, by the analysis of variance (Tables 4-2, 
4-3 and 5-2, 5-3). 
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TABLE 4-1. Breadearners' Occupation (Y-Y) (mm) 

Sex 

I I Occupati~on_----, ______ _ 

1 Month-age ~-~~---1 (2 ) (3) 

j INixJs Njx s N x 
-----, 

2 
4 

Male 6 
8 

10 

2 
4 

- 3 
- 5 
- 7 
- 9 
-11 

- 3 
- 5 

Female 6 - 7 
8 

10 
- 9 
-11 

I 

I 
I 
i 

15 

I 
2.8 1.3 

10 4.8 1.7 
18 5.9 1.6 
19 

I 
6.6 1.7 

18 7.5 1.9 

17 I 2.5 

I 

1.1 
18 

I 

3,8 1.5 
21 5.4 2.0 
19 6.8 

I 
1.9 

16 7.1 1.2 

i 22 3.4 1.4 12 I 3.2 
22 4.7 1.2 11 

I 
4.9 

19 6.0 1.4 11 6.4 
19 7.1 1.2 12 

I 
6.0 

11 7.4 0.8 10 6.9 

I 
20 2.7 1.3 

I 

2.5 13 
21 4.7 1.6 10 4.3 
19 5.9 1.4 12 5.4 
16 7.0 1.3 

I 

19 6.5 
24 7.7 2.0 14 7.9 

s 

1.5 
1.3 
1.8 
1.7 
2.1 

0.9 
1.0 
1.8 
1.3 
1.8 

-------------

N· ···number of samples 
x ····mean 
s ····Standard deviation 
( 1) ····agricultural, (2) ····clerical, (3) ····labouring 

TABLE 4-2. Breadearners' Occupation (Y-Y) 

Sex I Month-age-c>l 
Occupation t 2-3 4-5 6-7 

I 

(1) 

I 

36 50 63 
Male 12) 39 51 63 

( 3) 28 49 56 

Total I 103 I 150 182 
I 

-- ~------~---~---·· -~ ------·-·--------

( 1) 26 r 45 i 
51 

Female (2) 29 45 

I 
59 I 

(3) 28 I 37 55 
j 

I 
----J 

Total 83 I 127 165 I 
( 1 ) · · · ·agricultural , ( 2) · · · ·clerical, ( 3) · · · · Ia bouring 

TABLE 4-3. (Y-Y) 

Factor 
I 

ss DF 

Sex (S) 97.20 2- 1= 1 
Month-age (M) 6745.84 5- 1= 4 
Occupation (0) 107.48 3- 1= 2 
SxM 142.18 1 X 4= 4 
S xO 3.60 1 X 2= 2 
MxO 180.50 4x 2= 8 
R 26.62 29-21= 8 

Total 7445.88 30- 1=29 

** significant level at 1% 
* II at 5% 

8-9 

62 
73 
68 

203 

10-11 I Total 
I 

67 II 278 
73 299 
73 274 

I 

213 1 851 
,---T----------

57 I 73 ! 
I 66 

82 261 
71 277 
73 259 

I 
196 226 797 

: 
Ms 

97.20 ** 
1686.46 ** 

53.74 ** 
35.55 * 

1.80 
22.56 ** 
3.37 
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TABLE 5-1- Breadearners' Occupation (Z-Z) (mm) 

Sex Month-age 

2- 3 
4- 5 

Male 6- 7 
8- 9 

10-11 

2- 3 

I 4- 5 
Female 6- 7 

8- 9 

I 10-11 

N· · · ·number of samples 

x ····mean 

s · · · ·standard deviation 

(1) 

N I x I 
15 6.7 
10 9.3 
18 11.0 
19 11.8 
18 13.7 

17 7.0 
18 8.5 
21 10.8 
19 12.6 
16 13.5 

Occupation 

(2) 

s N I x I s 

1.8 22 7.5 2.4 
2.3 22 9.5 2.1 
1.7 19 11.5 1.8 
1.0 19 12.5 1.3 
2.2 11 13.0 1.8 

1.8 20 7.0 2.0 
2.0 21 9.3 2.7 
2.3 19 11.3 1.7 
2.4 16 12.4 2.0 
1.5 24 13.9 2.9 

(1) · .. ·agricultural, (2) ····clerical, (3) · · · ·labourin~ 

TABLE 5-2. Breadearners' Occupation (Z-Z) 

Sex I Month-age-41 2 Occupation~ - 3 1 4-5 1 6-7 1 8-9 

I 

I 

I 

(1) 77 

I 

94 108 114 
Male (2) 75 104 118 129 

(3) 64 94 111 125 

(2) 

N I x 

12 7.3 
11 9.2 
ll 11.3 
12 11.3 
10 12.8 

13 6.6 
10 8.9 
12 10.7 
19 11.9 
14 13.4 

1 10-11 1 

125 
128 
131 

I s 

2.2 
1.5 
2.4 
1.9 
2.3 

1.2 
1.7 
2.8 
2.2 
2.4 

Total 

518 
554 
525 

Total 216 1 292 1 337 1 368 1 381 1 1597 

( 1) 65 89 I 107 i 116 139 516 
Female (2) 72 93 

I 
117 

I 
127 129 535 

(3) 71 89 109 122 137 528 

Total 208 1 271 1 333 1 362 1 405 1 1579 

(1) ·-··agricultural, (2) ····clerical, (3) ····labouring 

Factor 

Sex (S) 
Month·age (M) 
Occupation ( 0) 
S x M 
S x O 
M x O 
R 

Total 

** significant level at 1% 

* II 5% 

TABLE 5-3. (Z-Z) 

ss DF 

7.96 2- 1= 1 
13928.33 5- 1= 4 

153.27 3 - 1= 2 
172.38 1 X 4 = 4 
29.44 1 x 2 = 2 

244.07 4x 2= 8 
115.22 29 - 21 = 8 

14650.97 30- 1 = 29 

Ms 

I 
7.96 

3482.08 ** 

! 

76.64 * 
43.10 
14.72 
30.51 

I 14.40 
--
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Y-Y · · · ·Fs=l5.95>Fi(O.Ol) =8.65 

Z-Z · · · ·Fs= 5.32> Fi(0.05) =4.46 

Each of the parts in infants of "clerical" occupation were, on the average, 

greater than in other occupations. 
2. The developments of H-H, F-F and S-S were also observed to be the 

same as above, but no significant difference could be proved statistically {Tables 
6-1, 6-2, 7-1, 7-2 and 8-1, 8-2). 

TABLE 6-1. Breadearners' Occupation (H-H) 

Sex I Month-~ge--> 1 2-3 I 4-5 I 6-7 I 8-9 1 10-11 I Total 
Occupation~ 

(1) 

I 

58 62 85 80 91 376 
Male (2) 61 77 85 93 86 402 

(3) 43 70 93 88 88 382 

Total 162 209 263 261 265 1160 

(1) 42 60 67 85 105 359 
Female (2) 49 66 80 89 96 380 

(3) 48 60 82 89 106 385 

Total 139 186 229 263 307 1124 

(1) ··· ·agricultural, (2) ····clerical, (3) ····labouring 

TABLE 6-2. (H-H) 

Factor ss DF Ms 

Sex (S) 43.19 2- 1= 1 43.19 
Month·age (M) 7853.06 5- 1= 4 1963.27 ** 
Occupation (0) 115.27 3- 1= 2 57.64 
SxM 620.55 1x 4= 4 155.14 ** 
S xO 121.39 1 X 2= 2 60.70 
MxO 354.14 4 x 2= 8 44.27 
R 105.87 29-21 = 8 13.23 

Total 9213.47 30- 1=29 

** significant level at 1% 

TABLE 7-1. Breadearners' Occupation (F-F) 

Sex 

Male 

I Month·~ge--> 1 2-3 I 4-5 It 

OccupatiOn~ 

I 

(1) 70 79 

I 
(2) 61 84 
(3) 56 82 

Total 187 245 

(1) 55 69 
Female (2) 58 73 

(3) 53 71 

Total 166 213 

6-7 1 

92 
101 
86 

279 

91 
89 
82 

262 

(1) · · · ·agricultural, (2)····clerical, (3)· ···labouring 

8-9 10-11 I Total 

96 

I 

105 442 
102 108 456 
99 llO 433 

297 323 1331 

95 121 341 
110 98 428 

99 119 424 

304 338 1283 
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TABLE 7-2. (F-F) 

Factor ss DF Ms 

Sex (S) 76.78 2- 1= 1 76.78 
Month-age (M) 9762.71 5- 1= 4 2440.67 
Occupation (0) 36.87 3- 1= 2 18.44 
SxM 261.29 1 X 4= 4 65.32 
SxO 22.22 1 X 2= 2 11.11 
MxO 44.59 4x 2= 8 5.57 
R 665.01 29-21= 8 83.13 

Total 10869.47 30- 1=29 

** significant level at 1% 

TABLE 8-1. Bread earners' Occupation ( S-S) 
-

Sex I Month-age~ ~ 
Occupation ,j, 2-3 4-5 6-7 

(1) 

I 

96 126 160 
Male (2) 98 130 156 

(3) 82 133 152 

Total I 276 389 468 

(1) 

I 

75 I 120 133 
Female (2) 83 120 150 

(3) 74 I 108 125 

Total 232 
I 348 I 408 

( 1) · · · ·agricultural, ( 2) · · · ·clerical, ( 3) · · · -labouring 

Factor 

Sex (S) 
Month-age (A) 
Occupation ( 0) 
S xH 
S xO 
M x O 
R 

Total 

** significant level at 1% 

* " 5% 

TABLE 8-2. (S-S) 

ss DF 

464.14 2 - 1 = 1 
32663.67 5- 1= 4 

317.27 3- 1= 2 
1070.19 1 x 4= 4 

12.86 1 x 2= 2 
564.73 4 x 2 = 8 
533.81 29 - 21 = 8 

35626.67 30- 1 = 29 

8-9 10-11 

162 168 
175 175 
169 167 

506 510 

148 

I 

196 
173 175 
168 181 

I 491 I 552 

Ms 

464.14 
8165.92 

158.64 
267.55 

6.43 
70.59 
66.73 

** 

Total 

712 
734 
703 

2149 

672 
703 
656 

I 2031 

* 
** 
* 

3. The developments of T - T, a. b, c and L 8 were observed to show no 
trend described above. 

2) Utilization of the Health Center Clinic 
All infants were classified into 2 groups, one of infants whose mothers 

utilized the clinic of Health Center, and the another who did not. The infants 
of these 2 groups were compared for their developments of hip-bones by sex 
and month -age groups of 3 to 11 months. 
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1. Tables 9-1, 10-1 and 11-1 show the means and the standard devi­
ations of T-T, S-S and H-H by sex, month-age and utilization of Health Center. 

The developments of T-T, S-S and H-H in infant hip-bones were con­
sidered to be greater in infants of the utilization-group than those of the non­
utilization group. 

8 infants each were sampled by sex, month-age and the group classified 
by the utilization of Health Center to examine for the difference between the 
2 groups statistically, and significant differences were noted in T-T, S-S and 
H-H at 5% level of confidence by the analysis of variance (Tables 9-2, 9-3, 
10-2, 10-3 and 11-2, 11-3). 

TABLE 9-1. Utilization of Health Center (T-T) (mm) 

Sex I Month-age I 
( 1) 

N s 

3 I 13 6.2 1.0 
4 11 9.6 2.9 
5 15 11.9 3.1 
6 19 15.3 1.1 

Male 7 18 13.8 3.9 
8 15 16.2 2.1 
9 16 16.4 3.5 

10 16 18.4 3.6 
11 13 17.8 0.8 

3 12 5.1 I 1.9 
4 17 7.9 2.7 
5 16 9.4 1.2 
6 20 11.1 1.0 

Female 7 22 13.8 2.6 
8 16 14.2 2.9 
9 22 15.5 2.0 

10 17 16.5 2.5 
11 22 17.8 3.6 

' 

( 1) · ···utilization group, ( 2) · · · -non-utilization group 
N- ··-number of samples 
x ·· · ·mean 
s ····standard deviation 

N 

15 
13 

9 
8 

13 
14 
9 
8 

11 

14 
17 

9 
10 
15 
13 
14 
16 

I 9 
I 

TABLE 9-2 . Utilization of Health Center (T-T) 

(2) 

7.7 
8.9 

12.4 
13.7 
14.4 
13.6 
15.4 
16.1 
16.1 

5.6 
8.4 
8.7 
9.7 

11.8 
13.9 
15.7 
15.3 
16.9 

__ s_e_x_','I Ji=-=t::::fi=f;~;~gne~ l 3 1 __ 4-----;1 _ _ 5 --'1 6 1 7 1 8 1 9 1 10 1 

I ( 1) I 52 1- 741 99 I 1291 103 I 125 i 1261 1391 
(2) 66 I 75 97 I 111 112 I 114 I 125 134 

---~----~-~--~-

Total I 118 I 149 I 196 I 240 I 215 ] 239 J 251 I 273 [ 

Male 

s 

2.6 
2.2 
2.2 
2.5 
3.1 
3.2 
3.8 
3.1 
4.0 

2.3 
2.9 
3.0 
2.3 
2.7 
2.9 
3.1 
4.3 
4.3 

11 I Total 

i-~il~~ 
270 1 1951 

Female I 
Total 

(1) 
(2) 

914 
828 44 II 60 I 781 881 1241 113 I 1331 1281 146 1 

45 65 69 75 99 107 : 114 110 144 

891 125 1 147Jl63T223T220-1~--;-38_1_2-90__,__1_1_7_42-

( 1) ····utilization group, (2) · ·· ·.non-utilization group 
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TABLE 9-3 . (T-T) 

___ _:_actor ___ _ l_ - -~~---- ----DF ____ l__~----------
Sex (S) 
Month-age ( M) 
Utilization (U) 
SxM 
S xU· 
M x U 
R 

1213.34 
26967.95 

380.23 
1739.91 

83.54 
424.02 
463.71 I 

2- 1= 1 
9- 1= 8 
2- 1= 1 
1x 8= 8 
1 X 1= 1 
8x 1= 8 

35- 27 = 8 

1213.34 
3373.49 

380.23 
217.49 
83.54 
53.00 
57.96 

** 
** 
* 
* 

-- ---- - ----:--- -----;---

T_o_ta_l ___ ____, __ 2_9_9_21~L-~6 =-==-35_I __ ___ __ _ _ I ____ _ 
** significant level at 1% 
* u 5% 

TABLE 10-1. Utilization of Health Center (S- S ) (mm) 

Sex 
I ! 

I Month-age I N 
( 2-'-)------c;------

N s 
- - - --

3 13 9.7 1.2 15 9.9 1.1 
4 11 12.5 2.6 13 12.5 2.0 
5 15 13.7 1.8 9 13.3 3.3 
6 19 15.8 2.8 8 15.0 2.9 

Ma le 7 18 15.6 2.7 13 15.6 2.1 
8 15 17.0 1.7 14 15.6 3,3 
9 16 17.0 2.5 9 16.7 2.8 

10 16 18.3 3.3 8 18.3 3.9 
11 13 17.8 3.3 11 17.2 3.8 

3 12 8.5 1.2 14 8.7 3.0 
4 17 11.3 2.1 17 11.4 2.3 
5 16 13.2 2.4 9 11.1 1.9 
6 20 14.3 1.5 10 11.8 1.6 

F emale 7 22 15.0 1.8 15 14.3 1.9 
8 16 15.7 1.9 13 15.6 3.0 
9 22 

I 

16.4 2.7 14 16.8 1.7 
10 17 17.9 2.5 16 17.7 3.7 
11 22 19.1 2.4 9 17.9 4.0 

----- --
( 1) · · · ·utilization group, ( 2) .. . . non-utilization group 
N ... ·number of sa mples 
x · ···mean 
s . ... s tandard deviation 

TABLE 10- 2 . Utilization of Hea lth Center (S-S) 

Sex 

M ale 

I Month-age--71 
Utilization J, 

T ota l 

(1) 
(2) 

F em a le I 
(1) 
( 2 ) 

Total 

3 I 4 I 5 I 6 J 7 I 8 I 9 I 10 I 11 I Tota l 

831 100 I 109 I 130 I 121 I 1341 130 I 138 1 139 1 1084 88 105 102 I 120 128 13o 138 146 134 1o91 

171 I 205 1 211 I 250 I 2491 264 1 268 1 2841 2731 2175 
--~--~-~---i--~--,--~---

72 1 89 j 1o4 1 1oo 1 121 1 131 1 133 'I 130 1 162 \ 1042 76 90 87 91 115 120 132 I 129 151 991 

1 148 1 179 1 191 1 191 1 236 1 251 1 265 1 259 1 313 1 2033 

( 1) · · · ·utilization group, ( 2) · . · ·non-utilization g roup 
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Factor 

Sex (S) 
Month·age I M) 
Utilization ( U) 
SxM 
SxU 
MxU 
R 

Total 

** significant level at 1% 

* II 5% 

I. HOTTA 

TABLE 10-3. (S·S) 

ss DF 

560.11 2- 1= 1 
15152.66 9- 1= 8 

53.78 2- 1= 1 
1354.72 1x 8= 8 

92.56 1 X 1= 1 
354.72 8x 1 = 8 

40.94 35-27= 8 

17609.16 36- 1=35 

Ms 

I 

560.11 
1894.08 

53.78 
169.34 

I 

92.56 
44.34 

5.12 

TABLE 11-1. Utilization of Health Center (H-H) (mm) 

· Sex 

** 
** 
* 
** 
** 
** 

s 
·-~--·-------

3 13 5.2 1.6 15 5.9 2.4 
4 11 6.5 1.9 13 6.5 1.5 
5 15 6.8 ].8 9 7.0 1.0 
6 19 7.9 1.5 8 8.0 2.2 

Male 7 18 8.6 2.0 13 8.1 2.1 
8 15 8.5 1.4 14 7.9 2.3 
9 16 8.8 1.6 9 8.8 1.9 

10 16 10.2 2.1 8 8.7 1.4 
11 13 9.4 1.4 11 8.7 2.0 

3 

I 
12 5.9 1.4 14 5.1 1.2 

4 17 6.1 1.4 17 6.4 1.4 
5 16 7.4 1.6 9 5.6 1.9 
6 20 8.2 2.2 10 6.6 1.0 

Female 7 22 8.0 2.0 15 8.1 1.4 
8 16 I 9.0 1.0 13 8.2 2.3 
9 22 9.0 1.0 14 9.8 1.9 

10 17 

I 
9.8 1.5 16 9.4 2.1 

I 11 22 11.1 1.8 9 8.5 3.1 

I 1) · · · ·utilization group, ( 2) · . · · non·utilization group 

N ····number of samples 

x ····mean 
s ····standard deviation 

TABLE 11-2 . Utilization of Health Center (H-H) 

Sex I Month·age~ ~ 
Utilization ,J, 3 I 4 I 5 I 6 I I 

7 I 8 I 9 I 10 11 1 Total 

Male 
I 

(1) 
43 1 57 1 54 1 62 1 61 I 65 1 70 I 68 1 77 1 

557 
(2) 53 50 57 64 71 63 74 73 65 570 

Total 96 1 101 1 m j 126 1 132 1 128 1 144 1 141 1 142 1 1127 

Female I ( 1) 51 I 54 1 58 1 61 I 65 1 75 1 75 1 77 1 94 1 
610 

(2) 41 50 44 52 66 61 77 71 80 542 

Total 92 1 104 1 102 1 113 1 131 1 136 1 152 1 148 1 174 1 1152 

( l) · · · ·utilization group, (2) · · · · non·utilization group 
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TABLE 11-3 - (H-H) 

Factor ss DF 

Sex (S) 17.35 2- 1= 1 
Month-age (M) 3779.77 9- 1= 8 
Utilization (U) 84.02 2- 1= 1 
S xM 351.90 1x 8= 8 
S xU 182.02 1 X 1= 1 
MxU 261.03 8x 1= 8 
R 111.43 35-27 = 8 

Total 4787.52 36- 1=35 

** significant level at 1% 
* , 5% 

T-T· · · ·Fs= 6.65> F~(0.05) =5.32 
S-S · · · ·Fs = 10.50> F~(0.05)=5.32 
H- H .... Fs= 6.03>F~(0.05)=5.32 

Ms 

17.35 
33.92 ** 
84.02 * 
43.99 

182.02 ** 
32.63 
13.93 

The same tendency as the above was also observed in all parts of the hip­
bones and was more distinct as the month -age advanced. 

2. The developments of Y-Y, Z-Z and F- F were also observed to be greater 
in infants of the utilization than those of the non-utilization group, but no 
significant difference could be observed statistically (Tables 12-1, 12- 2, 13- 1, 13-
2 and 14- 1, 14-2). 

TABLE 12-1. Utilization of Health Center (Y-Y) 

Sex I Month-age--'>1 
Utilization i 3 I 4 I 5 I 6 I 7 I 

Male 
I 

( 1) 

I 
29 1 39 1 42 1 50 I 47 1 (2) 35 37 39 67 51 

Total 64 1 76 1 81 1 1171 98 1 
I (1) 

24 1 30 I 43 1 391 51 I Female j (2) 25 32 32 34 45 

Total 491 62 1 75 1 73 1 96 1 

( 1) · · · ·utilization group , (2) · ·· ·non-utilization group 

Factor 

Sex (Sl 
Month-age (M) 
Utilization ( U) 
S x M 
S x U 
M x U 
R 

Total 

** significant level at 1% 

* II 5% 

TABLE 12-2 . (Y-Y) 

ss DF 

121.00 2- 1= 1 
3493.94 9- 1= 8 

1.00 2- 1= 1 
591.00 1 x 8 = 8 
106.64 1x 1= 1 
200.00 8 x 1= 8 
97.36 35- 27= 8 

4610.94 36- 1=35 

8 I 9 I 10 

50 I 51 
51 1 

59 I 55 1 58 

101 1 110 1 113 1 

56 1 50 54 1 55 52 1 53 

106 1 109 1 105 1 

Ms 

121.00 
436.74 

1.00 
73.88 

106.64 
25.00 
12.17 

11 [ Total 

581 
421 

52 449 

no 1 870 

70 I 419 
59 385 

129 1 804 

* 
** 
** 

I 
* 
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TABLE 13-1. Utilization of Health Center (Z-Z) 

Sex I Month-age->! 3 I 4 I 5 I 6 I 7. I 8 f, 9 I 10 11 I Total 
!Utilization J, 

I (1) I 631 691 77 I 86 I 92 I 941 0611061 1071 790 <z> n n 79 i 83 : 9o 1 94 1o4 1o6 101 799 

____ T_o_t_al---,~-1_3_4_-,1~1-40---,-l-15_6_,__1_1_6_9_,1_1_82-~ 1881 200 I 2121 2081 1589 

Male 

Female- ~ gj I ~~ I ~~ I ~i I ~~ I ~~ ~ --- ~~ ~-igg I i2f I i6~ I ~~~ 
--c-----

___ T_o_ta_I ____ ,_I _1_24_L_14:12_~ 158 I 181 [ 187 I 202 I 204 I 223 I 1573 

0) ···-utilization group, (2) ···-non-utilization group 

TABLE 13-2. (Z-Z) 

Factor _____ j_-__ SS DF I Ms __ L 
Sex (S) 
Month-age ( M) 
Utilization (U) 
SxM 
SxU 
MxU 
R 

7.11 
7432.28 

32.11 
130.39 
74.62 

177.36 
174.88 

1x 8= 8 16.30 
1 X 1 = 1 74.62 
8 X 1= 8 22.17 

35-27 = 8 21.86 

E= ~: 1-~~- ---9~H~ 

----~-------',----

-- _13028.78 _ _1_36-=---1 = 3~ I ____ _ Total 
---·-----~--

** significant level at 1% 

TABLE 14-1. Utilization of Health Center (F-F) 
- . 

Sex I Month·age-->1 
Utilization J, 3 

I 
4 

I 
5 I 6 I 7 I 8 I 9 I 10 

Male 
I 

(1) 

I 
51 I 64 I 65 I 75 i 

771 80 I 79 ! 881 
(2) 56 63 i 10 1 10 1 77 72 87 I 85 

J I 

Total 
I 1071 1271 1351 1451 1541 1521 166 1 1731 

Female I (1) 

I 
521 571 65 i 731 

70 I 891 831 80 I (2) 49 57 sz I 571 74 75 82 80 

Total 
I 101 1 1141 1171 130 1 144 I 164 1 1651 160 1 

I 

(1) ····utilization group, (2)··· ·non-utilization group 

TABLE 14-2. (F-F) 

Factor ss DF Ms 

Sex (S) 
I 

81.00 2- 1= 1 81.00 
Month-age (M) 5282.85 9- 1= 8 660.36 
Utilization ( U) I 81.00 2- 1= 1 81.00 
SxM 236.00 1 X 8= 8 29.50 
SxU 24.66 1x 1= 1 24.66 
MxU 222.00 8x 1= 8 27.75 
R 187.34 35-27= 8 23.42 

Total 6114.85 36- 1=35 

** significant level at 1% 

** 

11 I Total 

961 
675 

83 663 

1791 1338 

941 663 
95 621 

1891 1284 

** 
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3. No significant difference could be observed in the developments of a, b, 
c and L_(} statistically. 

3) Location of the infants' homes 
Living-location were divided into 3 areas-a middle sized city, a small 

sized city and farm area, for the samples were selected from two cities and 
three villages. 

Month-age groups were defined as 3-4, 5-6, 7-8 and 9-10 months. 10 infants 
each were selected at random by sex, month-age and living-location, and the 
development of hip-bones was investigated by the method of analysis of vari­
ance. 

The developments of T-T, S-S, Y-Y, Z-Z, H-H and F-F were observed to 
be greater in infants living in the middle sized city than in the other two 
areas, and this tendency became more distinct as the month-age advanced, and 
in females than in males. But no sig nificant difference could be proved sta­
tistically (Tables 15- 1, 15-2, 16- 1, 16- 2, 17- 1, 17- 2, 18- 1, 18- 2, 19-1, 19-2 and 
20-1, 20-2). 

4) Existence of grandparents 
All infants were divided into 4 groups as stated in the chapter on materials 

and methods. 

T ABLE 15-1. Location (T-T) 

Sex 

Male 

I Month-age-?1 
Location~ 

-
(1) 
(2 ) 
(3) 

T otal 

(1) 
Female (2) 

(3) 

T otal 

3-4 

81 
77 
87 

245 

75 
67 
53 

195 

5-6 7-8 

I 

134 149 
112 139 
139 137 

385 425 

107 142 
84 142 

103 132 

294 416 

9-10 

154 
180 
175 

509 

152 
153 
159 

464 

Total 

518 
508 
538 

1564 

476 
446 
447 

1369 

( 1) · · · ·a middle s ized city, ( 2 ) · · · ·a small sized cit y, ( 3 ) · · · ·fa r m area 

TABLE 15-2. (T-T ) 

Factor ss DF Ms 

Sex (S) 1583.94 2 - 1= 1 1583.94 ** 
Month-age (M) 26338.60 4- 1= 3 8779.53 ** 
Location ( L) 109.80 3- 1 = 2 54.90 
S x M 563.09 1 x 3= 3 187.70 
S xL 152.18 1 x 2 = 2 76.09 
M x L 1022.77 3 x 2 = 6 170.46 
R 287.29 23-17= 6 47.88 

Total 30057.67 24 - 1=23 

** s ignificant level at 1% 
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TABLE 16-1. Location (S-S) 

Sex I Month-age~ ~ 
Location~ 

3-4 5-6 I 7-8 9-11 Total 

I 

(1) 

I 
109 152 

I 
168 173 602 

Male (2) 106 127 162 182 577 
(3) 114 155 154 178 601 

Total I 329 434 I 484 533 1780 

(1) 

I 
114 142 

I 

163 169 588 

Female' (2) 101 126 158 163 548 
(3) 85 133 144 171 533 

Total I 300 401 I 465 503 1699 

( 1) · · · ·a middle sized city, (2) · ··-a small sized city, (3) .... farm area 

TABLE 16-2. (S-S) 

Factor ss DF Ms 

Sex (S) 512.78 2 - 1= 1 512.78 * 
Month-age (M) 15477.75 4- 1= 3 5159.25 ** 
Location ( L) 309.69 3- 1 = 2 154.85 

SxM 17.52 1 x 3= 3 5.84 
S xL 194.73 1 x 2= 2 97.37 
MxL 623.65 3x 2= 6 103.94 

R 296.47 23-17= 6 49.41 
----

Total 17432.56 24- 1=23 

** significant level at 1%, * significante level at 5% 

TABLE 17-1. Location (Y-Y) 

I Month-age~~ 
--

I Sex 
Location~ 

3-4 5-6 7-8 9-10 Total 

I 
( 1) 

I 
49 56 64 69 

I 
238 

Male (2) 37 49 61 74 221 
(3) 45 63 62 72 242 

Total I 131 168 187 215 I 701 

(1) 

I 
43 55 66 63 

I 

27--.,--

Female (2) 34 57 70 67 228 
(3) 27 51 56 68 202 

Total I 104 163 192 198 I 657 

(1) · · · -a middle sized city, ( 2) · - · ·a small sized city, (3)· ··-farm area 

TABLE 17-2. (Y-Y) 

Factor ss DF Ms 

Sex (S) 80.57 2- 1= 1 80.57 
Month-age (M) 2992.60 4- 1= 3 997.53 ** 
Location (L) 30.02 3- 1= 2 15.01 
SxM 97.33 1x 3= 3 32.44 
S xL 140.68 1x 2= 2 70.34 * 
MxL 203.15 3 x 2= 6 33.86 
R 81.49 23-17= 6 13.58 

Total 3625.77 24- 1=23 

** significant level at 1%, * significant level at 5% 
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TABLE 18-L Location ( Z-Z) 

Sex I Month-age~~ 3-4 5-6 J 7-8 9-10 Total Location~ 

M-al_e _ _ J - Hr -~~ - !~ __ _...::.::~:.:~:___-;.1 __ ~:.:!:..::~-+---=~:..::~=-I -~-!.:C.!--"~-
1 255 301 1 348 383 1287 Total 

Female (2) 82 102 124 130 438 

(1) 

1

-------,9;-;;2-+---115 I -1~2~2-+-~1~26~-+---.,4=55=---

- ------'----'( 3 _ _:_)_ --T-__ 7.c_3_ 102 --+ _ _:_1:.:::0..::6---;_ ._:_1:.:::3_::_0---;_ 411 
1 247 319 1 352 386 1304 Total 

-----~----~---~--~---~----~----
(l)····a middle sized city, (2)····a small sized city, (3)····farm area 

TABLE 18-2 . (Z-Z) 
==~=============== 

_ _ _ F_a_c_to_r~------'-----~---~ ------- ~~----J~ __ M __ s _ _ __,_ _ _ _ 
Sex (S) 
Month-age (M) 
Location ( L) 
SxM 
S xL 
MxL 
R 

Total 

29.32 
6592.09 
127.35 
38.65 

209.43 
438.41 
114.50 

7550.25 

2- 1= 1 
4- 1= 3 
3- 1= 2 
1 x 3= 3 
1x 2= 2 
3 x 2= 6 

23-17= 6 

24- 1 = 23 

29.32 
2197.36 

63.68 
12.88 

104.72 
73.07 
19.08 

** 

* 

** significant level at 1.%, * significant level at 5.% 

TABLE 19-1. Location (H-H) 

Sex I Month-age~) 3-4 5-6 7-8 J 9-10 Total 

- M~l~-----i~_L_o~_ l'lf 11 --~=go---+-------oi""~-+--· H-~-- ~-~ __Jc__~~~~~!-
Total 188 215 251 1 272 926 

(1) 63 79 88 I 89 319 Female (2) 61 71 93 97 322 
-----~-~( =-3 ~) -~ _ _:_5:.:2:___+-_ _::_72~~-_:_7_::_7_+-_ 8_::_6__j~-2~87~_ 

176 222 258 1 272 928 Total 

(1) ···-a middle sized city, (2) ·-·-a small sized city, ( 3) · · · ·farm area 

TABLE 19-2 . (H-H ) 

Factor ss DF Ms 

Sex (S) 0.0 2- 1 = 1 0.0 
Month-age (M) 3192.35 4- 1 = 3 1064.12 ** Location (L) 43.64 3- 1= 2 21.82 
S x M 39.89 1x 3 = 3 13.30 
S x L 267.75 1x 2 = 2 133.88 ** MxL 246.40 3 x 2 = 6 41.07 
R 32.36 23 - 17 = 6 5.39 

Total 3822.39 24- 1 =23 

** significant level at 1.% 
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TABLE 20-1. Location (F-F) 

Sex Total k~~~;~-~1e~l s-4 5-6 · 1 7-8 9-10 1 

--M-a-le----', ill -~- i! ·- !fl-1-~-~---'.----~-~-~---',--~-H-
---:-----'-·-----

Total 215 262 1 291 1 329 

107 
105 
103 

1097 

361 
348 
327 

--F~e_m_a_l_e_-'c-----1-~-; -~--i-~-+---~-~ -~ l! 
---19-3-~..;--2_4_5 __ ~.~~-l31~--- 103_6 -~ 

--~---

Total 

(1)·. ·-a middle sized city, (2)· .. ·a small sized city, (3)· · ··farm area 

TABLE 20-2. (F-F) 

Factor i ss I DF 

f~~;~g<8". . .. ~~T!--111 -l~ g l ... 
s XL 124.31 1 X 2 = 2 
MxL 161.18 3x 2= 6 
R 55.60 23-17= 6 

Total 

** significant level at 1% 
* II 5% 

5638.47 1 24- 1 =23 
-~-

Ms 

154.81 
1683.56 

37.10 
5.59 

62.16 
26.86 

9.27 

** 
** 

* 

Of these 4 groups, the groups living with their grandparents and those 
not living with grandparents, were selected to compare the developments of 
the infant hip· bones by samples of 7 each and classified by sex and month­
age groups, of from 2 to 11 months_ 

But no parts of the hip-bone showed significant difference statistically. 

5) Mothers' Occupation 
All mothers were divided into 5 groups according to their occupations as 

stated in the chapter on materials and methods, and the developments of in­
fant hip-bones of these groups except the last one were compared by the 
method of analysis of variance_ 

6 infants each were sampled by sex, month-age (3, 6 and 9 months) and 
groups of mothers' occupation for this analysis. 

No parts of the hip-bone showed different development. 

B. Influence of birth-season as a natural environment on the development of 
the infant hip-bones 

1) Tables 21-1, 22-1, 23-1, 24-1 and 25-1 show the means and the 
standard deviations of Y-Y, S-S, a, c and L.O classified by sex, month-age and 
birth-season groups. 
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TABLE 21-l. (Y-Y) (mm) 

Sex 

Male 

Female 

I Birth-season~~ 

Month-age~ 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 
4 
5 
6 
7 
8 

N ···-number of samples 
x ····mean 
s ·· · -standard deviation 

Spting-Summer 

N l X I s 

8 41.3 

I 
2.28 

18 42.0 2.42 
14 44.4 2.49 
13 45.5 1.29 
11 46.5 2.82 
11 48.7 2.78 
16 49.4 1.23 
14 47.1 4.24 

12 39.0 1.53 
19 41.0 3.35 
17 42.5 2.79 

7 44.0 1.85 
15 48.0 3.41 
8 47.8 4.51 

13 48.1 

i 
1.95 

8 49.9 2.61 

TABLE 21-2 . (Y-Y) 

Autumn-Winter 

N X I s 

13 39.6 3.63 
17 42.6 3.06 
20 43.6 2.30 
23 46.3 2.96 
20 46.5 2.07 
24 48.2 3.29 
12 50.3 3.04 
6 49.0 3.18 

! 15 39.4 2.58 
18 40.8 3.95 
18 42.7 4.67 
16 44.5 3.07 
20 46.4 2.49 
22 47.5 4.12 

6 47.5 1.50 
9 49.7 3.18 

Sex~~ · Male I F emafe I 
Birth-season . 1 I I . . ! / I . Total Month-age~~ Spnng 1Summer Antumn Wmter Spnng jSummer Autumn Wmter 

1 127 123 120 127 117 116 118 115 963 
2 128 129 125 126 131 123 124 127 1013 
3 131 138 131 132 124 127 133 125 1041 
4 138 142 132 130 134 136 134 130 1076 
5 136 145 141 134 142 146 136 138 1118 
6 140 148 136 140 148 134 136 137 1119 
7 152 154 147 146 135 149 144 135 1162 
8 149 155 157 150 141 145 149 148 1194 

Total I 1101 I 1134 I 1089 I 1085 I 1072 I 1076 I 1074 I 1055 I 8686 

Factor 

Sex (S) J 

Month-age (Ml · 
Birth-season (B) I 
~ ~~ I M x B 
R 

Total 

** Significant level at 1% 
* II 5% 

TABLE 21- 3. ( Y-Y) 

ss 

272.25 
5266.94 
159.32 
197.75 
60.87 

369.68 
292.13 

6618.94 

DF 

2 - 1 = 1 
8- 1= 7 
4 - 1 = 3 
1 x 7 = 7 
1 x 3 = 3 
7 x 3 = 21 

63 - 42 = 21 

64 - 1 = 63 

Ms 

~~H~ --
1

1 ::-

28.25 
20.29 
17.60 
13.91 
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TABLE 22-1. (S-S) (mm) 

Sex I 
Birth-season-+! 

Month-age~ 

1 
2 
3 

Male 4 
5 
9 
7 
8 

1 
2 
3 

Female 4 
5 
6 
7 
8 

N ·-·-number of samples 

x ---·mean 

s · - · ·standard deviation 

I 

Spring-Summer 

N I X I s 

8 7L8 4.19 
18 72.3 5_19 
14 78.8 3.11 
13 84.0 5.37 
11 77.7 2.48 
12 88.8 4.13 
16 90.0 5.00 
14 91.9 4.31 

12 66.3 4.01 
19 71.5 5.23 
17 76.4 3.74 
7 81.7 5.99 

15 87.1 4.69 
8 87.8 4.52 

13 88.3 4.79 
8 92.1 6.18 

TABLE 22-2. ( S-S) 

Autumn-Winter 

N X I s 

13 67.4 6.30 
16 74.0 2.19 
20 73.1 5.58 
23 84.1 2.29 
20 84.6 5.17 
24 88.5 5.06 
12 91.7 5.58 
6 92.6 7.10 

15 65.5 4.89 
18 70.0 2.90 
18 75.1 6.23 
16 81.2 4.01 
19 84.5 5.03 
22 86.1 4.69 
6 87.2 4.17 
9 91.8 5.25 

Sex- ~ Male I Female 1 

~~;~h~~~~0f--+ Spring JsummerJAutumnJ Winter Spring JsummerJAutumnl Winter JTotal 

1 218 220 214 192 196 196 192 192 1620 
2 218 226 213 214 206 212 212 210 1711 
3 234 248 228 238 219 232 232 220 1849 
4 242 256 248 237 248 250 248 232 1961 
5 251 258 250 254 246 266 250 238 2013 
6 252 260 246 253 252 271 264 246 2044 
7 273 280 267 259 231 275 263 237 2085 
8 269 280 282 261 270 286 276 264 2188 

Total I 1957 J 2028 I 1948 J 1908 I 1865 J 1988 J 1937 I 1839 115470 

TABLE 22-3 . ( S-S) 

Factor ss DF Ms 

Sex (S) 702.25 2- 1= 1 702.25 ** 
Month-age (M) 32763.44 8- 1= 7 4680.49 ** 
Birth-season (B) 2434.32 4- 1= 3 811.44 ** 
SxM 1036.75 1 x 7= 7 148.11 ** 
SxB 231.87 1x 3= 3 77.29 
MxB 759.18 7x 3=21 36.15 
R 1094.13 63-42=21 52.10 

Total 39021.94 64- 1 =63 

** Significant level at 1.% 
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TABLE 23-1. (a) (mm) 

Sex I 
Birth-season-+! NSprfng-:um_

1

mer
5 

I 
Month-age~ 

1 
2 
3 

Male 4 
5 
6 
7 
8 

1 
2 
3 

Female 4 
5 
6 
7 
8 

N· ···number of samples 

x ····mean 

s · · · ·standard deviation 

6 9.1 0.43 
14 10.2 2.97 
12 10.9 1.56 

i 10 12.8 1.47 
6 14.0 1.00 

I 

9 14.1 1.62 
14 14.7 

I 

2.02 
14 14.9 1.07 

I 

10 9.7 1.27 
14 10.0 1.25 
14 11.5 1.29 
6 13.0 0.71 

12 13.4 2.92 
6 13.5 0.50 

13 14.6 1.54 
7 15.1 2.07 

TABLE 23-2. (a) 

Autumn-Winter 

N s 

9 10.3 
I 

1.16 
14 9.7 1.43 
13 12.2 I 1.68 
18 13.2 1.69 
18 14.6 2.11 
23 14.2 1.60 

7 15.2 1.67 
6 15.0 2.31 

12 9.1 0.66 
15 10.0 1.26 
14 10.9 1.50 
13 12.3 0.74 
17 13.3 2.61 
18 13.3 2.03 
6 12.1 0.70 
6 

I 
15.3 1.06 

Sex--+1 Male I Female I 
~~~~h~:~~T-+, Spring jsummerjAutumnj Winter I Spring [summer/Autumn/ Winter Total 

1 28.5 29.0 30.5 27.0 29.0 28.0 ! 27.5 26.5 1226.0 i 2 31.5 34.5 29.0 32.5 29.5 33.0 I 28.0 28.0 246.0 
3 34.5 39.5 38.5 32.5 31.5 39.0 34.0 29.5 1279.0 
4 40,0 43.0 39.5 35.3 34.5 38.5 I 37.0 35.5 303.3 
5 44.5 44.0 

I 

44.0 39.0 38.0 41.0 38.0 37.0 326.0 
6 

I 

43.0 47.0 41.5 43.0 39.0 42.5 39.5 39.5 1336.0 
7 43.5 45.0 44.0 43.0 43.0 44.5 39.5 39.5 1342.0 
8 43.5 48.5 45.5 45.0 45.0 48.5 37.0 46.5 359.5 

Total I 309.0 I 330.5 j 312.5 j 297.0 j 289.5 I 315.0 j 280.5 I 283.0 12417.8 

Factor 

Sex (S) 
Month-age (Ml 
Birth-season (B) 
SxM 
S xB 
MxB 
R 

TABLE 23-3. (a) 

ss 

104.55 
2110.07 

150.68 
17.11 
11.93 

104.12 
57.93 

DF 

2- 1= 1 
8- 1= 7 
4- 1= 3 
1x 7= 7 
1 X 3= 3 
7x 3=21 

63-42=21 

~~~-T_o_ta_l __ ~~--'-~-2-45_6_.39 ___ j~ 1 =~3 
** Significant level at 1% 

Ms 

104.55 
287.24 

50.23 
2.44 
3.98 
4.96 
2.76 

** 
** 
** 
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1 
2 
3 

Male 4 
5 
6 
7 
8 

1 
2 
3 

Female 4 
5 
6 
7 
8 

N ····number of samples 

x ····mean 
s ·· · ·standard deviation 

I. HOTTA 

TABLE 24-1. (c) (mm) 

6 4.2 4.45 
14 5.1 4.42 
12 7.1 6.01 
10 8.3 3.87 
6 9.1 4.83 
9 8.5 2.95 

14 13.6 

I 
2.09 

12 11.1 4.18 

10 I 3.9 
I 

3.59 
14 5.2 6.40 
14 4.9 3.65 
6 8.7 2.35 

12 11.1 4.13 
6 11.3 4.14 

13 

I 
11.3 6.71 

7 15.2 3.81 

TABLE 24-2. (c) 

9 4.6 6.20 
14 4.1 4.40 
16 6.6 5.06 
19 8.9 8.20 
17 9.0 5.85 
23 10.7 6.00 
9 16.8 5.21 

I 6 17.6 5.15 

12 2.7 3.10 
15 3.5 3.62 
14 5.7 5.65 
13 7.1 4.33 
17 9.7 4.88 
18 8.2 4.34 
6 9.0 3.54 
6 9.8 3.87 

Sex-+1 Male 1 Female I 
~~~~h~:~~0f-+ Spring jsummer[Autumn! Winter] Spring ]summer]Autumn] Winter J Total 

1 2.5 0.0 2.8 0.0 I 1.3 1.1 0.5 0.2 8.4 
2 1.5 2.3 2.0 0.0 I 1.2 2.0 1.3 0.8 11.1 
3 1.5 3.5 2.9 1.0 1.2 2.0 1.3 0.8 14.1 
4 2.0 3.0 2.8 1.5 1.7 2.0 1.7 1.0 15.7 
5 3.5 3.5 2.5 2.8 2.3 3.5 2.8 2.2 23.1 
6 3.9 4.9 3.1 3.7 1.8 3.4 1.3 2.5 24.6 
7 4.0 3.8 4.2 3.5 2.7 3.3 3.3 3.3 28.1 
8 3.3 4.8 4.5 3.5 3.0 4.5 2.3 3.8 29.7 

Total 22.2 1 25.8 1 24.8 1 16.0 1 15.2 1 21.8 1 14.7 1 14.3 1154.8 

Factor 

Sex (S) 
Month-age (M) 
Birth-season (B) 
SxM 
S xB 
MxB 
R 

Total 

** Significant level at 1% 

TABLE 24-3. (c) 

ss DF 

8.13 2- 1= 1 
56.77 8- 1= 7 
8.51 4- 1= 3 
2.83 1x 7= 7 
3.48 1x 3= 3 

13.62 7x 3=21 
4.01 63-42=21 

97.36 64- 1=63 

Ms 

8.13 
8.11 
2.84 
0.40 
1.16 
0.65 
0.19 

** 
** 
** 
** 
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TABLE 25-1 ( L_O) ( degree) 

Sex I 
Birth·season->1 

Month·age,j, 

1 
2 
3 

Male 4 
5 
6 
7 
8 

1 
2 
3 

Female 4 
5 
6 
7 
8 

N· ·· · number of samples 

x ····mean 

s · · · ·standard deviation 

I 

Spring-Summer 

N I X I S, 

8 24.1 3.95 
18 22.3 4.84 
14 24.3 3.10 
13 23.4 3.87 
11 18.4 4.48 
12 21.1 3.99 
16 20.3 4.46 
14 20.6 5.04 

12 28.5 5.31 
19 25.9 3.14 
16 25.5 2.65 

7 25.1 4.03 
15 21.9 4.07 
8 23.8 5.67 

13 23.1 4.55 
8 21.7 4.59 

TABLE 25-2. ( L.O) 

Autumn-Winter 

N x s 

13 I 25.0 3.35 
17 26.9 4.43 
20 24.2 3.65 
23 23.0 3.96 
20 21.5 4.08 
24 21.2 3.76 
12 20.2 4.75 

6 22.3 3.27 

15 28.8 4.11 
18 27.9 3.65 
18 27.3 5.06 
16 27.6 4.32 
20 24.8 4.36 
22 23.9 3.81 

6 25.0 1.22 
9 21.8 4.00 

~r ~ r &~ 1 
Birth-season . . . I • Total Month-age ,j, ->I Sprmg ISummerjAutumnl Wmter I Spnng ISummeriAutumnl Wmter I 

1 66 60 86 80 80 82 80 68 
I 

629 
2 75 64 89 78 74 80 81 85 

I 
625 

3 76 68 61 73 90 67 80 95 640 
4 69 59 71 71 71 71 86 86 584 
5 50 48 54 68 70 66 71 83 I 510 
6 72 62 67 74 76 72 74 73 I 570 
7 61 51 68 67 69 

I 
71 72 77 

I 
536 

8 59 61 68 64 60 57 75 72 516 

Total 558 I 473 J 564 [ 575 I 599 J 566 I 619 I 657 I 4611 

TABLE 25- 3 . ( L_O) 

Factor ss DF Ms r 
52 I ** 
36 ** 

Sex (S) 1147.52 2- 1 = 1 I 1147. 
Month-age (M) 2382.59 8- 1 = 7 340. 
Birth-season ( B ) 1259.49 4- 1 = 3 419. 83 ** S x M 345.10 1 x 7 = 7 49. 30 
S x B 107.48 1x 3 = ::1 35. 83 
M x B 1436.38 4 X 3 = 21 68. 40 
R 1034.36 63 - 42 = 21 49. 26 

T ot a l 7712.86 64 - 1 = 63 

** Significant level at 1% 
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The developments of Y-Y, S-S, a, c and LfJ of infants born in the warm 

season were considered to be greater than those of infants born in the cold 

season. 
3 infants each were sampled by sex, month-ages of 1 to 8, and birth-season 

-spring, summer, autumn and winter, and the developments of the hip-bones 

were compared by the method of analysis of variance. 

Significant differences were found between the birth-season groups, statisti· 

cally (Tables 21-2, 21-3, 22-2, 22-3, 23-2, 23-3, 24-2, 24-3 and 25-2, 25-3). 

Y-Y· · · ·Fs= 3.13>F:t(0.05)=3.07 
S-S · · · ·Fs= 15.57>F:t(0.01) =4.37 
a · · · · Fs= 18.20> F:t(0.01) =4.37 
c · · · · Fs = 14.95 > F:1 ( 0.01) = 4.37 

LfJ .. --Fs= 8.52>F:t(0.01)=437 

The infants born in the warm season showed significantly better develop­

ment than those born in the cold season. 
The influences of birth-season were clearly seen in the horizontal growth 

of the upper structure of the infant hip-bone, and the acetabular depth of in­

fants born in the warm season was deeper and its steepness was milder than 

those born in the cold season. 
2) The developments of H-H and Z-Z, i.e. of the lower structures of the 

hip-bone, showed no significant difference statistically (Tables 26-1, 26-2 and 

27-1, 27-2). 

TABLE 26-1. Birth-Season (H-HJ 

Sex~ ~ Male I Female I 
~~~~h~:~~or~ Spring [summer/Autumn/ Winter Spring jsummer[Autumn[ Winter Total 

1 182 172 169 162 170 168 171 162 1356 
2 180 182 178 175 171 173 179 177 1415 
3 188 196 189 175 179 161 181 180 1449 
4 187 197 191 195 191 194 195 191 1541 
5 192 198 195 185 207 210 195 191 1573 
6 198 203 197 193 204 210 205 196 1607 
7 210 207 208 201 198 209 204 196 1633 
8 199 214 212 169 209 211 216 205 1665 

Total I 1536 I 1569 I 1539 [ 1485 [ 1529 I 1536 / 1547 / 1498 112239 

TABLE 26-2. (H-H) 

Factor ss DF Ms 

Sex (S) 5.56 2- 1= 1 5.56 

I Month-age (M) 10849.36 8- 1= 7 1549.91 ** 
Birth-season (B) 54.09 4- 1= 3 18.02 
SxM 618.73 1x 7= 7 88.39 I ** 
S xB 566.89 1x 3= 3 188.96 

I 

** 
M x B 1021.53 7x 3=21 48.64 ** 
R 165.24 63-42=21 7.87 

Total 13281.48 64- 1=63 

** Significant level at 1% 



EFFECTS OF NURSING-CONDITIONS ON INFANT HIP-BONES 205 

TABLE 27-1. Birth-Season 12-Z) 

Sex~ ~ Male I Female I 
Birth-season . I I / . . I [ [ . Total 
Month-age .j. ~~ Sprmg Summer Autumn Wmter Spnng Summer Autumn Wmter 

1 151 144 134 152 148 150 143 146 1168 
2 157 162 165 168 159 161 157 158 1287 
3 169 175 170 163 187 158 179 168 1369 
4 174 178 167 180 177 176 185 178 1415 
5 182 187 184 180 184 192 185 183 1475 
6 184 189 183 186 183 182 196 185 1488 
7 190 197 198 189 189 200 189 186 1538 
8 184 201 199 187 189 197 201 186 1544 

I ' 

Total I 1391 I 1433 I 1400 I 1405 [ 1416 [ 1414 I 1435 I 1390 I 11284 

TABLE 27-2. (Z·Z) 

Factor ss DF Ms 

Sex IS) 10.56 2- 1= 1 1 0.56 
Month-age ( M) 15005.75 8- 1= 7 214 3.68 *•:• 
Birth-season ( S) 109.00 4- 1= 3 3 6.33 
S x M 119.44 1 x 7= 7 1 7.06 
S x B 141.69 1 X 3 = 3 4 7.23 
M x B 885.00 7 x 3=21 4 2.14 
R 618.31 63 -42=21 2 9.44 

Total 16889.75 64- 1 = 63 

** :Significant level at 1% 

DISCUSSION 

Six items were considered to find the influences of the nursing-conditions, 

natural and social, on the development of infant hip-bones. 

A. Influences of the social environment on the development of infant hip-bones 

1) Influences of breadearners' occupation 
The breadearners' occupations were classified into 3 groups, clerical, labour 

and agricultural. 
The reason why the breadearners' occupation was selected is that it might 

to a great extent explain the income and living·mode of the homes. 
As Tanaka25 ' stated, the income and living-mode influence greatly the for­

mation of the infant hip-bone. And further studies36'- 40 ) have reported how 
the i.ncome of the home influences much the physical development of infants 
and children in general. 

There is, however. another important problem in farm-homes in Japan. 
The compound house-hold41 ' ' 2' is basic to the japanese farm-home and all of 
the family must be engaged in agricultural work. Consequently, the mothers 
in these homes must work hard not only in agricultural work but in house­
holding, and so have not enough time to nurse their babies. 

Under the circumstances, it can be said that the infants of farmers are in 
disadvantageous conditions all the more when their mothers are engaged in 
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agricultural work. 
On the other hand, the bread earners who are engaged in clerical occu · 

pation belong mostly to the intelligentia group and they are interested in 
better nursing of their babies. Besides, most of the mothers in these homes 

have no occupation and they have more time to nurse their babies. 

And so, infants of the clerical class are in a more advantageous con­

ditions and the development of the hip-bone was found to be better. But in 
parts of the acetabular roof represented by a, b, c, and LfJ, no marked differ­

ence according to breadearners' occupations could be observed. This may be 
considered to show that parts forming the hip-joint with the head of the 

Femur and the formation of the acetabular roof are more affected by other 

factors. 

2) Utilization of the Health Center Clinic 

Utilization of the Health Center Clinic explain to some extent the attitude 
toward reasonable nursing, and the babies whose mothers utilize such a clinic 

can be considered to be under more appropriate guardianship. 
It is fundamentally necessary to have reasonable knowledge of nursing for 

the better development of infants. 
W atanabe~3 > has recently reported on the relation between the breadearners' 

occupation and utilization of the clinic and described that the Health Center 
Clinic is utitilized more by infants or babies of breadeaners' occupations in 

the tertiary industry than those of the primary. And so, it may be deducted 

that poor utilization of the clinic and insufficient knowledges of proper nursing 

are seen in farmers and their babies will be under poorer nursing-conditions 
Nagano"> reported on the physical development of infants and stated that 

the more mothers utilized the Health Center Clinic the better was the develop­

ment of infants. And so, utilization of such a clinic will explain the parents' 

attitude toward nursing and their proper knowledge of nursing. Mothers who 

often utilize the clinic will make try to improve both methods and environ­
ments of nursing. 

Thus the development of the hip-bone of infants whose mothers often 
utilize the clinic are better when compared with the developments of the non­
,utilization group. And this was revealed by the better development of hip­

bone represented by T-T, S-S and H- H in infants of the utilization·group than 

of the non-utilization group. But no marked difference was observed in the 
development of the acetabulum according to the breadearners' occupation. 

Hence, other special factors must be considered to explain the formation 

of acetabular roof. 

3) Influences of location where the infants live 

It has been often reported that the area where the infants live will influ­
ence the development of the infant hip-bones. 

Nagura22> reported that the frequency of dislocation of the infant hip-joint 
differs according to the living-location of the infants. 

R. G. Record26> also stated that "There is a marked geographical variation 

in incidence." Also in Japan, Ueda2•> reported that infants with abnormal find-
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ings in their hip-bones were found more in cold mountainous areas, based on 
an epidemiological survey on dislocation of the infant hip. 

W atanabe2n also reported that infants with abnormal findings in their hip­
bones were found more frequently in mountainous areas than in the planes or 
coast. 

Le Damany451 recognized that the frequency of dislocation of the infant 
hip-joint differs according to the living-location and explain it to be native or 
raciaL 

But recent reports attribute the difference in frequency to difference in 
climate of the location or area where the infants live. 

And so, the development of the infant hip-bones is believed to be disturbed 
by coldness and the shortage of sun-rays in that location. 

In my survey, however, two cities and three .villages in the same province 
were examined, and so the difference due to climate can not be considered. 
Though no significant difference was proved, infants living in a middle sized 
city showed better development than in the other two areas. 

The breadearners who were engaged in the secondary or tertiary industries 
were more numerous in a middle sized city than in a small city or farm area. 

Consequently, breadearners engaged in clerical work live more in a middle 
sized city than in the other 2 areas, and the location of the infants as natural 
or geographical environment were not considered in this survey, but the social 
factors due to difference in occupation in these areas played the greater role. 

4) Influences of the existence of grandparents and the mothers' occupation 
on the development of the infant hip-bones 

No part of the hip-bone showed different development due to these influ­
ences, and no marked trend was observed in any part of the infant hip-bones. 

· The reason why the existence of grandparents was studied was that nursing 
is sometimes laid in thair hands when they live together, especially in cases 
where the mothers are engaged in some occupation and have not enough time 
for nursing. Grandparents often interfere in nursing-affairs in Japan'61 , and 
nursing by them is almost always conservative, and most of them make no 
effort to learn modern nursing or improve nursing methods and environment. 
And this means less utilization of the Clinic of Health Centers. 

As Nakamura471 em'phasized, the role of grandparents in nursing babies is 
very great in Japanese farm-homes. 

But these problems are very complex and interrelated with the breadearners' 
occupation and utilization of the clinic. 

The author is now studing the method of analysing these complex factors 
influencing nursing by another experimental design, based on the method of 
multivariate analysis48149l and a part of it will be reported. 

B. Influences of birth-season as a natural environment 
The development of the upper structure of the infant hip-joint represented 

by S-S and Y-Y, especially the formation of the acetabular roof of infants 
born in the cold season is inferior to that of infants born in the warm. 

This tendency is more marked in females, but a difference by birth-season 
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was not observed in the development of the lower structure of hip-joint re · 

presented by H-H and Z-Z. Consequently the acetabular roof of infants born 

in the cold season is smaller and steeper than of infants born in the warm 

season. 
Dislocation of the infant hip-joint can be considered to occur more easily 

in infants born in the cold than warm season, if a certain external force is 

loaded on the head of femur in the direction to dislocation. 

W atanabe27) reported that there is a custom in nursing babies to wind a 

small blanket round the lower extremities • covering the diaper-cover in the 

cold provinces in Japan. As the result of this custom, there is a tendency to 

limit free movement and exercise of the lower extremities. 

Besides, it is considered that babies born in the cold season can not move 

their bodies freely and have less opportunities of sun-bathing due to heavy 

clothing. 
These babies are also considered to lack those conditions that accelerate 

the development of the infant hip-bone advocated by Mizuno.21 , Hence the 

movement and exercise of the lower extremities as freely as possible must be 

considered to play an important role in the formation of the acetabular roof. 

Namely, these could be the direct stimulus accelerating the formation of the 

acetabulum. 
"Wuchtum-Reiz" stated by Klopfer31 l is also considered to be the stimulus 

forming the acetabular roof by the movement and exercise of the lower ex· 

tremities concretely. 
Recently Mittelmeier50l advocated functional therapy of dislocations of the 

infant hip-joint. This treatment is also considered to be based on the reason 

that positive exercise and movement of the lower extremities would accelerate 

acetabular formation. Consequently, cold season or cold location would act 

adversely on the development of the acetabulum by limiting free movement 

and exercise of the lower extremities in babies. 

SUMMARY AND CONCLUSION 

Influences of the nursing-conditions upon the development of the infant 

hip-bones were investigated with X-ray photographs, sampled at random by 

several environmental factors. ' 

The data were statically analysed and the results obtained were as follows. 

A. Influences of the social environment on the development of the infant 

hip-bones 

1) Breadearners' Occupation 
The development of the infant hip-bones is generally better in infants 

whose breadearners' occupation are clerical than agricultural or labouring. 

Especially the developments of Y-Y and Z-Z were observed to be greater in 

the former at confidence levels of 1% or 5%. H-H, F-F and S-S were also 

observed to be greater in the former but a significant difference could not be 

proved statistically. 
The developments of T-T , a, b, c and L. fJ showed no tendency as above. 
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It was concluded that the breadearners' occupation would affect the whole 
development of hip-bones, and that not only the upper structure but also the 
lower of the hip-joint would develop better in infants of parents engaged in 
clerical work than in those engaged in the other two. 

Acetabular formation, however, dose not seem to be affected obviously by 
the breadearners' occupation. 

2) Utilization of the Health Center Clinic 
Babies whose mothers utilize the clinic of Health Centers showed better 

development of hip-bones, especially of T-T, S-S and H-H at a confidence 
levels of 5%. 

The same tendency was also observed in the developments of Y-Y, z-z 
and F-F, but a significant difference could not be found statistically. Also no 
significant difference could be found in the development of the acetabulum 
represented by a, b, c and L.O. 

3) Lilving-location of the infants 
No difference in the development of the infant hip-bones could be observed 

statistically due to this factor. 
Infants, however, who lived in urbanized areas showed slightly better de­

velopment of the hip-bones than those in rural areas, especially as regards the 
developments of T-T, S-S, Y-Y, Z-Z, H-H, F-F, but no difference could be 
observed in the development of the acetabulum represented by a, b, c and L.O. 

4) Existence of grandparents and mothers' occupation 
No significant difference could be proved due to these factors, namely no in­

fluence on the development of hip-bones was seen whether the infants co-dwell 
with their grandparents or not and whether the mothers were engaged in work 
or not. 

B. Influence of birth-season as a natural environment on the development of 
the in/ ant hiP-bones 

The development of the lower structure of the infant hip-joint represented 
by H-H and Z-Z showed no difference. Namely, this part was observed to 
develop regularly regardless of birth -season. 

As the upper structures of the infant hip-joint represented by Y-Y, S-S, 
a, c and L.O showed different development by birth-season, i.e. these parts in 
infants born in the warm season showed better growth than in infants born 
in the cold season, the upper structures are likely to be more unstable and 
easily affected than the lower structures. 

The author wishes to thank Prof. Yahito Kotake and Assist. Prof. Hiroshi Mizuno for 
their kind guidance and advice. 
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