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= Abstract =

A Study on the Roentgenographic Observation of the Pelvis & Hip in Koreans

B.M. Park, M.D., J.S. Jahng, M.D., D.Y. Han, M.D., E.S. Kang, M.D. and C.S. Joo, M.D.
Department of Orthopedic Surgery, Yonsei University, College of Medicine, Seoul, Korea

Five hundred normal boys and girls under the age of 20 years were observed to evaluate the normal angles of the pelvis

and hip as well as the chronology of postnatal ossification and growth plate fusion in the proximal femur and pelvis at the

various age groups with the pelvis AP X-ray films during the period of 3 years from June, 1978 to May, 1981 at Severance

hospital.

The results were as follows:

1. The appearance of the ossification center of femoral head occurred at age 2 to 9 months in boys, 1 to 7 months in girls
and its fusion occurred at age 15 to 19 years in boys, 14 to 18 years in girls.

2. The appearance of the ossification center of greater trochanter occurred at age 2 to 5 years in boys, 2 to 4 years in girls
and its fusion occurred at age 15 to 19 years in boys, 14 to 17 years in girls.

3. The appearance of the ossification center of lesser trochanter occurred at age 7 to 13 years in boys, 6 to 12 years in
girls and its fusion occurred at age 15 to 19 years in boys, 13 to 18 years in girls.

4. The fusion of triradiate cartilage occurred at age 13 to 18 years in boys, 12 to 15 years in girls.

5. The appearance of the ossification center of ischial tuberosity occurred at age 13 to 18 years in boys, 12 to 17 years in
girls and its fusion began at the age of 19 years in boys, 18 years in girls.

6. The appearance of iliac apophysis occurred at age 13 to 18 years in boys, 12 to 16 years in girls and its fusion began at
the age of 19 years in boys, 18 years in girls.

7. The fusion of the junction of ischial and public rami occurred at age 5 to 12 years in boys, 4 to 12 years in girls.

8. The appearance of the teardrop of Kocher occurred at age 3 to 9 years in boys, 3 to 8 years in girls.

9. The value of acetabular angle and iliac was decreased according to the increment of age, but the value of C-E angle
was increased with age.

10. The acetabular angle in the 0-2 months group, 11-12 months group, and the groups over 3 years, the C-E angle in
the groups over 7 years, and the iliac angle in the 0-2 months group, 5-6 months group, and 7-8 months group showed

a difference between males and females.

Key words: Ossification Center, Angle, Pelvis, Hip.
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Table 1. Number of Children (by Sex) showing the Appearance and Fusion of each of the Ossification centers at the various

Age groups

Age Region - FH GT LT TC IT 1A IPR TD

Month  Sex M F M F M F M F M F M F M F M F
0. 5*
3. 12 12
5. 16 16
7. 17* 20
9. 20

Year 1. 2 9@
3. 18 2 3
4. 12 20 (3% 9*
5. 20 (2 (2 100 11*
6. 2 (2 (49 10 16
7. 4 (8 (8 16 16
8. 7* (10) (9% 18 20
9. 11* (10) (10) 20
10. 9* 14 (149 (149
11. 10 18 (18) (18)
12. 16 20 (2 2 4 (200 (20)
13. 20 (2 (2 1 2 8 1
14, ( 6) ( 6) (6) (8 (16 12 8 12
15. (2 (10) (2 (2 (2 @0 (0) (20 10 16 14 18
16. (8 (12) (8 (18 (6) (16) (16) 14 18 14 20
17. (12) (16) (12) (20) (10) (16) (16) 18 20 18
18. (16) (20) (16) (17*) (200 (20) 20 (2 20 (2
19.  (20) (20) (20) (9 (8 (49 (6

FH: Femoral head, GT: Greater trochanter, LT: Lesser trochanter, TC: Triradiate cartilage, IT: Ischial tuberosity,
[A: Iliac apophysis, IPR: Ischiopubic ramus, TD: Tear drop of Kocher, ( ): Number of the fusion,

*: Present only in the right, @: Present only in the left.
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Fig. 1. Normal Variations of the Acetabular Angle with Normal Maturation of the Hip.
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Fig. 2. Normal Variations of the CE Angle with Normal Maturation of the Hip.
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Table 2. Normal Values for Acetabular Angle & Center-Edge Angle

Angle Acetabular Angle Center-Edge Angle
Age Sex Male Female Male Female
Mean SD Mean SD P value Mean SD Mean SD P value
Month 0 274 32 293 45 P 0.05 7.7 6.6 88 6.2 P 0.05
3 253 35 26.1 38 P 0.05 77 66 88 6.2 “
5 227 43 243 43 u 126 64 105 7.2 v
7 215 25 209 48 ” 131 54 109 47 .
9 213 52 212 54 u 168 78 162 54 ”
11 188 3.7 204 35 P 0.05 188 7.2 189 6.0 ”
Year 1 202 33 23 28 P 0.05 212 62 201 43 ”
2 185 23 206 21 ” 231 55 212 6.2 .
3 189 23 187 3.2 ” 254 52 246 45
4 155 238 172 34 P 0.05 305 66 288 55 ”
5 134 26 148 16 ” 342 64 316 54 .
6 127 25 154 28 ” 304 49 304 48 ”
7 123 32 145 25 v 278 54 262 52 ”
8 125 138 126 27 ” 286 4.4 276 45 P 0.05
9 9.7 28 133 3.1 ’ 265 4.1 254 35 ”
10 106 24 142 28 v 282 48 276 44 ”
11 102 25 120 27 . 303 53 288 54 ”
12 124 31 143 25 ” 326 45 297 5.7 ”
13 105 23 142 23 " 344 47 333 45 “
14 106 1.8 136 2.1 ” 342 48 321 43 ”
15 104 26 135 26 » 348 42 318 48 “
16 112 21 134 25 “ 356 52 332 49 ”
17 110 23 128 3.1 u 348 43 341 51 o
18 105 22 137 24 ” 362 52 338 45 u
19 103 25 142 22 . 358 48 342 44 "

SD: Standard Deviation
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Fig. 3. Normal Variations of the Iliac Angle with Mormal Maturation of the Hip.
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Fig. 4. Normal Variations of the Iliac Index with Normal Maturation of the Hip.
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Table 3. Normal Values for Iliac Angle & lliac Index

Angle lliac Angle lliac Index
Age Sex Male Female Male Female
Mean SD Mean SD P value Mean SD Mean SD P value

Month 0 552 6.5 556 5.3 P 0.05 826 85 849 82 P 0.05
3 563 5.3 566 5.6 P 0.05 816 74 82.7 83 ”
5 57.1 48 588 6.3 P 0.05 798 82 831 88 "
7 595 5.5 586 55 " 810 85 795 76 "
9 588 6.4 587 6.6 P 0.05 80.1 86 799 82 i
11 588 6.7 596 6.1 ” 776 78 800 85 ”

Year 1 587 6.2 582 64 ” 789 83 805 82 v
2 598 65 584 64 . 783 81 790 78 "
3 585 5.7 574 56 ” 774 75 761 75 ”
4 582 6.4 578 54 " 737 76 750 79 ”
5 594 56 586 68 " 728 82 734 83 "
6 596 68 586 6.5 ” 723 88 74.0 87 ”
7 592 76 602 7.2 ” 715 85 747 89 ”
8 598 58 598 6.3 ” 723 78 724 85 ”
9 61.2 55 596 6.2 . 709 86 729 84 ”
10 598 7.2 59.5 5.9 . 704 9.2 737 18 "
11 588 65 589 6.2 " 69.0 89 709 7.7 .
12 599 63 59.2 6.1 v 723 82 735 86 ”
13 60.6 5.7 59.8 6.4 ” 71.1 79 74.0 8.2 ”
14 596 638 59.2 59 ” 702 84 728 87 ”
15 589 64 596 58 ” 69.3 7.8 731 75 ”
16 598 6.4 581 6.5 ” 7.0 77 715 76 ”
17 594 53 596 48 ” 704 75 724 72 ”
18 59.2 59 595 6.7 ” 69.7 8.1 732 89 ”
19 589 6.7 582 6.2 " 69.2 83 724 92 .

SD: Standard Deviation
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Table 4.

Chronology of Postnatal Ossification & Growth Fusion in the Proximal Femur & Pelvis

As Early As In At Least 50% As Late As
Flecker Acheson Authors Flecker Acheson Authors Flecker Acheson Authors
Femoral Male: A 0—3 0—2 0—6 0—4 1-0 0-9
Head F 14—0 16—0 15—0 17—0 17—0 17—0 202 19—0
Female: A 0-3 0—1 0—6 0—4 1—6 0—-7
F 13—4 13—0 14—0 14—0 15—0 15—0 18—2 18—0
Greater Male: A 4—4 2—6 2—0 5—0 4—0 5—0 6—0 6—0 5—0
Trochanter F 15—10 15—=0 15—0 16—0 18—-0 17—=0 17—6 19—0
Female: A 2—-7 2—0 2—0 3—0 2—6 3—-0 4—0 46 4—0
F 14—4 13—0 14—0 14—0 15—0 15—0 16—6 17—0 17—0
Lesser Male: A 8—11 8—0 7—0 14—0 11-0 11-0 17—11 14—0 13—-0
Trochanter F 15—0 15—0 17—-0 17—0 19—0
Female: A 9—-0 6—0 6—0 9—0 9—0 9—0 16—10 120 12—0
F 12—0 13—0 15—0 15—0 18—0 18—0
Triradiate  Male: F 13—11  14—0 13—0 15—0 6—0 15—0 17—11 18—0
Cartilage Female: F 10—6 11—0 12—0 13—0 13—0 13—0 16—10 16—=0 15—=0
Ischial Male: A 13—0 120 13—0 19—0 15—0 15—0 21-0 18—0
Tuberosity F 170 19—0
Female: A 13—5 11—0 12—0 16—0 13—0 14—0 24—0 16—0 17—0
F 17—0 18—0
lliac Crest Male: A 13—4 13—0 13—0 16—0 15—0 15—0 22-9 18—0 18—0
F 17—-0 19—0
Female: A 12—0 11—0 12—0 14—0 13—0 14—0 22-3 16—0 16—0
F 16—0 18—0
Ischiopubic Male: F 4—0 3—6 5-—-8 7—0 9—0 80 11—4 16—0 12—0
Ramus Female: F 3—11 4-0 4—0 8—0 10—0 9—0 11-0 15—0 12—0
*—; Year—Month, *A; Appearance, *F; Fusion
Table 5. Chronology of Postnatal Ossification in the Proximal Femur & Pelvis
Francis & Werle  Pyle & Sontag  Greulich & Pyle Jaffe Graha
Present in 20% Mean / S.D. Mean / S.D.  Present in 50% 5th* 10th* 95th*
Femoral M 0—3 0-4.4 0—20 0—450-—1.8 01 0—4 0—8
Head - F 0-3 0—3.70—1.6 0—3.6 0—1.6 0—0 0—4 07
Greater M 3—1 3—6.6 0—7.6 3—6.1 0—9.8 1--11 3-0 4—4
Trochanter F 2—0 2—5.8 0—6.4 2-5.0 0—5.2 1.0 1-10 3-0
Lesser M 9—4 11—-4
Trochanter F 77 9-—-2
Ischial M 13—7 15—3 17— 1
Tuberosity F 11-9 13—11  16—0
Tliac M 12—0 14—0 15—11
Crest F 10-10 129 14—4
S.D.; Standard Deviation, *; Percentiles, —; Year—Month .
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