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An Experimental Study on Surgery of the Growing Hip Joint
with Special Reference to the Intervention to the
Triradiate Cartilage

Yutaka KUKITA
Department of Orthopaedic Surgery, Sapporo Medical College
(Chief : Prof. B. Kawamura)

Using 48 young rabbits about 800-1000 g in weight, an experimental study was carried out
using two different procedures. In the first of these, the articular cartilage, including a portion of
the triradiate cartilage, was resected (first group). In the second all other articular cartilage was
resected except for that directly over the triradiate cartilage in order not to damage that cartilage
(second group).

Following these operations, the changes in the triradiate cartilage and the influence on pelvic
growth were studied macroscopically, roentgenologically, and histologically. The following results
were obtained :

1. Macroscopically, in the first group, osseous overgrowth in the visceral aspect of the acetab-
ulum region as well as prominence and increase in thickness of the triradiate cartilage at 2-4 weeks
after surgery in the articular surface of the acetabulum were seen. Moreover, the closure of the
triradiate cartilage was observed as early as at 6-8 weeks. In the second group little change was
observed in the triradiate cartilage.

2. Roentgenologically, in the first group, remarkable thickening of the visceral table of the
pelvis appeared at 4 weeks following surgery, and, being modelled in the course of time, continued to
be until 12 weeks, the last stage of observation. On the other hand, in the second group no
remarkable change was observed.

3. Histologically, in the first group, irregularity and partial protrusion of the triradiate cartilage
into the osseous tissue was seen at 1 week. At 2-3 weeks irregularity and increase in thickness of
the triradiate cartilage, and prosperous enchondral ossification were observed. Moreover, in the
visceral aspect of the acetabulum region a remarkable increase in bone formation followed by thic-
kening of the cortex was seen. In the articular surface of the acetabulum prominence of the tri-
radiate cartilage was seen, and the enchondral ossification was accelerated, resulting in early closure
of the triradiate cartilage at 6-8 weeks. In the second group, however, the triradiate cartilage
showed little change throughout all stages. The articular surface of the acetabulum was finally
covered by the newly formed fibrous and cartilagenous tissues, which was more irregular in the first
group than in the second group.

4. In measurements of specimens of the pelvis, in the first group, a remarkable increase in the
transverse diameter of the pelvis was observed. The longitudinal diameter of the pelvis slightly
increased at 4-6 weeks, while at 8-12 weeks in more than a half of the cases of the first group a
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decrease was indicated as compared to that of the control side. A similar change was also very
slightly observed in the second group. Slight increases in both longitudinal and transverse diameters
of the acetabulum were recognized in both groups. As far as the femoral head was concerned, post-
operative hypertrophy of the head and slight flattening of the head were seen after 6 weeks in the
first group.

5. In conclusion, a partial resection of the triradiate cartilage does not necessarily inhibit
growth potential, but may promote the potential, which then contribute to overgrowth of the adjacent
bone of the triradiate cartilage. Consequently early closure of the triradiate cartilage occurs and
this then may restrict overgrowth of the acetabulum region. On the other hand, it was suggested
that irregularity of the articular surface of the acetabulum following surgery gives rise to osteo-
arthritis of the hip joint. (Received February 14, 1983 and accepted March 22, 1983)
Key words: Experimental study, Hip joint, Triradiate cartilage
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Fig.5 Photographs of the acetabulum following surgery
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2nd Group

Fig.6 Photographs of the acetabulum following surgery
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Fig.7-(1) Photographs of the visceral aspect of the acetabulum region
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Table 1
Week Group 1 Ave Group 2 Ave
1 1.000 1.000 1.000 1.000 {{1.000 1.000 1.000 1.000|1.000
2 1.000 1.000 1.000 1.000]}1.000 1.000 1.000
3 1.000 1.000 1.000 1.000 111000 1.000 1.000 1.000
4 1,020 1.013 1.013 1.015(|1.000 1.007 1.000 1.002
6 |1.026 1.038 1.013 1.026}{1.006 1.012 1,013 1.000{1.008
8 1.000 0.994 0.994 0.996110.988 0.988 1.000 0.992

12 11.000 0.990 0.994 1.000{0.996{1.0060 1.000 1.000 1.000]1.000
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12 week

Fig.8 Ratio of transverse diameter of the pelvis
1st Group —— (O: Average)
2nd Group - (A : Average)

Table 2 The ratio of length of each vadius of the
trivadiate cartilage

Week Group 1 Ave Group 2 Ave
1 1.000 1.000 1.000 1.000[{1.045 1.000 1.000 1.00011.011
2 1.045 1.100 1.095 1.0801]1.000 1.065 1.033
3 1.043 1.048 1.087 1.059|1.078 1.043 1.130 1.084
4 1.074 1.120 1.174 1.083{1.113(11.091 1.091 1.087 1.090
6 1.318 1.167 1.130 1.205111.074 1.038 1.037 1.040 |1.047
8 1.212 1.115 1.333 1.220([1.083 1.115 1.040 1.079

A : Ratio at the ilioischial radius of the
Y-cartilage

Week Group 1 Ave Group 2 Ave
1 1.000 1,125 1.000 1.042/{[1.000 1.000 1.000 1.000}1.000
2 1.125 1.000 1.000 1.042(1.000 1.000 1.000
3 1.111 1,125 1.250 1.162]11.000 1.000 1.000 1.000|1.000
4 1.125 1.125 1.125 1.250|1.156 ([1.125 1.125 1.000 1.083
6 1.250 1.125 1.333 1.236111.000 1.125 1.000 1.143]1.067
8 1.091 1.125 1.125 1.114}[1.000 1.000 1.167 1.056

A : Ratio of longitudinal diameter of the pelvis

B: Ratio at the iliopubic radius of the Y-cartilage

Week Group 1 Ave Group 2 Ave Week Group 1 Ave Group 2 Ave
1 1.000 1.000 1.000 1.000(11.036 1.000 1.000 1.000}1.009 1 1.000 1.083 1.000 1.0281{1.083 1.000 1.011 1.000|1.039
2 1.110 1.077 1.074 1.087(11.000 1.051 1.026 2 1.000 1.000 1.091 1.030(/1.000 1.000 1.000
3 1.067 1.077 1.179 1.108(|1.061 1.021 1.103 1.062 3 1.000 1.083 1.000 1.028{{1.000 1.000 1.000 1.000
4 1.194 1.125 1.214 1.1721.176{/1.071 1.111 1.074 1.084 4 1.250 1.143 1.231 1.000(1.156{{1.091 1.077 1.000 1.056
6 1.357 1.133 1.200 1.230111.059 1.031 1.031 1.03411.039 6 1.071 1.077 1.083 1.077]|1.029 1.091 1.029 1.000}1.037
8 1.176 1.161 1.310 1.216(|1.067 1.094 1.067 1.076 8 1.154 1.167 1.167 1.1631(1.000 1.000 1.083 1.028

12 |1.346 1.357 1.214 1.267]1.296||1.067 1.038 1.067 1.037|1.052

B: Ratio of transverse diameter of the pelvis

C: Ratio at the puboischiadic radius of the
Y-cartilage



362 AKRH

1.400

1.300

1.200

[.100]

1.000

0.900

0 2 3 4 6 8 12 yeek

Fig.9 Ratio of diameter of ilioischial radius of the
Y-cartilage

1st group

2nd group

—— (O: Average)
...... (A Average)

Table 3 The ratio of longitudinal and transverse
diameters and the depth of the acetabulum
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HEEAOHEc, BREJds Tz, MEM Lo
DR, BB LS CBYAEAERLIS, BE
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Table 4 The ratio of longitudinal and transverse

diameters and the height of the femoral
head

Group 1 Ave Group 2 Ave

Week

Group 1 Ave Group 2 Ave

Week

1 |1.000 1.000 1.000 1.000(1.000 1.056 1.056 1.000(1.028

1.059 1.000 1.000 1.020}1.063 1.035 1.049
1.050 1.023 1.033 1.03511.133 1.176 1.000 1.103
1.150 1.100 1.158 1.100(1.127(|1.056 1.059 1.111 1.075

1.059 1.056 1.111
1.056 1.050 1.158
12 11.050 1.100 1.023

1,075]1.050 1.050 1.053 1.0501.051
1.088{1.118 1.050 1.100 1.089
1.058{t1.211 1.056 1.029 1.056(1.088

O O e W N

1 {1.000 1.000 1.000 1.000{{1.000 1.000 1.000 1.000{1.000

1.000 1.000 1.067 1.022 [11.000 1.133 1.067
1.059 1.143 1.059 1.087111.143 1.063 1.059 1.088
1.063 1.111 1.056 1.059{1.072{/1.063 1.125 1.056 1.081

1.063 1.056 1.056
1.056 1.100 1.125
12 |1.056 1.235 1.098

1.0581{1.050 1.242 1.056 1.053 [1.100
1.094(j1.125 1.053 1.111 1.0%
1.130{{1.056 1.125 1.167 1.059|1.102

@ o B W N

A : Longitudinal diameter

A : Longitudinal diameter

Week Group 1 Ave Group 2 Ave
1 1.000 1.022 1.000 1.0071/1.034 1.056 1.056 1.063|1.052
1.059 1.000 1.000 1.02011.100 1.059 1.080

1.105 1.059 1.133 1.099 11,063 1.059 1.056 1.059

1.150 1.200 1.158 1.100{1.1521.000 1.000 1.176 1.059

1.059 1.056 1.111
1.158 1.050 1.158
12 |1.056 1.056 1.033

1.075((1.100 1.050 1.000 1.050(1.050
1.122)|1.111 1.105 1.050 1.089
1.048]/1.211 1.056 1.137 1.056 {1.115

0 @ A W N

Week Group 1 Ave Group 2 Ave
1 1.000 1.063 1.000 1.021111.000 1.000 1.0000 1.000 {1.000
1.059 1.000 1.063 1.041 11.000 1.035 1.018

1.111 1.000 1.056 1.056(11.173 1.098 1.022 1.098

1.033 1.056 1.053 1.056(1.050(j1.084 1.098 1.053 1.078

1.059 1.053 1.056
1.100 1.111 1.11
12 |1.089 1.020 1.235

1.056 {{1.100 1.158 1.021 1.0741.088
1.107|{1.176 1.122 1.158 1.152
1.115]|1.071 1.125 1.050 1.056[1.076

o & W DD

B: Transverse diameter

B: Transverse diameter

Week Group 1 Ave Group 2 Ave Week Group 1 Ave|| . Group 2 Ave
1 |1.667 1.333 1.300 1.433(/1.333 1.333 1.100 1.111{1.219 1 {1.000 1.040 1.000 1.013(/1.000 1.000 1.000 1.0001.000
2 |1.444 1.333 1.444 1.407)|1.111 1.111 1.1 2 |1.037 1.000 1.067 1.035(|1.000 1.038 1.019
3 [1.500 1.556 1.400 1.485|1.222 1.444 1.400 1.355 3 |1.059 1.067 1.000 1.042|1.071 1.000 1.000 1.024
4 |1.286 1.214 1.143 1.143|1.197|{1.222 1.333 1.222 1.259 4 [1.059 1.063 1.056 1.056|1.059(1.063 1.067 1.093 1.074
6 [2.111 1.778 1.778 1.885(|1.083 1.273 1.273 1.346|1.248 6 0.976 1.045 0.977 0.9991(1.078 1.111 1.059 1.032{1.070
8 11.636 1.727 1.682(/1.250 1.455 1.889 1.531 8 |1.000 1.000 0.909 0.970 [|1.059 1.089 1.053 1.067

12 |1.727 1.667 1.545 1.646(/1.909 1.167 1.273 1.273[1.406

12 [0.830 0.944 1.032 0.935{1.041 1.063 1.075 1.118|1.074

C: Depth

C: Height
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a: The osteocartilagenous defect is covered by the loose connective tissue, showing
necrotic substances and inflammatory cell infiltration. (x45)

SR

b: Note the partial protrusion of the triradiate cartilage. (x112)

Fig. 10 1st group at 1 week

FLIRER 38
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a: operated side

Note the irregular increase in thickness of the triradiate cartilage. (x45)

b: control side (x45)

Fig.11 1Ist group at 3 weeks
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Fig.12 Enlarged photomicrograph of Figure 11-a, A.
The increase in thickness is seen with the increase of the breadth of the
zone beteween two proliferating cell layers. (x112)

a: operated side b: control side

a: At the site of the cortex, the appositional bone growth is actively seen.
A )
Note the hypertrophy of the visceral aspect of the acetabulum. (X3.5)

Fig.13  1st group at 2 weeks after surgery
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%l

a: operated side
a: Note the increase in thickness of the triradiate cartilage and the protrusion

of massive cartilagenous cells to the cortex. (x45)

b: control side (x45)

Fig. 14 Enlarged photomicrographs of Figure 13-a, B and Figure 13-b, C.
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Fig.15 1st group at 4 weeks

The triradiate cartilage has grown and increased in thickness. (x45)

b: control side

Fig. 16 1st group at 6 weeks

Note the increase in transverse diameter of the pelvis and in thickness of the cortex.
(X3.5)
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s

a: operated side b: control side
Fig.17 1st group at 6 weeks

The closure of the triradiate cartilage occured earlier than that of the control
side. (x45)

Fig. 18 1st group at 6 weeks

The osteocartilagenous defect was covered by dense connective tissue in the
socket of the cavity and showed the irregularities of the articular surface. (x45)
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b: control side

a: operated side

Fig.19 2nd group at 2 weeks

Both size and appearance of the visceral aspect of the acetabulum are almost the
same. (X3.5)

o8 .

a: operated side b: control side

Fig.20 2nd group at 2 weeks

The appearance of the triradiate cartilage is almost the same. (x45)
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Fig.21 2nd group at 4 weeks

Note normal appearance of the triradiate cartilage (TC). Articular cartilage (AC)
on the right of this figure is resected. (Xx45)

a: operated side b: control side

Fig.22 2nd group at 6 weeks

The difference is scarcely seen in the appearance of the triradiate cartilage. (X
45)

37
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