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The Changes in Flexibilities of Rabbits’ Tibiae in the Growing Period

Sang Chul Seong, M.D.
Department of Orthopedic Surgery, College of Medicine, Seoul National University
(Director: Professor Moon Sik Hahn, M.D.)

In order to define the changes of mechanical properties of bone tissue in the growing period, 90 rabbits’ tibiae
were loaded in 3-point bending.

Emphasis was given to the accurate measurement of maximum angulation degrees within the limit of elastic
deformation.

Young’s modulus of elasticity increased with increasing body weight, and the increments of bending stiffness
were more prominent.

In rabbits of low body weights, the tibiae absorbed more energy before fracture occurred and plastic deforma-
tion after fracture occurred more frequently.

The mean values and standard deviations of the maximum angulation were 9.84 + 1.33 degree in Group 1 (range
of body weight: 800-1200g), 7.55 + 0.85 degrees in Group 2 (range of BW: 1600-2000g), and 5.90 + 0.78 degrees in
Group 3 (range of BW: 2400-2800g), These data may support that the allowable maximum angular deformity in
treatment of fracture should be adjusted according to the increase of body weight-in other words, maturation.

Keyv Words : Flexibility of rabbits’ tibiae, Maximum angulation, Growing period.
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Table 1. Grouping of experimental animals

Group No. r.;f Body weight in gram
rabbits Range Average

15 800-1200 920

2 15 1600-2000 1803

3 15 2400-2800 2693
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Fig. 1. Reontgenographic findings of skeletal maturation.
A. One of Group 1 rabbits shows widely opened epiphyseal plates of the distal femur and the proximal tibia.
B. In Group 2, both epiphyseal pleates were fused partially. C. Both epiphyseal plates were fused almost complete-

ly in Group 3.
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Fig. 2. Photographs of bending test. A. Picture before bending test. B. Picture after fracture occurred.
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Fig. 3. Schematic drawing of experimental design.
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5) £t HydolMel HiZF2E (maximum angula-

tion within elastic deformation)
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Maximum Bending Moment (M) = E_%_Sl_
Moment of Inertia (I) = -é% (WN3-wn?)
, F p? 42
Young’s Modulus (E) = 31D
Bending Stiffness = E I
Bending Strength = }—/21—?-

Fig. 4. Calculating formulas of mechanical proper-
ties.

7) Work absorbed
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a= tan"g, ﬂ:tan"dg, Angulation(f)=a+ g

Fig. 5. Calculation method of the maximum angula-
tion.

-~ — group 1
< & 1

g !. eqssssgroup2
; 9. --—gmps
4

©

-

3 4
deflection (mm)

Fig. 6. Examples of bending curves show a low
slope with plastic deformation pattern in Group 1, and
more increased slopes in Group 2, 3.

Table 2. Mean values and standard deviations of
maximum bending moment and Young’'s modulus

Maximum
No. of bending Modu!u§ of
Group ; momnet elasticity
specimens (MN m) (Gnlm?)
1 30 0.87+0.15 10.76 +2.58
2 30 2.52+0.43 17.95+2.91
3 30 3.57+0.66 19.94 + 3.08

1 MN = 10¢ Newton, 1 GN = 10? Newton, m: meter
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Fig. 7. Correlation between body weight and
Young’s modulus.
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Table 3. Mean values and standard deviations of
bending stiffness and angulation

Bending .
Group stiffness * A(r;lgulatlor)l (0
(N m?) egrees
1 0.094 +0.020 9.84+1.33
2 0.490 + 0.088 7.55+0.85
3 0.908 +0.246 5.904+0.78

* Maximum angulation within limit of elastic deforma-
tion

\v = —0.46 +0.00053X

{(r=0.93)
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Fig. 8. Correlation between body weight and bending stiffness.
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Fig. 9. Correlation between body weight and angula-
tion.

Table 4. Mean values and standard deviations of
bending strength and work absorbed

Bending Work
Group strength absorbed
(MN/m2) (N/m2x 10%)
1 172.67 +28.90 2.987+1.435
2 207.16 + 38.27 1.952 +0.764
3 210.52 + 29.89 1.990 +0.730

A= 9 A#AAE Jehdidct (Fig 9).

FFAEE FFYe] A4 AP Y 2=
daetn ¥ 4 slen, Al FelA 172, 67+28.90 MN
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Fig. 10. Correlation between body weight and
bending strength.
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