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Biomechanical Properties of the Growing Long Bone
—A Tension Study on Rabbits’ Tibiae—

Han Koo Lee, M.D., Duk Yong Lee, M.D., Sang Hoon Lee, M.D., Byoung Wan Ahn, M.D.
and Chin Youb Chung, M.D.

Department of Orthopedic Surgery, College of Medicine, Seoul National Unitversity, Seoul, Korea

Bone is a heterogenous and anisotrophic material exhibiting elastic, viscoelastis and plastic properties.
A considerable amount of information is now available regarding biomechanical properties and mec-
hanisms of fractures of mature long bones, but less is known about the properties of the growing bo-
nes.

In order to assess the biomechanical properties under tension, rabbits’ growing bones were loaded
with Instron Modal 1,000 ointil fracture occurred.

Two hundred tibiae of 100 New Zealand white immature rabbits were divided into 6 experimental
groups according to maturity and size. Group I-R(40 right tibiae of 1-month old rabbits), Group I-L
{40 left tibiae of 1-month old rabbits), Group II-R(20 right tibiae of 3-month old rabbits), Group I-L
(20 left tibiae of 3-month old rabbits), Group M-R(40 rigth tibiae of 5-month old rabbits), and Group
MM-L(40 left tibiae of 5-month old rabbits).

The following results were obtained.

1. Fracture type was transverse .or nearly transverse in 170 out of the total 200 tibiae(85%) .

2. Maximum tensile strength of each group was 628.4+170.1N(Group I -R), 619.4+177.5N(Group
I-L), 1,111.0+307.4N (Group II-R), 1,147.2 +361.6N(Group I-L), 1,590.3+379.9N(Group M-R),
1,696.6+465.4N(Group II-L).

3. Ultimate tensile stress of each group was 87.0+24.8 MN/m(Group I-R), 96.4+25.6 MN/m(Group
I-L), 126.3+31.6 MN/m(Group II-R), 132.0+44.2MN/m(Group M-L), 139.94+37.5MN/m(Group 1I-
R), and 143.04+37.9MN/m(Group Ii-L).

4. Ultimate tensile strain of each group was 0.12+0.04(Group I-R), 0.11+0.07(Group HU-L), 0.10+
0.04(Group MM-R), and 0.10+0.05(Group M-L).

5. Young’s modulus of each group was 804.24373.9MN/m(Group I1-R), 881.9 +396.3MN/m(Group
1-L), 1,474.84387.4MN/m(Group I R), 1,450.7 + 561.3MN/m(Group II-L), 1,642.6 + 65L.9MN/m
(Group M-R), and 1,772.0+713.3MN/m(Group H-L).

6. Energy absorption capacity of each group was 5.42+2.70MN/m(Group I-R), 6.00+2.69 MN/m
(Group 1- ), 6.54+3.66MN/m(Group II-R), 6.58+3.78MN/m(Group ]I-L), 7.48+4.13MN/m(Gro-
M-R), and 8.43+3.96MN/m(Group M-L). ’

Based on this experiment, following conclusions were mabe.

1. Fractures were usually transverse in type.
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2. Younger bones showed lower maximum tensile strength than older bones.

3. Younger bones showed lower ultimate tensile stress and lower Young’s modulus than older bo-
nes. There was statistically significant difference between 1— and 3—month old rabbits but not

between 3— and 5—month old rabbits.

4. Younger bones showed lower energy absorption capacfty than older bones, but there was statis-
tically significant difference only between 1— and 5—month old rabbits.

5. Younger bones showed higher ultimate tensile strain than older bones, but there was statistically
significant difference only between 1— and 5—month old rabbits.

6. Between right and left bones, all biomechanical properties showed no statistically significant dif-

ferences.

Key Words: Biomechanical property of bone, Tension of bone, Fracture of growing bone.
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Table 1. Grouping of experimental animals
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Group No. of tibiae Age(months)
I1—-R 40 1-1.5
I-L 40 1-1.5
I—-R 20 3—3.5
| ) 20 3—3.5
m—-R 40 5—5.5
m-L 40 5—5.5
d d ‘d d
4 A d .—-i[_a
Right tibia Left tibia

Fig. 1. Preparation of tibia for tension study.

Fig. 2. Overview of instron model 1.000.
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Fig. 3. Examples of load-deformation curves of
the tibiae of 1(A)—, 3(B)—, and 5(C)—month
old rabbits.
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Fig. 5. Photographs of loaded tibiae of 1(A)—
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Fig. 4. Calculation formulas of ultimate tensile
stress(UTS) and Young’s modulus.

, 3(B)—, and 5(C) —month old rabbits.



Fig. 6-B. X-ray lateral views of loaded right tibiae of 1(A)—~, 3(B)—, and 5(C) —month old rabbits.
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Fig. 6-D. X-ray lateral views of loaded left tibiae of 1{A)—, 3(B)—, and 5(C) —month old rabbits.

307.4N, I-L3; 1,147.2+ 361.6N, I-RF; 1,590.3 (Table 2,3; Fig. 7).
+379.9N, WM-L7; 1,696.64+4654N 02 29 2.0
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Table 2. Summary of biomechanical properties of experimental groups

Maximum Ultimate

Young’s modulus

Energy absorption

tensile strength tensile stress Ultir.nate . s capacity
Group (N*) (MN**%/m?) tensile strain (MN/m?) (MN/m?)

Meant S.D** Meant S.D. Mean:: S.D. Mean:t S.D. Mean+ S.D.
I-R 628.41+170.1 87.00+24.78 0.12+0.04 804.2+373.9 5.42+£2.70
I—-L 691.44+177.5 96.41+ 25.60 0.12+0.04 881.9+ 396.3 6.00+ 2.69
OI—-R 1,111.0 +307.4 126.30+31.64 0.10£0.05 1,474.814387.4 6.54+ 3.66
O—-L 1,147.2 £361.6 132.00%44.20 0.11+0.07 1,450.7+561.3 6.58+3.78
mM-R 1,590.3 +379.9 139.90+37.46 0.10%0.04 1,642.61+651.9 7.481+4.13
m—-L 1,69.9 +465.4 143.30+37.92 0.10+0.05 1,772.0+£713.3 8.43+3.96

*N; newton, **S.D.; standard deviation,

***MU; mega newton

Table 3. Summary of statistical analysis of biomechanical properties of experimental group

Max.imum Ultifnate Ultix.nate Young’s Energy.
Group tensile tensile tens.11e modulus absorptlon
strength stress strain capacity
t=7.85 t=5.27 t=1.68 t=6.47 t=1.34
I-R:OI—-R df=58 df=58 df=58 df=58 df=58
P<0.001 P<0.001 P>0.1 P<0.001 P>0.1
t=4.89 t=1.39 t=0 t=0.16 t=0.86
I—-R:MN—-R bf =58 df=58 df =58 df=58 df=58
P <0.001 P>0.1 P>0.1 P<0.1 P>0.1
t=14.62 =7.45 t=2.24 t=7.06 t=2.64
I-R:II—-R df=78 df=78 df=178 df=78 df=78
P<0.001 P<0.001 P<0.05 P <0.001 P <0.05
t=6.58 t=3.95 t=0.71 t=4.55 t=0.69
I-L:0O0-L df=58 df =58 df =58 df=58 df=58
P<0.001 P<0.01 P<0.1 P <0.001 P<0.1
t=4.62 t=1.03 t=0.64 t=1.76 t=1.73
OI—-L:0O-L df=58 df=58 df=58 df=58 df=58
P<0.001 P>0.1 P<0.1 P>0.05 P>0.05
t=12.77 t=6.48 t=1.98 t=6.90 t=3.21
I-L:M-L df=78 df=78 df=78 df="78 df=78
P<0.001 P <0.001 P<0.1 P<0.001 P<o.01
I-Li; 96.4+25.6MN/m? U-R3; 126.3+ 31.6 L#; 012+0.04, I-RF; 0.10+0.05, I-L3; 0.11

MN/m!, O-L; 1320+ 44.2MN/m? H-RF;139.9
+375MN/m? M-LE; 143.0+ 37.9MN/m’ 2 2 2}
ol w2 Aol UgoHP(t]I>01), AY4F
S AAEHL Aokl AL YL, 1 IS
7t 1AYEES 3AYTE Aol e FAITH
22 Fog o)t e P t) <0.001), 344
FE5 5AYTE Aol AL SARHLR £
& o] 7t YeHP(t)>0.1)(Table 2,3; Fig. 8).

4, 28 AlZH 2 H(ultimate tensile strain)

HAE ¢ AANFEFL [-RF; 0124004, I-
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+0.07, M-RE; 0.10+0.04, M-L3; 0.10+0.0532
AR Hoad o Aot Yo (P
(t1>0.1), L F% S AR ATEL ARE
A%e BYT, AUTES IAYEE Abolol4
ot 3AMYTEF SAHYTE AoldlHe FATHA
o4} 448 Aol7 UtHP(t ) <0.05)(Table 2,
3; Fig. 9).

5. Young Et&j #(Young’s modulus)

s Young el §-2 [-Ri; 804.2+ 373.9MN/
m? I-L3; 881.94 396.3MN/m?! II-R7; 1,474.8+
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Month
B : Right tibia F=4 ¢ Left tibia

Fig. 7. Maximum tensile strength of the tibiae of 1—, 3—, and 5-month old rabbits.
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Fig. 8. Ultimate tensile stress of the tibiae of 1—, 3—, and 5—month old rabbits.
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Fig. 9. Tensile strain of the tibiae of 1—, 3—, and 5—month old rabbits.

387.4MN/m?® @I-L3Z; 1,450.7+561.3MN/m! II-R gdgom(P(t) >01), o] Y4E Youngetyd B2 =
ZF; 1,642.6+ 651.9MN/m? M-L3F; 1,772.0+713.3 ol 73S RY1 1AY¥FE 3MYFE 4}
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- 363 ~



MN/M?
—
o - N WA U N 00O
=
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3—3.5
Month

5—5.5
[ Left tibia

Fig. 10. Young’s modulus of the tibiae of 1—, 3—, and 5—month old rabbits.

Stress
(MN/m?*)

A l-month old rabbit

B : 3-month old rabbit

C  : 5-month old rabbit
UTS : Ultimate tensile stress
YS : Yield stress

Strain(m/m)

Fig. 11. Stress-strain curves of the tibiae of 1(A)—, 3(B)—, and 5C)—month old rabbits.

[t]1<0.001), 3AHYTEH 5MHYTT Ape]odl A=
423 zto)7F ¢ EHP (1) >0.05)(Table 2, 3; Fig.
10, 11).

6. 0| X| &S (energy absorption capacity)

AF dld= F454L 1-RTE; 542+ 270MN/
m? I-LF; 6.00+2.60MN/m? II-R¥; 6.54+ 3.66
MN/m?! I-L LZ; 6.58+3.78MN/m} M-RF;7.48
+413MN/m? M-LZ; 843+396MN/m'e 2 %
Agaoz 292 B2 ol FULWHP(L)
>01), A YFF o= F554L FobAle A%
< ug3 1AYFES 3AYTE Aolell A 3
MYTES} S5AHYTE 4toleiiEe FARHOE

o5k 2ol Yo HP(t)>005), 1AYTE=E
3 5HYTE AtoldlAe FATHOLR fojt &
o7k YUUTHPL T ) <O.Lv)(Lable 2,3; Fig. 12).

a &

25} 2249 4844 54¢ AT 918k
L. 4] &4 & (tension study), 9}i}4 & (compression
study), Z%4 ¢ (bending study), 3]#]4l&(torsion
study) 3¢ Q@upol ol g51: gt
299 Bpsta] B8 VAP 2402 A
¢ 4 g3, AAz Bael &3 X dstel
Qoldehe ol 42 Ay oz pol AT 9
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Fig. 12. Energy absorption capacity of the tibiae of 1—,
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Folal= ko=, ¥3E fA3lelv 4k§-E Pois-
son &} & sH{Poisson effect)g}i. H-Erc}.

= t} 2 el4 Ab4(elastic constant) 24 A=l elA
E(shear modulus)o] 9J=v], o]f ArtAE(shear
strength)ol ok Ak AT 9] §24, Youngsty
§ % Poisson &3} fast] AU s A
o Youngmd §& A4, Et hubata ool
Wit $4¢ W E2A Youngeshd o] e+ E 2
F2AL FARGTL T 4 ook 4L AEE ol
43 TZTAHA Young ek BL AF57He 1
gk ARAE A, 4AF =eb ke
2 Byt L APAT 7tEY A5ES F
4% Young el Eo| F7hsted Ut A54E 2y
th. o] A& Vinz® o] A ZA A x| 2229
eb] Bo] 404|712 A4 F7Hdvhe daekE §-3
et

vz F45de o] g4 2 Eops)

E doA F4E F gt duE T o
W2 454 ™ol F43 484 AR
olw FAL HATAHY 4% HAl . Burs-
tein? & o] 2] F45HL Jolol =l 10wl
6.8%4 AL stgom, o] AL volg St
o] a}e} 44 E(modulus of plasticity)e] Z7}3}7]
o Folebx dRsigdct. 2y A7 EFE A
22 g 2 AFdAHE odudx F55He] 455
7t E4% o8 FohslgEdl, I ol ASE
7t F4E ¢ ARSELE F53 Sobskedl ¥
sted A Ao g I3 AY AFTEFY Ahe o7
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g} A 7=}

B AgdAE dikdee Fo 4A5d =&
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AL Tty Hste FAYEA WAZLE 100
otz 9 2% AF 200§ AFTo} 220l we}
I-RZ(1AY 75 $& AT 404), 1-LFA
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e AgE Heon, 1AYTED IAMYTEE A
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