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Influences of Joint Immobilization on Ligaments at the Early Stage
—A Study of Changes in Biomechanical Properties and Cross Sectional
Areas—

Susumu Watanabe

The influences of joint immobilization on the biomechanical properties of the
femur—anterior cruciate ligament—tibia complex and cross sections of the anterior
cruciate ligament at the early stage were investigated in 54 rats. Specimens that had
been obtained after one, two, four and six weeks of unilateral immobilization of the
knee joints were evalutated and compared with the control side. After even one
week immobilization, the specimens showed significant decreases in linear load and
maximun load (72% and 77%). They subsequently showed gradual decreases for
six weeks. However, there was no significant change in the stiffness of the
specimens. The major mode of specimen failure was ligament disruption in all
groups. The cross sectional areas of the ligaments of the immobilized knee joints
showed significant decreases after one week (87%). These results suggested that
joints immobilization influenced the biomechanical properties and cross sectional
areas of the ligaments themselves during the early stage. (Accepted on September 30,
1993) Kawasaki Igakkaishi 19(3) :187—197, 1993
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@ Ligamentous biomechanical properties

® Ligamentous cross sectional area
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Fig. 1. (a) Mechanical test apparatus.

(b) Frontal view of the clamp and sam-
ple.
(c) Side view of the clamp and sample.
(d) Schematic diagram of the appa-
matus.
The femur and tibia were fixed tightly
with the clamp and cast. The femur was
pulled up (arrow) .
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Fig. 2. An example of the load-deformation curve of the fernur—
anterior cruciate ligament-tibia complex. From this curve,
the biomechanical parameters were measured,

1 : A very small load produces a relatively large degree of
deformation as the crimping is taken out of collagen
fibers.

2 : Permanent tissue elongation does not occur until the latter
part of the linear region of the curve when microfailure

~d) occurs,

BB 13 SR B ERT B

3 : The breakage of collagen fibers progresses until maximum
load, when the greatest failure occurs.
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Fig. 4. Changes in the averages of strain to linear load (a) and
strain to maximum load (b). The specimens from immobil-
ized limbs showed significant decreases in strain to linear load
after two weeks immobilization and in strain to maximum
load after four weeks immobilization.
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Table 1.

and the area of the cross section (b) in control (C) and immobilized (I) limbs.

g R 2 = 3

(B819% %35 1993)

The mean values + one standard deviation for the mechanical test parameters (a)

linear

slope = linear load ratio / strain to linear load. A statistical comparison of the mean

values was performed by Stddent’s t test. The probability levels are represented by * =
P<0.05 ** =P<0.02 *=** =P<0.01.

a

Number n=7 n=238 n=8 n= 8§ n=38

Week oW 1w 2W 4w 6W
Parameter/Limb I C 1 C 1 [} 1 I
Lli('gar load 53412 5.141.5 6.0+1.0  4.4£0.9*** 5.520.8  4.24£0.8"** 5.9+1.1 4.3+£0.6*** 5.9%1.2 4.6+1.7***
rLai’t‘i%ar load 12.8+2.6 12.2+3.4 12.7%2.4  9.2%2.4* 11.4%1.7  8.7+1.7*** 11.8+1.8 8.7+1.4*** 10.9+£1.7 6.8+1.2%**
%{ag’)‘im“m load 14712 6.1+1.3 2.041.0 5.4£1.1°** 6.6+1.0 5.5£1.0" 6.7+0.3 5.04£0.6*** 7.321.3 4.4+0.3***
Maximum load 14 919 5 14.6+3.3 14.9%2.6 11.4%2.6"* 13.7£1.9 10.621.5%** 13.6+1.5 10.121.3*** 13.641.6 8.20.8"**
fgggi{r‘nﬁg)““ear 1.3#£0.3 1.340.5 1.5#0.5 1.140.2 1.54£0.5 1.0£0.3** 1.7+0.4 1.2+0.4** 1.5+0.4 0.9+0.3***
it;ii'ﬁo?d&%i' 1.6+0.3 1.6+0.5 1.7+0.5 1.4£0.1 1.8+0.5 1.4%+0.4 1.940.4 1.5+40.4* 1.840.5 1.1+0.4***
guain to failire 5 4103 91x0.4 21206  1.9%0.1  25%0.8  2.0£0.5  2.630.5 1.9%£0.5*** 2.3£0.6 1.5+0.4%
{“;:dear'aﬁf)‘}’gfrg“e“ 10.543.8 10.4£2.9 9.6+3.4 8.5£2.6 9.0+44.7 9.642.4  7.4%1.8 8.1%2.9  8.1%£2.4 9.1+4.6
b

Number n=7 n=8 n=38 n=38 n=8

Week 0w 1w 2W W 6W
Parameter/Limb C 1 C 1 C 1 C 1 C 1

Area of cross
section (mm?)

1.05+0.05 1.04+0.04 0.99+0.05 0.86=%0.06**1.00%0.07 0.85%+0.09**1.03%+0.07 0.79%0.02** 1.07+0.09 0.72+0.03**
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Fig. 5. Changes in the summary load-deformation curve. Control limbs
did not show significant differences (a) . Immobilized limbs showed
significant decreases in the load ratio and strain gradually (b).
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Fig. 6. Changes in cross sectional areas of the anterior cruciate

ligaments, The specimens from immobilized limbs showed a
significant decrease in the cross sectional areas.
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