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THE EXPERIMENTAL STUDY ON THE INJURED CRUCIATE
"~ LIGAMENT OF THE KNEE

| A L -__By Torai Iwahara, M.D,
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Because 1nstab1hty of the knee ]omt arises
from%an m]ul:ed“?“crucrate ligament, ‘its: recon-
structive surgery- becomes a niatter of import-
ance.if -a full range of: motiof. with satisfac-
tory: stabrllty rs to be achreved

Smce Hey ~ Groves reconstructrve surgery
was, first reported in 1917 various modifica-
tions’ have been. practiced, but theré s no men-

’ tron of anjr study of. a. fundai’nental nature.

Quesuons pertment to this study were:—

1. Whether a grafted fascia or tendon with-
in the articular cavity would structur-
ally last?

2. If so, what kind of histological process
would take place during repair?

3. Whether an artificial ligament made from
fascia or tendon with some limitation
in the diameter is strong enough for the
required stability of the knee joint?

4. What kind of core materials are suit-
able?

5. How the post-operative limitation in the
range of motion from such an exten-
sive procedure could .be reduced?

In the hope of resolving these queslrons and
discovering some possrblhty of improving the
surgical technique, this fundamental study was
undertaken.

In the first experiment the cruciate ligaments
of mature.rabbits“weighing 3 Kg. were re-
moved and fascial stfips were bridged in the
respective joint cavities of each rabbit accord-
mg to the Hey Groves method.
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Group“A had their’ limbs fixed: 1r1 plaster
f:%ﬁs till the lime of sacrifice; 'l’_-rouﬁ B had
thie casts removed 4 weeKs after ‘the operation;
and Group“C were not immobilized by any
casts post-operatively.

The process of the repair of each fascial
strip, the reaction to the surroundings, and
the secureness of the attachment of the re-
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constructed ligament in the bony canal were
followed up in each group at weekly intervals.

RESULT
Group A:

About 3 days after operation, the hyper-
trophy of the synovial folds caused them to
be forced over next to the grafted fascial strip
(Fig. 1). Prior to contact between the synovial
folds and the fascial strip, the lining cell layer

" of the synovial membrane facing the fascial

strip fell off spontanously through a degenera-
live process. -

At two weeks the synovial membrane wholly
surrounded the entire fascial strip and the
grafted fascial strip revealed a degenerative
condition,

By the 6th week this degenerated fascial
strip had been invaded by young connective
tissue with profuse vascularization taking
place in the synovial folds. The total absorp-
tion of the fascial strip by this connective tissue
was completed by the end of the 6th week
(Fig. 2).

At first all of the connective tissue had fibre
lines running in various directions, but as
time went on, two arcas appeared: one where
the fibre lines ran in random directions, and
another where the fascial strip was absorbed
by the connective tissue, with the fibre lines
running in the same direction as those of the
former fascial strip. This was caused by the
structural tension between the bony anchorages
(Fig. 3).

About the 8th week this fibrous arrange-
ment in what was formerly the fascia became
more dénse as a result of shrinkage espectally
of the vessels, and a tiny fissure was observed
between the two areas.

By the 10th week the surrounding synovial
tissues shrunk forming folds, and the surface
became covered with a newly proliferated lin-
ing cell layer. A single fibrous cord could be
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Fig. L Three days after operatmn
synowal foids near the grafted fascial

e strip.

<

i

b,

Fig. 4. Reconstructed cruciate liga-
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: Fig. 2. The ssagital gross section of el R dy 2
A operated knee® joint, The grafted xﬁ'ug,ﬁ oF ';?Ei?-"? R
fascial strip is almostly absorbed, and W:u. % 5
- the joint cavity is filled up with the R -
synov;al tissue,
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Fig. 3. The connective tissue which Fig. 5. The reconstructed ligament is
abserbed the fascial strip has fibre covered with the lining cell layer.
lines running in the same direction as

those of the former fascial strip,
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observed -standing out from the synovial mass
filling the joint cavity (Fig. 4).

In" addition, the surface-of the newly formed
fibrous cord was covered with a lining cell
layer. (Fig. 5). The- reconstructlon of the
grafted -crugiate " ligament; progressed to. com-
pletlon by the 12th week.

P I

In th1s reﬁamng process there was no ap- .

parent difference between the free and the
pedlcle graft.

Though {ihe OSSlﬁcatlon of grafted fasc1a in
the drilled can_al_ can take place by either a
fibrous or enchondral ossifying mechanism, in
Group A fibrous ossﬂicauon was prominent,
The grafted fascial hgament was thoroughly
replaced with bony tlssue by the 10th week.

In Group B, the repairing process was much
faster than in Group A, especially after the
cast was taken off. The progress of reconstruc-
tion could be observed according to the fol-
lowing schedule: at the 5th week absorption
of the fascial strip: at' the 6th week single
fibrous cord formation: at the 8th week
_completion of the process. Enchondral ossifi-
cation in Group B, was aided by the freedom
of the immobilized limbs. It is to be noted
that the reconstructed ligaments in Group B
were thicker in diameter, denser and stronger
when compared with the ones in Group A.
THhis implies that proper stimulation at the
appropriate time causes a mechanical adapta-
tion of the repairing process.

The repairing process in Group C is by far
the quickest and the most vigorous, when com-
pared with the other two groups. At the 4th
week the fibrous cord formation was com-
pleted. However . elongation and tearing of
the newly formmgmhgameht very often oc-
curred. The outstanding: f&iture of this group
is seen in the drilled canal. When move-
ment was allowed tookearly, at a time when
no_appargnt ossification’ had takem‘place the
cunncctwe tissue was easily pulled dwa,)’? from
‘__’[hl., canalywall. It follows that deither end
of the lwament becomes anchored in the bony
canal and that the instability of the knee joint
remains.

In the 2nd experiment, the reconstruction of
the ligament was performed using silk, catgut,
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nylon, and stainless wire as core. materials.
Their merits and demerits will now be dis-
cussed.

RESULT

The animal materials, silk and catgut were
fairly reactwe to synovial tissue so that by the
1st week young proliferated granulation tissue
with multiple giant cells surrounded the graft-
ed materials.

This granulation tissue invaded the core
materials. However, the absorption and re-
placement of these materials were so retarded
that even at the 6th month, silk and catgut
could still be distinguished in the proliferated
synovial tissue.

Though_a fibrous cord was formed, strong
adhesion with the synovial folds due to chronic
inflammation produced limitation in the move-
ment and irritation of the joint (Fig. 6).

Fig. 6. When the silk is grafted, the
abgorption is retarded and the adhesion
to the surrounding ig conspicuous.

‘The non animal materials, nylon and stain-

< less steel wire were much less reactive when

compared to the animal materials. Therefore,
the granulation tissue surrounded the core
materials, but there was no invasion, absorp-
tion, nor replacement of these materials. Only
a thin membrane of connective tissue formed
around the core materials.
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CONCLUSIONS
Some noteworthy points are:—

1. In the.repair of the cruciaie ligament
the well vascularized synovial folds play an
important tole with. their marked regenera-
tive potentiality. The grafted matcrials in-
duce the reactive prohfcratlon of the synovial
tissue.

2. (a) When® ammai matcnals such as- silk
and catgut are used, motion, of the joint is
1mpa1red because. of the extensive .adhesions
arising from the chemlcal inflammation caused

- by these materlals

(b) Since non-ammal core materlals are
not replaced by a. fibrous, cord tﬁey can easily
beé torn or elonoated o

In shoit, there are no satisfa{éimy materials
except ‘autogenous tissue in whzch vascularisa-
tion is not a problem. The tissué used should
be strong and thick enough in diateter. For
this the iliotibial band or tendon is the Best
material.

S
i %

. B o
R g

F

150

3. Since an optimum amount of tension
creates a better repair, some motlon should
be allowed

The repa:rmg process of the grafted ligament
is retarded by a long period of immobilization,
producing intra-articular adhesions which sub-
sequently limit motion of the joint. 1f exercise
of the limb is allowed too carly, the grafted
ligament' or the replaced connective tissue will
be easily elongated and torn, and the ossifica-
tion in the canal will likewise be disturbed.

Therefore, it is of great 1mportance to cor-
rectly set the time for removing the cast in
order to regain, the required stability and range
of motion. Judging from the result of this
study, the most appropriate period’ of the im-
mobilization is 4 weeks for the experimental
rabbit

If . the surglcal procedure 'is performed
w1th these points in mind, the results of the
reconstructive suigery of the injured cruciate
ligament should be highly successful.



