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THE EXPERIMENTAL STUDY ON THE INJURED CRUCIATE 
LIGAMENT OF THE KNEE 

. By Torai Iwahara, M.D., 

( Keiò; University, Hospital, Tokyo, Japan ) 

Becagsé .instability of thè knee, joint arises 
from'aari ̀ injured crüciate ligament, its, recon- 
structiVe stïrgery becomes a matter of import- 
ance.Tif`a full range of:motion with satisfac- 
tory' Stability is to be achieved. 

Siince :Hey Groves' :zrecoristrtïctive surgery 
was. -first reported in .1917, various inodifica- 
tionS havé been practiced, but there is no men- 
tion,of any study of. a fundamental nature. 

Questions. pertinentto 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 Bore materials' are suit- 
able? 

5ï flow the pös't-operative limitation in the 
range' of motion from such an exten- 
sive ' p"rocedùre could be reduced? 

In the -hope of resolving these questions and 
discovering some possibility 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 fascia! strips were bridged in the 
respective joint cavities of each rabbit accord- 
ing to the Hey Groves' method. 

Group A had their limbs fixed in plaster 
casts till the time of sacrifice; Group B had 
the 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 fascia] 
strip, the reaction to the surroundings, and 
the secureness of the attachment of the re- 

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 fascia] strip 
(Fig. 1). Prior to contact between the synovial 
folds and the fascia] strip, the lining cell layer 
of the synovial membrane facing the fasciai 
strip fell 'off spontanously through a degenera- 
tive process. 

At two weeks the synovial membrane wholly 
surrounded the entire fasciai strip and the 
grafted fascia! strip revealed a degenerative 
condition. 

By the 6th week this degenerated fasciai 
strip had been invaded by young connective 
tissue with profuse vascularization taking 
place in the synovial folds. The total absorp- 
tion of the fasciai 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 areas appeared: one where 
the fibre lines ran in random directions, and 
another where the fascia] strip was absorbed 
by the connective tissue, with the fibre lines 
running in the same direction as those of the 
former fascia] 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 dense as a result of shrinkage especially 
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. 1. Three days after Operation, 
synovial folds near the grafted fascia] 

strip; 

Fig. 2. The sägital gross section of 
operated knee joint. - The grafted 
fasciai strip is almostly absorbed, and 
the joint cavity is filled up with the 

synovial tissue. 
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Fig. 3. The connective tissue which 
absorbed the fasciai strip has fibre 
lines running in the same direction as 

those of the former fasciai strip. 

Fig. 4. Reconstructed eructate liga 
ment. 

Fig. 5. The reconstructed ligament is 
covered with the lining cell layer. 
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observed .standing out, .from the synovial mass 
filling ihe.joint cavity ;(Fig. 4). 

In' addition, the surface of the. newly formed 
fibrous cord was covered with a lining cell 
layer. (Fig. 5):'. The reconstruction of the 
grafted cruciäte' ligament progressed tot.com- 
pletion by the 12th week. 

In this repairing process there was. no ap- 
parent difference between: the free and the 
pedicle graft. ,. ' 

Though the ossification of grafted fäscia in 
the drilled canal can take place by either a 
fibrous or enchondral ossifying mechanism, in 
Group A fibrous ossification was prominent. 
The grafted fasciai ligament was thoroughly 
replaced with bony tissue by the 10th week. 

In Group B, the repairing process was much 
faster than in Group A, especially after the 
east was taken off. The progress of reconstruct 
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 gssifi- 
cätion in Group B, was aided by the freedom 
of the immobilized limbs: It is to be noted 
that the reconstructed ligaments in Group B 
we're thicker in diameter, denser and stronger 
when compared with the ones in Group A. 
This 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 forming ligament very often oc- 
curred.' The outstanding feature of this group 
is seen in the drilled canäl. When move- 
ment was allowed tdo`early, at a time when 
no apparent ossification had taken place, the 
connective tissue was easily pulled away from 
the canal wall. It follows that neither end 
of the ligament 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, 

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 reactive 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). 
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Fig. 6. When the silk is grafted, the 
absorption is retarded and the adhesion 

to the surrounding is 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 cruciate ..ligament 

the well vascularized synovial folds play an 
important tole with. their marked regenera- 
tive potentiality. The grafted materials in- 
duce the reactive proliferation of the synovial 
tissue: z 

2. (a) When' anirriaririatérials süélì as: silk 
and catgut are used, notion; of the joint is 
impaired because: of the extensive adhesions 
arising from the chemical inflammation caused 
by these materials. .. 

(b) Since non-ailithal- bore materials are 
not" replaced .by a fibrous çord"they clap easily 
be torn or elongated." 

In .shört, there are_ nó satisfactory materials 
except autogenòus tissue in which vascularisa- 
tion is not a problem. The tissue used should 
be stróng and thick enough in diameter. For 
this the iliotibial band or tendon is the best 
material. 

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

The repairing 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. If exercise 
of the limb is allowed too early, the grafted 
ligament or the replaced connective tissue will 
be easily elongated and torn, and thé ossifica- 
tion in the canal will likewise be disturbed. 

Therefore, it is of great importance to cor- 
rectly set the time for removing the cast in 

order to regain the required stability and range 
of motion. .Judging from thé result of this, 

study, the mòst appropriate period Lof the im- 
mobilization .is. 4 weeks for the experimental 
rabbit. - 

4. If the. surgical procedure is performed 
with these póints in mind, the results of the 
reconstructive surgery of the injured cruciate 
ligament should be highly successful. 


