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Summary. Eighty-seven patients have been examined
2 years on average after knee ligament reconstruction
for a torn anterior cruciate ligament. The patients
were divided into four groups according to the type of
operation that had been carried out. In the first group
an extra-articular lateral repair (“Maclntosh teno-
desis”) had been performed, in the second group an
intra-articular “over-the-top” repair using the quadri-
ceps and the patellar tendon, in the third group a
modified “Eriksson” procedure using the patellar ten-
don, and in the fourth group a combined intra- and
extra-articular repair using carbon fibres as a graft.
The results of the operations in the different groups
are compared. The best results were obtained with the
“Eriksson” procedure, closely followed by the “over-
the-top” repair. Limited range of motion and retro-
patellar pain resulting from changes in the alignment
of the patella were the main problems. The results
after the use of carbon fibres were less good. In two
cases the graft tore without further trauma, and there
were also problems because of restricted range of
motion and retropatellar pain. The worst results were
found after extra-articular lateral repair, due to insuf-
ficient stability in many cases. However, the best
results with regard to the range of motion were found
in this group.

Zusammenfassung. Es wurden 87 Patienten im
Durchschnitt 2 Jahre nach Ersatzplastik bei zerrisse-
nem vorderem Kreuzband und chronischer Instabili-
tit nachkontrolliert. Die Patienten wurden in vier
Gruppen eingeteilt. In jeder Gruppe war eine andere
Art von Ersatzplastik durchgefiihrt worden. In der
ersten Gruppe war es ein extraartikuldrer ,lateral
repair® (sog.,Maclntosh-Plastik“), in der zweiten
Gruppe eine intraartikulire ,over the top“ gefiihrte
Plastik mit der Quadriceps- und der Patellarsehne, in

der dritten eine modifizierte , Eriksson“-Plastik unter
Verwendung der Pateliarsehne und in der vierten
Gruppe eine kombinierte intra- und extraartikulire
Plastik mit ,,Carbon fibres“. Die Resultate der Opera-
tionen in allen vier Gruppen werden miteinander ver-
glichen. Die besten Ergebnisse zeigte das Vorgehen
nach ,Eriksson“, dicht gefolgt vom ,over the top-
repair“. Probleme, die in diesen zwei Gruppen auf-
traten, betrafen ecingeschrinkte Kniebeweglichkeit
und retropatellire Schmerzen wegen verinderter
Fiihrung der Patella. Die Resultate in der Gruppe mit
Verwendung der ,,carbon fibres“ waren weniger gut.
In zwei Fillen ist das Transplantat ohne Trauma geris-
sen, zudem traten auch hier Beschwerden auf wegen
eingeschrinkter Beweglichkeit und retropatellidrer
Schmerzen. Am wenigsten gut waren die Resultate
nach extraartikuldrem ,lateral repair“. In vielen Fal-
len konnte durch diese Methode keine geniigende
Stabilitdt erreicht werden. Andererseits war die Be-
weglichkeit des Kniegelenkes nach dieser Operation
kaum je eingeschréinkt.

Traumatic lesions of the ligaments of the knee caused
by athletic activities and traffic accidents are becom-
ing increasingly common. In the last decade, an exten-
sive literature has been published on the anatomy and
the mechanism of knee ligament injuries and on
methods of repair. However, several questions in both
diagnosis and treatment are still controversial. The
type of treatment chosen is to some extent influenced
by the interpretation of fundamental diagnostic ques-
tions. There is considerable confusion concerning
the origin of the jerk sign, as first described by
Hey-Groves in 1920 [13] and recently popularized by
Galway et al. [12] under the term “lateral pivot shift“,
In his classical article in 1976, Hughston [14, 15] states
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that this sign is always associated with antero-lateral
instability although the anterior cruciate ligament is
not necessarily torn. Similar observations have been
reported by Kennedy et al. [21, 22] and Slocum et al.
[39]. Larson [23] reports that knee ligament injuries
most often first lead to anteromedial instability, but if
there is no adequate treatment, a secondary antero-
lateral instability develops and the pivot shift sign then
becomes positive. On the other hand, Fetto and Mar-
shall [7] showed in their experimental study in 1979
that the pivot shift sign is positive in 89% of the cases,
if only the anterior cruciate ligament is sectioned, but
if it is intact, removal of the lateral structures does not
create the pivot shift sign. The clinical equivalent to
the pivot shift sign is the “giving way“. The discomfort
of the patient with chronic instability of the knee is
closely related to the frequency of this unpleasant and
uncontrollable occurrence. Reports on the natural
history of untreated ruptures of the anterior cruciate
ligament (McDaniel and Dameron [26] show that 68%
of the patients are quite satisfied with their knee and
47% of them could take part in active sports without
major restrictions almost 10 years after the trauma.
However, if “giving way“ occurs frequently, conser-
vative treatment is of no help, and it does not dis-
appear spontaneously. Therefore, the indication to
operative treatment depends upon whether either the
pivot shift sign can be produced and/or there is a
history of giving way, or both signs are absent. The
treatment should aim at eliminating these signs.

Many operations have been suggested for the
treatment of chronic instability of the knee (Briickner
[1], Campbell [3], Ellison [4, 5], Eriksson [6], Jenkins
[17,18], Jones [19], Lindemann [24], Losee et al. [25],
Maclntosh [27], O’Donoghue [36], Palmer [37], Slo-
cum [41]). They can be calssified into intra-articular,
extra-articular, and combined repairs. In some re-
spect, they reflect the authors opinion on the origin of
the pivot shift sign. Hughston [14,15] states that
(except in hyperextension-trauma) the anterior cruci-
ate ligament is only the “second line of defense®. In all
other mechanisms, the sprain occurs first in the lateral
or medial structures, which are forming the “first line
of denfense”. The authors, who assume, that the pivot
shift is caused by anterolateral instability and the
anterior cruciate is not necessarily torn, propose an
extraarticular repair (Ellison [4], Losee et al. [25],
MaclIntosh [16], Palmer [37]). They reinforce the “first
line of defense”. Those who assume that the pivot
shift and the giving way are signs of a deficient func-
tion of the anterior cruciate ligament carry out an
intra-articular repair, either with tendons (usually
the patellar and eventually the quadriceps tendon)
(Briickner [1], Campbell [3], Eriksson [6], Jones [19],
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Lindemann [24]), or with a free graft like autologous
cutis (Willenegger and Baltensberger [43]) or carbon
fibres (Jenkins [17], Jenkins and McKibbin [18]).
MaclIntosh (pers. commun.) recently started to use a
combined intra- and extra-articular repair with a long
strip of the iliotibial tract for anterolateral instability,
thus replacing the anterior cruciate ligament as well as
tightening the lateral compartment.

For most of these procedures, follow-up studies
with large numbers of patients have been published,
but few comparisons between the different methods
have been reported. In this paper, results of the opera-
tive treatment of chronic instabilities of the knee with
four different methods are reported. A follow-up time
of 2 years seemed to be reasonable. All patients were
examined by the same surgeon using the same criteria
for all the patients. Although this is a retrospective
study and the number of patients in each group is not
large, we were able to make some interesting observa-
tions.

Material and Methods

Between 1975 and 1979 98 patients underwent reconstructive
operations after knee ligament injury with rupture of the
anterior cruciate ligament and chronic instability at the Dept.
of Orthopaedics of the University of Basle. After 2 years on an
average (between 1.2 and 4.1 years 87 of them were reviewed by
one of the authors (F. H.).

Four different operative techniques have been used:

Extra-articular Lateral Reconstruction

Group 1 underwent an extraarticular lateral reconstruction
as proposed by Maclntosh [11, 16]. This technique uses a strip
of the iliotibial band based distally on Gerdy’s tubercle. This
strip is passed to the posterolateral corner of the knee through
a tunnel deep to the fibular collateral ligament. A hiatus is
created at the distal insertion of the lateral intermuscular sep-
tum. The strip is passed through it, looped back, and inserted
near Gerdy’s tubercle after being pulled taut with the knee
flexed in 90° and the tibia externally rotated. The knee is then
fixed in a long-leg cast in this position for 6-8 weeks (Fig. 1).

Intra-articular “Over-the-Top” Reconstruction

Group 2 had an intraarticular reconstruction of the anterior
cruciate ligament as first described by Campbell in 1939 [3] and
later popularized by Jones in 1963 [19]. An important additional
element in this procedure is the “over-the-top” reconstruction
as proposed by MaclIntosh in 1974 [27]. For this operation a
strip of the midportion of the quadriceps and patellar tendons
was used. The strip was passed through a drill-hole from the
tibial tuberosity to the anterior medial part of the intercondylar
eminence. From here, the tendon was passed through the
intercondylar notch and “over-the-top” of the lateral femoral
condyle. Here the strip was fixed either with sutures or a small
screw (Fig. 2).
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Fig. 1. Extra-articular lateral repair as proposed by MacIntosh
viewed from the lateral side

Fig. 2. Intra-articular “over-the-top” repair using a strip of the
midportion of the quadriceps and the patellar tendon. View
from the medial side. Sagittal section through the femur at the
level of the intercondylar notch

Eriksson Procedure

In group 3 a modified Eriksson procedure was performed; basi-
cally, this is also an intra-articular replacement of the anterior
cruciate, but without the “over-the-top” reconstruction. A strip
of the midportion of the patellar tendon, beginning in the
middle of the patella together with a bony piece of the surface
of the patella is dissected free maintaining its base at the tibial
tuberosity. The strip is passed through a drill-hole similar to
the previous procedure. The bony piece of the patella is pres-
sed into a small cleft in the bone (called “bec de canard”), made
on the medial side of the lateral femoral condyle at the site of
the original attachment of the anterior cruciate ligament. The
end of the ligament outside the bec de canard is fixed with a
thread that passes through a drill-hole to the external side of
the lateral condyle (“through-the-top” method) (Fig.3). The
attachment must be situated far posteriorly on the lateral con-
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Fig. 3. Modified Eriksson procedure using a strip of the patellar
tendon. View from the medial side. Sagittal section through
the femur at the level of the intercondylar notch

Fig.4. Combined intra- and extra-articular repair using carbon
fibres as a graft. Anterior view with knee in flexion

dyle. One can only reach this point, if the knee is flexed more
than 90°. Although Eriksson [6] himself never observed the
tendon being too short, we sometimes made this experience.
In some patients the tendon was therefore detached from the
tibial tubercle together with a bony piece and fixed with a
screw. The drill-hole no longer started from the tibial tuberos-
ity but from the medial tibial condyle.
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Table 1
Type of operation Group Total
I. 1L II1. V.
Lateral “Over-the-top” Eriksson- Carbon fibres
repair repair procedure
Number of patients 13 31 29 25 98
operated on
Number of patients 12 27 25 23 87 (89%)
reviewed
Time between trauma 3.8 years (SD 3.3) 2.9years (SD 3.6) 1.2 years (SD 2.1) 1.3years (SD 2.3) 2.4 years
and operation
Age at operation 30.4years (SD 9.2) 24.6years (SD 7.2) 27.2years (SD 7.3)  29.0years (SD 11.6) 27.3years

Table 2. Type of trauma

Professional activities 4 (5%)
Vehicular trauma 9 (10%)
Sports - soccer 33 (47%)
- ski 13 (18%)
1 (82%
- handball 71 (82%) 17 (24%)
- others 8 (11%)
Others 3 (3%
100% 100%

Carbon Fibres

In group 4 carbon fibres were used as a graft, as introduced by
Jenkins in 1978 [17). The graft was passed from the medial side
of the tibia through a drill-hole to the medial intercondylar
eminence, then “over-the-top” of the lateral femoral condyle
to the lateral side of the condyle. The fibres then passed down
to Gerdy’s tubercle and through a drill-hole under the tibial
tuberosity to the medial side of the tibia, where both ends were
attached with a screw, thus forming a ring (Fig. 4). This proce-
dure represents a combined intra- and extra-articular repair. In
the intra-articular portion, the fibres were usually covered by
synovial membrane. In seven cases they were reinforced by
residues of the original ligament. In six cases a strip of the
patellar tendon was added to the carbon fibres.

Table 1 shows the number of patients in each group. Group 1
includes less patients than the others because we abandoned
this method as an isolated repair in late 1977.

The time lapse between trauma and operation averaged 2.4
years (0.2-7 years). It was longer in the first two groups than in
groups 3 and 4.

The origin of trauma (Table 2) was athletic injury in 82%,
predominantly soccer, skiing and handball.

The indication for the operation was usually a history of
“giving way”. Ninety per cent of the patients complained about
such disabling occurences, 70% were seriously limited in their
athletic activities, 63% complained of at least occasional pain,
and 45% of recurrent effusions or swelling. Limited range of
motion or a history of locking was observed in 28%. The pivot
shift sign was found positive in 72%.

The average age of the patients at the time of the operation
was 27.3 years (14~52 years) and very similar in all four groups.

Table 3 lists the additional operations that have been
carried out at the same time as the main reconstructive proce-
dure. Frequent additional operations were medial and lateral
meniscectomies, lateral releases, and pes anserinus transfers,
the latter being considered a reinforcement procedure and not
a reconstruction in its own right.

The postoperative management included cast fixation in all
cases. Its duration was 8 weeks following lateral repair and
7 weeks following the “over-the-top” procedure, while it was
only 5 weeks after the Eriksson procedure and the utilization of
carbon fibres. Physiotherapy by isometric exercises for the
quadriceps was initiated a few days after the operation. The
average duration of assisted physiotherapy was 18 weeks; it was
significantly longer after the lateral repair (23 weeks) than after
the Eriksson procedure (15 weeks).

The clinical examination at the time of follow-up was made
in accordance to the suggestions of Hughston et al. [14, 15] and
later of Miiller [31, 33], former coworker of our department,
who had introduced most of the diagnostic methods in our
clinic in the mid-seventies. The pivot shift sign was examined
as proposed by Galway et al. [11,12], and the Lachman test
was examined as described by Torg et al. [42]. For evaluation
we rated the knees according to the evaluation system of
the Hospital for Special Surgery in New York as deviced by
Marshall et al. [29,30] and also used in other publications
(e.g. MacDaniel and Dameron [26]). It is a rating which gives
50 points to a fully normal knee. A very good result has more
than 45 points, a good result more than 40 points, a moderate
between 36, and 40 points and a bad result less than 36 points.

Results

Postoperative Course (Table 4)

On average patients regained normal walking ability
5 months after surgery. They returned to work after a
mean time of 4.1 months and returned cautiously to
some sporting activity after 10 months.

A few patients had to undergo secondary interven-
tions on the same knee. The most serious ones were in
four patients, where new ligament reconstructions
had to be carried out because of disabling instability
without further trauma. In one patient several addi-
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Table 3. Additional procedures
Type of operation Group Total
L. 8 IIL IV.
Lateral “QOver-the-top” Eriksson Carbon
repair repair procedure fibres
Patients reviewed 12 27 25 23 87
Med. meniscectomy 7 12 5 25
Lat. meniscectomy 2 3 3 4 12
Repair of the medial structure 5 4 2 11
Repair of the med. post. angle 3 2 5 10
Repair of the lat. post. angle 3 2 5
Suture of the post. cruc. lig. 1 1
Ellison procedure 4 4
pes anserinus transfer 2 9 14 25
0O’Donoghue procedure 2 2
Use of patellar tendon 6 6
Use of parts of the cruc. lig. 7 7
Lateral release 2 3 14 15 34
Fimslie procedure 2 6 8
Shaving of the patella 1 2 1 3 7
Internal fixation of fracture of the 1 1
tibial condyle
Table 4. History of the time between the operation and the follow-up
Type of operation - Group Total Significant
L I 1L v differences
Lateral “Over-the-top” Eriksson Carbon between
repair repair procedure fibres groups
12 27 25 23 87
Regained normal walking ability after 4.9 (SD 4.8) 5.2 (8D 2.2) 4.0 (SD 2.5) 48 (SD 4.8) 47 -
(months)
Returned to work after 5.8(SD 2.5) 4.5 (SD 3.8) 3.0 (SD 1.6) 39(SD3.2) 4.1 I-1112
(months)
Started with sporting activity after 88 (SD 7.0) 12.6 (SD 5.6) 8.2 (SD 4.3) 94 (SD 6.4) 10.0 II-11°
(months)
Secondary interventions on the same knee: Number of patients (number of interventions)
Ligament reconstruction after 2(2) 2 Q)
significant trauma
Ligament reconstruction without 1(5) 1(1) 2 4 (8)
significant trauma
Mobilization in general anaesthesia 1) 5(8) 2(3) 4 (5) 12 (17)
Arthroscopy 1(1) 22 1(1) 4 @
Operation because of chondro- 22 1(D 3 ()
malacia of patella
Other interventions 1) 1(Q1) 2 (2)

¢=P<0.01



88

F. Hefti et al.: Replacement of the Anterior Cruciate Ligament

Table 5. Activities and complaints at the time of follow-up

Type of operation Group Total

L. IL. 1IL Iv.

Lateral “Over-the-top” Eriksson Carbon

repair repair procedure fibres
Patients reviewed 12 27 25 23 87
Time between operation and 1.93 years(SD 1.1) 2.37years(SD0.8) 2.08years(SD0.9) 1.41years(SD0.5) 1.99years

follow-up (years)

Working ability:
— full 9 (75%) 24 (89%) 23 (92%) 19 (83%) 76 (87%)
— limited 1 (8%) 1 (4%) 2 (8%) 3 (13%) 6 (7%)
— unable to work 1 (8%) 1 (1%)
— change of profession 1 (8%) 2 (T%) 1 (4%) 4 (5%)
Sporting activity:
— unlimited 1 (8%) 5 (19%) 8 (32%) 3 (13%) 17 (20%)
— limited 8 (67%) 16 (59%) 15 (60%) 13 (57%) 52 (60%)
— abandoned 3 (25%) 4 (15%) 1 (4%) 5 (22%) 13 (15%)
— never performed sports 2 (T%) 1 (4%) 2 (8%) 5 (5%)
Pain:
— never 6 (50%) 8 (30%) 11 (44%) 9 (39%) 34 (39%)
— occasionally 4 (33%) 16 (59%) 14 (54%) 10 (43%) 44 (51%)
— frequently 2 (17%) 3 (11%) 4 (18%) 9 (10%)
Instability:
— never 4 (33%) 16 (59%) 20 (80%) 15 (65%) 55 (63%)
— occasionally 4 (33%) 10 (37%) 4 (16%) 6 (26%) 24 (28%)
— frequently 4 (33%) 1 (4%) 1 (4%) 2 (%9%) 8 (9%)
Giving way:
— never 7 (58%) 24 (89%) 22 (88%) 20 (88%) 73 (84%)
— occasionally 3 (25%) 2 (7%) 3 (12%) 2 (8%) 10 (11%)
— frequently 2 (17%) 1 (4%) 1 (4%) 4 (5%)

tional stabilizing operations had to be performed after
a lateral repair. Two patients needed a second knee
ligament reconstruction after a new adequate trauma
(ski injuries). The patellar tendon graft was torn in
both cases. Histological examination, however,
showed good vascularization of the graft. Twelve
patients had to be mobilized in general anaesthesia
because of limited range of motion. Three patients
had additional operations because of retropatellar
pain, and four patients underwent arthroscopies for
diagnosis of residual pain.

Activities and Complaints at the Time of Follow-up
(Table 5)

Two years after the reconstructive procedure 87% of
the patients worked in their original profession
without limitations, 7% were limited in their profes-

sional activities (mainly construction workers), 1%
was still unable to work at the time of follow-up. Four
patients (5%) had changed their profession to a phy-
sically less strenuous activity.

At the time of the review only 20% took part in
athletic activities without any restriction, of those who
had had lateral repairs only one patient. On the other
hand, 80% of the patients were still taking part in
sports, mostly in the same kind as before the accident,
but 3/4 of them felt limitations for certain movements
or they avoided specific movements because of a
slight uncertainty. Five per cent of the patients had
not had performed sports prior to the trauma, and only
15% did not return to athletic activities after the opera-
tion. The results in that respect are best for the Eriks-
son procedure and worst for the lateral repair.

Fifty-one per cent of the patients complained of
occasional and 10% of frequent pain or discomfort
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Table 6. Clinical examination at the time of follow-up

Type of operation Group Total

L. II. II1. I\

Lateral “Qver-the-top” Eriksson Carbon

repair repair procedure fibres
Patients reviewed 12 27 25 23 87
Circumference at the level of the knee joint space
— equal 9 (75%) 12 (44%) 15 (60%) 12 (52%) 48 (55%)
— difference up to 2cm 2 (17%) 14 (52%) 9 (36%) 9 (39%) 34 (39%)
— difference more than 2cm 1 (8%) 1 (4%) 1 (4%) 2 (9%) 5 (6%)
Circumference 15 cm proximal to the knee joint space
— equal 4 (33%) 9 (33%) 10 (40%) 8 (35%) 31 (36%)
— atrophy up to 2cm 5 (42%) 14 (52%) 11 (44%) 12 (52%) 42 (48%)
— atrophy more than 2cm 3 (25%) 4 (15%) 4 (16%) 3 (13%) 14 (16%)
Flexion
— equal 10 (83%) 7 (26%) 8 (32%) 7 (30%) 32 (37%)
— limitation up to 20° 2 (17%) 15 (55%) 14 (56%) 12 (52%) 43 (49%)
— limitation more than 20° - 5 (19%) 3 (12%) 4 (18%) 12 (14%)
Extension
— equal 12 (100%) 24 (89%) 21 (84%) 18 (78%) 75 (86%)
— limitation up to 10° - 2 (7%) 3 (12%) 4 (18%) 9 (10%)
— limitation more than 10° — 1 (4%) 1 (4%) 1 (4%) 3 (4%)
Retropatellar pain
— none 4  (33%) 10 (37%) 19 (76%) 13 (57%) 46 (53%)
— mild 7 (59%) 13 (58%) 6 (24%) 6 (26%) 32 (37%)
— marked 1 (8%) 4 (15%) - 4 (19%) 9 (10%)
Anterior drawer sign
— none — 3 (11%) 1 (4%) 3 (13%) 7 (8%)
—up to Smm (+) 6 (50%) 19 (70%) 18 (72%) 11 (49%) 54 (62%)
—up to 10mm (++) 3 (25%) 4 (15%) 4 (16%) 7 (30%) 18 (21%)
— more than 10 mm (+++) 3 (25%) 1 (4%) 2 (8%) 2 (8%) 8 (9%)
Posterior drawer sign
— none 11 (92%) 27 (100%) 24 (96%) 22 (96%) 84 (96%)
—up to Smm (+) - - 1 (4%) 1 (4%) 2 (3%)
—up to 10mm (++) 1 (4%) - - - 1 (1%)
— more than 10 mm (+++) - — — - —
Medial opening to valgus stress
— none 6 (50%) 14 (52%) 16 (64%) 15 (65%) 51 (59%)
— mild in 30° flexion 4 (33%) 10 (37%) 8 (32%) 6 (27%) 27 (31%)
— moderate in 30° flexion 2 (17%) 3 (11%) 1 (4%) 2 (8%) 9 (10%)
— in extension — - — — —
Lateral opening to varus stress
— none 5 (42%) 16 (59%) 15 (60%) 12 (52%) 48 (55%)
— mild in 30° flexion 4 (33%) 10 (37%) 7 (28%) 7 (30%) 28 (32%)
— moderate in 30° flexion 3 (25%) 1 (4%) 3 (12%) 4 (18%) 11 (13%)
— in extension — — — - -
Pivot shift sign positive 2 (25%) 1 (4%) 1 (4%) 2 (8%) 6 (7%)
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Table 7. Overall rating of the results
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Type of operation Group Total Significant
L 1L L. Iv. Siffere“ces
Lateral “Over-the-top”  Eriksson Carbon ctween
repair repair procedure fibres groups
Patients reviewed 12 27 25 23 87
Personal opinion of the patient:
— very good 4 (33%) 10 (37%) 6 (24%) 8 (35%) 28 (32%)
— good 3 (25%) 12 (44%) 17 (68%) 10 (43%) 42 (48%)
— moderate 4 (33%) 4 (15%) 2 (8%) 5 (22%) 15 (16%)
— unsatisfactory 1 (%) 1 (4%) - 2 (9%) 4 (4%)
Assessment according to the score sheet of the -Hospital of Special Surgery” in New York:
(46-50 points=very good; 41-45 points=good; 36-40 points =moderate; less than 36 points=bad)
— very good 2 (17%) 7 (26%) 8 (32%) 5 (22%) 22 (25%)
— good 5 (42%) 15 (55%) 13 (52%) 12 (53%) 45 (51%)
— moderate 4 (33%) 3 (11%) 4 (16%) 6 (26%) 17 (19%)
— bad 1 (8%) 2 (8%) - 2 (9%) 5 (5%)
Mean score 39.55(SD 5.1) 42.75(SD 4.4) 4385(SD24) 40.15(SD52) 4195 I-11%;
I-111°%;
M-IV *

1= P<0.05; *=P<0.01

(usually after strenuous activities). Sixty-three per
cent of the patients have not complained of any in-
stability since surgery, 28% felt this occasionally, and
9% frequently; half of the patients in the latter group
had undergone the lateral repair. Eleven per cent
of the patients reported that some sort of giving way
had occurred since the operation, 5% suffered this
incident more frequently.

Clinical Examination at the Time of Follow-up (Table 8)

The circumference at the level of the knee joint space
was equal on both the healthy and the operated side in
55%, there was an increase ofup to 2 cm on the affected
side in 39% and even more in 6%. The results here are
best in the lateral repair group and worst in the group
with the “over-the-top” repair.

The circumference of the quadriceps muscle (meas-
ured 15 cm proximal to the knee joint space) was equal
on both sides in 36%, there was atrophy of up to 2cm
on the injured side in 48% and even more in 16%. The
differences between the groups are negligible.

The range of motion for flexion was unlimited in
37%, there was a limitation of up to 20° in 49%, and
even more than 20° in 14%. Full extension could be
achieved in 80%, limited extension of up to 10° was
found in 10% and over 10° in 4%. The results concern-
ing the range of motion are clearly best in the group
who had the lateral repair and quite equal in all the

intra-articular procedures with a slight disadvantage
for the “over-the-top” repair.

A noticeable finding was that 37% of the patients
complained of slight retropatellar discomfort and 10%
of severe retropatellar pain. The best results were
achieved in those patients who had undergone the
Eriksson procedure or the carbon fibre operation. In
these groups, a lateral release had frequently been
combined with the reconstructive procedure.

Examination of Stability

The anterior drawer sign was negative in 8%, there was
an anterior drawer sign of up to 5 mm (+) in 62%, of up
to 10 mm (++) in 21%and of more than 10 mm (+++)in
9%. Ninety-six of the patients had a negative posterior
drawer sign, a sign of up to 5 mm (+) was found in 3%
and only one patient had a more marked posterior
drawer sign with a soft endpoint. On valgus or varus
stress in full extension, there was no opening-up of the
medial or lateral joint-space. In flexed position of 30°,
there was no medial instability to valgus stress in 59%,
a slight instability (+) in 31% and a marked one (++) in
10°. No lateral instability in 30° flexion to varus stress
was found in 55%, a slight instability (+)in 31%and a
more marked one (++) in 13%. The pivot shift sign and
the jerk test were found positive in 7%. Although the
Lachman test has proven its value for the examination
of arecently injured knee, we do not find it very useful
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Table 8. Patients with moderate or bad results and the main
reasons for the failure

Lateral repair

M. A. instability

M. F. instability

R.L. instability

R.N. retropatellar pain
H.Z. instability

“Over-the-top” repair

B.K. retropatellar pain

B.M. retropatellar pain

R.R. limitation of the range of motion
E.R. retropatellar pain

J.S. limitation of the range of motion

Eriksson procedure

E.G. limitation of the range of motion
R.J. limitation of the range of motion
H.S. instability

R.S. instability

Carbon fibres

H. A. retropatellar pain

S.A. limitation of the range of motion
H.B. retropatellar pain

M. G. retropatellar pain

J.H. instability

A.K. instability

A.S. limitation of the range of motion
D.V. limitation of the range of motion

for following up patients after surgery. On physical
examination stability was clearly worst in the group
who had the lateral repair. The best resuits were
obtained in the group with the “over-the-top” repair,
closely followed by the group with the Eriksson proce-
dure.

Overall Rating of the Results (Table 7)

The personal opinion of the patients upon the result of
the operation was good or very good in 80%, 16% of the
patients were satisfied with a moderate result and only
49 felt that the result was unsatisfactory.

According to the evaluation system of the “Hospital
for Special Surgery” the result was rated very good in
25%, good in 51%, moderate in 19% and bad in 5%.
Thus, the subjective opinion of the patients gives
slightly better figures.

Comparing the average ratings in the four groups
(Table 7), we clearly have the best results in the group
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with the Eriksson procedure, closely followed by the
“over-the-top” repair. The overall results of the car-
bon-fibre group are markedly worse, and the lateral
repair gave the lowest ratings. The difference between
the first two groups and the latter ones is statistically
significant. For statistical evaluation we used Stu-
dent’s r-test. The normal distribution of the variables
was controlled.

Table 8 showes a listing of the patients with moder-
ate or bad results and the main pathological symptom.
In the lateral repair, this was obviously predominantly
instability. In the “over-the-top” procedure the causes
of failure were limitations of the range of motion or
problems with the patella. The Eriksson procedure left
alimited range of motion in two cases and instability in
another two. After the implantation of carbon fibers all
three reasons of failure appeared.

Discussion

The goal of our follow-up study was to compare the
results of four different types of knee ligament recon-
structions for a torn anterior cruciate ligament. Knee
ligament injuries are usually very complex and the
results are therefore difficult to compare. The only
common preoperative finding was an anterior insta-
bility and a torn anterior cruciate ligament (which was
usually confirmed arthroscopically in those patients,
who underwent a lateral repair). In 90% of the patients
there was also a history of “giving way“. The pivot shift
sign was found positive in only 72% of the patients
preoperatively. Although Noesberger [34] states that
the pivot shift sign is always positive with a torn
anterior cruciate ligament this is no contradiction.
Demonstration of the sign depends very much on the
experience of the examiner and the actual muscular
tension of the patient.

We were unable to classify the preoperative type of
instability (straight or different types of rotatory or
combined instabilities as described by Hughston [14,
15]) in all the cases, because the data on the medical
records were not sufficiently reliable for a clear classi-
fication. The fact that many additional operations
apart from the main reconstructive procedure had to
be carried out reflects the complexity of the injuries.
They can, of course, have an uncalculable influence
on the results. Although we are aware of this problem,
it is not possible to eliminate or to evaluate these
uncalculable criteria.

The choice of the main operative procedure did
not essentially depend on the type of injury. We used
the same operative procedure for a limited period of
time to collect experience with the method in patients
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with a torn anterior cruciate ligament with a history of
giving way and/or a positive pivot shift sign. The
groups are comparable because the type of the injury
did not influence the choice of the procedure. The
methods of repair were used in patients with a very
disabling instability. The patients therefore represent-
ed a negative selection of those in whom conservative
treatment was not satisfactory.

Assessment of the Final Results in the Four Groups

The lateral repair showed the best results regarding
the range of motion inspite of a long-term cast fixation
in an unfavourable position (in 90° of flexion and
externally rotated). To some extent this may be due to
the fact that these patients had assisted physiotherapy
for a longer period of time (23 weeks). It clearly re-
flects that the procedure is an extra-articular one and
does not cause adhesions within the joint itseif. The
overall results of this method, however, are clearly the
worst of all four groups. The main reason for the bad
results is a remaining instability in most of the cases.
Although the operation usually eliminates the pivot
shift sign, it does not increase the stability of the joint
to a significant extent. The patients still feel an un-
certainty, some of them even report frequent episodes
of giving way, and this often prevents them from
athletic activities. Maclntosh (pers.commun.) him-
self has abandoned this procedure.

The “over-the-top“ procedure produced good over-
all results. The remaining instability hardly ever
caused problems. The less satisfactory results were
either due to limitations of the range of motion or to
retropatellar pain. The first symptom is certainly due
to the fact, that the intervention is intra-articular.
Furthermore, the site of attachment of the graft on the
lateral condyle is of greatest importance; if the graft is
placed too far anteriorly, limitations of the range of
motion result. Limitations of extension cause much
discomfort, but also the limitations of flexion are not
negligible. Depending on the profession or on the type
of athletic activity this can disturb the patient con-
siderably. The patient is handicapped in squating
down. We always controlled this position as well as
“duck walking”. Retropatellar pain is also quite com-
mon after this operation, possibly due to a change in
the alignment of the patella after removal of a part of
the patellar tendon. In this group, we did not carry out
the lateral relase very often in contrast to the Eriksson
group, and this might have an unfavourable influence.

In the “Eriksson-group”we observed the best over-
all results. The few moderate results were due to lim-
itations of the range of motion and in two cases to in-
stability. Here again, it is important that the graft is
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implanted far enough posteriorly on the medial side of
the lateral femoral condyle. Although Eriksson [6]
himself states that the graft is never too short, we quite
often observed this difficulty. For this reason, we now
no longer leave the patellar tendon strip in its original
attachment at the tibial tuberosity, but we excise it
with a large piece of bone and make a channel from
the medial side. After the proximal insertion in the bec
de canard we can now choose the length distally and
insert the graft with the piece of bone in the channel
through the tibia with a screw. Two of the patients had
remaining instabilities, but these were not very pro-
nounced. Two patients had to be reoperated after a
new significant trauma. Both cases were satisfied with
the result prior to the second injury and were perform-
ing strenuous athletic activities. In this group we
hardly ever noted problems with retropatellar pain.
We attribute this to the fact that the lateral release had
often been carried out together with the reconstruc-
tion. An advantage of the Eriksson method as com-
pared to the “over-the-top“ repair lies in the fact that
the procedure is easier to carry out and the operation
time is shorter.

The results of the operations with carbon fibres are
not much better than those with lateral repair. The
best results were obtained where remaining parts of
the anterior cruciate or a strip of the patellar tendon
had been added to the carbon fibres. In two cases the
carbon fibres were torn, which led to marked and
disabling instability and the patients had to be re-
operated. One of the joints was full of black debris. It
might also be possible that this kind of foreign body
material is responsible for retropatellar pain in some
of the remaining cases because this discomfort was
quite frequent in this group inspite of the lateral
release. On the external side of the lateral femoral
condyle, where the carbon fibres had been fixed, we
often noted a very thick cord of fibrous tissue, which
also occasionally caused some discomfort.

Our follow-up study does not answer all the con-
troversial questions on knee ligament injuries with a
torn anterior cruciate ligament, but it emphasizes the
following points: In anterior instability with a torn
anterior cruciate ligament and a positive pivot shift
sign and/or a history of giving way, an extra-articular
repair does not supply sufficient stability. Replace-
ment of the anterior cruciate ligament with patellar
tendon can furnish excellent stability in long-term fol-
low-up. The use of foreign material, such as carbon
fibres alone without addition of ligamentous or ten-
dinous tissue, is not sufficient and can produce new
problems. We therefore emphasize that the subjective
feeling of instability and the positive pivot shift sign
are closely related to the lack of a functioning anterior
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cruciate ligament or its replacement. It is essential that
the central pivot, which is the anterior cruciate liga-
ment, is replaced. Attention should be paid to the cor-
rect attachment of the graft far posteriorly on the
medial side of the lateral femoral condyle to avoid
limitations of the range of motion and secondary
laxity due to excessive tension on the graft, as well as
to the alignment of the patella to avoid retropatellar
pain. Carbon fibres should only be used together with
tendinous or ligamentous tissue. Recently, the fibres
have become available in woven strips, which dimin-
ishes the risk of early tear. We have recently started to
use them wrapped up in a long strip, of the iliotibial
tract. The course of the tendinous strip is similar to
the one now used by Mclntosh (pers. commun.); it is
based on Gerdy’s tubercle, goes “over-the-top“ of the
lateral femoral condyle, passes through a drill hole
from the medial intercondylar eminence to the medial
side of the tibia and then underneath the tibial tuber-
osity to the lateral side, where the strip is attached
again at Gerdy’s tubercle, thus forming a ring. This
again is a combined intra- and extra-articular repair.
We usually do not use such a large strip of the iliotibial
tract as MacIntosh does, but we reinforce it, as already
mentioned, by carbon fibres. The experience with this
procedure has been favourable up to now.

We have to make high demands on the effect of a
reconstructive procedure because reports on untreat-
ed patients with torn anterior cruciate ligaments also
show good and satisfactory results in a high per-
centage [8, 26, 38]. Treated and untreated patients, of
course, cannot be compared with each other without
restrictions. Patients who ask for a treatment with a
chronic unstable knee represent a negative selection.
They might have a more serious injury, they obviously
feel more discomfort and they probably are more
active in athletics than those who are satisfied without
treatment. This, however, does not reduce the high
demands on the effect of the operation. In our experi-
ence, only intra-articular repairs (possibly combined
with extra-articular substitution) meet all the require-
ments. It seems to be very important for good long-
term results to have the central pivot reconstructed.

References

1. Briickner H (1966) Eine neue Methode der Kreuzband-
plastik. Chirurg 37:413-414

2. Burri C, Helbing G, Riiter A (1974) Die Behandlung der
posttraumatischen Bandinstabilitit am Kniegelenk.
Orthopédde 3:184-192

3. Campbell WC (1939) Reconstruction of the ligaments of
the knee. Am J Surg 43 :473-475

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

93

. Ellison AE (1979) Distal iliotibial band transfer for antero-

lateral ritatory instability of the knee. ] Bone Jt Surg 61-A :
330-337

. Ellison AE (1980) The pathogenesis and treatment of

anterolateral rotatory instability. Clin Orthop 147 : 51-55

. Eriksson E (1976 ) Reconstruction of the anterior cruciate

ligament. Orthop Clin N A 7/1: 167- 179

. Fetto JF, Marshall JL (1979) Injury to the anterior cruciate

ligament producing the pivot shift sign. An experimental
study on cadaver specimen. J Bone Jt Surg 61-1:710-714

. Fetto JF, Marshall JL (1980) The natural history and diag-

nosis of anterior cruciate ligament insufficiency. Clin
Orthop 147 :29-38

. Fowler DJ (1980) The classification and early diagnosis of

the knee joint instability. Clin Orthop 147 :15-21
Gichter A (1980) Nachbehandlung bei Knieoperationen.
Ther Umschau 37 :782-786

Galway HR, Beaupré A, MacIntosh DL (1972) Pivot shift:
A clinical sign of symptomatic anterior cruciate insuffi-
ciency. J Bone Jt Surg 54-B : 763-764

Galway HR, MacIntosh DL (1980) The lateral pivot shift: A
symptom and sign of anterior cruciate ligament insuffi-
ciency. Clin Orthop 147 :45-50

Hey Groves EW (1920) The crucial ligaments of the knee
joint: their function, rupture and operative treatment of
the same. Br J Surg 7:505-515

Hughston JC, Andrews JR, Cross MJ, Moschi A (1976)
Classification of knee ligament instabilities. Part I: The
medial compartment and cruciate ligaments. J Bone Jt
Surg 58-A :159-172

Hughston JC, Andrews JR, Cross MJ, Moschi A (1976)
Classification of knee ligament instabilities. Part II: The
lateral compartment. J Bone Jt Surg 58-A :173-179
Ireland J, Trickey EL (1980) Maclntosh tenodesis for
anterolateral instability of the knee. ] Bone Jt Surg 62-B :
340-345

Jenkins DHR (1978) The repair of cruciate ligaments with
flexible carbon fibre. J Bone Jt Surg 60-B : 520-522

Jenkins DHR, McKibbin B (1980) The role of flexible
carbon-fibre implants as tendon and ligament substitutes
in clinical practice. J Bone Jt Surg 62-B : 497-499

Jones KG (1963) Reconstruction of the anterior cruciate
ligament. J Bone Jt Surg 45-A:925-932

Jones KG (1980) Results of use of the central one-third of
the patellar ligament to compensate for anterior cruciate
ligament deficiency. Clin Orthop 147 :39-44

Kennedy JC, Stewart R, Walker DM (1978) Anterolateral
rotatory instability of the knee joint. An early analysis of
the Ellison procedure. J Bone Jt Surg 60-A :1031-1039
Kennedy JC, Weinberg HW, Wilson AS (1974) The
anatomy and function of the anterior cruciate ligament. J
Bone Jt Surg 56-A :223-235

Larson RL (1980) Combined instabilities of the knee. Clin
Orthop 147 : 68-75

Lindemann K (1950) Uber den plastischen Ersatz der
Kreuzbidnder durch gestielte Sehnenverpflanzung. Z
Orthop 79:316-318

Losee RE, Johnson TR, Southwick WD (1978) Anterior
subluxation of the lateral tibial plateau. A diagnostic test
and operative repair. ] Bone Jt Surg 60-A :1015-1030
MacDaniel W], Dameron TB (1980) Untreated ruptures of
the anterior cruciate ligament. J Bone Jt Surg 62-A : 696~
705

Macintosh DL (1974) Acute tears of the anterior cruciate
ligament. Over-the-top repair. Presented at the Annual



94

28.

29.

30.

3L

32.

33.

34

35.

Meeting of the American Academy of Orthopedic Sur-
geons, Dallas, Texas

Maclntosh DL, Skrien T, Shephard RJ (1977) Physical
activity and injury. A study of sports injuries at the Uni-
versity or Toronto. J Sports Med Phys Fitness 12 : 224-237
Marshall JL, Fetto JF, Botero PM (1977) Knee ligament
injuries. A standardized evaluation method. Clin Orthop
123 :115-129

Marshall JL, Rubin RM (1977) Knee ligament injuries - a
diagnostic and therapeutic approach. Orthop Clin N A 8-
3:641-668

Miiller W (1974) Das Kniegelenk des FuBballers. Ortho-
pide 3:193-200

Miiller W (1977) Functional anatomy related to rotatory
stability of the knee joint. In: Chapchal G (ed) Injuries of
the ligaments and their repair. Thieme, Stuttgart

Miiller W (1980) Allgemeine Diagnostik und Sofort-
therapie bei Bandverletzungen am Kniegelenk. Unfallheil-
kunde 83 :389-397

Noesberger B (1981) Grundlagen zur Diagnostik frischer
und veralteter Kapselbandldsionen des Kniegelenkes.
Presented at the Miinchner Symposion fiir experimentelle
Orthopédie

Norwood LA, Hugston JC (1980) Comined antero-lateral-
antero-medial rotatory instability of the knee. Clin Orthop
147 :62-67

F. Hefti et al.: Replacement of the Anterior Cruciate Ligament

36.

37.

38.

39.

40.

41.

42.

43.

O’Donoghue DH (1963) A method for replacement of the
anterior cruciate ligament of the knee: Report of twenty
cases. J Bone Jt Surg 45-A :905-909

Palmer I (1938) On the injuries to the ligaments of the knee
joint, Acta Chir Scand [Suppl] 81 :53

Parker HG (1979) Chronic anteromedial instability of the
knee. Clin Orthop 142 :123-130

Slocum DB, James SL, Larson RL, Singer KM (1976) Clin-
ical test for anterolateral rotatory instability of the knee.
Clin Orthop 118 :63-69

Slocum DB, Larson RL (1968) Rotatory instability of the
knee. J Bone Jt Surg 50-A :211-225

Slocum DB, Larson RL (1968) Pes anserinus transplanta-
tion. A surgical procedure for control of rotatory instability
of the knee. J Bone Jt Surg 50-A :226-242

Torg JS, Conrad W, Kalen V (1976) Clinical diagnosis of
anterior cruciate ligament instability in the athlete. Am J
Sports Med 4 :83-93

Willenegger H, Baltensberger A (1967) Plastischer Ersatz
der Kniebidnder mit autologer Cutis. Helv Chir Acta 34 :75

Received May 10, 1982



