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Abstract

Introduction: results after non-operative management for knees sustaining combined acute ante-
rior and posterior cruciate ligament tears were presented. Subjects: 13 patients, 10 with medial,
and 3 with lateral ligament injury. Methods: non-operative management consisted of employing a
brace to prevent sagittal translation of the tibia. Quadriceps muscle and early passive knee motion
exercises in the brace was encouraged immediately after arthroscopy. Weight-bearing was for-
bidden for 3 weeks. The brace was not removed for 3 months. Follow-up periods ranged from 2 to
6 years (mean, 3 years 2 months). Results: none, but one patient had a slight restriction of knee
flexion. Quadriceps muscle strength revealed an average of 89.0% of normal side. The knee score
indicated 2 patients rated good, 3 rated fair, and 8 rated poor. The score correlated with mea-
surements of anterior and posterior translation on the stress radiograph significantly. Stress ra-
diography revealed that anterior laxity was reduced better than posterior laxity significantly. Con-
clusion: non-operative brace therapy can be considered for this combined injury as the initial
treatment. A late reconstruction would be performed when the result was not satisfactory. Pre-
served range of motion and muscle strength after brace therapy had a great advantage to the late
reconstructive surgery.
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1. Introduction

Non-operative management for the medial collateral ligament (MCL) tear can lead to excellent functional out-
come [1]. Clinical studies referred to the possibility of preserving the stability of knees with acutely torn anterior
cruciate ligament (ACL) using non-operative treatment [2]. Non-operative methods have also been widely ac-
cepted as the most appropriate treatment for isolated tears of the posterior cruciate ligament (PCL) [3]. Ligament
tears of the knee, however, may progress differently from an isolated injury when they are associated with other
ligament injuries [4] [5].

There were many reports discussing the results after operative management for multiple ligament tears, only a
few reports, however, had revealed follow-up after non-operative management for acute combined ACL and
PCL injury [6] [7]. Chronic cruciate instabilities were reported to be successfully treated with late reconstruction
[8] [9]. Aim of the study is to document results after non-operative management using a knee brace for acute
combined ACL and PCL ruptures.

2. Materials and Methods

Non-operative treatment for combined ACL and PCL tears of the knee was performed on consecutive 13 pa-
tients. All patients underwent arthroscopy within 2 weeks after the initial injury. The diagnosis of ligament inju-
ries was based upon arthroscopic findings, instability tests under anesthesia, magnetic resonance imaging and
stress radiography. Ligament injuries which were complicated with avulsion fracture at the stump-end were ex-
cluded. The knees of high energy injuries with neurovascular injuries and/or dislocation which needed reduction
procedures were not included [10]. There were no patients of bilateral knee involvement.

The subjects were 13 patients sustaining acute complete tears on both of ACL and PCL. There were 10 men
and 3 women, 10 of whom associated with medial capsular ligament, and 3 with lateral capsular ligament injury.
The age at the time of injury ranged from 17 to 58 years (mean £ SD, 39.2 + 13.4 years). There were 7 right and
6 left knee injuries. The injury occurred during sporting activity in 7 patients, 2 resulted from traffic accidents,
and 4 involved either a fall or an accident at work.

The treatment employed an ankle-to-groin-brace designed to prevent abnormal sagittal motion of the tibia
during the exercise (Figure 1). No surgery was performed on the cruciate ligament injuries. The knee braces
were secured immediately after the arthroscopic examinations. Continuous passive motion (CPM) and isometric
active straight leg raising (SLR) exercise was encouraged in the brace on the beginning day after arthroscopy.
The passive motion exercise was started at 20° flexion and active motion was then allowed through the 2nd
week. This motion was increased gradually until a full range of motion was obtained.

The isotonic and isokinetic quadriceps exercise was carried out at less than 60° of flexion. Weight-bearing
was forbidden for 3 weeks, and full weight-bearing was permitted in the brace at 6 weeks. The brace was not
removed for 3 months. The patient was then permitted to change from the brace to a knee support. Non-com-
petitive athletic activity was permitted after 4 months, and the activity level was increased gradually to tolerable
levels.

All of 13 patients returned to our clinic for a reexamination after a mean period of 3 years 5 months (range, 2

The knee brace provides frames (1) with joints (2) and leather covers
(3). Anterior and posterior elasticized straps are attached to the frames
and control anterior movement of the leg (4) when the knee is ex-
tended, and prevent posterior movement (5) when the knee is bent.
Counter forces are provided to the thigh (6, 7). The buckles anchor
the elasticized straps at the frames (8).

Figure 1. Knee brace for combined anterior and posterior
cruciate ligament injury.
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year to 6 years 1 month). Reexamination consisted of measuring the range of motion (ROM), detecting manual
instability tests, stress radiography, measuring quadriceps muscle strength, assessing knee function and a ques-
tionnaire detailing their activity levels.

The instability tests consisted of Lachman test, pivot shift sign, posterior drawer test at 90° of knee flexion,
posterior sag, abduction stress test and adduction stress test. Lachman test was considered to be positive when
the firm endpoint was not detected. The grade of varus and valgus instability was determined using the criteria
of grade 1—full stability at both 0° and 30° of flexion; grade 2—full stability at 0° of flexion but unstable to at
30° of flexion; and grade 3—unstable at both 0° and 30° of flexion. Quadriceps muscle torque was measured us-
ing an isokinetic machine (Cybex 2, Medway, MA, USA). The test was performed at a velocity of 180°/sec,
range from 0° to 90°. The percent value of the control side at the peak torque was adopted.

Stress X-ray views of the anterior translation of the tibia were obtained for both injured and uninjured knees
on 10 patients at injury and 13 patients at follow-up. An account was given of the radiological documentation of
the Lachman test with the aid of a forced translation apparatus (TelosStress Device; Fallston, MD, USA). A lat-
eral view of radiograph was taken when a forward force of 15 kg was applied to the proximal portion of the tibia
through the thrust pad of the apparatus. The anterior translation of the tibia was measured on the radiograph
(mm) and compared with the contralateral side. The difference between the injured and uninjured knee was
greater than 5 mm in ACL deficient knees [11].

Stress views of posterior translation of the tibia were taken for the injured knees in 9 subjects at time of injury
and 11 knees at follow-up. The posterior translation of the tibia during the posterior drawer test at 90° of flexion
was measured on the lateral view of radiographs with the aid of a Telos Device. Mid-point displacement ratio,
modification of Jacobsen’s method, was calculated using the stress radiograph. A ratio of less than 45% was
thought to be a PCL injury [12].

The knee rating score was determined according the scoring scale of the Japanese Orthopedic Association for
knee ligament injuries (JOA score) based on a total of 100 points [13]. The results were graded good for total
scores of 90 - 100 points, fair for 75 - 89, poor at 74 and lower. The patients were interviewed about their par-
ticipation in sports activity at the follow-up examination, and were classified into three levels which were com-
petitive, recreational and no participation. The patients also provided responses to a questionnaire which dealt
with their satisfaction for the results; contented or discontented.

The Chi-square test was used to analyze the difference between improvements of anterior and posterior laxity.
Pearson's correlation coefficient was used for the analysis of correlation between the measurements of stress
views, muscle strength and knee rating scores at follow-up. The statistical software Statcel (OMS Ltd., Japan)
was used for statistical analyses. A p < 0.05 was rated as significant.

The study was approved by the Institutional Review Board of Gunma Sports Medicine Research Center. All
patients provided their signed informed consent to participate.

3. Results

No patients but one with MCL injury had a restriction of 10° of flexion compared with contralateral normal side
at follow-up.

Lachman test detected a firm endpoint in 10 of the 13 patients. Pivot shift sign was negative in 4 patients.
Both of the posterior drawer test and posterior sag were negative in one patient. Medial instability of Grade 3
severity at injury was improved to Grade 1 severities in 6 of the 10 patients with MCL injury, and the remaining
4 showed no definite improvement in the abduction stress test. Adduction stress test indicated only one of the 3
patients with lateral capsular ligament injury improved from Grade 3 to Grade 2 severity, and the other 2 re-
mained at Grade 3 severity.

Stress X-ray views documented that the side-to-side difference in anterior translation of the tibia ranged from
0to 11.5 mm (mean, 5.0 £ 3.9) at follow-up. Seven (6 of 10 with medial capsular injury and one of 3 with later-
al capsular injury) were reduced to a normal range of 5 mm and less. Mid-point ratios on the posterior stress
view were from 36.0% to 61.8% (mean, 46.7 £ 7.3). Seven (4 of 9 with medial capsular injury and one of 3 with
lateral capsular injury) demonstrated normal ratios of more than 45%.

Anterior laxity was improved in 8 of 10 patients, the posterior laxity, however, was reduced in 3 of 8 when
compared with those at injury. The anterior laxity improved more than the posterior laxity, and there was a sig-

nificant difference between them (p < 0.05).



N. Wada et al.

Quadriceps muscle strength during isokinetic performance ranged from 67% to 109% (mean, 88.5 + 14.2) of
contralateral normal side. Three of the 13 patients could not achieve 80% of the normal side.

JOA score ranged from 19 to 100 points (mean, 60.3 + 26.4). Two patients rated good, 3 rated fair, and 8
rated poor. Two patients were participating in a competition (American football and snowboarding), 4 in a recr-
eational sporting activity, and remaining 7 did not participate in any sporting activity.

The questionnaire with patients’ satisfaction revealed 8 contented, 4 discontented and one undecided with the
results of non-operative treatment. The discontented patients showed the low quadriceps muscle strength and
poor sporting activities. The three patients underwent simultaneous ACL and PCL reconstruction after the fol-
low-up examinations (Table 1).

The knee score correlated with the side-to-side difference of anterior translation of the tibia (R = —0.759, p <
0.01, Figure 2) and the mid-point ratio (R = 0.629, p < 0.05, Figure 3) at follow-up. The muscle strength did
not show a significant correlation with the score. Stable knees on the stress views achieved better functional re-
sults than the unstable knees.

4. Discussion

A non-operative method is preferable for acute isolated tears of the knee ligament, and can be followed by a late
reconstruction if the initial treatment is unsatisfactory [1]. Conventional non-operative management for knee in-
juries had consisted of immobilization and following rehabilitation program after the removal of the cast. Im-
mobilization has been, however, shown to be detrimental to healing ligaments, while early motion increases ten-
sile strength [14]. One report [2] indicated a brace therapy for isolated ACL injury and more than 50% were
healed through second look arthroscopy. These studies suggest that a knee ligament injury can be healed by
non-operative methods, and an early motion had a beneficial effect in ligament healing.
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Investigators who recommend non-operative approach have also suggested that it is only applicable to iso-
lated ligament injury claiming that early motion exercise is not indicated when this is combined with other liga-
ment injuries [14] [15]. Bray [15] has verified the necessity for short-term joint immobilization during early in-
tervals when the MCL and ACL were transected in rabbits. Lechner and Dahners [14] concluded that ligament
sutures protected the joint from wide displacement when the secondary restraint was transected, allowing the
healing ligament to maintain its effective length. In the present study, a brace was designed to prevent strain to
the cruciate ligaments instead of the surgical procedure, permitting immediate passive motion exercises.

Preserved muscle strength has been identified as being an important factor in the success of treatment for knee
ligament injury [16]. Contraction of the quadriceps muscle under the open kinetic chain produces an anterior
translation of the tibia when the knee is extended and posterior force when the knee is flexed, a condition unfa-
vorable for a cruciate ligament injury [17]. The brace provided sagittal restraints during range of motion as well
as quadriceps exercises.

Petersen et al. [16] compared the results after primary and late ACL reconstruction in patients with combined
ACL and MCL injury. Their conclusion was that patients with a late ACL reconstruction had no differences in
the stability and muscle strength but a lower late of loss of extension and better functional scores than those of
early reconstructions. Taylor et al. [6] recommended conservative treatment for severe multiple injury due to
better stability and range of motion than those after operative procedures. Our results showed good range of mo-
tion and muscle strength which were favorable to the late reconstruction [18].

Knee score indicated that more than half of the patients of this series rated poor and did not participate in any
sporting performances. The result was worse than those after isolated ACL and/or PCL injury as presented in the
previous reports [2] [3]. The combined injury was more difficult when managed conservatively than the isolated
ligament injury. The present study indicated that the score correlated with the stability on the stress view and the
results depended on the improvement of the sagittal instability.

There was no evidence of significant difference between improvement of varus and valgus instabilities in our
study due to the small number of cases with lateral capsular injury. There have been some reports which empha-
sized the role of posterolateral structures in posterior and varus stability [3] [19]. The present study indicates that
a conservative method of treatment improved PCL insufficiency significantly less than that of ACL. Combined
injury of PCL and posterolateral ligament should be managed by operative methods [3] [20]. The non-operative
management may be less crucial for the combined ACL and PCL injury when it associated with lateral capsular
ligament injury than medial ligament injury.

5. Conclusion

Non-operative management for acute combined ACL and PCL injury resulted in poor functional score, but no
loss of motion and good quadriceps muscle strength. Brace therapy can be considered for this combined injury
as an initial treatment, and would be followed by a late reconstruction in case of the achieved stability and func-
tion is not satisfactory. Preserved range of motion and muscle strength after brace therapy has a clear benefit in a
late reconstructive surgery.
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