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Abstarct

Purpose Multiligamentous injury to the anterior cruci-
ate ligament (ACL) and the posterior cruciate ligament
(PCL) is an uncommon but debilitating event. Patients with
combined ligament injuries typically complain of painful,
debilitating knee instability that restricts their sports and
daily activities. The purpose of this retrospective study was
to evaluate functional and clinical outcomes of patients
with chronic ACL and PCL deficiency who underwent
simultaneous single-stage arthroscopic reconstruction of
the central pivot.

Methods Medical records of 20 consecutive patients
with chronic ACL and PCL deficiency who underwent
simultaneous  single-stage  arthroscopic  reconstruc-
tion of the central pivot were retrospectively reviewed.
All patients had received either an allograft (group A)
or a semitendinosus—gracilis graft for ACL repair and a
bone—patellar tibial-bone graft for PCL repair (group B).
Functional outcomes, after the initial follow-up period at
24-month FU, were assessed with concentric isokinetic
knee extensor—flexor testing at 60 and 180°/s. The sec-
ondary aim was to compare long-term clinical recovery
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by the administration of the IKDC (International Knee
Document Committee) Knee Ligament Evaluation Form,
the Lysholm Knee Scoring Scale and the Cincinnati Knee
Rating Scale.

Results The mean per cent quadriceps strength defi-
cit in the operated as compared to the healthy knee
was 13.5 % in group A and 15 % in group B (angular
velocity 60°/s) and 13.5 % in group A and 9.4 % in
group B (angular velocity 180°/s). The mean per cent
flexor strength deficit in the operated as compared to the
healthy knee was 10.4 % in group A and 12.3 % in group
B (angular velocity 60°/s) and 12.2 % in group A and
9 % in group B (angular velocity of 180°/s). The flexor—
quadriceps ratio was 49.4 % in group A and 48.8 %
in group B in the healthy knee and 53.2 % in group A
and 53.8 % in group B in the operated knee (angular
velocity 60°/s) and 63.9 % in group A and 60.7 % in
group B in the healthy knee and 65 % in group A and
64.9 % in group B in the operated knee (angular veloc-
ity 180°/s). Lysholm outcome was 93.9 £ 3.9 in group
A and 89.1 £ 7.6 in group B (n.s). Cincinnati score
was 89.6 = 7.3 in group A and 91.0 £ 6.9 in group B
(p = 0.791). IKDC results were group A in six patients
(60 %), group B in three patients (30 %) and group C in
one patient (10 %) in the allograft group and group A
in seven patients (70 %) and group B in three patients
(30 %) for autologous group.

Conclusions The results of this study suggest that one-
stage arthroscopic bicruciate ligament reconstruction can
restore good knee joint function. Surgical treatment should
be followed by a comprehensive rehabilitation programme
with specific goals, objectives and strategies, including
pain management and assessment of progress in recovery
of joint function and perception of knee stability.

Level of evidence Retrospective case series, Level I'V.
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Introduction

Multiligamentous injury to the anterior cruciate ligament
(ACL) and the posterior cruciate ligament (PCL) is an
uncommon but debilitating event [5, 6]. The mechanism
of injury is often caused by deceleration with external
rotation and valgus stress, frequently in association with
sports accidents or vehicular trauma resulting in subluxa-
tion or frank dislocation of the knee joint. Two types are
distinguished: high-energy and low-energy mechanisms of
injury. High-energy mechanisms are caused by a sudden,
direct blow as occurs, for example, in road traffic accidents
and are often associated with peripheral ligament damage
and disruption of blood vessels and nerves [7, 8, 17]. Low-
energy mechanisms occur more commonly during contact
sports accidents, but seldom involve the peripheral knee
joint capsule and ligaments and, more rarely, blood vessels
and nerves [7, 8, 17].

Patients with combined ligament injuries typically com-
plain of painful, debilitating knee instability that restricts
their sports and daily activities [7, 16]. The patients we
encounter have a chronic condition, with knee instability
usually following a low-energy injury. The primary aim of
this retrospective study was to evaluate knee joint stability
by functional outcomes, in particulary by isokinetic assess-
ment over a 2-year follow-up period after central pivot
reconstruction. The secondary aim was to compare long-
term clinical recovery in patients who had received either
an allograft (Achilles and/or posterior tibial tendon) or a
semitendinosus—gracilis graft for ACL repair and a bone—
patellar tibial-bone graft for PCL repair.

Materials and methods

Between 2000 and 2006, we carried out 42 combined
ACL-PCL arthroscopic reconstructions and 29 associated
with posteromedial or lateral repairs of chronic knee liga-
ment injuries.

Peripheral repairs were performed only when major dam-
age to the medial or posterolateral compartment was present.
For the complete and isolated reconstruction of the central
pivot, we reconstructed the two ligaments during a single-
stage arthroscopy. In order to obtain homogeneous data for the
long-term results and condition, we retrospectively reviewed
the medical records of 20 consecutive patients with chronic
ACL and PCL deficiency with no meniscal injuries associ-
ated who underwent simultaneous single-stage arthroscopic
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reconstruction of the central pivot by the same surgeon (MD).
The patient sample was divided into two groups. Group A
(n = 10) received an allograft tendon (Achilles and/or poste-
rior tibial tendon) for both repairs; group B (n = 10) received
STG graft for PCL repair and a BPTB graft for ACL repair
(n = 5) if the size of the STG graft was 9 mm in diameter
or more, otherwise the patients received a semitendinosus—
gracilis (STG) graft for ACL repair and a bone—patellar ten-
don-bone (BPTB) graft for PCL repair (n = 5). The type of
transplant has been decided by the senior surgeon based on
the needs and demands of the patient.

Surgical technique

Three comparably trained orthopaedic surgeons (MD, PV,
HS) performed the surgeries using the same arthroscopic
technique at the time of the operation. The first stage of the
surgical procedure involved balancing the joint and treat-
ing any cartilage or meniscal damage if present. Standard
arthroscopic portals were established. An accessory pos-
teromedial portal was placed to facilitate PCL repair. Full
tibial tunnels were created; the out—in technique was used to
create the femoral tunnel for PCL repair and the endoscopic
transtibial technique for ACL repair. Autografts or allografts
were used for all reconstructions. The reconstructed PCL
was fixed with two absorbable interference screws, and the
reconstructed ACL was fixed with two biopins placed in the
femur and an absorbable screw in the tibia.

Rehabilitation programme

All patients underwent the same rehabilitation programme
which included:

e Use of a rehabilitation brace with rear leg support for
6 weeks: locked in extension for the first week, released
0°-60° in the second week, released 0°-90° from the
third week until removal and then progressive full ROM
starting the fourth week

e Brace locked in extension during gait for the first
4 weeks

e Weight-bearing during the first week, minimal (toe-
touch) weight-bearing during the second week and
gradual progression to partial weight-bearing during the
third week

e Prevention of posterior translation for the first month
during both supine decubitus and mobilization exercises

Functional outcomes
The primary outcomes after the initial follow-up period

at 24-month FU were assessed with concentric isokinetic
knee extensor—flexor testing at 60 and 180°/s.
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Isokinetic testing was performed on a REV 9000 isoki-
netic dynamometer (Technogym, Gambettola, Bologna,
Italy). Subjects sat in a comfortable, upright seated posi-
tion and were secured using torso, pelvic and thigh straps
to minimize extraneous body movements. The lateral femo-
ral epicondyle was used as the bony landmark for aligning
the axis of rotation of the knee with the lever arm axis. A
6-min warm-up on the exercise bicycle (70 pedal turns per
min) was followed by three 30-s knee extensor and flexor
stretching exercises. The uninvolved side was assessed
first and then the operated side. Three submaximal and two
maximal knee extension—flexion contractions were per-
formed at both test speeds to enable the patients to become
accustomed with the system.

The test consisted of five knee extension—flexion cycles
along a range of motion (ROM) of 0°-90°, first at 60°/s and
then at 180°/s after 1-min rest. Only the peak value was
considered.

During the test, the patients held their arms folded across
the chest and were given verbal encouragement and visual
feedback from the REV 9000 computer monitor to reach
maximal effort level. Gravity correction was performed.
Bilateral comparison of peak torques was conducted to
assess muscular insufficiency.

Clinical outcomes

The secondary objective (clinical outcomes) after long-
term follow-up was assessed using the IKDC (International
Knee Document Committee) Knee Ligament Evaluation
Form [4], the Lysholm Knee Scoring Scale [14] and the
Cincinnati Knee Rating Scale [10].

Statistical analysis

Data were expressed as number and percentage, if cat-
egorical, or mean and standard deviation, if continu-
ous. Differences between groups were explored with
the Chi-square test with Fisher’s correction if categori-
cal or with the Wilcoxon test if continuous. Continu-
ous data were represented with box-and-whisker plots
where the internal line represents the median, the box
itself is delimited by the first quartile (Q1) and the third
quartile (Q3), and the whiskers are delimited by the
formula Q1 — 1.5 x IQR for the lower whisker and by
Q3 + 1.5 x IQR for the upper whisker, where IQR is the
interquartile range. All analyses were performed using
Stata Statistical Software Release 13 (StataCorp LP, Col-
lege Station, TX). A p value lower than 0.05 was consid-
ered significant. This study received IRB notification as
request by national guidelines because it includes human
subjects and health informations.
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Table 1 Peak torque of quadriceps and flexor muscles
Knee Group A Group B p value

n=10 n=10

Quadriceps
Healthy (60°/s) 212.7+37.0 204.5 £50.4 n.s
Operated (60°/s) 185.4 +44.6 1752 +51.4 n.s
Healthy (180°/s) 150.1 +32.8 148.7 £ 41.0 n.s
Operated (180°/s) 134.5 4+ 33.8 137.9 £+ 46.7 n.s
Flexors
Healthy (60°/s) 106.1 + 26.4 101.8 +40.8 n.s
Operated (60°/s) 98.4 £29.1 92.9 +30.2 n.s
Healthy (180°/s) 95.9 £24.8 82.1 £25.9 n.s
Operated (180°/s) 87.2+27.6 74.0 £21.1 n.s

Plus—minus values are the mean £ SD

Results

The mean age was 36 £ 14 years in group A and
33 4+ 8 years in group B (n.s). The right knee was oper-
ated on in five (50 %) patients in group A and eight (80 %)
patients in group B (n.s). Isokinetic testing was performed
at 24 months in both groups. Long-term clinical assess-
ment was performed at 109.3 months (range 95.8-117.4)
in group A and at 135.9 months (range 96.4-168.6) in
group B (p = 0.018). Table 1 reports the peak torque of
the quadriceps and flexor muscles of the healthy and the
operated knee. The mean per cent quadriceps strength def-
icit in the operated as compared to the healthy knee was
13.5 % in group A and 15 % in group B (angular velocity
60°/s) and 13.5 % in group A and 9.4 % in group B (angu-
lar velocity 180°/s). The mean per cent flexor strength
deficit in the operated as compared to the healthy knee
was 10.4 % in group A and 12.3 % in group B (angular
velocity 60°/s) and 12.2 % in group A and 9 % in group
B (angular velocity of 180°/s). The flexor—quadriceps
ratio was 49.4 % in group A and 48.8 % in group B in
the healthy knee and 53.2 % in group A and 53.8 % in
group B in the operated knee (angular velocity 60°/s) and
63.9 % in group A and 60.7 % in group B in the healthy
knee and 65 % in group A and 64.9 % in group B in the
operated knee (angular velocity 180°/s) (Table 2). Table 3
reports the scores from the Lysholm Knee Scoring Scale,
Cincinnati Knee Rating Scale and International Knee
Documentation Committee (IKDC) subjective evaluation
(Fig. 1).

There were no statistically significant differences for
any of the parameters measured (p < 0.05). Return to sports
occurred at 14.8 months on average. Three of the five com-
petitive (60 %) athletes and 8 (73 %) of the 11 amateur ath-
letes returned to their previous sports levels (p = 1)
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Table 2 Per cent strength deficit and flexor—quadriceps ratio

Group A
n=10

Group B
n=10

p value

Per cent strength deficit in operated side

Quadriceps (60°/s) 135+ 11.1 15,0+ 11.1 n.s
Quadriceps (180°/s) 135+ 133 94+£95 n.s
Flexor (60°/s) 104 £17.2 123 +12.8 n.s
Flexor (180°/s) 122+ 155 9.0£5.1 n.s
Flexor—quadriceps ratio

Healthy (60°/s) 494 £ 6.6 488 £ 11.0 n.s
Operated (60°/s) 5324103 53.8+9.0 n.s
Healthy (180°/s) 63.9 £+ 10.1 60.7£9.2 n.s
Operated (180°/s) 65.0 £ 16.2 64.9 £ 129 n.s

Plus—minus values are the mean &= SD

Table 3 Lysholm, Cincinnati and IKDC Scale scores

Rating scale Group A Group B p value
n=10 n=10

Lysholm 93.9+39 89.1£7.6 n.s

Cincinnati 89.6 £7.3 91.0£6.9 n.s

IKDC n.s

A 6 (60 %) 7 (70 %)

B 330 %) 3(30 %)

C 1(10 %) 0

Plus—minus values are the mean £+ SD

Flexors of healthy vs. operated side
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Fig. 1 Strength deficit in quadriceps of healthy versus operated side

Discussion

The most important finding of this study was that one-stage
ACL/PCL reconstruction is a reliable technique for restor-
ing knee function. In the literature, evidence-based treat-
ment guidelines are lacking and treatment options are con-
troversial [1, 2] (Fig. 2).
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Fig. 2 Strength deficit in flexors of healthy versus operated side
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Fig. 3 Flexor—quadriceps ratio at an angular velocity of 60°/s

Although isokinetic test results do not predict dynamic
stability of the knee, they can provide objective data on
activator muscle strength. No statistically significant differ-
ences in any of the parameters measured during isometric
testing between the two groups were found, but partially
unexpected results that diverged from previous studies were
noted. Takaes et al. [13] performed isokinetic evaluation at
27 months of follow-up after two-stage bicruciate recon-
struction with autografts in 14 patients. They reported a
mean extensor peak torque of 167 and 122 Nm at an angu-
lar velocity of 60 and 180°/s, respectively, in the operated
side and a mean flexor peak torque of 98 and 79 Nm at an
angular velocity of 60 and 180°/s, respectively, in the oper-
ated side. As compared to the unoperated side, the strength
deficit of the extensors at both velocities was significantly
different, but that of the flexors was not. The flexor—exten-
sor ratio was similar for both knees. In an earlier study,
Tornese et al. [15] compared the outcomes after arthro-
scopic reconstruction of the PCL using the double-bundle
technique with the ipsilateral STG graft and the single-
bundle technique with an ipsilateral patellar tendon graft.
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Fig. 4 Flexor—quadriceps ratio at an angular velocity of 180°/s

At the 12-month follow-up examination, no significant dif-
ferences in the IKDC, Lysholm or Cincinnati Rating Scale
scores were found, but the isokinetic tests disclosed a loss
of strength in the corresponding muscles at the harvest site
(Fig. 3).

On the basis of these observations, one would expect
a minor muscle strength deficit after reconstruction with
cadaveric tendons. One explanation for this could be that
the mean length of follow-up was a contributing factor
to the statistically significant difference between the two
groups. It may have allowed the group B patients to recover
a per cent of muscle strength deficit at the harvest site. In
any case, this empirical observation needs to be further
investigated (Fig. 4).

Analysis of the Lysholm, Cincinnati and IKDC Rating
Scale scores, at longer follow-up, showed good recovery of
biomechanical function of the operated knee. These clinical
results are similar to those shown by other authors as Zaho
[18] who reported excellent subjective outcomes with mean
IKDC = 92.4 at 2-year follow-up in 12 patients. Strobel
reported mean IKDC of 71.1 on 17 patients with combined
ACL, PCL and PLC reconstructions at 2-year follow-up
[12].

Hart et al. [3] reported mean IKDC subjective score of
61.2 £+ 23.1 at 2-year follow-up after multiple ligament
knee reconstruction surgeries.

Despite the severity of knee instability and the surgical
challenge of restoring knee joint function, the scores were
substantially within the normal range and indicated a satis-
factory outcome. Biomechanical function was similar or in
some cases very similar to normal performance on manual
and instrumental testing and during routine activities (walk-
ing, climbing and descending stairs, squatting and running)
which the patients were able to carry out with reasonable
ease, considering the high incidence of joint stiffness asso-
ciated with surgical repair of the central pivot [16].

Overall, results expressed in this study are consistent
with previous studies [9, 11, 19] reporting that ACL/PCL
reconstruction is an optimal approach to treating chronic
central pivot injuries. Furthermore, safe return to sports
depends not only on surgical outcome and adherence to a
rehabilitation programme but oftentimes on personal moti-
vation and self-management. Surgical treatment should be
followed by a comprehensive rehabilitation programme
with specific goals, objectives and strategies for achieving
good biomechanical knee joint function. The limitation of
this retrospective study was a small number of patients for
each functional group and with a short functional follow-
up. This fact is due to the fact that knee joint dislocation
is rare and accounts for only approximately 0.02 % of
all musculoskeletal injuries and most published studies
include only a small number of cases [2].

Conclusions

This study results suggest that one-stage arthroscopic
bicruciate ligament reconstruction can restore good biome-
chanical knee joint function.
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