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INTRODUCTION

The evaluation and measurement of the rotational 
movement that occurs in the knee joint, when compared 
to the measurement of the flexion and extension mo-
vement, is a complex measurement that is difficult to 
determine with accuracy in clinical practice. Different 
methods have been created and used to this end (1-4).

Anterior cruciate ligament (ACL) reconstruction is 
a relatively common procedure(5), and in spite of the 

ABSTRACT

Objective: The objective of this study was to describe the 
methodology of knee rotation analysis using biomechanics 
laboratory instruments and to present the preliminary 
results from a comparative study on patients who 
underwent anterior cruciate ligament (ACL) reconstruction 
using the double-bundle technique. Methods: The protocol 
currently used in our laboratory was described. Three-
dimensional kinematic analysis was performed and knee 
rotation amplitude was measured on eight normal patients 
(control group) and 12 patients who were operated using 

the double-bundle technique, by means of three tasks 
in the biomechanics laboratory. Results: No significant 
differences between operated and non-operated sides 
were shown in relation to the mean amplitudes of gait, 
gait with change in direction or gait with change in 
direction when going down stairs (p > 0.13). Conclusion: 
The preliminary results did not show any difference in the 
double-bundle ACL reconstruction technique in relation to 
the contralateral side and the control group.
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evolution in the surgical technique, fixation materials, 
graft sources, and rehabilitation protocols, there is still 
a percentage of these patients (10-30%) that do not 
evolve satisfactorily(6-9).

One of the maneuvers used in the clinical evalua-
tion of patients to assess rotational control of the knee 
is the pivot-shift test. This maneuver is extremely sub-
jective and examiner-dependent. Reports of the pre-
sence of residual pivot-shift after ACL reconstruction 
by the single-bundle technique are not uncommon (6-8).
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Figure 1 – Positioning of the clusters, of the anatomical 
markers (left) and the convention adopted for measuring the 
joint angles (right).
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The ACL is composed of two well-defined bundles 
(or bands): the anteromedial (AM) and posterolate-
ral (PL) bundles. Biomechanical studies on cadavers 
have already shown that the surgical technique that 
reconstructs both ACL bundles is able to offer better 
control over anterior translation of the tibia, as well 
as better control of knee rotation resulting, in theory, 
from posterolateral bundle reconstruction(9-13).

Clinical trials have already shown that the dou-
ble-bundle technique offers better control of anterior 
translation of the tibia under the femur, measurements 
that are obtained through the physical examination, 
using the clinical tests of anterior drawer, Lachman 
and KT1000 or KT 2000(14-16) manual arthrometry. 

The correct evaluation and comparison of the 
double-bundle ACL reconstruction technique 
with the single-bundle technique, which is still 
considered standard, calls for the development of a 
method that analyzes knee rotation more accurately 
and objectively.

The aim of this study is to describe a knee rotation 
analysis methodology using instruments present 
in a biomechanics laboratory, and to present the 
preliminary results of a study in which patients were 
submitted to ACL reconstruction with the double-
bundle technique.

MATERIALS AND METHODS

1) Analysis of rotation
The tasks proposed in this study represent a mini-

mal risk to the subjects’ health. There is no conflict 
of interests in the performance of this study, which 
only began after obtaining approval from the Science 
and Ethics Committee of Vita Care. All the subjects 
signed a Informed Consent Form.

1.1) Data Collection
Six infrared video cameras (VICON) with acquisi-

tion frequency of 250Hz were used for three-dimensio-
nal kinematic analysis, while an OR6 model (AMTI) 
force platform was used to acquire the kinetic data, 
particularly the vertical ground reaction force. The lo-
wer limb kinematic analysis protocol was standardized 
within previously proposed and established models(17).

Retro-reflective markers were placed on anato-
mical prominences at the following locations of the 

body: right and left anterior superior iliac spine, grea-
ter trochanter, lateral and medial femoral epicondyle, 
apex of head of fibula, anterior tibial tuberosity, and 
distal apex of the lateral and medial malleoli(18).

To minimize measurement errors of the kinematic 
data, we used the calibrated anatomical system te-
chnique (CAST) proposed by Cappozzo et al(17). In 
the use of CAST, the first stage of collection consists 
of a static calibration in which the subject remains 
stationary in the anatomical position, aligned in the 
direction in which they will execute the task. Besides 
the anatomical markers, the subjects used another two 
sets of markers, one on the thigh and the other on the 
leg (Figure 1). This procedure was adopted to define 
the position of the markers in relation to the base 
of the sets of markers (clusters). Once the positions 
of the markers were defined, these were removed 
and the subjects carried out the proposed tasks using
just the clusters.

Assuming that the thigh and leg segments are rigid 
bodies, and that the clusters do not move in relation 
to the markers of the respective segments, the posi-
tion vector of the markers in relation to the respec-
tive cluster does not move as the segment moves. 
Therefore, with the static calibration, all the position 
vectors of the thigh and leg markers are determi-
ned and described from the local coordinate system, 
enabling the markers to be removed while the tasks
are carried out(17).
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Figure 3 – Diagram of staircase used to evaluate knee biome-
chanics during staircase descent with change in direction.
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During the performance of the tasks, only the clus-
ters are used in the leg and thigh segment. Based on 
the clusters, the positions of the withdrawn markers 
are reconstructed virtually by means of computational 
routines written in the Matlab environment (version 
6.5, Mathworks Inc.) using the position vectors ob-
tained in the static calibration.

1.2) Data analysis
The position of the axes and joint planes (anatomi-

cal basis) were determined as described by Cappozzo 
et al(18). It is necessary to determine the centers of the 
hip, knee and ankle joints in order to define the joint 
axes. The coordinates of the hip joint center (xc, yc 
and zc) are determined by the hybrid method reported 
by Andriacchi et al(19). The knee joint center is consi-
dered the midpoint between the femoral epicondyles, 
and the ankle joint center as the midpoint between the 
lateral and medial malleoli (Figure 2).

The tasks used were:

Walking without change in direction
In this task, the individual is asked to walk along 

at a comfortable speed, in a straight line, so that one 
of their feet touches the center of the force platform 
inserted in the laboratory floor. The participant repe-
ats the task until they touch the platform correctly at 
least five times with each foot. The data referring to 
the stance phase of gait are then analyzed.

Walking with change in direction
To perform this task, the patient is asked to walk 

along in a straight line until one of their feet touches 
the force platform. At this moment the participant 
should change their direction of movement at an angle 
of 90° to their original trajectory, rotating to the side 
of the foot that will touch the platform. Thus, when 
the patient touches the platform with their right foot, 
they will shift 90° to the right, and when the left foot 
touches the platform, 90° to the left.

As in the first task, this task is repeated until it is 
performed correctly at least five times for each side. 
The joint angles are analyzed during the single stan-
ce phase (from initial contact of one of the heels to 
contact of the contralateral heel) of this task.

Staircase descent with change in direction
To evaluate the staircase descent, we used a stair-

case specially designed for this experiment. It has four 
steps, and dimensions that are similar to those used 
by Georgoulis et al(20) and Andriacchi et al(19) in their 
studies (Figure 3).

Figure 2 – Knee joint coordinates system.
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All the angles were calculated in relation to the 
static position, in other words, the variables of the 
dynamic attempt were referenced in relation to the 
anatomical calibration. Figure 1 shows the position 
of the retro-reflective markers positioned on the ana-
tomical prominences of the subjects, as well as the 
two clusters used in each segment, and the convention 
adopted in this study to measure the joint angles.

1.3) Tasks
The objective of the tasks was to imitate functional 

movements of the knee and to evaluate its rotation in 
tasks of increasing difficulty.

Ankle
dorsiflexion    
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Figure 4 – Touchdown with change in direction task.

Figure 5 – Arthroscopic view of ACL reconstruction using the 
double-bundle technique.
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In this task the joint angles are also analyzed du-
ring the single stance phase (from initial contact of 
one of the heels to contact of the contralateral heel). 
The rotation of both knees is evaluated in each patient 
(operated and not operated) in the three tasks.

2) Patients studied
The data presented below refer to the knee rotation 

amplitude measurements (measurements in degrees) 
in the walking (G), walking with change in direction 
(gait WC) and walking with change in direction while 
descending stairs (S) tasks. We assessed eight nor-
mal patients (control group) and 12 patients operated 
using the double-bundle technique.

The control group was comprised of eight (N = 8) 
individuals without previous surgery or any complaint 
regarding the knee joints.

The study group was comprised of 12 (N = 12) 
patients operated using the double-bundle technique, 
and that had been medically discharged to carry 
out their activities, including sports, after clinical 
evaluation and imaging exams (magnetic resonance).

In relation to the control group, we compared the 
knee rotation amplitude (in degrees) between the right 
and left knees.

In the study group, we compared the rotation am-
plitude (in degrees) between the operated knee and the 
normal contralateral side, and between the operated 
knee and the values obtained in the control group.

The patients of the control and study groups 
were similar in terms of body mass index (BMI) 
and age (Table 1).

The surgical technique consisted of anatomic ACL 

reconstruction, using autologous graft from the flexor 
tendons fixed in two tibial tunnels and two indepen-
dent femoral tunnels(21) (Figure 5).

BMI Control 8 23.8 2.2 24.1 19.1 26.7

p = 0.193
Double 
bundle

12 25.6 3.8 25.3 20.9 31.0

  Total 20 24.9 3.3 24.1 19.1 31.0

AGE Control 8 26.3 8.2 23.0 21.0 46.0

p = 0.572
Double 
bundle

12 24.5 5.5 24.0 16.0 33.0

  Total 20 25.2 6.5 23.0 16.0 46.0

Table 1 – Data relating to the BMI and age of the patients 
evaluated.

RESULTS

No differences were observed in the rotation am-
plitudes between the left and right knees in the indi-
viduals of the group control, in any of the three tasks 
performed (Table 2).

During the analysis of the study group, we detected 
two flaws in the data collection (one in the staircase 
task – patient no. 8, and another in the change of 
direction - patient no. 11). For this reason, differen-
ces are noted in the number of patients evaluated in 
Tables 2 to 4.

Three patients in the study group (no. 3, no. 4 and 
no. 9) had undergone previous ACL reconstruction 
surgery using single-bundle technique on the con-
tralateral knee, hence there is a noticeable difference 

p value for the student t-test

ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION USING THE DOUBLE- BUNDLE TECHNIQUE -– 
EVALUATION IN THE BIOMECHANICS LABORATORY

The patients are asked to descend the four steps 
and, on touching the ground, where the force platform 
is located, to change their direction of movement, so 
that the new trajectory forms an angle of 90° with the 
old one (Figure 4).
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in the number of patients evaluated in Table 2 (in 
which we compared only the patients operated on 
one knee with the uninjured contralateral knee) com-
pared with Tables 3 and 4, in which the comparison 
was made between the knee operated on using the 
double-bundle technique and the data obtained from 
the control group.

No difference was found in mean knee rotation 
amplitude between the knees operated with the dou-
ble-bundle technique, and the uninjured contralateral 
knee (Tables 3, 4 and 5).

ved in the genesis of OA after ACL rupture, one of 
the most extensively studied is the mechanical factor, 
caused by loss of joint stability(23,24). Even with mo-
dern reconstruction techniques, it has not yet proven 
possible to demonstrate a lower incidence of OA in 
operated individuals(25,26).

The presence of residual pivot-shift after ACL 
reconstruction surgery appears to be more closely 
correlated to the presence of OA than to the actual 
anterior instability. The clinical evaluation performed 
with the pivot-shift test seeks to evaluate the degree 
of rotational instability caused by the ACL lesion. As 
we know, this is an examiner-dependent and relatively 
subjective measurement.

The biomechanics laboratory has proven to be an 
effective and reliable tool in the evaluation of knee 
joint movements. The method used in this study is 
validated and confers greater objectivity in the eva-
luation of knee joint movements(17,18).

The technique considered standard in ACL recons-
truction is the single-bundle technique. This technique 
is very efficient in controlling tibial translation under 
the femur, but is not as efficient in controlling tibial 
rotation under the femur. Kinematic studies have 
demonstrated that ACL reconstruction with single-
-bundle technique is unable to reestablish the normal 
kinematics of the joint(9,13).

One of the methods for evaluating rotational con-
trol in the knee joint is the measurement of total ro-
tation amplitude. The normal contralateral knee has 
been frequently used as a parameter of normality to 
evaluate the result of ACL reconstruction.

In this study, we verified that ACL reconstruction 
with the double-bundle technique was efficient in 
relation to knee rotation control. With regard to the 
results obtained in the sample, considering patients 
operated using the double-bundle technique, these 
do not indicate any significant differences between 
operated and non-operated sides in relation to mean 
amplitudes in the walking, walking with change in di-
rection, and staircase descent with change in direction 
(p > 0.13) tests. Neither did these mean amplitudes 
showed no differences when comparing the control 
and study groups (p > 0.05).

The methodology used here allows the evaluation 
of patients with multi-ligament lesions, angular and/
or torsional deformities of the lower limbs, and any 

  Mean SD

Stairs Right 30.0 4.7

p = 0.593 Left 31.6 8.0

Gait WC Right 26.4 5.3

p = 0.834 Left 26.9 6.4

Gait Right 12.4 4.1

p = 0.949 Left 12.5 4.7

Table 2 – Comparison between right and left knees within the 
control group.

p value for the paired t-test (n = 8 individuals)

  Mean SD Median Minimum Maximum

Stairs (N = 8 
patients)

Contralateral 28.4 7.6 30.0 16.7 38.2

p = 0.199 Operated 26.0 5.2 26.0 17.3 34.4

Gait WC  
(N = 8 patients)

Contralateral 27.9 5.6 27.0 20.0 39.3

p = 0.131 Operated 24.5 5.8 24.1 17.7 36.8

Gait  
(N = 9 patients)

Contralateral 12.4 3.2 12.2 8.0 19.3

p = 0.264 Operated 11.8 2.9 10.7 8.3 16.8

Table 3 – Comparison between knees operated with double-
bundle technique and the non-operated contralateral knees (i.e.
disregarding patients no.3, no.4 and no.9).

p value for the paired t-test.

DISCUSSION

ACL lesions have an extremely negative impact 
on the knee joint. It is known that the individual who 
suffers an ACL rupture has a higher incidence of os-
teoarthritis (OA)(22). Among the various factors invol-
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other clinical situation that might appear in association 
with knee rotation alterations. This type of evaluation 
may become another instrument to assist in decision 
making in the treatment of these patients in the future.

Although we used a validated methodology, we 
applied it to a group of patients that had never been 
evaluated by this method (control individuals and pa-
tients submitted to reconstruction with double-bundle 
technique). Our results should, therefore, be viewed 
as merely indicative, due to our restricted number of 
cases. Since 2006, our group has already carried out 

87 double-bundle ACL reconstructions; these patients 
will be involved in our evaluations, thus increasing 
our case studied. 

CONCLUSIONS

We believe that the biomechanics laboratory is a 
useful tool for objectively evaluating knee rotation. 
The preliminary results do not show any difference 
of the double-bundle ACL reconstruction technique in 
relation to the contralateral side or the control group.

Group N Mean SD Median Minimum Maximum

Stairs Control 8 30.8 5.1 29.9 22.8 38.5

p = 0.088 Double-bundle 11 26.4 5.2 27.1 17.3 34.4

Total 19 28.2 5.5 28.6 17.3 38.5

Gait WC Control 8 26.7 5.0 26.4 19.0 33.3

p = 0.756 Double-bundle 11 25.8 6.8 24.2 17.7 39.9

  Total 19 26.1 6.0 26.1 17.7 39.9

Gait Control 8 12.5 3.1 12.0 8.5 17.6

p = 0.423 Double-bundle 12 11.4 2.7 10.5 8.3 16.8

Total 20 11.8 2.8 11.1 8.3 17.6

Table 4 – Comparison between the measurements of the knees operated using double-bundle technique and the summary mea-
surements of the knees from the control group (i.e., the mean amplitude of the right and left knee is considered for each patient of 
the control group).

p value for the student’s t-test, with p1 for the test corrected due to inequality of variances.

  Dominance N Mean SD Median Minimum Maximum

Stairs No 3 25.9 6.9 22.3 21.7 33.9

Yes 8 26.6 5.0 27.2 17.3 34.4

Total 11 26.4 5.2 27.1 17.3 34.4

Gait WC No 3 26.6 11.7 22.3 17.7 39.9

Yes 8 25.4 5.1 24.8 19.8 36.8

  Total 11 25.8 6.8 24.2 17.7 39.9

Gait No 3 10.7 2.6 10.2 8.4 13.6

Yes 9 11.6 2.8 10.7 8.3 16.8

  Total 12 11.4 2.7 10.5 8.3 16.8

Table 5 – Descriptive table of amplitudes for the knees operated using the double-bundle technique according to dominant leg.

ANTERIOR CRUCIATE LIGAMENT RECONSTRUCTION USING THE DOUBLE- BUNDLE TECHNIQUE -– 
EVALUATION IN THE BIOMECHANICS LABORATORY
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