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Abstract

Purpose The aim of our study was to evaluate knee

rotational laxity and proprioceptive function 2 years after

partial anterior cruciate ligament (ACL) reconstruction.

According to our hypothesis, partial ACL reconstruction

could restore knee laxity and function to the intact level.

Methods We conducted a study in fifteen consecutive

patients undergoing partial ACL reconstruction. Fifteen

anteromedial bundle tears were identified intraoperatively.

Partial ACL reconstructions were performed by the same

senior surgeon using a single-incision technique. A bone–

patellar tendon–bone graft was used in 13 cases and a

double-stranded semitendinosus graft in 2 cases of chronic

patellar tendonitis. The mean age at surgery was 29 years.

The time between ACL tear and surgery averaged

7.8 months (range 2.5–29.5 months).

We developed an original device designed to assess knee

proprioception (passive and active) and measure weight-

bearing rotational laxity in full extension and at 30�, 60�
and 90� of knee flexion. All measurements were taken on

both the reconstructed and healthy knee.

Results The mean follow-up of the study was 3.4 years

(range 2.6–4.4). No statistically significant difference in

rotational laxity, active or passive proprioception could be

observed between the reconstructed and healthy knee.

External rotation was significantly greater than internal

rotation in full extension and at 30� of flexion in the

reconstructed and the healthy knee (P \ 0.05). For each

knee, active proprioception was found to be significantly

different (higher) than passive proprioception (P \ 0.05).

Conclusion Our study did not detect any difference in

rotational laxity and proprioception between the recon-

structed and the healthy knee. Therefore, partial ACL

reconstruction appears to restore satisfactory knee laxity

and function in case of partial ACL tear.

Level of evidence IV.

Keywords Anterior cruciate ligament � Partial rupture �
Rotational laxity � Proprioception

Introduction

Proprioception is a major mechanism contributing to knee

stability and function. Knee injury, such as tear of the

anterior cruciate ligament (ACL), causes changes in pro-

prioception, thus acting as a crucial element during reha-

bilitation. Partial ACL tears may account for up to 1/3 of

all ACL tears. During standard ACL reconstruction, the
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remnants of the ACL insertion sites are usually resected to

avoid overstuffing the intercondylar notch. However,

preservation of the ACL insertion fibers that remain in

continuity after ACL partial tears is advocated since these

fibers may have the potential to produce collagen [13].

There are several available methods used to measure

knee proprioception and quantify rotational knee laxity in

vivo and in vitro but all have their own limitations leading

to approximations regarding measurement accuracy and

exhaustiveness [4, 5, 12]. Opto-electronic kinematic anal-

ysis of the knee joint has already proved useful in assessing

patients with a knee prosthesis. In order to investigate the

various factors involved in healthy and ACL-deficient

knees, the authors developed an original system for in vivo

kinematic analysis of knee proprioception and rotational

laxity.

The objective of our study was to analyze knee rota-

tional laxity and proprioceptive function 2 years after

partial ACL reconstruction. We hypothesized that partial

ACL reconstruction would restore knee laxity and function

to the intact level.

Materials and methods

We conducted a study in 15 consecutive patients under-

going partial ACL reconstruction in 2007. The mean age at

surgery was 29 years (range 16.7–47). The mean time

between ACL tear and surgery was 7.8 months (range

2.5–29.5).

Surgical procedure

Partial ACL reconstructions were performed by the same

senior surgeon using the single-incision technique. The

mean operative time was 70 min (range 42–108).

A standard lateral parapatellar portal was created for the

arthroscope, while the instruments were introduced through

a medial parapatellar portal. Arthroscopic evaluation

included complete joint assessment and thorough explora-

tion of the ACL lesion. Fifteen anteromedial (AM) bundle

tears were diagnosed intraoperatively. The objective was to

obtain a 7- to 8-mm-diameter graft for the reconstruction of

the AM bundle to avoid overstuffing the intercondylar

notch. A bone–patellar tendon–bone transplant was used in

13 cases, and a double-stranded semitendinosus graft in 2

cases of chronic patellar tendonitis.

The graft was fixed to the femur by means of a bioab-

sorbable screw and secured to the tibia using a bioab-

sorbable screw combined with a postfixation staple in case

of double-stranded semitendinosus graft.

The postoperative rehabilitation protocol was similar to

that used after standard ACL reconstruction.

Experimental system (Fig. 1)

We developed a new system designed to assess knee

rotational laxity and proprioception. The device was made

of a Polaris� System (Northern Digital Inc., Ontario,

Canada) (Fig. 2) (optical tracking system that measures the

3D positions of the passive markers) and a portable

workstation integrating the new data acquisition software.

A tripod composed of 3 passive markers was placed on the

thigh and leg of each patient.

A calibration procedure was carried out prior to each

measurement. The full extension and neutral rotation

positions of the knee could then be determined. Passive and

active proprioception as well as rotational laxity was

evaluated on both the reconstructed and healthy knee. The

software enabled the clinician to visualize the real-time

data displayed on the screen (Fig. 1). These data were then

saved and stored in the patient record in our institution for

further evaluations.

Measurement of rotational laxity (Fig. 2)

Internal and external rotations under weight-bearing con-

ditions were evaluated with the knee in full extension and

at 30� of flexion. Measurement started with the patient in

the standing position and the knee in full extension with

both feet separated by 20 cm in neutral rotation. The first

stage consisted in resetting the system and proceeding with

calibration. Then, the patient was asked to achieve maxi-

mal internal trunk rotation and return to the neutral

Fig. 1 Patient positioning on

the edge of the table with the

calf and the tight marked.

Screen capture of the calibration

process
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position. Finally, the patient was asked to achieve maximal

external trunk rotation and return to the neutral position.

This acquisition sequence was repeated 5 times. The test

was also performed at 30� of knee flexion while the patient

could control on the screen the accuracy of the flexion

angle during internal and external rotations.

Measurement of proprioception (Fig. 1)

The evaluation was performed with the patient in a sitting

position on the edge of the table, the knee relaxed at 90�
of flexion. The calf and the foot were allowed to hang

freely. The patient was blindfolded during the test. For

the evaluation of active proprioception, the patient was

instructed to reproduce a knee flexion angle of 30�, 60�,

then 90� (angle reproduction test). For the evaluation of

passive proprioception, the clinician held the foot of the

patient in the neutral position while bending his knee. The

patient was asked to say ‘‘stop’’ when he thought his knee

was flexed at 30�, 60� and 90�. Proprioception was

evaluated three times with the knee flexed at 30�, 60�,

then 90�. The mean value of the three successive tests

was recorded.

Statistical analysis

The nonparametric Wilcoxon test for paired samples was

used to compare parameters from the evaluations using

commercial software (JMP 7.0, SAS Campus Drive, North

Carolina, USA). Statistical significance was set to

P \ 0.05.

Results

The mean postoperative follow-up was 3.4 years (range

2.6–4.4). The mean clinical evaluation time for each

patient using our new device was 15 min.

We did not find any statistically significant difference in

rotational laxity and active or passive proprioception

between reconstructed and healthy knees (Tables 1, 2).

External-rotation laxity was found to be significantly

greater than internal-rotation laxity in full extension and at

30� of knee flexion in reconstructed and healthy knees

(P \ 0.05). For each knee, active proprioception was found

to be statistically different (higher) than passive proprio-

ception (P \ 0.05).

Fig. 2 Patient positioning for the evaluation of weight-bearing rotational laxity
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Discussion

At last follow-up, the most important finding of the present

study was that proper restoration of knee laxity and func-

tion was observed for the reconstructed knee with respect

to the healthy knee. To our knowledge, this is the first study

on rotational laxity and proprioception evaluation after

partial ACL reconstruction.

ACL reconstruction is usually advocated for active

patients to restore knee stability. However, in most cases,

the authors focused on the mechanical properties of the

graft rather than on the postoperative proprioceptive

function of the operated knees. Adachi [2] reported the

results of a study including 40 patients with a mean follow-

up of 3.2 years after partial ACL reconstruction. He com-

pared these results with those obtained after standard ACL

reconstruction and found a statistically significant differ-

ence regarding the maxi manual postoperative laxity when

using the KT-2000TM system. Adachi [2] also reported a

statistically significant difference in proprioception

between the two groups (a 0.7� mispositioning after partial

ACL reconstruction and 1.7� after complete ACL repair).

In another study, Adachi [1] established a correlation

between the number of mechanoreceptors and

proprioception.

Gobbi [8] did not find any difference in knee laxity and

function between the double-bundle and single-bundle

ACL reconstruction techniques. Measurement of knee

proprioception may be achieved using various methods: the

reflex hamstring contraction latency using electromyogra-

phy (EMG) [3], the threshold to detect passive motion

(TTDPM) [4, 5, 12], the joint position sense and the

method used in our study [5, 12]. Proprioception seems to

be strongly correlated with knee joint function and risk of

instability [3]. According to Salvator-Vitwoet, the graft

used in ACL reconstruction was poorly innervated unlike

the native ACL. However, the mechanoreceptors of both

the joint and the capsule have been shown to be crucial for

postoperative recovery of knee proprioception [9, 11].

High-level athletes with chronic ACL deficiency reported

improved knee function after strapping, although the bio-

mechanical effects of this method are still unknown. In

these cases, stimulation of skin mechanoreceptors could

contribute to the improvement of knee proprioception. In

our study, knee proprioception after partial ACL recon-

struction was similar to that of the healthy knee. Ochi [10]

has already reported the decline in proprioception in ACL-

deficient knees and the postoperative improvement after

ACL reconstruction. In our study, there was no significant

difference in passive proprioception during flexion,

whereas Fremerey [6] reported a loss of proprioception

between 80� and 100� of knee flexion. Finally, the

assessment of proprioception appears to be complex.

However, as the pivot shift test and the Lachman test, it

should be part of the knee evaluation before and after ACL

reconstruction.

Furman [7] reported an increase in rotational laxity

([6�) after ACL section within the frame of a cadaver

study that correlated the findings of Zaffagnini [14] in a

study conducted in animals. In our study, at last follow-up,

internal (10�) and external (14�) rotational laxity was not

statistically different between the reconstructed and the

healthy knee in full extension and at 30� of flexion.

The limitations of our study include the lack of preoper-

ative evaluation and the relatively small sample of patients.

Biases were reported in our study. The measurements were

Table 1 Evaluation of passive

and active proprioception at

30�, 60� and 90� of knee flexion

Reconstructed

knee active

Normal

knee active

Reconstructed

knee passive

Normal

knee passive

P value (active

vs. passive)

30� 33.4

(±5.7)

33.4

(±5.2)

27.6

(±3.2)

27.5

(±3.6)

Reconstructed knee (P \ 0.05)

Normal knee (P \ 0.05)

P NS NS

60� 68.1

(±6.8)

68.1

(±9.1)

56.7

(±3.6)

57.5

(±4.4)

Reconstructed knee (P \ 0.05)

Normal knee (P \ 0.05)

P NS NS

90� 94.1

(±5.4)

95.6

(±5.7)

86.1

(±3.6)

87.1

(±3.7)

Reconstructed knee (P \ 0.05)

Normal knee (P \ 0.05)

P NS NS

Table 2 Measurements of Rotational laxity in full extension and at

30� of knee flexion

Reconstructed knee Normal knee P value

Flexion angle 0� 30� 0� 30� 0� 30�
Internal rotation 10�

(±4.0)

9.5�
(±2.5)

9.4�
(±3.4)

8.6�
(±2.8)

NS NS

External rotation 13.7�
(±3.9)

14�
(±4.8)

13�
(±4.7)

14.4�
(±5.4)

NS NS

P value \0.05 \0.05 \0.05 \0.05
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taken manually, which may have caused stimulation of skin

mechanoreceptors and affect proprioception. In others

studies, a leg support was used to compensate for this

drawback. Corrigan [5] used a tourniquet during a 2-month

period prior to the measurements in order to suppress any

cutaneous information. In our study, patients were seated on

the edge of a table, which may have modified joint position

sense despite the absence of any contact around the knee. The

main limitations were the use of skin markers and the

potential risk of marker displacement during knee flexion.

Despite the use of a strong fixation placed close to the knee,

this drawback could not be completely avoided. However,

this proprioception evaluation protocol has been validated

and appears to have been correlated with the number of

mechanoreceptors [1]. The main strength of our study was

the use of our new system specifically designed for postop-

erative measurement of knee rotational laxity and proprio-

ception under weight-bearing conditions after partial ACL

reconstruction.

This new system could have a broad range of clinical

applications since it provides accurate, reproducible and

rapid measurements. In vitro, this protocol could allow

kinematic evaluation of the knee prior to and after any

ligamentous section (such as the ACL). In vivo, this pro-

tocol could provide easy postoperative analysis of ACL

reconstructions (single or double bundle) and also be used

for the assessment of various total knee prosthesis designs

(fixed or mobile bearing, posterior-stabilized or cruciate

retaining TKAs …).

Conclusion

Our study, based on an original system specifically

designed to assess knee kinematics, did not exhibit any

difference in rotational laxity and proprioception between

the reconstructed and the healthy knee. According to our

findings, partial ACL reconstruction could provide satis-

factory recovery of knee laxity and function in the man-

agement of partial ACL tears, which confirms our

hypothesis.
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