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Anterior cruciate Introduction: In patients with anterior cruciate ligament (ACL) tears, anterior laxity can
ligament; be measured using stress radiographs or more recently introduced electronic measurement
Knee laxity devices.

measurement; Hypothesis: The GNRB® arthrometer offers a radiation-free method of measuring anterior knee
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Telos®;

GNRB®;
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laxity whose diagnostic value is identical to that of Telos® or Lerat stress radiographs.
Patients and methods: One hundred and fifty-seven patients (40 years [18—69]) scheduled for
knee arthroscopy were evaluated using the GNRB® and two series of stress radiographs of both
knees, one obtained using a 250-N Telos® device and the other using the technique described
by Lerat (posterior translation of the femur/tibia under a 9-kg loading device). Arthroscopic
evaluation of the ACL served as the reference standard for assessing the diagnostic performance
of the radiological and instrumental laxity measurements.

Results: Under arthroscopic examination, the ACL was normal in 50.3%; ‘‘healed to roof of the
notch’’ (partial tear) in 9.6%, ‘‘posterolateral bundle preserved’’ (partial tear) in 7.0%, ‘*healed
to the posterior cruciate ligament’’ (PCL) in 17.8%, and ‘‘empty notch’’ (complete tear) in
15.3%. In partial ACL tears, no significant differences in anterior laxity were found across the
three measurement techniques. Telos® and GNRB® laxities were greater in the complete-tear
group than in the normal-ACL, partial-tear, and healed-to-PCL groups. With the Lerat technique,
the only significant differences were between the complete-tear group and the normal-ACL
and partial-tear groups. Telos® and GNRB® showed similar diagnostic performance (sensitiv-
ity > 62%, specificity > 75%), whereas the Lerat technique lacked sensitivity (sensitivity =43.2%,
specificity =82.7%) at 3mm.
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Discussion: Diagnostic performance was lower in our study than in earlier reports. The GNRB®
performed as well as Telos®. The non-irradiating nature of GNRB® assessments allows repeated
measurements for therapeutic or diagnostic purposes.

Level of evidence: Level lll, prospective case-control study.

© 2012 Published by Elsevier Masson SAS.

Introduction

The anterior cruciate ligament (ACL) is the main restraint to
anterior subluxation of the tibia. Tear of the ACL is necessary
and sufficient to increase anterior translation of the tibia
[1,2].

Anterior knee laxity measurement is useful to establish
the diagnosis of ACL tear (laxity above a cut-off value),
evaluate the prognosis (effectiveness of treatment), and
select the treatment (as the choice of the surgical procedure
varies with the degree of laxity). Anterior laxity evalua-
tion via manual manoeuvres is inaccurate, subjective, and
poorly reproducible [3,4]. Until now, stress radiography was
the reference standard for measuring anterior knee laxity.
However, recently introduced arthrometers provide rapid
computerised measurements of knee laxity without exposing
the patient to radiation.

Stress radiographs are useful in that they measure the
translation of the tibia relative to the femur without inter-
ference from the soft tissues [5]. Radiographs during active
knee movements are rarely used, as they are painful and
have poor diagnostic performance [6]. Passive stress radio-
graphs are usually obtained using the Telos® device or, more
empirically, the method described by Lerat [7].

The GNRB® device has a jack that applies thrust forces
of 67 to 250N to the upper calf [8]. The displacement of the
anterior tibial tubercle relative to the femur is measured.
The data are handled by a computer, which standardises the
protocol (pressure applied to the thigh and thrust force) and
analyses the results (ligament elasticity curve, differential
laxities).

Here, we hypothesised that the diagnostic performance
of the GNRB® device was similar to that of passive stress
radiography, the advantage being absence of radiation expo-
sure.

Material and methods

This prospective cohort study was conducted at the Rouen
University Hospital (76000 Rouen, France) between March
2010 and January 2011 in 157 patients (121 males and
36 females with a mean age of 40.0 years [18—69]). In
each patient, two series of passive stress radiographs of
both knees were obtained and anterior knee laxity was
measured using the GNRB® (version 2) device, before arthro-
scopic treatment. The study was included with the identifier
2009-A01261-56 in the Research and Biological Sampling
(Recherche et Collections Biologiques [CRB]) registry kept
by the French Healthcare Product Safety Agency (Associa-
tion francaise de sécurité sanitaire des produits de santé
[AFSSAPS]). The study protocol was classified as research on

standard care and approved by the appropriate ethics com-
mittee (Comité de protection des personnes Nord-Ouest |,
identifier CPP-SC 2010-002).

The patients were recruited by knee surgery specialists
(XR, JMA, FM, and JB). To be eligible, patients had to be
scheduled for knee arthroscopy. Table 1 lists the inclusion
and exclusion criteria, which took into account the radiation
exposure required by the study investigations and the need
to have a normal contralateral knee.

Stress radiographs of both knees were obtained using two
different methods (Fig. 1).

One series of passive anterior translation radiographs was
obtained using the Telos® device (Telos GmbH®, Laubscher,
Holstein, Switzerland) with a load of up to 250N.

The other series was obtained using the simple and inex-
pensive method described by Lerat et al. [7]: with the knee
relaxed in 20° of flexion, a load of 9 kg was applied to the dis-
tal thigh to induce posterior translation of the femur relative
to the tibia.

All radiographic variables were measured by the same
investigator (JB) using tracing paper and a graduated ruler
having a precision of 0.5mm. Anterior translation of the
medial compartment (ATMC) was measured for each knee
relative to the line tangent to the medial plateau, using the
bony landmarks described by Jacobsen [9,10]) (Fig. 2). Dif-
ferential values were computed as the absolute difference
in laxity between the two knees. The quality of each stress
radiograph was assessed using a 5-point scale (Fig. 3) [6].

In addition, anterior laxity of both knees was measured
using the GNRB® (version 2) device with gradually increasing
loads from 67N to 250N, on the day before surgery, by one
of four operators trained in the use of the device (S.B., J.B.,
S.M., J.M.A.). The normal knee was assessed first. Differen-
tial values were determined by the device software.

The arthroscopic surgical procedure was the last step
in the study protocol. Regardless of the type of treatment

Table 1 Inclusion and exclusion criteria used to select the
study patients.

Inclusion criteria Unilateral knee symptoms indicating
a need for arthroscopic knee surgery

Apparently normal contralateral knee

Exclusion criteria History of injury of surgery in the
contralateral knee

Pregnant woman or woman not using
birth control

Patient unwilling to participate in the
study

Coronal laxity in extension
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Figure 1

a: passive stress radiograph according to Lerat, with a 9-kg load; b: Telos® device; c: GNRB®, computerised laxity

assessment system that measures sagittal translation of the tibia at 20° of knee flexion.

(e.g., procedure on the meniscus or on the ligament or
synovial membrane biopsy), the ACL was inspected and pal-
pated using a hook. Based on the results, the ACL was
classified according to the five stages described by Panis-
set et al. [11]: “‘normal ACL’’, ‘‘healed to the roof of the
notch’’ (anteromedial bundle preserved), ‘‘posterolateral
bundle preserved’’, ‘‘healed to the posterior cruciate lig-
ament’’ (PCL), and complete tear ‘‘empty notch’’. The
arthroscopic appearance of the ACL was the reference
standard for the evaluation of diagnostic performance of lax-
ity measurements using stress radiographs and the GNRB®.

Statistical tests were performed by an independent
statistician, who used NCSS software (Kaysville, UT, USA).
Qualitative variables were compared using Fisher’s test
and quantitative variables using the Kruskal-Wallis test
(with Bonferroni’s correction) and the Mann-Whitney test.
Receiver-Operating Characteristic (ROC) curves were plot-
ted to evaluate the sensitivity (Se) and specificity (Sp) of
each radiographic measurement (Telos® and Lerat) and of
the GNRB® measurement using various cut-off values. Dif-
ferences yielding P-values of less than 0.05 were considered
significant.

Results

Of the 157 patients included in the study, 79 (50.3%) had
arthroscopically normal ACLs. ACL lesions in the remaining
patients consisted of ‘‘healing to the roof of the notch’’
in 15 (9.6%) patients, ‘‘posterolateral bundle preservation’’
in 11 (7.0%) patients, ‘‘healing to the PCL’’ in 28 (17.8%)
patients, and ‘‘empty notch’’ in 24 (15.3%) patients.

Telo® stress radiographs were obtained in all patients.
Eight patients were unable to undergo stress radiography
as described by Lerat. Radiograph quality was excellent:
mean scores were 9.61/10 (8—10) for the Telos® radiographs
and 9.59/10 (7—10) for the Lerat radiographs (NS). GNRB®
measurements were performed in all patients, although pain
precluded the use of the highest thrust force (250N) in 24
patients.

Table 2 reports the differential laxity values obtained by
stress radiography. With neither of the two stress radiogra-
phy techniques was there a significant difference between
the two groups of partial tears (‘‘healed to the roof of
the notch’’ and ‘‘posterolateral bundle preserved’’). Telos®
measurements indicated significantly greater laxity in the
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complete-tear group than in the other groups (normal-ACL,
partial-tear, or healed-to-PCL groups). No significant dif-
ferences in laxity were found on the Telos® radiographs
between the normal-ACL, partial-tear, and healed-to-PCL
groups. With the Lerat radiographs, the only significant dif-
ferences were between the complete-tear group and the
normal-ACL and partial-tear groups. Again, no significant
differences in laxity were noted between the normal-ACL,
partial-tear, and healed-to-PCL groups.

The data obtained using the GNRB® device are reported
in Table 3. No significant difference was found between the
two groups of partial tears. Regardless of the thrust force
applied (89 to 200N), laxity was significantly greater in the
complete-tear group than in the normal-ACL, partial-tear,
and healed-to-PCL groups. No significant differences were
found between the normal-ACL, partial-tear, and healed-to-
PCL groups.

The ROC curves were used to assess Se and Sp of each
radiographic test and of the clinical test (GNRB®) depend-
ing on the cut-off value used. Cut-offs were defined for the
normal ACL group versus the healed-to-PCL and complete-
tear groups in order to assess the diagnostic performance of
each test. The partial-tear groups were excluded from this
analysis, as neither the stress radiographs nor the GNRB®
measurements showed significant differences between par-
tial tears and the normal-ACL group. The ROC curves for
the two stress radiograph methods (Table 4) showed sig-
nificant deviations from the diagonal, indicating that both
methods were useful as diagnostic tools. Using a cut-off
value of 3mm, Telos® radiographs were 64.8% sensitive and
75.8% specific and Lerat radiographs were 43.2% sensitive
and 82.7% specific. With the GNRB® device, diagnostic use-
fulness was documented with all the thrust forces used (89
to 250N). With a cut-off of 1.5mm and a thrust force of
250N, Se was 62.2% and Sp 75.9% (Table 5).

|

Figure 2 Method for measuring anterior translation. The dis-
tance between the lines perpendicular to the medial condyle
and medial plateau (FM-TM) is equal to the anterior translation
of the medial compartment (ATMC).

Figure 3

D
COUCHE

Quality score for the Telos® and Lerat radiographs.

Good quality criteria

Number of
points per
criterion

Telos® or Lerat
stress
radiographs

Strict lateral x-ray
(posterior intercondylar
distance <5mm)

Knee flexion between 10°
and 30°.

Incident beam at the height
of the joint space linking
the two tibial plateaux.
X-ray radiographically clear
Appropriate position of the
piston (behind the proximal
epiphysis of the tibia),
weight (proximal to the
patella), and leg cradle

1

Total of 5
points
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Table 2 Side to side laxity values (in mm) on stress radiographs by arthroscopy category.

ACL arthroscopy category Number of patients Dif Telos? Number of patients Dif Lerat®
Normal 79 2.15 + 1.97 75 1.92 + 1.33
Healed to the roof of the notch 15 1.87 £ 1.6 14 1.98 + 1.59
Posterolateral preserved 11 1.32 + 1.59 10 1.31 +1.03
Healed to PCL 28 4.18 + 3.7 26 2.58 + 1.98
Complete tear 24 7.58 + 5.61 24 3.85 + 2.24
Total 157 149
No statistically significant difference between the two partial-tear groups on the Telos® or Lerat radiographs.
Telos®: significantly greater laxity in the complete tear group than in the normal, partial-tear, or healed-to-PCL groups.
Lerat: significantly greater laxity in the complete-tear group only versus the normal and partial-tear groups.
ACL: anterior cruciate ligament; PCL: posterior cruciate ligament.

a8 Mean £ SD.
Table 3 Side to side laxity values (in mm) obtained using the GNRB® system, by arthroscopy category.
ACL arthroscopy Effectifs GNRB®, 89N Effectifs GNRB®, 134N Effectifs GNRB®, 150N Effectifs GNRB®, 250N

category
Normal 79 0.65 £ 0.66 79 0.8 £ 0.82 78 0.84 + 0.87 71 0.93 £ 0.91
Healed to the roof 15 0.61 + 0.42 15 0.71 £+ 0.52 15 0.74 + 0.52 14 1.08 £+ 0.67

of the notch?
Posterolateral 11 0.68 £+ 0.45 11 0.76 £+ 0.52 1 0.84 £+ 0.54 10 1.03 £ 0.76

preserved?
Healed to PCL 28 0.93 £ 0.7 28 1.13 £ 0.83 27 1.24 + 0.86 20 1.45 £ 1.15
Complete tear 24 2.51 £1.3 24 3.4+ 1.63 22 3.74 £1.72 18 4.23 +2.18
157 157 153 133

Significantly greater laxity in the complete-tear group than in the normal, partial-tear, and healed-to-PCL groups, regardless of thrust

force (89 to 200N).
2 No difference between the two partial tear groups.

Table 4 Example of sensitivity (Se) and specificity (Sp) (in
%) of Telos® and Lerat stress radiographs for several side to
side laxity cut-off values.

Cut-off (mm) Telos®2 LeratP

Se Sp Se Sp
3 64.8 75.8 43.2 82.7
3.5 56.7 79.3 33.7 89.6
4 54 86.2 32.4 94.8

Values defined for the normal anterior cruciate ligament (ACL)
group versus healed to posterior cruciate ligament (PCL) and
complete tear (exclusion of partial tears), to evaluate the diag-
nostic value of each test.

a n=131.

b n=125.

Discussion

Our study compared anterior knee laxity measurements
obtained using radiographic and instrumental techniques in
the same cohort of knees investigated using arthroscopy.
We used passive stress radiographs, whose diagnostic
characteristics and ease of performance are better than
those of active stress radiographs [6]. We chose the widely

used Telos® device [12—15], whose thrust force of up to
250N increases both diagnostic performance and repro-
ducibility [12,16,17]. Concomitantly, we obtained stress
radiographs using the technique described by Lerat et al.
[7], which is easy to implement and inexpensive. Neither
method was associated with pain or technical problems
precluding image acquisition, in contrast to our experi-
ence with active stress radiographs [6]. Image quality was
excellent, as required for reliable manual measurement of
translations. We chose to measure translation relative to the
medial plateau [12,18,19] and posterior cortex [7,14,20].
This method minimises measurement errors at the lateral
compartment (receding edge with minimal corticalisation
and with superimposition over the medial structures) [9,19],
thus improving the reliability of the results [6,20—22].

Laxity measurements with the GNRB® are less dependent
on operator experience or patient position than with the
KT-1000 arthrometer [8,23]. In addition, the computerized
nature of the GNRB® device ensures standardisation of the
measurement parameters (angle and pressure) and elimi-
nates the need for human intervention in measuring the
differential values (tracing mistakes).

The reference standard for assessing the ACL in our study
was arthroscopy [7,24]. However, even the five-stage clas-
sification scheme developed by Panisset et al. [11] cannot
take into account the many possible arthroscopic findings of
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Table 5 Example of sensitivity (Se) and specificity (Sp) (in %) of the GNRB® measurements for two side to side laxity cut-off
values.
Cut-off (mm) GNRB 89 N2 GNRB 134 N2 GNRB 150 N° GNRB 250 N©
Se Sp Se Sp Se Sp Se Sp
1 62.1 89.6 64.8 75.8 64.8 75.8 67.6 58.6
1.5 48.6 93.1 59.4 93.1 59.4 91.4 62.2 75.9

Values defined for the normal anterior cruciate ligament (ACL) group versus healed to posterior cruciate ligament (PCL) and complete
tear (exclusion of partial tears), to evaluate the diagnostic value of the GNRB®.

a n=131.
b n=127.
¢ n=109.

the ACL and identification errors may have occurred, despite
the considerable experience of the operators. Thus, in three
patients the ACL seemed normal by arthroscopy but the
GNRB® measurement indicated greater than 3 mm of laxity,
strongly suggesting a tear.

This study confirms the diagnostic usefulness of Telos®
and Lerat stress radiographs. However, the low Se (<40%,
with high Sp) of the Lerat stress radiographs decreases the
diagnostic relevance of this method and suggests that ther-
apeutic or prognostic uses may be more appropriate. Thus,
our findings support those reported by Lerat by indicating a
contribution to the diagnosis [25] but indicate lower Se and
Sp values than those obtained in earlier studies [7,22], which
classified ACLs into only two groups, normal or abnormal.

With Telos® stress radiographs, Se was only slightly
greater than 60% and Sp was greater than 80%, in keep-
ing with previous findings by our group [6]. In other studies,
diagnostic performance was better but the arthroscopic ACL
classification was not as detailed. The higher values reported
by Bercovy and Weber [16] are ascribable to the presence
of potential laxity in more than one-third of the patients
(chronic instability, anterolateral reconstruction, or knee
osteoarthritis before arthroplasty or osteotomy). Se in our
study was similar to that obtained by Garces et al. [24] (using
a lower thrust force of 137 N) with the same 3-mm cut-off
value, but their 100% Sp far exceeded ours.

The GNRB® showed useful diagnostic performance, with
a number of differences compared to those reported by the
designers. Thus, Se in our study was similar to that reported
by Robert et al. [8] (with a 1.5-mm cut-off compared to 3 mm
in the evaluation by Robert et al.) but Sp was lower by more
than 10%. Furthermore, Robert et al. [8] reported that the
GNRB® contributed to the diagnosis of partial tears, whereas
no such contribution was found in our study in a population
that was four times larger.

In patients with partial ACL tears, none of the three
methods demonstrated a significant difference in laxity
between the two groups of partial tears (healing to the notch
and preserved posterolateral bundle, which were therefore
collapsed into a single group for our statistical analysis. This
absence of a significant difference may be ascribable to the
small number of patients in these two groups with closely
similar ACL lesions, as well as to the evaluation confined to
anterior translation, since both bundles are also involved in
resistance to rotational movements [26].

The ability of laxity measurements to discriminate
among the various arthroscopy classes was limited, and

arthroscopic findings did not consistently match laxity mea-
surement results in our study. With Telos® and GNRB®,
laxity was significantly greater in the complete tear group
than in the other three groups (normal-ACL, healed-to-
PCL, and partial-tear groups). Discrimination was more
limited with the Lerat method. None of the three methods
showed differences between the normal-ACL, partial-tear,
and healed-to-PCL groups. This finding is probably ascrib-
able to the continuity in lesion development across these
three groups: the only difference is the number of fibres
with sufficient mechanical strength to resist anterior tibial
translation or the quality of damaged fibre healing. Thus, in
terms of mechanics and laxity, the best concept may be that
of a continuum from a normal ACL to a partial tear and to
healing to the PCL.

Conclusion

Passive stress radiography using the Telos® device or Lerat
method is widely used and easy to perform. Although these
stress radiographs assist in the diagnosis of ACL lesion type,
their diagnostic performance is limited (with a 3-mm cut-
off, Se 64.8% and Sp 75.8% with Telos®; and Se 43.2% and Sp
82.7% with the Lerat method). Using a 1.5-mm cut-off and
a thrust force of 250N, the GNRB® exhibited similar per-
formance characteristics (Se 62.2% and Sp 75.9%) but was
simpler to use. This method does not expose the patient to
radiation and can therefore be performed repeatedly for
diagnostic and monitoring purposes. We believe that the
only remaining indication for stress radiographs is obesity,
as a large thickness of the soft tissues under the translation
sensor may result in underestimation of anterior translation.

Disclosure of interest

The authors declare that they have no conflicts of interest
concerning this article.

Acknowledgements

We extend our thanks to the entire radiology team at our
university hospital and to Ms Jan Marie at the clinical inves-
tigations centre CIC 0204 for performing the data analysis.



750

J. Beldame et al.

References

[1] Butler DL, Noyes FR, Grood ES. Ligamentous restraints to
anterior-posterior drawer in the human knee. A biomechanical
study. J Bone Joint Surg Am 1980;62:259—70.

[2] Noyes FR, Grood ES, Butler DL, Malek M. Clinical laxity tests
and functional stability of the knee: biomechanical concepts.
Clin Orthop Relat Res 1980;146:84—9.

[3] Benvenuti JF, Vallotton JA, Meystre JL, Leyvraz PF. Objective
assessment of the anterior tibial translation in Lachman test
position. Comparison between three types of measurement.
Knee Surg Sports Traumatol Arthrosc 1998;6:215—9.

[4] Wiertsema SH, van Hooff HJ, Migchelsen LA, Steultjens MP.
Reliability of the KT1000 arthrometer and the Lachman test
in patients with an ACL rupture. Knee 2008;15:107—10.

[5] Jorn LP, Friden T, Ryd L, Lindstrand A. Simultaneous
measurements of sagittal knee laxity with an external
device and radiostereometric analysis. J Bone Joint Surg Br
1998;80:169—72.

[6] Beldame J, Bertiaux S, Roussignol X, Lefebvre B, Adam JM,
Mouilhade F, et al. Laxity measurements using stress radio-
graphy to assess anterior cruciate ligament tears. Orthop
Traumatol Surg Res 2011;97:34—43.

[7] Lerat JL, Moyen B, Jenny JY, Perrier JP. A comparison of pre-
operative evaluation of anterior knee laxity by dynamic X-rays
and by the arthrometer KT 1000. Knee Surg Sports Traumatol
Arthrosc 1993;1:54—9.

[8] Robert H, Nouveau S, Gageot S, Gagniere B. A new knee
arthrometer, the GNRB: experience in ACL complete and partial
tears. Orthop Traumatol Surg Res 2009;95:171—6.

[9] Jacobsen K. Stress radiographical measurement of the antero-
posterior, medial and lateral stability of the knee joint. Acta
Orthop Scand 1976;47:334-5.

[10] Jacobsen K, Gonylaxometry. Stress radiographic measurement
of passive stability in the knee joints of normal subjects and
patients with ligament injuries. Accuracy and range of appli-
cation. Acta Orthop Scand Suppl 1981;194:1—263.

[11] Panisset JC, Duraffour H, Vasconcelos W, Colombet P, Javois C,
Potel JF, et al. Clinical, radiological and arthroscopic analysis
of the ACL tear. A prospective study of 418 cases. Rev Chir
Orthop Reparatrice Appar Mot 2008;94:362—8.

[12] Boyer P, Djian P, Christel P, Paoletti X, Degeorges R. Fia-
bilité de U'arthrométre KT-1000pour la mesure de la laxité
antérieure du genou : comparaison avec ’appareil Telos a pro-
pos de 147 genoux. Rev Chir Orthop Reparatrice Appar Mot
2004;90:757—64.

[13] Jardin C, Chantelot C, Migaud H, Gougeon F, Debroucker
MJ, Duquennoy A. Fiabilité de ’arthrometre KT-1000 pour la
mesure de la laxité antérieure du genou : analyse comparative
avec le Telos de 48 reconstructions du ligament croisé antérieur

et reproductibilité intra- et interobservateurs. Rev Chir Orthop
Reparatrice Appar Mot 1999;85:698—707.

[14] Staubli HU, Noesberger B, Jakob RP. Stressradiography of the
knee. Cruciate ligament function studied in 138 patients. Acta
Orthop Scand Suppl 1992;249:1-27.

[15] Staubli HU, Jakob RP. Anterior knee motion analysis. Mea-
surement and simultaneous radiography. Am J Sports Med
1991;19:172—-7.

[16] Bercovy M, Weber E. Evaluation de la laxité, de la rigidité et de
la compliance du genou normal et pathologique. Application
a la courbe de survie des ligamentoplasties. Rev Chir Orthop
Reparatrice Appar Mot 1995;81:114-27.

[17] Daniel DM, Malcom LL, Losse G, Stone ML, Sachs R, Burks R.
Instrumented measurement of anterior laxity of the knee. J
Bone Joint Surg Am 1985;67:720—6.

[18] Franklin JL, Rosenberg TD, Paulos LE, France EP. Radiographic
assessment of instability of the knee due to rupture of the ante-
rior cruciate ligament. A quadriceps-contraction technique. J
Bone Joint Surg Am 1991;73:365—72.

[19] Hooper GJ. Radiological assessment of anterior cruciate lig-
ament deficiency. A new technique. J Bone Joint Surg Br
1986;68:292—6.

[20] Dejour H, Bonnin M. Tibial translation after anterior cruci-
ate ligament rupture. Two radiological tests compared. J Bone
Joint Surg Br 1994;76:745—9.

[21] Bonnin M. La subluxation tibiale antérieure en appui monopo-
dal dans les ruptures du ligament croisé antérieure: étude
clinique et biomécanique. Paris: Université Claude Bernard;
1990.

[22] Lerat JL, Moyen BL, Cladiere F, Besse JL, Abidi H. Knee
instability after injury to the anterior cruciate ligament.
Quantification of the Lachman test. J Bone Joint Surg Br
2000;82:42—7.

[23] Collette M, Courville J, Forton M, Gagniere B. Objective eval-
uation of anterior knee laxity; comparison of the KT-1000
and GNRB® arthrometers. Knee Surg Sports Traumatol Arthrosc
2012 [Epub ahead of print].

[24] Garces GL, Perdomo E, Guerra A, Cabrera-Bonilla R. Stress
radiography in the diagnosis of anterior cruciate ligament defi-
ciency. Int Orthop 1995;19:86—8.

[25] Lerat JL, Moyen B, Dupre La Tour L, Mainetti E, Lalain JJ,
Brunet-Guedj E. Surgery and arthroscopy of the knee. The
diagnostic and prognostic value of the ‘‘Active radiologic
Lachman’’. In: Hackenbruch M, editor. 2nd Congress of the
European Society. Basel, Switzerland: Springer-Verlag; 1988.
p. 85—90.

[26] Colombet P, Menetrey J, Panisset JC. The effect of the
posterolateral bundle in the anterior cruciate ligament recon-
struction. Rev Chir Orthop Reparatrice Appar Mot 2008;94:
369—-71.



	Anterior knee laxity measurement: Comparison of passive stress radiographs Telos® and “Lerat”, and GNRB® arthrometer
	Introduction
	Material and methods
	Results
	Discussion
	Conclusion
	Disclosure of interest
	Acknowledgements
	References


