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Revision ACL reconstructions & EAP 

v  Little evidence in the literature 

(especifially for revision ACL-

reconstructions): 

v  Few studies 

v  No clear indications 

v  No international consensus 

Lateral tibiofemoral tenodesis or graft 
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Revision ACL reconstructions & EAP 

v  Type of technique ? 

v  Short-term morbidity ? 

v  Decrease pivot shift rate ? 

v  Decrease rerupture rate ? 

v  Lateral compartment overload ? 

v  Tibiofemoral OA ? 

v  Patellofemoral OA (use of ITB) ? 

Lateral tibiofemoral tenodesis or graft 

? 
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Biomechanical principle 

Goal:  

1.  Reduce anterior drawer of lateral 

tibia plateau and hence pivot shift  

2.  Limit internal rotation of the tibia 

(protection of ACL reconstruction) 



crp-sante.lu 5 

Technique 

v  Fascia lata strip 

v  Pediculated distally (Gerdy’s tubercle) 

v  Into femoral tunnel proximally 

v  Sutured back to itself 

v  Underneath LCL (DD ALL reconstruction) 

Lemaire extraarticular tenodesis 

LEMAIRE M. Rupture ancienne du ligament croisé antérieur du genou. J. Chir. (Paris), 1967, 93 : 311-320. 
LEMAIRE M., COMBELLE F. Technique actuelle de plastie ligamentaire pour rupture ancienne du ligament croisé 
antérieur. Rev. Chir. Orthop., 1980, 66: 523 - 525. 
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Technique 
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1980’s & 90’s: high number of studies for primary ACL-R & EAP 
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Technique 

Randomized controlled trial 

MÉMOIRE

Intérêt d’une plastie extra-articulaire dans le traitement des laxités
antérieures chroniques du genou par une autogreffe de tendon rotulien

Étude prospective randomisée d’une série de 100 cas avec 5 ans de recul

Patellar tendon-bone autograft reconstruction of the anterior cruciate ligament for
advanced-stage chronic anterior laxity: is an extra-articular plasty necessary? A prospective
randomized study of 100 patients with five year follow-up

Y. Acquitter, C. Hulet, B. Locker, J.-C. Delbarre, S. Jambou, C. Vielpeau

Département de Chirurgie Orthopédique et de Traumatologie, CHU de Caen, avenue Côte de Nacre, 14033 Caen Cedex.

ABSTRACT

Purpose of the study
This prospective randomized study was conducted to analyze the anatomic and functional impact of an extra-articular

lateral plasty associated with patellar tendon-bone autograft in anterior cruciate ligament reconstruction.

Material and methods
A consecutive series of 100 patients with grade II (Noyes classification) chronic anterior laxity confirmed on stress x-rays

were included in the study. All patients had a positive Trillat-Lachman test, a direct anterior drawer at 90° flexion confirmed
on the lateral x-ray, and an instrumental differential laxity greater than 5 mm (manual arthrometry, Medmetric KT1000).
Mean patient age was 27 years (range 16-29 years) and time from the accident to ligamentoplasty was 29 months (range
3-156 months). In the operating theater, the patients were assigned at random to two groups. Group 1 (50 patients)
underwent arthroscopic free patellar tendon-bone autograft reconstruction of the anterior cruciate ligament. In the second
group (50 patients) the same reconstruction was further supported by a lateral extra-articular plasty using the quadriceps
tendon. All patients were followed prospectively. At 58 months follow-up (none of the patients were lost to follow-up) residual
laxity (Medmetric KT1000) was noted and functional outcome was assessed using the IKDC criteria. The Aglietti method
was used to assess the position of the drill holes.

Results
The two groups were strictly identical at inclusion. At last follow-up, the statistical analysis did not reveal any significant

difference between the groups for subjective outcome, joint motion, instrumental residual laxity, meniscal stock, or
radiological changes. The overall IKDC score was A or B in 80% of the patients in group 1 and 88% of the patients in
group 2. Delay to resumed sports activities (about 12 months) was also equivalent in the two groups with a trend towards
lower intensity and sports producing less stress on the knee. A minimally positive pivot test with no effect on stability was
observed in 4 patients in group 1 (intra-articular plasty alone) and in 2 patients in group 2 (intra- and extra-articular plasty).
16% of the insufficient results (IKDC C and D) were related to repeated tears (n = 8, 6 patients in group 1 and 2 patients
in group 2, p = 0.268), and failure (n = 8, 4 in each group) due to defective motion and pain. Repeated tears were strongly
correlated with incorrect drill hole position in the tibia (p = 0.01) or femur (p = 0.024). Despite the stabilization, radiological
remodeling was observed in 31% of the patients in both groups.

Discussion
The results in this consecutive series of patients demonstrated the good results obtained with intra-articular

ligamentoplasy using the mid third of the patellar tendon. The rate of repeated tears or minimally positive pivot tests was
higher in group 1 with intra-articular plasty alone but did not reach statistical significance and was generally related to a
technical error in positioning the autograft, making it difficult to draw any conclusion concerning the anatomic superiority
of mixed plasty.

Tirés à part : C. VIELPEAU, à l’adresse ci-dessus.
E-mail : vielpeau-c@chu-caen.fr

Acceptation définitive le : 2 avril 2003
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Acquitter Y, RCOT 2003 

v  N = 100 

v  BPTB & quadriceps strip or BPTB alone 

v  « Big laxities » 

v  Lachman & Pivot shift +++ 

v  > 5 mm SSD Man Max KT 1000 

v  58 months FU 

v  No difference between groups 
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Primary surgery Revision surgery 

Intraarticular: 163 Intraarticular: 78 

Intra- & EAP: 26 Intra- & EAP: 111 (58%) 

60 

18 

103 

n=189 
8 

Indication 

Participating centres: Bordeaux, Brest, Caen, Lyon, Nice, Paris, Versailles, Toulouse 
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Abstract
Purpose The aims of this article were to report the

objective results of revision ACL reconstruction and to

assess the influence of an associated lateral extra-articular
tenodesis on knee stability and IKDC score.

Methods This study focused on revision ACL recon-

struction and was conducted over a 10-year period, from

1994 to 2003 with ten French orthopedic centers partici-
pating. The minimum follow-up required was 2 years. To

be included, patients had to be evaluated at follow-up with

the objective International Knee Documenting Committee
(IKDC) scoring system. In 2006, 163 patients met the

inclusion criteria.
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v  N = 163; min 2 y FU 

v  2 groups: ACL-RR & EAP (51%); ACL-RR (49%) 

v  Various graft types for ACL-RR 

v  Various extraarticular procedures 

v  Failure rate:  15 % ACL-RR 

    7 % ACL-RR & EAP  n.s. 

Retrospective, comparative multicenter study 
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Outcome 

Trojani C, KSSTA 2012 

contralateral ST/G. We found no difference whichever

strategy was used.
Table 4 demonstrates that a lateral tenodesis associated

with the intra-articular graft for revision ACL reconstruc-

tion increased knee stability significantly with a 80%
negative pivot shift versus 63% without tenodesis. Sec-

ondly, the data illustrate that this additional procedure does

not influence the IKDC score at follow-up.

Discussion

The main finding of this study is that the association of a
lateral tenodesis with the intra-articular graft, initially

described by Lemaire [23] and then by Mac Intosh and

Darby [24] and recently revisited by Colombet [8, 9],
increases the knee stability after revision ACL reconstruc-

tion. However, this extra-articular graft does not improve

the global IKDC score and is therefore questionable, as
proven by two recent retrospective studies on revision ACL

reconstruction: While Ferretti et al. report the systematic

association of a lateral tenodesis with ST/G graft on 30
patients [13], Salmon et al. report on 50 patients operated

with an isolated ST/G graft [32] with the same failure rate.

The present study demonstrates for the first time that the
residual rate of positive pivot shift is significantly lower if a

lateral tenodesis is associated with the intra-articular graft.

This ‘‘belt and suspenders’’ procedure, that is, lateral extra-
articular tenodesis associated with an intra-articular ACL

autograft, is not commonly used nowadays but is advocated

by short- and long-term studies for ACL reconstruction to
control both anterior laxity and rotational instability [3, 29].

The use of navigation in a recent study demonstrated that

this additional procedure improves internal tibial rotation
control [9]. In the present study, the lateral extra-articular

tenodesis is of significant influence as patients with this

additional procedure have a tendency to a lower failure rate
and a significantly higher percentage of negative pivot shift.

Furthermore, this extra-articular procedure does not

increase long-term osteoarthritis [25].
Secondly, this study shows that the objective results of

revision ACL reconstruction in a large number of patients

are acceptable, with a 72% rate of IKDC A ? B and a 11%

failure rate. This study presents the objective results of a
mid-term follow-up retrospective series of 163 patients. To

our knowledge, this is the largest series published in the

medical literature on this topic, as the MARS cohort [4, 42]
is a descriptive epidemiologic prospective study. Objective

assessment was performed in the study with the IKDC

scoring system. Evaluations show a significant improve-
ment after revision. However, although the rate of IKDC

A ? B is 72%, we report 26% of patients IKDC A, solely
which can be considered as normal knees. These results are

consistent with those reported by Salmon et al. [32], Rollier

et al. [31], and Denti et al. [11] but do not compare
favorably with those reported by Ferretti et al. [13]. Pre-

vious studies reported a global IKDC A ? B rate between

12 and 83% [14, 15, 17, 22, 27, 30, 41]. Considering the
same criteria for failure previously used in the literature,

the 11% failure rate reported in this study is consistent with

that reported recently by Ferretti et al. [13], Salmon et al.
[32], Denti et al. [11], and Muneta et al. [26]. These results

challenge the generally accepted belief that the failure rate

of revision ACL reconstruction is two to three times that of
primary ACL reconstruction [2]. Furthermore, the failure

rate is higher in the group of patients revised with an iso-

lated ACL graft, which leads to consider that the associa-
tion of a lateral extra-articular tenodesis with the intra-

articular graft may decrease the failure rate of revision

ACL reconstruction.
Thirdly, this study shows that BTB and ST/G are

valuable grafts for revision ACL reconstruction and that

the graft used for revision surgery may be harvested from
the same source for BTB as for primary surgery or that

surgeons can switch to the non-harvested graft. This is in

accordance with the results recently published in two
studies that recommend that when available, hamstring

tendon autografts should be considered for revision ACL

reconstruction [13, 32]. Nonetheless, patellar tendon yields
comparable results and is also validated by previous studies

[10, 22, 41]. Therefore, one logical strategy could be to use

ipsilateral BTB for revision of previous ST/G and ipsilat-
eral ST/G for revision of previous BTB: The surgical

knowledge of these two grafts may be necessary for the

knee surgeon to solve revision ACL reconstruction prob-
lems. However, in this study, this ‘‘switched graft strategy’’

is not superior to the use of a contralateral BTB for revision

of a previous BTB or to using a contralateral ST/G for
revision of a previous ST/G.

Finally, this study has some limitations. First, it is a

retrospective study, but no prospective or randomized
study has yet been published on revision ACL recon-

struction. Secondly, the follow-up is short. Thirdly, the use

of a lateral extra-articular tenodesis depended on the sur-
geon’s decision. Fourth, an objective way of measuring the

Table 4 Influence of a lateral tenodesis associated with the intra-
articular graft for revision ACL reconstruction on knee stability and
objective IKDC score

Type of surgery
(n = 163)

Intra- ? extra-
articular graft (%)

Intra-articular
graft (%)

P

n = 84 n = 79

Negative pivot shift 80 63 0.03

IKDC A 25 27 n.s.

IKDC B 48 45 n.s.

1568 Knee Surg Sports Traumatol Arthrosc (2012) 20:1565–1570
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Abstract
Purpose The aims of this article were to report the

objective results of revision ACL reconstruction and to

assess the influence of an associated lateral extra-articular
tenodesis on knee stability and IKDC score.

Methods This study focused on revision ACL recon-

struction and was conducted over a 10-year period, from

1994 to 2003 with ten French orthopedic centers partici-
pating. The minimum follow-up required was 2 years. To

be included, patients had to be evaluated at follow-up with

the objective International Knee Documenting Committee
(IKDC) scoring system. In 2006, 163 patients met the

inclusion criteria.
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Chassaing V, SFA 2006 

Isolated Lemaire 

v  6 patients 

v  No subjective instability 

v  No pivot shift  

v  Delayed Lachman  

v  IKDC : 

- 2 B 

- 4 C 

v  Telos: > 7 mm SSD 
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Ferretti A, JBJS-A 2007 
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of the fixation obtained at sur-
gery. Following the removal of 
the drains at forty-eight hours 
after the operation, weight-
bearing is allowed, as tolerated, 
with the aid of crutches. Imme-

diately following surgery, iso-
metric quadriceps exercises are 
started with the knee in full 
extension. At two to three weeks 
postoperatively, the patient be-
gins supervised active and pas-

sive flexion, which is limited to 
90° until the fourth week, at 
which time progressive range-of-
motion exercises are encour-
aged. The brace is discontinued 
after six weeks, at which time full 

FIG. 21-D

FIG. 21-C

Figs. 21-C, 21-D, and 21-E The strip is passed under the lateral collateral ligament (Fig. 21-C). It is then reflected (Fig. 21-D) and sutured 
under tension to Gerdy’s tubercle (Fig. 21-E).
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Revision Anterior Cruciate Ligament 
Reconstruction with Doubled 
Semitendinosus and Gracilis Tendons and 
Lateral Extra-Articular Reconstruction
Surgical Technique

By Andrea Ferretti, MD, Fabio Conteduca, MD, Edoardo Monaco, MD, Angelo De Carli, MD, and Carmelo D’Arrigo, MD

Investigation performed at the Orthopaedic Unit and “Kirk Kilgour” Sports Injury Center, Sant’Andrea Hospital, University 
“La Sapienza,” Rome, Italy

The original scientific article in which the surgical technique was presented was published in JBJS Vol. 88-A, pp. 2373-9, November 2006

DISCLOSURE: The authors did not receive any outside funding or grants in support of their research for or preparation of this work. Neither they nor a member of 
their immediate families received payments or other benefits or a commitment or agreement to provide such benefits from a commercial entity. No commercial 
entity paid or directed, or agreed to pay or direct, any benefits to any research fund, foundation, division, center, clinical practice, or other charitable or nonprofit 
organization with which the authors, or a member of their immediate families, are affiliated or associated.

J Bone Joint Surg Am. 2007;89 Suppl 2 (Part 2):196-213  • doi:10.2106/JBJS.G.00310

ABSTRACT FROM THE ORIGINAL ARTICLE

BACKGROUND: The outcome of revision anterior cruciate ligament reconstruction has only rarely been reported. The purpose 
of this study was to evaluate the results of revision anterior cruciate ligament surgery with use of an autogenous doubled 
semitendinosus and gracilis graft in association with an extra-articular procedure.

METHODS: Between 1997 and 2003, thirty patients underwent a repeat reconstruction of a previously reconstructed torn an-
terior cruciate ligament with use of a doubled semitendinosus and gracilis graft combined with an extra-articular reconstruc-
tion. Primary reconstruction had been done with an autogenous patellar tendon graft in twenty-six patients and with a 
prosthetic ligament in four patients; the average time from the primary reconstruction to the revision was five years. Func-
tional outcomes, graft survival, and radiographic outcomes were evaluated at a mean of five years. A graft was consid-
ered to have failed when a revision was done or when the side-to-side difference on KT-1000 arthrometer testing was >5 
mm and/or the pivot-shift test grade was greater than a trace.

RESULTS: One patient underwent another revision reconstruction because of graft failure at three years postoperatively. 
The mean International Knee Documentation Committee (IKDC) subjective knee score for the remaining twenty-nine pa-
tients was 84 ± 12 points, and the mean Lysholm knee score was 90 ± 10 points. The side-to-side difference as mea-
sured with the KT-1000 arthrometer with maximum manual force was <3 mm in twenty patients (of the twenty-eight who 
returned for follow-up), between 3 and 5 mm in six patients, and >5 mm in two patients. The result of the pivot shift ex-
amination was normal in fifteen patients, slightly positive in eleven patients, and positive in two patients. Twenty-five per-
cent of the patients showed no radiographic signs of degenerative joint disease.

CONCLUSIONS: Revision anterior cruciate ligament reconstruction with use of an autogenous doubled semitendinosus and graci-
lis graft combined with an extra-articular procedure provided satisfactory functional outcomes, with a failure rate of 10%.

LEVEL OF EVIDENCE: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

ORIGINAL ABSTRACT CITATION: “Revision Anterior Cruciate Ligament Reconstruction with Doubled Semitendinosus and Graci-
lis Tendons and Lateral Extra-Articular Reconstruction” (2006;88:2373-9).
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Ferretti A, JBJS-A 2006 

v  N = 28; av. 5 y FU 

v  Doubled STG graft & EAP  

v  IKDC 84 +/- 12; Lysholm 90 +/- 10 pts. 

v  KT 1000 man. max. SSD:  < 3 mm: 20 patients 

    3-5 mm:   6 

5 mm:      2 

v  Pivot shift:    15 x normal (53%) 

    7 x (1+) 

    2 x (>2+)  

v  1 re-tear 

v  à 10 % failures 

COPYRIGHT © 2006 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED
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Revision Anterior Cruciate 
Ligament Reconstruction with 

Doubled Semitendinosus and 
Gracilis Tendons and Lateral 

Extra-Articular Reconstruction
BY ANDREA FERRETTI, MD, FABIO CONTEDUCA, MD, EDOARDO MONACO, MD, 

ANGELO DE CARLI, MD, AND CARMELO D’ARRIGO, MD

Investigation performed at the Orthopaedic Unit and “Kirk Kilgour” 
Sports Injury Center, Sant’Andrea Hospital, University “La Sapienza,” Rome, Italy

Background: The outcome of revision anterior cruciate ligament reconstruction has only rarely been reported. The
purpose of this study was to evaluate the results of revision anterior cruciate ligament surgery with use of an autoge-
nous doubled semitendinosus and gracilis graft in association with an extra-articular procedure.

Methods: Between 1997 and 2003, thirty patients underwent a repeat reconstruction of a previously reconstructed
torn anterior cruciate ligament with use of a doubled semitendinosus and gracilis graft combined with an extra-articular
reconstruction. Primary reconstruction had been done with an autogenous patellar tendon graft in twenty-six patients
and with a prosthetic ligament in four patients; the average time from the primary reconstruction to the revision was
five years. Functional outcomes, graft survival, and radiographic outcomes were evaluated at a mean of five years. A
graft was considered to have failed when a revision was done or when the side-to-side difference on KT-1000 arthrom-
eter testing was >5 mm and/or the pivot-shift test grade was greater than a trace.

Results: One patient underwent another revision reconstruction because of graft failure at three years postopera-
tively. The mean International Knee Documentation Committee (IKDC) subjective knee score for the remaining twenty-
nine patients was 84 ± 12 points, and the mean Lysholm knee score was 90 ± 10 points. The side-to-side difference
as measured with the KT-1000 arthrometer with maximum manual force was <3 mm in twenty patients (of the twenty-
eight who returned for follow-up), between 3 and 5 mm in six patients, and >5 mm in two patients. The result of the
pivot shift examination was normal in fifteen patients, slightly positive in eleven patients, and positive in two pa-
tients. Twenty-five percent of the patients showed no radiographic signs of degenerative joint disease.

Conclusions: Revision anterior cruciate ligament reconstruction with use of an autogenous doubled semitendinosus
and gracilis graft combined with an extra-articular procedure provided satisfactory functional outcomes, with a failure
rate of 10%.

Level of Evidence: Therapeutic Level IV. See Instructions to Authors for a complete description of levels of evidence.

he rate of success of anterior cruciate ligament recon-
struction ranges from 75% to 95%1,2, with most pa-
tients able to return to their desired daily or sport

activities and regaining knee stability. Although techniques and
options for suitable graft substitutes for use in anterior cruciate

ligament reconstruction continue to improve, failures can oc-
cur for many reasons3,4. The prevalence of failure is difficult to
determine because of a lack of uniformity in the definition of a
failure. When failure has been defined as recurrent laxity (side-
to-side laxity in excess of 5 mm or a grade 2+ or greater on
pivot shift testing), the reported prevalence has ranged from
10% to 25%5. Very few reports deal with revision anterior
cruciate ligament surgery. While some investigators have re-
ported the results of revision of a failed anterior cruciate lig-

T
A commentary is available with the electronic versions of this article,
on our web site (www.jbjs.org) and on our quarterly CD-ROM (call our
subscription department, at 781-449-9780, to order the CD-ROM).
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ACL reconstruction [24, 40]. Advantages of this combined 
technique include the requirement to harvest only a single 
set of hamstring tendons, as well as providing a consistent, 
facile method for identification of the anatomic position of 
the ALL using topographical landmarks. Consequently, this 
additional procedure only moderately increases tourniquet 
time in our practice.

Technical note

Examination under anaesthesia is performed to confirm a 
significant rotatory instability and exclude collateral or 
posterolateral corner laxity. The patient is then positioned 
supine with the knee supported and flexed to 90°. A thigh 
tourniquet is inflated throughout the procedure. Both gra-
cilis and semitendinosus tendons are harvested in the usual 
manner through an oblique incision over the pes anserinus. 
A whipstitch of high-tensile-strength non-absorbable suture 
(No. 0 Fiberwire, Arthrex, Naples, FL) is applied to the 
harvested end of the gracilis tendon to prepare this end for 
later insertion into the tibial socket. The attached distal gra-
cilis is then excised from its insertion on the pes anserinus.

Positions for the graft fixation sockets on the femur and 
tibia are identified and marked on the skin: the femoral 
socket position is located immediately anterior to the lateral 
femoral epicondyle. The tibial socket position is defined by 
a point equidistant between the fibular head and Gerdy’s 
tubercle (routinely this distance is approximately 22 mm 
from the centre of Gerdy’s tubercle) and 11 mm below the 
joint level. The exact level of the joint can be located with a 
hypodermic needle (Fig. 1).

For the femoral socket, a small transverse skin incision 
is made over the lateral femoral epicondyle and the lateral 
collateral ligament (LCL) is identified. A 2.4 mm guide-
wire is advanced anteriorly and proximally from its entry 
point just anterior and superior to the LCL. A 4.5 mm can-
nulated drill is passed over the guidewire to a depth of 
approximately 25 mm to fully accommodate a bone anchor. 
Careful soft tissue clearance at the entrance of the socket 
ensures easy subsequent graft and anchor passage. A small 
longitudinal skin incision is made over the site of the tibial 
socket, and subcutaneous tissue is sharply dissected down 
to bone. The 2.4 mm guidewire is advanced medially and 
slightly inferiorly into the tibia, and the 4.5 mm cannulated 
drill is again passed to a depth of 25 mm. The prepared gra-
cilis graft is kept moist, whilst the semitendinosus graft is 
prepared as a GraftLink construct for anatomic all-inside 
ACL reconstruction as previously described [24, 40]. Fol-
lowing ACL reconstruction, the ALL graft is secured into 
its bone sockets using an appropriate tap and either 4.75 or 
5.5 mm diameter bioabsorbable fully threaded knotless 
anchors (SwiveLock BioComposite, Arthrex), depending 
on the diameter of the graft. Although we initially secured 
the graft into the distal (tibial) socket first (as seen in the 
video demonstration1), we have since found it is easier to 
tension the graft from the tibial end having first secured the 
whipstitched end into the femoral socket. The sutures are 
threaded through the hole at the tip of the graft fixation 

1 An online video demonstration of this combined technique can be 
viewed at: https://www.vumedi.com/video/combined-all-inside-acl-
anterolateral-ligament-reconstruction/.

Fig. 1  a Schematic and b operative image of the lateral aspect of the 
right knee demonstrating the relationship of the anterolateral and lat-
eral collateral ligaments to the joint. The joint line (JL) has been iden-
tified with a hypodermic needle, the femoral socket (FS) position is 

defined by the lateral femoral epicondyle, and the tibial socket (TS) 
position is defined by a point equidistant between the fibular head 
(FH) and Gerdy’s tubercle (GT), 11 mm below the joint level
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Introduction

Although the existence of the anterolateral ligament (ALL) 
was first described in anatomic studies over a century ago, 
a full appreciation of its functional importance in normal 
and sporting activities is still being established [3, 14, 
19, 20, 29, 32, 35, 36]. Recent progress has been made in 
reconstructing the unstable knee, but this has mainly con-
centrated on restoring the mechanical constraints of the 
cruciate and collateral ligaments, with little consideration 
for the potential of the ALL itself as a key supportive struc-
ture [5, 26]. Cruciate ligament reconstruction alone can 
provide excellent clinical outcomes; however, a significant 
proportion of patients continue to suffer from rotational 
instability post-operatively, with many patients unable 
to return to their pre-injury level of sporting activity [2]. 
Furthermore, even when the cruciate ligaments are recon-
structed anatomically, the procedure does not prevent the 
progression to early secondary osteoarthritis [21]. Although 
its function remains controversial, a new appreciation for 
the existence of the ALL as a distinct anatomic structure 
with the potential to confer rotational stability to the knee, 
has led several groups to advocate refinements to previous 
extra-articular ligament reconstruction techniques to more 
precisely restore the kinematics of the native knee [8, 15]. 
It is proposed that these procedures, when used in conjunc-
tion with arthroscopic anatomic anterior cruciate ligament 
(ACL) reconstruction, will be particularly beneficial to 
those patients who present with both anterolateral and rota-
tory knee instability or who remain unstable despite stand-
ard ligament reconstruction.

The senior author has developed a minimally invasive 
anatomic technique with which to reconstruct the antero-
lateral corner of the knee using gracilis tendon autograft, 
in conjunction with ‘all-inside’ quadrupled semitendinosus 

Abstract Although anatomic anterior cruciate ligament 
(ACL) reconstruction is established for the surgical treat-
ment of anterolateral knee instability, there remains a sig-
nificant cohort of patients who continue to experience post-
operative instability. Recent advances in our understanding 
of the anatomic, biomechanical and radiological charac-
teristics of the native anterolateral ligament (ALL) of the 
knee have led to a resurgent interest in reconstruction of 
this structure as part of the management of knee instability. 
This technical note describes our readily reproducible com-
bined minimally invasive technique to reconstruct both the 
ACL and ALL anatomically using autologous semitendino-
sus and gracilis grafts. This method of ALL reconstruction 
can be easily integrated with all-inside ACL reconstruction, 
requiring minimal additional operative time, equipment and 
expertise.
Level of evidence V.

Keywords Knee · Anterolateral ligament (ALL) · 
Anatomy · Reconstruction · Anterior cruciate ligament 
(ACL) · Technique
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a  b  s  t  r  a  c  t

Background:  Current  ACL  registries  rarely  include  non-operatively  treated  patients  thus  delivering  an
incomplete  picture  of the  ACL-injured  population.  The  aim of  this  study  was  to get an image  of  the
population  and  treatment  decision  of an intrahospital  registry.  Our  hypotheses  were that patient-specific
subtypes  can  be  identified  and  that  the  percentage  of  operated  patients  differs  between  them.
Material  and  methods:  Three  hundred  and  forty-six  operated  and  non-operated  patients  were  included
from  March  2011  to December  2013.  Standardized  questionnaires  allowed  for data  collection  on gender,
age,  sports  practice  and previous  ACL injuries.  Chi-square  tests  allowed  to compare  these  parameters
between  genders  and  age  groups.  A cluster  analysis  was  computed  to determine  profiles  of  patients  with
similar characteristics.
Results: Three  age  groups  were  considered  (I: ≤ 20;  II: 21–35;  III:  ≥ 36  years).  For  males,  the  highest
frequency  of injuries  was  noted  in group  II  with  a greater  proportion  of  injuries  compared  to  females.  In
group  III, more  females  were  injured  than  males.  Before  injury,  54%  patients  were  involved  in  competitive
sports.  Males  were  more  likely  to  be injured  in  pivoting/contact  sports  before  35 and  females  during
recreational  skiing  after  35.  Twenty-one  percent  of the  patients  had  had a previous  ACL  injury.  The
percentage  of surgical  treatment  was  superior  to 80%  in  patients  under  35 years  involved  in  competitive
sports,  of  60–80%  for  those  not  involved  in  competitive  sports  and  inferior  to  60%  for  patients  above  35
years.
Discussion:  Systematic  data  collection  allowed  to  identify  specific  subtypes  of  ACL-injured  patient  accord-
ing to  gender,  age,  previous  ACL  injury  and preinjury  level  of practice.  The decision-making  process
for  or  against  ACL  reconstructions  at time  of  presentation  depended  on  these  characteristics.  Consider-
ation  of  these  parameters  will  serve  as a basis  for  an individualized  treatment  approach  and  a  better
understanding  of  patients  at risk  for  ACL injuries.
Level of evidence:  III.

© 2015  Elsevier  Masson  SAS.  All  rights reserved.

1. Introduction

ACL injuries caused 44,619 reconstruction procedures in France
in 2014 (http://www.atih.sante.fr/statistiques-par-ghm-0), with a
tendency on the rise [1]. This is similar to many other countries
where national or healthcare-system specific ACL registries
have been successfully developed [2–7]. Such registries provide

∗ Corresponding author. Sports Clinic, clinique d’Eich, Academic Teaching Hospital
of the Saarland University Medical Centre, centre hospitalier de Luxembourg, 76, rue
d’Eich, 1460 Luxembourg, Luxembourg.

E-mail address: rseil@yahoo.com (R. Seil).

feedback to the physicians in order to improve treatment out-
comes, to detect unreliable procedures and devices, and to identify
outcome-associated prognostic factors [8]. However, they rarely
include non-operatively treated ACL-injured patients and thus
deliver an incomplete picture of the ACL-injured population.

Although not all patients with an ACL injury need to undergo
surgery, the line of distinction between surgical and non-surgical
treatment has not clearly been drawn yet [9–12]. The current
treatment decision is based on recommendations of good clini-
cal practice which were developed through the accumulation of
surgical expertise [1]. Little is however known about how such
guidelines are put into practice because of a lack of detailed descrip-
tive data.

http://dx.doi.org/10.1016/j.otsr.2015.11.007
1877-0568/© 2015 Elsevier Masson SAS. All rights reserved.
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A systematic, nationwide recording of ACL-injured patients may
be difficult to establish in some countries because of the particu-
lar characteristics of different healthcare systems. Therefore, the
creation of center- or community-based registries and clinical path-
ways within treating institutions may  be an additional strategy to
provide:

• an overview of the encountered spectrum of ACL-injured patients
[13];

• an overview of the medical practice as well as of the compliance
with recommendation guidelines.

The purpose of the present investigation was  to character-
ize a prospective cohort generated from an in-house registry of
ACL-injured patients seen in a single institution between March
2011 and December 2013. The analyses aim to get an image of
the involved patients and the associated treatment decision. Our
primary hypothesis was that patient-specific subtypes could be
identified. The secondary hypothesis was that the percentage of
surgical treatment differs between these subtypes.

2. Material and methods

2.1. Participants

All patients with an ACL injury visiting our setting were pro-
posed to enter a systematic and standardized follow-up regardless
of the treatment decision (operative or non-operative). The inclu-
sion criterion was an ACL tear, which was diagnosed clinically
and documented on magnetic resonance imaging (MRI). Between
March 2011 and December 2013, 423 patients visited our insti-
tution of which 346 (82%) agreed to participate to the study
and signed a consent agreement according to the National Ethics
Committee for Research which approved the study protocol (No.
201101/05 version 1.0). Data acquisition was notified to the
National Data Protection Committee.

2.2. Data collection

Data were collected prospectively by surgeons, physiothera-
pists, study nurses and researchers and were saved in a secure
database. At their first visit, patients were asked to fill in a
standardized questionnaire indicating their personal data, their
involvement in a sport before the injury, their previous lower leg
injuries and the circumstances of their ACL injury. The preinjury
level of practice was classified according to the categories: com-
petitive sport, recreational sport or no regular sport (less than once
a week). Four grades were used to classify the level of sport induc-
ing the injury: level-I sports (handball, soccer, basketball), level-II
sports (volleyball, gymnastics, tennis, alpine skiing), level-III sports
(running, cycling, swimming) [10] and non-sport-related injury.

2.3. Treatment decision

The involved orthopedic surgeons were fellowship-trained with
a clinical experience of more than 10 years after national board
certification. The medical visit included anamnestic data, which
evaluated patient expectations, symptoms of functional instabil-
ity and pain, clinical examination as well as imaging procedures
including standard radiographs and MRI. The decision regarding
surgical or non-surgical treatment was oriented according to
commonly accepted guidelines of good clinical practice [1,14]:
functional instability, age, professional and sports exposure, time
from injury, laxity, associated meniscus and/or cartilage lesions,
and social and occupational expectations.

2.4. Patient characterization

Three groups of patients were defined according to age: under
21 years (group I), between 21 and 35 years (group II) and over 35
years (group III). The rationale behind group I was  the increasing
evidence both of a gender-specific injury profile with particularly
elevated injury rates in young females and an increased risk for
recurrent injuries in this post-adolescent or young adult population
[15,16]. Group II corresponds to a population which is gener-
ally highly active in organized sports and particularly in pivoting
(level-I) sports. In group III, individuals usually refrain from level-I
and/or organized sports and reorient their physical activity to more
leisure-time activities.

2.5. Statistical analysis

Statistics were performed using version 20.0 of the SPSS soft-
ware. Chi-square tests were used to analyse the distribution of
genders and age groups in:

• preinjury level of practice;
• level of sport inducing the injury;
• previous ACL injuries;
• treatment decision.

A two-step cluster analysis was  computed to determine the
main subtypes of patients represented in the studied population
considering age, gender, previous ACL injuries and activity. Activ-
ity is here defined either by the preinjury level of practice or by the
level of sport inducing the injury. As there was  no a priori on which
of these parameters was the most efficient to determine patient
subtypes, 2 different cluster analyses were computed. The model
leading to the highest silhouette coefficient, which indicates the
quality of clusters regarding both their cohesion and separation,
was considered as the best one. The percentage of operated patients
was calculated in each identified subtype and compared between
groups with the use of a Chi-square test. Significance was set at
P < 0.05 for all analyses.

3. Results

3.1. Age at ACL injury and gender distribution

Among the 365 patients who gave their consent, data were avail-
able for 346 patients (359 injuries). The cohort consisted of 222
males (64%; body mass index: 25.2 ± 3.6 kg/cm2) and 124 females
(36%; body mass index: 24.3 ± 4.6 kg/cm2). The average age at
injury was  30 ± 11 (men: 28 ± 10; women: 32 ± 12, P < 0.01) (Fig. 1,
Table 1).

Fig. 1. Distribution of ACL injuries per age category and gender. Age at injury and
not  age at surgery was considered. Three groups of patients were defined: group I
(≤  20 years); group II (21–35 years); group III (≥ 36 years).

Please cite this article in press as: Seil R, et al. There is no such thing like a single ACL injury: Profiles of ACL-injured patients. Orthop
Traumatol Surg Res (2015), http://dx.doi.org/10.1016/j.otsr.2015.11.007

ARTICLE IN PRESSG Model
OTSR-1379; No. of Pages 6

R. Seil et al. / Orthopaedics & Traumatology: Surgery & Research xxx (2015) xxx–xxx 3

Table  1
Distribution of ACL injuries per identified age groups and gender.

Age group

I
≤ 20 years

II
21–35 years

III
≥ 36 years

Males 51 (23%) 112 (50%) 59 (27%)
Females 35 (28%) 43 (35%)a 46 (37%)a

a Proportion of females significantly different than proportion of males for this
age  group; P < 0.01.

3.2. Preinjury level of practice

Prior to injury, the majority of patients were involved in regular
physical activity: 188 (54%) practiced competitive sports, 124 (36%)
practiced recreational sports and 34 (10%) did not practice physical
activity on a regular basis. The distribution of the preinjury level
of practice was age- and gender-dependent (Fig. 2; P < 0.01). Only
29% of the males aged over 35 were engaged in competitive sports
(males younger than 35 years: 73%; P < 0.01). Only 29% of females
aged over 21 were engaged in competitive sports (females younger
than 21 years: 68%; P < 0.01).

3.3. Mechanism and level of sport associated with the injury

Non-contact injuries represented the majority of injuries
observed (n = 264, 74%). ACL injuries mainly occurred during a
sporting activity (n = 312, 87%): 122 (34%) during football, 80 (22%)
during skiing, 29 (8%) during basketball, 28 (8%) during handball
and 53 (15%) during other sports. The distribution of sport levels
at injury was  age- and gender-dependent (P < 0.01; Fig. 3). Males
were more likely to be injured in level-I sports than females (67%
versus 27%, P < 0.01). More specifically, males were more likely to be
injured in level-I sports before 35 (77% in age groups I + II vs. 31.5%
in group III; P < 0.01) and females were more likely to be injured
in level-II sports after 35 (38.5% in groups I + II vs. 68% in group III;
P < 0.01).

3.4. Previous (recurrent/contralateral) ACL injuries

Overall, 72 patients (44 males/28 females) out of 346 (20.8%)
had a previous ACL injury: 32 patients had one recurrent tear (9.2%),
30 had one contralateral ACL injury (8.7%), 10 had more than one

Fig. 2. Distribution of the preinjury level of practice per age category and gender.

Fig. 3. Distribution of the level of sport inducing the ACL injury per age category
and  gender.

previous ACL injury or sprain (2.9%). The distribution of total previ-
ous ACL injuries, recurrent ruptures and contralateral ACL injuries
did not differ between age groups and gender (Table 2).

3.5. Treatment indication

Overall, 267 ACL reconstructions (74%) were performed, 87
patients were treated non-operatively and 5 were lost to follow-
up after their first visit. The distribution of treatment is presented
in Fig. 4 according to gender and age. Males had more operative
treatments than females (81% vs. 66%; P < 0.01) and young individ-
uals were also more likely to undergo surgery (age group I: 89%, II:
81%, III: 54%; P < 0.01). Patients were more likely to be operated if
they practiced a competitive sport (87% vs. 61.5% for recreational

Fig. 4. Distribution of treatment decision per age category (5 drops out of 359
injuries). The percentage indicated represents the percentages of males (M)  and
females (F) concerned by operative treatment in each age category.

Please cite this article in press as: Seil R, et al. There is no such thing like a single ACL injury: Profiles of ACL-injured patients. Orthop
Traumatol Surg Res (2015), http://dx.doi.org/10.1016/j.otsr.2015.11.007

ARTICLE IN PRESSG Model
OTSR-1379; No. of Pages 6

R. Seil et al. / Orthopaedics & Traumatology: Surgery & Research xxx (2015) xxx–xxx 3

Table  1
Distribution of ACL injuries per identified age groups and gender.

Age group

I
≤ 20 years

II
21–35 years

III
≥ 36 years

Males 51 (23%) 112 (50%) 59 (27%)
Females 35 (28%) 43 (35%)a 46 (37%)a

a Proportion of females significantly different than proportion of males for this
age  group; P < 0.01.

3.2. Preinjury level of practice

Prior to injury, the majority of patients were involved in regular
physical activity: 188 (54%) practiced competitive sports, 124 (36%)
practiced recreational sports and 34 (10%) did not practice physical
activity on a regular basis. The distribution of the preinjury level
of practice was age- and gender-dependent (Fig. 2; P < 0.01). Only
29% of the males aged over 35 were engaged in competitive sports
(males younger than 35 years: 73%; P < 0.01). Only 29% of females
aged over 21 were engaged in competitive sports (females younger
than 21 years: 68%; P < 0.01).

3.3. Mechanism and level of sport associated with the injury

Non-contact injuries represented the majority of injuries
observed (n = 264, 74%). ACL injuries mainly occurred during a
sporting activity (n = 312, 87%): 122 (34%) during football, 80 (22%)
during skiing, 29 (8%) during basketball, 28 (8%) during handball
and 53 (15%) during other sports. The distribution of sport levels
at injury was  age- and gender-dependent (P < 0.01; Fig. 3). Males
were more likely to be injured in level-I sports than females (67%
versus 27%, P < 0.01). More specifically, males were more likely to be
injured in level-I sports before 35 (77% in age groups I + II vs. 31.5%
in group III; P < 0.01) and females were more likely to be injured
in level-II sports after 35 (38.5% in groups I + II vs. 68% in group III;
P < 0.01).

3.4. Previous (recurrent/contralateral) ACL injuries

Overall, 72 patients (44 males/28 females) out of 346 (20.8%)
had a previous ACL injury: 32 patients had one recurrent tear (9.2%),
30 had one contralateral ACL injury (8.7%), 10 had more than one

Fig. 2. Distribution of the preinjury level of practice per age category and gender.

Fig. 3. Distribution of the level of sport inducing the ACL injury per age category
and  gender.

previous ACL injury or sprain (2.9%). The distribution of total previ-
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3.5. Treatment indication

Overall, 267 ACL reconstructions (74%) were performed, 87
patients were treated non-operatively and 5 were lost to follow-
up after their first visit. The distribution of treatment is presented
in Fig. 4 according to gender and age. Males had more operative
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uals were also more likely to undergo surgery (age group I: 89%, II:
81%, III: 54%; P < 0.01). Patients were more likely to be operated if
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Fig. 4. Distribution of treatment decision per age category (5 drops out of 359
injuries). The percentage indicated represents the percentages of males (M)  and
females (F) concerned by operative treatment in each age category.

Activity profile Age & gender 
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Better differentiation of ACL injured patients is essential 

was above this threshold versus 44% of the ACL-H group.
For zIR5, the Youden index was highest for a score thresh-
old of 20.55. Sixty-seven percent of the CTL group was
above this threshold versus 83% of the ACL-H group.
When combining both laxity scores, 17% of the CTL group
had the 2 laxity scores above the thresholds versus 40% of
the ACL-H group (P \ .01). For zATD200, zIR5, and com-
bined laxity, a patient had a greater probability of being in
the ACL-H group if the laxity score was above the previ-
ously established thresholds (zATD200: OR, 2.97 [95%
CI, 1.68-5.24]; zIR5: OR, 2.45 [95% CI, 1.37-4.36];
combined: OR, 3.18 [95% CI, 1.74-5.83]).

DISCUSSION

The main finding of this study was that 40% of the healthy
contralateral knees of ACL-injured patients (ACL-H
group) were identified as having both knee laxity scores
above established thresholds compared with only 17% of
healthy control knees of a noninjured population (CTL
group). A patient with both laxity scores above the defined

thresholds was 3.18 times more likely to be in the ACL-H
group. Furthermore, the group differences regarding
knee laxity profiles suggest that prospective screening of
healthy patients regarding anterior and rotational knee
laxity might be of interest because of their potentially
increased risk for noncontact ACL injuries.

The question of whether different knee laxity profiles are
related to the risk of sustaining a noncontact ACL injury
remains open. So far, laxity measurements of healthy knees
have been mainly performed in a single direction. Multidi-
rectional laxity determinations are sparse22 as well as com-
parisons between healthy knees of injured and noninjured
populations. In this study, 15% of the CTL group had a
normolax knee in anterior displacement associated with
a hypolax in internal rotation versus only 6% of the ACL-
H group (P = .02). The CTL group combination may repre-
sent a protective effect against a noncontact ACL injury.
On the other hand, 10% of the CTL group had a hyperlax
knee in anterior displacement associated with a normolax
in internal rotation versus 27% of the ACL-H group (P \
.01), an association that may reflect an increased risk for
noncontact ACL injuries. Future prospective studies are
required to clarify whether a particular knee laxity profile
represents an increased or decreased risk factor for noncon-
tact ACL injuries. This would probably involve following
large cohorts of participants for several years to reach suffi-
cient events of interest and allow drawing solid conclusions.

In this study, patients in the ACL-H group displayed
greater anterior knee laxity than those in the CTL group.
According to our definition, 38% of the ACL-H group had
hyperlax knees in anterior laxity versus only 16% of the
CTL group. Woodford-Rogers et al29 were the first to report
this difference in 1994 in a case-control study. In a group of
football players, average anterior displacement as mea-
sured with the KT-1000 arthrometer reached 4.8 6
2.2 mm (maximum manual force) for the noninjured group

Figure 3. Distribution of scores for anterior tibial displace-
ment at 200 N (ATD200) in the healthy control knees (CTL
group) and in the contralateral healthy knees of ACL-injured
patients (ACL-H group).

Figure 4. Distribution of scores for internal rotation at 5 N!m
in the healthy control knees (CTL group) and in the contralat-
eral healthy knees of ACL-injured patients (ACL-H group).

Figure 5. Distribution of knee laxity profiles (zATD200 and
zIR5) between the healthy control knees (CTL group) and
the contralateral healthy knees of ACL-injured patients
(ACL-H group). *Statistically significant difference between
groups (P \ .05). zATD200, corrected score for anterior tibial
displacement at 200 N; zIR5, corrected score for internal
rotation at 5 N!m; hypolax, score \–1; normolax, score
between 21 and 1; hyperlax, score .1.
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Noninjured Knees of Patients With
Noncontact ACL Injuries Display
Higher Average Anterior and Internal
Rotational Knee Laxity Compared With
Healthy Knees of a Noninjured Population

Caroline Mouton,* MSc, Daniel Theisen,* PT, PhD, Tim Meyer,y MD, PhD,
Hélène Agostinis,* MSc, Christian Nührenbörger,z MD, Dietrich Pape,*z MD, PhD,
and Romain Seil,*z§ MD, PhD
Investigation performed at Centre Hospitalier de Luxembourg–Clinique d’Eich, Luxembourg

Background: Excessive physiological anterior and rotational knee laxity is thought to be a risk factor for noncontact anterior cru-
ciate ligament (ACL) injuries and inferior reconstruction outcomes, but no thresholds have been established to identify patients
with increased laxity.

Purpose: (1) To determine if the healthy contralateral knees of ACL-injured patients have greater anterior and rotational knee lax-
ity, leading to different laxity profiles (combination of laxities), compared with healthy control knees and (2) to set a threshold to
help discriminate anterior and rotational knee laxity between these groups.

Study Design: Case-sectional study; Level of evidence, 3.

Methods: A total of 171 healthy contralateral knees of noncontact ACL-injured patients (ACL-H group) and 104 healthy knees of
control participants (CTL group) were tested for anterior and rotational laxity. Laxity scores (measurements corrected for sex and
body mass) were used to classify knees as hypolax (score \–1), normolax (between 21 and 1), or hyperlax (.1). Proportions of
patients in each group were compared using x2 tests. Receiver operating characteristic curves were computed to discriminate
laxity between the groups. Odds ratios were calculated to determine the probability of being in the ACL-H group.

Results: The ACL-H group displayed greater laxity scores for anterior displacement and internal rotation in their uninjured knee
compared with the CTL group (P\ .05). Laxity profiles were different between the groups for the following associations: normolax
in anterior displacement/hypolax in internal rotation (6% [ACL-H] vs 15% [CTL]; P = .02) and hyperlax in anterior displacement/
normolax in internal rotation (27% [ACL-H] vs 10% [CTL]; P \ .01). The laxity score thresholds were 0.75 for anterior laxity and
20.55 for internal rotation. With both scores above these thresholds, a patient was 3.18-fold more likely to be in the ACL-H group
(95% CI, 1.74-5.83).

Conclusion: The healthy contralateral knees of patients with noncontact ACL injuries display different laxity values both for inter-
nal rotation and anterior displacement compared with healthy control knees. The identification of knee laxity profiles may be of
relevance for primary and secondary prevention programs of noncontact ACL injuries.

Keywords: anterior knee laxity; rotational knee laxity; knee laxity profiles; anterior cruciate ligament injury

Excessive physiological anterior knee laxity is assumed to
be a risk factor for noncontact anterior cruciate ligament
(ACL) injuries.27 However, no data exist on the influence
of excessive static rotational knee laxity on the individual
injury risk. Patients with a noncontact ACL injury appear
to display more anterior5,19,29 and rotational2 knee laxity
on their healthy contralateral knee compared with healthy

knees from control patients. In addition, during landing
after a jump task, people with increased laxity are more
likely to have abnormal motion patterns associated with
noncontact ACL injuries24 and are less sensitive to joint
displacement due to delayed muscle contractions.21 There-
fore, it seems relevant to be able to identify those patients
with increased laxity through more systematic screening
because of the potentially higher associated ACL injury
risk. However, no laxity thresholds have ever been reported
in the literature to identify them.

The correlation between static rotational and anterior lax-
ity is low,12,25 suggesting that the 2 measurements provide
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characterizing personal knee laxity profiles in healthy individuals
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individualized care of knee diseases and injuries. These 
results contribute to the understanding of knee laxity and 
throw the basis for prevention strategies and improvement 
of treatment outcomes in injuries and diseases.
Level of evidence Case series with no comparison groups, 
Level IV.

Keywords Anterior knee laxity · Rotational knee laxity · 
Knee laxity profiles

Introduction

Defining physiological knee laxity, i.e. the natural knee lax-
ity of non-symptomatic and non-traumatic individuals, is 
a complex issue because of the wide variety of individual 
anatomical properties of each knee joint. Laxity has been 
considered to play a role in the development of knee osteo-
arthritis (OA) [25] and the occurrence of primary non-con-
tact anterior cruciate ligament (ACL) injuries [22], second-
ary knee injuries [15] as well as worse ACL reconstruction 
outcomes [4, 8]. It has been shown that patients with hyper-
extension displayed better stability with a patellar tendon 
graft compared to a hamstrings tendon graft [9]. However, 
no data are available on physiological knee laxity. There-
fore, establishing individual knee laxity profiles may be 
helpful to improve the prognostic and therapeutic criteria 
for primary and recurrent knee injuries and diseases.

Sagittal knee laxity measurements are widely used in 
the context of ACL injuries diagnosis [23] and reconstruc-
tions [11]. The interest to measure rotational laxities is rel-
atively new and arose as a consequence of the discussion 
on the lack of rotational control provided by the technique 
of ACL reconstructions which were performed a decade 
ago [4, 10]. Data documenting normative references for 

Abstract 
Purpose The aim of this study was to quantify sagittal 
and rotational knee laxity profiles taking into account indi-
vidual influencing factors.
Methods Linear regression models were used to deter-
mine which individual characteristics (age, height, body 
mass and sex) influenced the outcome in a group of 104 
healthy subjects. The standardized residuals were used as 
individualized (corrected) laxity scores and were combined 
to determine knee laxity profiles.
Results Anterior knee laxity was not influenced by indi-
vidual characteristics. Rotational knee laxity was higher 
in females and inversely related to body mass. The corre-
lation between anterior laxity and internal rotation scores 
was weak (r = 0.24, p = 0.02). The proportion of knees 
concerned by increased laxity scores (scores >1) was simi-
lar for anterior displacement, internal and external rotation 
(15 %). Only 32 % of the tested subjects showed a normal 
profile (score >−1 and <1) for all three directions, 33 % 
were concerned by hyperlaxity, 40 % by hypolaxity and 
5 % by both.
Conclusions The diversity of laxity profiles found 
here highlights that the interpretation of multidirectional 
knee laxity is complex and suggests the necessity for 
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The low correlation between anterior displacement and 
internal rotation (r < 0.24) is in agreement with the cur-
rent literature [20]. It suggests that both measurements 
yield complementary information which may play a role 
in the occurrence of knee injuries or diseases, like in the 
context of non-contact ACL injuries: both anterior and 
rotational knee laxities are influenced by the ACL which 
plays a role in constraining the knee both in the sagittal 
[7] and in the transverse plane [18]. Combined meas-
urements of anterior and rotational knee laxity might 
therefore also be useful in the prevention, diagnosis and 
follow-up of ACL ruptures and may provide new insight 
into the role of associated injuries on knee laxity. The 
existence of specific laxity profiles has been previously 
suggested [19], but their distribution in a general popu-
lation has not yet been reported. The proposed laxity 
score allowed for a precise categorization of knee laxity, 
independently of individual influencing parameters such 

Fig. 4  Distribution of the knee 
laxity score for internal rotation 
at 5 Nm corrected for sex and 
body mass

Fig. 5  Distribution of the knee 
laxity score for external rotation 
at 5 Nm corrected for sex and 
body mass

Fig. 6  Distribution of laxity profiles expressed in percentage (%). 
Decreased: laxity score <−1, normal: laxity score between −1 and 
1, increased: laxity score >1. ATD200: anterior tibial displacement 
at 200 N, IR5: internal rotation at 5 Nm, ER5: external rotation at 
5 Nm. Knee laxity profiles: green—normal for all three directions, 
light blue—decreased for one direction, dark blue—decreased for 
at least two directions, orange—increased for one direction, red—
increased for at least two directions, grey—mixed profile, increased 
and decreased scores

was above this threshold versus 44% of the ACL-H group.
For zIR5, the Youden index was highest for a score thresh-
old of 20.55. Sixty-seven percent of the CTL group was
above this threshold versus 83% of the ACL-H group.
When combining both laxity scores, 17% of the CTL group
had the 2 laxity scores above the thresholds versus 40% of
the ACL-H group (P \ .01). For zATD200, zIR5, and com-
bined laxity, a patient had a greater probability of being in
the ACL-H group if the laxity score was above the previ-
ously established thresholds (zATD200: OR, 2.97 [95%
CI, 1.68-5.24]; zIR5: OR, 2.45 [95% CI, 1.37-4.36];
combined: OR, 3.18 [95% CI, 1.74-5.83]).

DISCUSSION

The main finding of this study was that 40% of the healthy
contralateral knees of ACL-injured patients (ACL-H
group) were identified as having both knee laxity scores
above established thresholds compared with only 17% of
healthy control knees of a noninjured population (CTL
group). A patient with both laxity scores above the defined

thresholds was 3.18 times more likely to be in the ACL-H
group. Furthermore, the group differences regarding
knee laxity profiles suggest that prospective screening of
healthy patients regarding anterior and rotational knee
laxity might be of interest because of their potentially
increased risk for noncontact ACL injuries.

The question of whether different knee laxity profiles are
related to the risk of sustaining a noncontact ACL injury
remains open. So far, laxity measurements of healthy knees
have been mainly performed in a single direction. Multidi-
rectional laxity determinations are sparse22 as well as com-
parisons between healthy knees of injured and noninjured
populations. In this study, 15% of the CTL group had a
normolax knee in anterior displacement associated with
a hypolax in internal rotation versus only 6% of the ACL-
H group (P = .02). The CTL group combination may repre-
sent a protective effect against a noncontact ACL injury.
On the other hand, 10% of the CTL group had a hyperlax
knee in anterior displacement associated with a normolax
in internal rotation versus 27% of the ACL-H group (P \
.01), an association that may reflect an increased risk for
noncontact ACL injuries. Future prospective studies are
required to clarify whether a particular knee laxity profile
represents an increased or decreased risk factor for noncon-
tact ACL injuries. This would probably involve following
large cohorts of participants for several years to reach suffi-
cient events of interest and allow drawing solid conclusions.

In this study, patients in the ACL-H group displayed
greater anterior knee laxity than those in the CTL group.
According to our definition, 38% of the ACL-H group had
hyperlax knees in anterior laxity versus only 16% of the
CTL group. Woodford-Rogers et al29 were the first to report
this difference in 1994 in a case-control study. In a group of
football players, average anterior displacement as mea-
sured with the KT-1000 arthrometer reached 4.8 6
2.2 mm (maximum manual force) for the noninjured group

Figure 3. Distribution of scores for anterior tibial displace-
ment at 200 N (ATD200) in the healthy control knees (CTL
group) and in the contralateral healthy knees of ACL-injured
patients (ACL-H group).

Figure 4. Distribution of scores for internal rotation at 5 N!m
in the healthy control knees (CTL group) and in the contralat-
eral healthy knees of ACL-injured patients (ACL-H group).

Figure 5. Distribution of knee laxity profiles (zATD200 and
zIR5) between the healthy control knees (CTL group) and
the contralateral healthy knees of ACL-injured patients
(ACL-H group). *Statistically significant difference between
groups (P \ .05). zATD200, corrected score for anterior tibial
displacement at 200 N; zIR5, corrected score for internal
rotation at 5 N!m; hypolax, score \–1; normolax, score
between 21 and 1; hyperlax, score .1.
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Outcome 

²  Similar to primary ACL-R  
       (correct anatomic position, good quality bone, limited associated injuries) 

²  More limited but still encouraging  
       (complex multiligament instabilities, major cartilage lesions, limited quality bone stock, 
        long standing symptoms of instability and pain) 

²  Salvage procedure, limited-goal surgery  
       (associated osteotomies or meniscus transplantations may be required) 

Feucht MJ, KSSTA 2014 
Shelbourne KD, AJSM 2014 

Sonnery-Cottet B, AJSM 2014  

3 categories of ACL revision patients 

10 % 

30 % 

60 % 
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Conclusions 

²  Little science 

²  EA tenodesis has an effect on pivot shift control 

²  No effect on AP translation 

²  Effect on internal rotation at 90° of flexion 

²  Effect on ACL protection ? 

²  Side effects ? 

²  Tenodesis or ALL reconstructions ? 

²  Better differentiation of patients with ACL reinjuries ! 

EAP in ACL revisions 
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