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INTRODUCTION :  

 

Control of internal rotation (IR) in the knee is dependent on the cruciate 

ligaments, peripheral ligament structures, and the hamstring muscles.1 Over 

the last 20 years, substantial progress has been made in the anatomic 

reconstruction of the anterior cruciate ligament (ACL).2 “Anatomic” double-

bundle reconstructions (ADBRs) have been proposed in place of single-

bundle reconstructions or anatomic single-bundle reconstructions (ASBRs) to 

ensure better rotational control and reduce the frequency of a persistent 

pivot shift.3, 4, 5, 6 and 7 Recent studies showed no significant difference 

between ADBR and ASBR groups for clinical outcomes (Lysholm score and 

subjective IKDC score) or for laximetric results (anterior tibial translation and 

pivot shift), when an individualized reconstruction is used.8 and 9 Residual 

sagittal laxity remains, and the presence of pivot shift with ADBR seems to 

be just as frequent (around 10%) as in cases of ASBR.8 and 9 In a meta-

analysis on 4 randomized controlled trials, Meredick et al.9 concluded that 

“double-bundle reconstruction does not result in clinically significant 

differences in KT-1000 arthrometer or pivot-shift testing.” 

 

Because the ACL reconstruction (ACLR) technique, meaning the intra-

articular graft itself, does not control the pivot shift alone, we should 

consider some possible neglected damage to the anterolateral structures 
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(ALS). As the ACLR may fail to control rotational instability, patients having 

ACLR may benefit from concomitant reconstruction of the anterolateral 

ligament (ALL).10 The addition of a lateral extra-articular tenodesis (LET) to 

the intra-articular reconstruction may be beneficial.10 The main LET 

techniques (Lemaire and Macintosh procedures) were first described more 

than 40 years ago, often as isolated repairs.11 and 12 Both techniques harvest 

a strip of the iliotibial band and fix it to the lateral femoral condyle after 

crossing the lateral collateral ligament (LCL). Nowadays, these tenodeses are 

usually performed in association with an ASBR.7 and 13 The interest in lateral 

reconstructions prompted a rediscovery and study of the anterolateral 

structures (ALS) of the knee.1 and 14 In 1976, Hughston wrote: “the 

anterolateral rotational instability, as shown by the jerk test, is linked to a 

lesion of the lateral capsular ligament, but may be accentuated by a lesion of 

the anterior cruciate ligament.”15 The role of the peripheral structures was 

shown in several studies in the 1980s and 1990s. Unrepaired secondary 

stabilizers have been noted as a cause for reconstruction failure.15 and 16 

 

The existence of a specific structure in the knee's lateral capsule was 

discovered by dissections performed in 1879 by Paul Segond. He described it 

as “a resistant, pearly, fibrous band, which, in an exaggeration of internal 

rotational movement, is always subjected to an extreme degree of tension” 

as well as an avulsion fracture now named the “Segond fracture.”17 This 



	 21	

“recently” described structure was named the “anterolateral ligament” (ALL) 

by Vieira et al.18 in 2007. The ALL has been the subject of many recent 

publications although there has not always been agreement with each other 

in the anatomic origins.14, 18, 19, 20, 21, 22 and 23 Van der Watt et al.24 recently 

published a systematic review on the ALL. The ALL was found to originate 

from the region of the lateral epicondyle and is inserted on the proximal 

tibia, midway between the Gerdy tubercle and the fibular head. Some 

researchers reported only a capsular thickening in 30% of the cadaveric 

specimens rather than a distinct ligament when evaluating the macroscopic 

anatomy, histology, and radiology of the anterolateral capsule.25 The primary 

function of the ALL is to provide anterolateral stability to the knee, 

preventing the tibia from anterior subluxation relative to the distal femur. 

This function may play an important role in preventing the pivot-shift 

phenomenon, along with the ACL. Some authors highlighted the respective 

roles of both ACL and ALL in controlling the knee's passive IR.26 and 27 For 

Parsons et al.,26 the ACL force contribution decreases as flexion angle 

increases while the ALL contribution increases. For Spencer et al.,27 the ALL 

acts as a secondary stabilizer, in combination with the ACL as the primary 

stabilizer, to anterolateral rotation. 
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The purpose of this study was to determine the respective functions of the 

ACL and the ALS in controlling the tibia's passive IR with respect to the 

femur, under uniaxial rotation. 

 

The hypothesis was that the ACL and the ALS transections increase the 

knee's passive IR significantly, when it is submitted to a uniaxial torsion 

torque, and that they play a synergistic role in resisting passive IR. 

 

 

MATERIAL AND METHODS 

 

Specimen Preparation 

 

In the anatomy laboratory (Medical School of Rennes, France), we tested 24 

cadaveric lower limbs, unpaired and fresh-frozen. Written consent from the 

donor for their use for educational and research purposes was available for 

each specimen. The lower limbs were collected by disarticulation at the hip 

and kept frozen at −20°C. All specimens were thawed at room temperature 

(20°C) for 1 day before experimentation and all soft tissues around the knee 

were kept intact. The knees were mobilized in flexion, extension, and 

rotation to ensure that they were flexible, able to flex to at least 130°, and 

were stable for clinical testing in frontal and sagittal planes. Inclusion criteria 
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were stable and mobile knees, and exclusion criteria were signs of 

ligamentous injuries, bone abnormalities, severe osteoarthritis, or previous 

surgery. Six knees out of 30 initially selected were excluded by the surgeon 

who performed the dissection. After this process, 10 male and 14 female 

cadaveric knees, with an average age of 76 years (47 to 92) were tested. 

 

An orthopaedic surgeon (H.R.), experienced in knee surgery, assessed the 

specimens and performed the dissections. An anteromedial vertical 

arthrotomy of 3 to 4 cm was performed to reach the surface of the tibia, 

check the macroscopic integrity of the ACL, and confirm the absence of 

tibiofemoral osteoarthritis or notch osteophytes. The whole ACL was 

dissected at the midportion and No. 2 Vicryl sutures were tied around it. We 

did not attempt to separate the AM and PL bundles, especially as isolated 

bundle sectioning has little effect on IR.26 and 27 The capsulotomy was left 

partially open for the time of testing. To reach the ALS, the lower limb was 

set in a supine position with a sandbag under the thigh. Three bony 

landmarks were marked before incision: the head of the fibula, the lateral 

epicondyle, and Gerdy tubercle. A cutaneous and subcutaneous incision of 

8 cm was made, extending from the lateral epicondyle to a point located 

between the Gerdy tubercle anteriorly and the head of fibula posteriorly, on 

the theoretical axis of the ALL. The iliotibial band (layer I for Claes et al.19) 

was incised longitudinally and retracted anteriorly to visualize the ALS. The 
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LCL was located by palpating the ligament with the knee in slight varus-

flexion, and its insertion onto the fibular head was identified. The superficial 

lamina of the capsule encompassing the LCL was incised anteriorly and 

parallel to the LCL next to the superior edge of the lateral meniscus, and 

then the capsular fibers were incised.19 Through use of both an inside-out 

and outside-in anatomic dissection, all the fibers of the lateral capsule 

including the ALL (Layer III of Claes et al.), coursing from this point to the 

lateral edge of the patellar ligament were identified as the ALS and 

dissected. In this study, we did not attempt to dissect out the ALL from the 

capsule. We dealt with the structures located below the ITB as a unit as 

described by Hugston et al., Dodds et al., or Monaco et al., that is, the 

anterolateral capsulo-ligamentous elements: ALS, including the Kaplan fibers 

(Fig 1).15, 21 and 28 

 

Laximetry Device 

 

We used a noninvasive and static rotational knee laxity device, called the 

Rotam (GeNouRoB, Laval, France) (Fig 2). The Rotam is derived from the 

Rotameter, which has been validated and widely used in clinical practice for a 

number of years.29, 30 and 31 It allows the isolated rotations (internal and 

external) of the knee to be measured when subjected to a torsion torque of 0 

to 8 Nm. The Rotam does not record the anterior tibial translation, which is a 
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major component of the combined displacements (anterior translation, 

rotations, valgus) causing the pivot shift.13, 32 and 33 The Rotam possesses a 

highly precise gyroscope with a measurement accuracy of 0.1°. The lower 

limb was placed on a thermoformed support at 30° of flexion, to imitate the 

dial test.29 A calibrated, femoral strap fixed the thigh at high force (above 

70 N). The foot and ankle were attached to a dual bootstrap, providing a 

stationary block under the tibia. The initial knee position (position zero) was 

defined by “the patella at the zenith” and the foot-ankle block was in a 

natural resting position of the leg (usually in slight lateral rotation) controlled 

by the absence of constraint on the boot sensors. The initial position of the 

lower limb obtained after complete stabilization was not further modified 

during all the recording stages. The measurements of the IR induced by the 

Rotam were measured from this neutral position. The tibia below the femur 

was subjected to a torque (0 to 5 Nm) by an electric engine (DC Motor 

Maxon, Sachseln, Switzerland; engine characteristics: tension, 24 V; power, 

46 W; couple, 11 tr/mm), a couple torque of 5 Nm was chosen to simulate 

the clinical practice.29, 30 and 31 The femorotibial induced rotations were 

recorded as a curve, usually between −5 and +5 Nm. Differences in IR 

(intact knee v transected ligament knee) were calculated. We did not 

examine the changes in external rotation as part of this study, which are 

usually very slight and of little significance. 31 We calculated the increase for 

each stage in degrees and as a percentage. 
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Testing Protocol 

 

We performed 2 series of sequential transections. Group 1 included 12 knees 

(7 female, 5 male) and the ACL was sectioned first in its midportion and then 

the ALS (approximately 2 cm long) were sectioned. Group 2 included 12 

knees (9 female, 3 male) and the ALS were sectioned first, followed by the 

sectioning of the ACL. The sections were created with the help of No. 2 Vicryl 

sutures (Ethicon), doubled up and used in the same manner as a Gigli saw 

(Fig 3). To account for any viscoelastic effects of the tissues, all 

measurements were recorded 3 times and the mean value taken as the final 

result in each case. The results were expressed as angulation/torque curves 

(Fig 4 A and B). 

 

Statistical Analysis 

 

Means and standard deviations were estimated for continuous data. Within 

each group, means were compared using paired t test to estimate the 

sequential transection effects. Then, to assess if the order of the transections 

had an influence on the observed laximetry, mean differences after each 

transection (ACL and ALS) were compared between both groups using t test. 

Fisher exact test was used to compare proportions. All comparisons were 

performed at a 5% significance level. 
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In case of nonsignificant results, power was a posteriori estimated using 2 

complementary ways: real power of the study for the observed difference 

and minimum difference that should have been observed to have an 80% 

power. 

 

 

RESULTS 

 

Groups 1 and 2 were comparable in terms of age (76.4 and 76.1 years 

respectively, p = .95) and sex (33.3% v 58.3% of males respectively, p = 

.41) ( Table I). In group 1, the average IR of the intact knee was 22.1° ± 

10.6°. After the section of the ACL, the average IR increased to 25.7° ± 

10.9° (p < .001), and after the section of the ALS, the average IR of the 

transected knee was 28.1° ± 10.5° (p < .001). The total gain in IR after ACL 

and ALS sections was +6.4° ± 2° (p < .001) ( Figs 4 A and 5, Table II). In 

group 2, the average initial rotation of the intact knee was 22.5° ± 8.9°. 

After transection of the ALS, the average IR increased to 25.2° ± 8.4° (p < 

.001). When the section of the ACL was added, the average final IR was 

29.1° ± 8.8° (p < .001). The total gain in IR after the section of the ALS and 

the ACL was +6.6° ± 0.9° (p < .001) ( Figs 4B and 5, Table III). 
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In comparing the 2 groups, the average initial rotations were very similar 

(22.1° ± 10.6° and 22.5° ± 8.9° for group 1 and 2 respectively); the IR 

increased significantly after each stage of transection (p < .001) and there 

was a significant gain in IR after ACL and ALS transection compared with the 

intact knee (p < .001). There was no significant difference in the gain in IR 

after the isolated ACL section in the 2 groups (p = .51) or in the gain in IR 

after isolated section of the ALS (p = .56). There was no difference in the 

final gain between the 2 groups (p = .80) ( Table I). 

 

 

DISCUSSION 

 

The most important finding of this study was that the ALS, which include the 

ALL, resists passive IR of the knee. Our findings support the synergistic role 

of the ACL and the ALS as a restraint to IR. At 30° of flexion, IR of the tibia 

with respect to the femur was increased by 12% on average after section of 

the ALS and by 17% on average after section of the ACL. The passive control 

of IR of the tibia with respect to the femur is therefore the result of the 

combined action of the ALS and the ACL. The transection of both elements 

causes a significant increase in IR of almost 30%. There was no statistically 

significant difference in IR gain between the 2 groups (p = .80). The order of 

the sections did not have an effect on the total increase in IR, which 
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suggests that the ALS and the ACL are independent and synergistic. 

However, this absence of difference may be due to a lack of power. Indeed, 

for ACL and ALS sections, the powers of our comparisons were 11% and 

10%, respectively. A power of 80% would have been available for observed 

differences of 1.28° and 1.25° respectively. Nevertheless, the observed 

differences themselves were small (0.34° and 0.29°, respectively), and we 

consider that either the statistical absence of difference or these small 

differences are physiologically consistent. As a comparison, the total 

difference between both groups after 2 sections was very small (0.16°). 

 

Several cadaveric works have studied the role of the ACL in controlling the IR 

and their results were very similar to ours. An optical navigation system and 

the Rotameter were used in a controlled laboratory study to evaluate the 

influence of the ACL and especially the posterolateral bundle (PLB) on 

tibiofemoral rotation.30 Isolated resection of the PLB or total resection of the 

ACL yielded significant increase in IR at 5 and 10 Nm of torque (+5° with 

Rotameter, +3° with navigation).30 In a laboratory study, Noyes et al.32 

obtained an increase of 1.6° ± 1.1° after section of the ACL. Kondo et al.33 

showed in a laboratory study that cutting both bundles significantly increased 

the IR, reaching +3.8° near knee extension, under 5 Nm rotation torque. 

Kanamori et al.34 in a cadaveric study using robotic/universal force–moment 

sensor testing system (UFS) registered an increase of 1.3° of IR of the knee 
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submitted to an isolated tibial torque of 10 Nm. Diermann et al.35 studied 

tibiofemoral rotation in cadaveric knees using the Genucom and found 

significant increases of IR after cutting the ACL (+3° at 10° of knee flexion). 

Using a robot, they studied the effect of combined 10 Nm valgus and 4 Nm 

IR moment on tibiofemoral laxity. They again found only 2° mean increase in 

IR after cutting the whole ACL.35 An increase of around 4° of IR was obtained 

by Markolf et al.36 at 30° of flexion, under a tibial torque of 5 Nm. 

 

When carrying out this study, we opted not to attempt the difficult task of 

separating the 2 bundles. Additionally, some old and new anatomic studies 

have not supported the presence of 2 bundles. Numerous authors reported 

that the intraligamentous part of the ACL is a collection of individual fascicles 

that fan out over a broad flattened area with no evidence for 2 separate 

bundles.37, 38 and 39 For Smigielski et al.,39 the “double-bundle effect” was 

created by the twisted “flat ribbon like” structure of the ACL from femoral to 

tibial, which leads to the impression of 2 bundles when the knee was flexed 

from 0° to 90°. 

 

All of this laboratory work shows that only complete section of the ACL 

results in a moderate increase in IR. It seems logical to research other 

structures that are involved in rotational control. The role of the ALS in IR 

control has been long known, but has been largely overlooked for 20 years 
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when treating ruptures of the ACL. Forty years ago, Jack Hughston described 

the anterolateral capsular ligament as a “strong and major lateral static 

support for the knee around 30° of flexion.”15 Werner Muller later identified 

“the femoro-tibial antero externe ligament” as a thickening of the capsule 

and one of the damaged elements in the case of anterolateral rotatory 

instability.1 For Vieira et al.,18 “the deep layer of the lateral structure of the 

knee has a very well-defined ligament structure, which starts from the 

supraepicondylar region and inserts laterally to the Gerdy's tubercle. In fact 

it acts as a true anterolateral ligament.” Several anatomic studies were 

published a number of years ago on the ALL, but many disparities remained 

regarding the exact site of the femoral origin, the existence (or not) of a 

lateral meniscal attachment, the individualisation (or not) of the capsule's 

ALL.14, 15, 16, 17, 18, 19, 20, 21, 22 and 23 These disparities are explained by the 

existence of many anatomic variations.40 

 

To our knowledge, only a few studies have been published on the relative 

importance of the ACL and the ALS in controlling IR. Parsons et al.26 

performed a laboratory study on 11 cadaveric knees subjected to 134 N of 

anterior drawer at flexion angles between 0° and 90° and separately to 5 Nm 

of IR at the same flexion angles. At a flexion angle of 30°, the contributions 

of the ACL and ALL were equivalent, which is confirmed by our results. Above 

30°, the contribution of the ALL exceeded that of the ACL. Monaco et al.28 
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recorded IR in 10 intact cadaveric knees, after section of the ACL and after 

section of the ALS, using a computer navigation system (OrthoPilot, B-

Braun) at 30° knee flexion. Section of the ACL produced a minor and 

nonsignificant increase in IR (+3.2°), but anterolateral lesion significantly 

increased IR (+5.5°) at all grades of knee flexion. The additional lesion to 

the anterolateral zone resulted in an increase in the grade of the pivot 

shift.28 Spencer et al.27 investigated the effect of ACL and ALL transection on 

rotational knee kinematics on 12 cadaveric knees with 2 rigid bone markers 

(Optotrak Certus). Sectioning the ACL and the ALL significantly increased IR 

(+2° ± 1.5° and +4° ± 3°, respectively).27 Our results are in concordance 

with those of Parsons et al.,26 Monaco et al.,28 and Spencer et al.27 They all 

reported that knee flexion up to 90° causes the ALL to tension as they 

showed that an increase in length corresponds to a tightening of the ALL. 

Dodds et al.13 found that the ALL behavior was close to isometric from 0° to 

60° and then shortened. Considering that the ALL stretching under flexion 

differs from the behavior of the ACL, which stretches under extension, these 

2 ligaments, ALL and ACL, seem to be complementary. 

 

The findings of our study show that the ALS are an important stabilizer to IR 

of the knee in conjunction with the ACL. Our hypothesis on the synergistic 

function of these 2 structures is confirmed. For Lutz et al.,23 the 

capsuloligament structure could be named “the anterolateral corner” as it is 
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involved in anterolateral laxity control, just as the posterolateral corner is in 

posterolateral laxity control. With the Rotam device, we were not able to 

measure the simultaneous tibial translation, which is one of the indispensable 

components of the pivot shift.15, 32, 34 and 41 

 

It is well known that some patients with an ACLR may be found to have a 

positive pivot-shift test (grade 2 as a clunk and grade 3 as a subluxation).3, 

4 and 5 Injuries of the ACL are frequently associated with mild tears of the 

anterolateral or posterolateral capsular ligaments, with or without bony 

avulsion (Segond fracture).28 In chronic ACL insufficiency, a progressive 

stretching or a nonhealing of the ALS may occur. It is possible that these 

injuries to the ALS were not appreciated at the index procedure.16 George 

et al.16 noted that a failure to treat concomitant injuries to the secondary 

restraints places increased stress on the reconstructed ACL and can be a 

reason for failure. A LET in addition to the ACL graft may be beneficial by 

reducing the load experienced by the intra-articular graft and reducing 

anterior translation and IR.42 and 43 The location of the ALS, away from the 

central pivot, provides them with a greater lever arm for controlling knee 

rotation than the intra-articular reconstruction. Several LET techniques have 

been described (Lemaire's and MacIntosh's techniques).11 and 12 They harvest 

an isolated strip (8 × 1 cm) of the posterior fibers of the ITB that is left 

attached to the tibia. The strip is then passed deep to the LCL and reattached 
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posteriorly to the femoral insertion of the LCL (Lemaire's technique). Other 

authors developed more “anatomic and isometric ALL reconstructions” based 

on the description of the ALL footprints to replicate the triangular shape of 

the native ALL.44 and 45 

 

The benefit of the association of a LET with ACL reconstruction (ACLR) 

remains controversial. Among 8 randomized studies, 3 concluded that the 

results between treatment groups were nonsignificant, 4 were in favor of LET 

for reduction of the pivot-shift test, and 1 was in favor of ACLR alone.46 This 

systematic review concluded that the addition of LET to ACLR results in a 

statistically significant reduction in rotational laxity, as measured by the 

pivot-shift test but failed to show better clinical outcomes in favor of the LET 

plus ACLR. Moreover, for some authors, LET may cause stiffness, 

patellofemoral crepitation, cosmetic problems, and degenerative changes in 

the lateral compartment.47 For some authors, candidates for combined ACLR 

and LET are those with chronic ACL lesion, high-level athletes in pivoting 

sports, patients with grade 3 pivot-shift or revision cases.10, 46 and 47 The 

quantification of the pivot-shift testing using software loaded on a tablet 

computer can be used preoperatively to help adjust individualized ACLR, 

intra-articular reconstruction alone, or combined intra plus LET.48 
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Strengths 

 

The strengths of this study were that entire lower limbs were used and the 

external torque was applied using a precise and accurate device, the Rotam. 

In this study, we did not attempt to individualize the ALL. We sectioned the 

anterolateral capsule elements as a single unit, in front of the LCL, including 

the ALL. The sections were made above the lateral meniscus, preserving the 

ITB (Fig 1). This allowed for reliable indisputable complete sectioning of the 

ALL, a variable fibrous thickening of the anterolateral capsule. 

 

Limitations 

 

There are several limitations: the lack of measured rotation beyond 30° of 

flexion, the lack of simultaneous measurement of the translation caused by 

the sequential sections, as this is not possible with the Rotam and the 

sample size. The specimens have been tested under 5 Nm of internal torque, 

which is small compared with the actual loads being applied to the knees 

during sports. It is possible that our conclusions on the respective function of 

the ACL and the ALS could differ under higher torque up to 10 Nm. 

Disarticulation of the hip may impair the stabilizing function of the iliotibial 

band on knee rotational stability, even though it was left intact from its 

proximal insertion to the Gerdy tubercle. Our study suffered the drawbacks 
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associated with work on elderly specimens. Woo et al.49 found that ultimate 

load and stiffness reduced with age. Given that younger patients would have 

stronger ACL, the small laxity increase found in the study would have been 

even smaller and more difficult to detect. A possible foot and ankle 

movement under the boot strap cannot be totally excluded during the 

internal rotation. A difference between an external device like the Rotameter 

compared with invasive methods as navigation system was seen in a 

previous study.29 However, as the possible measurement error in the present 

study was constant, it does not change the measurement of differences 

between the intact knees and the transected knees. There is a need for 

further biomechanical studies to better define the respective function of the 

ALS and the ALL in providing anterolateral knee stability at greater degrees 

of flexion of the knee. 

 

 

CONCLUSION 

 

In a pure rotational cadaveric test model, the ACL and the ALS contribute to 

resistance to passive IR of the knee. 
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Fig 1. 

 

General anatomic lateral view of a right knee. The iliotibial band (ITB) has 

been incised, and the lateral collateral ligament (LCL) (red tape) has been 

identified. Through use of both an inside-out and outside-in anatomic 

dissection, all the fibers of the lateral capsule, including the anterolateral 

ligament, coursing from this point to the lateral edge of the patellar 

ligament, were identified as the anterolateral structures (ALS) and dissected 

(blue thread of Vicryl). 
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Fig 2.  

 

The Rotam device. The lower limb was placed on a thermoformed support at 

30° of flexion. The thigh was fixed by a calibrated, femoral strap. The foot 

and ankle were attached to a dual bootstrap. The initial knee position was 

defined by “the patella at the zenith” and the foot-ankle block was in a 

natural resting position of the leg (usually in slight lateral rotation). The 

internal rotations induced by the electric engine (torque from 0 to 8 Nm) 

were measured from this resting position. 
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Fig 3.  

 

Experimental setup showing a left lower limb on the Rotam. The anterior 

cruciate ligament (ACL) and the anterolateral structures (ALS) have each 

been indicated using a loop of No. 2 Vicryl and a clamp. In group 1, the ACL 

was sectioned first in its midportion, and then the ALS were sectioned. All 

measurements were recorded 3 times, and the mean value taken as the final 

result in each case. 
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Fig 4A.4B 

 

(A) Torsion torque (Nm) versus internal rotation (in degrees). The 

curves represent the range of internal rotation in the intact knee 

(green curve), after sequential sections of the anterior cruciate 

ligament (ACL) (blue curve) and finally after section of the 

anterolateral structures (ALS) (red curve) (group 1). The mean 

value of 3 tests was taken as the final result in each condition. 

 

(B) Torsion torque (Nm) versus internal rotation (in degrees). The 

curves represent the range of internal rotation in the intact knee 

(green curve), after sequential sections of the ALS (red curve) and 

finally after section of the ACL (blue curve) (group 2). The mean 

value of 3 tests was taken as the final result in each condition. 
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Table I.  

 

Demographic Data and Mean IR Increase in Intact Knees, After Each Section 

in Both Groups and Final Increase. 
ACL, anterior cruciate ligament; ALS, anterolateral structures; IR, internal rotation; SD, 

standard deviation. 

 

 

 

 

 

 

 

 

 

Table I Group 1 Group 2 
p 

value 

Mean age, years (SD) 
76.42 

(12.13) 

76.08 

(13.64) 
.95 

Male, % 33.3 58.33 .41 

IR increase, °, after ACL or ALS section, 

mean (SD) 
3.58 (1.24) 3.92 (1.29) .51 

IR increase, °, after ACL + ALS section, 

mean (SD) 
2.40 (1.37) 2.69 (1.01) .56 

Final difference/intact knee, °, mean (SD) 6.39 (2.04) 6.55 (0.89) .80 
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Fig 5.  

Internal rotations (IR) (degrees) after sequential transection of the anterior 

cruciate ligament and the anterolateral structures in groups 1 and 2. The 

asterisks indicate statistical significance after each section in both groups. 

themselves were small (0.34! and 0.29!, respectively),
and we consider that either the statistical absence of
difference or these small differences are physiologically
consistent. As a comparison, the total difference be-
tween both groups after 2 sections was very small
(0.16!).
Several cadaveric works have studied the role of the

ACL in controlling the IR and their results were very
similar to ours. An optical navigation system and the
Rotameter were used in a controlled laboratory study to
evaluate the influence of the ACL and especially the
posterolateral bundle (PLB) on tibiofemoral rotation.30

Isolated resection of the PLB or total resection of the
ACL yielded significant increase in IR at 5 and 10 Nm of
torque (þ5! with Rotameter, þ3! with navigation).30 In
a laboratory study, Noyes et al.32 obtained an increase
of 1.6! # 1.1! after section of the ACL. Kondo et al.33

showed in a laboratory study that cutting both

bundles significantly increased the IR, reaching þ3.8!

near knee extension, under 5 Nm rotation torque.
Kanamori et al.34 in a cadaveric study using robotic/
universal forceemoment sensor testing system (UFS)
registered an increase of 1.3! of IR of the knee sub-
mitted to an isolated tibial torque of 10 Nm. Diermann
et al.35 studied tibiofemoral rotation in cadaveric knees
using the Genucom and found significant increases of
IR after cutting the ACL (þ3! at 10! of knee flexion).
Using a robot, they studied the effect of combined
10 Nm valgus and 4 Nm IR moment on tibiofemoral
laxity. They again found only 2! mean increase in IR
after cutting the whole ACL.35 An increase of around 4!

Fig 4. (A) Torsion torque (Nm) versus internal rotation (in degrees). The curves represent the range of internal rotation in the
intact knee (green curve), after sequential sections of the anterior cruciate ligament (ACL) (blue curve) and finally after section of
the anterolateral structures (ALS) (red curve) (group 1). The mean value of 3 tests was taken as the final result in each condition
(B). Torsion torque (Nm) versus internal rotation (in degrees). The curves represent the range of internal rotation in the intact
knee (green curve), after sequential sections of the ALS (red curve) and finally after section of the ACL (blue curve) (group 2).

Table 1. Demographic Data and Mean IR Increase in Intact
Knees, After Each Section in Both Groups and Final Increase

Group 1 Group 2 P Value
Mean age, years (SD) 76.42 (12.13) 76.08 (13.64) .95
Male, % 33.3 58.33 .41
IR increase, !, after ACL or

ALS section, mean (SD)
3.58 (1.24) 3.92 (1.29) .51

Increase, !, after ALS þ
ACL section, mean (SD)

2.40 (1.37) 2.69 (1.01) .56

Final difference, !/intact
knee, mean (SD)

6.39 (2.04) 6.55 (0.89) .80

ACL, anterior cruciate ligament; ALS, anterolateral structures; IR,
internal rotation; SD, standard deviation.

Fig 5. Internal rotations (IR) (degrees) after sequential tran-
section of the anterior cruciate ligament and the anterolateral
structures in groups 1 and 2. The asterisks indicate statistical
significance after each section in both groups.

ROLE OF ANTEROLATERAL STRUCTURES OF THE KNEE 1057
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ROLES RESPECTIFS DU LIGAMENT CROISE ANTERIEUR ET DES STRUCTURES 
ANTEROLATERALES DANS LE CONTROLE DE LA ROTATION MEDIALE PASSIVE DU 
GENOU : UNE ETUDE BIOMECANIQUE 
 

 

 

Mots-clés : Ligament Antérolatéral, Ligament Croisé Antérieur, Laxité 
Rotatoire, Rotation Médiale 
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M
É Introduction  

L’objectif de cette étude était de déterminer les rôles respectifs du ligament croisé 
antérieur (LCA) et des structures antérolatérales (SAL) du genou dans le contrôle de la 
rotation médiale passive du tibia sous le fémur, lorsqu’il est soumis à une contrainte 
rotatoire. 
 
Materiel et Méthodes : 
Afin de préciser le rôle du LCA et des SAL (incluant le ligament antérolatéral)  dans le 
contrôle de la rotation médiale (RM) du genou, nous avons réalisé des sections 
séquentielles sur 24 genoux cadavériques. Deux séquences de dissection étaient 
conduites successivement : groupe 1 (12 genoux) dans lequel le LCA était sectionné 
en premier, puis les SAL ; et groupe 2 (12 genoux) dans lequel l’ordre des sections 
était inverse. Chaque genou, en rotation neutre et à 30° de flexion, était soumis à une 
force en RM de 5Nm. La RM était mesurée à chaque étape à l’aide d’un laximètre 
rotatoire : le Rotam, dont la précision du gyroscope est de 0,1°. Les laxités rotatoires 
étaient comparées par des tests t de Student. Les proportions étaient comparées par 
des tests exacts de Fisher. 
 
Resultats :  
Dans le 1er groupe, la RM a augmenté de 22,1° ± 10.6° à 25.7° ± 10.9° après section 
du LCA, puis à 28.1° ± 10.5° après section des SAL. Dans le 2nd groupe, la RM a 
augmenté de 22.5° ± 8.9° à 25.2° ± 8.4° après section des SAL, puis à 29.1° ± 8.8° 
après section du LCA. Le gain total de RM était de 6.4° ± 2° dans le 1er groupe, et de 
6.55° ± 0.9° dans le 2nd groupe. Le gain de RM après chaque section et le gain total 
de RM étaient statistiquement significatifs  (p<0,001). 
 
Conclusions 
Dans un modèle cadavérique purement rotatoire, le LCA et les SAL sont un frein passif 
à la RM du genou. 
 
Intérêt Clinique 
Dans certaines situations particulières, les lésions périphériques du genou doivent être 
prises en charge afin d’améliorer le contrôle postopératoire en RM. 
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THE COMPARATIVE ROLE OF THE ANTERIOR CRUCIATE LIGAMENT AND 
ANTEROLATERAL STRUCTURES IN CONTROLLING PASSIVE INTERNAL ROTATION 
OF THE KNEE : A BIOMECHANICAL STUDY 
 

 

 

Keywords : Anterolateral Ligament, Anterior Cruciate Ligament, Rotatory 
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Purpose 
To determine the respective functions of the anterior cruciate ligament (ACL) and the 
anterolateral structures (ALS) in controlling the tibia's passive internal rotation (IR) 
with respect to the femur, under uniaxial rotation. 
 
Material and Methods 
To test the function of the ACL and the anterolateral ligament (ALL) in IR, we designed 
a sequential transection study of the ACL and the ALS (including the ALL) in 24 
cadaveric knees divided in 2 groups. Two sequences were conducted successively: 
group 1 (12 knees) in which the ACL was sectioned first followed by the ALS, and 
group 2 (12 knees) with reversed transections. Each knee, in neutral rotation position 
and at flexion angle of 30°, was subjected to a 5 Nm torsion torque of IR. IR was 
measured using a rotatory laximeter, the Rotam with a gyroscope's measurement 
accuracy of 0.1°. Laxities were compared using paired t test within each group and 
using t test between groups. Fisher exact test was used to compare proportions. 
 
Results 
In group 1, IR increased from 22.1° ± 10.6° to 25.7° ± 10.9° after ACL transection 
then to 28.1° ± 10.5° after we sectioned the ALS. In group 2, IR increased from 22.5° 
± 8.9° to 25.2° ± 8.4° after sectioning the ALS, then to 29.1° ± 8.8° after we 
sectioned the ACL. Total postsectioning increase in IR was 6.4° ± 2° in group 1, and 
6.55° ± 0.9° in group 2. The IR increase after each stage of transection and final IR 
were statistically significant (P < .001). 
 
Conclusions 
In a pure rotational cadaveric test model, the ACL and the ALS contribute to resistance 
to passive IR of the knee. 
 
Clinical Relevance 
In some specific clinical cases, peripheral lesions may be considered, and injuries to 
these structures may need to be addressed to improve results controlling 
postoperative IR. 


