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SUMMARY
Background. To evaluate the effect of antero-lateral ligament (ALL) repair on the anteri-
or-tibial translation (ATT) and the axial-tibial rotation (ATR) during the pivot-shift test 
with a navigation system in patient undergoing acute anterior cruciate ligament (ACL) 
reconstruction of acute injuries of anterolateral compartment in cases of acute ACL 
tears. Methods. Ten consecutive patients operated for an acute ACL reconstruction were 
enrolled in this prospective study. The pivot-shift test was repeated after all three steps 
of the procedure with navigation system: preoperatively, after repair of the ALL and 
after ACL reconstruction. This system provided a real-time calculation of ATT and ATR 
during the pivot shift test. Results. The mean ATT during the dynamic pivot-shift test was 
15mm±3mm before ACL reconstruction and ALL repair, 11mm±2mm after ALL repair 
and 6mm±3mm after ALL repair and ACL reconstruction. The mean ATR during the 
dynamic pivot-shift test was 22°±12° before ACL reconstruction and ALL repair, 16°±3° 
after ALL repair and 10°±4° after ALL repair and ACL reconstruction. Conclusion. The 
repair of the antero-lateral compartment had a statistically significant effect on ATR, with 
no effect on ATT. The addition of the ACL reconstruction produced a significant effect on 
ATT, but no effect on ATR.
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BACKGROUND
Anterior Cruciate Ligament (ACL) reconstructions have 
specifically focused on ACL restore, providing good to excel-
lent results in most cases. However, a persistent instability 
of the knee at follow-up, especially under rotatory load as 
revealed by a positive pivot-shift test (1), has been reported 
in 11% to 30% patients by many authors (2,3). As a matter 
of fact, the persistence of a certain degree of pivot-shift is 
related to poor functional outcomes (4). The pivot-shift test 
is a complex multi-planar phenomenon that involves rota-
tion and translation of the tibia with the knee subjected to 
valgus stress and internal rotation ranging from full exten-
sion to 30-40 degrees of flexion. However, its major limita-
tion is that, as it is manually performed by the clinician, it is 
strongly correlated to the feelings of the examiner, with an 
obvious interobserver variability (5-6).

Some authors have focused on the ligaments of the lateral 
aspect of the knee acting as secondary restraints of the ACL 
deficient knee, whose deficiency could result in the only fair 
control of pivot-shift phenomenon after ACL reconstruction 
(ACLr). Recent studies have further investigated the anatomy 
of the so called “antero-lateral ligament” (ALL) (7-9), that has 
been clearly identified as a distinct ligamentous structure in 
83 to 100% of knees. Moreover, the role of the anterolateral 
structures in rotational control of the knee has been demon-
strated recently by several robotic cadaveric studies where the 
effect of a lesion of the ALL-in addition to an ACL injury 
was evaluated (10). Despite this, the precise role of the ALL 
in eliminating the pivot shift remains controversial (11). This 
disparity exists secondary to the nature of cadaveric research 
and the subsequent creation of artificial injury patterns that 
are not a true representation of in-vivo characteristics. 
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In a recent study, surgical exploration of the lateral 
compartment was performed on sixty consecutive patients 
undergoing acute ACL reconstruction. The authors report-
ed a prevalence of lesions of the anterolateral complex of 
about 90%, with about 20% of cases involving only the 
ALL, and their repair was suggested in order to improve 
knee stability (12).
The goal of the present study is to evaluate the role that 
anterolateral structures plays in anterolateral rotatory insta-
bility, as demonstrated by the pivot-shift sign detected by a 
navigation system during ACL surgery.
In particular the purpose of this study was to evaluate the 
effect of the repair of ALL with the aid of a navigation system 
with dedicated software to calculate anterior-tibial transla-
tion (ATT) and axial-tibial rotation (ATR) during the pivot-
shift test performed during ACL surgery (13); the hypothesis 
of this study was that ALL repair would reduce pivot-shift 
phenomenon in association with an intra-articular ACLr.

MATERIALS AND METHODS
Patients selection
A careful inspection of the anterolateral compartment in 
patients undergoing primary ACLr for an acute ACL tear 
(within 7 days from injury) was performed in a series of 60 
consecutive patients in order to investigate prevalence and 
pattern of injuries of the anterolateral capsule and complex 
(12). Diagnosis of ACL lesion were performed using Lach-
man test and pivot-shift test. Varus and valgus stress testing 
were both negative at 0° and 30° of flexion. A 1.5T MRI 
was also performed and confirmed the clinical diagnosis 
of ACL rupture, and demonstrated characteristic later-
al femoral condyle bone bruising in 9/10 patients. Even 
though no ALL or anterolateral capsule lesion was report-
ed by the radiologist, it was possible to identify abnormal-
ities of the ALL according to previously reported imaging 
parameters of this structure (figure 1).
From the original 60 patients, 10 patients presenting a type 
III lesion (complete lesion involving only the ALL) met the 
inclusion criteria and were enrolled for the present study 
(figure 2). In all 60 patients, a lateral incision to access the 
antero-lateral capsule was made and a surgical repair of the 
lesion type was performed. Only patients presenting a type 
III lesion were considered for the present study in order 
to focus the investigation on ALL (12). Four out of the ten 
patients of this study presented a meniscal lesion treated 
with a partial meniscectomy: two patients presented a poste-
rior horn lesion of medial meniscus, one patients presented 
a posterior horn lesion of lateral meniscus and one patient 
presented a middle body lesion of lateral meniscus. No 
patients presented ramp or root meniscal tears.

Figure 1. Antero-lateral ligament lesion on MRI. Coronal T2 
weighted with fat saturation MRI images of a left knee with 
white arrows at the anterolateral ligaments and arrowheads 
at the inferior lateral genicular arteries. Left knee ACL was 
injured. Left knee ALL presented decreased thickness and 
increased signal. Proximal fibers were also irregular. Note that 
the inferior lateral genicular arteries are asymmetric.

Figure 2. Flow chart of inclusion criteria.
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ly repaired using absorbable parallel stitches with square 
knots (Coated VICRYL®, Ethicon, sized 3-0) in tension 
with the knee at 90 degrees of flexion and neutral rotation, 
with no any kind of complications (figure 3b).

Intra-articular Surgical Technique
An arthroscopically assisted anatomic single bundle two-in-
cision technique using doubled semitendinosus and graci-
lis tendons (DGST) autografts was performed. The patient 
is placed in a standard supine position with the tourniquet 
on the upper thigh. The knee is enabled to achieve at least 
90° of flexion. We standardly performed an out-in anatom-
ic ACLr using a DGST graft. Tendons were harvested with 
an open tendon stripper. The free ends of the two tendons 
were prepared using a double-cross suture using absorb-
able stiches (Coated VICRYL®, Ethicon, Edinburgh, Unit-
ed Kingdom). The two tendons were doubled over the loop 
of the femoral fixation device (ACL TightRope®, Arthrex® 
, Naples, Florida, USA). Tibial tunnel was performed with 
the knee at 90° of flexion using a standard guide at 60-65°. 
The guide was inserted through antero-medial (AM) portal 
and the guide wire is placed at the center of the tibial stump 
of the ACL. The diameter was chosen on the base of graft 
diameter. Femoral tunnel was performed with an out-in 
technique using a retro-drill device (FlipCutter®, Arthrex®, 
Naples, Florida, USA). The guide was inserted through the 
AM portal to achieve the anatomical femoral insertion of the 
native ACL between the resident ridge and the posterior wall 
of the lateral condyle. The half tunnel was performed with a 
retrograde drilling and the diameter was chosen on the basis 
of graft diameter. The graft was passed from tibial tunnel to 

Exclusion criteria were: BMI >30; age over 50 years; severe 
associated ligamentous injuries or laxity tests positive other 
than Lachman and pivot-shift test; cartilage damage (grade 
3 or 4 according with Outerbridge classification), rheuma-
tologic disorders or malalignment. 
There were 7 males and 3 females with a mean age at 
surgery of 27 years (range 18–35 years). All patients had 
surgery using an anatomic single-bundle ACLr with 
doubled semitendinosus and gracilis tendons and a two 
incisions Out-in technique. A navigation system equipped 
with dedicated software (3.0 OrthoPilot ACL navigation 
system- B.Braun -Aesculap, Tuttlingen, Germany) was 
used for stability assessment. All the tests were performed 
by the senior surgeon.
All patients agreed to participate in the study and signed an 
informed consent form in accordance with the Declaration 
of Helsinki (1964). 
The study meets the ethical standards of the journal (14).

ALL repair
Before surgery under general anesthesia all patients were 
clinically evaluated with Lachman and Pivot Shift test. 
Before proceeding with ACLr, in all patients the later-
al compartment was approached by a “hockey stick inci-
sion”; the fascia lata was first inspected and then longitudi-
nally divided along its fibers and elevated to expose lateral 
compartment from postero-lateral corner (PLC) to Gerdy’s 
tubercle. The lateral compartment was carefully inspected 
and only patients presenting a type III lesion (isolated trans-
verse lesion of the ALL, figure 3a) as classified by Ferretti et 
al. (12) were included in the study. The lesion was accurate-

Figure 3b. Antero-lateral ligament repair. The type III lesion 
of anterolateral compartment was accurately repaired in 
tension using absorbable stitches (Left Knee). The black arrow 
indicates the ligament sutured. 

Figure 3a. Antero-lateral ligament lesion. Isolated lesion 
transverse lesion of the anterolateral compartment, type III as 
classified by Ferretti et al. (Left Knee). The black stars indicate 
the proximal and distal stamps of the ligament.

proximal
distal

proximal

distal
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The pivot-shift test was performed by the same surgeon 3 
times at each step and the data was averaged by the navi-
gation system. The test was performed using manual loads 
applied by the same surgeon to minimize inter-observer 
variability. ATT was expressed in mm and ATR in degrees. 
During the trial, a diagram showing the curve of ATT and 
ATR during the test was visualized and saved with a screen-
shot at the end of each step of the procedure.

Statistical Analysis
Statistical analysis was performed by statisticians of Region-
al Agency of Public Health. The values of the three vari-
ables were also recorded by a standard excel file (Microsoft 
Office, Microsoft Corporation, USA).
Power analysis was performed using alfa = 0.05 and N 
(number of cases) = 10 for each condition; the power was 
fixed at 0.8.
Statistical analysis was performed for each variable (ATT, 
ATR) in the three-surgical step using two-way without 
replication analysis of variance (ANOVA). Both tests 
showed a statistical significant difference between averages 
of the three-surgical step, considering a significant level of 
0.95. A paired Student t-test (p value) was then performed 
to investigate for each variable (ATT, ATR) the statistical 
significant difference between their surgical steps. 
Statistical analysis was performed using R (GNU GPL for 
Microsoft Windows; version 3.1.0).

RESULTS
At the pre-operative clinical evaluation, all patients had a 
positive Lachman test, 4 patients showed 2+ and 6 patients 
showed 3+ at pivot-shift test.

femoral tunnel using a passing wire with an out-in technique. 
The graft was fixed on the femur with ACL tight-rope. The 
passing suture was removed and the graft was progressively 
paced in the half tunnel by pulling alternatively the tension-
ing sutures. At this time, free ends of tendons were manually 
pulled from the tibial side and tensioned while 0 to 90° of 
range of motion was applied to the knee. The graft was then 
fixed at the tibial side with the knee at 30° of flexion using 
an absorbable interference screw (interference screw round 
delta, Arthrex®, Naples, Florida, USA) with a diameter of 1 
mm more that the tibial tunnel and a length of 35 mm.

Navigation
The navigation system is a wireless system which does not 
require computed tomography (figure 4). Two 2.5mm 
K-wires were placed respectively in the distal portion of the 
femur and in the proximal portion of the tibia, and rigid 
bodies with reflective markers were attached. Extra-articu-
lar landmarks were registered by the system using an instru-
mented pointer. The extra-articular landmarks included the 
tibial tuberosity, the anterior edge of the tibia, and medial 
and lateral points of the tibial plateau. Kinematics of the knee 
joint were dynamically registered by the navigator during 
range of motion from full extension to 90° of knee flexion.
This system provided a real-time calculation and record 
of ATT and ATR at all degrees of knee flexion, while the 
surgeon manipulated the knee joint. According to the manu-
facturer, the error of the navigation system is estimated to be 
less than 1 mm or less than 1°. 
The pivot-shift test was intra-operatively performed and 
measurements of ATT and ATR were recorded at three 
different steps: before reconstruction, after repair of the 
lateral compartment and lastly after ACLr. 

Figure 4. The navigation system.3.0 OrthoPilot software shows the screenshot of the three surgical steps recorded: A, before 
ALL repair and ACL reconstruction; B, after ALL repair; C, after ALL repair and ACL reconstruction.

ALL+ACL 
DEFICENT

CALL SUTURED ALL+ACL RBA
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DISCUSSION
The most important finding of this study is that direct repair 
of the ALL lesion in ACL deficient knee has a significant 
effect on ATR and no effect on ATT during the pivot-shift 
test, while subsequent ACLr has a significant effect on ATT 
and no effect on ATR. So, the primary hypothesis that repair 
of ALL in addition to ACL intraarticular reconstruction 
reduce the PS phenomenon is confirmed.
This study found that ALL was the primary restraint to tibi-
al rotation, while ACL was the primary restraint to anterior 
tibial translation.
These findings seem to agree with other previous studies 
confirming that ACL and lateral structure function in a syner-
gistic relationship to control pivot-shift phenomenon (15-17).
Another important finding of the present study relates to 
the identification of the anterolateral capsule and ligament 

Navigator evaluation
The mean ATT during the dynamic pivot-shift test was 
15mm±3mm before ACLr and anterolateral repair, 
11mm±2mm after anterolateral repair and 6mm±3mm after 
ALL repair and ACLr.
The mean ATR during the dynamic pivot-shift test was 
22°±12° before ACLr and ALL repair, 16°±3° after antero-
lateral repair and 10°±4°after ALL repair and ACLr.
The repair of the lateral compartment had a statistically 
significant effect on ATR (p<0.001), with no effect on ATT 
(p=0.18). The addition of the ACLr produced a significant 
effect on ATT (p<0.05) but no effect on ATR (p=0.12).
After lateral repair, and before ACLr, the intra-operative-
ly pivot-shift test, as manually evaluated by the surgeon, 
resulted as being negative for all patients.
Results are summarized in Table I and Table II.

Table I. Anterior tibial translation and axial tibial rotation results

Before ALL and 
ACL surgery

After ALL surgery After ALL and ACL surgery

Anterior Tibial Translastion
(ATT) 15±3 mm 11±2 mm 6±3 mm *

Axial Tibial Rotation
(ATR) 22±12 ° 16±3 ° * 10±4 °

*p<0.05

The repair of the lateral compartment had a statistically significant effect on ATR (p=0.0001), with no effect on ATT (p=0.18). The addition of the ACL
reconstruction produced a significant effect on ATT (p=0.01) but no effect on ATR (p=0.12).

Table II. Anterior tibial translation and axial tibial rotation results
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tibial rotation) is expressed in grades.
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ALL in a cadaveric model and the same navigation system 
of the present study and they concluded that lesion of the 
ALL in an ACL deficient knee significantly increases tibi-
al rotation and is correlated to the clinical appearance of 
an explosive pivot-shift in most cases. Bonazinga et al. (10) 
evaluated the effect of progressive lesions of ACL and ALL 
during pivot-shift test. They specifically evaluated acceler-
ation during the pivot shift test. This is a parameter that 
has been shown to correlate with the clinical grade of pivot 
shift. They found that while an isolated lesion of the ACL 
did not significantly affect acceleration of the pivot shift 
test, an additional injury of the ALL resulted in a signifi-
cant increase. They postulated that when high grade pivots 
occur in vivo this may indicate an unrecognised injury to 
the anterolateral structures of the knee. However, although 
laboratory studies have played an important role in defining 
anatomy, their major limitation lies in a difficulty to provide 
valid extrapolation of biomechanical data from cadaveric 
specimens (with artificially created injuries and an absence 
of dynamic muscle forces) to real-world, high functional 
demand, dynamic clinical scenarios. 
In a recent in vivo study (12) prevalence and pattern of 
lateral injuries were reported in 60 consecutive patients that 
underwent an acute ACLr (within 7 days after injury). They 
found that a different type of lesion was observed in 90% of 
cases, and only 10% of these cases showed a Segond fracture 
detected by X-ray. So they concluded that Segond fracture 
(Type IV) should be could be considered as the tip of the 
iceberg of a series of complex injuries more often involving 
the lateral compartment of the knee and occurring in 90% 
of cases in acute, apparently isolated ACL tears. In partic-
ular, they found 21% of type III lesions, involving only the 
ALL. The aim of this study was to evaluate the effect of an 
acute repair of the lesions involving only the ALL (Type III 
lesions) in patients with an acute ACL tear.
To our knowledge, this is the first attempt to describe the in 
vivo biomechanics effect of the repair of the ALL and our 
results seems to confirm the importance of this structure in 
controlling rotational stability of the knee and pivot-shift.
In the past, several different extra-articular tenodesis have 
been considered with the aim to improve rotational stability 
of the knee. These procedures which are peripheral to the 
center of rotation of the knee have a better lever arm provid-
ed by intra-articular reconstruction for rotatory control (23). 
The efficacy of this procedure when associated to ACLr, has 
been demonstrated in long term follow-up studies (24,25) 
such as in kinematics studies (22,26-28). However, all these 
procedures are not based on the restoration of anatomic 
structures, while if an anatomic structure is torn the goal 
should be to reconstruct its anatomy to as close to native 
as possible (29,30). For this reason, this paper was focused 

injury by MRI. This is perhaps not particularly surpris-
ing given that there appears to be considerable disparity 
between the rates of concomitant ALL injury identified in 
ACL deficient knees depending on whether the evaluation 
was surgical (12) or based on MRI (18,19). This indicates 
that current imaging modalities are not sensitive enough and 
probably radiologists and knee surgeons are not yet familiar 
with this kind of lesions, thus explaining the injury assess-
ment disparity in the current case report. This suggests that 
“normal” MRI should not preclude consideration of injury 
to the anterolateral structures of the knee. 
Rotatory instability occurring during running in the ACL-de-
ficient knee was first reported by Slocum and Larson and 
they also described a rotatory instability test, while the 
term “pivot-shift” was first used in 1976 (1). The pivot-shift 
phenomenon was well described by Bull and Ami (20) as 
a sudden rotation of the tibia relative to the femur for an 
ACL injured knee under a valgus torque at low angles of 
knee flexion. The two components are rotation component 
(rotation of the tibia about its long axis) and translation-
al component (the anterior subluxation of the lateral tibi-
al plateau followed by its sudden reduction under certain 
loading conditions). Both components affect the clinical 
featuring of pivot-shift phenomenon. Moreover, the rota-
tional axis of the knee is located centrally near the spines in 
a normal condition while in the ACL deficient knee this axis 
of rotation moves toward the medial compartment which 
increases anterior tibial translation and internal rotation of 
the lateral compartment (21).
Based on the results of the present study, it is possible to 
speculate that ALL repair acting from the periphery became 
the primary restraint of the rotational component being able 
to control the pivot-shift phenomenon as revealed by clini-
cal disappearance of the pivot-shift test even before ACLr. 
However, as ALL repair has no effect on antero-posterior 
translation which remains evident at navigation, possibly 
leading to persistent instability, both reconstructions should 
be recommended in order to better control translation and 
rotational component of the pivot-shift phenomenon.
The role of ALL in rotational control of the knee has been 
demonstrated by several robotic cadaveric studies where 
the effect of the lesion of ACL and ALL were evaluated. 
Sonnery-Cottet et al (16) reported that ALL is involved in 
rotational control of the knee at varying degrees of knee 
flexion and during a simulated pivot-shift in a cadaver-
ic model using a navigation system. Rasmussen et al (15) 
concluded that ALL is an important lateral knee structure 
that provides rotational stability of the knee in a cadaver-
ic model using a 6°-degree freedom robotic system and a 
simulated pivot-shift in ACL deficient knee. Monaco et al. 
(22) evaluated the effect of a progressive lesion of ACL and 
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only on patients presenting a complete lesion of the ALL 
(Type III) (12) to evaluate the effect of a direct repair of this 
structure.
The major limitation of the present study is that we did not 
consider the possible spontaneous healing of this kind of 
lesion making the surgical repair unnecessary. Further stud-
ies are needed to obtain a sort of algorithm of treatment 
including clinical examination with the pivot-shift test, 
imaging and baseline characteristic of patients (age, sex, 
sports activity level, etc..) to better understand when an 
additional procedure to central ACLr and which procedure 
is needed (laterar extra-articular tenodesis, anatomical ALL 
reconstruction or acute repair).
There are also some other limitations. First, this is a time 0 
study evaluating only the effect on the proposed procedure in 
a surgical setting, not considering either long-term follow-up 
clinical results or possible spontaneous healing of the lesion. 
Secondly, the sequence of the two surgical procedures evalu-
ated was always the same (ALL repair first and ACLr second), 
but the small sample size didn’t allow us to reverse the proce-
dure in a control group. Thirdly, is the limited number of 

patients, but the type III lesion occurs only in some cases of 
acute ACL injury (about 20%). Moreover, we must consid-
er the complexity of an in vivo intra-operative study, which 
involves navigation and requires a specific informed consent 
by patients to accept an additional invasive procedure.
The role of the ALL in rotational control of the ACL defi-
cient knee has been clearly demonstrated. Moreover, lesions 
of the ALL are often associated with acute ACL injuries. 
Exploration and repair of such lesions at the time of surgery 
in acute ACLr have a significant effect in reducing rotation-
al component of the pivot-shift as evaluated in vivo by a 
navigation system, while ACLr has a significant effect in 
reducing translational component. For this reason, even if 
isolated ALL repair is able to clinically reduce the pivot-
shift, ACLr is needed to better control the translational 
component thus restoring the center of rotation of the knee 
avoiding residual instability of the knee.
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