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Background: No consensus exists regarding the anatomic characteristics of the knee anterolateral ligament (ALL). A critical
analysis of the dissections described in previous studies allows the division of the ALL into 2 groups with similar characteristics.
The presence of considerable variability suggests that the authors may not be referring to the same structure.

Purpose/Hypothesis: To perform a lateral anatomic dissection, by layers, seeking to characterize the 2 variants described for the
ALL on the same knee. We hypothesized that we would identify the 2 variants described for the ALL and that these variants would
have distinct characteristics.

Study Design: Descriptive laboratory study.

Methods: Thirteen unpaired cadaveric knees were used in this study. The dissection protocol followed the parameters described
in previous studies. Immediately below the iliotibial tract, we isolated a structure designated as the superficial ALL, whereas
between this structure and the articular capsule, we isolated a structure designated as the deep ALL. The 2 structures were
measured for length at full extension and at 90° of flexion and for distance from the tibial insertion relative to the Gerdy tubercle.
Potential contact with the lateral meniscus was also evaluated. After measurements were obtained, the 2 dissected structures
underwent histologic analysis.

Results: The superficial ALL presented a posterior and proximal origin to the center of the lateral epicondyle, its length increased
on knee extension, and it exhibited no contact with the lateral meniscus. The deep ALL was located in the center of the lateral
epicondyle, its length increased on knee flexion, and it presented a meniscal insertion. Both structures had a similar tibial insertion
site; however, the insertion site of the deep ALL was located more posteriorly. The analysis of the histological sections for both
structures indicated the presence of dense and well-organized collagen fibers.

Conclusion: This anatomic study clearly identified 2 structures, described as the superficial and deep ALL, which were consistent
with previous but conflicting descriptions of the ALL.

Clinical Relevance: This study clarifies numerous controversies encountered in anatomic studies of the ALL. Knowledge
regarding the existence of 2 distinct structures in the anterolateral knee will allow more accurate evaluation of their functions and
characteristics.
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Although described in 1879 by Segond,?® the knee antero-

The Orthopaedic Journal of Sports Medicine, 4(12), 2325967116675604 lateral ligament (%];}) has only recently been recognized as
DOI: 10.1177/2325967116675604 being important.”"* Its potential clinical importance is
© The Author(s) 2016 exemplified by patients with possible combined anterior

This open-access article is published and distributed under the Creative Commons Attribution - NonCommercial - No Derivatives License (http:/creativecommons.org/
licenses/by-nc-nd/3.0/), which permits the noncommercial use, distribution, and reproduction of the article in any medium, provided the original author and source are
credited. You may not alter, transform, or build upon this article without the permission of the Author(s). For reprints and permission queries, please visit SAGE’s Web site
at http://www.sagepub.com/journalsPermissions.nav.



2 Helito et al

cruciate ligament (ACL) and ALL rupture who continue to
have a positive pivot shift after isolated ACL reconstruc-
tion.'3?° Recent biomechanical studies have shown that the
function of the ALL involves the restriction of the tibial
anterolateral rotation relative to the femur, justifying its
importance in pivot-shift control 2%2%23 Nevertheless, there
are a few studies that do not support this importance.'®23

Although the ALL has been described previously in var-
ious anatomic studies, no consensus exists regarding its
anatomic parameters.®®1%23 The most prevalent difference
among these studies is its femoral origin, with descriptions
anterior and distal,®® in the center,®'® and posterior and
proximal to the lateral epicondyle.>? Additionally, no con-
sensus has been reached regarding other ALL characteris-
tics, including its length, the presence of a meniscal
insertion, and its change in length on flexion and extension,
among others >&11:15:31

The presence of considerable variability among these
studies suggests that the authors may not have described
the same structure, although these authors have always
referenced it as the ALL. An example of this discrepancy
is the study by Dodds et al,® which described a posterior and
proximal origin of the ALL in relation to the lateral epicon-
dyle, the absence of a meniscal insertion, and increased
length on knee extension, whereas the study by Helito
et al'® described the ligament as originating from the center
of the lateral epicondyle, presenting a meniscal insertion,
and its length increasing on knee flexion.

A critical analysis of the dissections reported in pub-
lished studies allows these studies to be divided into 2
groups: one in which the femoral origin is posterior and
proximal to the lateral epicondyle and tends to increase in
length on knee extension®!3 and the other in which the
femoral origin is distal to or in the epicondyle center and
tends to increase in length on knee flexion.>%7 Many stud-
ies described mixed ALL characteristics and included para-
meters that could accommodate the 2 types of descriptions.

Therefore, the present study aimed to perform a lateral
anatomic dissection by layers on the same knee with the
intent of characterizing the 2 variants previously described
for the ALL and of performing a histological analysis of the
structures encountered. We hypothesized that we would
identify the 2 variants described for this ligament: the super-
ficial layer located immediately under the iliotibial tract (ITT)
and the deep layer located within the anterolateral capsule.

METHODS

For this study, 13 unpaired cadaveric knees were used. The
dissection was initiated according to the parameters
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Figure 1. Anatomic dissection of a right knee showing the
superficial anterolateral ligament (s-ALL) running from a
femoral point posterior and proximal to the lateral epicondyle
(LE) toward the anterolateral tibia, passing over the lateral
collateral ligament (LCL) origin. BT, biceps tendon; FH, fibular
head; ITB, iliotibial band.

described by Daggett et al. Initially, a circumferential inci-
sion was madein the thigh at a distance 15 cm above the joint
line and another incision was made in the leg at a distance 15
cm below the joint line. The 2 incisions were connected to
remove all skin and subcutaneous tissue. An incision 10-cm
proximal to the epicondyle was performed at the ITT, and
the ITT was reflected up to its distal insertion into the Gerdy
tubercle. After dissection of the ITT, the tendon of the biceps
femoris muscle was located at its insertion into the fibular
head. This parameter was used to locate the insertion of the
fibular collateral ligament (FCL) at the head of the fibula.
The soft tissue around the FCL was removed at its dis-
tal aspect for isolation at a distance 20 mm proximal to
the head of the fibula, so as not to reach the tissues
located above the FCL. After the isolation of the FCL,
anterior and posterior capsulotomies were performed to
isolate and expose the ALL. Easier dissection was
obtained through internal rotation of the tibia in relation
to the femur, and this procedure facilitated the identifi-
cation of a strip-shaped structure with an oblique path
over the lateral epicondyle and the FCL toward the region
posterior to the Gerdy tubercle. This structure was desig-
nated as the superficial ALL (Figure 1). Markers were
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Figure 2. Anatomic dissection of a right knee showing the
deep anterolateral ligament (asterisk) below the superficial
anterolateral ligament. The yellow marker points the center
of the lateral epicondyle. BT, biceps tendon; FH, fibular head;
LCL, lateral collateral ligament.

placed on the anterior and posterior regions of this strip
at its femoral origin and tibial insertion. After marker
placement, the following measurements were obtained
using a digital caliper with an accuracy of 0.01 mm: the
length of the anterior and posterior regions of the liga-
ment in full extension and at 90° of flexion, and the
distance of the anterior and posterior regions of the tibial
insertion of the ligament in relation to the Gerdy tubercle.
Contact with the lateral meniscus was also evaluated.
Tibial rotation during flexion and extension of the knee
was manually controlled.

After performing these measurements for the superficial
layer, the superficial ALL was reflected to expose the struc-
tures located in the underlying deep layer. In this layer, we
attempted to identify a thickening of the capsule or a
ligament-like structure that originated around the center
of the lateral epicondyle. Ease of dissection in this layer was
obtained through knee flexion and internal rotation of the
tibia in contrast to the outer region, which was facilitated
by knee extension. We clearly observed another structure
immediately adjacent to the outer structure. Its path
toward the tibia was very similar to the superficial ALL
close to the joint line; however, its origin was located more
distal relative to the superficial structure origin, very close
to the center of the lateral epicondyle and it presented a
vertical orientation on knee flexion. This structure was
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Figure 3. Lateral region of a right knee. (A) The superficial
anterolateral ligament (s-ALL) (blue) origin is located posterior
and proximal to the lateral epicondyle (LE) (red ball) and it runs
superficial to the fibular collateral ligament (FCL) (white) origin
toward the tibia. (B) After the removal of the s-ALL, it is pos-
sible to visualize the deep ALL (red) origin fibers close to the
center of the LE and to the FCL origin. Gt, Gerdy tubercle.

designated as the deep ALL (Figure 2). The same markings
and measurements performed on the outer structure were
conducted for the inner structure.

After measurements, the 2 structures dissected were
removed en bloc and analyzed by histology. The ligament
samples were placed in a 4% formalin solution. After tissue
processing, tissue slides with a thickness of up to 4 um were
prepared and stained with hematoxylin and eosin (H&E).
The areas of the ligaments were identified and photo-
graphed. The number of fibroblasts per mm? was calculated
to compare the 2 structures between each other and with
the adult ACL cell count average.?”

The Student ¢ test was used to compare the measure-
ments of the anterior and posterior regions of the superfi-
cial and deep ALL on 90° of flexion and full extension to
detect changes in the lengths of the ligaments with knee
range of motion.

RESULTS

At least 1 band of the ALL was identified in all the dissected
knees (Figure 3). The superficial ALL was identified in 12
knees, and the deep ALL was identified in 13 knees. In 1 of
the dissected samples in which the superficial ALL was not
identified, the deep ALL was identified immediately super-
ficial to the capsule.

Superficial ALL Findings

The superficial ALL presented its origin posterior and
proximal relative to the center of the lateral epicondyle
in all cases, passing superficial to the epicondyle and the
origin of the FCL toward the tibia. It inserted onto the
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TABLE 1
Anatomic Characteristics of the Superficial and Deep Layers of the ALL*
Present Length Length Behavior During Presence Distance
in the Location in Relation to During During Flexion- of Meniscal From Gerdy
Dissection the Lateral Epicondyle Extension, mm Flexion, mm Extension Insertion Tubercle, mm
Superficial ALL  92.30%  100% posterior and proximal Absent
Anterior region 53.3+7.1 53.98+ 6.3 Constant 10.96 £ 2.9
Posterior region 53.04 £ 10.3  50.09 £ 10.3 Decreases in 16.82 £4.2
length on
knee flexion
Deep ALL 100% 61.5% in the center, 30.7% Present
slightly posterior and
proximal, and 7.6% slightly
distal
Anterior region 33.52+34 36.7+2.8 Increases in 16.42 £ 5.09
length on
knee flexion
Posterior region 37.71+4.8 38.07+5.4 Constant 20.84 £ 5.46

“Data are reported as mean * SD unless otherwise indicated. ALL, anterolateral ligament.

tibia between the Gerdy tubercle and the head of the fibula
with its anterior and posterior regions a mean 10.96 and
16.82 mm from the center of the Gerdy tubercle, respec-
tively (Table 1). The mean length of the superficial ALL
was 53.3 mm for its anterior portion and 53.0 mm for its
posterior portion on extension. The length of the anterior
region was similar to that observed after 90° of flexion of
the knee (P = .19), whereas the length of the posterior
region decreased by approximately 3 mm on average (P <
.001). Visually, this structure appeared tense on knee
extension and loose on knee flexion. No direct attachment
between this structure and the lateral meniscus was
found. It was possible to clearly characterize a distinction
between the superficial and deep layers of the ALL. Con-
necting fibers were observed between these 2 structures,
being more frequent near the joint line and their distal
insertion.

Deep ALL Findings

The findings regarding the deep ALL included the location
of its origin in the center of the lateral epicondyle in most
cases (n = 8). In only 1 case, the center of this structure was
identified as slightly distal to the center of the lateral epi-
condyle, while in 4 cases, this structure was presented
slightly posterior and proximal to the center of the epicon-
dyle. Its distal insertion was posterior to the Gerdy tuber-
cle, more posteriorly than the insertion of the superficial
ALL, with mean values of 16.4 and 20.8 mm for the ante-
rior and posterior regions, respectively. The mean length of
the anterior and posterior regions of the deep ALL on
extension was 33.5 and 37.7 mm, respectively. With knee
flexion, the length of the anterior region increased by
approximately 3 mm on average (P < .001), whereas the
length of the posterior region remained constant (P = .72).
Visually, this deep structure appeared slightly more tense
with knee flexion, although these changes were subtle.
Before its insertion onto the tibia, some fibers of the deep

Figure 4. Anatomic dissection frontal view of a right knee
showing the superficial anterolateral ligament (s-ALL) super-
ficial to the deep anterolateral ligament (d-ALL). The d-ALL
clearly inserts (asterisk) on the external surface of the lateral
meniscus (LM). LFC, lateral femoral condyle.

ALL inserted in the external surface of the lateral menis-
cus in all cases, between its body and its anterior horn
(Figure 4). It was possible to see direct fibers inserting on
the lateral meniscus periphery.

Histological analysis of the central part of the superficial
and deep layers of the ligament indicated the presence of
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Figure 5. Histological sections of the (A) superficial and (B) deep anterolateral ligament showing well-organized and dense

connective tissue. Scale bars = 100 pm.

dense and well-organized collagen fibers (Figure 5). The
number of fibroblasts per mm? was similar in both
regions: 301 fibroblasts/mm? in the outer region and
245 fibroblasts/mm? in the inner region, slightly lower than
the adult ACL.?"

DISCUSSION

The main finding of this study was the identification of 2
distinct layers of the ALL, superficial and deep, with histo-
logical confirmation of the presence of a true ligament in
both. The analysis of the anatomic studies that focused on
dissection of the ALL allowed the division of these studies
into 2 major groups, each of which described 2 anatomically
distinct structures, albeit with conflicting yet complemen-
tary characteristics: 1 group described ALL structures sim-
ilar to those of this study and resembling the superficial
portion,*51518 whereas the other group presented descrip-
tions resembling the deep portion.>1°

Some anatomic studies described the ALL as having an
anterior and distal origin to the lateral epicondyle,®® with
origin on the epicondyle®!° and a posterior and proximal
origin to the epicondyle,>'%8 whereas some anatomic series
have described variations in the same group of dissected
knees. #1924 One possible explanation for the anatomic dif-
ference is the difficulty of the dissection, which can be even
more difficult if formalin cadavers are used. The probable
cause of disagreement between the cited studies lies in the
dissection technique, which sought to identify the ALL as
only 1 main structure. The dissection protocol used by Dag-
gett et al>* serves as an example of this, which involved
dissection in a distal to proximal direction to avoid damage
to the ALL fibers located over the FCL, thereby always
allowing visualization of the superficial structures. The per-
formance of the dissection in a proximal to distal direction
may damage some of the ALL fibers, as was observed in the
study by Helito et al,’® who aimed to expose the lateral epi-
condyle to identify the ALL, therefore visualizing only dee-
per structures. In a study focused on identifying
radiographic landmarks for ALL reconstruction, Heckmann
et al® discussed that the femoral point they found was more

posterior than the point found by Helito et al® in a similar
study. They explain these differences may be due to ana-
tomic variability or methodological difference in the way the
ALL the origin was identified. We add as a cause that those
authors might be commenting on different structures.

The superficial ALL described herein has anatomic
points of reference similar to those described in the studies
that reported the ALL as having a posterior and proximal
origin to the epicondyle.*%>1%18 Dodds et al® reported no
relation with the lateral meniscus for that structure.
Considering the major anatomic characteristics observed
in these studies, we conclude that they refer to the struc-
ture we herein described as the superficial ALL. Although
Kennedy et al'® described a structure that increased in
length on knee flexion, these results may have been
obtained because of a mixed dissection of the 2 structures.
In a biomechanical study, Imbert et al’* showed that an
ALL with a proximal and posterior origin in relation to the
lateral epicondyle increases in length with knee extension.

The deep ALL described in this study has anatomic
points of reference similar to those found in the anatomic
descriptions of Helito et al,>° Claes et al,2 and Zens et al.?!
We also found a correlation between the deep ALL and the
lateral meniscus, as previously detailed by Helito et al.®
According to the biomechanical studies performed by Helito
et al'! and Zens et al,?! the ALL increases in length on knee
flexion, which suggests tension on flexion. Considering the
main characteristics found in these studies, we conclude
that these structures refer to the structure herein described
as the deep ALL. Also, it is possible to infer that the
deep ALL described in this study has an anatomic descrip-
tion similar to the “middle-third of the lateral capsular
ligament” described by Hughston et al*? in 1976 as it
“attaches proximally to the lateral epicondyle of the femur
and distally at the tibial joint margin.” Claes et al®> have
already stated that the description by Hughston et al'? was
the closest description of an ALL-like structure in the cur-
rent literature. A summary of the previous anatomic ALL
study findings is shown in Table 2.

Among the variants evaluated, we did not identify any
variant similar to that described by Vincent et al,*® who
observed that the origin of the ALL was closely associated
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TABLE 2
Summary of Previous Anatomic ALL Study Findings®

Authors N Identification, % Femoral Origin Tibial Insertion ALL Layer Biomechanics Comments

Vincent et al®® 40 100 Near popliteus Posterior to Gerdy  Deep Not tested Meniscal insertion
tendon tubercle, 5 mm described and histology
(anterodistal to distal to joint line suggestive of
FCL) ligamentous structure

Claes et al® 41 97 Prominence of the Between Gerdy Deep Increased length Meniscal insertion in all
lateral femoral tubercle and with knee flexion knees. Histology
epicondyle, fibular head, 21.6 confirming ALL
anterior to the mm posterior to ligamentous structure
FCL origin, Gerdy tubercle
proximal and
posterior to the
popliteus tendon

Helito et al'® 20 100 Anterior-distal to Between Gerdy Deep Increased length Meniscal insertion in all
FCL tubercle and with knee flexion knees. Histology

fibular head, in neutral rotation confirming ALL

closer to fibular ligamentous structure.
head, 4.4 mm Discuss the anatomic
distal to joint line, Lateral triangle concept
5.6 mm distal to (ALL, popliteus, tibia)
joint line

Dodds et al® 40 83 Proximal and Midway between Superficial Isometric from 0° to  Finds the deep ALL and its
posterior to LE Gerdy tubercle 60°; slackened meniscal insertion by

and fibular head, further to 90° and intraarticular view (calls
11 mm distal to lengthened with it capsular ALL of
joint line tibial internal Vincent et al)

rotation

(superficial ALL)

Caterine et al' 19 100 Anterior-distal to Midway between Mixed characteristics Not tested Meniscal insertion in all
FCL in 58%, Gerdy tubercle knees. Histology
posterior- and fibular head, confirming ALL
proximal to FCL 11.1 mm distal to ligamentous structure
in 42% joint line and nervous innervation

with a possible
proprioceptive role.
Excellent identification
in MRI

Kittl et al'® 16 ALL not ALL not individually ALL not ALL not individually ~ ALL resistance to: Finds the ITT as the most

individually dissected; individually dissected; anterior important internal
dissected; considered some dissected; considered 2 translation (4%); rotation restrictor in
considered as descriptions of the considered some layers: 1 described internal rotation both ACL-intact and
part of the ALL as descriptions of by Dodds et al® and (nonsignificant); ACL-deficient knees; not
anterolateral anterolateral the ALL as another described pivot shift (small intended to do an
capsule capsule anterolateral by several other contribution) anatomic study
capsule authors
Parsons et al?? 12 91.70 Near FCL insertion Between Gerdy Unclear ALL function as Cites Claes et al® as the
tubercle and internal rotation basis for the ALL
fibular head restrictor dissection
increases with
knee flexion

Runer et al** 44 45.50 Together with FCL.  Midway between Deep Greatest length at Cites Claes et al® as the
in 45% or Gerdy tubercle 60° and internal basis for the ALL
posterior and and fibular head rotation (deep dissection. Identifies the
proximal in 55% ALL) meniscal insertion (deep

ALL). Describes the
superficial ALL as the
capsular-osseous layer

Macchi et al'® 50 93 LE between FCL and Found but not Deep Not tested MRI imaging study. Found

popliteus tendon.
Anterior-distal
FCL in 54% and
posterior-
proximal FCL in
14%

adequately
described

meniscal insertion.
Performed an anatomo-
microscopic study (10
knees) that confirmed
ALL ligamentous
structure)

(continued)
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TABLE 2 (continued)

Authors N Identification, % Femoral Origin Tibial Insertion ALL Layer Biomechanics Comments
Rasmussen 10 100 Based on Kennedy Midway between Unclear Additional 2.1 mm of ALL sectioned at tibial
et al?® et al.’® Posterior Gerdy tubercle translation and insertion, so
and proximal to and fibular head 2.7° of internal biomechanical testing
the lateral rotation when made with meniscal
epicondyle ALL is sectioned insertion intact
in comparison to
ACL only
deficiency
Kennedy 15 100 Posterior-proximal ~ Midway between Mixed characteristics Failure tested only at Failure occurred as a
et al'® to FCL Gerdy tubercle 30°. Mean Segond fracture in 40%
and fibular head, maximum load
13.1 mm distal to 175 N and
joint line stiffness 20 N/mm.
Increased length
with knee flexion
Saiegh et al®® 14 43 Not adequately Not adequately Unclear No changes in Dissection does not seem
described described translation and similar to any superficial
rotation when or deep ALL
ALL was sectioned
in ACL-deficient
knees
Zens et al®! 6 100 Anterior-distal to Between Gerdy Deep Lengthened with Cites Claes et al® as the
FCL tubercle and increasing flexion basis for the ALL
fibular head and internal dissection
rotation
Daggett et al* 52 100 Directly on LE in Not studied Superficial Not tested Describes a new method for
23%, posterior- dissection of the
proximal to LE in superficial structures
19%, mixed clearly demonstrating
directly on LE and the superficial ALL path
posterior- above the FCL origin
proximal in 58%
Lutz et al'® 9 100 2 knees distally and Between Gerdy Superficial Increases its length ~ Discuss the anatomic

7 knees
proximally to the
LE

tubercle and
fibular head, 16
mm anterior to
fibular head, 6.44
mm below joint

space

with internal
rotation

lateral triangle concept
(ALL, FCL, tibial
meniscocapsular
insertion)

“ALL, anterolateral ligament; FCL, fibular collateral ligament; LE, lateral epicondyle; MRI, magnetic resonance imaging.

with the tendon of the popliteal muscle and whose analysis
of 1 case indicated that the ALL originated from the popli-
teal tendon. Vincent et al®® were the first to conduct a spe-
cific study on the anatomy of the ALL, enabling great
progress in the study and discussion about this structure.
Therefore, we believe that the improvements in the dissec-
tion techniques and the increased anatomic knowledge of
the ALL have allowed a detailed description of the anatomic
parameters over time. Additionally, part of the latter study
was performed on patients during arthroplasty procedures,
which undoubtedly limited the access to and appropriate
exposure of this complex anatomic structure.

The tibial insertion was close between the superficial and
deep ALL, although the insertion of the deep portion was
located more posterior in relation to the Gerdy tubercle.
Considering the limited changes in the characteristics of
the ALL with the change in the point of tibial insertion,
as reported in the study by Kittl et al,!” we believe that
little attention was directed to small differences in the
description of the ALL insertion in the posterior region of
the Gerdy tubercle. In contrast to what was observed in the

tibial region, small changes in the femoral position relative
to the lateral epicondyle may completely alter the charac-
teristics of the ALL during flexion-extension and during
knee rotation because of the noncircular shape of the con-
dylar profile.

With regard to the biomechanical function of the antero-
lateral structures in the control of the rotational stability of
the knee, particularly for pivot-shift control, the tensioning
of the ALL in or near full extension appears more logical.
Sonnery-Cottet et al?® described a technique involving the
fixation of an anatomic reconstruction of the ALL in full
extension with excellent results in 2 years. Despite this
theoretical improved performance during extension,
Parsons et al?2 reported that the tension in the ALL
increased starting at 35° of knee flexion, which also suggests
a role in flexion. Rasmussen et al?? also reported the biome-
chanical importance of the ALL in a cadaveric study and
suggested that residual anterolateral instability of the knee
may be attributed to the ALL injury. A double-bundle recon-
struction procedure, as described in recent studies, may offer
stability in extension and flexion, even though they were
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based in different tibial insertions with the same femoral
attachment.”?® In this respect, our findings regarding the
superficial and deep layers provide the first anatomic and
biomechanical bases for discussion. Despite these findings,
some studies'®?® found no significant biomechanical impor-
tance for the ALL. However, the anatomic dissections under-
taken by these authors were not described in detail.

Although it is possible to anatomically differentiate these
structures, both structures showed similar histological
characteristics related to the presence of a true ligament, a
result that is similar to those of Helito et al’® and Macchi
et al.'® Therefore, we believe that the ALL should be consid-
ered as a functional unit with a role both in extension and
flexion, and this dual role should be considered in discus-
sions about its injuries and reconstruction. Caterine et al'
conducted an anatomic study that found the 2 variations of
the ALL origin and suggested that this ligament could be
composed of multiple thickenings of the lateral capsule, an
inhomogeneous structure in comparison with ACL. Our
findings confirmed and expanded this concept. Nowadays,
considering the pivot shift control close to knee extension
and the clinical results obtained with fixation in full exten-
sion,?” we recommend that surgeons consider reconstruc-
tion of the superficial ALL to control the pivot shift.

The limitations of this study include the limited number
of anatomic specimens, although other studies were con-
ducted with similar or smaller sample sizes. The previous
experience of the authors, with more than 100 dissections,
and the consistency of the findings minimize this limita-
tion. Another limitation involves the manual performance
of the knee angle measurements, although aided by the use
of a goniometer, and the observation of the characteristics
of the ligament on flexion and extension in a simplified
manner (ie, in neutral rotation, without biomechanical test-
ing conducted with external rotation, internal rotation, and
traction).

In summary, we believe that this study clarifies some
controversies about the anatomic descriptions of the ALL.
We did not discredit any studies but rather reconciled these
controversies by describing the superficial and deep ALL,
with histological confirmation. Therefore, we should con-
sider these structures as an anterolateral ligament complex
of the knee, consisting of the superficial and deep layer of
the ALL, the anterolateral capsule, and fibers of the ilioti-
bial tract. Despite representing a major step in the analysis
of this well-described structure, the present study neither
assigned any differential functional value to these regions
nor does it suggest that they should be considered for recon-
struction. Therefore, more studies should be conducted to
further elucidate the roles of these structures.

CONCLUSION

This anatomic study clearly identified 2 structures desig-
nated as the superficial and deep ALL—findings consistent
with previous but conflicting descriptions of the ALL. Addi-
tionally, these structures presented distinct characteristics
during knee flexion and extension. Histological analysis of
both structures indicated the presence of a true ligament.
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