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Systematic Review

Anatomy of the Anterolateral Ligament of the Knee:
A Systematic Review

Diego Ariel de Lima, M.D., M.S., Camilo Partezani Helito, M.D., Ph.D.,
Lana Lacerda de Lima, M.D., M.S., Daniel de Castro Silva, M.D.,
Maria Luzete Costa Cavalcante, M.D., Ph.D., and José Alberto Dias Leite, M.D., Ph.D.

Purpose: To conduct a systematic literature review to search for studies on the anatomy of the anterolateral ligament
(ALL) of the knee, presenting the most accepted findings, as well as the evolution of anatomic information on this
structure. Methods: We reviewed the PubMed, MEDLINE, and ClinicalKey databases for anatomic studies on the ALL,
involving cadaveric, histologic, and biochemical dissection and/or anatomic imaging. The primary data researched were
the presence of the ligament; measures of length, width, and thickness; ligament path; insertions; number of bands;
histologic assessment; and innervation. Results: We identified 53 studies. The ALL was found in 82.87% of adult dis-
sections (more easily visualized in fresh cadavers), 74.07 % of fetal dissections, and 84.80% of magnetic resonance imaging
(MRI) studies. In 29 articles, the ALL was found in 100% of cases. There are 3 ALL insertion points: femoral, tibial, and
meniscal. Histologic sections showed dense, well-organized collagen fibers, with an average of 121 fibroblasts/mm? in
adults, in addition to the presence of vascular and nervous tissue. MRI was shown to be a good examination tool to
visualize the ALL, primarily in the coronal plane and with T2-weighted images. Conclusions: The ALL is a distinct
structure in the anterolateral portion of the knee. It exhibits typical ligament characteristics and can be visualized on
imaging examinations, especially MRI. It has a femoral attachment near the lateral epicondyle, with a trend in recent years
showing it to be located posterior and proximal to it, following an anteroinferior trajectory, with an insertion into the
lateral meniscus and proximal tibia at the midpoint between the fibular head and Gerdy tubercle. Among the studies, the
length of the ALL varied from 30.41 to 59.0 mm, the width ranged between 4.0 and 7.0 mm, and the thickness ranged
between 1.0 and 2.0 mm. Clinical Relevance: During the past few years, much controversy has been raised about the
correct anatomy of the ALL. The main clinical relevance of this study is not only to end the discussion about the ALL’S
existence but also to clarify and synthesize the main evidence on the ALL’s anatomy, mainly the currently most accepted
attachments according to the recent literature, to enable more precise development of biomechanical settings and surgical
techniques.

ven before the X-ray was discovered by Wilhelm
Conrad Réntgen,’ in 1879 Paul Segond” described
a pattern of avulsion fracture in the anterolateral
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proximal tibia as a result of forced internal rotation of
the knee. Later, this fracture was considered a patho-
gnomonic sign of anterior cruciate ligament (ACL)
injury.”* In 2014, Claes et al.” concluded that it is an
avulsion fracture of the anterolateral ligament (ALL) of
the knee, a possible predictor of rotational instability®
(Fig 1).

Since the studies by Vincent et al.,” Claes et al.,® and
Helito et al.,” research on the lateral compartment of
the knee has attracted increasing interest. Several
studies have sought to prove the existence (or not) of
the ALL.

In recent years, many variations in anatomic land-
marks have been described, with an apparent change in
the understanding of the femoral position of the ALL.
Thus, the purpose of this study was to conduct a
systematic literature review to search for studies on the
anatomy of the ALL, presenting the most accepted
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Fig 1. Anterolateral aspect of right knee, showing relation
between anterolateral ligament (star), lateral collateral liga-
ment (diamond), and popliteus tendon (circle). (FH, fibular
head; GT, Gerdy tubercle; LM, lateral meniscus.)

findings, as well as the evolution of anatomic infor-
mation on this structure. The hypothesis of this study
was that the ALL would be a distinct structure in the
anterolateral aspect of the knee. It would display his-
tologic characteristics typical of ligaments, and it could
be clearly identified by anatomic dissection and could
be seen on imaging examinations, especially magnetic
resonance imaging (MRI).

Methods

An electronic survey was conducted by 2 of the au-
thors (C.P.H. and D.A.d.L.) in January 2018 using the
PubMed, MEDLINE, and ClinicalKey databases, with no
date restrictions. The following index terms were used
in the search: “anterolateral ligament anatomy” and
“anterolateral ligament anatomic.”

Titles and abstracts were used to select articles that
met the objective of the research. As such, only original
articles that described anatomic studies of the ALL in
the titles or abstracts were selected. The selected articles
were read in their entirety, and their references were
researched manually to find additional relevant studies.
Discrepancies in data extraction were resolved through
discussion among the authors.

The inclusion criteria were anatomic studies of the
ALL of the knee; these involved cadaveric dissections,
histologic and/or biological investigations, and/or im-
aging of anatomy. Only English-language articles and
those with at least an English-language abstract were
included. Studies containing only biochemical and/or

intraoperative data, as well as review articles with no
original data, were excluded.

The following data were collected from the selected
studies: authors; date of publication; type of study;
anthropometric data; presence of the ligament; measures
of length, width, and thickness; ligament path; number
of bands; histologic assessment; and innervation. The
data were tabulated and analyzed using IBM SPSS soft-
ware (version 20.0). Categorical variables were
expressed as absolute count and percentage and quan-
titative variables as mean =+ standard deviation. The
categorical variables in different groups were compared
using the 9-square test. The Shapiro-Wilk test was
applied to check for quantitative data normality in the
groups. When appropriate, the Mann-Whitney and
Student ¢ tests were used to compare the means for in-
dependent groups. A 95% confidence interval and 5%
significance level were established (P < .05).

Results

A total of 994 articles were found (523 in PubMed,
318 in ClinicalKey, and 153 in MEDLINE). After articles
indexed in more than 1 database or not related to the
ALL were excluded, 84 articles remained.

Of the 84 articles, 31 were excluded for being review
studies or containing intraoperative findings (Fig 2).
The 53 remaining articles were read in their entirety,
and the data were tabulated for analysis.

Publication Date

Since the first reports on the ALL in 2012 and 2013
(Helito et al.,” Claes et al.,® and Vincent et al.7), the
number of articles on the anatomy of the ALL has risen
significantly. We found 14 articles in 2017 and only 3 in
2013, whereas the largest number (17) was published
in 2016. The first study exclusively related to the
anatomy of the ALL was conducted in 2012 by Vincent
et al.” (Fig 3).

994 Articles Found
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Fig 2. Flowchart of articles selected.
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Type of Study

Of the 53 studies assessed, 39 involved cadaveric
dissection, 16 used MRI, 4 used radiographs, 5 used
ultrasonography, and 2 used arthroscopy (Table 1).>7 "

Anthropometric Data

It is important to underscore that 3 populations were
used in the studies: fetuses, young adults, and elderly
persons (aged >60 years). Dissections were conducted
mainly on fetuses and elderly persons, and images were
studied largely in young adults.

Presence of Ligament

In 29 articles, the ALL was found in 100% of
cases.” /711 15719.21.22.31-37.39-99 - Among these articles,
the presence of the ligament was reported primarily by
fresh cadaveric dissection and MRI. In 12 articles, the
ALL was observed in between 80% and 100% of
Cases'&l0,25,27,30,38,42,43,45,5()752 The incidence was be-
tween 60% and 80% of cases in 4 articles,!>!*°°*
between 40% and 60% in 3 articles,”*?”°° and be-
tween 0% and 40% in 3 articles™?°*® (Table 2). In 2
studies, the ALL could not be isolated properly, 1 using
fresh fetus cadaveric dissection'” and the other using
adult cadaveric dissection preserved in a 4% formalin
solution, a methodology that is less accurate in char-
acterizing the ALL*? (Fig 4).

Among the cadaveric dissection
studies™ 121183 (Tahle 1), a total of 952 speci-
mens were used, with the ALL described in 789
(82.87%). Among the 3 articles that dissected fe-
tuses,'>1>'17 81 specimens were dissected, with the ALL
found in 60 (74.07%). In MRI studies, the ALL was

visualized in 709 of the 836 specimens included
(84 800/0) 30,32,36,40,41,43,44,46,50-52,54-56

14

12

| I
. . I

2015 2016 2017

ALL Measures
The length of the ALL varied among studies from
30.41 mm?° to 59.0 mm.’® However, most of the

studies showed lengths between 33.0 and
42.0 mm 7-9,11,13,14,16,21,24-27,32-34,36,39

With the exception of 3 articles,”**%’® all articles

showed that the length of the ALL increased with knee
flexion and tibial internal rotation. In most cases, the
width of the ALL varied between 4.0 and 7.0 mm and
the thickness wvaried between 1.0 and 2.0 mm.
According to Daggett et al,'' in a study with 160
specimens, the average ALL thickness in men was twice
that in women.

Trajectory and Insertions

The ALL has 3 insertions: femoral, tibial, and menis-
cal. After its origin in the femur, close to the lateral
epicondyle, it exhibits an anteroinferior trajectory to-
ward the anterolateral region of the tibia.

The meniscal insertion is located between the body
and anterior horn of the lateral meniscus.'”'” Of the
dissection studies (Table 1), 22 showed the presence of
thlS insertion.sﬂf(),l1,13,1S,I7719,21,25728,30734,36,39 Elght
made no mention of this insertion, !4 16:22-24.3537 34
2 questioned its existence.’”’® Helito et a showed
spreading of the fibers of the ALL before its contact with
the lateral meniscus, increasing the area of this
insertion.

Tibial insertion varied the least among the studies.
This structure is located at the midpoint between the
fibular head and Gerdy tubercle, between 4.0 and
7.0 mm below the tibial plateau.”’*>”>?

The femoral origin varied most in the study de-
scriptions. The primary anatomic references for the

1.31



Table 1. Characteristics of Cadaveric Dissection Studies

Type of Anthropometric Presence of Width and/or Femoral
Authors Year n Study Data Ligament Length Thickness Insertion Tibial Insertion
Neri et al."’ 2017 84 Fresh cadaveric 79 £ 11 yr, 173 + 95% 50.39 £+ 6.64 mm (30° Thickness: 1.35 + Posterior and Posterior and proximal
dissection 9 cm and internal rotation) 0.18 mm proximal to LEF (5.52  to GT, anterior and
+093mmand 1.51 £  proximal to FH, and
0.75 mm, respectively) distal to ACT
Daggett et al.'' 2017 165 Fresh cadaveric 60yr, 170.8 + 8.9 cm 100% 38.42 + 2.9 mm in men Thickness: 2.09 + Center of LEF Anterolateral in tibia
dissection in men and 160.6 35.7 £3.9mm in 0.6 mm in men and
7.3 cm in women women 1.05 £ 0.5 mm in
women
Sabzevari 2017 21 Fresh cadaveric Fetuses (18-22 wk) No ligament
etal.'? dissection found
Roessler 2017 20 Fresh cadaveric 79.4 £ 9.4 yr 60% 39.63 + 0.78 mm (0°) Midpoint width: 5.28 Center of LEF Between GT and FH
et al.”’ dissection 4291+ 1.0l mm (90°) =+ 0.33 mm
Midpoint thickness:
1.52 £ 0.31 mm
Shea etal.'"® 2017 14  Fresh cadaveric 8 yr 64% 33 mm Femoral origin width: 10 mm distal to distal Between GT and FH
dissection 3 mm femoral physis (9 mm proximal to
Tibial insertion tibial physis)
width: 4 mm
Helito et al.'”> 2017 20 Embalmed cadaveric Fetuses (28.64 + 100% 7.19 £ 1.86 mm (0°) Midpoint width: Center of LEF, Between GT and FH
dissection (10% 3.20 wk) 9.11 £ 1.60 mm (90°) 2.12 £ 0.47 mm posterior and (6.29 £ 1.62 mm
formalin) Midpoint thickness: ~ proximal to LEF posterior to posterior
0.39 £ 0.16 mm edge of GT)
Farhan et al.'® 2017 26 Embalmed cadaveric 100% 39.2 £ 7.2 mm Femoral origin width: Posterior and 20.4 £ 3.1 mm
dissection 6.5 £ 2.7 mm proximal to LEF (4.0  posterior to GT and
Tibial insertion +29mmand 7.1+ 21.33 +£ 4.6 mm
width: 74 £34mm 3.4 mm, respectively) anterior to FH
Thickness
1.0 £ 0.5 mm
Toro-Ibarguen 2017 40 Fresh cadaveric Fetuses (28-36 wk) 100% 12.3 £ 2.3 mm (0°) Midpoint width: Posterior and Between GT and FH
etal.'” dissection 14.3 £ 2.3 mm (90°) 1.5 + 0.6 mm proximal to LCL
Midpoint thickness (55%), alongside LCL
1.1 £ 0.5 mm (25%), anterior and
distal to LCL (20%)
Brockmeyer 2017 5 Fresh cadaveric 100% Posterior and Between GT and FH
et al.'® dissection (3) and proximal to LCL
embalmed cadaveric
dissection (2)
Corbo et al.'” 2017 14  Fresh cadaveric 79 yr 100% Width: supra-meniscal, Center of LEF, Between GT and FH

dissection

9.3 4+ 1.3 mm; infra-
meniscal, 16.5 +

2.1 mm

Thickness: supra-
meniscal, 2.7 +

0.6 mm; infra-
meniscal, 1.4 +

0.6 mm

posterior and
proximal to LEF

(continued)
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Table 1. Continued

Type of Anthropometric Presence of Width and/or Femoral
Authors Year n Study Data Ligament Length Thickness Insertion Tibial Insertion
Fardin et al.”° 2017 15 Embalmed cadaveric 50 yr No ligament
dissection (4% found
formalin solution)
Helito et al.>' 2016 13 Fresh cadaveric dissection 92.30% Superficial ALL: 53.0- Superficial: posterior Between GT and FH
superficial, 53.3 mm (0°) and 50.0- and proximal to LEF,
100% deep 53.9 mm (flexion) deep, center of LEF
Deep ALL: 33.5- (61.5%), posterior
36.7 mm (0°) and 36.7- and proximal to LEF
38.0 mm (flexion) (30.7%), distal to
LEF (7.6%)
Daggett 2016 52 Embalmed cadaveric 80 yr 100% Femoral origin Center of LEF, Between GT and FH
et al.”? dissection width: 11.85 mm posterior and
proximal to LEF
Shea et al.”’ 2016 8 Fresh cadaveric 3 mo, 4 mo, 1 yr, 12.5% Next to LCL Posterior to GT
dissection 2 yr, 3yr, 3yr, 8yr,
and 10 yr
Stijak et al.”* 2016 14 Embalmed cadaveric 78 yr 50% 41 £ 3 mm Width: 4 + 1 mm Anterior to LCL Between GT and FH
dissection Thickness: 1 mm
Parker and 2016 53 Embalmed cadaveric 67 yr 96.2% 38.39 + 4.30 mm (0°) Midpoint width: 4.26 Center of LEF Between GT and FH
Smith?’ dissection 42.95 £ 435 mm (90°) =+ 0.84 mm (proximal to
imaginary line
connecting these 2
bony features; in
30.2% of cases,
inserted substantially
more laterally, closer
to FH)
Potu et al.*® 2016 24 Embalmed cadaveric 4.16% 34.23 mm (0°) Femoral origin Lateral femoral Between GT and FH
dissection 30.41 mm (90°) width: 4.83 mm condyle
Midpoint width:
4.04 mm
Tibial insertion
width: 6.06 mm
Midpoint thickness:
1.78 mm
Kosy et al.”’ 2016 11 Fresh cadaveric 79 yr 90.9% 40.1 £+ 5.53 mm Width: 4.63 + Posterior and Between GT and FH
dissection 1.39 mm proximal to LCL (59.5% =+ 5.44%
Thickness: 0.87 £ (60%), alongside LCL  from GT to FH)
0.18 mm (10%), anterior and

distal to LCL (30%)

(continued)
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Table 1. Continued

Type of Anthropometric Presence of Width and/or Femoral
Authors Year n Study Data Ligament Length Thickness Insertion Tibial Insertion
Watanabe 2016 94 Embalmed cadaveric 85.6 yr 37.2% Thickness Type I: (a) alongside Type I and II-a:
et al.?® dissection Type I: (a) 1.3- LCL, (b) posterior to between GT and FH
3.2 mm (13.8%), LCL, and (c) anterior  (exact location of
(b) 1.2-2.2 mm to LCL Segond fracture)
(3.2%), and (c) Type II: from anterior ~ Type II-b: lateral
1.6-2 mm (3.2%) to posterior to LCL aspect of tibial
Type II: (a) 0.45- plateau (near FH)
1 mm (10.6%) and
(b) 0.7- 0.9 mm
(6.4%)
Runer et al.”® 2016 44 Embalmed cadaveric 78.1 yr 45.5% 42.2 + 6.2 mm (0°) Femoral origin Posterior and Between GT and FH
dissection 46.9 £ 6.8 mm (60°) width: 7.2 £ proximal to LCL
459 £ 6.6 mm (90°) 1.8 mm (55%), next to LCL
Midpoint width: 5.6 (45%)
+ 1.3 mm
Tibial insertion
width: 12.2 +
3.0 mm
Midpoint thickness:
1.2 £ 0.3 mm
Klontzas 2016 9 Embalmed cadaveric 28.71 £9.29 yr 88.89% Center of LEF Between GT and FH
etal.”’ dissection
Helito et al.”! 2016 33 Fresh cadaveric 60.1 £ 10.2 yr 100% Center of LEF Between GT and FH
dissection
Helito et al.”> 2015 13 Fresh cadaveric 66.0 £ 10.0 yr 100% 36.62 + 4.053 mm  Width: 6.08 + 1.038 Anterior and Between GT and FH,
dissection distal to LCL 5.3 mm below ACT
Kennedy 2015 15 Fresh cadaveric 58.2 yr 100% 36.8 mm (0°) Posterior and Between GT and FH
etal.”’ dissection 41.6 mm (90°) proximal to LCL
(4.7 mm posterior)
Kennedy 2015 15 Fresh cadaveric 58.2 yr 100% 36.8 mm (0°) Posterior and Between GT and FH
et al.”* dissection 41.6 mm (90°) proximal to LCL
(4.7 mm posterior)
Zens et al.”’ 2015 6 Fresh cadaveric 86.7 yr 100% Anterior and distal to  Between GT and FH
dissection LCL
Caterine 2015 19  Fresh cadaveric 70 yr 100% 40.3 £ 6.2 mm (0°) Femoral origin Posterior and Between GT and FH
et al.”® dissection width: 4.8 + proximal to LCL,
1.4 mm anterior and
Midpoint width: 5.1  distal to LCL
+ 1.8 mm
Tibial insertion
width: 11.7 +
3.3 mm
Midpoint thickness:
1.4 £ 0.6 mm

(continued)
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Table 1. Continued

Type of Anthropometric Presence of Width and/or Femoral
Authors Year n Study Data Ligament Length Thickness Insertion Tibial Insertion
Claes et al.” 2014 29 Embalmed cadaveric 81 yr 100% Tibial insertion Center of LEF Between GT and FH
dissection width: 11.3 £ (center of tibial ALL
2.8 mm footprint to center of
GT, 22.0 £+ 4.0 mm)
Helito et al.>” 2014 10 Fresh cadaveric 62.8 £ 8.79 yr, 57.2 100% Anterior and distal to  Between GT and FH
dissection + 12.16 kg, 170.5 + LCL (1.9 £ 1.4 mm (42.1% £ 3.9%
10 cm and 4.1 £ 1.1 mm, distance relative to
respectively) FH and GT and 4.4 +
0.8 mm below ACT)
Dodds et al.”® 2014 40 Fresh cadaveric 75 yr 83% 59.0 £ 4.0 mm Width: 6.0 + 1.0 mm Posterior and proximal Between GT and FH
dissection to LEF (4.3 mm and
8 mm, respectively)
Helito et al.”” 2013 6 Fresh cadaveric 61.3 yr, 65.7 kg, 100% 35.1 mm Width: 6.8 mm Anterior and distal to  Between GT and FH,
dissection 170 cm Thickness: 2.6 mm LCL (2.5 mm and 4.5 mm below ACT
0.5 mm, respectively)
Helito et al.” 2013 20 Fresh cadaveric 61.5 yr, 71.0 kg, 100% 37.3 £ 4.0 mm Width: 7.4 £ 1.7 mm Anterior and distal to  Between GT and FH,
dissection 180 cm Thickness: 2.7 + LCL (2.2 mm and 4.4 mm below ACT
0.6 mm 3.5 mm, respectively)
Claes et al.® 2013 41 Embalmed cadaveric 79 yr 97% 38.5 £ 6.1 mm (0°) Femoral origin Center of LEF Between GT and FH
dissection 41.5 £ 6.7 mm (90°) width: 8.3 £
2.1 mm
Midpoint width: 6.7
+ 3.0 mm
Tibial insertion
width: 11.2 £+
2.5 mm
Midpoint thickness:
1.2 £ 0.3 mm
Vincent et al.” 2012 Part 1: Part 1: in vivo Part 2: 85.3 &£ 5.1 yr 100% 34.1 £ 3.4 mm Width: 8.2 £ 1.5 mm On lateral femoral Insertion was

3
Part 2:
10

dissection of patients

undergoing TKA
Part 2: fresh

cadaveric dissection

Thickness: 2-3 mm

condyle, closely
associated with
popliteus tendon

always posterior
to line drawn
vertically from
posterior
border of GT

to joint line

NOTE. Data are presented as mean =+ standard deviation unless otherwise indicated.
ACT, articular cartilage of tibia; ALL, anterolateral ligament; FH, fibular head; GT, Gerdy tubercle; LCL, lateral collateral ligament; LEF, lateral epicondyle of femur; TKA, total knee

arthroplasty.
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Table 2. Number of Studies and Incidence of ALL

Presence of ALL No. of Studies

100% ALL incidence 29
ALL incidence > 80% to < 100% 12
ALL incidence > 60% to < 80% 4
ALL incidence > 40% to < 60% 3
ALL incidence > 0% to < 40% 3
No ligament found 2

ALL, anterolateral ligament.

femoral insertion were the lateral epicondyle of the
femur and the origin of the lateral collateral ligament.
Using the epicondyle as a reference, most of the articles
described the ALL insertion as (1) posterior and
proximal'? !> 1019212238 o (D) at the center of the
epicondyle.” ! 1312:19.21,22.25.3031 {ying the origin of
the collateral ligament, the articles described the ALL
insertion as (1) posterior and proximal,'’'#27-2923343¢
(2) alongside the origin of the lateral collateral liga-
ment,'”?*?72? or (3) anterior and distal to the origin of
the lateral collateral ligament,”'”2*27:283225373% Qyer
the years, descriptions of the ALL have shifted from the
center to posterior and proximal to the lateral
epicondyle, and no study on adult cadavers in 2017
described the ALL anterior to the epicondyle.

Number of Bands

The presence of more than 1 band in the structure of
the ALL was reported in 1 study: Helito et al.*' dissected
13 knees, observing the presence of 2 bands in 12 of
them. The surface band of the ALL displayed an origin

posterior and proximal to the center of the lateral epi-
condyle, and its length increased when the knee was
extended and showed no insertion in the lateral
meniscus. The deep band originated in the center of the
lateral epicondyle, its length increased with knee
flexion, and it inserted on the meniscus. Both structures
had a similar tibial insertion site, and the deep band was
situated slightly more posterior.

Histology

The histologic sections of the ALL showed dense
and well-organized collagen fibers (predominantly
type I collagen), with an average of 121 fibroblasts/
mm? in adults and 1,631 fibroblasts/fmm? in
fetuses”'””” with the presence of vascular tissue,”®
displaying typically ligamentous morphology.'”
Helito et al.”' and Vincent et al.,” among other
authors, observed a clear relation between the ALL
and the lateral meniscus, with insertions of collagen
fibers from the ALL into the meniscus and no evident
cleavage plane.

Macchi et al.”' reported that the ALL was composed
primarily of type I collagen (90%), followed by type III
collagen (5%), type VI collagen (3%), and scarce elastic
fibers (1%). Type I collagen was parallelly arranged,
with wavy fibrils surrounded by type VI collagen. In the
study that described the presence of more than 1 band
in the ALL structure, Helito et al.”' found a similar
number of fibroblasts per square millimeter in both
bands: 301 fibroblasts/mm? in the outer region and 245
fibroblasts/mm? in the inner region, slightly lower than
the number in the adult ACL.
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Fig 4. Box plotrepresenting
presence of anterolateral
ligament according to type
of dissection: dissection per-
formed on fresh cadavers or
dissection performed on ca-
davers preserved in formalin
(embalmed). A statistically
significant difference (P < .05)
was found between the 2
groups according to the
Mann-Whitney test. The
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squares, whiskers, circle,
and stars indicate medians,
25th and 75th quartiles,
non-outlier ranges, an
outlier, and extreme out-
liers, respectively.
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Innervation

Few studies have focused on histologic assessment of
ALL innervation. Caterine et al.”® detected neurofila-
ment proteins in the ALL, indicating peripheral nerve
innervation. Their study showed circular structures that
could be classified as small peripheral nerves or mech-
anoreceptors. Macchi et al.”' found nerve structures
similar to small nerves and type I mechanoreceptors.

Ultrasonography

Cavaignac et al.*"** and Cianca et a used ultra-
sonography, obtaining an ALL visualization rate of
100%. Oshima et al.”” reported that most of the ALL
segments could be identified, making ultrasonography
a useful examination for diagnosing ALL injuries.

However, Capo et al.,”” who found an ALL visuali-
zation rate of 75%, observed that ultrasonography was
unable to reliably identify the femoral and tibial origins.

149

Magnetic Resonance Imaging

The ALL could be visualized on conventional 1.5-T
magnetic resonance images, mainly in the coronal
plane and on T2-weighted images with fat saturation.
Helito et al.”® assessed 39 MRI examinations, obtaining
97.8% ALL visualization, the meniscal portion being
the most commonly visualized (94.8%).

In a study of 3-T MRI studies of fresh cadavers,
Caterine et al.”® obtained 100% ALL visualization. The
images obtained in the coronal plane showed that the
femoral origin was not clearly visible in many of the
specimens studied, mainly because of the close relation
between the ALL and other ligamentous structures.
However, meniscal and tibial insertions were identified,
especially the latter.

Helito et al.”” and Kosy et al.”” studied 1.5-T MRI
studies and obtained good results in identifying the
meniscal portion of the ALL. By contrast, Taneja et al.”’
were unable to identify the meniscal insertion of the
ALL in a study of 1.5- and 3.0-T MRI scans.

Porrino et al.*® examined the MRI studies of 20 pa-
tients with a Segond fracture and found that 19 cases
exhibited an ALL insertion in the fragment of the tibia
corresponding to the Segond fracture. Coquart et al.*’
concluded that the ALL could be identified in routine
1.5-T MRI studies, suggesting that a better radiologic
description of this anatomic structure may be beneficial
in preoperative planning in patients with ACL injuries.

Arthroscopy

Zein’® described an arthroscopic technique that
showed that the meniscotibial insertion of the ALL
could be seen and touched with a probe on the lateral
meniscus. Similarly, Sonnery-Cottet et al.*® published
an arthroscopic technique that identifies the ALL. A
shaver is introduced through an accessory superolateral
portal and used to debride the synovial tissue between

the fasciae latae and lateral cortex of the femur, thereby
defining the ALL. This allows the surgeon to examine
the ALL'’s integrity, particularly the femoral insertion.

Radiography

Four of the articles selected described the radiographic
anatomic references of the femoral and tibial insertions
of the ALL (Fig 5). All the authors reached their
conclusions by dissecting fresh cadavers, combined with
radiographic examinations. All the studies obtained
100% visualization of the ALL on dissection.

Heckmann et al.** described the femoral origin as
being 18.4 + 4.3 mm from the posterior edge of the
femoral condyle, along the Blumensaat line, and 8.4 +
2.6 mm distal to the same line in the profile view
(Fig 5). In the tibia, in the profile view, the insertion
was 32.6 £+ 4.9 mm from the posterior edge and 13.0 &
4.1 mm below the lateral tibial plateau.

Kennedy et al.”*”* reported that the femoral origin
was 22.3 mm proximal to the articular line in the
anteroposterior (AP) view and 8.4 mm posterior and
proximal to the lateral epicondyle in the profile view.
The tibial insertion was 13.1 mm distal to the lateral
tibial plateau in the AP view and 19.0 mm posterior and
superior to the Gerdy tubercle in the profile view
(Fig 5).

In the study by Rezansoff et al."” (Fig 5), the ALL
femoral origin was described as overlying the posterior
femoral cortical line, between the Blumensaat line and
a line from the posterior condylar articular edge parallel

Fig 5. Fluoroscopy of right knee in profile view showing
approximate reference points described by Kennedy et al.”>>**
(1, red), Heckmann et al.** (2, black), Helito et al.*” (3, blue),
and Rezansoff et al.*’ (4, yellow).



10 D. ARIEL DE LIMA ET AL.

to the Blumensaat line. The tibial ALL insertion was
described between the posterior tibial cortical line and a
parallel line drawn down from the apex of the tibial
spine, and overlying a line drawn perpendicular to the
posterior tibial cortical line starting from the apex of the
posterior tibial condyle.

Helito et al.”” described the femoral origin as being
15.8 £ 1.9 mm from the posterior bicondylar line in the
AP view and 47.5% =+ 4.3% from the anterior edge of
the femoral condyle and about 3.7 4+ 1.1 mm below the
Blumensaat line in the profile view. The tibial insertion
was 7.0 = 0.5 mm below the lateral tibial plateau in the
AP view and 53.2% =+ 5.8% from the anterior edge of
the lateral tibial plateau in the profile view (Fig 5).

Discussion

The most important finding of this study is the
confirmation of the ALL as a distinct structure in the
anterolateral portion of the knee. It exhibits typical
ligament characteristics and can be visualized on
imaging examinations. It has a femoral attachment near
the lateral epicondyle following an anteroinferior
trajectory, with an insertion into the lateral meniscus
and proximal tibia.

The number of articles on the ALL’s anatomy in
cadaveric dissections increased from 2013 to 2017.
Despite this growing number, some recent studies have
concluded that the ALL cannot be found in cadaveric
dissections.'*** However, in most studies that detected
or did not detect the ALL, fewer than 50% of dissec-
tions were performed on embalmed cadavers. We
believe that the use of embalmed specimens hinders
dissections, given that the ALL is adjacent to the ante-
rolateral articular capsule and the complete separation
of the planes is compromised in embalmed specimens.

Another difficulty with ALL dissection is the high
number of different protocols used in the studies. With
so much discrepancy in the protocols, it stands to
reason that the dissection results would also differ. For
example, Roessler et al.’® described a dissection
through arthrotomy wusing the lateral parapatellar
approach, followed by retrograde dissection and
reflection of the iliotibial tract. They applied this tech-
nique to dissect 20 fresh cadavers, observing the ALL in
60% of cases. In another study, Helito et al.” performed
tenotomy of the quadriceps tendon, arthrotomy using a
medial parapatellar approach, and osteotomy of the
tibial tubercle to access the anterolateral region of the
knee, obtaining a 100% ALL visualization rate.’”’’
Even after the study by Daggett et al.,”” who sought
to standardize a simple reproducible technique for ALL
dissection, authors continued to select different
protocols.

As important landmarks, the femoral and tibial
insertions stand out in the anatomic studies of the lig-
ament, given that the definition of these landmarks

may influence ALL reconstruction techniques. The
femoral insertion, unlike the tibial insertion, exhibits a
large number of described locations and remains an
object of discussion.'’ Several studies described the
femoral insertion in relation to the lateral epi-
condyle'?'?> 21521 or the origin of the lateral collateral
ligament. Over time and with increased
anatomic knowledge, in addition to greater standardi-
zation of dissection techniques, the literature has
shown a trend toward more often locating the femoral
origin of the ALL posterior and proximal to the epi-
condyle. In addition to the reconstruction parameters,
determining the femoral origin is important in under-
standing the biomechanical behavior of the ALL.

As observed in our systematic review, the number of
studies on the ALL has grown considerably in recent
years. Solid evidence of the presence of this ligamen-
tous structure in basic research has been reported,
although with some controversy regarding its anatomic
parameters that were compiled in this study.

24,28,32,40

Limitations

As with the reviews of Van der Watt et al.°’ and
Pomajzl et al.,®' this article has some limitations. Our
major difficulty was the lack of standardization among
studies, mainly in cadaveric dissections. The different
dissection techniques and types of cadavers used (fresh
or embalmed) may have caused variations in the results
obtained and their interpretation. Similarly, imaging
examinations exhibited different methodologies; some
used 1.5-T MRI, and others used 3.0-T MRI.

Another noteworthy factor is that we only searched for
the ligament denominated “anterolateral,” disregarding
other names such as “lateral capsular ligament,” “ante-
rolateral complex,” and “anterior oblique band.” An
additional bias in this study is that no database search was
performed for any article that purported to show the ALL
was insignificant or did not exist.

Conclusions

The ALL is a distinct structure in the anterolateral
portion of the knee. It exhibits typical ligament charac-
teristics and can be visualized on imaging examinations,
especially MRL It has a femoral attachment near the
lateral epicondyle, with a trend in recent years showing it
to be located posterior and proximal to it, following an
anteroinferior trajectory, with an insertion into the
lateral meniscus and proximal tibia at the midpoint be-
tween the fibular head and Gerdy tubercle. Among the
studies, the length of the ALL varied from 30.41 to
59.0 mm, the width ranged between 4.0 and 7.0 mm, and
the thickness ranged between 1.0 and 2.0 mm.
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