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Abstract

Objective The anterolateral ligament (ALL) may limit tibial
internal rotation and pivot-shift following anterior cruciate
ligament reconstruction. Previous studies, using magnetic res-
onance imaging (MRI) to identify this structure, have been
inconsistent. We aimed to further characterize the anatomy
of this ligament with reference to previous work.

Materials and methods Institutional Review Board approval
was gained and a retrospective study of 154 consecutive 1.5-T
MRI studies was performed by a consultant musculoskeletal
radiologist. Cases with a lateral compartment or cruciate inju-
ry and patients under 16 years were excluded. A total of 100
MRIs (98 patients; 63 males: 35 females; mean age,
45.3 years, range, 16-85 years) were included in the study.
Results The ALL was visualized partially in 94 (94.0 %) of
the cases and fully with distinct femoral and tibial fibers in 57
(57.0 %) of the cases. Although the femoral origin was dis-
creet in only 57 (57.0 %) of cases, the tibial insertion (7.64+
1.26 mm below the joint-line) and meniscal attachment were
demonstrated in all cases where the ligament was seen. Where
the femoral origin was not seen, a broad expansion of the
ligament was noted. We identified four types of meniscal at-
tachment (complete, central, bipolar, and inferior-only). The
thickness of the ALL, at the level of the joint-line, was 1.75+
0.57 mm.

Conclusions The ALL is a consistent structure with meniscal
and tibial portions identifiable in the majority of MRI studies
of the uninjured knee. There is an attachment to the lateral
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meniscus with anatomical variation described by our
subclassification.
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Introduction

There has been much recent interest in the anterolateral liga-
ment (ALL) of the knee. This structure has been previously
described, as far back as Segond’s paper in 1879 [1], with a
variety of nomenclature used [2-8]. However, it is only now
that the anatomy of the ligament has been studied in detail
with improved description of its attachments and dimensions
[9-14]. Alongside biomechanical studies, suggesting a role in
limiting tibial internal rotation on the femur [15-17], this has
led to proposed reconstruction procedures to limit pivot-shift
following anterior cruciate ligament (ACL) surgery [18, 19].
Furthermore, radiological studies have been performed in an
effort to establish the intra-operative fluoroscopic landmarks
for such procedures [20, 21]. However, the methods of detect-
ing injury to this structure and the significance associated with
this have yet to be established.

Previous studies, focusing on the magnetic resonance im-
aging (MRI) appearance of the ALL, have shown mixed re-
sults [22-27]. Detection has been studied in cadaveric speci-
mens, injured and uninjured knees with small series offering
inconsistent results. Particular discordance exists about the
ability to visualize the femoral origin and tibial insertion of
the ligament as well as the presence or absence of an attach-
ment to the lateral meniscus. The aim of this study was to
establish the normal anatomy of the ALL on MRI. We pur-
posefully chose to exclude knees with evidence of cruciate or
lateral meniscal injury to establish normality without having
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to contend with issues relating to injury of associated
structures.

Materials and methods

We studied 154 consecutive MRI scans of the knee performed
between November 1, 2014 and December 1, 2014. All the
scans were performed on two 1.5-T magnets (MAGNETOM
Avanto, Siemens Healthcare, Erlangen, Germany) with a ded-
icated knee coil. Our standard knee protocol was used in all
cases: Knee imaged in a fully extended position; T1-weighted
scans in the sagittal plane and proton density scans in the
sagittal, coronal, and axial planes. Slice thickness was 3 mm,
in the sagittal and coronal planes, and 4 mm in the axial plane.

The imaging was read by a consultant musculoskeletal ra-
diologist with subspecialty fellowship training and 4 years of
consultant experience. Reports of all 154 scans were exam-
ined and 54 scans were excluded. Exclusions were: ACL de-
ficiency (acute tear, chronic tear, and ACL graft), lateral
meniscal tear (acute tear, chronic tear, and meniscal surgery
or graft), and age below 16 years. In total, 100 scans (98
patients) were included in the study. There were 63 males
and 35 were females with a mean age of 45.3 years (range,
16-85 years). The indications and primary diagnoses for the
included scans are summarized in Table 1. The study received
Institutional Review Board approval.

The ALL was interrogated in all imaging planes and the
presence of femoral, meniscal, and tibial attachments was not-
ed. Depending on the location in the axial and coronal plane,
the femoral insertion was classified into three types: at the
lateral epicondyle, anterodistal to the lateral epicondyle, and
posteroproximal to the lateral epicondyle.

Depending on the configuration in the coronal plane, the
meniscal attachment of the ALL was classified into the follow-
ing four types: complete, central, bipolar, and inferior-only.

The perpendicular distance of the tibial insertion of the
ALL below the joint line was measured on the coronal images
from the center of the tibial insertion of the ligament to the
subchondral bone surface (Fig. 1). This parameter was chosen
to facilitate correlation with previous MRI, anatomical, and
surgical studies.

The thickness of the ALL was measured on the coronal
images at the level of the tibial subchondral bone (Fig. 1). This
reflects thickness of the ligament at the level it was most
consistently visualized.

Results
The results are summarized in Table 2.

Detection: We were able to demonstrate the ALL through-
out its entire length 57 cases (57.0 %) (Fig. 2). In addition, by
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Table 1 Indication for MRI and primary diagnosis

Indication for MRI Number of

included cases

Pain/joint line tenderness 53
Mechanical symptoms 11
Trauma 11
Effusion 9
Swelling/mass 6
Interval scan (following injury/surgery) 5
Patellar instability 3
Infection 1
Bony abnormality on plain radiographs 1
Primary diagnosis
Medial meniscal injury 33
Arthritis 18
No abnormality identified 18
Medial collateral ligament injury

o))

Ganglion/popliteal cyst

Chondral injury (patellofemoral/medial)
Inflammatory arthropathy
Patellofemoral malalignment
Post-surgical change

Fracture

Exostosis

Osteonecrosis

Quadriceps tendon rupture

_— = = = N W W W i

Prepatellar bursitis

dividing the ALL into three portions, this structure was visu-
alized partially (in one or two of the three portions) in a further
37 cases (37.0 %). Therefore, the ALL was visualized at least
partially in 94 cases (94.0 %) of the 100 cases studied.
Origin and insertion: The femoral ALL origin was seen in
57 cases (57.0 %), the meniscal portion was seen in 94 cases

ALL

Level of
subchondral
bone

Thickness

N

Distance below
joint line

Centre of
Tibial
Insertion

Fig. 1 Line drawing demonstrating measurement technique on coronal
MRI images
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Table 2 Summary of results
Category Number
Demographics
Total number of knees studied 100 (98 patients)
Gender (M:F) 63:35
Age (years) 45.3 (range, 16-85)
Identification

Whole AL (all 3 portions seen)
Partial ALL (1 or 2 portions seen)
Femoral portion of ALL
Meniscal portion of ALL

Tibial portion of ALL

Femoral origin

57 (57.0 %)
37 (37.0 %)
59 (59.0 %)
94 (94.0 %)
94 (94.0 %)
Lateral epicondyle 58 (98.3 %)
1 (1.69 %)
0 (0 %)

Anterodistal to lateral epicondyle
Posteroproximal to lateral epicondyle
Meniscal attachment

Inferior-only 30 (31.9 %)

Complete 30 (31.9 %)

Bipolar 29 (30.9 %)

Central 5(5.32 %)
Tibial insertion

Mean distance below joint line (mm) 7.64

Range (mm) 4.70-10.0
Thickness

Mean thickness at joint line (mm) 1.75

Range (mm) 1.00-3.20

(94.0 %), and the tibial ALL insertion was seen in 94 cases
(94.0 %) (Fig. 2).

In all cases where the femoral origin was not visualized, a
broad connection to the lateral collateral ligament or iliotibial
band existed (Fig. 3).

The femoral ALL origin was found to be very close to that
of the lateral collateral ligament but was distinguishable, from
this structure, in most. Of those cases where the origin was
visible (57 cases), 56 cases (98.2 %) showed an origin directly
from the lateral epicondyle of the femur and one case (1.75 %)
had an origin anterodistal to the lateral epicondyle. There were
no cases where the origin was posteroproximal to the lateral
epicondyle.

The tibial insertion was easily identifiable in all cases
where the ALL was seen (94 cases). It was found a mean
distance of 7.64+1.26 mm below the joint-line lying roughly
half-way between Gerdy’s tubercle and the fibula head.

Meniscal attachment: An attachment to the lateral meniscus
was also seen in all cases where the ALL was visualized (94
cases). The attachment was inferior-only in 30 cases (31.9 %),
complete in 30 cases (31.9 %), bipolar in 29 cases (30.9 %),
and central in five cases (5.32 %) (Fig. 4).

Fig. 2 A 62-year-old man with a posterior ganglion. Coronal MRI
demonstrating ALL seen in full length (including femoral origin,
meniscal attachment and tibial insertion)

The thickness of the ALL was measured at the level of the
joint line. The mean thickness was 1.75+0.57 mm.

Discussion

A literature search identified six previous studies focused on
the MRI appearance of the ALL. These studies, and their
findings, are summarized in Table 3. Although, there is some
agreement, there are also areas of disparity between these
studies and the findings of our work. To our knowledge, our
study represents the largest consecutive series, in the literature,
reporting on the normal anatomy of the ALL.

The appearance of the ALL on MRI was first described by
Caterine et al. in 2014 [13]. In their study, ten fresh-frozen
cadaveric knees underwent MRI and then the findings were
confirmed with both dissection and histological analysis. This
group was able to identify the ALL in all ten knees. There was
also good correlation between their MRI findings and those of
their dissection. High detection rates on MRI were also report-
ed by Helito et al. in 2014 [22] (demonstrating the ALL in
97.8 % of 39 uninjured knees) and Porrino et al. in 2015 [23]
(100 % of 51 uninjured knees). In contrast, other groups have
reported much lower rates of detection. Taneja et al., in a study
of 70 consecutively performed MRIs in 2014, found evidence
of'the ALL (fully or partially) in only 51 % of their series [24].
Looking at the patient group in this particular study shows it
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Fig. 3 A 59-year-old man with severe medial and patellofemoral
compartment degenerative change. Coronal MRI demonstrating fanning
out of ligament, proximal to the lateral meniscus, with a broad attachment
to lateral femur

was a mix of chronic and acute pain (as well as post-operative)
cases. Therefore it could be suggested that the lower detection
rate was related to previous injury to the ALL. Indeed, Claes
etal., in 2014, only identified the ALL in 76.0 % of 271 ACL-
deficient knees [25]. However, other studies have not con-
firmed this effect of injury to the ALL (alongside an injury
to the ACL) on detection. Wodicka et al., in 2014, were able to
readily identify the ALL in 100 % of 50 ACL-deficient knees
and found evidence of a grade 3 disruption of the ALL in only
one of their cases [26]. Therefore, it appears that other factors
(such as chronicity of the injury and timing of the MRI) may
be of importance. Our demonstration of the ALL (at least
partially) in 94.0 % of the cases compares well to previous
studies in the uninjured knee. A recent systematic review (in-
cluding all of the above work) found detection of the ALL on
MRI in 93.0 % of cases in their pooled analysis [27]. Howev-
er, clearly the effect of injury to the knee on this detection rate
requires further investigation.

In our study, in all cases when the ALL was identified, the
tibial insertion and meniscal portion of the ligament were
clearly seen. The relative ease of visualizing these portions
of the ALL is confirmed by other studies. Caterine et al. [13]
found the tibial and meniscal portions were “easily visible”
and Taneja et al. [24] reported visualizing both segments in all
cases where they identified the ALL. We found the insertion to
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be 7.64 mm below the joint line. Again, this shows good
agreement with previous MRI studies (Helito et al. [22] and
Taneja et al. [24]) as well as anatomical dissection studies that
have shown similar measurements. In contrast to our results,
Helito et al. [22] were unable to visualize the tibial portion of
the ALL in one-fifth of their cases and Porrino et al. [23] found
the distal portion of the ALL to be indistinguishable from the
iliotibial band in the cases they studied. The reason for this
discrepancy is not entirely obvious. It may be suggested that
the position of the knee and specific sequences make this
easier to determine. Our experience suggests that although
the ALL is close to the posterior border of the iliotibial band,
clear fibers are visible that define the ALL as a separate struc-
ture inserting halfway between Gerdy’s tubercle and the fibula
head.

There seems to be agreement, in all published series,
that the femoral origin of the ligament is less easily
seen. We were only able to visualize this section clearly
in 57 (57.0 %) of our cases (60.6 % of cases where any
part of the ALL was seen). Although Helito et al. [22]
report demonstration of the femoral attachment on
89.7 % of the knees studied, Caterine et al. [13], Taneja
et al. [24], and Porrino et al. [23] all found that this
was difficult to distinguish from adjacent structures. In
the cases where we were unable to clearly define this
portion of the ligament, we were able to see a broad-
ened attachment to either the lateral collateral ligament
or the iliotibial band superiorly. This seems to represent
the “thin and somewhat ill-defined meniscofemoral at-
tachment” reported by Porrino et al. in their study [23].
However, opposed to the findings of this last group, in
the remainder of our cases, the femoral portion of the
ALL was much more obvious. The significance of this
variation has not been previously discussed. Therefore,
the specific mechanical properties of the broadened at-
tachment, versus the more defined origin, may warrant
further investigation. Where seen as a discreet attach-
ment, the femoral origin came most commonly
(98.2 % of the time) from the lateral epicondyle of
the femur. This fits with the results of cadaveric ana-
tomical studies including Caterine et al. who, in the
dissection arm of their study, found the origin to be
either anterodistal or proximoposterior to the epicondyle
[13]. We found it difficult to differentiate the origin to
this degree of detail, due to the broadening of the foot-
print at this level and proximity of adjacent structures.
Similar difficulties have been expressed by other authors
using MRI to study this ligament [23, 24]. Therefore,
using this modality, it may be that the attachment can
be most usefully approximated to the lateral epicondyle.

The evidence of an attachment of the ALL to the lateral
meniscus is another area of disagreement both in MRI and
dissection studies. The two radiologists that reviewed images
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Fig. 4 Coronal MRI and line
drawings demonstrating the
meniscal attachment subgroups: a
complete, b central, ¢ bipolar, d
inferior-only; ALL anterolateral
ligament, LFC lateral femoral
condyle, LM lateral meniscus,
LTP lateral tibial plateau

in the study by Taneja et al. found no evidence of a meniscal
attachment in any case [24]. Similarly, Dodds et al., in their

Table 3  Comparison to Previous Studies

ALLKL 1rc

LTP
ALEE 1rC

LTP
dissection of 40 cadavers in 2014, suggested that no such
connection existed [12]. In conflict with this, our study not

Study Caterine et al. 2014  Helito et al. 2014 Claes etal. Taneja et al. Wodicka  Porrino et al. 2015 Present
[11] [20] 2014 [23] 2014 [22] etal. 2014 [21] study
[24]

Subjects 10 cadaveric knees 39 uninjured knees 271 ACL- 70 consecutive 50 ACL- 53 uninjured knees (+20 100 uninjured
deficient knees deficient  knees with Segond knees
knees knees fracture)

Detection:

Whole ALL 100 % 71.7 % 76.0 % 11 % 100 % 100 % 57.0 %
Partial ALL 26.1 % 40 % 37.0 %
Femoral ALL “Not clearly visible 89.7 % “Not reliably Inseparable from LCL ~ 59.0 %
in many” seen”
Meniscal ALL “Close relationship” 94.8 % 0 % 100 % 94.0 %
Tibial ALL “easily identified”  79.4 % Inseparable from ITB 94.0 %
Meniscal “presence of fibers  Bifurcation 3.0 mm Not seen in 100 % central Subclassified
attachment between two above lateral any case
structures” meniscus
Distance tibial 7.0 mm below 5.7 mm below 7.64 mm
insertion below tibial plateau articular below
joint line cartilage tibial
plateau
Thickness ALL 1.9 mm 1.75 mm
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only demonstrates the existence of an attachment, in the ma-
jority of our cases (94.0 %), but also that these can be
subclassified into four separate groups. Caterine et al, [13]
Helito et al. [22] and Porrino et al. [23] all found similar
attachments in the majority (or all) of their cases. Interestingly,
Helito et al. showed a bifurcation in the ALL (3.0 mm above
the lateral meniscus) separating the ligament into
meniscofemoral and meniscotibial portions [22]. This “supe-
rior-only” attachment is not described in any of our groups,
but the images published in their study appear similar to our
“bipolar” subclassification with our results putting more em-
phasis on an inferior connection. Helito et al. were also able to
show the inferior lateral geniculate artery passing between the
meniscus and the ALL (causing branching of the attachment
around it) [22]. Although we were able to visualize this rela-
tionship in some cases, in others these vessels were less obvi-
ous. The attachment found in all of the knees in Porrino et al.’s
study [23] (although not clearly defined) suggests an appear-
ance similar to the “complete” seen in our series. Alongside
this, cadaveric dissection studies, which support the finding of
a meniscal attachment, have not described the variety that our
study has noted. However, the detail of this may be less obvi-
ous macroscopically and may be affected by the dissection
technique. Therefore, MRI may be the optimal modality to
further study this. The clinical significance of this subclassifi-
cation is not yet fully known. It may be that particular attach-
ment patterns are mechanically stronger and this may have
significance in the pattern of injury (to both the ALL and the
lateral meniscus) that is observed in the injured knee. This is
an area for potential further research in the ACL-deficient
knee. What is important, given that this is a consistent finding,
is that consideration is given to the meniscal attachment in any
planned reconstruction procedure.

Potential limitations of our study include the strength of
the MRI magnetic field strength used and the interpreta-
tion of the images by only a single observer. However,
both of these factors may have limited effect on the va-
lidity of our results. We used a 1.5-T scanner and this is
similar to the groups we have used for comparison [22,
24, 25]. Other groups have used a 3-T magnetic field
strength [13, 23] and one might assume that the detection
rate would be higher with this. However, high detection
rates (and definition of the attachments of the ALL) have
been reported with both 1.5-T and 3-T scanners and the
only group to compare the two strengths found no differ-
ence in the detection rates [24]. Similarly, although other
studies have used more than one observer to assess MRI
scans, reported inter-observer correlation has been shown
to be either “significant” ( =0.70) [24] or “almost perfect”
(=0.843-1.000) [22]. Intra-observer error has not been
previously studied. Although this was not formally
assessed in our study, we believe this would show similar
high levels of agreement.
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In addition, the position of the knee, thickness of MRI
slices and patient factors may affect detection rates. Using
thicker slices may limit the ability to distinguish between ad-
jacent structures while thinner slices make visualizing oblique
structures (such as the ALL) more difficult. It is difficult to
conclusively compare other groups’ methods to our standard
knee protocol and ensure the patient groups are similar. There-
fore, some of the comparisons made (and conclusions drawn)
may not be valid for all patient groups.

We have shown the ALL to be a consistent structure with
meniscal and tibial portions identifiable on MRI studies of the
uninjured knee. Evidence of an attachment to the lateral me-
niscus in all cases (when the ligament was seen) was demon-
strated although the clinical significance of our subclassifica-
tion is not yet known.
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