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ARTICLE INFO ABSTRACT

Level of Clinical Evidence: 5 Anatomic knowledge of lateral ligaments around the lateral malleolus is important for repair or reconstruction of
Keywords: ankle instability. The detailed structure of the connective fibers between the anterior talofibular ligament (ATFL)
anatomy and the calcaneofibular ligament (CFL) is unknown. To clarify the anatomic structure of ATFL and CFL and the con-
ankle nective fiber between the 2 ligaments, the lateral ligament was dissected in 60 ankles of formalin-fixed cadavers,
anterior talofibular ligament and the distance was measured between bony landmarks and fibular attachment of ATFL and CFL using a digital
calcaneofibular ligament caliper. All ankles had connective fibers between ATFL and CFL. The structure of connective fibers consisted of a
connective fiber thin fiber above the surface layer of ATFL and CFL; it comprised thin fibrils of the surface layer covering the lower
part of ATFL and the front part of CFL. Both ATFL and CFL were independent fibers, and both attachments of the fib-
ula were isolated. Single bands of ATFL were noted in 14 of 60 (23.3%) ankles, double bands that divided the supe-
rior and inferior bands were observed in 42 of 60 (70.0%) ankles, and multiple bands were observed in 4 of 60
(6.7%) ankles. A cord-like and a flat and fanning type of CFL was noted in 22 (36.7%) and 38 (63.3%) of the 60
ankles, respectively. Distances between ATFL/CFL and articular and inferior tips of the fibula were 4.3 +
1.1 mm/7.6 + 1.6 mm and 14.3 + 1.9 mm/7.4 + 1.7 mm, respectively (mean =+ standard deviation). The results of
this study suggest that knowledge of more anatomic structures of ATFL, CFL, and connective fiber will be beneficial

for surgeons in the repair or reconstruction of the lateral ligament of the ankle.
© 2018 by the American College of Foot and Ankle Surgeons. All rights reserved.

Ankle ligament injury is a frequently occurring sports injury that
often includes a damaged lateral ligament. Anterior talofibular ligament
(ATFL) injury occurs most often and is likely to occur at the fibular side
or substantial part of the ligament (1—6). Furthermore, if the calcaneo-
fibular ligament (CFL) is ruptured along with ATFL, ankle joint (or subta-
lar joint) instability is more severe than in cases of isolated ATFL injury
(1,3,7). Conservative functional therapy is generally performed for acute
ankle ligament injury, often with good clinical results (8), but nonoper-
ative functional treatment results in an ~10% failure rate and slower
return to full activity (9). Such patients need operative repair or recon-
struction of the lateral ligament because of chronic ankle instability
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(9—13). Knowledge of the ligament structure of the ankle is important
for surgeons performing reconstruction or repair.

ATFL is an intra-articular ligament (capsular ligament) that connects
the anterior lateral border of the lateral malleolar articular surface to
the anterior portion of the lateral malleolus. There have been many
reports on the anatomic structure of the lateral ligament of the ankle
(14—23). Previous studies reported anatomic variation of the ATFL fiber
bundle, including single, double, or triple (multiple) band forms
(7,15,16,18,19,21,22). The frequency of the type of bundle patterns had
been reported as mostly a single isolated fiber (20,22) and mostly dou-
ble bundles that divided the superior band (SB) and inferior band (IB)
(19). It remains controversial whether the ATFL consists of a single fiber
or double bundles.

CFL is an extra-articular ligament. The fibular origin of CFL is just
below the origin of ATFL, and the calcaneal origin is on the lateral surface
of the calcaneus (24). Variations in the form of the CFL fiber have been
reported, such as a cord-like band or a flat and fanning structure (21).
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The fibular origins of ATFL, CFL, and the posterior talofibular liga-
ment (PTFL) are concentrated in the lower part of the lateral malleolus.
Because these 3 ligaments are partially connected with connective fiber,
they are termed the “lateral ligamentous complex” (19). ATFL and CFL
include the connective fiber, called “arciform fiber” (19); connection lig-
ament (22); and bridging (21), although their detailed anatomic struc-
ture is unknown. The purpose of this study was to clarify the structure
of the lateral ligament and connective fiber between ATFL and CFL and
the positional relationship between attachment of ATFL and CFL of the
fibula and bony landmarks.

Materials and Methods

We studied 72 ankles from 36 formalin-fixed Japanese cadavers (16 male [44%] and
20 female [56%]), with a median age of 87.5 years (range, 66 to 99 years) at the time of
death. Twelve ankles were excluded for the following reasons: 9 left ankles had already
been dissected at the joint during anatomic practice by medical students, 2 left ankles
had severe osteoarthritis, and 1 left ankle had an avulsion fracture of the lateral malleolus.
A total of 60 ankles (36 right [60%] and 24 left [40%]) were amputated 10 cm above the
ankle. Each ankle was cut in half along the sagittal plane. The skin and soft tissues were
carefully removed for detailed dissection of lateral ligamentous structures from inside
and outside the ankle joint.

ATFL

We carefully dissected ATFL and CFL from outside and inside the ankle joint. ATFL was
classified into 3 bundle types (single, double, or multiple). A single-band type consisted of
an isolated band. The double-band type was divided by superior and inferior fibers. The
multiple-band type was divided by triple bands or more.

CFL

CFL was classified into 2 types according to the bundle shape, that is, a cord-like
or a flat and fanning-like structure. The cord-like structure was identified by the cir-
cular shape of the cross-section of CFL, whereas in the flat and fanning-like struc-
ture, the cross-section was a flat shape at a point 10 mm distal from the lateral
malleolus.

Connective Fiber Between ATFL and CFL

We examined the presence of connection fibers between ATFL and CFL. When a con-
nection fiber existed, we investigated the positional relationship between ATFL and CFL
and the connective fiber and judged whether the connective fiber was a converged fiber
that firmly combined as 1 fiber or a covered fiber that consisted of a thin fascia covering
only the surface layer of both ligaments. We also investigated whether there were contin-
uous fibers with ATFL from the ankle joint.

Table 1
Characteristics of anterior talofibular ligament, calcaneofibular ligament, and lateral talo-
calcaneal ligament (N = 60 ankles)

Characteristic n (%)
ATFL
Single type 14 (23.3)
Double type 42 (70.0)
Multiple type 4(6.7)
CFL
Cord type 22 (36.7)
Flat and fan type 38(63.3)
LTCL
Presence 31(51.7)
Absence 29 (48.3)

Abbreviations: ATFL, anterior talofibular ligament; CFL, calcaneofibular ligament; LTCL,
lateral talocalcaneal ligament.

ATFL and CFL are classified according to the shape of the ligament fiber. The frequency of
occurrence of LTCL and, when LTCL was present, the proportion of connecting fibers
between ATFL and CFL are shown.

Lateral Talocalcaneal Ligament

We investigated the presence of lateral talocalcaneal ligament (LTCL), which was not
a connective fiber between ATFL and CFL at the fibular side but was an isolated fiber that
generally connected the calcaneus to the talus of the lateral ankle. If LTCL existed, we
investigated whether the LTCL fiber from the calcaneus side was converged to ATFL at the
central region of ATFL.

Distance From Bony Landmarks

Inferior tips (IT) and articular tips (AT) of the fibula (a landmark of the bone) were
plotted from the bottom side of the ankle mortise (Fig. 1A). After confirming the structure
of lateral ligaments, ATFL and CFL were cut at the center of each fiber and removed from
the fibula. Then, fibula attachments of both ligaments were outlined with a pencil, and
the approximate center of the attachment of each ligament was plotted (Fig. 1B). The dis-
tance from the bony landmark to the fibular attachment of ATFL and CFL was measured
using a digital caliper (Fig. 1C, D). All measurements were performed by a single investi-
gator (A.K.); 2 average values were used in this study.

Results
Type of ATFL
On classifying ATFL, a single isolated band was noted in 14 of the 60

ankles (23.3%; Table 1; Fig. 2A), double bands that divided SB and IB were
noted in 42 of the 60 ankles (70.0%; Fig. 2B), and multiple bands were

R

Fig. 1. Bottom views of the right ankle joint. (A) The distance from inferior tips (black dot) to articular tips (white dot) is measured, which constitutes a bony landmark of the intra- and
extra-joint. (B) Outline of attachment of anterior talofibular ligament (ATFL) and calcaneofibular ligament (CFL) is marked, and the center of each attachment is plotted. The distance
between the center of the attachment of ATFL and CFL is measured. (C) The distance from inferior tips to the center of the attachment of ATFL/CFL is measured. (D) The distance from artic-

ular tips to the center of the attachment of ATFL/CFL is measured.
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Fig. 2. Bundle type of anterior talofibular ligament. (A) Single type with isolated band. (B)
Double type with divided superior band and inferior band. (C) Multiple type (triple type)
with separated superior band, middle band, and inferior band.

noted in 4 of the 60 ankles (6.7%; Fig. 2C). In all 4 cases of multiple bands,
ATFL consisted of 3 bundles (superior, middle, and inferior bundles).

CFL

The cylindrical cord-like type CFL, which was the same width over
the entire length and circular cross-section, occurred in 22 of 60 ankles
(36.7%; Fig. 3A). The flat and fanning type, which was spread widely
toward the calcaneal bone and had a flat cross-section, occurred in 38
of 60 ankles (63.3%; Fig. 3B).

Connective Fiber Between ATFL and CFL

All 60 ankles had connective fiber between ATFL and CFL at the ante-
rior inferior lateral malleolus (Fig. 4A). The connective fiber could be
easily removed. After removal, the 2 ligament fibers were isolated from
each other (Fig. 4B, C). The connective fiber covered the surface layer
above the inferior part of ATFL and anterior part of CFL. When observed

Fig. 3. Fiber type of calcaneofibular ligament. (A) Cord-like type structure. (B) Flat and fan
type structure.

from the intra-joint, the deep-layer fiber of ATFL was continuous with
PTFL (Figs. 4D and Fig. 5).

LTCL

LTCL was present in 31 (51.7%) and absent in 29 of the 60 ankles
(Table 1). LTCL ran parallel to CFL and toward the inferior part of ATFL.
Of the 31 ankles in which LTCL was present, 19 (61.3%) had a structure
bridging the inferior part of ATFL and the anterior part of CFL (Fig. 6). In
12 ankles, no fiber connected ATFL and CFL, and LTCL ran parallel to CFL
and inserted at the talus bone.

Distance of the Fibular Attachment of ATFL and CFL From Bony Landmarks

The distance (mean = standard deviation) between the 2 bony land-
marks, IT to AT, was 13.4 + 1.5 (male, 13.9 + 1.4; female, 13.0 £+ 1.3) mm.
The distance between the center of the fibular attachment of ATFLand that
of CFL was 7.1 &+ 1.4 (male, 7.3 & 1.5; female, 7.0 £+ 1.3) mm. Distances
between IT and ATFL and that between IT and CFL were 14.3 4 1.9 (male,
14.7 + 1.6; female, 13.9 4+ 2.0)and 7.4 + 1.7 (male, 7.5 + 1.5; female, 7.3
1.8) mm, respectively, toward the anterior. Distances between AT and
ATFL and that between AT and CFLwere 4.3 4+ 1.1 (male, 4.3 £+ 1.1; female,
4.3 + 1.1) mm toward lateral and slightly anterior and 7.6 & 1.6 (male,
8.1 £+ 1.5; female, 7.3 &+ 1.6) mm toward posterior-lateral, respectively
(Table2).

Discussion

The most important finding of this study was that all ankles had con-
nective fibers between ATFL and CFL, and their structures were clarified.
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Fig. 4. Lateral view of the right ankle. (A) White arrowhead indicates the connective fiber between anterior talofibular ligament (ATFL) and calcaneofibular ligament (CFL). (B) After
removal of the connective fiber, the ATFL and CFL fibers are independent of each other. (C) Bottom view of the right ankle joint. White arrowhead indicates the boundary of ATFL and CFL.

(D) Black arrowhead shows continuous fiber between ATFL and posterior talofibular ligament.

Connective fibers between ATFL and CFL covered the surface layer of the
inferior part of ATFL and the anterior part of CFL. The connective fibers
could be separated; ATFL and CFL fibers were subdivided as indepen-
dent fibers. Although there are many reports on connective fibers, the
illustrations are not clear, and it is difficult to understand which part is
pointing to the connective fiber. The connective fiber between ATFL and
CFL comprises 2 intermixed patterns; 1 is the fiber at the fibular side
that is derived from the joint capsule, and the other is derived from
LTCL. The connective fiber in this study is indicated by the fiber near the
fibular attachment of ATFL and CFL and is part of the fibrous membrane
of the joint capsule. Sarrafian and Kelikian (19) reported that the arci-
form fiber united CFL and IB of ATFL. Y:ld:z and Yalc:n (22) observed the
connecting ligament in 19 of 46 cases (41.3%) and suggested that this
connecting ligament refers to LTCL. Burks and Morgan (14) reported
that LTCL was divided into 3 patterns: 1) LTCL seemed to run combined
with CFL and arched up toward ATFL, 2) LTCL was a completely discrete
ligament from ATFL and CFL, and 3) LTCL was absent. LTCL has a role in
subtalar instability, but its role is not totally understood. Wiersma and
Griffioen (21) identified LTCL in 29 of 44 ankles (66%); when identified,
it showed bridging of CFL and ATFL in 24 of 29 ankles (83%). This LTCL
formed the connecting leg of the triangle between ATFL and CFL. How-
ever, often LTCL is a relatively thin fiber structure, and the control func-
tion of the subtalar joint is small. The insertion and relative position
of ATFL and CFL are important for anterolateral stability of the ankle
(subtalar) joint.

Using 3-dimensional computed tomography imaging, Neuschwander
et al (18) reported that CFL and ATFL have a single confluent attachment
on the anterior border of the distal fibula, but Wenny et al (20) reported
that the insertion of the fibular of ATFL and CFL was clearly divided by
connective tissue and fat as 2 ligaments. We found that ATFL and CFL
were independent fibers and had independent attachment in cadavers.

Anatomic reconstruction or repair of injured lateral ankle ligaments
requires detailed understanding of anatomic relative relationships.
ATFL is the most frequently injured ligament of the ankle in cases of
ankle sprains. This ligament has an important role in anterior displace-
ment and internal rotation of the talus. There are many reports on the
length (~12 mm-25 mm) and width (~6 mm-10 mm) of ATFL
(17,19,20,24). In terms of bundle type of ATFL, Sarrafian and Kelikian
(19) reported never finding a single ATFL band and that ATFL mainly
consisted of 2 bands. Goland et al (25) reported that most ATFLs com-
monly have a double-banded morphology. However, Wenny et al (20)
noted a single ATFL band in all 17 specimens examined. Wiersma and
Griffioen (21) reported a single band in 30 (68%) and a double band in
14 (32%) of 44 ankles. Y:ld:z and Yalc:n (22) reported that the double
band was formed by SBs and IBs bilaterally in 24.4% of 45 ankles; SB
was longer than IB. Raheem and O’Brien (26) reported that 5 of 19
ankles (26%) had a 2-slip structure, and 14 of 19 ankles (74%) had 1
main ligamentous body. Khawaji and Soames (15) reported several
ATFL band patterns, including a single band in 11 (23%), double bands
in 27 (56%), and triple bands in 10 (21%) of 48 ankles. Some multiple
bands had connections to other bands, but their distal insertion and
fiber directions differed. In 42 of 60 ankles (70%) in our study, the dou-
ble-band type was more prevalent than the single-band type. In all
cases with double bands, SB and IB were separated by vascular branches
from the perforating peroneal artery and its anastomosis with the lat-
eral malleolar artery, similar to that observed by Goland et al (25). SB of
ATFL was more rigid than IB; therefore, SB was easy to visualize using
ultrasonography, but it was difficult to evaluate IB of ATFL. In recon-
struction or repair of the lateral ankle ligament, it is important to have
accurate anatomic knowledge of the running of ATFL in the ankle joint.
In the intra-articular view of the ankle, SB of ATFL travels horizontally
at AT of the fibula and IB runs further under it (Fig. 5A).
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Fig. 5. (A) Intra-articular view of the right ankle joint (a part of the talus had been
removed). Anterior talofibular ligament and posterior talofibular ligament have continu-
ous fiber in the deep layer. (B) The capsule and tarsal bone are removed piece-by-piece
from the intra-articular position and calcaneofibular ligaments are revealed from the
intra-articular position.

CFL is the only lateral ligament bridging the subtalar and talocrural
joints. ATFL and CFL rupture occurs in 20% of ankle sprains, but isolated
ruptures of CFL are very rare (27). Patients with combined injuries of
ATFL and CFL have unsatisfactory clinical results compared with those
with an isolated ATFL injury (3).

There are many reports on the length (~20 mm-35 mm) and width
(~4 mm-7 mm) of CFL (14,17—19,24,28). CFL is a single band, with a
mean angle of 133° with the axis of the fibula (14). Wiersma and
Griffioen (21) reported that the ligament pattern of CFL showed a single
cord-like structure in 29 (66%) and a flat and fanning out structure in 15
(34%) of 44 ankles. CFL was identified to be extracapsular in 30 (68%)
and to be a capsular reinforcing structure in 14 (32%) of 44 ankles (14).
The flat and fanning-out type of CFL was more often a capsular reinforc-
ing than an extracapsular structure (21). In our study, we did not exam-
ine whether it was the capsular or extracapsular ligament, but the flat-
type CFL was found in 63% of ankles (38 of 60).

Because twist and tension of CFL change according to the motion of
the ankle joint, it is necessary to clarify the change in the shape of the
ligament fiber owing to movement of the ankle. It is difficult to find the
exact attachment of ATFL and CFL. Therefore, a bony landmark is useful
to make a bone tunnel during reconstruction of the lateral ligament.
Matsui et al (29) reported the existence of the fibular obscure tubercle
as a clinically reliable bony landmark of the ATFL and CFL origin location
of the fibula. They reported that centers of fibular attachment of ATFL

Fig. 6. (A) Lateral talocalcaneal ligament (arrowhead) is a fiber connecting the anterior
talofibular ligament and calcaneofibular ligament in the distal part on lateral view. (B)
Bottom view of lateral talocalcaneal ligament.

and CFL were located 3.7 mm proximal and 4.9 mm distal, respectively,
from the obscure tubercle. The intersection point, which was the con-
vergence of the inferior fiber of ATFL with the anterior fiber of CFL, was
also located 2.4 mm posterior from the obscure tubercle. The obscure
tubercle is a useful landmark of ATFL and CFL from the body surface.
Khawaji and Soames (15) used the tip of the lateral malleolus as a bony
landmark. The distance of ATFL originating from the lateral malleolar
tip was ~10 mm anterosuperior. Thes et al (30) also used the tip of the
lateral malleolus as a bony landmark. Centers of fibular attachment of
ATFL and CFL were ~16 mm and 4 mm, respectively, from the tip of the
fibula. Similarly, Clanton et al (31) used IT of the lateral malleolus as a
bony landmark. In case of a single band, the fibular attachment aver-
aged 13.8 mm from IT of the lateral malleolus at the anterior fibular
border. In case of double bands, the average of SB of ATFL was 16.3 mm
and that of IB was 10.2 mm. Wenny et al (20), Haytmanek et al (32),

Table 2
Distance between the bony landmark and fibular attachment of anterior talofibular liga-
ment and calcaneofibular ligament (N = 60 ankles)

Distance (mm)

Measurement Point Total Male (n=24) Female (n=36)
IT-AT 134+15 139+ 14 13.0+13
ATFL—-CFL 71+14 73+15 7.0+ 13
IT-ATFL 143 +£1.9 147 +£1.6 13.9+£20
IT-CFL 74+1.7 75+15 73+18
AT—-ATFL 43+ 1.1 43+ 1.1 43+ 1.1
AT—-CFL 76+1.6 81+15 73+1.6

Abbreviations: AT, articular tips; ATFL, anterior talofibular ligament; CFL, calcaneofibular
ligament; IT, inferior tips.
Data are mean + standard deviation.
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and Burks and Morgan (14) also used IT of the lateral malleolus as a
bony landmark.

Many reports adopted IT of the lateral malleolus, but in our anatomic
study, AT of the fibula was used as a landmark. AT of the fibula located
more proximal to IT and AT corresponded to the obscure tubercle (16).
Because AT of the fibula could be observed using arthroscopy, it is useful
as a landmark during arthroscopic surgery.

The distance between AT of the fibula and the center of the attach-
ment of ATFL/CFL was ~4 mm toward anterior-lateral and ~8 mm
toward posterior-lateral. These data are useful for estimating the inser-
tion of ATFL and CFL. However, CFL was difficult to visualize arthro-
scopically. When the synovial membrane and capsule were removed
from inside the ankle joint, CFL could be visualized beyond ATFL and
PTFL (Fig. 5B). Fig. 5B (intra-articular view) helps to image the anatomic
structure of the lateral ligament in arthroscopic reconstruction or repair
of chronic lateral ankle instability.

In this study, we used the bottom view to indicate the fibular attach-
ment. To accurately image the attachment, we believe that not only the
front and outside but also the bottom views are necessary.

The limitations of this study are that subjects were limited to the
elderly (mean age, 85.1 years) and the trauma history of the ankle was
unknown. Our study demonstrates the structure of the connective fiber
between ATFL and CFL. The fibular insertion of CFL was located behind
the fibular insertion of ATFL on a side view. ATFL and CFL fibers are
independent from each other. In the ultrasonography examination, it
was reported that it was difficult to evaluate CFL because CFL was in the
deep layer (5), but the fibular side of CFL is in the shallow layer of the
lateral ankle. It is conceivable that the end of the fibular side of the ATFL
short-axis image corresponds to the long-axis image of the front of the
CFL from an anatomic viewpoint.

In conclusion, it is important to understand the relative positional
relationship of these ligaments during palpation and ultrasonographic
examination and reconstruction of the lateral ligament. The connective
fiber covered the superficial inferior part of ATFL, and the anterior part of
CFL was covered with a thin fiber capsule. ATFL and CFL fibers were iso-
lated from each other and had divided fibular attachment. AT of the fibula
was useful in estimating fibular attachment. In this study, we clarified an
important anatomic structure in ankle repair or reconstruction surgery.
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