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Background: The anterior talofibular ligament (ATFL) and calcaneofibular ligament (CFL) contribute greatly to the overall stability of
the ankle joint; however, ATFL and combined ATFL-CFL sprains are common. Anatomic reconstruction of the lateral collateral
ligament with grafts has been proposed for patients with poor tissue quality or inadequate local tissue. Anatomic reconstruction of
the lateral ankle ligaments requires a good understanding of their anatomic location.

Purpose: To describe the anatomy of the ATFL and CFL ligaments quantitatively and qualitatively and explore the relationship of
some morphological parameters.

Study Design: Descriptive laboratory study.

Methods: A total of 66 adult ankle specimens were analyzed for ATFL band type, origin, length, width, thickness, and angle between
the ATFL and CFL, and 73 adult ankle specimens were used for measuring the origin of the CFL. The coefficient of variation was used
to describe and compare the respective variability of angle, length, width, and thickness. The origin of the ATFL was labeled as point
A, and the leading edge of the CFL intersection with the articular surface of the calcaneus was considered point B.

Results: The ATFL had a variable number of bands. A high degree of variability (coefficient of variation >0.2) was seen for most
morphological measurements of the ATFL. In addition, the length of distance AB also varied. The CFL originated at the tip of the
fibula in only 9% of specimens. It was found more commonly at the anterior border of the lateral malleolus (4.94 £ 1.70 mm from the
tip). The angle between the ATFL and CFL was consistent at 100° to 105°.

Conclusion: A fair amount of variability of ATFL length, width, and thickness were found in our study, with less variability in the
ATFL-CFL angle. Most CFLs attached anterior to the tip of the fibula.

Clinical Relevance: Providing relevant anatomic data of ATFL and CFL is important in ensuring proper surgical treatment of ankle
joint injuries.

Keywords: anatomy; anterior talofibular ligament (ATFL); calcaneofibular ligament (CFL); lateral ankle collateral ligament;
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The lateral collateral ligaments of the ankle consist of the
anterior talofibular ligament (ATFL), the posterior talofib-
ular ligament, and the calcaneofibular ligament (CFL). The
ankle joint, whose most common sprain mechanism is to the
lateral collateral ligament,*2%:343542 i5 injured easily, and
ligamentous structural injuries in the ankle, caused mostly
by plantarflexion injuries and valgus injuries,®” are the
most frequently occurring sports injuries.*> Among these
3 ligaments, the ATFL, with the function of limiting
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plantarflexion and ankle inversion,*"? contributes greatly
to the overall stability of the ankle joint®; however, it is
simultaneously the most fragile and vulnerable among the
lateral collateral ligaments.>*® The ATFL alone accounts
for approximately 65% to 73% of ankle sprains,**>®>57 with
20% to 40% being combined ATFL-CFL sprains,?*® and
only 2% occurring to the CFL alone.5”

Swift and precise treatment should be provided to avoid
long-term complications in ATFL injuries. Chronic ankle
instability, for instance, occurs in 10% to 20% of ankle inju-
ries with inadequate management and recurrent injury.’*
When functional lateral ankle instability occurs after
nonoperative treatment (rest, ice, compression, elevation,
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anti-inflammatory medication, physical therapy, bracing,
and proprioceptive training), surgical reconstruction, both
anatomic and nonanatomic, may be needed.!?14.21,23,30,40,55

Although the Brostrom-Gould anatomic repair is still the
standard surgical option for chronic lateral ankle instabil-
ity,>®11:16:36 it i3 not recommended for patients with poor
tissue quality and inadequate local tissue, such as those
with long-standing chronic ankle instability and general
ligament laxity as well as those undergoing revision sur-
gery. 112930 I addition, patients with increased demands
to their ankle, such as elite athletes and patients with var-
ious types of hindfoot misalignment, are reported to be at
increased risk of failure after Brostrém-Gould repair.22446

Lateral ankle ligamentous anatomic reconstruction with
grafts has been proposed as an alternative to anatomic
repair?426-29.30:32.36.53 351 has revealed successful results,
improved ankle stability, reduction in pain, and marginal
motion loss in the ankle and hind foot.?” Anatomic recon-
struction of the lateral ankle ligaments assumes a stan-
dardized anatomy and requires a good mastery of their
anatomic locations.?81%:22

The ATFL originates at the medial leading edge of the
lateral malleolus and inserts into the talar neck. It usually
consists of 2 fiber bundles, or “bands”; seldom have 3 bands
been reported in previous studies.!31%:39:43:50 The gpecific
origin of the CFL is still vague; without detailed measure-
ment methods and reliable statistical data, the origin of the
CFL is regarded as being located roughly on the distal fib-
ula or taken for granted to be on the tip of the lateral mal-
leolus.?3%8 If the location of the CFL is not correct in the
anatomic reconstruction, the movement of the ankle joint
and subtalar joint may be limited.®

Previous anatomic studies on the ATFL and CFL liga-
ments of the ankle have been limited by small sample sizes
and a lack of information about the angle between the
ATFL and CFL (ATFL-CFL angle).!3:15:38:39.56 Thyg the
purpose of this study was to describe the anatomy of
the ATFL and CFL ligaments quantitatively and qualita-
tively; we sought to measure the anatomic parameters of
the ATFL (band type, length, width, thickness, and ori-
gins) as well as the location of the fibular origin of the CFL
and the ATFL-CFL angle.

METHODS
Specimens

We initially obtained 66 adult ankle specimens from the
Department of Anatomy, Southern Medical University,
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Guangzhou, China. The specimens were taken from Asian
cadavers (male to female ratio, 8:2) between the ages of 30
and 70 years. After measurement of the anatomic para-
meters of the ATFL and the ATFL-CFL angle in these 66
samples, 14 samples were unable to be used (broken or lost)
for identification of the CFL origin. Thus, an additional 21
ankles were procured to supplement the remaining intact
specimens, so that 73 specimens were used to identify the
CFL origin. This study was approved by an ethics commit-
tee and was compliant with the tenets of the Declaration of
Helsinki. All body donors had provided written consent to
use their specimens for medical research or teaching.

The specimens were analyzed by 1 of 6 anatomy
teachers (R.Q.,S.H., Z.L., C.L., Z.X., H.L.) with more than
10 years of anatomic experience. We cut the skin with a
scalpel, gripped the skin with toothed forceps, and then
tore the tough deep fascia and removed it carefully with
a scalpel if necessary. Next, 2 toothless forceps were used
to separate blood vessels, nerves, and muscles and remove
them using a scalpel. We separated the soft tissue around
the ligaments, layer by layer, until the ligaments were
completely exposed, placed the specimens in 10% formalin
solution, and stored them in a natural position (90°
upright) for 6 months. After that, 3 researchers (Z.C.,
7Z.Y., J.Y.) trained in precision and methodology over the
course of 6 months took the morphological measurements.

A YLD-261 electronic digital Vernier caliper (accurate to
0.01 mm; Jiangsu Yinlongdao Outdoor Products), two
0.8 mm—diameter Kirschner wires (Shanghai Kaiwei), and
an electronic digital angle ruler (resolution: 0.05°; Nanjing
Sutong Measuring Instrument) were used for measurements.

Observations and Measurements

Origin, Length, Width, and Thickness of the ATFL. All
measurements were made with the ankle specimen fixed in
a 90° upright position. The midpoint of the ATFL was set at
the attachment of the fibula, the origin of the ATFL was
labeled as point A, and the leading edge of the CFL inter-
section with the articular surface of the calcaneus was con-
sidered point B. The distance between points A and B was
measured as a reference for locating the ATFL origin (Fig-
ure 1).

The distance from the midpoint of the fibular attachment
to the midpoint of the talar attachment was defined as the
length of the ATFL (red line in Figure 2A). The width of the
ATFL was measured at the fibular insertion, at the mid-
point of its length and at the talar insertion, and the aver-
age of these 3 places was considered the overall width. The
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Figure 1. The distance from the anterior talofibular ligament
(ATFL) origin to the subtalar joint (line AB) and the distance
from the calcaneofibular ligament (CFL) origin to the tip of the
lateral malleolus of the anterior border of the lateral malleolus
type (line CD) as shown on a specimen photograph (left) and a
representative drawing (right). ATFL origin/ATFL fibular
attachment midpoint (A); Intersection of the CFL and the sub-
talar joint (B); CFL origin/CFL fibular attachment midpoint (C);
tip of the lateral malleolus (D).
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thickness of ATFL was measured at the midpoint of the
ligament.

We found 3 different ATFL morphologies in this study:
single (1 fiber bundle), double band (2 fiber bundles), and
triple band (3 fiber bundles). The measurement locations of
the ATFL length and width are presented in Figure 2.

ATFL-CFL Angle. The ATFL-CFL angle was measured
by drawing 2 intersecting lines through the origin and end
point of the ATFL and CFL, respectively. Because the angle
between the 2 ligaments is sometimes too small to be mea-
sured accurately, 2 Kirschner wires (Shanghai Kaiwei)
were used to replace the 2 straight lines to increase mea-
surement accuracy (Figure 3).

Origin of the CFL. The 73 ankle ligament specimens
used to evaluate the CFL origin were placed horizontally
on the experimental platform and fixed in a 90° upright
position (Figure 4). The origin of the CFL was classified
according to location as being at the tip of the lateral

Figure 2. The 3 morphological types of the anterior talofibular ligament (ATFL) on specimen photographs (left) and representative
drawings (right). (A) Single band, showing the length of the ATFL (red line) and the width of the ATFL at the fibular attachment,
midpoint, and talar attachment (blue lines). (B) Double band, showing the length of the superior limb (red line), the length of the
inferior limb (green line), and the width at the fibular attachment, midpoint, and talar attachment of the superior limb (blue lines) and
the inferior limb (yellow lines). (C) Triple band, showing the length of the superior limb (red line), median limb (green line), and inferior
limb (purple line), as well as the width at the fibular attachment, midpoint, and talar attachment of the superior limb (blue lines), the
median limb (yellow lines), and the inferior limb (orange lines). Note that the ankle was fixed in the plantarflexion for the photograph
in (C) for viewing purposes only. All measurements were taken in the 90° upright position.
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malleolus, at the anterior border of the lateral malleolus, or
at the posterior border of the lateral malleolus.

Statistical Analysis

Given that it has not been evaluated previously, the ATFL-
CFL angle was measured independently by 2 persons
(observers 1 and 2, Z.Y., J.Y.), whereas other indices such
as the length, width, and thickness were measured by 1
experienced individual (observers 3, 4, or 5, H.Y., M.S,,
Z.C.). For each specimen, each distance and angle was mea-
sured 3 times, and the average was calculated. To evaluate
reliability, intraobserver intraclass correlation coefficients

Figure 3. ATFL-CFL angle as shown on a specimen photo-
graph (left) and a representative drawing (right). ATFL origin/
ATFL fibular attachment midpoint (A); CFL origin/CFL fibular
attachment midpoint (C); ATFL insertion/ATFL talar attach-
ment midpoint (E); CFL insertion/CFL calcaneal attachment
midpoint (F). Blue lines represent Kirschner wires. ATFL, ante-
rior talofibular ligament; CFL, calcaneofibular ligament.

Figure 4. The calcaneofibular ligament originating at the tip of
the lateral malleolus (pink dot), as shown in a photograph of a
specimen (left) and a representative drawing (right).
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(ICCs) were calculated, and interobserver ICCs for obser-
vers 1 and 2 were calculated.

The coefficient of variation (CV) was used to describe and
compare the respective variability of the ATFL length,
width, and thickness as well as the ATFL-CFL angle. A
CV of 0.2 is an important determinant of variability,'®**
with <0.2 indicating a low degree of variability and >0.2
indicating a high degree of variability. In all statistical
analyses, P <.05 were used to indicate significance. SPSS
Statistics 22.0 (IBM) was used to analyze the data.

RESULTS
Intra- and Interobserver Reliability

The intraobserver ICCs for length, width, thickness, dis-
tance AB, and the distance from the CFL origin to the tip
of the lateral malleolus were 0.953, 0.908, 0.902, 0.973, and
0.970, respectively. For the ATFL-CFL angle, the intraob-
server ICCs were 0.995 for observer 1 and 0.997 for
observer 2, and the interobserver ICC was 0.774. These
ICCs, all greater than 0.75, indicated good reliability.

ATFL-CFL Angle

Anatomic ATFL features were analyzed in 66 adult ankle
specimens with a complete ligament. Among the 66 ankle
specimens analyzed for ATFL, 7 (10.61%), 53 (80.30%), and
6 (9.09%) cases showed single-, double-, and triple-band
type, respectively (Figure 2). Details of the ATFL-CFL
angle, distance AB, and length, width, and thickness of
each limb of the ATFL are shown in Table 1.

Coefficients of Variation for ATFL Parameters

The ATFL-CFL angle showed little variability (CV < 0.2),
whereas many of the morphological parameters of the
ATFL were more variable (CV > 0.2) (Table 2).

To evaluate whether the similarities and differences
existed between 2 separate CVs, their P values were calcu-
lated (Table 3). No significant differences were found in the
CV for length, width, and thickness of the ATFL. However,
significant differences were found in the CVs between the
ATFL-CFL angle and each of the morphologic parameters
of the ATFL.

TABLE 1
Morphological Parameters of ATFL*
ATFL Type n ATFL-CFL Angle Length Width Thickness Distance AB
Single band 7 104.3 £ 10.0 20.40 + 1.26 8.68 £2.25 0.79 £ 0.40 8.60 £ 3.39
Superior limb of double band 53 103.5+£9.3 19.83 £ 3.76 6.89 £ 1.70 0.96 £ 0.39 10.44 £ 2.93
Inferior limb of double band 53 101.6 £ 13.6 15.83 £ 3.45 4.65 + 1.66 0.54 +£0.17 5.82+3.35
Superior limb of triple band 6 101.3 £ 6.0 19.13 £2.90 5.58 £1.30 0.66 £ 0.16 12.78 £ 2.41
Median limb of triple band 6 96.6 £ 8.4 18.22 £ 6.30 3.44 £ 1.00 0.42£0.10 9.57 £2.37
Inferior limb of triple band 6 104.3 £ 14.3 15.04 £ 5.69 4.02 £1.99 0.55£0.34 5.32£2.04

“Measurements are reported in mm as mean + SD. ATFL, anterior talofibular ligament; CFL, calcaneofibular ligament.
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TABLE 2
CV of the Morphological Parameters of the ATFL®
ATFL Type ATFL-CFL Angle Length Width Thickness Distance AB
Single band 0.096 0.062 0.259 0.506 0.394
Superior limb of double band 0.090 0.190 0.247 0.406 0.281
Inferior limb of double band 0.134 0.218 0.357 0.315 0.576
Superior limb of triple band 0.059 0.152 0.233 0.242 0.189
Median limb of triple band 0.087 0.346 0.291 0.238 0.248
Inferior limb of triple band 0.137 0.378 0.495 0.618 0.383

“ATFL, anterior talofibular ligament; CFL, calcaneofibular ligament; CV, coefficient of variation.

TABLE 3

The P Value Between the CVs of 2 Parameters®
Parameter p
ATFL-CFL angle and length .0337
ATFL-CFL angle and width .0005
ATFL-CFL angle and thickness .0011
Length and width .1888
Length and thickness .0656
Width and thickness .3422

“Bold P values indicate statistically significant difference
between the parameters compared (P < .05). ATFL, anterior talo-
fibular ligament; CFL, calcaneofibular ligament; CV, coefficient of
variation.

Origin of the CFL

In the 73 specimens used to analyze the CFL, the CFL
origin was at the tip of the lateral malleolus in 7 cases; in
the remaining 66 cases, the origin was at the anterior bor-
der of the tip of the lateral malleolus. The distance from the
origin to the tip of the lateral malleolus was 4.94 + 1.70 mm,
and no CFL originated at the posterior border of the tip of
the lateral malleolus (Figure 4).

DISCUSSION

An anatomically clear knowledge of the lateral ankle liga-
ments is required for anatomic reconstruction of the lateral
ankle ligaments. In this study, we discovered that, in gen-
eral (without distinguishing ATFL band type), the ATFL-
CFL angle is a more consistent finding than the length/
width/thickness of the ATFL, suggesting that ATFL-CFL
angle could be a secure auxiliary index of reconstruction
and an evaluation indicator of effect used for double-
checking during the surgery. Considerable variability was
found in the length, width, and thickness of the ATFL. In
addition, distance AB had a high CV, which may be caused
by the anatomic variability of the ATFL origin (point A) or
point B, or both. The majority of the CFLs originated at the
point on the anterior border of the lateral malleolus, 4.94 +
1.70 mm away the tip. Kelikian and Sarrafian®' and Taser
et al®® also reported that the CFL did not extend to the tip of
the lateral malleolus, but neither specified the distance of
the CFL insertion from the tip. Conversely, Wenny and

Duscher®® and Liu et al 33 proposed that the CFL originated
directly at the tip. Hitherto, there have been limited data
available classifying the origin of the CFL. The origin in our
result was divided into 2 categories according to whether it
was at the anterior border or the tip of the lateral malleolus,
with 66 cases (90.41%) of the former and 7 (9.59%) of the
latter. Thus, we concluded that the CFL originates most
often at the anterior border. Our measurement from the
origin of the CFL to the tip of the lateral malleolus (4.94 +
1.70 mm) was similar to that of Clanton et al'® (5.3 mm) but
less than that found by Kakegawa et al?® (7.4 + 1.7 mm). As
ATFL-CFL combined reconstruction has been shown to
restore motion better than isolated ATFL reconstruction,’
it is important to master the CFL specific origin, distance
away from the tip, and surgically relevant osseous
landmarks.

The origin of ATFL was located by measuring distance
AB (the distance from the midpoint of the fibular attach-
ment of ATFL to the subtalar articular surface). Point B can
be observed clearly on arthroscopy; this landmark is helpful
in locating the ATFL origin. In the current study, a double-
band ATFL (80.3%) was the most common type, followed by
the single (10.6%) and triple band (9.1%). The proportions
observed by Edama et al'”'® and Kakegawa et al?® were
close to ours (Table 4), which may be because of similar
sample sizes (>60) and ethnicity (Asians). Milner and
Soames®® and Ugurlu et al®! also reported that the
double-band type was the most common but at a smaller
scale, with the single and the triple bands seen occasion-
ally; the difference from the current findings could be
caused by the low number of specimens (~20) and the dif-
ferent ethnic groups involved.

Regardless of the number of bands, the superior band
always showed the least amount of variation in morpho-
logic parameters. In addition, the length of the ATFL
decreased gradually from top to bottom, so that single-
band ATFLs were the longest (20.40 + 1.26 mm), the supe-
rior band was longer than the inferior in double-band
ATFLs, and, in the triple-band ATFLs, the superior band
(19.13 + 2.90 mm) was longer than the median band (18.22
+6.30 mm), followed by the inferior band (15.04 £ 5.69 mm)
(see Table 1). This may indicate that the superior limb has
the most important role in providing biomechanical resis-
tance to inversion forces.

In general, the length and width of the ATFL in this
study were similar to those of previous studies, whereas the
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thickness was quite different from that reported previously
(Table 5). Matsui et al®” suggested measuring the ATFL
length “from center to center.” In the current study, ATFL
length was measured from the midpoint of the fibular
attachment to the midpoint of the talar attachment to
obtain the best results. Previously, the length measured
by Burks and Morgan® was the longest, probably because

TABLE 4
Frequency of ATFL Band Types
According to Various Studies®

N Single Double Triple
Band Band Band
Present study 66 7(10.61) 53 (80.30) 6 (9.09)
Edama et al'® 110 34(31) 66 (60) 10 (9)
Edama et al'” 81 27(33) 46 (57) 8(10)
Milner and Soames®® 26 10 (38) 13 (50) 3(12)
Ugurlu et al®! 22 5(23) 13 (59) 4(18)
Burks and Morgan® 39 — — —
Clanton et al'® 14 7(50) 7 (50) —
Delfaut et al'® 4 1(25) 3 (75) —
Neuschwander et al®® 8 2(25) 6 (75) —_
Raheem and O’Brien*® 20° 14 (70) 5 (25) —
Taser et al*® 42° 39 (93) 1(2) —
Wenny and Duscher®® 17 17 (100) — —
Yildiz and Yalein®® 45 34(75.6) 11 (24.4) —
Kakegawa et al?® 60 14(23.3) 42(70.0) 4(6.7°

“Data are reported as n (%). Dashes indicate data not reported.
ATFL, anterior talofibular ligament.

5% absent.

‘Multiple-type ATFL.
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they measured only the longest fibers of the ATFL, whereas
Yildiz and Yalein®® measured the longest and shortest
fibers of ATFL. Our measured ATFL width was similar to
that found by others, but slightly smaller than those
reported by Milner and Soames®® and Yildiz and Yalen,
although we measured ATFL width in a manner similar
to both previous studies. To the best of the current authors’
knowledge, the thickness of each band of the ATFL had
never been measured in detail. ATFL thickness as mea-
sured by van den Bekerom et al®? was more than 2 SDs
from this study, and this difference may be due to the
absence of band distinctions.

Our findings showed a much more dorsal position of the
CFL attachment on the calcaneus compared with the study
of Yildiz and Yalcin.?® As the age of our specimens was
similar to theirs (35-78 years), 2 factors may explain this
phenomenon. One is the length and slope of the calcaneus.
Although the angular difference found by Yildiz and Yalcin
was about 5° to 8°, our calcaneus was longer and had a
steeper angle of 10° to 15°, making its upper edge closer
to the CFL. Another factor is the longer and wider CFLs
in our study, with a tendency to spread dorsally; this con-
sequently further minimizes the distance between the CFL
and the upper edge of the calcaneus. These 2 possible rea-
sons may both correlate with racial differences, as the cal-
caneus and CFLs of this study match those in the studies of
Akatsuka et al' and Kakegawa et al,2® all from Asian ethnic
groups, but differ from those in the study by Yildiz and
Yalcin, whose specimens were White.

There were some limitations to our study. First, though
we made conjectures about ATFL and CFL from the biome-
chanical perspective, our study was still limited to ana-
tomic observation, without verification by biomechanical
study. Second, because the samples used to determine the

TABLE 5
ATFL Morphology in Previously Published Studies®

Study ATFL-CFL Angle, deg

Length, mm

Width, mm Thickness, mm

Wenny and Duscher®® —

Neuschwander et al®® —

e Proximal: 12.85 + 2.64
e Plantar: 11.38 + 2.25
e Sup: 19.7+1.2

e Talar: 6.62 + 1.39 —
e Fibular: 6.50 + 1.51

eInf 16.7+1.1

Yildiz and Yalein®® e Right: 112+ 14
o Left: 106 + 19

Sindel et al*® —

0 14.19 + 2.02°

0 12.24 + 1.99°

e Sup: 19.1 £2.28
o Inf: 15.2 + 2.62

11.07 £ 5.63 —

e Sup: 6.7+ 1.06 —
e Inf: 4.5+ 1.09

Taser et al* 132 (118-145) 22.37 + 2.50 6.75 + 2.89 —
Ugurlu et al®! 113 (107-123) (14.38-20.84) 7.61 —
Burks and Morgan® — 24.8° 7.2 —

Siegler et al*’ — 17.81 + 3.05 — —

Buzzi et al'® — 16.3 (10-28) e Proximal: (18-25) —
e Distal: (12-20)

Milner and Soames®® — 13.0+ 3.9 11.0+3.3 —

Raheem and O’Brien* — 15.5 £ 7.7 10+7 —

van den Bekerom et al®? — (15-20) (6-10) 2

“Data are reported as mean or mean + SD; numbers in parentheses are ranges. Dashes indicate data not reported. ATFL, anterior
talofibular ligament; CFL, calcaneofibular ligament; Inf, inferior limb; Sup, superior limb.

*Length was defined as the longest fiber of the ATFL.
‘Length was defined as the shortest length of the ATFL.



The Orthopaedic Journal of Sports Medicine

origin, length, width, and thickness of the ATFL, and the
ATFL-CFL angle (66 cases) were not exactly the same as
those used to determine the CFL origin (73 cases), our
study may not be ideal to explore the correlation between
CFL origin and other parameters, as unreliable conclusion
could be drawn from unequal samples. Besides, other lim-
itations, such as no data on height, only Asian specimens,
and a single observer for ATFL measurements, have possi-
ble implications for the measuring process and results and
require improvement. In addition, CFL morphologic mea-
surements and information on insertions of the ATFL on
the talus or CFL on the calcaneus, which are also important
for reconstruction, are still needed to complement our
findings.

CONCLUSION

A fair amount of variability of ATFL length, width, and
thickness was found in our study, with much less variabil-
ity in the ATFL-CFL angle. Most CFLs attached anterior to
the tip of the fibula. In addition, the measurement of dis-
tance AB varied. Knowing this anatomic information can
help surgeons planning anatomic lateral ankle ligament
reconstructions.
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