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Morphological features of the 
inferior fascicle of the anterior 
inferior tibiofibular ligament
M. Edama   1,2, M. Takeishi1, S. Kurata1, T. Kikumoto   1, T. Takabayashi1, R. Hirabayashi1, 
T. Inai   1, M. Ikezu1, F. Kaneko1 & I. Kageyama2

In this study, the inferior fascicle of the anterior inferior tibiofibular ligament (AITFL) was classified to 
provide basic information to help elucidate the mechanism of ankle joint anterolateral impingement, 
and the morphological features of each type were compared for the purpose of clarification. This 
investigation examined 100 feet from 52 cadavers. The AITFL was classified into four types according to 
the presence or absence of the inferior fascicle and the positional relationship between the AITFL and 
the inferior fascicle of the AITFL. The morphological features of the AITFL that were measured included 
the fibre bundle length, fibre bundle width, fibre bundle angle, and the distance between the joint 
levels. A distinct, independent inferior fascicle of the AITFL was identified in 15 feet (15%). There were 
no significant differences in the morphological features based on differences in the AITFL classification. 
Therefore, these findings suggest that the presence or absence of the inferior fascicle and the difference 
in the positional relationship between the AITFL and the inferior fascicle of the AITFL are less likely to be 
involved in impingement during ankle dorsiflexion.

Ankle impingement syndromes are painful conditions caused by friction of joint tissues. The leading causes of 
impingement lesions are traumatic ankle injuries, usually ankle sprains, which result in chronic ankle pain1,2. 
Impingement syndromes of the ankle involve either osseous or soft tissue impingement and can be anterior, ante-
rolateral, or posterior2,3. Three different types of intra-articular soft tissue pathologies, including hypertrophied 
synovium, meniscoid lesions, and an impinging inferior fascicle of the anterior inferior tibiofibular ligament 
(AITFL), have been reported to cause chronic ankle pain after an inversion injury2,4–11. Among them, discussion 
about impingement by the inferior fascicle of the AITFL continues12–14.

Bassett et al.12 found that the inferior fascicle of the AITFL was present in 10 of 11 feet in a study using fresh 
cadavers, and they reported that the inferior fascicle contacted the anterolateral corner of the talus at an average 
ankle dorsiflexion angle of 12° (9°–17°). In addition, they treated 7 patients who had talar impingement by an 
AITFL, and the patients were followed for a mean of 39 months. Two patients had arthroscopy, and five had an 
arthrotomy. In all patients, a thickened inferior fascicle of the AITFL was resected. Five patients reported no pain 
in their ankle or limitation in activity, and the results were considered excellent. Therefore, they postulated that 
the posttraumatic anterolateral hyperlaxity due to an injured anterior talofibular ligament (ATFL) resulted in 
anterior extrusion of the talar dome with dorsiflexion, which then contacted the inferior fascicle of the AITFL 
with greater pressure and friction. However, in a study using fresh cadavers in a similar fashion, Akseki et al.13 
found that the inferior fascicle of the AITFL was present in 39 of 47 feet. They also reported that contact between 
the ligament and the anterolateral talar dome was observed in 42 of 47 feet (89.3%) in the neutral position. In 37 
of these 42 feet, there was a separate fascicle. Furthermore, the mean width and length of the fascicle with bending 
during dorsiflexion and dorsiflexion-eversion were significantly higher than without bending. Therefore, they 
concluded that their findings showed that the presence of the inferior fascicle of the AITFL and its contact with 
the talus is a normal finding, but it may become pathological due to anatomical variations and/or instability of the 
ankle resulting from torn lateral ligaments. In order to examine the effects of individual differences in this inferior 
fascicle, Ray and Kriz14 classified the AITFL into seven types in a study using fresh cadavers. They reported that 10 
of 46 specimens (21.7%) demonstrated a separate and distinct inferior fascicle of the AITFL. Of these, 7 cadavers 
(70%) showed both ligamentous impingement and a bevel of the talar dome. Although a distinct inferior fascicle 
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of the AITFL was not present in the latter types, 22 of 36 cadavers (61.6%) demonstrated varying degrees of liga-
mentous impingement and bevelling on the talus.

As described above, concerning the soft tissue impingement of the ankle, involvement of the inferior fascicle 
of the AITFL has been suggested, but a definite conclusion has not been reached. We believe that this is due to the 
fact that the number of cadavers targeted included as few as 11–47 feet, and that biomechanical verification and 
clinical research have been conducted with insufficient morphological data.

Therefore, in the present study, the inferior fascicle of the AITFL was classified by type using a large number of 
cadavers to provide basic information to help elucidate the mechanism of ankle joint anterolateral impingement, 
and the morphological features of each type (fibre bundle length, fibre bundle width, the angle of the fibre bundle 
to the joint, and the distance between the joint levels) were compared for the purpose of clarification.

Methods
Cadavers.  All cadavers used in the present study were legally donated to the Nippon Dental University of Life 
Dentistry at Niigata in Japan. The present study was conducted in accordance with the Declaration of Helsinki. 
This investigation examined 100 legs from 52 Japanese cadavers (mean age at death, 79 ± 13 years; 55 sides from 
men, 45 sides from women; 51 sides from the right, 49 sides from the left) that had been switched to alcohol after 
placement in 10% formalin. None showed signs of previous major surgery around the ankle.

Methods.  In the AITFL dissection procedure, cadaver specimens of the lower legs were prepared by first cut-
ting them off 10 cm above the ankle. The skin, subcutaneous tissue, and crural fascia were then removed, and the 
AITFL, ATFL, and the calcaneofibular ligament (CFL) were carefully dissected. The AITFL was then classified by 
morphological features of the inferior fascicle of the AITFL. The classification method was modified with reference 
to a previous study14. In this classification method, Type I is a distinct inferior fascicle that is separated from the 
rest of the ligament; the inferior fascicle is separated completely from the main portion of the ligament by a gap. 
Type II is a distinct inferior fascicle with either its proximal or its distal attachment continuous with the rest of the 
ligament; the gap does not completely separate the inferior fascicle from the rest of the ligament. Type III is when 
the lower portion of the ligament includes the inferior fascicle with the attachments to the rest of the ligament. Type 
IV is a ligament with no separations or gaps within its structure; it may or may not have a fascicular arrangement.

The morphological features of the AITFL that were measured included the fibre bundle length, fibre bundle 
width, the angle of the fibre bundle to the joint, and the distance between the joint levels. Fibre bundle length was 
measured in the middle portion of the ATFL using callipers (Digital Caliper, Shinwa, Niigata, Japan) with reference 
to a previous study15. Fibre bundle width was measured using callipers at three sites, a proximal site (fibular attach-
ment), an intermediate site, and a distal site (talar attachment). The angle (declination angle) of the inferior fascicle of 
the AITFL was also measured and recorded with reference to a previous study14. This angle was defined as the obtuse 
angle formed by the intersection of the following: a line parallel to the lowest fibres of the AITFL and a second line 
formed by connecting two points representing the extreme medial and lateral points on the anterior border of the 
tibial plafond. The specimens were placed with the plantar surface on a horizontal platform, and the angle was meas-
ured using a goniometer (Goniometer, Nishikawashinwa, Tokyo, Japan) (Fig. 1). The distance between the fibular 
insertion and the joint level was measured between the joint level and the distal insertion point of the fascicle using 
callipers. All measurements were repeated three times by the same person, and the average values were recorded.

Statistical analysis.  The chi-squared test was used for comparisons between men and women and between 
right and left in the classification of the inferior fascicle of the AITFL. Comparisons of fibre bundle length, fibre 
bundle width, the declination angle, and the distance between the joint level and the insertion point within 
each type in the classifications of the inferior fascicle of the AITFL were made by one-way analysis of variance 
(ANOVA). The level of significance was taken to be 5%.

Ethics approval and consent to participate.  The methods were carried out in accordance with the 1964 
Helsinki Declaration, and the cadavers were legally donated for the research by the Nippon Dental University of 
Life Dentistry at Niigata in Japan. Informed consent was obtained from the families of all subjects.

Results
Classification of the inferior fascicle of the AITFL.  The inferior fascicle of the AITFL type was Type I in 
15 feet (15%), Type II in 22 feet (22%), Type III in 50 feet (50%), and Type IV in 13 feet (13%) (Fig. 2). There were 
no significant sex-based differences, and on measuring both feet from 48 cadavers (54 legs from 27 male cadavers 
and 42 legs from 21 female cadavers), there were no significant differences between left and right legs (Table 1).

Morphological features based on differences in the AITFL classification.  No significant differences 
in morphological features were seen based on differences in the AITFL classification (Table 2).

Relationship between the AITFL and the ATFL.  The AITFL and ATFL were connected in 44 of 100 feet 
(44%) (Fig. 3). No significant differences were seen among the types.

Discussion
This study examined the morphological features (fibre bundle length, fibre bundle width, the declination angle, 
and the distance between the joint levels) according to the AITFL classification. To the best of our knowledge, 
there have been no previous large-scale anatomical studies of the morphological features of the inferior fascicle of 
the anterior inferior tibiofibular ligament.

In this study, a distinct inferior fascicle of the AITFL was identified in 15 feet (15%) (Type I). Previous ana-
tomical studies reported a distinct inferior fascicle of the AITFL in 21.7% (10 of 46 feet)14, 82.9% (39 of 47 feet)13, 
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Figure 1.  Measurement of the declination angle of the inferior fascicle of the anterior inferior tibiofibular 
ligament, right side, anterior. Line 1: A line parallel to the lowest inferior fascicle of the anterior inferior 
tibiofibular ligament. Line 2: A second line formed by connecting two points on the anterior border of the tibial 
plafond. White arrow: the declination angle. L: lateral, M: medial.

Figure 2.  Classification of the inferior fascicle of the anterior inferior tibiofibular ligament, right side, 
anterolateral. 1: Anterior inferior tibiofibular ligament, 2: Inferior fascicle of the anterior inferior tibiofibular 
ligament, 3: Anterior talofibular ligament, 4: Fibula, L: Lateral, M: Medial. Type I: Distinct inferior fascicle is 
separated from the rest of the ligament. The inferior fascicle is separated completely from the main portion 
of the ligament by a gap. Type II: Distinct inferior fascicle with either its proximal or its distal attachment 
continuous with the rest of the ligament. A gap does not completely separate the inferior fascicle from the rest of 
the ligament. Type III: Lower portion of the ligament includes the inferior fascicle with the attachments to the 
rest of the ligament. Type IV: Ligament with no separations or gaps within its structure. It may or may not have 
a fascicular arrangement.

Type I Type II Type III Type IV Average

Male 9 (16.4) 11 (20) 28 (50.9) 7 (12.7) 55 (100)

Female 6 (13.3) 11 (24.4) 22 (50.0) 6 (13.3) 45 (100)

Right 7 (14.6) 8 (16.7) 25 (52.1) 8 (16.6) 48 (100)

Left 7(14.6) 13 (27.1) 23 (47.9) 5 (10.4) 48 (100)

Table 1.  Differences by sex and left and right sides of each type. Number (%). For examining differences 
between left and right legs, both legs of 48 cadavers (54 legs from 27 male cadavers and 42 legs from 21 female 
cadavers) were measured.
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90.9% (10 of 11 feet)12, and 91.7% (22 of 24 feet)15, and previous MR imaging studies have reported it in 89% 
(32 of 36 feet)16; thus, the reported incidence of the inferior fascicle differs widely. One major reason for this is 
thought to be the very small number of specimens examined. Furthermore, the difference in classification meth-
ods may also have an effect. The results of the present research are based on examination of 100 feet, and since 
they were classified into four types in more detail, the result is considered highly reliable.

In the present study, no significant differences in morphological features were found based on differences in 
the classification of the inferior fascicle of the AITFL. Akseki et al.13 stated that wider and longer fascicles had 
more potential to become pathological than thinner ones. They also concluded that, if the fibular insertion point 
is far from the joint level, the fascicle has more potential to become pathological. In addition, Ray and Kriz14 
reported that the angle of declination may be involved in impingement. Therefore, it was suggested that the pres-
ence or absence of the inferior fascicle and the difference in the positional relationship between the AITFL and 
the inferior fascicle of the AITFL are less likely to be involved in impingement during ankle dorsiflexion.

The AITFL and ATFL were connected in 44 of 100 feet (44%) at a proximal site (fibular attachment). Previous 
studies17,18 reported that the ATFL is the most important ligament in ankle stability. Bassett et al.12 postulated 
that the posttraumatic anterolateral hyperlaxity due to an injured ATFL resulted in anterior extrusion of the talar 
dome with dorsiflexion, which then contacted the inferior fascicle of the AITFL with more pressure and friction. 
Therefore, impingement is not only secondary to ATFL injury, but may also occur due to complex damage of the 
AITFL and ATFL.

The limitation of this study is that only the morphological features of the AITFL in fixed cadavers were exam-
ined. In the future, examination targeting in vivo samples using ultrasonography and MR imaging will be needed.

In conclusion, in this study, the inferior fascicle of the AITFL was classified, and its morphological features 
were clarified. It was found that there were no significant differences in morphological characteristics between 
the types. Therefore, the presence or absence of the inferior fascicle and the difference in the positional relation-
ship between the AITFL and the inferior fascicle of the AITFL appear to be less likely involved in impingement 
during ankle dorsiflexion. Furthermore, impingement occurs not only secondary to ATFL injury, but it may also 
be due to complex damage of the AITFL and ATFL. Biomechanical studies using these research results as basic 
information are now needed.

Type Length (mm)

Width (mm)

Declination angle (°)

Distance between the 
joint level and insertion 
point (mm)

Attachments of 
the ATFL (N)Proximal Intermediate Distal

I 21.7 ± 6.0 5.0 ± 1.4 3.6 ± 0.9 3.4 ± 0.9 150 ± 6.6 16.3 ± 2.8 5/15

II 23.9 ± 3.1 5.0 ± 1.6 3.7 ± 1.4 3.2 ± 0.9 147 ± 5.6 14.2 ± 3.9 10/22

III 23.5 ± 5.3 5.2 ± 1.5 3.9 ± 1.5 3.8 ± 1.1 147 ± 17.4 15.0 ± 3.8 22/50

IV 148.0 ± 9.2 14.2 ± 3.3 7/13

Mean 23.3 ± 5.1 5.1 ± 1.4 3.8 ± 1.4 3.6 ± 1.0 147 ± 6.5 14.9 ± 3.5

Total 44/100
(44%)

Table 2.  Measurements of the inferior fascicle of the AITFL. Values are means ± standard deviation. Fibre 
bundle width was measured at three sites, a proximal site (fibular attachment), an intermediate site, and a distal 
site (talar attachment).

Figure 3.  Relationship between the AITFL and the ATFL, right side, lateral. 1: Anterior inferior tibiofibular 
ligament, 2: Inferior fascicle of the anterior inferior tibiofibular ligament, 3: Anterior talofibular ligament, 4: 
Fibula. (A) AITFL connected to the ATFL. (B) AITFL not connected to the ATFL. L: Lateral, M: Medial. White 
circle: Relationship between the AITFL and the ATFL.
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Data Availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.

References
	 1.	 Kleiger, B. Anterior tibiotalar impingement syndromes in dancers. Foot & ankle 3, 69–73 (1982).
	 2.	 van den Bekerom, M. P. & Raven, E. E. The distal fascicle of the anterior inferior tibiofibular ligament as a cause of tibiotalar 

impingement syndrome: a current concepts review. Knee surgery, sports traumatology, arthroscopy: official journal of the ESSKA 15, 
465–471, https://doi.org/10.1007/s00167-006-0275-7 (2007).

	 3.	 Renstrom, P. A. Persistently Painful Sprained Ankle. The Journal of the American Academy of Orthopaedic Surgeons 2, 270–280 
(1994).

	 4.	 Meislin, R. J., Rose, D. J., Parisien, J. S. & Springer, S. Arthroscopic treatment of synovial impingement of the ankle. The American 
journal of sports medicine 21, 186–189, https://doi.org/10.1177/036354659302100204 (1993).

	 5.	 Thein, R. & Eichenblat, M. Arthroscopic treatment of sports-related synovitis of the ankle. The American journal of sports medicine 
20, 496–498, https://doi.org/10.1177/036354659202000502 (1992).

	 6.	 Ferkel, R. D., Karzel, R. P., Del Pizzo, W., Friedman, M. J. & Fischer, S. P. Arthroscopic treatment of anterolateral impingement of the 
ankle. The American journal of sports medicine 19, 440–446, https://doi.org/10.1177/036354659101900504 (1991).

	 7.	 Robinson, P. & White, L. M. Soft-tissue and osseous impingement syndromes of the ankle: role of imaging in diagnosis and 
management. Radiographics: a review publication of the Radiological Society of North America, Inc 22, 1457-1469; discussion 
1470–1451, https://doi.org/10.1148/rg.226025034 (2002).

	 8.	 Urguden, M. et al. Arthroscopic treatment of anterolateral soft tissue impingement of the ankle: evaluation of factors affecting 
outcome. Arthroscopy: the journal of arthroscopic & related surgery: official publication of the Arthroscopy Association of North 
America and the International Arthroscopy Association 21, 317–322, https://doi.org/10.1016/j.arthro.2004.11.016 (2005).

	 9.	 Hauger, O., Moinard, M., Lasalarie, J. C., Chauveaux, D. & Diard, F. Anterolateral compartment of the ankle in the lateral 
impingement syndrome: appearance on CT arthrography. AJR. American journal of roentgenology 173, 685–690, https://doi.
org/10.2214/ajr.173.3.10470904 (1999).

	10.	 Akseki, D., Pinar, H., Bozkurt, M., Yaldiz, K. & Arac, S. The distal fascicle of the anterior inferior tibio-fibular ligament as a cause of 
anterolateral ankle impingement: results of arthroscopic resection. Acta orthopaedica Scandinavica 70, 478–482 (1999).

	11.	 Hermans, J. J., Beumer, A., de Jong, T. A. & Kleinrensink, G. J. Anatomy of the distal tibiofibular syndesmosis in adults: a pictorial 
essay with a multimodality approach. Journal of anatomy 217, 633–645, https://doi.org/10.1111/j.1469-7580.2010.01302.x (2010).

	12.	 Bassett, F. H. III et al. Talar impingement by the anteroinferior tibiofibular ligament. A cause of chronic pain in the ankle after 
inversion sprain. The Journal of bone and joint surgery. American volume 72, 55–59 (1990).

	13.	 Akseki, D., Pinar, H., Yaldiz, K., Akseki, N. G. & Arman, C. The anterior inferior tibiofibular ligament and talar impingement: a 
cadaveric study. Knee surgery, sports traumatology, arthroscopy: official journal of the ESSKA 10, 321–326, https://doi.org/10.1007/
s00167-002-0298-7 (2002).

	14.	 Ray, R. G. & Kriz, B. M. Anterior inferior tibiofibular ligament. Variations and relationship to the talus. Journal of the American 
Podiatric Medical Association 81, 479–485, https://doi.org/10.7547/87507315-81-9-479 (1991).

	15.	 Nikolopoulos, C. E., Tsirikos, A. I., Sourmelis, S. & Papachristou, G. The accessory anteroinferior tibiofibular ligament as a cause of 
talar impingement: a cadaveric study. The American journal of sports medicine  32 ,  389–395, https://doi.
org/10.1177/0095399703258697 (2004).

	16.	 Subhas, N. et al. MRI appearance of surgically proven abnormal accessory anterior-inferior tibiofibular ligament (Bassett’s ligament). 
Skeletal radiology 37, 27–33, https://doi.org/10.1007/s00256-007-0390-7 (2008).

	17.	 Hollis, J. M., Blasier, R. D. & Flahiff, C. M. Simulated lateral ankle ligamentous injury. Change in ankle stability. The American journal 
of sports medicine 23, 672–677, https://doi.org/10.1177/036354659502300606 (1995).

	18.	 Johnson, E. E. & Markolf, K. L. The contribution of the anterior talofibular ligament to ankle laxity. The Journal of bone and joint 
surgery. American volume 65, 81–88 (1983).

Acknowledgements
This study was supported by a Research Activity Young B Grant (20632326) from the Japan Society for the 
Promotion of Science (JSPS) and a Grant-in-Aid program from Niigata University of Health and Welfare 
(H28C3).

Author Contributions
M.E., M.T. and S.K. contributed to study design and data collection and drafted the manuscript; T.K. and T.T. 
contributed to data analysis and made critical revisions to the manuscript; R.H., T.I., M.I. and F.K. made critical 
revisions to the manuscript; I.K. supervised the study, contributed to analysis and interpretation of data, and 
made critical revisions to the manuscript. All authors read and approved the final manuscript prior to submission.

Additional Information
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-46973-4
https://doi.org/10.1007/s00167-006-0275-7
https://doi.org/10.1177/036354659302100204
https://doi.org/10.1177/036354659202000502
https://doi.org/10.1177/036354659101900504
https://doi.org/10.1148/rg.226025034
https://doi.org/10.1016/j.arthro.2004.11.016
https://doi.org/10.2214/ajr.173.3.10470904
https://doi.org/10.2214/ajr.173.3.10470904
https://doi.org/10.1111/j.1469-7580.2010.01302.x
https://doi.org/10.1007/s00167-002-0298-7
https://doi.org/10.1007/s00167-002-0298-7
https://doi.org/10.7547/87507315-81-9-479
https://doi.org/10.1177/0095399703258697
https://doi.org/10.1177/0095399703258697
https://doi.org/10.1007/s00256-007-0390-7
https://doi.org/10.1177/036354659502300606
http://creativecommons.org/licenses/by/4.0/

	Morphological features of the inferior fascicle of the anterior inferior tibiofibular ligament

	Methods

	Cadavers. 
	Methods. 
	Statistical analysis. 
	Ethics approval and consent to participate. 

	Results

	Classification of the inferior fascicle of the AITFL. 
	Morphological features based on differences in the AITFL classification. 
	Relationship between the AITFL and the ATFL. 

	Discussion

	Acknowledgements

	Figure 1 Measurement of the declination angle of the inferior fascicle of the anterior inferior tibiofibular ligament, right side, anterior.
	Figure 2 Classification of the inferior fascicle of the anterior inferior tibiofibular ligament, right side, anterolateral.
	Figure 3 Relationship between the AITFL and the ATFL, right side, lateral.
	Table 1 Differences by sex and left and right sides of each type.
	T﻿able 2 Measurements of the inferior fascicle of the AITFL.




