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The lateral ankle joint is composed of 3 ligaments: the anterior talofibular ligament 
(ATFL), the posterior talofibular ligament (PTFL) and the calcaneofibular ligament 
(CFL). The ATFL and CFL demonstrate morphological variation, especially regard-
ing their shape and number of bands. During standard anatomical dissection, 
an unusual type of triple CFL was observed: the CFL was composed of 2 bands 
originating on the lateral malleolus, and the presence of a lateral talocalcaneal 
ligament (LTC) originating on the talus bone. The insertion point of each band 
was located on the calcaneal bone. An understanding of these anatomical pat-
terns allows a clearer view of ankle joint biomechanics, and improved planning 
and performance of surgical treatment. (Folia Morphol 2025; 84, 1: 276–280)

Keywords: ankle joint, anatomical variations, calcaneofibular ligament, 
lateral talocalcaneal ligament

INTRODUCTION
The ankle joint ligament can be divided into 3 sub- 

groups based on its anatomical position: lateral 
ligaments, medial ligaments, and ligaments of the 
tibiofibular syndesmosis [15]. These demonstrate 
considerable anatomical variation [6, 10, 11, 15, 17, 
20, 21, 26, 39]. The medial side of the ankle joint is 
created by the deltoid ligament and the lateral side by 
the lateral collateral ligament complex (LCL). The LCL 
consists of the anterior talofibular ligament (ATFL), 
posterior talofibular ligament (PTFL), and calcaneofib-
ular ligament (CFL) [14]. 

Calcaneofibular ligament fibres course posteroinferi-
orly from the tip of the lateral malleolus onto the lateral 
surface of the calcaneal bone. Being bi-articular, the CFL 
bridges both the talocrural joint and subtalar joint. The 
primary role of the CFL is to prevent inversion in the 
neutral or dorsiflexed position and restrain subtalar inver-
sion; it also limits talar tilt within the ankle mortise [41].

All anatomical structures, including muscles or lig-
aments, exhibit anatomical variation [24, 33–35]. The 
variations of ligaments may concern the location of the 
attachments, their morphology, and the occurrence 
of additional bands [27–29]. There are several clas-
sifications based on CFL morphology [6, 14, 20, 30].  
The most recent classifications were proposed by 
Ruzik et al. [31, 32].

The most common injury in the locomotor system 
is ankle joint sprain, which mostly occurs as result of 
supination with extreme inversion and plantar flexion 
at the ankle joint. Although the most commonly in-
jured ligament is the AFL, up to 20% of ankle sprains 
also include CFL damage [2, 10].

This study presents a case report of a double CFL 
accompanied by the presence of a lateral talocalca-
neal ligament (LTC). An awareness of the morphologi-
cal variability of CFL may be beneficial for anatomists, 
radiologists, or orthopaedic surgeons.
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CASE REPORT
A male cadaver, 70 years old at death, was sub-

jected to routine anatomical dissection for teaching 
and research purposes. The cadaver had been donat-
ed to the Department of Anatomical Dissection and 
Donation, Medical University of Lodz. The lateral side 
of the foot was dissected using standard techniques 
as described previously.

Dissection of the ankle joint began with the re-
moval of the skin of the lateral compartment of the 
leg. Following this, the subcutaneous tissue and fascia 
were carefully removed to reveal the fibularis bre-
vis and fibularis longus tendons. The tendons were 
then removed to display the CFL. After the dissec-
tion, a double-banded CFL with the presence of the 
lateral talocalcaneal ligament (LTC) was identified. 
(Figs. 1, 2).

Measurements were taken using an electronic cali-
per (Mitutoyo Corporation, Kawasaki-shi, Kanagawa, 
Japan). The measurements were obtained twice by  
2 researchers. The results are given in Table 1.

DISCUSSION 
To understand the complexity of CFL variations, 

it is necessary to consider the embryology of the 
ankle joint. Foot and ankle development begins in 
the fourth week of foetal life. At that time, the lower 
limb buds are visible in external rotation. Starting 
from the eighth week, the rotation decreases, and the 
feet are set in a near neutral position in the eleventh 
week. In the tenth week of foetal life, joint cavities 
with synovial linings begin to appear, followed by 
the development of ATFL, PTFL, and CFL [22, 23]. 
The former is created by the thickening of the joint 
capsule. The PTFL and CFL arise from a thickening of 
loose tissue distant from the ankle joint, following 
which, the CFL fibres elongate, forming the shape 
of a ligament [22, 23]. A study by Ruzik et al. [32] 
on human foetuses found the shape of the ligament 
to be determined from the onset of development; as 
such, any potential division into a double-banded CFL 
or the creation of an additional ligament, such as the 
LTC, must take place at this early stage.

The CFL runs along the lateral side of the ankle 
joint and is almost completely covered by the fibularis 
longus and fibularis brevis tendons. The ligament 
originates on the anterior part of the lateral malleolus 
and inserts onto the small tubercle at the posterior 
aspect of the lateral calcaneus [14].

Figure 1. Case report of double calcaneofibular ligament with lat­
eral talocalcaneal ligament. CFL — calcaneofibular ligament;  
LTC — lateral talocalcaneal ligament.

Figure 2. Schematic drawing of double calcaneofibular ligament 
with lateral talocalcaneal ligament. CFL — calcaneofibular liga­
ment; LTC — lateral talocalcaneal ligament.
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Like other ligaments of the ankle joint, the CFL 
is characterised by high morphological variability. In  
a study based on 39 lower limbs, Burks et al. [6] de-
scribe the CFL as a band-shaped ligament; however, 
they did not note any anatomical variations and only 
mentioned the LTC without considering its frequency. 
Trouilloud et al. [37] presented a threefold classifi-
cation of the CFL based on the presence of the LTC; 
however, they did not describe the morphology of 
main band of the CFL. Wiersma et al. [40] were among 
the first to describe the morphological variations of 
the CFL, reporting a cord-like structure (66%) and  
a fan shape (34%).  Kitsoulis et al. [20] proposed a CFL  
classification based on band number, i.e. 1, 2, or  
3 bands, but did not consider any attachments; the 
study does not include any photographic documen-
tation of the specified morphological types.

Pereira et al. [30] described 4 types of CFL based 
on 47 lower limbs: Type 1 (21 out of 47 cases) is  
a band-shaped ligament; Type 2 is a Y-type CFL; Type 
3 is a V-shaped CFL; and Type 4 includes an asso-
ciated lateral talocalcaneal ligament. More recent 
studies by Ruzik et al. [31, 32] based on human 
foetuses and adult human cadavers divided Type 
2 and Type 4 into subtypes with detailed types of 
origin: for Type 2 (Y-shaped), subtype 2a included 
both origins located on the lateral malleolus while 
subtype 2b included origins located on the lateral 
malleolus and the talus bone. In addition, Type 4, i.e. 
with additional bands, was divided into 3 subtypes: 
Type 4a, with the additional band originating on the 
lateral malleolus, Type 4b originating on the talus 
bone, and Type 4c, with 2 additional bands, as in 
the present study. Each subtype included a main 
band originating on the lateral malleolus, with the 

proximal attachments located on the lateral malleo-
lus. Of all the subtypes, only Type 4b accommodates 
the lateral talocalcaneal ligament. The prevalence of 
LTC is reported from 42% to 66% [19]. However, the 
presented case represents as a new subtype because 
it is the first example in which an LTC coexists with 
a double CFL [31, 32].

The most common injury to the system is ankle 
sprain occurring during inversion and supination of 
a plantar-flexed foot. The main stabiliser of the an-
kle joint, which prevents this type of injury, are the 
lateral ankle ligaments [12, 26]. Most sprains affect 
the ATFL; however, the CFL is also ruptured in 20% 
of cases. While rest, ice, compression, and elevation 
therapy can achieve excellent results, the patient may 
develop chronic ankle instability (CAI) [3, 4, 38]. CAI 
is initially treated conservatively with rehabilitation; 
however, if symptoms last longer than 6 months, 
surgical treatment should be considered [9, 18, 36].

While surgical treatment of ankle instability was 
originally based on non-anatomical techniques, Bro-
strom [5] developed the first anatomical technique, 
which was modified by Gould et al. [16]. Many surgi-
cal techniques have been developed for the anatom-
ical reconstruction of ankle ligaments based on the 
principles described by Brostrom and Gouland [1, 7, 
8, 13, 25]. Surgical CAI treatment should be accompa-
nied by detailed diagnostic imaging to assess whether 
the ATFL is isolated or whether there is a concomi-
tant CFL injury. If both ligaments are ruptured, they 
must be reconstructed to avoid recurrence. Because 
both open and arthroscopic techniques are used to 
reconstruct the ligaments, an understanding of the 
anatomical variants presented herein is needed to 
ensure optimal treatment results [1, 7, 8, 13, 25].

Table 1. Morphometric measurements of the presented case report of double CFL with presence of LTC.

Main band Second band LTC

Origin Lateral malleolus Lateral malleolus Talus bone

Insertion Lateral surface of calcaneal bone Lateral surface of calcaneal bone Lateral surface of calcaneal bone

Length 24.77 23.92 26.89

Width at proximal attachment point 2.82 2.40 2.16

Thickness at proximal attachment point 1.56 1.50 1.51

Width in the centre 2.80 2.44 2.10

Thickness in the centre 1.56 1.44 1.51

Width at distal attachment point 2.86 2.48 1.78

Thickness at distal attachment point 1.52 1.51 1.44

CFL — calcaneofibular ligament; LTC — lateral talocalcaneal ligament.



279

Kacper Ruzik et al., A previously unknown variant of the calcaneofibular ligament

CONCLUSIONS
An unusual CFL ligament characterised by the 

co-occurrence of a double CFL and the presence of  
a LTC was identified. The described case is significant 
for anatomists, orthopaedic surgeons, and radiolo-
gists because its findings can be used to support the 
correct diagnosis and treatment.

ARTICLE INFORMATION  
AND DECLARATIONS

Ethics statement

The study protocol was accepted by the Bioethics 
Committee of the Medical University of Lodz (resolu-
tion RNN/242/22/KE). The cadavers were the property 
of the Department of Anatomical Dissection and Do-
nation, Medical University of Lodz. Informed consent 
was obtained from all participants before they died. 

Author contributions

Kacper Ruzik — data collection and analysis and 
manuscript writing. Anna Czech — data collection 
and analysis. Marek Drobniewski — data analysis and 
manuscript editing. Andrzej Borowski — numerous 
consultations, observations, and suggestions related to 
the paper. Łukasz Olewnik — data analysis and man-
uscript editing, data analysis and manuscript writing. 
All authors have read and approved the manuscript.

Funding

The authors have no financial or personal rela-
tionship with any third party whose interests could 
be influenced positively or negatively by the article’s 
content. This research received no specific grant from 
funding agencies in the public, commercial, or not-
for-profit sectors.

Conflict of interest

The authors declare that they have no competing 
interests. 

REFERENCES
1.	 Acevedo JI, Mangone P. Arthroscopic brostrom tech-

nique. Foot Ankle Int. 2015; 36(4): 465–473, doi: 
10.1177/1071100715576107, indexed in Pubmed: 
25743426.

2.	 van den Bekerom MPJ, Kerkhoffs GM, McCollum GA, et al. 
Management of acute lateral ankle ligament injury in the 
athlete. Knee Surg Sports Traumatol Arthrosc. 2013; 21(6): 
1390–1395, doi: 10.1007/s00167-012-2252-7, indexed in 
Pubmed: 23108678.

3.	 van den Bekerom MPJ, Sjer A, Somford MP, et al. What 
is the evidence for rest, ice, compression, and elevation 
therapy in the treatment of ankle sprains in adults? J Athl 
Train. 2012; 47(4): 435–443, doi:  10.4085/1062-6050-
47.4.14, indexed in Pubmed: 22889660.

4.	 Bleakley CM, O’Connor SR, Tully MA, et al. Effect of ac-
celerated rehabilitation on function after ankle sprain: 
randomised controlled trial. BMJ. 2010; 340: c1964, 
doi: 10.1136/bmj.c1964, indexed in Pubmed: 20457737.

5.	 Broström L. Sprained ankles. V. Treatment and prognosis in 
recent ligament ruptures. Acta Chir Scand. 1966; 132(5): 
537–550, indexed in Pubmed: 5972556.

6.	 Burks RT, Morgan J. Anatomy of the lateral ankle liga-
ments. Am J Sports Med. 1994; 22(1): 72–77, doi: 10.11
77/036354659402200113, indexed in Pubmed: 8129114.

7.	 Corte-Real NM, Moreira RM. Arthroscopic repair of 
chronic lateral ankle instability. Foot Ankle Int. 2009; 
30(3): 213–217, doi: 10.3113/FAI.2009.0213, indexed in 
Pubmed: 19321097.

8.	 Cottom JM, Rigby RB. The “all inside” arthroscopic 
Broström procedure: a prospective study of 40 con-
secutive patients. J Foot Ankle Surg. 2013; 52(5): 
568–574, doi:  10.1053/j.jfas.2013.02.022, indexed in 
Pubmed: 23669003.

9.	 Dias S, Lewis TL, Alkhalfan Y, et al. Current concepts in the 
surgical management of chronic ankle lateral ligament 
instability. J Orthop. 2022; 33: 87–94, doi:  10.1016/j.
jor.2022.07.006, indexed in Pubmed: 35874042.

10.	Doherty C, Delahunt E, Caulfield B, et al. The incidence 
and prevalence of ankle sprain injury: a systematic review 
and meta-analysis of prospective epidemiological studies. 
Sports Med. 2014; 44(1): 123–140, doi: 10.1007/s40279-
013-0102-5, indexed in Pubmed: 24105612.

11.	Edama M, Kageyama I, Kikumoto T, et al. Morpholog-
ical features of the anterior talofibular ligament by 
the number of fiber bundles. Ann Anat. 2018; 216: 
69–74, doi:  10.1016/j.aanat.2017.11.001, indexed in 
Pubmed: 29196235.

12.	Edama M, Takabayashi T, Yokota H, et al. Number of fiber 
bundles in the fetal anterior talofibular ligament. Surg 
Radiol Anat. 2021; 43(12): 2077–2081, doi:  10.1007/
s00276-021-02816-4, indexed in Pubmed: 34379153.

13.	Espinosa N, Smerek J, Kadakia AR, et al. Operative man-
agement of ankle instability: reconstruction with open 
and percutaneous methods. Foot Ankle Clin. 2006; 11(3): 
547–565, doi: 10.1016/j.fcl.2006.07.003, indexed in Pub
med: 16971248.

14.	Golanó P, Vega J, de Leeuw PAJ, et al. Anatomy of the ankle 
ligaments: a pictorial essay. Knee Surg Sports Traumatol 
Arthrosc. 2010; 18(5): 557–569, doi:  10.1007/s00167-
010-1100-x, indexed in Pubmed: 20309522.

15.	Gomes T, Oliva X, Sanchez EV, et al. Anatomy of the ankle 
and subtalar joint ligaments. Foot Ankle Clin. 2023; 28(2): 
201–216, doi: 10.1016/j.fcl.2022.12.003.

16.	Gould N, Seligson D, Gassman J. Early and late repair 
of lateral ligament of the ankle. Foot Ankle. 1980; 1(2): 
84–89, doi: 10.1177/107110078000100206, indexed in 
Pubmed: 7274903.

17.	Hayashi K, Tajima G, Oikawa R, et al. Morphology of the 
proximal tibiofibular joint and ligaments using three- 
-dimensional computed tomography: A cadaveric study. 

http://dx.doi.org/10.1177/1071100715576107
https://www.ncbi.nlm.nih.gov/pubmed/25743426
http://dx.doi.org/10.1007/s00167-012-2252-7
https://www.ncbi.nlm.nih.gov/pubmed/23108678
http://dx.doi.org/10.4085/1062-6050-47.4.14
http://dx.doi.org/10.4085/1062-6050-47.4.14
https://www.ncbi.nlm.nih.gov/pubmed/22889660
http://dx.doi.org/10.1136/bmj.c1964
https://www.ncbi.nlm.nih.gov/pubmed/20457737
https://www.ncbi.nlm.nih.gov/pubmed/5972556
http://dx.doi.org/10.1177/036354659402200113
http://dx.doi.org/10.1177/036354659402200113
https://www.ncbi.nlm.nih.gov/pubmed/8129114
http://dx.doi.org/10.3113/FAI.2009.0213
https://www.ncbi.nlm.nih.gov/pubmed/19321097
http://dx.doi.org/10.1053/j.jfas.2013.02.022
https://www.ncbi.nlm.nih.gov/pubmed/23669003
http://dx.doi.org/10.1016/j.jor.2022.07.006
http://dx.doi.org/10.1016/j.jor.2022.07.006
https://www.ncbi.nlm.nih.gov/pubmed/35874042
http://dx.doi.org/10.1007/s40279-013-0102-5
http://dx.doi.org/10.1007/s40279-013-0102-5
https://www.ncbi.nlm.nih.gov/pubmed/24105612
http://dx.doi.org/10.1016/j.aanat.2017.11.001
https://www.ncbi.nlm.nih.gov/pubmed/29196235
http://dx.doi.org/10.1007/s00276-021-02816-4
http://dx.doi.org/10.1007/s00276-021-02816-4
https://www.ncbi.nlm.nih.gov/pubmed/34379153
http://dx.doi.org/10.1016/j.fcl.2006.07.003
https://www.ncbi.nlm.nih.gov/pubmed/16971248
http://dx.doi.org/10.1007/s00167-010-1100-x
http://dx.doi.org/10.1007/s00167-010-1100-x
https://www.ncbi.nlm.nih.gov/pubmed/20309522
http://dx.doi.org/10.1016/j.fcl.2022.12.003
http://dx.doi.org/10.1177/107110078000100206
https://www.ncbi.nlm.nih.gov/pubmed/7274903


280

Folia Morphol., 2025, Vol. 84, No. 1

Knee. 2023; 45: 27–34, doi: 10.1016/j.knee.2023.08.017, 
indexed in Pubmed: 37769379.

18.	Hertel J, Corbett RO. An updated model of chron-
ic ankle instability. J Athl Train. 2019; 54(6): 572– 
–588, doi:  10.4085/1062-6050-344-18, indexed in Pu-
bmed: 31162943.

19.	Higashiyama R, Sekiguchi H, Takata K, et al. Arthroscopic 
reconstruction of the anterior talofibular ligament, lateral 
talocalcaneal ligament, and calcaneofibular ligament 
using a triangle-shaped tendon graft (alc-triangle). 
Arthrosc Tech. 2020; 9(2): e217–e223, doi:  10.1016/j.
eats.2019.09.020, indexed in Pubmed: 32099775.

20.	Kitsoulis P, Marini A, Pseftinakou A, et al. Morpholog-
ical study of the calcaneofibular ligament in cadavers. 
Folia Morphol. 2011; 70(3): 180–184, indexed in Pub
med: 21866529.

21.	De Leeuw PAJ, Vega J, Karlsson J, et al. The posterior 
fibulotalocalcaneal ligament complex: a forgotten liga-
ment. Knee Surg Sports Traumatol Arthrosc. 2021; 29(5): 
1627–1634, doi: 10.1007/s00167-020-06431-5, indexed 
in Pubmed: 33486559.

22.	Marchi D. Using the morphology of the hominoid distal 
fibula to interpret arboreality in Australopithecus afa-
rensis. J Hum Evol. 2015; 85: 136–148, doi: 10.1016/j.
jhevol.2015.06.002, indexed in Pubmed: 26142774.

23.	Marchi D, Rimoldi A, García-Martínez D, et al. Morphologi-
cal correlates of distal fibular morphology with locomotion 
in great apes, humans, and Australopithecus afarensis. Am 
J Biol Anthropol. 2022; 178(2): 286–300, doi: 10.1002/
ajpa.24507, indexed in Pubmed: 36790753.

24.	Maślanka K, Zielinska N, Tubbs RS, et al. Five-head-
ed superior omohyoid. Folia Morphol. 2023; 82(4): 
975–979, doi: 10.5603/FM.a2022.0091, indexed in Pub
med: 36385428.

25.	Matsui K, Takao M, Miyamoto W, et al. Arthroscop-
ic Broström repair with Gould augmentation via an 
accessory anterolateral port for lateral instability of 
the ankle. Arch Orthop Trauma Surg. 2014; 134(10): 
1461–1467, doi:  10.1007/s00402-014-2049-x, indexed 
in Pubmed: 25015792.

26.	Matsui K, Takao M, Tochigi Y, et al. Anatomy of ante-
rior talofibular ligament and calcaneofibular ligament 
for minimally invasive surgery: a systematic review. 
Knee Surg Sports Traumatol Arthrosc. 2017; 25(6): 
1892–1902, doi:  10.1007/s00167-016-4194-y, indexed 
in Pubmed: 27295109.

27.	Olewnik Ł, Gonera B, Kurtys K, et al. The anterolateral 
ligament of the knee: a proposed classification system. 
Clin Anat. 2018; 31(7): 966–973, doi: 10.1002/ca.23267, 
indexed in Pubmed: 30144325.

28.	Olewnik Ł, Gonera B, Kurtys K, et al. A proposal for a new 
classification of the fibular (lateral) collateral ligament 
based on morphological variations. Ann Anat. 2019; 
222: 1–11, doi: 10.1016/j.aanat.2018.10.009, indexed in 
Pubmed: 30408521.

29.	Olewnik Ł, Gonera B, Kurtys K, et al. Classification of the 
popliteofibular ligament. Clin Anat. 2022; 35(3): 375–382, 
doi: 10.1002/ca.23842, indexed in Pubmed: 35119143.

30.	Pereira BS, van Dijk CN, Andrade R, et al. The calcaneofibu-
lar ligament has distinct anatomic morphological variants: 
an anatomical cadaveric study. Knee Surg Sports Traumatol 
Arthrosc. 2020; 28(1): 40–47, doi: 10.1007/s00167-019-
05797-5, indexed in Pubmed: 31776625.

31.	Ruzik K, Gonera B, Borowski A, et al. Anatomic varia-
tions of the calcaneofibular ligament. Foot Ankle Int. 
2024 [Epub ahead of print]: 10711007241241073, 
doi:  10.1177/10711007241241073, indexed in Pub
med: 38590202.

32.	Ruzik K, Gonera B, Podgórski M, et al. Anatomical varia-
tions of the calcaneofibular ligament in human foetuses. 
Sci Rep. 2023; 13(1): 11016, doi: 10.1038/s41598-023-
37799-2, indexed in Pubmed: 37419905.

33.	Ruzik K, Olewnik L, Westrych K, et al. Anatomical variation 
of co-existing bilaminar tensor of the vastus intermedius 
muscle and new type of sixth head of the quadriceps fem-
oris. Folia Morphol. 2022; 81(4): 1082–1086, doi: 10.5603/
FM.a2021.0095, indexed in Pubmed: 34590299.

34.	Ruzik K, Westrych K, Tubbs RS, et al. Case report of the 
double-headed extensor hallucis longus. Folia Morphol. 
2023; 82(2): 429–433, doi:  10.5603/FM.a2022.0018, 
indexed in Pubmed: 35187631.

35.	Ruzik K, Westrych K, Zielinska N, et al. The morpho-
logical variability of fibularis tertius origin in human 
foetuses. Ann Anat. 2022; 243: 151920, doi: 10.1016/j.
aanat.2022.151920, indexed in Pubmed: 35278660.

36.	Shorter AL, Richardson JK, Finucane SB, et al. Characterization 
and clinical implications of ankle impedance during walking 
in chronic stroke. Sci Rep. 2021; 11(1): 16726, doi: 10.1038/
s41598-021-95737-6, indexed in Pubmed: 34408174.

37.	Trouilloud P, Dia A, Grammont P, et al. Variations in the 
calcaneo-fibular ligament (lig. calcaneofibulare). Appli-
cation to the kinematics of the ankle]. Bull Assoc Anat 
(Nancy. 1988; 72(216): 31–5.

38.	Vuurberg G, Hoorntje A, Wink LM, et al. Diagnosis, 
treatment and prevention of ankle sprains: update of an 
evidence-based clinical guideline. Br J Sports Med. 2018; 
52(15): 956, doi: 10.1136/bjsports-2017-098106, indexed 
in Pubmed: 29514819.

39.	Wiersma PH, Griffioen F. Variations of three lateral lig-
aments of the ankle. A descriptive anatomical study. 
The Foot. 1992; 2(4): 218–224, doi:  10.1016/0958-
2592(92)90051-p.

40.	Wiersma PH, Griffioen F. Variations of three lateral ligaments 
of the ankle. A descriptive anatomical study. The Foot. 
1992; 2(4): 218–224, doi: 10.1016/0958-2592(92)90051-p.

41.	Yoshizuka H, Kuraoka A. Calcaneofibular ligament may 
act as a tensioner of peroneal tendons as revealed by  
a contactless three-dimensional scan system on cadavers. 
Sci Rep. 2022; 12(1): 16650, doi: 10.1038/s41598-022-
21115-5, indexed in Pubmed: 36198736.

http://dx.doi.org/10.1016/j.knee.2023.08.017
https://www.ncbi.nlm.nih.gov/pubmed/37769379
http://dx.doi.org/10.4085/1062-6050-344-18
https://www.ncbi.nlm.nih.gov/pubmed/31162943
http://dx.doi.org/10.1016/j.eats.2019.09.020
http://dx.doi.org/10.1016/j.eats.2019.09.020
https://www.ncbi.nlm.nih.gov/pubmed/32099775
https://www.ncbi.nlm.nih.gov/pubmed/21866529
http://dx.doi.org/10.1007/s00167-020-06431-5
https://www.ncbi.nlm.nih.gov/pubmed/33486559
http://dx.doi.org/10.1016/j.jhevol.2015.06.002
http://dx.doi.org/10.1016/j.jhevol.2015.06.002
https://www.ncbi.nlm.nih.gov/pubmed/26142774
http://dx.doi.org/10.1002/ajpa.24507
http://dx.doi.org/10.1002/ajpa.24507
https://www.ncbi.nlm.nih.gov/pubmed/36790753
http://dx.doi.org/10.5603/FM.a2022.0091
https://www.ncbi.nlm.nih.gov/pubmed/36385428
http://dx.doi.org/10.1007/s00402-014-2049-x
https://www.ncbi.nlm.nih.gov/pubmed/25015792
http://dx.doi.org/10.1007/s00167-016-4194-y
https://www.ncbi.nlm.nih.gov/pubmed/27295109
http://dx.doi.org/10.1002/ca.23267
https://www.ncbi.nlm.nih.gov/pubmed/30144325
http://dx.doi.org/10.1016/j.aanat.2018.10.009
https://www.ncbi.nlm.nih.gov/pubmed/30408521
http://dx.doi.org/10.1002/ca.23842
https://www.ncbi.nlm.nih.gov/pubmed/35119143
http://dx.doi.org/10.1007/s00167-019-05797-5
http://dx.doi.org/10.1007/s00167-019-05797-5
https://www.ncbi.nlm.nih.gov/pubmed/31776625
http://dx.doi.org/10.1177/10711007241241073
https://www.ncbi.nlm.nih.gov/pubmed/38590202
http://dx.doi.org/10.1038/s41598-023-37799-2
http://dx.doi.org/10.1038/s41598-023-37799-2
https://www.ncbi.nlm.nih.gov/pubmed/37419905
http://dx.doi.org/10.5603/FM.a2021.0095
http://dx.doi.org/10.5603/FM.a2021.0095
https://www.ncbi.nlm.nih.gov/pubmed/34590299
http://dx.doi.org/10.5603/FM.a2022.0018
https://www.ncbi.nlm.nih.gov/pubmed/35187631
http://dx.doi.org/10.1016/j.aanat.2022.151920
http://dx.doi.org/10.1016/j.aanat.2022.151920
https://www.ncbi.nlm.nih.gov/pubmed/35278660
http://dx.doi.org/10.1038/s41598-021-95737-6
http://dx.doi.org/10.1038/s41598-021-95737-6
https://www.ncbi.nlm.nih.gov/pubmed/34408174
http://dx.doi.org/10.1136/bjsports-2017-098106
https://www.ncbi.nlm.nih.gov/pubmed/29514819
http://dx.doi.org/10.1016/0958-2592(92)90051-p
http://dx.doi.org/10.1016/0958-2592(92)90051-p
http://dx.doi.org/10.1016/0958-2592(92)90051-p
http://dx.doi.org/10.1038/s41598-022-21115-5
http://dx.doi.org/10.1038/s41598-022-21115-5
https://www.ncbi.nlm.nih.gov/pubmed/36198736

