
A calcaneal tunnel for CFL reconstruction should be directed to the 1 

posterior inferior medial edge of the calcaneal tuberosity 2 

 3 

Abstract 4 

Purpose  5 

Anatomical reconstruction of the calcaneofibular ligament (CFL) is a common 6 

technique to treat chronic lateral ankle instability. A bone tunnel is used to fix the graft 7 

in the calcaneus. The purpose of this study is to provide some recommendations about 8 

tunnel entrance and tunnel direction based on anatomical landmarks.  9 

 10 

Methods  11 

The study consisted of 2 parts. The first part assessed the lateral tunnel entrance for 12 

location and safety. The second part addressed the tunnel direction and safety upon 13 

exiting the calcaneum on the medial side. In the first part, 29 specimens were used to 14 

locate the anatomical insertion of the CFL based on the intersection of 2 lines related 15 

to the fibular axis and specific landmarks on the lateral malleolus. In the second part, 16 

22 specimens were dissected to determine the position of the neurovascular structures 17 

at risk during tunnel drilling. Therefore, a method based on four imaginary squares 18 

using external anatomical landmarks was developed.  19 

 20 

Results  21 

For the tunnel entrance on the lateral side, the mean distance to the centre of the CFL 22 

footprint was 2.8±3.0 mm (0-10.4 mm). The mean distance between both observers 23 

was 4.2±3.2 mm (0-10.3 mm). The mean distance to the sural nerve was 1.4±2 mm 24 

(0-5.8 mm). The mean distance to the peroneal tendons was 7.3±3.1 mm (1.2-12.4 25 

mm). For the tunnel exit on the medial side, the two anterior squares always contained 26 

the neurovascular bundle. A safe zone without important neurovascular structures was 27 

found and corresponded to the two posterior squares. 28 

 29 

Conclusion 30 

Lateral landmarks enabled to locate the CFL footprint. Precautions should be taken to 31 

protect the nearby sural nerve. A safe zone on the medial side could be determined to 32 



guide safe tunnel direction. A calcaneal tunnel should be directed to the posterior 33 

inferior medial edge of the calcaneal tuberosity. 34 
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 39 

Introduction 40 

Chronic lateral ankle instability is a disabling complication after an acute ankle sprain, 41 

and surgery is indicated if conservative treatment fails [23]. In patients with generalized 42 

laxity or poor ligament quality and in revision cases, lateral ligament reconstruction of 43 

both the anterior talofibular ligament (ATFL) and the calcaneofibular ligament (CFL) 44 

should be considered [23].  45 

The evolution towards more anatomical procedures to restore normal joint mechanics 46 

increases the need for detailed knowledge of the normal anatomy [21, 22, 25]. When 47 

performing a ligament reconstruction, bone tunnels are commonly used. The entrance 48 

of the tunnel should be at the normal anatomical footprint. However, the exact position 49 

of the calcaneal insertion of the CFL is difficult to locate, and no agreement exists about 50 

the optimal direction of the calcaneal tunnel [17, 18]. The medial neurovascular bundle 51 

at the exit of a transosseous bone tunnel may be a point of concern.  When choosing 52 

a transosseous bone tunnel, the tunnel exit should avoid the neurovascular bundle on 53 

the medial side. The advent of new endoscopic and percutaneous techniques to 54 

perform this procedure increases the need for anatomical landmarks and guidelines 55 

[5, 16, 21, 23].  56 

Therefore, a cadaveric study was performed. Regarding the tunnel entrance on the 57 

lateral side, the hypothesis was that the CFL footprint could be located at the 58 

intersection of two lines based on the fibular long axis and local anatomical landmarks 59 

of the lateral malleolus. Regarding tunnel exit and orientation on the medial side, the 60 

hypothesis was that a safe area based on imaginary squares on the skin surface could 61 

be determined to avoid the important neurovascular structures. This information would 62 

be useful to offer some clinical recommendations to drill a calcaneal tunnel when 63 

performing a CFL reconstruction. 64 

 65 



 66 

Materials and Methods 67 

Fresh-frozen anonymized specimens were obtained via the Human Body Donation 68 

Programme of the University. Informed consent for medical education and research 69 

was obtained. The specimens were segmented at the tibia and were thawed at room 70 

temperature 24h prior to dissection. Specimens showing musculoskeletal pathologies 71 

or deformities were excluded from the study. Due to practical reasons, not all 72 

specimens were available for both parts of the study resulting in 2 study groups. The 73 

first study group, used for the lateral assessment, consisted of 29 specimens (10 74 

female and 19 male) with a median age of 84 (65-92) years. This group included 3 75 

non-paired specimens. The second study group, used for the medial assessment, 76 

consisted of 22 specimens (16 female and 8 male) with a median age of 84 (67-92) 77 

years. This group included 2 non-paired specimens. 78 

Total foot length was measured from the posterior side of the heel to the tip of the 79 

hallux. All measurements were performed with a Mitutoyo Absolute Digimatic IP67 80 

digital caliper, accuracy 0.01 mm. All measurements were carried out twice, and the 81 

mean value of the two measurements was calculated. Measurements on the dissected 82 

specimens were assessed to 0.1 mm accuracy. Measurements based on palpations 83 

of anatomical structures were assessed to 1 mm accuracy. Pictures were taken at 84 

every step of the protocol. 85 

 86 

Tunnel entry on the lateral side 87 

Each specimen was positioned with the lateral side facing upwards and with the ankle 88 

joint in neutral position. To maintain the neutral position during the entire procedure, a 89 

rope was attached to the tibia and hallux positioning the ankle at 90 degrees. 90 

The hypothetical location of the CFL footprint, the ideal tunnel entry point, was based 91 

on two imaginary lines in relation to landmarks on the lateral malleolus (Fig. 1). The 92 

first line was parallel with the fibula’s long axis, passing through the posterior point of 93 

the lateral malleolus. The second line at a 45 degree angle to the first one passed 94 

through the anteroinferior part of the lateral malleolus, which corresponds to the fibular 95 

obscure tubercle [17]. At the intersection of both lines, an 0.5 diameter Kirschner wire 96 

was drilled perpendicular to the lateral surface. The wire was passed through the 97 

calcaneus until it was no longer palpable on the lateral side. The Kirschner wire 98 



entrance was blinded to allow repeat CFL footprint localization with a second wire by 99 

a second investigator, who was blinded to the steps of the first procedure.  100 

Before starting dissection, the first wire was drilled back into the initial position. Then a 101 

detailed dissection of the lateral ankle region was performed. First, the sural nerve was 102 

located proximally and distally from the footprint zone and followed along its course 103 

towards the lateral malleolus without displacing it. The distance between each wire and 104 

the sural nerve was measured, as well as the distance to the saphenous vein and the 105 

peroneal tendons. Next, the soft tissues covering the anterior tibiofibular ligament, the 106 

ATFL and the CFL were removed. The location of the K-wires was verified according 107 

to the centre of the insertion site. The distance between each K-wire and the centre of 108 

the insertion site of the CFL was measured. The distance between the two wires was 109 

measured to assess the inter-investigator reliability. The K-wire was considered to be 110 

in the centre of the footprint if it arrived in the circular central area with a radius of 1.5 111 

mm around the CFL footprint centre. The measurement results were corrected by the 112 

radius of the K-wire. 113 

 114 

Tunnel orientation and exit on the medial side  115 

In order to evaluate safe tunnel orientation and exit with respect to the neurovascular 116 

structures, a square method was used on the medial foot surface. Each specimen was 117 

positioned with the medial side facing upwards and the ankle joint in neutral position.  118 

A square was created using the following steps. First, two anatomical landmarks were 119 

indicated with percutaneously placed needles: the upper posterolateral edge of the 120 

calcaneus and the origin of the plantar aponeurosis at the medial anterior edge of the 121 

tuber calcanei (Fig. 2). In a next step, 2 horizontal lines were drawn parallel with the 122 

foot sole and passing through the indicated landmarks. Finally, 2 lines were added 123 

perpendicular to the first lines to obtain a rectangle. As the lengths of all sides were 124 

almost equal, a square was formed. In a next step, this square was then divided into 125 

four equal squares: an anterosuperior, a posterosuperior, an anteroinferior and a 126 

posteroinferior one. Dissection of the squares was performed to assess the presence 127 

of neurovascular structures. To avoid displacement of the neurovascular structures 128 

during the dissection, the dissection was started from the area proximal (superior) to 129 

the square. This allowed us to identify the most important anatomical structures. Next, 130 

the two superior squares were dissected. Then the two lower squares were dissected 131 

to track the smaller branches to their endpoints to differentiate between sensory nerves 132 



(to the fatty tissue and skin of the foot sole) and motor nerves (to the intrinsic foot 133 

muscles). 134 

Data are presented as mean ± standard deviation. The sample size calculation was 135 

not a priori calculated and the largest number of available ankles was included. 136 

 137 

Results 138 

Tunnel entry on the lateral side 139 

The mean distance to the centre of the CFL footprint was 3.6±2.8 mm (0-10.4 mm). 140 

The mean distance between both wires (both investigators) was 4.2±3.2 mm (0-10.3 141 

mm). In 74.1% (43/58) of the attempts, the wire was drilled in the footprint of the CFL, 142 

including 8 attempts that arrived in the centre (Fig. 3). The mean distance to the sural 143 

nerve was 1.4±2 mm (0-5.8 mm). In 10 attempts, the sural nerve was pierced. In 144 

another 21 attempts, the wire touched the nerve without macroscopic damage. The 145 

mean distance to the small saphenous vein was 1.9±2.3 mm (0-7.1 mm). The small 146 

saphenous vein was pierced in 2 cases. The mean distance to the peroneal tendons 147 

was 7.3±3.1 mm (1.2-12.4 mm). The peroneal tendons were pierced in none of the 148 

cases. 149 

 150 

Tunnel orientation and exit on the medial side  151 

The average total foot length was 240 mm and ranged from 208 mm to 312 mm. The 152 

neurovascular bundle was located in both anterior squares in every specimen (Table 153 

1, Fig. 4). No major arteries or motor branches were found in the two posterior squares.  154 

Sensory nerve branches could be identified in all squares. Division of the posterior 155 

squares into an anterior and posterior half allowed us to indicate areas without sensory 156 

branches (Fig. 4c). The average horizontal length of the main rectangle was 52 mm 157 

(34-88 mm), and the vertical length was 50 mm (34-98 mm).  158 

 159 

Discussion 160 

The most important finding in this study is that anatomical surface landmarks can be 161 

very useful to obtain information about the location of the calcaneal CFL footprint on 162 

the lateral side and the neurovascular bundle on the medial side. This information is 163 

valuable with respect to the optimal tunnel entry point and safe tunnel orientation to 164 

reconstruct the CFL. 165 



The different surgical techniques for treating chronic lateral ankle instability can be 166 

divided into two major groups [10]. First, anatomical repair has been commonly used 167 

and corresponds to suturing the torn lateral ligaments. Second, reconstruction refers 168 

to the replacement of chronically deficient lateral ligaments with other tissue, which can 169 

be local tissue, autograft or allograft [10]. Since 2006, anatomical reconstruction has 170 

become more popular [6, 28, 31]. According to a recent systematic review, anatomical 171 

reconstruction using a tendon graft seems to give the best results, but may be more 172 

invasive than anatomical repair [31]. Especially in patients with generalised laxity or 173 

poor ligament quality, lateral ligament reconstruction (with grafting) of both the ATFL 174 

and CFL should be considered [23]. The CFL, which is the only ligament bridging both 175 

the tibiotalar and subtalar joint, is generally assumed to be an important stabiliser of 176 

both joints. Lesions of the CFL and the suspicion of subtalar instability serve as an 177 

extra argument for reconstructing the CFL in addition to the ATFL [11, 19, 23]. Pereira 178 

et al. described several distinct anatomical variants of the CFL: single bundle, Y-shape, 179 

V-shape and double bundle [26]. The contribution of the different bundles to the 180 

stability of the hindfoot is still unclear but may be important when an anatomical 181 

reconstruction is being considered. In particular, the bundle towards the talus is 182 

probably important to provide stability of the subtalar joint. In contrast, the calcaneal 183 

footprint showed limited morphological variability, with a single calcaneal footprint in 184 

89.4% of the specimens. 185 

Takao et al. published the anatomical ankle ligament reconstruction method in 2005 186 

[28]. They fixed a gracilis autograft in a calcaneal tunnel to reconstruct the CFL. In later 187 

years, similar open [6, 12], endoscopic [5, 9, 11, 20, 21, 27, 32, 34] and percutaneous 188 

[8] techniques of CFL reconstruction were published. However, those publications 189 

presented different tunnel directions and offered only limited information on finding the 190 

CFL footprint.  191 

When performing an anatomical reconstruction of the CFL, the entrance of the 192 

calcaneal tunnel, which represents the fixation site of the graft, should be as close as 193 

possible to the anatomical footprint. In most cases, some tissue remnants are still 194 

present and can be used to determine the optimal position. However, this tissue can 195 

be difficult to dissect or difficult to recognize. A recent systematic review confirmed the 196 

need to find additional anatomical landmarks [16].   197 

Two tubercles on the lateral calcaneal wall have been described as possible 198 

landmarks. Laidlaw et al. reported that the CFL inserted on a small tubercle, the 199 



tuberculum ligamenti calcaneofibularis (TLC) [13]. As this tubercle is often absent or 200 

difficult to detect, its clinical use is very limited [17, 18, 33].  201 

Another tubercle, the peroneal tubercle, was also described as a reference point. This 202 

tubercle is located about 13.2 to 27.1 mm antero-inferior to the CFL insertion [4,  15, 203 

18, 24].  204 

Alternatively, the posterior facet of the subtalar joint can be used as a landmark. The 205 

CFL insertion is located on the perpendicular line from the midpoint of the subtalar joint 206 

at 17.2 mm, ranging from 14.4 to 21.0 mm [17]. Other studies report a distance of 12.1–207 

13.2 mm [2, 3]. 208 

Best et al. used an image intensifier to determine radiographic landmarks that support 209 

the identification of the CFL footprint [1]. The intersection between a horizontal tangent 210 

aligned to the deepest visible concavity of the tarsal sinus and a vertical tangent 211 

aligned to the farthest posterior convexity of the talus on a standardized lateral 212 

radiograph in the neutral ankle position was used to indicate the CFL footprint. The 213 

reliability of this method was not assessed. Lopes et al. used the tip of the lateral 214 

malleolus as a landmark and related the CFL footprint to a point 1 cm distal and 215 

posterior to the tip of the lateral malleolus [14, 15]. The accuracy of this method was 216 

similar to the findings in our study. This confirms the reliability of the lateral malleolus 217 

as a reference point to locate the CFL insertion. 218 

The method used in this study was based on earlier studies measuring the angle 219 

between the fibular axis and the CFL [1, 2, 30]. Burks et al. measured a CFL-fibular 220 

angle of 133° and Best et al. measured 131°. These results coincide with the 135° 221 

angle used in this study, which was transformed in an adjacent angle of 45° for practical 222 

reasons. 223 

 224 

Although there are concerns about damaging the medial neurovascular structures 225 

during tunnel positioning, no studies have assessed the optimal directions to avoid this 226 

problem [8]. Earlier studies focused on the risk to medial neurovascular structures 227 

when applying fixation frames or performing osteotomies [7, 29]. Our guidelines 228 

correspond with those studies identifying the posterior part of the calcaneus as a safer 229 

zone. 230 

 231 

The main limitation of this study was that we did not measure the CFL-fibular angle. 232 

We assume that the variability of this angle is the most important limitation to 233 



determining reliable guidelines to find the CFL footprint. Geometrically, the CFL-fibular 234 

angle corresponds to the orientation of the CFL in the sagittal plane. As a 235 

consequence, this angle should be correlated with the location of the calcaneal 236 

footprint. A small angle will correspond to a more posteriorly located calcaneal 237 

footprint. As this angle was only measured in a few of the specimens, these findings 238 

were not included in this study. Future studies could investigate the morphological 239 

factors that are correlated with this angle. 240 

Another limitation to this study is the use of superficial landmarks to determine a deeply 241 

located footprint, which can be difficult in certain patients with a thicker layer of soft 242 

tissues. In those patients a fluoroscopic technique can be very useful. 243 

This study does not offer any guidelines about tunnel length and diameter. As the 244 

calcaneus is a bulkier bone than the talus and fibula, the tunnel dimensions are 245 

probably less of a concern. 246 

 247 

The results of this study are useful in the day-to-day clinical practice. The described 248 

guidelines to locate the CFL footprint can be used when reconstructing the CFL and 249 

offer several advantages. No fluoroscopy is needed. The proposed landmarks are easy 250 

to palpate. As the landmarks are superficial, they can be used without the need for 251 

surgical exploration. The proposed landmarks avoid the use of absolute distances  252 

which can be essential in situations with an unusual foot size. 253 

Nevertheless, there are some risks when using minimally invasive techniques. In 254 

percutaneous techniques, the peroneal tendons and sural nerve can be damaged due 255 

to their close position to the CFL footprint. These structures should be protected using 256 

the “nick and spread” technique for dissection and a drill guide during drilling [8]. When 257 

using endoscopic or open procedures, a more anteriorly located approach allows the 258 

surgeon to start from a safe zone free from important neurovascular structures [20]. 259 

This can be combined with a small percutaneously placed needle at the estimated 260 

location of the footprint to find the remnants of the CFL insertion. 261 

 262 

The results of tunnel orientation and exit on the medial side are useful to avoid damage 263 

to the most important structures at risk: the posterior tibial neurovascular bundle. We 264 

recommend directing the calcaneal tunnel to the posterior inferior medial edge of the 265 

calcaneal tuberosity, which is located in the posteroinferior square. This offers a long 266 

tunnel and avoids arteries and motor branches. Alternatively, a blind-ended tunnel can 267 



be used to avoid damage on the medial side. The safe zones found in this study are 268 

also useful when performing other surgical procedures in this area, e.g. osteosynthesis 269 

of a calcaneal fracture, calcaneal osteotomy, or external fixation frame on the hindfoot.  270 

 271 

Conclusion 272 

Anatomical landmarks on the lateral malleolus allowed to locate the CFL footprint. 273 

Precautions should be taken to protect the nearby sural nerve. A medial safe zone 274 

could be determined to guide tunnel direction. A calcaneal tunnel should be directed 275 

to the posterior inferior medial edge of the calcaneal tuberosity. 276 
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Fig. 1 Lateral procedure. Position of the landmarks and reference lines for the drilling 390 

procedure. (FP) Calcaneal footprint. (CFL) Calcaneofibular ligament. (LM) Lateral 391 

malleolus. (1) Posterior point of the lateral malleolus. (2) Anteroinferior part of the 392 

lateral malleolus which corresponds to the fibular obscure tubercle.  393 

 394 

 395 

 396 

  397 



Fig. 2 Medial procedure. Anatomical landmarks and squares. (1) The upper edge of 398 

the calcaneum at the insertion site of the Achilles tendon. (2) The anterior edge of the 399 

tuber calcanei defined by palpation. 400 
 401 

 402 

 403 

 404 
 405 
 406 
 407 
  408 



Fig. 3 Schematic illustration of the localization of the K-wires and relative position 409 
to the footprint and footprint centre. 410 
 411 
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 413 

  414 



Fig. 4  Medial view of the hindfoot with 4 squares. (1) The upper edge of the calcaneum 415 

at the insertion site of the Achilles tendon. (2) The anterior edge of the tuber calcanei 416 

defined by palpation. a. Arteries b. Motor branches c. Sensory branches 417 
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