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Introduction: 40 

The posterolateral corner (PLC) of the knee mainly consists of the fibular collateral ligament (FCL), 41 

popliteus tendon (PT), and popliteofibular ligament (PFL) [16, 26]. The structure of the PLC acts as a 42 

static stabilizer to resist varus and external rotation forces and posterior translation [17, 20, 31]. The 43 

biceps femoris tendon acts a dynamic stabilizer to resist anterolateral-anteromedial rotatory instability of 44 

the knee joint [32, 33]. Both the PLC and biceps femoris tendon are often damaged together with an 45 

avulsion fracture of the fibular head [18], and injuries to both the PLC and biceps femoris tendon are 46 

associated with severe rotatory instability [13]. 47 

Several studies have reported that injuries to the PLC are rarely found in isolation; however, they are 48 

related to multiple ligament injuries, such as the combination of posterior cruciate ligament (PCL) injury 49 

[4, 22]. Recent magnetic resonance imaging studies indicated that additional posterolateral injuries were 50 

present in 41-68% of patients with PCL injuries, and 37-62% of patients with anterior cruciate ligament 51 

(ACL) injuries [6, 7, 13, 35]. In cases in which severe instability of PLC persisted, only isolated PCL 52 

and/or ACL reconstruction has also been shown to be insufficient for stability [12]. It has also been 53 

reported that if PLC injuries are left untreated, they may result in PCL and ACL graft failures, significant 54 

impairment, including pain, meniscus tear, and osteoarthritis [9, 10, 13, 14, 15].  55 

The treatment of PLC injuries remains controversial. Several studies have reported a higher rate of repair 56 

failure compared with PLC reconstruction [1, 19, 28]. In contrast, a recent report showed that no 57 
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differences existed between reconstruction and repair groups with good tissue quality at the time of 58 

surgery [21]. However, in cases of chronic PLC injuries, reconstruction of the PLC might be a more 59 

reliable option in the setting of multiple ligament injuries [19, 21]. 60 

Several techniques for PLC reconstruction have been reported, such as using a fibular sling with 1 or 2 61 

femoral tunnels [11, 25]. In recent years, anatomical reconstruction of the PLC has achieved superior 62 

results [12, 20], and it was found to more favorably restore knee kinematics than non-anatomical 63 

reconstruction in a biomechanical study [23]. However, tunnel positions, especially fibular tunnel 64 

positions, have remained controversial. 65 

Several anatomical studies of the femoral insertion of the PLC and their optimal tunnel position have 66 

been reported [2, 5, 16, 24, 26, 30]; however, little has been mentioned about the fibular side [2, 24, 27, 67 

34]. To precisely repair or anatomically reconstruct the PLC, it is necessary to define the optimal 68 

positions of the FCL, PFL, and biceps femoris tendon insertions, and relations between the characteristic 69 

features of the fibular head and those insertions. 70 

The aim of this study was to clarify the fibular insertion of the FCL, PFL, biceps femoris tendon, and 71 

related osseous landmarks on three-dimensional (3-D) images. The hypothesis was that characteristic 72 

features of their insertions can be identified and that they are consistent.  73 

 74 

Materials and Methods:  75 
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Twenty-one unpaired human cadaveric knees (sixteen from males and five from females), with no severe 76 

macroscopic or traumatic changes, were used in this study. The mean age at the time of death was 77.8 ± 77 

9.8 years (range: 63-95 years). All cadavers were placed in 10% formalin and preserved in 50% alcohol 78 

for 6 months. 79 

Dissection began with removal of the skin and soft subcutaneous tissue on the lateral side of the knee. 80 

The iliotibial tract was cut on the proximal side and turned over by the tibial attachment. After the 81 

removal of the iliotibial tract, the biceps femoris tendon was identified and cut on the proximal side of the 82 

fibular insertion. The biceps femoris tendon was peeled off the fibular insertion, and then the FCL and 83 

PFL were identified and observed grossly. They were cut in the midsubstance, elevated from the fibular 84 

head, and outlined using a fine 1.0-mm-diameter drill.  85 

 86 

Three-dimensional measurement and visualization 87 

Knees were scanned using a 16-row multislice computed tomography (CT) scanner (ECLOS; Hitachi 88 

Medical Corporation, Tokyo, Japan). Axial plane images with 0.5-mm slices were obtained and saved as 89 

Digital Imaging and Communications in Medicine (DICOM) data. All digital data imaging were uploaded 90 

to dedicated software (Mimics version 15.0 and MedCAD module; Materialise N.V., Belgium), and 3-D 91 

images of the knee were created. On the 3-D images, the morphology of the fibular head, the fibular 92 

insertions of the FCL, PFL, and biceps femoris tendon, and these surface areas were analyzed. The center 93 
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of the insertions of the FCL, PFL, and biceps femoris tendon was defined automatically as the centroid of 94 

their area using the software mentioned. The linear distance between the center of the fibular insertion of 95 

the FCL or PFL and the apex of related structures was measured on 3-D images. The linear distance 96 

between the center of the FCL and PFL insertions was also measured. 97 

The coordinates of the center of the fibular head insertion of the FCL and PFT were mapped on two 98 

squares with an antero-posterior (A-P) and lateral view on the 3-D images. The coordinate planes were 99 

created using the tibial plane [29]. With an A-P view, the maximum medial-lateral diameter of the length 100 

between the most medial and lateral points of the fibular head was used as a standard (100%). With a 101 

lateral view, the maximum A-P diameter of the length between the most anterior and posterior points was 102 

used as a standard (100%) (Figs. 3a and 3b). 103 

These cadavers were donated to Iwate Medical University for education and research purposes, and 104 

informed consent for donation was obtained from each patient and their family prior to death. This 105 

cadaveric study was approved by the Ethical Committees of Iwate Medical University (IRB: H27-99). 106 

The accuracy of the length and area measurements was less than 0.1 mm and 0.1 mm
2
, respectively. 107 

When comparing the accuracy of 3-D models generated from CT with the optical scan, the average error 108 

was 0.65 ± 0.31 mm or around one-third of the pixel size [8]. The tolerance and margin of error of CT 109 

measurements (according to the manufacturer) were ± 0.39 mm. The distribution of each variable was 110 
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checked for normality using the Kolmogorov–Smirnov test. Statistical data were calculated using SPSS 111 

v.20.0 (IBM, Armonk, NY, USA). 112 

 113 

Results:   114 

Macroscopic findings 115 

The insertions of the FCL, PFL, and biceps femoris tendon were clearly identified in all knees. The lateral 116 

point of the fibular head and fibular styloid process could be identified easily as osseous landmarks of the 117 

fibular head by palpation in all knees. However, the anterior point was difficult to palpate because various 118 

soft tissues, such as the proximal tibiofibular joint ligament and peroneus longus muscle, were firmly 119 

attached around it. The lateral and posterior aspects of the fibular head were also identified. The biceps 120 

femoris tendon was firmly attached to the lateral aspect of the fibular head surrounding the FCL (Fig. 1). 121 

The FCL originated from the posterior slope of the lateral epicondyle, and inserted from the center of the 122 

lateral aspect to the lateral point of the fibular head intersecting the biceps femoris tendon. The PFL 123 

originated from the musculo-tendinous junction of the PT, and inserted to around the fibular styloid 124 

process (Fig. 2a).  125 

 126 

３-D measurements of fibular insertions of the FCL and PFL 127 
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Fibular insertions of both the FCL and PFL, especially the PFL, varied markedly in size. The mean 128 

surface areas of the FCL and PFL fibular insertions were 100.1 ± 29.5 mm
2
 and 18.5 ± 7.2 mm

2
, 129 

respectively. Quantitative data are summarized in Table 1. 130 

 131 

Locations and coordinates with A-P and lateral views on 3-D images 132 

Coordinates for centers of the FCL and PFT fibular insertions were obtained. With an A-P view, the 133 

centers of fibular insertion of the FCL were x = 94.8 ± 2.7% and y = 57.4 ± 8.8%, and those of the PFL 134 

were x = 70.2 ± 6.7% and y = 5.7 ± 3.2%, respectively. With a lateral view, the centers of fibular head 135 

insertion of the FCL were x = 52.4 ± 5.6% and y = 62.8 ± 7.5%, and those of the PFL were x = 82.8 ± 136 

4.9% and y = 5.9 ± 3.4%, respectively (Figs. 3c and 3d). Quantitative data are summarized in Table 2. 137 

 138 

Characteristic features of the fibular head on 3-D images  139 

On 3-D images, the fibular head consisted of three aspects: the lateral aspect, posterior aspect, and 140 

proximal tibiofibular facet. The shape of the fibular head was pyramidal, with the fibular styloid process, 141 

and anterior, lateral, and medial points. Four points were labeled F, A, L, and M, representing the fibular 142 

styloid process, and anterior, lateral, and medial points of the fibular head, respectively, and the sides 143 

between these points were labeled FA, FL, FM, AL, AM and LM, and measured (Fig. 4). The distances of 144 

FA, FL, FM, AL, AM, and LM were 27.4 ± 2.0 mm, 24.7 ±2.8 mm, 24.6 ± 4.5 mm, 19.6 ± 2.7 mm, 27.3 145 
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± 2.5 mm, and 29.4 ± 3.0 mm, respectively. The distances of each side were nearly equal, and the shape 146 

of the fibular head was similarly triangular and pyramidal in appearance.  147 

 148 

Positional relationships among the FCL, PFL, and related osseous landmarks 149 

On 3-D images, the lateral point of the fibular head, the fibular styloid process, and also the anterior point 150 

of the fibular head, which was not clearly identified based on macroscopic findings, could be identified as 151 

osseous landmarks. The insertion of the FCL was attached from a lateral point to the center of the lateral 152 

aspect of the fibular head. The distances between the centers of the FCL insertion and anterior or lateral 153 

point of the fibular head, or the fibular styloid process, were 18.1 ± 1.9 mm, 6.3 ± 1.1 mm, and 21.6 ± 2.5 154 

mm, respectively. The insertion of the PFL was attached from the fibular styloid process to the posterior 155 

aspects. The distances between the centers of the PFL insertion and anterior or lateral point of the fibular 156 

head, or the fibular styloid process, were 25.2 ± 2.9 mm, 24.2 ± 2.2 mm and 2.3 ± 1.0 mm, respectively. 157 

The distance between the centers of the FCL and PFL insertions was 20.4 ± 2.6 mm. Quantitative data are 158 

summarized in Table 1. 159 

 160 

Discussion:  161 

The most important findings of this study were the clarifications of the relationships between the 162 

characteristic features of the fibular head and insertions of the FCL, PFL, and biceps femoris tendon on 163 
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3-D images. The shape of the fibular head was similar to regular triangular and pyramidal with sides 164 

approximately 25 mm long. In appearance as a unique structure. The insertions of the FCL, PFL, and 165 

biceps femoris tendon were inserted from the center of the lateral aspect to the lateral point of the fibular 166 

head, from the fibular styloid process to the posterior aspect, and to the lateral aspect surrounding the 167 

FCL, respectively. The relationships between the characteristic features of the fibular head and their 168 

insertions were consistent.  169 

This study provided detailed data concerning the surface areas of the fibular insertions of both the FCL 170 

and PFL that varied markedly in size. This finding regarding the fibular insertion of the FCL was similar 171 

to the observation by Branch et al. using a calibrated stylus utilizing standard system software, who 172 

reported that the surface area of the fibular insertion of the FCL averaged 87 mm
2
, although they did not 173 

mention about the insertion of the PFL [2]. In contrast, LaPrade et al. only reported that the surface area 174 

of the fibular insertion of the FCL averaged 48 mm
2
 using a video motion analysis capture system [16]. 175 

Using the Isotrak digitizing system, Brinkman et al. found that the surface area of the fibular insertion of 176 

the FCL averaged 35 mm
2
 and the PFL averaged 17 mm

2
 [3]. Their findings of the PFL were similar to 177 

this results; however, the FCL was smaller than in the present study. This difference might be due to the 178 

method for identification of the fibular insertion of the FCL, which is surrounded by firm attachments to 179 

the biceps femoris tendon, or the measurement system.  180 
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This study revealed accurate coordinate positions of centers of the fibular insertion of the FCL and PFL 181 

with A-P and lateral views on 3-D images. No studies have mentioned the positions of the centers of the 182 

FCL and PFL fibular insertions using 3-D images. This study can shows the importance of considering 183 

individual difference in the size of the fibular head, and so it may aid in the determination of an accurate 184 

tunnel position during surgery. 185 

This study also revealed the distance between the centers of the FCL or PFL and their osseous landmarks: 186 

the anterior or lateral point of the fibular head, or the fibular styloid process. The distance between the 187 

FCL or PFL and the fibular styloid process was similar to the observation by Pierrini et al., who reported 188 

that the distances between the FCL or PFL and the fibular styloid process were 17.6 ± 4.1 and 4.8 ± 2.3 189 

mm, respectively, although they did not mention about anterior and lateral points [26]. LaPrade et al. 190 

reported that the distances between the FCL and anterior point or the fibular styloid process were 8.2 and 191 

28.4 mm, respectively. They also reported that the distance between the PFL and fibular styloid process 192 

was 2.8 mm. Their results regarding the distance between the FCL or PFL and the fibular styloid process 193 

were similar to this study; however, the distance between the FCL and anterior point of the fibular head 194 

was shorter than this result [16]. Several studies have described the osseous landmarks for the fibular 195 

insertion of the FCL and PFL in relation to the anterior point of the fibular head and the fibular styloid 196 

process [3, 16, 26]; however, no reports have mentioned about the lateral point of the fibular head as an 197 

osseous landmark. Although the anterior point was not identified clearly by examination of the gross 198 
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anatomy in this study, the lateral point and fibular styloid process were clearly identified in all knees. 199 

Therefore, the lateral point and fibular styloid process may be more useful osseous landmarks than the 200 

anterior point for identification of their insertions intraoperatively. 201 

More importantly, the relationships between the characteristic features of the fibular head and insertions 202 

of the FCL, PFL, and biceps femoris tendon were consistent. We also present a simplified schematic 203 

diagram of the fibular head showing a pyramidal shape as a unique structure. At the time of surgery, it 204 

can be difficult to identify their fibular insertions, because the fibular head is relatively small, in 205 

combination with an avulsion fracture, various soft tissue injuries and scar formation after PLC injuries. 206 

Therefore, we believe that the simple characteristic feature of the fibular head which we showed, can be 207 

the most useful osseous landmarks and may assist surgeons to confirm the accurate position of the fibular 208 

insertions of the PLC during surgery. 209 

This study had several limitations. Firstly, cadavers with a mean age of 77.8 years were used. Even 210 

though no specimens had severe macroscopic degenerative or traumatic changes, it cannot be ruled out 211 

that degenerative changes may have affected identification of the osseous landmarks. Secondly, a 212 

comparatively small number of specimens were investigated. Thirdly, formalin-preserved cadavers, with 213 

which it is occasionally difficult to identify fine structures of soft tissues, were used. Fourthly, this study 214 

used an accurate method of 3-D measurement and visualization; however, it also cannot be ruled out that 215 
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human dissection and subjective decisions regarding the insertion site of the FCL, PFL, and biceps 216 

femoris tendon introduced error and bias. 217 

The clinical relevance of this study is that it improves understanding of the anatomy of the insertions of 218 

the FCL, PFL and biceps femoris tendon, and assists surgeons in performing precise repair or anatomical 219 

reconstruction of the PLC.  220 

 221 

Conclusion 222 

This study showed that the relationships between the characteristic features of the fibular head and 223 

insertions of the FCL, PFL, and biceps femoris tendon were consistent. The clinical relevance of this 224 

study is that it improves understanding of the anatomy of the insertions of the PLC and biceps femoris 225 

tendon.  226 
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Fig.1 Macroscopic findings with a lateral view of the left knee, showing the biceps femoris tendon and 315 

fibular collateral ligament (FCL). The biceps femoris tendon was firmly attached to the lateral aspect of 316 

the fibular head surrounding the FCL. The black arrowheads show the insertion area of the FCL.  317 
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Fig. 2-a: Macroscopic findings with a lateral view of the left knee. The black arrowheads show the 319 

insertion area of the FCL and the white arrowheads show the insertion area of the popliteofibular 320 

ligament (PFL).  321 

Fig. 2-b: The insertion areas of the fibular head on three-dimensional (3-D) images. The red area shows 322 

the fibular insertion area of the FCL, the blue area shows the fibular insertion area of the PFL, and the 323 

green area shows the fibular insertion area of the biceps femoris tendon. The black circles indicate the 324 

centers of their insertions.  325 
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Fig. 3 a and b: Original coordinate planes with squares. Squares with reference lines A, B, C, and D were 327 

drawn with antero-posterior and true lateral views. Line A A line which contacts at the most medial and 328 

anterior points of the fibular head was drawn perpendicular to the tibial plane. Line B Contact points at 329 

the most proximal point of the fibular head were plotted parallel to the tibial plane. Line C Contact points 330 

at the most lateral and posterior points of the fibular head were plotted perpendicular to the tibial plane. 331 

Line D A line parallel to the tibial plane was drawn to create squares. The asterisk indicates the standard 332 

length (as 100%) for lines A and C and for lines B and D.  333 

Fig. 3 c and d: Coordinates for the centers of the FCL (red circle) and PFL (blue triangle) are shown with 334 

an antero-posterior (A-P) view (Fig.3. c) and a lateral view (Fig.3. d). A large red circle and blue triangle 335 

indicate the mean centers of the FCL and PFL. The X-axis is the top of the square, the Y-axis is the 336 

medial perpendicular line on the squares, and the origin of the coordinate axes is the point of intersection 337 

between the uppermost line and medial perpendicular lines. The coordinates of the center of the femoral 338 

insertion of the FCL and PFL were plotted on squares with A-P and lateral views.  339 
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Fig. 4: Characteristic features of the fibular head on a 3-D image with a proximal view. The fibular head 341 

consists of three aspects: lateral aspect, posterior aspect, and tibiofibular facet. The red area indicates the 342 

fibular insertion area of the FCL and the blue area indicates fibular insertion area of the PFL.  343 
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