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ABSTRACT

Purpose. To investigate anatomic variations of 
neurovascular structures in the ankle and the safety 
margin for arthroscopic portals.
Methods. 11 left and 12 right ankles from 8 female 
and 15 male fresh cadavers of Chinese ethnicity 
aged 53 to 88 (mean, 68) years were used. The ankle 
was standardised in a plantigrade position, zero-
degree inversion, and neutral rotation. Four ankle 
portals, namely anteromedial (AM), anterolateral 
(AL), posteromedial (PM) and posterolateral (PL), 
were identified using 23-gauge needles. Skin and 
subcutaneous fat were dissected from the underlying 
fascia to visualise neurovascular structures. 
Distances were measured from: (1) the AM portal to 
the saphenous vein and nerve and its branches, (2) 
the AL portal to branches of the superficial peroneal 
nerves, of which the lateral one was labelled as the 
intermediate dorsal cutaneous branch and the medial 
one as the medial dorsal cutaneous branch, (3) the PM 
portal to the posterior tibial neurovascular bundles, 
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and (4) the PL portal to the sural nerve.
Results. The distances from (1) the AM portal to 
branches of the great saphenous vein and nerve, and 
(2) the AL portal to the intermediate dorsal cutaneous 
branch of the superficial peroneal nerve were short 
and may be an anatomic hazard. Variations were 
significant among the cadavers in terms of distances 
of the portals to the neurovascular structures. 
Conclusion. In Chinese cadavers, variations of 
neurovascular structures are significant. Care must 
be taken to avoid inadvertent injury during ankle 
arthroscopy.

Key words: ankle; arthroscopy; complications

INTRODUCTION

Ankle arthroscopy has been used for treatment of 
a variety of ankle pathologies (e.g. synovitis, loose 
bodies, impingement, intra-articular fractures, 
osteochondral lesions, and arthrodesis). Advances 
in minimally invasive techniques have hastened 
recovery of patients and minimised morbidities. 
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The success of surgery mainly depends on safe 
establishment of arthroscopic portals in relation to 
adjacent neurovascular structures, and thus avoid 
inadvertent injury.1 We investigated anatomic 
variations of neurovascular structures of the ankle 
and the safety margin for arthroscopic portals.

MATERIALS AND METHODS

Between January 2007 and December 2008, 11 left 
and 12 right ankles from 8 female and 15 male fresh 
cadavers of Chinese ethnicity aged 53 to 88 (mean, 68) 
years with no infectious disease2 were studied. Rigor 

mortis had not set in and there was no detectable 
abnormality, impaired passive range of movement, 
and illness history involving the ankle joints. 
Informed consent was obtained from the next of kin. 
All procedures were performed inside a biosafety 
level-2 suite.2 Personal protection equipment (such 
as face shields, protective gloves and impermeable 
gowns) was used.3

 The surface landmarks (namely prominences of 
the medial and lateral malleoli, borders of the Achilles 
tendon, and the medial border of the tibialis anterior 
tendon) were identified, with the skin intact. The ankle 
was standardised in a plantigrade position, zero-
degree inversion, and neutral rotation. Four ankle 
portals, namely anteromedial (AM), anterolateral 
(AL), posteromedial (PM) and posterolateral (PL), 
were identified using 23-gauge needles inserted 
through the joint capsule.1,4–11 Skin and subcutaneous 
fat were dissected from the underlying fascia for 
visualisation of neurovascular structures (Fig. 1). 

Care was taken to avoid disturbing the fascia and 
neurovascular structures. The distances of the portals 
to the corresponding neurovascular structures were 
measured,12–15 using a thickness gauge with ball tips 
measurable to 0.05 mm for distances <15 mm [Fig. 2] 
or a tape ruler for distances >15 mm. They included 
(1) the AM portal to the saphenous vein and nerve 
and its branches, (2) the AL portal to branches of 
superficial peroneal nerves, of which the lateral one 
was labelled as the intermediate dorsal cutaneous 
branch and the medial one as the medial dorsal 
cutaneous branch, (3) the PM portal to posterior tibial 
neurovascular bundles, and (4) the PL portal to the 
sural nerve (Fig. 3). A mean of 3 measurements was 
recorded to reduce intra-observer error.

RESULTS

Variations were significant among the cadavers in 
terms of patient age and distances from the medial 
to lateral malleoli, the AM portal to the saphenous 
nerve and vein and their branches, the AM portal 
to the anterior tibial artery, the AM portal to the 
deep peroneal nerve, the AL portal to the superficial 
peroneal nerve, the PL portal to the sural nerve, 
and the PM portal to posterior tibial neurovascular 
bundles (Table). 

DISCUSSION

Distances from (1) the AM portal to branches of the 
great saphenous vein and nerve (mean, 5.4; range, 

Figure 1 Skin and subcutaneous fat were dissected 
from underlying fascia for visualisation of neurovascular 
structures.

Figure 2 An analogue thickness gauge with ball tips 
measurable to 0.05 mm is used for distances <15 mm.
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Figure 3 Measurement of distances from (a) the anteromedial portal to the saphenous vein and nerve and its branches, (b) 
the anterolateral portal to branches of superficial peroneal nerves, of which the lateral one is labelled as the intermediate dorsal 
cutaneous branch and the medial one as the medial dorsal cutaneous branch, (c) the posteromedial portal to posterior tibial 
neurovascular bundles, and (d) the posterolateral portal to the sural nerve.

(a) (b)

(c)

Patient 

no.
Age 

(years)

Distances between arthroscopic portals and corresponding neurovascular structures* (mm)

M-L AM-Sap NV AM-Sap Br AM-ATA AM-DPN AL-SPN PL-Sural PM-PT NV

1 65 103 20.2 8.4 23.5 20.7 8.5 7.7 7.6
2 58 115 1.1 7.5 24.3 20.6 0.4 7 14
3 76 105 18.0 10 25.1 23.8 0.6 21.8 8
4 55 107 3.5 0.5 25.8 22.0 12.5 10.2 7.5
5 65 104 11.3 13.1 23.8 22.1 0.5 23 9.9
6 88 112 15.6 5.6 25.0 23.8 0.6 20.2 16.3
7 71 102 10.2 2.4 25.1 21.6 5.4 9.3 13.6
8 77 109 8.4 3.2 24.2 20.2 3.8 15.4 20.5
9 55 105 15.6 0.8 24.2 21.7 7.8 8.9 10.0
10 53 118 12.8 9.6 24.9 22.5 5.6 8.6 19.8
11 58 115 1.8 1.2 25.8 23.1 2.8 9.9 17.2
12 53 119 16.2 8.6 23.7 18.9 1.7 13.4 10.2
13 70 110 1.4 6.8 26.4 22.7 0.5 17.2 11.4
14 55 107 12.2 2.7 26.2 24.4 9.8 9.1 10.3
15 76 104 1.6 8.2 23.9 22.0 7.6 8.8 9.7
16 80 118 15.8 7.2 23.6 21.8 8.2 12.5 22.1
17 70 111 13.2 8.8 25.2 23.7 5.1 13.2 19.5
18 77 110 4.7 2.7 26.0 24.0 8.0 7.8 19.0
19 55 109 13.2 0.7 25.6 23.2 0.4 9.9 17.7
20 71 102 2.0 2.4 24.9 21.8 11.7 23.0 5.2
21 74 116 14.5 7.5 24.2 21.6 6.0 15.6 21.2
22 74 114 7.9 2.5 26.1 24.3 14.4 8.1 18.2
23 88 112 13.4 3.1 24.0 22.0 4.3 9.1 16.6
Mean 

(range)

68 

(53–88)

109.9 

(102–119)

10.2 

(1.1–20.2)

5.4
(0.5–13.1)

24.8 

(23.5–26.4)

22.3 

(18.9–24.4)

5.5 

(0.4-14.4)

12.6 

(7.0–23.0)

14.2 

(5.2–22.1)

* M-L denotes medial-lateral malleoli distance, AM-Sap NV anteromedial portal to saphenous vein and nerve distance, AM-Sap Br anteromedial 
portal to branch of saphenous vein and nerve distance, AM-ATA anteromedial portal to anterior tibial artery distance, AM-DPN anteromedial portal 
to deep peroneal nerve distance, AL-SPN anterolateral portal to superficial peroneal nerve distance (intermediate dorsal cutaneous branch), PL-
Sural posterolateral portal to sural nerve distance, and PM-PT NV posteromedial portal to posterior tibial neurovascular bundles distance

Table

Distances between arthroscopic portals and corresponding neurovascular structures

(d)
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Figure 4 Using the medial border of the tibialis anterior 
tendon as reference point in measurement is subject to 
variations in ankle positions, especially after dissection of 
fascia for identification of the anterior tibial artery and deep 
peroneal nerve.

0.5–13.1 mm), and (2) the AL portal to the intermediate 
dorsal cutaneous branch of the superficial peroneal 
nerve (mean, 5.5; range, 0.4–14.4 mm) were short, and 
thus may be an anatomic hazard. To avoid inadvertent 
injury to nearby neurovascular structures, (1) the AM 
portal should be placed >13 mm lateral to the standard 
portal at the AM corner of the talocrural joint; (2) the 
AL portal should be placed as close to the fibula as 
possible, and a straight haemostat should be used to 
snipe and spread prior to trocar insertion to avoid 
neuropraxia or vessel injury even if the nerves are in 

the way of the portal; (3) the PM and PL portals should 
be placed next to the border of the Achilles tendon, 
as the posterior tibial neurovascular bundles and the 
sural nerve are far from the border of the Achilles 
tendon. In addition, a larger size arthroscope should 
be avoided. Transverse skin incisions achieve better 
cosmesis, and larger incisions minimise collection of 
subcutaneous fluid.
 In our study, the medial border of the tibialis 
anterior and peroneus tertius tendons were not used 
as reference points in measurement, because they are 
not readily identifiable through skin and susceptible 
to variations in ankle position, especially after 
dissection of fascia for identification of the anterior 
tibial artery and deep peroneal nerve (Fig. 4).
 There are 5 types of superficial peroneal nerve 
divisions.16 In our subjects, only intermediate and 
medial dorsal cutaneous nerves were identified at the 
ankle joint level; other bifurcations were observed 
distally but not related to the ankle portals.
 Our results cannot be generalised, because of 
the limited number of specimens and considerable 
variation in ankle size. The body mass index should 
be taken into account in future studies. 
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