
Research Article
The Distribution Pattern of the Neurovascular Structures
for Anterior Ankle Arthroscopy to
Minimize Structural Injury: Anatomical Study

Anna Jeon,1 ChangMin Seo,1 Je-Hun Lee ,2 and Seung-Ho Han 1

1Department of Anatomy, College of Medicine, Chung-Ang University, Seoul, Republic of Korea
2Anatomy Laboratory, College of Sports Science, Korea National Sport University, Seoul, Republic of Korea

Correspondence should be addressed to Je-Hun Lee; leejehun@konyang.ac.kr and Seung-Ho Han; monami@cau.ac.kr

Received 7 September 2017; Revised 15 March 2018; Accepted 15 April 2018; Published 15 May 2018

Academic Editor: Nihal Apaydin

Copyright © 2018 Anna Jeon et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction. The aim of this study was to investigate entry points for anterior ankle arthroscopy that would minimize the risk of
neurovascular injury. Methods. Thirty-eight specimens from 21 Korean cadavers (age range from 43 to 92 years, mean age of 62.3
years) were used for the study. For the measurements, the most prominent points of the lateral malleolus (LM) and the medial
malleolus (MM) were identified before dissection. A line connecting the LM and MM, known as the intermalleolar line, was used
as a reference line. We measured 14 variables passed on the reference line. Results. This study found that the nerves were located
at 40.0%, 50.0%, and 82.0% of the reference line from the lateral malleolus. We also found that the arteries were located at 22.0%,
35.0%, and 60% of the reference line from the lateral malleolus. Discussion. If all the variables are combined (nerves, arteries, and
veins), then there is no safety zone for anterior portal placement. Therefore, we recommend that surgeons concentrate primarily
on the arteries and nerves in the clinical setting.

1. Introduction

Arthroscopy can accurately diagnose intra-articular abnor-
malities with less postoperative pain and risk of infection. Di-
agnostic ankle arthroscopy is indicated for unexplained in-
stability, pain, swelling, or hemarthrosis. Therapeutic arthro-
scopy is indicated for articular surface damage, cartilage and
soft tissue injuries, bony impingement, osteophytes, arthrode-
sis, and so on.

Among various arthroscopic regions, anterior ankle ar-
throscopy has become increasingly popular for the diagnosis
and treatment of various disorders, especially with the devel-
opment of new arthroscopic instruments and techniques.
There are generally three recommended portals for anterior
ankle arthroscopy: the anteromedial portal (AMP), the ante-
rocentral portal (ACP), and the anterolateral portal (ALP).
The anteromedial and anterolateral portals are widely used in
ankle arthroscopy [1].

Knowing the exact locations of these three portals with
respect to vital structures of the ankle joint and adjacent
branches and variations of neurovascular structures is critical
to safely perform anterior ankle arthroscopy. However, pre-
vious studies have not described the portal locations in detail
with accurate figures or statistical data.

Furthermore, previous studies have reported that the
complication rate of anterior ankle arthroscopy is as high as
17%, of which more than 25% of complications involve dam-
age to the superficial peroneal nerve [1–4]. Son et al. [5] also
reported an anterior tibial artery injury rate of 4.3% during
anterior ankle arthroscopy. Specifically, damage of the super-
ficial peroneal nerve has been a focus of some authors. They
believe that marking the nerve and its branches on the skin
before anterior ankle arthroscopy is an important and effec-
tive way to prevent iatrogenic nerve injury [6–9]. They have
described the clinical significance of the medial and inter-
mediate dorsal cutaneous nerve during ankle arthroscopy.
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However, it is important to know the location of the nerve
under the skin, exactly where to put the portal, even if the
surgeon can identify them on the skin.

Multiple factors can affect the results of anterior ankle
arthroscopy. For example, the position of nerves around the
ankle joint can vary depending upon the patient’s posture [2].
The nature of the procedure and anatomical variations of the
vessels are also intrinsic risk factors of anterior ankle arthro-
scopy [10].These anatomical variations can lead to intraoper-
ative complications and unexpected results [5].

It is therefore necessary to investigate these anatomical
variations and how the locations of neurovascular structures
can change depending upon the ankle position on surgery.
The aim of this study was to investigate entry points for ante-
rior ankle arthroscopy that wouldminimize the risk of neuro-
vascular injury.

2. Materials and Methods

Thirty-eight specimens from 21 Korean cadavers (age range
from 43 to 92 years, mean age 62.3±13.4 years) were used for
the study; we used nonembalmed cadavers so that the posi-
tion of the ankle could be changed. Cases with pathological
changes or trauma to the foot and ankle were excluded.
For the measurements, the most prominent point of the
lateral malleolus (LM) and the medial malleolus (MM) were
identified before dissection. A line connecting the LM and
MM, known as the intermalleolar line, was used as a reference
line. The x-coordinate was expressed in absolute distance
along the reference line using the LM as the starting point.
The y-coordinate was expressed in absolute distance perpen-
dicular to the reference line. The locations of neurovascular
and tendinous structures are presented with respect to the
reference line (Figure 1).

All dissections were performed in the supine position.
After removing the skin around the anterior ankle joint, the
dissection was carefully performed to identify the nerves and
veins of the superficial fascia around the ankle joint. Next,
after measuring the locations of the superficial structures,
they were cut and raised to identify the deep structures of the
anterior ankle joint. Cadavers were maintained in the supine
position during both dissection and measurement. A single
observer obtained all measurements using a measuring tape
and digital calipers (resolution 0.01mm, CD-20PSX, Mitu-
toyo, Japan). Data were analyzed using SPSS software version
23.0 (IBM SPSS Inc., Chicago, IL, USA). The intraclass
correlation coefficient was used to examine the intraobserver
reproducibility of the measurements (at a confidence level of
95%).

The superficial and deep structures of the anterior ankle
joint were identified and measured (Figure 2). The locations
of the superficial structures are as follows: (1) vein near the lat-
eralmalleolus, (2) venin near themedialmalleolus, (3)medial
dorsal cutaneous branch, (4) intermediate dorsal cutaneous
branch, (5) saphenous nerve, (6) greater saphenous vein, (7)
the 3 tendons (extensor digitorum longus, extensor hallucis
longus, and tibialis anterior), and (8) the reference line (from
the lateral malleolus tip to the medial malleolus tip). The
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Figure 1: Illustration showing the reference line from the lateral
malleolus (LM) to the medial malleolus (MM) and the coordinates
used for localizing neurovascular and tendinous structures with
respect to reference line.

Table 1: The mean value of the variables related vein of the super-
ficial structures from the lateral malleolus tip and the percentage of
the locations on the reference line.

Structures Distance (𝑥-coordinate)
Mean ± SD (cm) Mean ± SD (%)

Venous plexus of lateral
malleolus 1.9 ± 1.3 18.0 ± 11.8

Venous plexus of medial
malleolus 8.2 ± 1.2 79.0 ± 8.4

Greater saphenous vein 8.5 ± 0.7 80.3 ± 5.9

locations of the deep structures are as follows: (1) perforating
branch of the peroneal artery, (2) deep peroneal nerve, (3)
anterior tibial artery, (4) anterior lateral malleolar artery, and
(5) anterior medial malleolar artery (Figures 3 and 4).

3. Results

The mean distance of the reference line, from the LM to the
MM, was 10.5 ± 0.8 cm. No significant difference was found
in the reference line distance between males and females or
between right and left ankles (𝑝 ≥ 0.05). The average distan-
ces on the x-coordinate as a percentage of the total reference
line for superficial and deep structures are shown in Tables
1–5.

The greater saphenous vein and the other vein near the
medial malleolus were located at 80.3% and 79.0% of the
reference line from the lateral malleolus, respectively. The
vein on the side medial of the GSV was located at 16.9% of
the reference line from the lateral malleolus (Table 1).

The medial and intermediate dorsal cutaneous branches
were located at 39.7% and 44.5% of the IML distance from
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Figure 2: Photographs of the dissected left anterior ankle joint showing the location of the superficial and deep structures near the reference
line. (a) Superficial structures: TAT, Tibialis anterior tendon; EHLT, extensor hallucis longus tendon; EDLT, extensor digitorum longus tendon;
MM, medial malleolus; LM, lateral malleolus. (b) Deep structures: DPN, deep peroneal nerve; ATA, anterior tibial artery.

AMMA
ALMA

Lat.
Sup.

Figure 3: Photograph showing the branches of the anterior tibial
artery. ALMA, anterior lateral malleolar artery; AMMA, anterior
medial malleolar artery.
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Figure 4: Photograph showing the perforating branch of the
peroneal artery. Arrows, perforating branch of the peroneal artery;
ANT, anterior; SUP, superior.

the lateral malleolus, respectively. The saphenous nerve and
deep peroneal nerve were located at 81.6% and 49.8% of
the reference line from the lateral malleolus, respectively
(Table 2).

The tendons of the extensor digitorum longus, extensor
hallucis longus, and tibialis anterior muscles were located at

Table 2: The mean value of the variables related nerve of the super-
ficial structures from the lateral malleolus tip and the percentage of
the locations on the reference line.

Structures Distance (𝑥-coordinate)
Mean ± SD (cm) Mean ± SD (%)

Medial dorsal cutaneous
branch 4.2 ± 1.1 39.7 ± 10.5

Intermediate dorsal
cutaneous branch 5.0 ± 0.9 47.3 ± 9.3

Saphenous nerve 8.3 ± 0.8 81.6 ± 7.1

Table 3:Themean value of the variables related tendon of the super-
ficial structures from the lateral malleolus tip and the percentage of
the locations on the reference line.

Structures Distance (𝑥-coordinate)
Mean ± SD (cm) Mean ± SD (%)

Extensor digitorum longus
tendon 4.2 ± 0.5 39.7 ± 3.2

Extensor hallucis longus
tendon 5.8 ± 0.5 55.2 ± 3.8

Tibialis anterior tendon 6.9 ± 0.6 65.2 ± 4.4

Table 4: The mean value of the variables on deep structures from
the lateral malleolus tip and the percentage of the locations on the
reference line.

Structures Distance (𝑥-coordinate)
Mean ± SD (cm) Mean ± SD (%)

Perforating branch of
peroneal artery 2.3 ± 0.7 22.0 ± 6.5

Deep peroneal nerve 5.2 ± 0.5 49.8 ± 4.5

Anterior tibial artery 5.2 ± 0.6 49.6 ± 4.7
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Table 5: The mean value of the deep structures according the 𝑥 and 𝑦 coordinates and the percentage of the locations on the reference line.

Structures
Intersectional point on the reference line

(𝑥-coordinate)
Branching out point from the anterior tibial artery

(𝑦-coordinate)
Mean ± SD (cm) Mean ± SD (%) Mean ± SD (cm)

Anterolateral malleolar
artery 3.7 ± 0.8 36.1 ± 6.57 0.2 ± 0.4

Anteromedial malleolar
artery 6.0 ± 0.6 57.1 ± 5.7 0.5 ± 0.3

39.7%, 55.2%, and 65.2% of the reference line from the lateral
malleolus, respectively (Table 3).

The perforating branch of the peroneal and the anterior
tibial arteries crossed the reference line at 22.0% and 49.6%,
respectively (Table 4).The anteromedial malleolar artery and
the anterolateral malleolar artery crossed the reference line
in 9 specimens (23.7%) and 8 specimens (21.0%), respec-
tively. The location where the anterolateral malleolar artery
branched out from the anterior tibial artery was on average
at 2.2% above the reference line, and it crossed the reference
line at 36.1% from the lateral malleolus. The anteromedial
malleolar artery was on average 4.7% above the reference
line, and it crossed the reference line at 57.1% from the lateral
malleolus (Table 5).

4. Discussion

One report recently emphasized the importance of locating
the superficial peroneal nerve by showing that it was damaged
in more than 25% of the anterior ankle arthroscopy cases
[4]. de Leeuw et al. [4] also found that using palpation with
plantar flexion of the ankle to identify the superficial peroneal
nerve before surgery significantly reduced the incidence of
iatrogenic damage from anterior portal incisions. However,
this palpation technique is not suitable for cases in which it
is impossible to move the ankle or in patients with a high
BMI. In this study, the medial dorsal cutaneous nerve was
located at 39.7%, and the intermediate dorsal cutaneous nerve
was located at 47.3% on the reference line. Also, the present
study used nonembalmed cadaver specimens in the anatomic
posture to closely simulate surgical conditions; therefore,
these detailed anatomical results can be applied to actual pa-
tients undergoing ankle arthroscopy.

Anteromedial and anterolateral portals are widely used
in ankle arthroscopy. However, little information is avail-
able regarding vascular damage during ankle arthroscopy,
especially anatomical variations of the anterior tibial artery
(ATA). According to a previous study [5], theATAmight be at
risk from anterolateral portals during ankle arthroscopy. The
present study found that the ATA and the perforating branch
of the peroneal artery crossed the reference line at 49.6% and
22.0% of the reference line from the most prominent point
of lateral malleolus, respectively (Table 4); the intersection
points according to the x- and y-coordinates are shown in
Table 5. The main trunk of the ATA crosses the middle of
the reference line in most cases; however, surgeons must be
mindful of the perforating branch of the peroneal arterywhen
an anterolateral portal is attempted.

Oliva et al. reported that the intermediate dorsal cuta-
neous nerve was the structure most likely to be injured by
the anterolateral portal [11]. Another study reported that SPN,
namely, the intermediate dorsal cutaneous nerve and the
medial dorsal cutaneous nerve, is one of the most common
complications, accounting for up to 50% of the cases [6]. The
saphenous nerve and the great saphenous vein are the most
likely structures to be injured by the anteromedial portal. Our
results found that the intermediate dorsal cutaneous nerve,
saphenous nerve, and great saphenous vein were located at
44.5%, 81.6%, and 80.3% of the reference line from the lateral
malleolus, respectively. These results could represent a valu-
able guide in the clinical setting.

Many patients undergo preoperative MR imaging to
reduce the risk of neurovascular injury from an anterolateral
portal, and a locational variant of a structure near the antero-
lateral portal is found in asmany as 6.2% of cases [5]. Further-
more, the skill of the arthroscopic surgeon will significantly
impact the surgical outcome [12]. Therefore, the positions of
neurovascular structures found in this study with respect to
the reference line will be helpful to surgeons regardless of
their proficiency.

Some surgeons have insisted that all patients undergo
topographic identification by preoperative ultrasound in
order to decrease the risk of iatrogenic injury to the vessels,
nerves, and tendons during ankle arthroscopy. A recent study
reported a full-thickness injury to the extensor hallucis
longus tendon by the anterior portal when ultrasonography
was not used preoperatively [13].Their study, however, found
no cases of iatrogenic injury when preoperative ultrasonog-
raphy was used. In our study, we found that the locations
of the extensor digitorum longus, extensor hallucis longus,
and tibialis anterior tendons were at 39.7%, 55.2%, and 65.2%
of the reference line from the lateral malleolus, respectively
(Table 3).These tendon locationswith respect to the reference
line could be helpful in cases where ultrasound equipment is
unavailable.

The present study also presented the locations of veins
intersecting the reference line. However, of the measured
variables of the vein near the lateral malleolus and the vein
near themedialmalleolus, only the largest vein wasmeasured
whenmultiple veins were entangled with each other.The vein
near the lateral malleolus, the vein near the medial malleolus,
and the greater saphenous vein were located at 16.9%, 79.0%,
and 80.3% of the reference line from the lateral malleolus,
respectively (Table 1). Notably, the greater saphenous vein
and venous plexus ofmedialmalleoluswere located very close
to each other.
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Figure 5: The locations of neurovascular structures on the 𝑥-coordinate as a percentage of the reference line. LM, lateral malleolus; MM,
medial malleolus.

We found that the nerves were located at 40.0%, 50.0%,
and 82.0% of the reference line from the lateral malleolus.
We also found that the arteries were located at 22.0%, 35.0%,
and 60% of the reference line from the lateral malleolus. If all
the variables are combined (nerves, arteries, and veins), then
there is no safety zone for anterior portal placement. There-
fore, we recommend that surgeons concentrate primarily on
the arteries and nerves in the clinical setting (Figure 5).

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This work was supported by the National Research Foun-
dation of Korea (NRF) grant funded by the Korea govern-
ment (MSIT) (no. 2016R1A1A1A05005480). This study was
supported by a grant from the National Research Foundation
of Korea (NRF-2017A2B4005787).

References
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