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1.4, range 3.9–9.5). Although not statistically significant, 
the distance between the portal and neurovascular struc-
tures increased in dorsiflexion for the portals placed pos-
teriorly to the neurovascular structures and increased in 
plantar flexion for the portals placed anterior to the neuro-
vascular structures.
Conclusions  In comparison with the portals made in the 
neutral position, the distance between neurovascular struc-
tures and portals changes with portal placement in plantar 
flexion and dorsiflexion. In clinical practice, therefore, it 
might be safer to place the posteromedial–posterolateral 
portals in dorsiflexion and posterolateral–posteromedial 
coaxial portals in plantar flexion. The tibial nerve is closer 
to the posteromedial coaxial in dorsiflexion and could be in 
danger if making this portal with the foot in this position.

Keywords  Posterior ankle arthroscopy · Cadaveric 
study · Safety of portals · Portal complications

Introduction

Posterior ankle arthroscopy is being used increasingly 
in the treatment of intra- and extra-articular pathologies 
[15]. The safety of portals is still debated due to the close 
relationship with neurovascular structures [22]. Recent 
studies show that posterior ankle arthroscopic portals are 
more prone to complications than other ankle arthroscopic 
portals, and the proximity of the neurovascular structures 
should be evaluated further [3, 6, 18, 25]. Authors have 
generally discouraged the use of the posteromedial portal 
due to the proximity and thus high risk of injury to the tib-
ial and the medial calcaneal nerve [8–10, 16, 17, 24].

Until Van Dijk et  al., the safety, efficacy and anatomic 
relationships associated with the placement of posterior 

Abstract 
Purpose  To investigate anatomic relation of standard and 
coaxial ankle arthroscopy portals with neurovascular struc-
tures during different degrees of ankle motion.
Methods  Twenty posterior ankles of ten fresh cadavers 
were assessed. Posteromedial, posterolateral and coaxial 
(transmalleolar) portals were created using 4-mm Stein-
mann pins in accordance with the defined technique in 
neutral position. The ankles were then dissected, and the 
distance from the portals to the peroneal tendons, short 
saphenous vein and sural nerve was measured laterally and 
that from the tibial nerve, flexor hallucis longus tendon and 
posterior tibial artery was measured medially. Changes in 
the distance between these structures were noted in neutral 
positions, 15° of dorsiflexion and 30° plantar flexion.
Results  In the neutral position, the mean distance of 
the conventional posterolateral portal to the sural nerve 
was 6  mm (SD 2.9, range 2.7–14.5). The mean distance 
of the posterolateral coaxial portal to the peroneal tendon 
was 1.6 mm (SD 0.55, range 1.1–2.9). The mean distance 
of the posteromedial portal to the FHL was 2.11 mm (SD 
1.1, range 0–4.7). The mean distance of the posteromedial 
coaxial portal to the posterior tibial artery was 6 mm (SD 
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portals have been investigated in only a few anatomic stud-
ies [10, 17, 24].

Van Dijk et  al. [23] described posterior ankle arthros-
copy using a portal proximal to the tip of the fibula at the 
level of the ankle joint in the medial and lateral sides of 
the Achilles tendon. Lijoi et al. [15] demonstrated that the 
distance between the neurovascular structures and stand-
ard posterior portals increases in the distal part of the ankle 
joint. In particular, portals located 1 cm proximal to the tip 
of the fibula are safer than portals 2 cm proximal to the tip 
of the fibula [15, 21] (Fig. 1).

Acevedo et al. [1] suggested the use of coaxial portals, 
also known as transmalleolar portals, in posterior ankle 
arthroscopy, especially for difficult cases such as synovitis 
and haemophilic arthropathy. Posterolateral coaxial por-
tals are opened in the posterior of the peroneal tendons, 
while posteromedial portals are opened from the inside out 
between the posterior tibial tendon and the medial malle-
olus. Coaxial portals, unlike those described by Van Dijk 
et al. [23], are located on the anterior side of the neurovas-
cular structures, not on the posterior.

Previous studies have indirectly used MRI to measure 
the relationships between conventional portals and neu-
rovascular structures. The use of a neutral ankle position 
and the lowering of the level of the portal towards the tip 
of the fibula were suggested for the safety of the neurovas-
cular structures [21]. However, we performed a cadaveric 
study with different ankle motions to determine the safest 
ankle position for portal placement in clinical practice with 
a direct measurement of distances between the portals and 
anatomic structures, which has not been studied before.

The aim of this study was to determine the changes in 
distances between neurovascular structures and portals 

related to the ankle position with the cadaver in a prone 
position.

Materials and methods

Twenty ankles of ten fresh human cadavers (six male, four 
female) were included in this study. The ethical committee 
of İstanbul Medical Faculty and Institute of Forensic Medi-
cine approved the study. Selection criteria included the lack 
of trauma, previous injuries and surgeries to the ankle area, 
and a duration of <36  h between death and examination. 
The mean age of samples was 22.3 years (range 18–55).

Cadavers were placed in the prone position with the 
ankle positioned off the side of the table to allow for full 
ankle motion and to mimic the real posterior ankle arthros-
copy setting. After the sterile draping was applied and the 
portal and the Achilles tendon were drawn, the joint was 

Fig. 1   Posterior ankle arthroscopy portals simulated by four 4-mm 
Steinmann pins of pre-dissection view of cadaver number 3

Fig. 2   Dissection of the Achilles tendon with longitudinal and trans-
verse incisions (cadaver no. 3)

Fig. 3   Dissection measurement of anatomic structures at neutral 
position using a caliper (cadaver no. 5)
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entered from the posterolateral portal in a neutral position 
using a number 18 spinal needle and injected with 20 ml of 
saline solution to dilate and achieve working space in the 
posterior ankle. Following the skin incision, posterolateral 
portals were constructed using four 4-mm Steinmann pins. 
Steinmann pins were tapped through the soft tissue for por-
tal placement. In the neutral position, the posteromedial 
portal and posterolateral portal were opened according to 
the Van Dijk et al. technique.

The posterolateral coaxial portal was opened 1 cm prox-
imal to the lateral malleolus on the posterior aspect of the 
peroneal tendons. Although in the original technique [1] 
the posteromedial coaxial portal is opened from the inside 
out, we opened from the outside in and retracted the pos-
terior tibial tendon posteriorly. The location of the four 
Steinmann pins was determined, and dissection was per-
formed using a longitudinal incision on the Achilles tendon 
and extended on both the medial and lateral sides (Figs. 2, 
3). Achillotomy was performed due to the onset of rigour 
mortis. Measurements were repeated by the same person 
using a caliper with a sensitivity set to 1/10 of a millime-
tre in three different ankle joint positions measured with 
goniometer, including 15° of dorsiflexion, neutral and 30° 
of plantar flexion (Fig. 4). The distance between the Stein-
mann pins and the peroneal tendons, sural nerve and vena 
saphena parva (VSP) on the lateral side and the flexor hal-
lucis longus (FHL), posterior tibial artery, posterior tibial 
tendon and the tibial nerve on the medial side was docu-
mented. Variations in anatomic structures were also noted. 
Institutional review board (IRB) approval was received 
from The Institution of Forensic Medicine and the İstanbul 
University of Medicine ethics committee.

Statistical analysis

Our sample size was composed of 20 ankles of ten fresh 
cadavers that were examined in the institution of forensic 
medicine. Statistical analysis was performed using SPSS 
16.0 (SPSS Inc., Chicago, IL, USA) software. One-way 
ANOVA was used to determine statistical significance. p 
values of <0.05 were considered significant.

Results

At the neutral position, the mean distance of the postero-
lateral portal to the sural nerve was 6 mm (SD 2.9, range 
2.7–14.5) and that from the posterolateral coaxial portal 
to the sural nerve was 6.2 mm (SD 2.6, range 1–9.8). The 
mean distance of the posteromedial portal to the FHL was 
2.1  mm (SD 1.1, range 0–4.7), to the tibial nerve, 6  mm 
(SD 1.7, range 1–8.62) and to the posterior tibial artery, 
9.5 mm (SD 3.0, range 5.2–13.7). The mean distance of the 

posteromedial coaxial portal to the posterior tibial artery 
was 6 mm (SD 1.4, range 3.9–9.5), and the distance to the 
FHL tendon was 3 mm (SD 1, range 2.1–4.3).

During ankle dorsiflexion, the distance between the 
anatomic structures and the posterior portal increased, but 
the distance between the posterior coaxial portal and the 
anatomic structures decreased. During ankle plantar flex-
ion, the distance between the anatomic structures and the 
standard portal decreased, and the distance between the 
coaxial portal and the anatomic structures increased. How-
ever, none of these changes were statistically significant 
(p = n.s.).

In the posterolateral portal, changes in distances during 
plantar flexion and dorsiflexion for the sural nerve were 
0.6 and 0.7 mm for the VSP and 1.1 mm for the peroneal 
tendon. In the posteromedial portal, these changes for the 
FHL were 0.5 and 0.7 mm for the tibial nerve and 0.7 mm 
for the posterior tibial artery. In the posteromedial coaxial 
portal, changes in distances during plantar flexion and dor-
siflexion for the posterior tibial artery were 0.8 and 0.9 mm 
for the tibial nerve and 0.8 mm for the FHL. In the poste-
rolateral coaxial portal, changes during plantar flexion and 
dorsiflexion for the sural nerve were 1.0 mm, for the VSP, 
0.9 mm and for the peroneal tendon, 0.5 mm. Changes in 
distance between the tibial nerve and the posteromedial 
coaxial portal during dorsiflexion and plantar flexion were 
significant (p = 0.03). Although not statistically significant, 
the distance between the posterior ankle arthroscopy por-
tals and the anatomic structures was greater than in the pos-
terior coaxial portals (p = n.s.).

We observed two important anatomic variations (Fig. 5) 
n cadaver number 3, and the tibial nerve was anterior to the 
posterior tibial artery. On cadaver number 7, the sural nerve 
was anterolateral to the VSP, and there was no evidence 
of decussation between the sural nerve and the VSP at the 
musculocutaneous junction level of the Achilles tendon.

Fig. 4   Tibial nerve anterior to the posterior tibial artery (cadaver  
no. 3)
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Discussion

We evaluated the safety of posterior ankle portals in differ-
ent ankle motions in this study. The most important finding 
of this study was the recommendation of the ankle dorsi-
flexion for the conventional posterolateral–posteromedial 
portals and plantar flexion for the posteromedial–postero-
lateral coaxial portals.

Complication rates of 0.7–17  % in posterior ankle 
arthroscopy have been reported in many studies. Neuro-
vascular injuries account for half of all complications [2, 
4, 5, 11–14, 16, 18]. Ferkel et al. published a complication 
rate of 9.8 % in their study of 518 patients [19]. The rate of 
complications can be minimized through knowledge of the 
relationships between portals and anatomic structures.

Because of problems in visualization and safety, many 
different portals have been described for both the medial 
and lateral sides. These portals can be divided into two 
groups according to anterior or posterior placement of the 
neurovascular structures. In our study, we chose posterior 
standard portals [23] placed on the posterior as well as 
posterior coaxial portals [1] placed anterior to the neuro-
vascular structures in both the medial and lateral parts of 
the ankle. During sagittal motion of the ankle, dorsiflexion 
of the ankle joint brings the neurovascular structures ante-
riorly, and plantar flexion brings them posteriorly. How-
ever, the portals also move on the sagittal, coronal and axial 
planes.

In a study on cadavers, Sitler et  al. [19] measured the 
distances of the posteromedial and posterolateral portals to 
the neurovascular structures through MRI and dissection. 
The examination was performed in the prone position. They 
demonstrated that these two portals can safely be used if 
technical rules are obeyed. In addition, a study by Feiwell 

and Frey [7] confirmed that the prone position suggested 
by Sitler et  al. [19] was a safer method. Lijoi et  al. [15] 
showed that the distance to the neurovascular structures in 
posteromedial and posterolateral portals increases distally. 
Portals 1 cm proximal to the tip of the fibula are safer than 
portals 2 cm proximal to the tip of the fibula.

Acevedo et al. suggested a coaxial portal on the medial 
and lateral sides, particularly for patients with synovitis. 
In their clinical practice, the posterior medial coaxial por-
tal was opened via the inside out technique just near the 
posterior tibial tendon [6]. In our study, the portal was 
opened just posterior to the medial malleolus while secur-
ing the posterior tibial tendon. Although not statistically 
significant, plantar flexion relaxed not only the tendon but 
also the neurovascular structures and decreased the risk of 
injury.

Ürgüden et  al. [21] examined the relationship between 
the neurovascular structures and the posteromedial and 
posterolateral portals in different ankle positions. They 
measured twenty ankle joints in six fixed positions with the 
ankle and hindfoot in the supine position using MRI and 
concluded that virtual portals close to the tip of the fibula 
in the neutral position for both portals are safe. They also 
evaluated the sural nerve approach to the portal line at the 
position of dorsiflexion varus, dorsiflexion valgus, dorsi-
flexion neutral and neutral varus. These findings were in 
contrast to our finding for the same portals. In direct meas-
urement, placement of the patient in the supine position 
for MRI measurement and the lack of portal simulation 
in Ürgüden et al.’s study [21] may be the reason for these 
differences.

Our study had some limitations. First of all, our study 
allowed both ankle motion and the direct measurement of 
the distance between portals simulated by Steinmann pins 
and the neurovascular structures. Although we used fresh 
cadavers, rigour mortis prevented us from simulating varus 
and valgus motion, and achillotomy was necessary to pro-
vide complete sagittal motion of the ankle joint. Subtalar 
release could be performed to provide subtalar motion that 
would change the placement of the Steinmann pins. Other 
limitations of this study included minimal changes in the 
positions of Steinmann pins due to their loosening during 
dissection, the need to perform achillotomy due to onset of 
rigour mortis and the measurement of distance by the same 
person due to the changes in distances after the dissec-
tion making repeat measurements practically impossible. 
In addition, the decrease in fluid in dead tissue may affect 
the distances between anatomic structures and portals 
in cadavers. However, this study may provide some idea 
about surgical risks [20]. Another limitation of this ana-
tomic cadaveric study was that the portals were all made 
in one position, and thus, were unable to definitively deter-
mine the effect of portals created in a different position. 

Fig. 5   Sural nerve placed anteriorly according to short saphenous 
vein (cadaver no. 7)
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Additionally, we might include MRI to examine the posi-
tion of critical structures prior to an anatomic dissection, as 
dissection could change the distances measured.

According to the results of our study, we suggest that 
arthroscopic surgeons should open the conventional poste-
rolateral–posteromedial portals in dorsiflexion and the pos-
teromedial–posterolateral coaxial portals in plantar flexion 
to avoid to damage to anatomic structures.

Conclusions

In comparison with the portals made in the neutral position, 
the distance between neurovascular structures and portals 
changes with portal placement in plantar flexion and dor-
siflexion. Therefore, it might be safer to make the postero-
medial–posterolateral portals in dorsiflexion and postero-
lateral–posteromedial coaxial portals in plantar flexion. The 
tibial nerve is closer to the posteromedial coaxial in dorsi-
flexion and could be in danger if making this portal with 
the foot in this position.
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