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Hindfoot deformities are often surgically corrected 
with calcaneal osteotomy. These are increasingly 
performed via a minimally invasive approach. 
Identifying a neurovascular “safe zone” for this 
approach is important in reducing iatrogenic injury. 
We aimed to identify a safe zone for minimally 
invasive calcaneal osteotomy without neurovascular 
injury.
Three individuals independently assessed 100 con-
secutive magnetic resonance imaging ankle studies. 
The distance of the medial neurovascular bundle from 
the level of the centre of the Achilles tendon insertion 
was measured. The points measured were centralised 
in three planes (axial, sagittal and coronal). The 
three sets of observations were statistically analysed 
with confidence intervals and intraclass correlation 
coefficient was calculated.
The mean distance measured by the three observers 
were 22.91 mm (range 18.2-28.5 mm); 22.81 mm 
(range 18.7-26.7 mm); and 23.41 mm (range 19.2-
28.4 mm); overall mean 23.0 mm. The mean inter-
observer variation was 1.1 mm. 95% confidence 
interval for observer 1 ranges from 22.45-23.25 
mm, observer 2 ranges from 22.52-23.1 mm and 
observer 3 ranges from 22.97-23.65 mm. Overall 
95% confidence interval ranges from 22.8-23.2 mm. 
Intraclass correlation coefficient for inter-observer 
reliability is 0.7, indicating strong agreement between 
the observers.
This radiological study suggests an anatomical 
“safe zone” for minimally invasive medial calcaneal 
osteotomy is at least 18 mm (mean: 23 mm) from the 
level of insertion of the Achilles tendon. Individual 
variation between patients must be taken in to 
consideration during preoperative planning.

Keywords: Calcaneal osteotomy; safe zone; minimally 
invasive.

INTRODUCTION

Calcaneal osteotomy is a commonly performed 
procedure for deformities of the foot and ankle (1). 
Gleich first described the medical closing wedge 
calcaneal osteotomy in 1893 (1-4). Such procedures 
are now commonplace in the management of pes 
planovalgus deformities, rear foot varus deformi-
ties, tibialis posterior tendon dysfunction and post-
traumatic deformities (5,6). These osteotomies have 
traditionally been undertaken via a lateral approach, 
which is associated with such complications as 
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wound dehiscence, sural neuropraxia, sural neuritis, 
delayed union, non-union, infection, and injury of 
the medial neurovascular structures (5,6). A mini-
mally invasive approach has therefore been devel-
oped in order to obviate these complications. In 
this percutaneous technique the entire procedure is 
performed through four small stab incisions thereby 
avoiding the need for a larger open incision which 
would be more prone to dehiscence and fibrosis (7). 
This reduces the risk of nerve-related symptoms, 
and when performed correctly, completely avoids 
the major neurovascular structures (7-9).

The present study utilised pre-operative magnetic 
resonance imaging (MRI) of patients presenting with 
foot and ankle complaints in an attempt to identify 
an anatomical “safe zone” in which minimally in-
vasive percutaneous calcaneal osteotomy can be 
performed.

MATERIALS AND METHODS

One hundred consecutive MRI ankle scans 
were independently assessed by three individual 
observers using stacked images of coronal, sagittal 
and axial sections on PACS (picture archive and 
communication system) on a single monitor. The 
distance between the medial neurovascular bundle 

and a fixed bony prominence at the Achilles tendon 
insertion was measured. The Achilles tendon in-
sertion was identified on coronal sections (figure 1), 
then the sagittal section at the midline of the tendon 
was obtained (figure 2). The distance from the most 
proximal insertion point of the Achilles tendon to Figure 1. — Coronal section.

Figure 2. — Sagittal section.

Figure 3. — Axial section.



Acta Orthopædica Belgica, Vol. 87 - 4 - 2021

	 safe zone for minimally invasive calcaneal osteotomy: an mri study	 763

the neurovascular bundle was then measured on the 
axial view (figure 3). Inter-observer variability was 
statistically analysed using confidence interval and 
intra-class correlation coefficient.

RESULTS

The mean distance measured by observer 1 was 
22.91 mm (18.2-28.5 mm), observer 2 was 22.81 
mm (18.7-26.7 mm) and observer 3 was 23.41 mm 
(19.2-28.4 mm). The overall mean for the three 
observers was 23.0 mm (Table 1). The mean inter-
observer variation between observer 1 and observer 
2 was 1.1 mm (0 mm-3.7 mm), between observer 1 
and observer 3 was 1.2mm (0.1 mm-5.5 mm) and 
between observer 2 and observer 3 was 0.96 mm 
(0.1mm-6 mm). The over all mean inter-observer 
variations was 1.1 mm. 95% confidence interval for 
observer 1 ranges from 22.45-23.25 mm, observer 2 
ranges from 22.52 - 23.1 mm and observer 3 ranges 
from 22.97-23.65 mm. Over all 95% confidence 
interval ranges from 22.8-23.2 mm. Intraclass 
correlation coefficient (ICC) for inter-observer 
reliability is 0.7, this indicates strong agreement 
between the observers.

The minimum distance measured from the 100 
MRI scans by all three observers was 18.2 mm, 
hence, this study suggests that the “safe zone” on the 
medial side of the calcaneum for minimally invasive 
osteotomy is at least 18 mm (mean 23 mm) from 
the level of Achilles tendon insertion. However, in 
pre-operative planning, patient anatomical variation 
must always be considered.

DISCUSSION

In the present study, we have utilised pre-opera-
tive MRI scans of patients undergoing calcaneal 

osteotomy to assess the relation of the medial 
neurovascular structures to the most proximal 
portion of the insertion of the Achilles tendon. This 
study suggests that there may indeed be a “safe 
zone” for minimally invasive calcaneal osteotomy. 
To our knowledge there are no studies utilizing MRI 
to assess the medial neurovascular structures around 
the calcaneum. Our statistical analysis showed 
good inter-observer reliability between the three 
observers, and that calcaneal osteotomy performed 
within 18 mm of the Achilles tendon insertion is 
likely to be safe.

Minimally invasive calcaneal osteotomy is per-
formed via four stab incisions around the heel; two 
lateral, and two medial. A saw is then inserted close 
to the calcaneal surface through these incisions, its 
position confirmed by fluoroscopic imaging, and the 
osteotomy is then performed (10). 

Anatomical structures including the medial and 
lateral plantar nerves, the medial calcaneal nerve, 
posterior tibial nerve and sural nerve and blood 
vessels are susceptible to iatrogenic injury during 
percutaneous calcaneal osteotomy. Greene et al 
noted that on average four and a minimum of two 
anatomic structures crossed the osteotomy site 
in their study of 22 cadaveric limbs after open 
calcaneal osteotomy (11). These structures were 
mostly branches of the lateral plantar nerve or of 
the posterior tibial artery.

In another cadaveric study by Didomenico et al, 
the medial and lateral neurovascular structures after 
percutaneous calcaneal displacement osteotomy 
were assessed (12). They suggest that percutaneous 
calcaneal displacement osteotomy is safe, pre-
dictable, and could be associated with fewer post-
operative complications when compared with open 
techniques.

There is extensive anatomical variation of the 
neurovascular structures medial to the calcaneus. 
For example the bifurcation of the posterior tibial 
nerve was noted to be within the tarsal tunnel in 93% 
but proximal to the tunnel in 7% of 68 cadaveric 
limbs studied by Havel et al. (13). The authors also 
documented at least nine variant patterns of the 
course of calcaneal nerve. 

Investigating a potential safe zone for percuta-
neous pin placement in the medial calcaneus, Casey 

  Observer 1 Observer 2 Observer 3
Distance Range 
(mm)

18.2-28.5 18.7-6.7 19.2-28.4

Mean Distance 
(mm)

22.9  22.81 23.41

Table 1. — Mean distance measurements

Overall Mean Distance: 23.0 mm
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et al conducted a study of 33 adult cadaveric feet 
(14). The authors found a relatively safe area for 
pin placement avoiding the medial neurovascular 
bundle posterior to the halfway point from the 
posteroinferior medial calcaneus to the inferior 
medial malleolus, and posterior to the point one third 
along from the posteroinferior medial calcaneus to 
the navicular tuberosity. 

Gamie et al,  in a similar study, investigated the 
medial neurovascular structures in relation to four 
palpable anatomic landmarks (15). Both studies 
suggested that the more posterior the pin placement 
in their respective “safe zones”, the less risk of 
iatrogenic damage to the medial neurovascular 
structures.

CONCLUSION

This radiological study suggests that there is 
an anatomical “safe zone” for minimally invasive 
medical calcaneal osteotomy between the proximal 
end of the Achilles tendon calcaneal insertion and 
the medial neurovasculature. However, individual 
patient anatomical variation must be considered by 
the operating surgeon.
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