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Abstract
Purpose  Vascularized pedicled bone-grafting from the cuboid to the talus provides low donor site morbidity and satisfactory 
outcomes in patients with early-stage talar avascular necrosis. We investigated the anatomy of the rotational vascularized 
pedicled bone graft from the cuboid.
Methods  15 embalmed cadaver specimens were perfused with red latex via the popliteal artery. The lateral malleolus was 
dissected. The course of the lateral tarsal artery and the vascular territory in the cuboid supplied by the lateral tarsal artery 
were observed. Vessel diameters were measured.
Results  The course of the lateral tarsal artery to the cuboid was consistent, and a vascularized pedicle of the lateral tarsal 
artery was present in all specimens. Mean diameter of the lateral tarsal artery was 1.40 ± 0.12 mm (range 1.67–1.25). Mean 
length of the vascularized pedicle was 67.15 ± 3.18 mm (range 62.43–74.36). The pedicle bone graft was long enough to 
reach the bony border of both the lateral and medial malleolus.
Conclusion  A vascularized pedicled cuboid bone graft based on the lateral tarsal artery has clinical utility for early-stage 
talar avascular necrosis.
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CT	� Computed tomography
EHL	� Extensor hallucis longus
EHB	� Extensor hallucis brevis
EDB	� Extensor digitorum brevis

Introduction

The talus has a limited blood supply as more than half its 
surface is covered with articular cartilage. Consequently, the 
talus is particularly susceptible to avascular necrosis, which 
can be challenging to treat [4, 6, 7, 11, 13]. In severe talar 
necrosis, the articular surface may collapse leading to ankle 

and subtalar joint incongruity, pain, and disability. Tibiotalar 
or tibiotalocalcaneal arthrodesis can be used as a salvage 
procedure for severe talar necrosis [1, 4]; however, arthro-
desis may increase stress and lead to osteoarthritic degenera-
tion in adjacent foot and ankle joints [2, 15].

Early talar avascular necrosis is best treated with pro-
cedures that induce revascularization. Although the blood 
supply of the talus is limited, there is scope for regeneration 
and reperfusion [8]. Previous studies have reported success-
ful revascularization of the talus using auto-transplantation 
of a vascularized bone graft [19, 23]. After treatment, the 
function of the ankle was almost or completely normal 
in the majority of patients, and bone repair was excellent 
[23]. However, surgical revacularization using a vascular-
ized bone graft is time consuming and associated with a 
high clinical risk. Some procedures, including those using 
a vascularized bone graft from the iliac crest [8] or medial 
femoral condyle [17], may damage the donor site. In con-
trast, vascularized pedicled bone-grafting from the cuboid 
uses a rotational graft, which avoids free tissue harvest and 
the need for a microvascular anastomosis that is at risk for 
disruption.
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A previous study reported good results when using a rota-
tional vascularized pedicle bone graft from the cuboid to 
treat patients with osteonecrosis involving < 60% of the talus 
[12]. However, discussion of the vascular anatomy of the 
rotational vascularized pedicled bone graft from the cuboid 
was limited. We hypothesize that a branch of the lateral 
tarsal artery supplies a consistent vascular territory in the 
cuboid, which is well vascularized and easy to harvest for 
bone-grafting procedures in the talus. The objective of this 
study was to investigate the anatomy of the rotational vas-
cularized pedicled bone graft from the cuboid to support 
its clinical application in the treatment of talar avascular 
necrosis.

Methods

The experimental protocol for this study was approved by the 
Shenzhen medical and family plan commission. All methods 
were conducted in accordance with relevant guidelines and 
regulations of Ethics Committee. Written informed consent 
was provided by the legally authorized representatives/next 
of kin of the cadavers included in this study.

This study included 15 embalmed cadaver specimens 
perfused with red latex supplied via the popliteal artery. 
Specimens were obtained from the Anatomy Department of 
the Medical College at Shenzhen University, which granted 
permission for their use in this study. Prior to dissection, 
specimens were evaluated using computed tomography 
(CT) (GE HD 750, scanning layer thickness 2 mm, image 
resolution 512 × 512 matrix) to exclude specimens with pre-
existing trauma, deformity, or bone neoplasms. Veins were 
not perfused in these specimens.

Dissections were performed under 4.0 loupe magnifica-
tion and photographed. The origin of the lateral tarsal artery 
from the dorsalis pedis artery was examined. Vessel diam-
eters were measured with a Digital Vernier Caliper (Lugong 
Industry, Shanghai, China), with a precision of 0.01 mm.

Graft harvest

Graft harvest was performed as previously described by 
Nurley et al. [12]. First, the bony landmarks of the lateral 
malleolus and fifth metatarsal were marked. An incision 
was made 6–8 cm from the proximal lateral malleolus to 
the fifth metatarsal. The fascia of the inferior extensor reti-
naculum was incised at the lateral side of the extensor hal-
lucis longus (EHL). The proximal part of the target artery 
could be find near the extensor hallucis brevis (EHB) and 
extensor digitorum brevis (EDB) fascia. The origin of the 
lateral tarsal artery was located near the level of talar neck 
where it branched off laterally from the dorsalis pedis artery. 
The lateral tarsal artery traveled beneath the EDB and EHB 

muscle bellies. After elevated the muscle belly, the branch 
to the cuboid could be found. Before entering the cuboid, 
the lateral tarsal artery produced branches that perforated 
the deep fascia (medially) and supplied the muscle bellies 
(laterally) and the sole of the foot (plantar side). The plantar 
branch of the lateral tarsal artery anastomosed with the lat-
eral malleolar arteries.

When harvesting a bone graft from the cuboid, the most 
important landmarks were the inferior borders of the EHB 
and EDB muscle bellies. After revealing the muscle bel-
lies, the lateral tarsal branch was visualized by stretching the 
muscles toward the plantar surface. The lateral tarsal artery 
lay beneath these muscles, and its vascular territory and the 
cuboid were found in this plane. The vascular territory in the 
cuboid supplied by the lateral tarsal artery was dissected, 
and the tibiotalar joint was opened anteriorly. The vascular-
ized pedicle was transferred to the talar bone (Fig. 1).

Anatomical measurements

Based on our observations, we divided the whole course of 
the lateral tarsal artery into three segments: Segment I, from 
origin to the muscle bellies of the EHB and EDB. In this 

Fig. 1   Lateral dissection showed the cuboid graft reaching the lateral 
bony border of the ankle (vessels are stained red) (color figure online)
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segment, the artery gave off few branches and was easy to 
visualize; Segment II, this segment provided many branches, 
which supplied structures medially and laterally; Segment 
III, the transverse pedicle branch, which represented one of 
the two branches of the lateral tarsal artery at the dorsum of 
the proximal-medial aspect of the cuboid [3] (Fig. 2). The 
transverse pedicle branch coursed transversely lateral across 
the dorsal cortex of the cuboid and provided nutrient vessels 
to the cuboid.

The length of these three segments was measured and 
recorded. The number of nutrient branches to the cuboid 
was recorded. The distribution surface area of these vessels 
was calculated as length × width. The depth of the cuboid 
was measured on CT.

Data analysis

Statistical analysis was conducted using PASW18.0 
(SPSS Inc. IBM Chicago, USA). Data are expressed as 
mean ± standard deviation (x ± SD).

Results

Across cadaveric specimens, there were variations in the 
origin of the lateral tarsal artery, which were classified into 
3 types: Type I, the anterior lateral malleolar artery and 
the lateral tarsal artery originated from the trunk of the 
dorsalis pedis artery; the lateral tarsal artery had only one 
main trunk (40%, 6/15). Type II: the anterior lateral malle-
olar artery and the lateral tarsal artery originated from the 
trunk of the dorsalis pedis artery; the lateral tarsal artery 
divided into two main branches (46.7%, 7/15). Type III: 
the anterior lateral malleolar artery and the lateral tarsal 
artery originated from the same point on the dorsalis pedis 
artery (13.3%, 2/15) (Fig. 3).

A vascularized pedicle of the lateral tarsal artery was 
present in all 15 specimens. Almost all artery branches 
were accompanied by veins, as other authors reported 
[3, 10, 12, 14]. Mean diameter of the lateral tarsal artery 
was 1.40 ± 0.12  mm (range 1.67–1.25). The arterial 
pedicle included paired venae comitantes. Mean length 
of the vascularized pedicle was 67.15 ± 3.18 mm (range 
62.43–74.36). The pedicled bone graft was long enough 
to reach the bony border of both the lateral and medial 
malleolus and possibly the distal fibula and tibia.

There were branches in two of the three segments of 
the lateral tarsal artery. In segment II, 1–2 branches dis-
tributed medially to the tarsal bone, and 2–3 branches 
distributed laterally to anastomose with the anterior lat-
eral malleolar artery. In segment III (transverse pedicle 
branch), 2–3 branches distributed medially to the base of 
the cuneiform. The terminal branch of the transverse pedi-
cle branch anastomosed with the anterior lateral malleolar 
artery to form a vascular network (Fig. 4).

The vessels in the vascular territory supplied by the 
transverse pedicle branch had no pattern. The length and 
width and distribution surface area of the vascular terri-
tory on the cuboid bone as well as the depth of the cuboid 
are summarized in Table 1; these should form the basis for 
the dimensions of the vascularized pedicled bone graft. 
The number of branches provided by the lateral tarsal 
artery is shown in Table 2.

Fig. 2   Lateral tarsal artery Segment I (red arrow), Segment II (black 
arrow), Segment III (blue arrow) (color figure online)

Fig. 3   Variations in the origin 
of the lateral tarsal artery
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Discussion

This study investigated the anatomy of the vascular-
ized pedicled cuboid bone graft to support its clinical 

application in the treatment of talar avascular necrosis. 
Findings confirmed that a branch of the lateral tarsal artery 
supplies a consistent vascular territory in the cuboid, 
which is well vascularized and easy to harvest for bone-
grafting procedures in the talus.

Avascular necrosis of the talus can be classified according 
to Ficat [20] as Stage I: normal; Stage II: cystic and/or scle-
rotic lesions, normal talar contour, no subchondral fractures; 
Stage III: crescent sign, subchondral collapse; and Stage IV: 
joint-space narrowing, secondary tibial cysts, osteophytes, 
arthritic changes. Avascular necrosis that has progressed to 
Stage III or IV requires fusion because the articular surface 
cannot be preserved. It should be pointed out that, according 
to Ficat classification, pedicled bone revascularization can 
only be considered in regional necrosis of the talus without 
articular collapse.

The blood supply to the talus is complex, and includes: 
(1) the anterior tibial artery, which gives off the anterior 
lateral malleolar artery and the terminal branch and poste-
rior recurrent branch of the lateral tarsal artery. The anterior 
lateral malleolar artery supplies the talus from the tarsal 
sinus artery. The terminal branch and the posterior recur-
rent branch of the lateral tarsal artery anastomose with the 
peroneal artery, from which the tarsal sinus artery originates. 
(2) The lateral tarsal artery, which branches off the dorsalis 
pedis artery and supplies the lateral half of the talar neck. 
(3) The medial tarsal branches of the dorsalis pedis artery, 
which supply the supermedial half of the talar neck [14]. 
(4) The deltoid branches of the posterior tibial artery, which 
supply the medial talus through the deltoid ligament. (5) The 
tarsal canal artery, which anastomoses with the tarsal sinus 
artery where the tarsal canal artery enters the sinus tarsi 
[5, 22]. As interruption of a single vessel does not cause 
avascular necrosis of the entire talar head, neck and body, 
Stage I or II avascular necrosis may be treated with vascular-
ized bone grafts. Pedicled bone graft may provide additional 
blood supply; veinous reflux may also be achieved by both 
accompanied vein and cancellous bone in talus [13, 17, 22]. 
This allows the transfer of bone with viable osteoclasts and 
osteoblasts and a preserved circulation, which can replace 
deficient bone, revascularize necrotic bone, and accelerate 
healing [9, 17].

Previous reports have demonstrated the successful treat-
ment of a partially necrotic talus with a vascularized bone 
graft from the iliac crest [8], and the management of three 
cases of Stage II and III talar osteonecrosis dissecans with 
free vascularized medial femoral condyle auto-transplanta-
tion [17]; however, these procedures were limited by sub-
stantial morbidity at the donor sites. Subsequently, the cal-
caneal branch of the posterior tibial artery was proposed as 
a vascular pedicle to treat medial osteochondral lesions of 
the talar dome. Pediculate transplantation did not require 
excessive enlargement of an incision because of the short 

Fig. 4   Lateral side of the left foot. The cuboid is delineated with a 
dotted line (black arrow). Perforators enter the periosteum. The ter-
minal branch of the transverse pedicle branch anastomoses with the 
anterior lateral malleolar artery to form an artery ring

Table 1   Anatomical measurements

Segment I: origin to fasciocutaneous branches. Segment II: fasciocu-
taneous branches to the first muscle branch. Segment III: transverse 
branch to the periosteum of the cuboid bone

Mean ± SD Max Min

Lateral tarsal artery
 Origin diameter (mm) 1.40 ± 0.12 1.67 1.25
 Total length (mm) 67.15 ± 3.18 74.36 62.43
 Segment I length (mm) 13.24 ± 2.55 16.20 7.23
 Segment II length (mm) 17.69 ± 3.89 25.01 15.13
 Segment III length (mm) 36.21 ± 2.82 40.28 29.33

Cuboid
 Length of vascular territory 17.92 ± 1.17 20.22 15.68
 Width of vascular territory 22.821 ± 0.98 24.5 20.92
 Depth of cuboid (CT scan) 12.21 ± 2.82 14.31 10.26

Table 2   Branches of the lateral tarsal artery (N)

Segment I: origin to fasciocutaneous branches. Segment II: fasciocu-
taneous branches to the first muscle branch. Segment III: transverse 
branch to the periosteum of the cuboid bone

Medial branch Lateral branch

Segment I branches 1.7 (1–3) 2.3 (1–3)
Segment II branches 2.5 (2–3) 3.2 (2–5)
Segment III branches (to 

cuboid)
3.6 (2–5) 4.4 (4–6)
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distance from the donor site to the recipient site [18], but 
this technique could not be anatomically applied in 10% of 
the feet and is only relevant to osteochondral lesions of the 
talar dome [19]. A vascularized periosteal graft from the first 
metatarsal bone was used to treat Stage III osteonecrosis of 
the talus in an 11-year-old boy. The approach effectively 
induced bone revascularization and prevented further col-
lapse of the talar dome. The diaphyseal dorsal periosteum of 
the first metatarsal was harvested, which required a longitu-
dinal zig-zag dorsomedial incision of the foot, and the risk 
of occlusion of the vascular pedicle was high as the angle 
between the first metatarsal branch and the dorsalis pedis 
artery is relatively small [16].

There is a clinical need for a less-invasive and low-risk 
approach to revascularization of the talus. Evidence sug-
gests that the lateral tarsal artery has clinical utility as an 
artery flap [10, 21]. In the present study, the lateral tarsal 
artery was easy to locate, and the position of the lateral tar-
sal artery and its branches in the lateral ankle was consist-
ent across cadaveric specimens. In the longest (12 years) 
follow-up reports, Nunley et al. [12] reported a more than 
80% (10–12) successful rate. Only 2 cases needed arthro-
plasty because of uncontrolled necrosis. The other 10 cases 
got revascularized and the ankles were preserved. Our ana-
tomical observations confirmed that a vascularized cuboid 
pedicled bone graft based on the lateral tarsal artery has 
several advantages compared to the other vascularized bone 
grafts used for talar avascular necrosis. First, the lateral tar-
sal artery sends multiple periosteal branches to the cuboid. 
Second, our measurements confirmed that the lateral tarsal 
artery has an adequate length and vessel sizes for microvas-
cular anastomoses to provide an excellent vascular pedicle. 
Third, the cuboid pedicled bone graft was long enough to 

reach the bony border of both the lateral and medial malle-
olus and possibly the distal fibula and tibia. Its supplying 
artery is located on the dorsal side; thus, the pedicle can 
rotate to either the medial or lateral side and is unlikely to 
be affected by ankle flexion or extension. Fourth, as potential 
donor and recipient sites can be confined to a single incision, 
surgery could be performed under regional anesthesia and 
avoid potential complications at a donor site in a previously 
uninvolved limb. Last, the terminal recurrent artery of the 
lateral tarsal artery sends branches posteriorly to the lateral 
anterior malleolar artery, which anastomose to create a vas-
cular network. This may provide perforators to the skin and 
aid in wound healing (Fig. 5).

This experimental cadaveric study demonstrated that a 
vascularized cuboid pedicled bone graft based on the lateral 
tarsal artery is easy to harvest; however, attentions must be 
paid when performing this procedure in the clinical setting. 
First, the EDB and EHB muscles must be elevated to facilitate 
dissection, which may cause postoperative pain and weakness 
leading to loss of toe flexion for a short time. Second, the bony 
graft was from the cuboid. According to our measurements 
of the cuboid on CT, the size of the harvested bone should be 
limited to 2–3 cm (length) × 2 cm (width)  ×  < 1 cm (depth) 
to include cancellous bone but avoid cuboid fracture or dam-
age to the joint surface. These dimensions may vary between 
patients because the size of the cuboid may differ. Also, the 
limit of graft size limits the application of pedicle cuboid 
revascularization. If the osteonecrosis is large, it will not be 
suitable for this procedure. Nurley et al. [10, 21] suggest only 
if patients with osteonecrosis involving < 60% of the talus on 
the basis of MRI scans met the criterion. Third, pedicle cuboid 
graft does not contain cartilage, if necrosis involved cartilage, 

Fig. 5   A Lateral sinus tarsi incision in talus necrosis surgery: red arrow shows the lateral tarsal artery beneath the EDB and EHB muscle bellies. 
B Pedicled cuboid bone was harvested (blue square). With no tourniquet, bleeding is visible (color figure online)
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or any kind of articulation collapse, the procedure could not 
be used for these situations.

This study was associated with several limitations. First, 
ink-based perfusion of the fresh-frozen specimens was not per-
formed; therefore, the distribution of the perforating vessels of 
the cuboid could not be described. Second, we did not analyze 
the number of nutrient foramen on the surface of the cuboid, 
which is a novel method used to evaluate perforators supply-
ing the bone. Third, we did not review the medical histories 
of the donors that provided the cadaveric specimens. These 
medical histories may have included diabetes, nicotine use, or 
other peripheral vascular disease, which could have altered the 
efficacy of vessel perfusion and identification. Last, this study 
included a small sample size of cadaveric specimens.

A vascularized pedicle cuboid bone graft based on the lat-
eral tarsal artery can be harvested for use in early-stage talar 
avascular necrosis. Vascular anatomy was consistent and bony 
graft harvest was simple and straightforward in all cadaveric 
specimens.
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