
 www.PRSGlobalOpen.com 1

INTRODUCTION
Vascularized bone flaps have been used for reconstruc-

tion of bony defects when free bone grafts do not meet 
requirements. The fibula, the iliac bone, and the scapula 
are commonly used vascularized bone flaps. The use of the 
medial femoral condyle has been revived lately, especially 
for treatment of nonunion and avascular necrosis of the 
bones.1–4

Although the use of new flaps has been reported every 
year since the introduction of the perforator concept, re-
ports on new vascularized bone flaps have been limited: 
one of the reasons is that bone perfusion evaluation meth-
ods in cadaver studies have yet to be established.

Recently, the lead oxide–gelatin technique has become 
the gold standard for visualization of vessels in cadavers, 
yielding a high-quality staining of angiosomes.5 In addi-
tion to radio-opaque materials, ink injections including 
India ink and methylene blue have been widely used.6–9 
However, whether due to the physical characteristics of 
the materials or to limitations in their sensitivity, no study 
has yet evaluated perfusion inside the bone in cadavers. 
The conventional methods are capable of visualizing the 
periosteum, but there are no reports on visualization of 
the cancellous regions. Although this may not be a prob-
lem when evaluating a bone flap with small portions of 
cancellous bone, as in a fibula flap, accurate identification 
of the perfused region becomes crucial in a bone flap rich 
in cancellous bones, as in an iliac bone flap.
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The aim of this report was to introduce and validate 
the feasibility of indocyanine green (ICG) fluorescence 
angiography for evaluation of bone perfusion in the femo-
ral medial condyle in cadavers.

MATERIALS AND METHODS
In 4 fresh nonembalmed cadavers (2 male, 2 fe-

male), the descending genicular artery (DGA) was 
dissected and carefully cannulated bilaterally in the fol-
lowing approach. An incision was made from a point 
1 cm medial to the patella extending proximally to the 
mid thigh. The vastus medialis was retracted anteriorly, 
and the DGA was located running atop and into the 
periosteum of the distal femur. After meticulous dissec-
tion of the DGA, a 10 mL solution containing 5 mL ICG 
solution (ICC-Pulsion, Pulsion Medical System, Germa-
ny) and 5 mL methylene blue solution [Methylenblue 
(C.I. 52015) reinst. Fa. LabChem Röttinger, Germany] 
was injected into the DGA (Fig. 1). The volume of 10 cc 
showed most reliable staining of the region of interest 
in preliminary injection studies. We therefore decided 
to use 10 cc as standard injection volume for this study. 
Further dissection followed immediately afterward to 
avoid unwanted intravascular dissemination of ICG to 
distant regions. The medial femoral condyle was cut 
with an oscillating saw on the sagittal plane 2 cm me-
dial to the medial edge of the femoral condyle and on 

the axial plane 2 cm superior to the distal edge of the 
bone. A photograph was taken of the cut ends of the 
bone. The cut ends of the bones were observed using 
a near-infrared camera (Sony HD Handycam CM05; 
Sony Corp., Tokyo, Japan). Images corresponding to 
the previously taken photographs of the cut ends were 
captured for comparative analysis.

All cadavers were from body donors who donated 
their bodies to the Institute of Anatomy for academic pur-
poses. This study was performed according to local ethics 
regulations.

RESULTS
After injection of methylene blue and ICG, the blue 

dye could be seen in the periosteum in all specimens, 
but not inside the cortex or the cancellous region of the 
bone. However, when observed with ICG fluorescence an-
giography, the cancellous region was highlighted through 
small perforators penetrating the periosteum (Fig. 2). 
Images of arterioles running inside the cancellous bone 
were also visualized (Fig. 3; see video, Supplemental Digi-
tal  Content 1, which displays a video demonstrating ICG 
fluorescence angiography. When the cut surface of the 
bone was observed using a near-infrared camera, the can-
cellous region was clearly highlighted. An enhanced ar-
teriole was picked up with forceps, http://links.lww.com/
PRSGO/A608).

Fig. 1.  dissection and cannulation of the dGa (a) and a schematic illustration (B). a 10 mL solution containing 5 mL ICG solution and 5 mL 
methylene blue solution was injected into the dGa.

Fig. 2. a, after injection of methylene blue and ICG, the blue dye could be seen in the periosteum, 
but not inside the cortex or the cancellous region of the bone. B, When observed with ICG fluores-
cence angiography, the cancellous region was highlighted through small perforators penetrating 
the periosteum.
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DISCUSSION
Our study confirmed that ICG fluorescence angiogra-

phy could visualize bone perfusion in an established vascu-
larized bone flap, such as a medial femoral condyle flap. On 
the other hand, with methylene blue, no bone perfusion in-
side the bone could be confirmed. We speculate that since 
the dye enters the bone via small capillaries, the amount of 
dye entering the bone marrow was too small to be observed. 
This can be confirmed by the fact that the green color of 
the ICG solution could not be visualized without the use 
of the near-infrared camera. In addition, this may explain 
why the maximum vascular territory was underestimated in 
previous cadaveric studies on flap perfusion.10

Limitations in cadaveric studies are inevitable. One of 
them could be the oversensitivity of this method, which 
may overestimate rather than underestimate the maxi-
mum vascular territory of vascularized bone flaps. For 
more accurate evaluation of bone perfusion, correspond-
ing clinical studies using larger number of cadavers are 
required to address the issue.

There have been previous reports on the use of ICG 
fluorescence angiography for confirmation of bone perfu-
sion: 1 in clinical settings and the other using porcine mod-
els.11,12 However, to the best of our knowledge, we found no 
report on the use of ICG fluorescence angiography for eval-
uation of bone perfusion in cadavers. Our method can be 

especially beneficial in confirming the bone perfusion of a 
new bone flap based on a particular artery, both in cadavers 
and in patients, because ICG can be injected into specific 
arteries. For example, in this series, we can conclude that 
the fixed portion of the femoral medial condyle (2 cm me-
dially from the medial edge and 2 cm superiorly from the 
distal edge) was perfused by the DGA. ICG’s capability to 
evaluate perfusion in the cancellous bone provides another 
edge over other dyes in defining the perfused regions in a 
bone flap rich in cancellous bones. ICG fluorescence angi-
ography can also be used to evaluate the specific perfused 
region, the “bone angiosome,” in known bone flaps.

CONCLUSIONS
Perfusion inside the medial femoral condyle in cadav-

ers was confirmed using ICG fluorescence angiography. 
ICG fluorescence angiography is potentially a powerful 
tool in the development of new vascularized bone flaps.
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