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INTRODUCTION

Microanastomosis is an essential technique during reconstruc-
tive surgery. Accordingly, the need to improve skills before the 
actual operation has led to the development of various training 
models, including synthetic material and vessels in nonliving 
and living animals. Among them, vessels of living animals, such 
as rats, have been favored as a standard training model due to 

their distinct advantages, including real hemodynamic respons-
es. However, training with living models requires animal pur-
chase and disposal, and animal research ethics approval and au-
thorized facilities are needed [1]. Furthermore, rat vessels weigh 
200–300 g and are often too small for use by novices, consider-
ing their limited experience and skill. Thus, many surgeons have 
used nonliving animal models, such as fresh chickens, turkeys 
[2], and pig legs [3]. 
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Chickens are preferred to other non-living animal models due 
to their low purchase price, easy storage, less preparation time, 
convenient disposal, and absence of ethics issues [4,5]. Various 
chicken vessels, such as the brachial artery [6], radial artery [4], 
ischiatic vessel, popliteal artery, tibial artery [7], and dorsal ar-
tery of the foot [8] have been used. However, most studies have 
evaluated the characteristics of only one or two chicken vessels, 
and few studies have comprehensively analyzed various types of 
vessel, which might provide valuable information for identifying 
the nature of each vessel and choosing appropriate training 
models. The present study compared the characteristics of vari-
ous chicken vessels that have been used as microvascular anasto-
mosis training models and presents dissection methods for each 
vessel. 

METHODS

Twenty-six fresh chickens (weight, 650–1,420 g) and 30 frozen 
chicken feet (Cobb strain) were used. Eight vessels—the bra-
chial artery, basilic vein, ulnar artery, radial artery in the upper 
extremity and ischiatic artery, ischiatic vein, cranial tibial artery, 
and common dorsal metatarsal artery in the lower extremity—
were analyzed.  

We measured the external diameter (ED), the thicknesses of 
the adventitia and media of each vessel and their dissection 
time. The ED was measured using a surgical microscope (Cal 
Zeiss Inc., Jena, Germany) at 25 ×  magnification. A micro-ruler 
with 0.05-mm intervals (Micro Scale, Crownjun Kono, Tokyo, 
Japan) and stainless steel gauge with 0.05-mm intervals (model 
58698; Shinwa Measuring Tools Inc., Niigata, Japan) were used 

for measurements. The EDs of the vessels, except the ischiatic 
artery and vein, were measured at their midpoint. The EDs of 
the ischiatic artery and vein were measured at the upper one-
third level of the femur, as the upper two-thirds of the ischiatic 
vessel with a length of 5–6 cm is easily exposed, while the distal 
one-third, with more branches, lies deeper. We selected 9 fresh 
chickens, of relatively consistent weight, and 12 frozen feet and 
harvested 5-mm-long vessels for the measurement of vessel wall 
thickness together with the perivascular tissue, to prevent injury. 
Tissues were fixed in 10% neutral buffered formalin, embedded 
in paraffin, and sectioned at 4-µm thickness. The tissues were 
stained with hematoxylin and eosin to distinguish the structure 
of the tunica adventitia and tunica media. We measured the 
thicknesses of the adventitia and media using the NIS Elements 
AR software (Nikon, Tokyo, Japan) under a light microscope at 
400 ×  magnification (Fig. 1). Dissection time was defined as 
the time from skin incision and isolating the vessel with the na-
ked eye to applying vessel clamps under a microscope. A single 
senior resident who had 1 month of microanastomosis training 
experience measured the dissection time.

Dissection technique
The upper extremities were divided into the upper wing (hu-
man humerus) and the lower wing (human forearm). The lower 
extremities consisted of the thigh and lower leg or drumstick 
(Fig. 2). The 2 wings and 2 legs were separated from the trunk 
using a blade by carefully cutting the tendons and joint capsules, 
so as not to injure the femoral or humeral head (Fig. 3). Then, 
the dissection of the vessels proceeded.  

Fig. 1. The thickness of tunica adventitia and media layer 

We measured adventitia (outer) and media (inner) layer thicknesses using the NIS Elements AR software under a light microscope at 400×mag
nification (H&E). (A) Cranial tibial artery, (B) basilic vein.
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Wings
The basilic vein was evident through the skin on the ventral side 
of the upper wing (Fig. 4A). A skin incision was made on the 
groove formed by the biceps brachii and triceps brachii using 
Metzenbaum scissors. The brachial artery was found on the fas-
cia of the biceps brachii muscle. All brachial arteries bifurcate at 
the level of the humeral shaft and divide into the ulnar and radial 
arteries (Fig. 4B). The ulnar artery was detected through the 

skin of the lower wing and above the fascia of the flexor digito-
rum superficialis. The dissection through the flexor digitorum 
superficialis and profundus muscles was deepened to reach the 
radial artery, which lies between them (Fig. 4C, D). 

Legs
The ischiatic artery and vein were beneath the adductor profun-
dus and superficialis muscles on the ventral side. The designa-

A schematic illustration of chicken anatomy.

Fig. 2. The skeletal system of a chicken

The wing and leg were separated from the trunk using a blade. The 
tendons and joint capsules were cut cautiously to prevent injury to 
the femoral and humeral heads.

Fig. 3. Separation of the extremities from the trunk 

Fig. 4. Vessels of the upper extremity

(A) The basilic vein (white 
arrow) shows through the 
skin on the ventral side of 
the upper wing. The ulnar 
artery (black arrow) also 
shows through the skin of 
the lower wing. (B) The 
basilic vein (white arrow) 
lies on the skin flap and 
the brachial artery lies on 
the fascia of the biceps 
brachii muscle. A microvas
cular clamp was applied on 
the brachial artery. (C) The 
ulnar artery (white arrow) 
and radial artery (black ar
row). (D) A microvascular 
clamp was applied on the 
ulnar artery.
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tion of the ‘femoral vessel’ of the chicken, commonly mentioned 
in other literature, is a misleading name; it is, in fact, the ischiatic 
vessel according to anatomical arterial studies of chickens by 
Swielim et al. [9] The adductor profundus and superficialis 
muscles were resected after transecting the femorocruralis mus-
cle to expose the upper two-thirds of the ischiatic vessel (Fig. 
5A). The cranial tibial artery descended between the tibialis an-
terior and flexor perforans et perforatus digiti II in the lower leg 
and appeared after resecting the peroneus longus muscle (Fig. 
5B). The cranial tibial artery is the largest terminal branch of the 
popliteal artery. It continued from the popliteal artery by pass-
ing through the interosseous space at the upper one-third of the 
tibia and continued as the common dorsal metatarsal artery.

Foot
The common dorsal metatarsal artery lies beneath the extensor 
tendon on the dorsal side (Fig. 5C). The common dorsal meta-
tarsal artery was detected after a midline skin incision on the 
dorsal side and elevation of the extensor tendon (Fig. 5D).

Statistical analysis
The sample size calculation for 80% power was performed by 
simple logistic regression with a continuous predictor in nQue-
ry Adcisor 7.0. The association between ED and weight was as-
sessed using linear regression analysis. The ED order in a single 
specimen was assessed by analysis of variance and the Tukey 

post-hoc test. Statistical calculations were performed using the 
SPSS ver. 19.0 software (IBM Corp, Armonk, NY, USA). A P-
value < 0.05 was considered to indicate significance.

RESULTS

A total of 364 vessels were assessed in the 26 fresh chickens and 
30 frozen feet. The mean fresh chicken weight was 1,066.89 ±  
245.20 g (range, 650–1,420 g). 

The ischiatic vein had the largest ED of 2.69 ± 0.33 mm, fol-
lowed by the basilic vein (1.88 ± 0.36 mm), ischiatic artery 
(1.68 ± 0.24 mm), common dorsal metatarsal artery (1.23 ±  
0.23 mm), cranial tibial artery (1.18 ± 0.19 mm), brachial artery 

Fig. 5. Vessels of the lower extremity

(A) A microvascular clamp 
was applied on the ischiat
ic artery. (B) The cranial 
tibial artery lies between 
the tibialis anterior (white 
arrow) and flexor perforans 
after elevating the perone
us longus muscle (black ar
row) .  A microvascular 
clamp was applied on the 
cranial tibial artery. (C) The 
common dorsal metatarsal 
artery (white arrow) lies 
beneath the extensor ten
don on the dorsal side. (D) 
A microvascular clamp was 
applied on the common 
dorsal metatarsal artery.
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Vessel No. Mean±SD 
(mm)

Minimum 
(mm)

Maximum 
(mm)

Ischiatic vein 52 2.69±0.33 2.00 3.40
Basilic vein 52 1.88±0.36 1.15 2.70
Ischiatic artery 52 1.68±0.24 1.15 2.20
Common dorsal metatarsal artery 30 1.23±0.23 0.90 1.80
Cranial tibial artery 52 1.18±0.19 0.90 1.90
Brachial artery 52 1.08±0.15 0.90 1.55
Ulnar artery 52 0.82±0.13 0.55 1.20
Radial artery 52 0.56±0.12 0.35 0.90

  No., sample number; SD, standard deviation.

Table 1. External diameter measurements of chicken 
arteries and veins
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(1.08 ± 0.15 mm), ulnar artery (0.82 ± 0.13 mm), and radial ar-
tery (0.56 ± 0.12 mm) (Table 1). A significant positive correla-
tion was detected between ED and specimen weight for all ves-
sels (P < 0.05), except the radial and cranial tibial arteries. The 
order of vessel size in a single specimen was consistent across all 
subjects (Fig. 6). 

Vessel thicknesses of 121 vessels from 9 fresh chickens, and 12 
vessels from 12 frozen chicken feet were measured. The ischiatic 
artery had the largest adventitia thickness of 158.66 ± 40.25 µm, 
followed by the ischiatic vein (131.09 ± 29.20 µm), brachial ar-
tery (120.93 ± 22.10 µm), cranial tibial artery (113.09 ± 29.61 
µm), basilic vein (104.46 ± 35.94 µm), common dorsal metatar-
sal artery (86.50 ± 20.01 µm), ulnar artery (80.29 ± 13.72 µm), 
and radial artery (74.09 ± 19.91 µm). The cranial tibial artery 
had the largest media thickness of 154.15 ± 46.48 µm, followed 
by the ischiatic artery (132.94 ± 30.56 µm), brachial artery 

(117.52 ± 19.60 µm), common dorsal metatarsal artery 
(114.14 ± 16.61 µm), ulnar artery (93.55 ± 24.43 µm), radial ar-
tery (90.33 ± 30.72 µm), ischiatic vein (41.64 ± 15.38 µm), and 
the basilic vein (31.2 ± 7.13 µm). All veins had a thinner tunica 
media layer than that of arteries. The ratio of adventitia to media 
thickness ranged from 0.75 to 1.24 in arteries and 3.4 in veins 
(Table 2).

Mean dissection time was 118 seconds for the brachial artery, 
97 seconds for the basilic vein, 81 seconds for the ulnar artery, 
and 87 seconds for the radial artery. In the lower extremities, a 
mean of 112 seconds was needed to dissect the ischiatic artery, 
110 seconds for the ischiatic vein, and 122 seconds for the cra-
nial tibial artery.

DISCUSSION

In the present study, we selected 8 chicken vessels and com-
pared their characteristics. The vessels had different EDs and 

Vessel No. Tunica adventitia 
Mean±SD (μm)

Tunica media 
Mean±SD (μm) Adventitia/Media ratio

Cranial tibial artery 18 113.09±29.61 154.15±46.48 0.83±0.41
Ischiatic artery 18 158.66±40.25 132.94±30.56 1.24±0.33
Brachial artery 18 120.93±22.10 117.52±19.60 1.05±0.25
Metatarsal artery 12 86.50±20.01 114.14±16.61 0.75±0.07
Ulnar artery 18 80.29±13.72 93.55±24.43 0.92±0.27
Radial artery 18 74.09±19.91 90.33±30.72 0.90±0.39
Ischiatic vein 16 131.09±29.20 41.64±15.38 3.41±1.05
Basilic vein 16 104.46±35.94 31.2±7.13 3.38±1.26

  No., sample number; SD, standard deviation.

Table 2. Vessel wall thicknesses of chicken arteries and veins

Fig. 6. Consistent order of external diameter

The external diameter order was consistent within a single speci
men. The interior of the box indicates the interquartile range of the 
data (25% to 75%). The band inside the box is the sample mean 
and the diamond inside the box is the median. Lines extending ver
tically from the boxes indicate upper and lower quartiles and dots 
indicate extreme values.
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(mm)

Ischiatic
artery

Ischiatic
vein

Cranial
tibial
artery

Brachial
artery

Basilic
vein

Radial
artery

Ulnar
artery

Range 
(mm) Vessels External diameter 

(mm)

>3 mm Deep inferior epigastric artery [10] 3.2
Deep inferior epigastric vein [10]  3.1

2–3 mm Radial artery [11]  2.54
Ulnar artery [11] 2.12
Internal mammary artery [12]  2.36±0.5
Posterior tibial artery [13] 2.34±0.5
Superficial temporal vein [14] 2

1–2 mm Thoracodorsal artery [12]  1.79±0.34
Facial artery [14] 1.48
Superficial temporal artery [14] 1.4
Common digital artery [15] 1.7±0.2
2nd Internal mammary perforating artery [16] 1±0.4

0–1 mm Facial perforating artery [17]  0.96
Thoracodorsal perforating artery [18] 0.9
Digital artery [19] 0.4–0.7
Digital terminal artery [20]  0.3–0.7

Table 3. External diameter of human vessels
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vessel wall thicknesses, all of which were prepared without diffi-
culty. This information will facilitate selection of the most suit-
able model for microanastomosis training. Furthermore, these 
results show that the chicken is a valuable microvascular anasto-
mosis training model, as trainees can practice on various vessels 
according to their proficiency with a short dissection time. 

The chickens provided various sizes of vessels, which were 
comparable to human vessels (Table 3) [10-20]. The ED of the 
ischiatic vein was 2–3 mm and that of the basilic vein was 1–3 
mm. The EDs of the ischiatic, cranial tibial, brachial, and com-
mon dorsal metatarsal arteries were 1–2 mm, whereas the EDs 
of the ulnar and radial arteries were < 1 mm in most specimens. 
Vessel ED is closely associated with the difficulty of a microvas-
cular procedure, which can influence the choice of microvascu-
lar training model. Large caliber vessels are relatively straightfor-
ward and are better for novices as a practice model. Conversely, 
small-sized vessels require more careful and delicate maneuvers, 
which might be more suitable for more experienced trainees. 
The ED of the radial artery was almost < 0.8 mm, which is a 
suitable size for supermicrosurgical training. Chen el al. [21] 
demonstrated that supermicrosurgical anastomoses can be per-
formed using branches of the ischiatic vessels of chickens.21 
Chickens provide vessels with a broad range of EDs, enabling 
trainees to choose the most appropriate training model for 
them.  

Vessel wall thickness can also affect the difficulty level of a mi-
crosurgical procedure. Vessels with thinner walls are prone to 
easy injury and collapse during the anastomosis. Because the 
adventitia is peeled off before anastomosis and the intima layer 
is too thin, needle resistance as it passes through the vessel wall 
might depend on the thickness of the media layer. Veins always 
have a thinner tunica media than arteries, as in humans. Among 
the 6 arteries evaluated, the cranial tibial artery had the largest 
average thickness of the media layer. Thus the cranial tibial ar-
tery tends to maintain a cylindrical shape even after being cut, 
which is suitable for novice trainees. However, when comparing 
the thickness of the tunica media of chicken vessels to the inter-
nal mammary (291.3 µm) and deep inferior epigastric arteries 
(193.5 µm) of human vessels, chickens have thinner media lay-
ers than those of humans [22].

Preparation time from the beginning of the skin incision to se-
curing the vessel with a double apposing clamp was < 3 min for 
all vessels. Because time was measured by an experienced sur-
geon, a novice might take longer. However, trainees who follow 
the recommended approach described in this study will take 
less time, regardless of the model.   

Chicken anatomy is consistent in features such as vessel posi-
tion, bifurcation, and vessel passing pattern with the bony 

groove pattern. The basilic and ischiatic veins are exposed dur-
ing muscle dissection to identify the brachial and ischiatic arter-
ies. Arteries attached to a parallel nerve, such as the brachial, 
cranial tibial, and common dorsal metatarsal arteries, take more 
time to isolate from the nerve. Isolating arteries covered by thick 
fibrous fascia, such as the brachial and radial arteries, is also dif-
ficult. The brachial artery may sometimes bifurcate so close to 
the humeral head that the ulnar or radial arteries in the upper 
wing are more suitable for practice in the upper extremity part. 
The tendency toward a cylindrical shape was strong for the is-
chiatic and cranial tibial arteries, which was correlated with me-
dia thickness.

Based on these results, we recommend that novice trainees 
start with the ischiatic artery, which has a relatively thick ED and 
low levels of dissection and isolation difficulty. Then, the cranial 
tibial, brachial, or common dorsal metatarsal arteries are suit-
able models for training. Lastly, smaller vessel microanastomosis 
or super microanastomosis practice is possible with the ulnar 
and radial arteries. 

The limitations of chicken vessels as microanastomosis train-
ing models include the lack of hemodynamic circulation and 
thrombosis. Although circulation cannot be reproduced with-
out a special pump system [23], the quality of the anastomosis 
can be checked by splitting the vessels longitudinally and exam-
ining the sutures. Patency and leakage tests can be conducted by 
injecting dye with a cannula [5]. The limitation of this study is 
that the range in the weight of the chicken samples was some-
what broad (650–1,420 g). If we had analyzed chickens within a 
specific range of weight, the results would have been more reli-
able for this narrower range.

Chickens cost only $4 USD (1 kg), which is inexpensive, con-
sidering that a 200–300 g rat costs about $10 USD and silicone 
tubing > $70 USD. Trainees can practice self-customized train-
ing, because they are not limited by time and place. Further-
more, chickens remain fresh for 5 days. Finally, < 5 minutes is 
needed from beginning the dissection to securing the vessel 
with microvascular clamps when the trainee becomes profi-
cient. This comprehensive comparison can help trainees choose 
suitable vessels for microvascular anastomosis practice depend-
ing on their purpose and skill.
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