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Abstract

Purpose: To introduce a nonliving microvascular training model based on vessels diameter 
and feasibility. 
Methods: We dissected ten oxen tongues, and divided the pedicles into three-thirds: proximal, 
middle and distal. We measured the external vessels diameter in all regions. We performed 
a descriptive statistical analysis. Three students (two beginner level and one intermediate 
level) performed this training. We evaluated the confidence, according Likert scale. 
Results: We dissected all oxen tongues, each tongue showed two parallel pedicles. Each 
pedicle was located at 1.5 – 2.0 cm from the midline. Proximal median artery and vein 
diameter were 3.9 ± 0.7, and 5.04 ± 1.44mm, respectively. In the middle third, the mean 
artery diameter was 3.3 ± 0.4mm, and the vein diameter was 3.5 ± 0.9mm. The distal third 
showed a mean artery diameter of 2.0 ± 0.42mm, and a vein diameter of 2.4 ± 0.82mm. 
The students performed ten anastomoses. This study showed a higher confidence level (CL) 
(p=0.03) than the pre training CL assessment.  
Conclusion: This study suggested a feasible non-animal model for microsurgical training 
process for beginners and intermediate trainees.
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Model preparation

 This training required microsurgical 
instruments (micro scissors, microsurgical 
holds, and jewelry’s forceps), a syringe with 
saline solution, and a syringe with food stain to 
test patency.
 The structures were visualized through 
x4 magnification.
 Two parallel and superficial pedicle 
composed each tongue. Both pedicles were 1.5 
- 2cm from the tongue midline, ventral portion. 
We dissected the sulcus in the muscle, and we 
found two veins and one artery. The veins were 
anterior of the artery.
 We divided the vessels into three-thirds: 
proximal, middle and distal. We measured the 
arteries and veins diameters in these three-
thirds. Each third were indicated according to 
the student level experience in microvascular 
surgery.

Microsurgical training

 In this protocol we recruited three 
students (two beginners and one intermediate 
level). 
 Before and the end of this training we 
applied a Likert scale (1= strongly disagree, 2= 
disagree, 3= somewhat disagree, 4= somewhat 
agree, 5= agree, 6= strongly agree) related to 
confidence12 (Table 1). 

Table 1 - Questions related to confidence in 
performing microsurgical training.
Question- I am able to do… Grade
Microscopy adjustment 1 to 6
Instrumental handling 1 to 6
Clamp manipulation 1 to 6
Vessels preparation for anastomosis 1 to 6
No tissue damage in the procedure 1 to 6
Complete suture 1 to 6
Perform a micro anastomoses with patency 1 to 6

 ■ Introduction

 Microsurgical training needs 
special skills development, such as correct 
instrumental handling, adventectomy, which 
is a triangular technique for suturing. Most 
of the microvascular skills can be achieved in 
laboratory training environment1-3.
 Because of ethical issues related to 
animal use in teaching process, most training 
programs use non-living animal models 
and simulation tasks of sutures in surgical 
training1-4. Stepwise learning process gives 
basis to the competence level on microsurgical 
anastomosis3,4. In our laboratory, we use the 
glove suture structure and then, a chicken 
leg. However, we observed that in some cases 
it was desirable to have an intermediate 
step in training process before chicken leg 
vessels anastomosis5-8. The ox tongue model 
can offer three different vessels’ caliper to 
the microsurgeon student who is learning. 
According to the student’s skills performance, 
a surgeon can train in the proximal, middle 
or distal thirds. This progressive complexity 
(vessels diameter) can be an intermediate step. 
After this training, the student can perform the 
chicken leg and the chicken wing training (1 
mm artery diameter).
 The aim of our study was to introduce 
an intermediate microvascular training model 
based on vessels diameter and its feasibility8-11.

 ■ Methods

 This protocol was approved by the Ethics 
Committee, School of Medicine Universidade 
de São Paulo (CEUA - 089/16).
 We dissected ten oxen tongues with 
weight ranging from 752g to 981g, acquired 
in the market. The whole anatomical structure 
was necessary to dissect along the dorsal face 
of the tongue.
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Surgical procedure

 For the beginner’s student level the 
proximal and middle third suture was necessary 
to achieve confidence. The distal third was 
indicated to intermediate student level.
 According to student’s previous 
experience in microvascular end-to-end 
anastomosis they were designed to different 
third of this model. In the proximal third there 
were no need of magnification, the suture 
could be performed by 8-0 or 9-0 nylon suture.  
In middle third the student had to use 9-0 nylon 
suture. In the distal third a x4 magnification 
were necessary and the use of 10-0 nylon 
suture. 
 The student could use this model 
more than 10 times (3-4 sutures per third/ per 
pedicle).
 After each vessels micro anastomosis, 
we tested the patency and leakage by injecting 
a mixture of saline solution and food courante 
using a 23-gauge needle.

Statistical analysis

 We evaluated the arteries and veins 
diameters (mean and SD) separately according 
pre defined anatomical thirds. 
 We analyzed the confidence level 
between ox tongue training using  Wilcoxon 
signed rank  test.  All calculations were 
performed by statistical software STATA version 
14 (Release 14. College Station, TX: StataCorp 
LP).

 ■ Results

 We dissected all oxen tongues, and 
each tongue showed two parallel pedicles. 
Each pedicle was 1.5 – 2.0 cm from the midline 
(Figure 1).
 The mean weight was 806.33 g. The 
mean pedicle extension was 22.43 cm.

Figure 1 – The anatomical structures of ox tongue. 
The horizontal blue dash line measures 1.5cm from 
the midline. The vertical blue line is the midline. 
The red arrows are arteries. The blue arrows are 
veins.

 A superficial vein composed the 
pedicle, and due to the variability in location 
and diameter, we did not consider this vein for 
training purposes.
 The next structure was a vein, located 
at a deeper level, and we found the artery.
 Both vessels emitted several branches. 
We measured the external diameter of each 
vessels structure according to the region 
(proximal, middle and distal) (Table 2).

Table 2 - Diameter and standard deviation of 
all vessels (artery and vein) according to region 
(proximal, middle, distal).
Vessels Proximal 

diameter 
± SD(mm)

Middle
diameter 
± SD(mm)

Distal
diameter 
± SD(mm)

Artery 3.9 ± 0.7 3.3 ± 1.4 2.0 ± 0.42
Vein 5.04 ± 1.44 3.5 ± 0.9 2.4 ± 0.82

SD - standard deviation
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 The students performed ten surgical 
procedures: once in the proximal third (artery 
and vein), three anastomoses in the middle 
third (artery and vein) and six anastomoses 
under magnification (x4) in the distal third 
(artery and vein).
 All anastomosis were patent.
 According Likert scale, this training 
showed a difference between pre and post 
questionnaire (p=0.03) (Table 3, Figure 2).

Table 3 - Evaluation of confidence by Likert 
scale, before and after ox tongue training.
Trainee level Before After
Beginner 1 26/42 (62%) 37/42 (88%)
Beginner 2 25/42 (60%) 37/42 (88%)
Intermediate 36/42 (86%) 42/42 (100%)

Figure 2 - Vascular anastomoses. A) First 
anastomosis ox tongue model-middle third. B) Fifth 
anastomosis ox tongue model-middle third.

 ■ Discussion

 The learning curve is essential for 
microsurgical training. This training demands 

several steps to build the curve8.
 Classically, the student begins with 
efficient handling; the next step is glove 
suturing under magnification view (x4-6) and 
vascular anastomoses in rats1.
 According to Lascar et al.8, to achieve 
microsurgical competence without any 
experience, it was necessary performing 36 
end-to-end anastomosis procedures. In this 
paper, they showed a learning curve for eight 
plastic surgeon students. This training used 
134 rats, an average of 16.5 rats per resident. 
Nowadays, the use of animals has ethical issues. 
Thus, alternative non-living animal models are 
desirable.
 As previously cited, all surgical skills 
acquisition demands repetition. For this 
reason, a training protocol based on step-wise 
crescent complexity is desirable8,9.
 Some microsurgical skills were based 
on low-fidelity models, such as a plastic/silicon 
tubes, leafs, and needles. All these activities 
focus on training a particular skill: precision, 
hand motion, and spatial motor skill8,9. 
However, a high fidelity model as the non-
living anatomical structure is important for the 
student to simulate it10,11.
 Most of the training protocol begins 
with a glove suture procedure, then to a chicken 
leg and finally, to chicken wing anastomosis. 
 In our educational practice, we were 
able to observe that mainly for beginners, there 
was a difficulty to operate the chicken leg model 
after the glove structure task. Considering this 
obstacle, we proposed an intermediate level of 
anastomosis model to prepare our students for 
more advanced activities.
 An ox tongue is easy to purchase, and it 
is low-cost. This anatomical structure presents 
two parallels pedicles. The diameter of this 
vessels decreases from the proximal third to 
the distal third of the tongue. Depending on 
the resident’s expertise, one could practice 
in proximal or distal vessels. The artery 
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diameter ranged from 3.9mm to 2.0mm, and 
the vessel diameter ranged from 5.04mm to 
3.06mm. Moreover, the student can practice 
anastomosis in a long extension (22.43cm) and 
redo the suture more than three times.
 We tested this model in three students, 
two beginners and one intermediate level. The 
proximal third was easy to handle, the students 
performed the task without any magnification. 
The middle third showed more complexity, the 
diameter was 3.3mm per artery and 3.4 per 
vein. This diameter was similar of epigastric 
vessels13.
 The next step, distal vessels needed 
magnification, this training showed vessels with 
similar diameter of internal mammary artery 
and anterior cerebral  artery (1.9- 2.6mm)14 
or anterior cerebral artery15 and  facial artery 
(2.83± 0.77mm)16.
 After this procedure, it would be easier 
for the resident to train in a chicken leg vessel 
(average diameter of 1.3mm) and, in a chicken 
wing model (average diameter of 1.0mm).
 We submitted three students (two 
beginners and one intermediate level) to test 
this model. Each resident performed three 
to five anastomoses in the same ox tongue 
unit. This training model showed a difference 
in confidence between pre and post-training 
program (p=0.003). 
 The strength of our study was to present 
a feasible, low-cost non-living animal model. 
The limitation of our study was the small number 
of students’ evaluation in this micro surgical 
training model. After describing this model, 
we will apply more students to assessment 
of learning curve and the effectiveness of 
this intermediate step in the complete micro 
surgical training. Another possible study is to 
apply a pump to mimic blood flow, to test the 
patency of the anastomosis.

 ■ Conclusions

 This new model showed adequate 
vessels diameter for the microsurgical training 

of beginners and intermediate student levels. 
Also, it could be part of a complete step-wise 
training program using non-living animal 
models.
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