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Abstract 
 
Background/Aim. Lower-leg septocutaneous system of 
perforating blood vessels represents the vascular basis of 
fasciocutaneous flaps. Additionally, it is of a particular im-
portance when designing distally based fasciocutaneous 
flaps which represent the “workhorse” in the reconstruction 
of the distal third of the lower leg and foot. The aim of this 
study was to analyse the vascular anatomy of posterior tibial 
artery and its septocutaneous (fasciocutaneous) perforating 
arterial vessels. Methods. The dissection was conducted on 
20 fetuses of both sexes and of gestational age from 20 to 
28 weeks. Cluster analysis was applied to the data on vascu-
lar anatomy of posterior tibial artery and its septocutaneous 
performating arterial vessels. Results. A total of 212 perfo-
rating arterial vessels was identified. The average number of 
perforating arterial vessels was 5.32 (ranging from 4 to 7). It 

was identified that septocutaneous perforating blood vessels 
are more likely to be found at certain levels (“safe levels of 
finding perforators”). These are: second, third, fifth and 
sixth tenth (measured as a distance from intermalleolar line 
to popliteal crease). Conclusion. The presence of septo-
cutaneous system of perforating blood vessels and reliability 
of their localization even in the fetal period allows applica-
tion of these findings in the lower leg reconstructions in 
children of early age. It also contributes to the greater level 
of understanding of anatomy of the lower-leg vascular sys-
tem. Finally, it provides a basis for understanding the devel-
opment of this system as it is now possible to compare re-
sults obtained on fetuses with those obtained on adults. 
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Apstrakt 
 
Uvod/Cilj. Perforatori septokutanog sistema krvnih su-
dova potkolenice predstavljaju vaskularnu osnovu fascioku-
tanih režnjeva. Poseban značaj imaju pri dizajniranju distal-
no baziranih fasciokutanih režnjeva koji predstavljaju moć-
nu metodu u rekonstrukciji defekata distalne trećine potko-
lenice i stopala. Cilj rada bio je detaljno kvantitativno ispiti-
vanje vaskularne anatomije zadnje tibijalne arterije i njenih 
septokutanih (fasciokutanih) perforatora. Metod. Istraživa-
nje je sprovedeno na 20 fetusa oba pola gestacione starosti 
20–28 nedelja. Primenom „Cluster” analize, obradjeni su po-
daci dobijeni u ovom istraživanju. Rezultati. Ukupan broj 

septokutanih perforatora iznosio je 212. Prosečan broj per-
foratnih krvnih sudova (arterijskih) bio je 5,32 (minimum 4, 
maksimum 7). Istraživanje je pokazalo da je verovatnoća na-
laženja septokutanih perforatora bila veća na određenim ni-
voima (tzv. „sigurni nivoi nalaženja perforatora”). To su: 
druga, treća, peta i šesta desetina (mereno kao distanca od 
intermaleolarne linije do zatkolene brazde). Zaključak. Pri-
sustvo perforatora septokutanog sistema krvnih sudova i 
pouzdanost njihove lokalizacije još u fetalnom periodu 
omogućava primenu ovih nalaza u rekonstrukciji potkoleni-
ce i stopala već kod dece. Ovo istraživanje takođe doprinosi 
dubljem razumevanju anatomije vaskularnog sistema potko-
lenice. Ono obezbeđuje osnovu razumevanja razvoja ovog 
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sistema krvnih sudova i mogućnost poređenja rezultata do-
bijenih istraživanjima na fetusima sa rezultatima dobijenih 
kod odraslih. 

Ključne reči: 
anatomija; fetus; noga; režnjevi, hirurški;  
aa. tibiales. 

 

Introduction 

Discovery of fasciocutaneous blood vessels system of the 
lower leg by Ponten 1 in the eighties of the last century resulted 
in more profound understanding of skin vascularization. The 
main arteries of the body were reexamined with an emphasis on 
the perforating branches which provide direct skin vasculariza-
tion. Flaps, that are based on the blood vessels passing through 
the septum duplication in the lower leg, consist of skin, subcuta-
neous adipose tissue, and deep fascia and are named fasciocuta-
neous flaps 2, 3. They can be either direct or indirect flaps 4. The 
initial advancement in this area was followed by a period when 
numerous studies on this blood vessels system were conducted. 
This period was marked by two distinct pathways: solving dis-
agreements and confusion in the nomenclature of perforator 
flaps and further exploration and understanding of new concepts 
of perforator flaps 5. 

From the practitioners’ point of view, a discovery of 
this type of flaps was especially important because of its 
structural characteristics and lack of reliable flap locations 
for lower leg area 6. Patient studies showed that flaps are the 
best choice when it comes to the lower leg reconstruction. 
The greatest advantages are the simplicity of the procedure, 
very high success rate and relatively small number of minor 
disadvantages. Furthermore, the procedure can be applied to 
wounds of different origin (e.g., fourth degree burn injuries, 
blast and high-velocity projectile wounds, distal tibial frac-
ture) and injuries of various size, location and depth 7. 

Numerous anatomical studies on cadavers were carried 
out in order to determine the localization of perforating 
blood vessels of the main lower-leg arterial trunk. The re-
sults, although often significantly different, were of a great 
help in planning and designing the distally based flaps of the 
lower leg (“separated asseptocutaneous perforators of the 
lower leg”). However, studies on fetuses that would shed 
some light on the vascular anatomy of this system of blood 
vessels are very rare and often inconclusive, despite the fact 
that pediatric cases are more complicated 8, 9 and require fur-
ther theoretical knowledge. The aim of this study was to pro-

vide a comprehensive, clear and conclusive overview of the 
lower-leg septocutaneous system of skin blood supply in fe-
tal age. The results were statistically analyzed in order to en-
able comparison with other studies of this kind. Implications 
of this article go beyond contribution to the theoretical 
knowledge, as the information provided can be applied to 
cases of lower leg reconstruction in children. 

Methods 

The study was conducted on 40 lower extremities from 
20 human fetuses. The fetuses were prepared by fixation in 
10% formalin and blood vessels of 10 fetuses were injected 
with Micropaque solution (barium sulfate) (Merck, Darm-
stadt, Germany) for better visualization. Fetuses were col-
lected in the Department of Anatomy between 1962 and 
1985. All fetuses were medico-legally obtained from the 
Clinic of Gynecology and Obstetrics of the Faculty of Medi-
cine in Niš, Serbia. The study was approved by the Ethics 
Committee of the Faculty of Medicine, University Niš, Ser-
bia (permision from 22.9.2016). No established anatomical 
deformities or systematic diseases were recorded. 

Fetal age ranged from the third to the ninth lunar month 
and was established by measuring crown-rump length. Mi-
crodissection of the fetal lower extremities was performed under 
5× magnifying lenses. Two horizontal cuts and one vertical cut 
of the skin were made (Figure 1). The first horizontal cut was 
made at the level of the popliteal fold and the second was made 
at the level of the medial and lateral malleolus (Figure 1). The 
vertical cut extended from the middle of the upper horizontal cut 
at the level of the popliteal fold to the middle of the lower hori-
zontal cut. After that, the dissection was going through the skin, 
subcutaneous tissue, and fascia, and then carefully continued 
medially and laterally until reaching medial and lateral septum 
of the lower leg. There, we noted the origin of arterial septocu-
taneous vessels from the posterior tibial artery. Also, we could 
clearly measure the distance from the lower horizontal cut to the 
origin of perforating vessels. Characteristic cases were photo-
graphed (Figure 1). 

  
Fig. 1 – Posterior tibial artery perforators (fetal dissections with injected contrast). 
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Data analysis 

Cluster analysis was conducted on the raw data ob-
tained from the primary research. The portable IBM SPSS 
Statistics v19 was used. K-means cluster analysis was con-
ducted. Due to the small data set, the number of iterations 
was set at 10 in order to determine whether it is possible to 
run this type of analysis. The SPSS conducted the command 
without any further notifications, meaning that the data set is 
large enough. The number of clusters was set at three and 
clusters were divided on the basis of the number of perfora-
tors found in each area of fetuses’ lower leg. Clusters were 
divided into the low, medium and high-density area. Addi-
tionally, the cluster membership information was saved. 

Results 

The anatomical microdissection of fetal lower legs with 
(Figure 1) or without contrast injected (Figure 2) was used in 
order to define the number of septocutaneous perforator ves-
sels and their localization. 

 

 
Fig. 2 – Posterior tibial artery perforators (without 

contrast) from their origin to the deep fascia. 
 
The examination of septocutaneous perforating vessels 

of posterior tibial artery confirmed the existence of 4 such 
vessels in 6 dissections and 5 in 20 dissections. Furthermore, 

there were 6 perforating vessels in 9 dissections and in 5 dis-
sections their number was 7 with an average value of 5.32 
and with the standard deviation of 0.88 (total of 212 perfo-
rating vessels). The septocutaneous perforating vessels of 
posterior tibial artery originated between the flexor digito-
rum longus muscle and soleus muscle. 

In order to statistically process the data, conduct the 
subsequent analysis and enable comparability of the results 
obtained by our research and the results of other similar stud-
ies, the fetal lower legs were “divided” into 10 equal parts. 

The levels at which perforating blood vessels were en-
countered as well as the outbreak schedule of perforating vessels 
of posterior tibial artery and peroneal artery, obtained by dissec-
tion of the fetuses, were counted and shown in Table 1. 

Finally, the K-means cluster analysis was performed on 
the data set and the variable of interest was the number of 
dissections where the perforating vessels of septocutaneous 
perforating vessels of posterior tibial artery were found (la-
beled Variable 1). The analysis conducted on Variable 1 
showed that, on average, 4 septocutaneous perforating ves-
sels were found in the cluster 1 (M = 4), 33 were found in the 
cluster 2 (M = 33) and 22 were found in the cluster 3 (M = 
22). The analysis also showed that the cluster 2 was repre-
sented with 4 cases while the cluster 1 and 3 consisted of 3 
cases each. The cluster membership showed that the high 
density cluster was the cluster 2. The low-density areas (clus-
ter 1) were the first, ninth and tenth 1/10 of the lower leg. 
The medium-density areas (cluster 3) were fourth, seventh 
and eighth 1/10 of the lower leg, while the high-density areas 
were the second, third, fifth and sixth 1/10. 

Additionaly, the independent samples t-test was used in 
order to determine whether there was a statistically signifi-
cant difference between distributions of dissections in the ar-
eas where perforators were found as observed in adults (in 
our previous study 10) and fetuses. Age was used as a group-
ing variable with the value 1 assigned to adults and value 2 
assigned to fetuses. As the number of adult cadavers was 
higher than the number of fetal cadavers, instead of using ab-
solute values, the test was run on the percentages of the total 
number of dissections for each of the ten areas. 

Table 1 

Number (and percentage) of fetuses with the septocutaneous perforating vessels of posterior tibial artery and their 
percentage per each group 

Septocutaneous 
perforating vessels* 

Dissections where perforators 
were found (n) 

Total number of dissections 
(%) 

Total number of perforators 
(%) 

First 5 12.25 2.36 
Second 36 90 16.98 
Third 32 80 15.09 
Fourth 19 47.5 8.96 
Fifth 35 87.25 16.51 
Sixth 30 75 14.15 
Seventh 19 47.5 8.96 
Eighth 27 67.5 12.73 
Ninth 6 15 2.83 
Tenth 2 5 0.9 

*1/10 length of the lower leg (from intermalleolar line to popliteal crease). 
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The results of the t-test showed that there was no statis-
tically significant difference between adults and fetuses (t = 
0.146, p = 0.866), which means that the distribution of dis-
sections in ten areas where perforators were found was high-
ly similar for the fetal and adult cadavers. 

Discussion 

The lower leg area has been a focus of interest of many 
different research papers and extensive studies. However, 
knowledge about this body area is still far from complete. 
While the importance of the topic was recognized, it is still 
fairly insufficiently researched (for example, the posterior 
lower leg skin and its vascular anatomy 11–13 illustrate this 
statement). Implications of such theoretical gaps extend into 
the practice. Consequentially, numerous challenges arise, 
such as often quoted poor success rates of lower leg soft tis-
sue reconstruction 14. A step forward in this area was made 
with the recognition of importance of faciocutaneous perfo-
rators and flaps. Technology development was one of the 
biggest obstacles and once when color duplex imaging was 
introduced, it would become feasible to access deep fascia 7. 
Ponten 1 was the first to recognize potential of fasciocutane-
ous flap when it comes to surgical solutions for soft tissue 
defects. After that, a long stream of researches followed. 
Hupkens et al. 13 conducted an anatomical study to localize 
and classify the lateral lower leg perforators. The same au-
thor gave his contribution by researching the medial lower 
leg perforators, their distribution and characteristics. Apart 
from anatomical studies focused on the general characteris-
tics, a number of published papers revolved around soft tis-
sue reconstruction and the role of fasciocutaneous flaps in 
the reconstruction process 7, 14–16. While it is evident that this 
area of research is becoming more complex and compatible 
with practical needs, a vast majority of studies was con-
ducted on adults. The studies conducted on children are quite 
rare (the study by Whaib 9 is one of the very few ones ex-
ploring reconstruction of full thickness of soft tissue defect of 
lower extremities in children 9) but still more present than the 
studies on fetuses. We identified a lack of studies conducted on 
fetuses as a serious research gap. A study undertaken by 
Ugrenović et al. 17 on neurovascular stalk of the superficial sural 
flap is one of the few ones conducted on fetuses. 

We identified several reasons why this research gap 
should be bridged. The septocutaneous system of lower leg 
perforators is already very well developed in the fetal period. 
There is a rather clear clustering pattern of perforators at dif-
ferent levels which reflects the pattern we find in adults. 
Having this in mind, as well as the fact that this system rep-
resents the vascular basis of fasciocutenous flaps, we can 
conclude that the skin and soft tissue defects of distal lower 
leg area can be taken care of during early childhood by im-
plementing this reconstructive method 18–20. The significance 

of this research lies in the fact that now pre-operative map-
ping and finding perforators using ultrasound is significantly 
easier (and it is almost not necessary at all), because the op-
erative method requires presence of at least one reliable per-
forator and in this study we showed the exact levels of emer-
gence of the most distal perforators. Furthermore, this paper 
also contributes to increasing the level of understanding of 
anatomy of the lower-leg vascular system. 

The independent samples t-test, applied to results of our 
research obtained in fetuses and adults, confirmed that there 
is no statistically significant difference between adults and 
fetuses, which means that the distribution of dissections in 
ten areas where perforators were found is highly similar for 
fetal and adult cadavers. 

Finally, our research provides a basis for understanding 
the development of this system as it is now possible to com-
pare results obtained on fetuses with those obtained on 
adults. Despite the well-known fact that during embryogene-
sis and fetal development significant changes occur in the 
number and caliber of the lower leg vascular vessels as well 
as obliteration of some blood vessels and creation of new 
ones, the basic model of blood vessels pattern of this system 
stays rather stable until its final stage of development. 

Results of this study is not only of academic importance 
but also of practical one. Lower leg defects in children can 
be posttraumatic (motor vehicle accidents, burns, war inju-
ries) or postoperative (after tumor removal). Many factors 
should be considered in reconstruction of this kind of defects 
in children. In addition to the lack of children cooperation 
postoperatively and functional requirements, a surgeon must 
be aware of anatomical limitations, such as small structures 
and state of growth and developments of vascular system of 
the lower leg. 

Results obtained in this study clearly show that there is 
exactly defined the schedule outbreak of septocutaneous per-
forators of posterior tibial artery. 

Conclusion 

Despite the fact that sample size for this kind of analy-
sis is not as huge as it could be, it is sufficient in a way that 
we can draw some important conclusions: the septocutane-
ous system of posterior tibial artery is well- established in 
late fetal age already; there is the precisely defined schedule 
of septocutaneous perforator’s outbreak which is very similar 
to the pattern we found in adults (there is no statistical dif-
ference between these two study groups). 

All this means that a reconstructive surgeon can safely 
use this data to plan reconstruction of almost any kind of the 
lower leg and foot defects in children, using the fasciocuta-
neous flaps (perforator flaps, flaps with reverse flow etc.) 
whose vascularisation relies on the septocutaneous system of 
vessels. 
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