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The article presents a discussion with the authors of a previously published article (Zelyanin D.A. et al. Features
of the Extraction of the Anterior Tibial Vessels in the Formation of Vascularized Bone Grafts. Traumatology
and Orthopedics of Russia. 2022. Vol. 28, No 1. p. 89-99), as well as on the basis of our own topographic and
anatomical studies, the information about the details of the topography of the branches of the anterior tibial
vascular bundle (ATVB) and the permissible levels of its proximal mobilization during island flaps transfer
are justified.

Topographic and anatomical study was performed on 32 non-fixed speciments of the lower extremities for
substantiating plastic surgery with island skin flaps isolated on ATVB. The arterial bed of the lower leg was
injected with black natural latex Revultex, followed by precision dissection and measurements of all branches
of the anterior tibial artery (ATA) with a diameter of 0.3 mm or more using a binocular magnifier with a
magnification of 3.3 times. All the studied branches of ATA were identified, the number of which varied from
26 to 49 (on average 38.5-3.2), and 88.7% of them went to the three muscles of the anterior group of the lower
leg. At the same time, the average numbers of ATA branches departing in each of the 10% intervals of the
length of the lower leg were determined, and the average total values of the cross-sectional area of arterial
branches in these intervals were calculated. It was found that from 28% to 39% of the total cross-section
of all branches of the ATA are localized in the first and second 10% intervals of the length of the lower leg,
which makes it possible to justify the proximal limit of the mobilization of the ATVB. Reasonable criteria for
choosing the level of proximal mobilization of the ATVB are: the location of the mobilization border is not
higher than the level of the upper 20% of the length of the lower leg, the assignment of this border, at least 6
cm distal from the exit of the anterior tibial vessels into the anterior bone fascial sheath of the lower leg and
the preservation of at least four feeding vascular bundles extending from the ATVB to the tibialis anterior
muscle (two bundles) and to the extensor digitorum longus muscle (two bundles).
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Oco6eHHOCTH BbiAeNEHUS U AONYCTUMbIE YPOBHU NPOKCUMAJIbHOM
Mo6unusaumnu nepegHunx 6onbliebepLoBbIX COCYAO0B
npu HeCBO6OAHOM Nepecagke KPOBOCHAOXKaeMbIX KOMMJIEKCOB TKAHEN

A.J0. Kounmr !, A.A. OcTammueHKo >

I @I'BY «HayuoHanvHbLii MeOUUUHCKUTI Ucc1e008amenbCcKull yeHmp mpasmamosiozuu
u opmoneduu um. P.P. BpedeHa»

Munsdpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

2000 «TexHonozuuu 300posws», 2. Cankm-Ilemep6ype, Poccus

B cTaTbe mpencTaBiieHa IMCKYCCHsI C aBTOpaMM paHee OIyOaMKoBaHHO# ctaTby (3enssHuH [I.A. ¢ coaBT. OcobeH-
HOCTY BbIZeIeHUS TIepeTHUX 60JIbIIe6epIioBbIX COCYIOB MPY OPMUPOBAHNUY KOCTHBIX BACKY/ISIPU3MPOBAHHbIX
TpaHCIUIaHTaTOB. TpaBMaTosorus u opromnenys Poccun. 2022. T. 28, N2 1. c. 89-99).

Ha ocHOBaHMM COGCTBEHHBIX paHee BBIMTOTHEHHBIX TOMOTpad0o-aHATOMUYECKUX UCCIeq0BAHMI ITPeICTaB-
JIeHbI CBeJIeHMSI O IeTausx Tornorpaduy BeTBeli nepeaHero 60ibiiedepoBoro cocyaucroro myuka (ITBCIT)
1 060CHOBAHBI IOMYCTVMMbIE YPOBHM €TI0 MTPOKCUMAaTbHO MOOMIM3aLMM IIPU HeCBOOOIHOI Iepecake Kpo-
BOCHa6kaeMbIX KOMITJIEKCOB TKaHelt. [IpMKkaagHoe Tonorpado-aHaTOMUYECKOe MCC/IeIOBaHMEe BBITIOTHEHO
Ha 32 HePUKCUPOBAHHBIX IpernapaTax H/KHUX KOHEUHOCTEN C 1e/Ibi0 060CHOBAHUS OTepaluit MIacTUKu
OCTPOBKOBBIMM KOKHBIMM JIOCKyTamMu, BbijeneHHbIMU Ha [IBCII. ApTepuasibHOe pyc/io TOJIeHU UHbBELVPO-
BajiX YepHBIM HaTypajJbHbIM jlaTekcoM Revultex ¢ mocienyionmum IpelU3MOHHBIM IIperiapupoBaHueM U
M3MepeHUsIMU BCeX BETBeIi mepeaHeit 6onbiiebepiioBoit aprepun (ITBA) nuamerpom 0,3 MM u 6onee pu
TIOMOIIY GMHOKY/ISIPHOJ JIYITBI C YBeJIMUEHMEM B 3,3 pa3a. Bbiu ycTaHOBJIEHBI BCe M3yUueHHbIe BeTBU I1BA,
YMCJI0 KOTOPBIX BapbMpoBasio oT 26 10 49 (B cpegHeM 38,5-3,2), a 88,7% 13 HUX OTXOAMUIIU K TPEM MBbIIIIIAM
nepegHet TpymnIbl rojgeHu. [Ipy 3ToM O6bUIM YCTAHOBJIEHBI CpeAHMe KoludyecTBa BeTBelt [TBA, oTXoOsmmux
B Kaxkgom 13 10% MHTepBaJOB OJAMHBI TOJIEHN, a TAKKe PacCUMTaHbl CpelHMe CyMMapHble 3HaueHus I1JI0-
13y MoIepeyHoTo ceuyeHui apTepuaabHbIX BeTBel B yKa3aHHbBIX MHTepBaiax. bbljio yCTaHOBJ/IEHO, UYTO OT
28% mo 39% cymmapHOTro nmonepeyHoro ceueHus Bcex BeTseli [IBA mokannu3yiorcst B mepsom u BTopom 10%
MHTepBaJIaX IJIMHBI TOJIEHU, YTO MO3BOJISIET 060CHOBATh MPOKCUMAbHYIO IpaHuily moouausanum ITIBCII.
O60CHOBAaHHBIMM KPUTEPUSIMM ITPYU BHIOOPE YPOBHSI MPOKCUMMaabHOM Mobunusanuyu ITBCK aBstioTCS : pac-
TTOJIO’KeHMEe TPaHUIbI MOOMIM3ALMM He BbIllle YPOBHS BepxXHUX 20% MJIMHBI TOJIEHU, OTHECEHME ITOi Ipa-
HUIIBI KAK MMHMMYM Ha 6 CM IMCTajJbHEe MeCTa BbIXO/1a IepeTHMX 60IbIe6eplioBbIX COCYAO0B B ITepeqHMii
KOCTHO-daciuanbHblii QYTIIp rojieHu U coXpaHeHMe He MeHee YeThIpex MUTAIIUX COCYAMUCTBIX ITyUKOB,
orxopsux ot [IBCII Kk epenHeit 60blie6epIiOBO MBIIIIIE (IBa MMYyYKa) U K IJIMHHOMY PasrubaTestio maib-
11eB (IBa Iy4yKa).

KiroueBble c10Ba: HeCBOOOMHAS IIepeiKa KPOBOCHAGKaeMbIX KOMITIEKCOB TKaHEe, 0CTPOBKOBbIE JIOCKYTHI T'O-
JIeHU, TIepeIHMIT 60JbIIIe6ePIIOBBIV COCYAMCTHIN ITyUOK, TOTorpaduueckast aHaTOMMS.
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The article is interesting and informative, as
it includes materials of our own applied topo-
graphic and anatomical research performed to
rationalize complex reconstructive techniques
involving transfer of vascularized pedicled bone
flaps from the foot and lower leg to the hip area
[1]. In our opinion, it is precisely anatomical and
clinical approach, the traditions of which were
founded in our country by N.I. Pirogov, that is of-
ten required for the successful integration of new
surgical techniques into clinical practice.

However, the focus of the authors attention
was focused on clarifying the features of the deep
peroneal nerve branches topography, and the
main practical direction of the study is related
to the possibilities of preserving these branches
during dissection of the vascularized pedicled
bone flaps on the anterior tibial vascular bundle.
At the same time, the actual applied anatomy of
these vessels, well studied in other authors arti-
cles [2, 3, 4, 5], it has remained insufficiently dis-
cussed, which can lead to mistakes and complica-
tions after such operations. Therefore, we decided
to draw attention to the results of our earlier
topographic and anatomical studies performed
to justify techniques with fascio-cutaneus island
flaps, which were also dissected on the anterior
tibial vessels of the lower leg and transferred in
pedicled version to replace extensive and deep
defects of soft tissues in the foot or knee joint [5,
6]. More than 30 such surgeries were performed
in the period from 1988 to 2000 in the clinic of
thermal lesions of the Military Medical Academy
named after S.M. Kirov by our teacher — profes-
sor S.H. Kichemasov [2, 6, 7]. In our opinion, the
results of our previously applied topographic and
anatomical studies, the experience of participat-
ing in these surgeries and observing the patients
afterwards can be a valuable addition to this arti-
cle and will facilitate for specialists the develop-
ment of complex of vascularized pedicled bone
flaps transferred on the anterior tibial vessels.

First of all, authors would like to draw atten-
tion to the results of the applied topographic and
anatomical study of the anterior tibial vessels [4],
which were summarized in 2004 as part of the
A.A. Ostapchenko PhD dissertation. In the course
of this study, performed on 32 non-fixed prepa-
rations of the lower extremities by precision dis-
section, the topography of the anterior tibial ar-
tery (ATA) and all its branches with a diameter of

0.3 mm and larger was thoroughly studied. At the
same time, the arterial bed of the lower leg was
pre-injected with black natural latex Revultex,
and preparation and measurements were per-
formed using binocular loupes, which provided
x3.3 magnification.

According to the results of these studies, sev-
eral possible variants of dissection and pedicled
transfer of fascio-cutaneus island flaps of the
lower leg, which were formed in the middle third
of the lower leg on the branches of the anterior
tibial veins and transferrd on a permanent proxi-
mal (option 1) or distal (options 2 and 3) vascu-
lar pedicle (Fig. 1). The first variant offered the
mobilization of the anterior tibial vessels in the
anterior bone-fascial bed of the lower leg using
a technique almost identical to that described in
the article by D.A. Zelyanin et al. [1]. However, the
possible limits of the dissection in the proximal
direction of the anterior taibial vascular bundle,
accompanied by ligation and intersection of all
more distal branches of this main vascular bun-
dle of the lower leg, differed, since they took into
account the results of their own topographic and
anatomical study, the most important applied
details of which are presented below.

On the studied anatomical material, ATA pen-
etrated into the anterior bone-fascial sheath of
the lower leg through the gap in the interosseous
membrane located below the level of the knee
joint gap by an average of 4.8 + 0.9 cm (variability
— from 3.6 to 6.1 cm). Its diameter at this point
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Fig. 1. Scheme of possible options for the
formation of island complex skin flaps on the
anterior tibial vascular bundle in relation to 10%
intervals of the lower leg length
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varied from 2.7 to 6.1 mm, and averaged 4.5 = 0.7
mm. Passing further in the indicated compart-
ment, the ATA formed from 26 to 49 (on average
38.5% 3.2) branches with a diameter of 0.3 mm
and larger, most of which (88.7%) were muscular
and were directed to the tibialis anterior muscle
(TAM), the extensor digitorum longus muscle
(EDLM) or the extensor hallucis longus muscle
(EHLM).

The performed precision dissection of the
branches of the ATA revealed the uneven nature
of their distribution on the lower leg, which was
important in relation to the studied techniques.
Therefore, in the future, an analysis was under-
taken of the distribution of the identified arte-
rial branches over 10% intervals of the length
of the tibia, which was measured from the tip
of the fibula head to the tip of the lateral ankle,
varied from 30 to 44 cm on the studied anatomi-
cal material, and averaged 35.6 * 3.2 cm. The
results of this analysis are presented in the his-
togram (Fig. 2).

It was found that in the first 10% interval, ATA
gave a relatively small number of branches, and on
a number of preparations (27% of observations),
the place of its exit into the anterior bone-fascial
compartment was generally in the second 10% in-
terval. At the same time, the branches of the first
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Fig. 2. The anterior tibial artery branches
distribution over 10% intervals of the lower leg
length (here and further, the height of the column
reflects the arithmetic mean value on the interval,
and the inaccuracy bars are 95% CI)

two intervals were directed not only to the mus-
cles of the anterior group of the lower leg, but also
to the tibia and fibula and to the knee joint. In the
third, fourth, fifth, sixth and seventh 10% inter-
vals, the branches of the ATA departed relatively
evenly every 4-11 mm and were directed mainly
to the TAM, EDLM or EHLM (Fig. 3). In the eighth,
ninth and tenth 10% intervals of lower leg length,
ATA branches were statistically significantly less
common (p<0.05) than in the third-seventh inter-
vals. They supplied blood to the EHLM, the ten-
dons of the anterior group muscles of the lower
leg, the periosteum of the tibia and the skin, and
also participated in the formation of the ankle
network of arterial anastomoses.

The performed precision dissection of the ATA
branches showed that the largest of them are lo-
cated with regular constancy in the first and sec-
ond 10% intervals of the length of the lower leg.
This is confirmed by the calculations of the total
cross-section of the branches of the ATA for each
of these intervals, which was determined by the
formula S = w(D/2)2 using the results of meas-
urements of the diameters (D) of the studied ar-
terial branches. The average values of the cross-
sectional area of these branches for each of the
10% intervals of the lower leg length are shown
in Figure 4.

Fig. 3. Branches of the anterior tibial artery to the
muscles of the anterior group of the right lower
leg; injection of arteries with black latex:

1 — arteria tibialis anterior;

2 — musculus tibialis anterior;

3 — musculus extensor digitorum longus;

4 — musculus extensor hallucis longus
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Fig. 4. Histogram of the anterior tibial artery
branches average total cross sections distribution
over 10% intervals of the lower leg length

At the same time, on the studied prepara-
tions, the values of the total cross-section of the
branches of the ATA in the first and second in-
tervals ranged from 28% to 39% of this indicator
for all branches of the ATA. The predominance of
the largest branches of anterior tibialis vessels
within the most proximal 20% of the length of
the lower leg is also clearly visible on the pre-
sented preparation (Fig. 5). In our opinion, this
pattern has important practical significance for
substantiating the surgical technique.

Taking into account the above, we consider it
expedient and justified the level of proximal mo-
bilization of anterior tibialis vessels to the lower
edge of the second 10% interval of the lower leg
length, within which the largest branches of this

Fig. 5. Major branches of the anterior tibial artery
extending in the second 10% interval of the lower leg
length; injection of arteries with black latex:

1 — arteria tibialis anterior;

2 — major arterial branch

vascular bundle are localized to TAM and EDLM.
Branches to the EHLM in the proximal parts of
the lower leg do not depart from the ATA at all,
since this muscle begins at the border of the mid-
dle and lower thirds of this segment, but its blood
supply is also provided by branches of the pero-
neal artery and veins passing in the anterior in-
termuscular septum of the lower leg. The point
of rotation of the tissue complex isolated on the
anterior tibialis vessels will be located with the
indicated variant of vascular mobilization 7-8 cm
distal to the apex of the fibula head and 9-10 cm
below the knee joint gap. A more proximal level
of mobilization of anterior tibialis vessels in or-
der to increase the length of the feeding vascular
pedicle and the rotation arc of the isolated vas-
cularized bone flaps, in our opinion, is dangerous
with undesirable consequences for the function
of the two largest muscles of the anterior tibia
group - TAM and EDLM due to their ischemic
injuries.

In the course of previously performed sur-
geries of pedicled fascio-cutaneus flaps into the
knee joint area, we have always adhered to the
rule to stop the proximal mobilization of an-
terior tibialis vessels at a level of at least 6 cm
from the exit of these vessels into the anterior
bone-fascial compartment of the lower leg. At
the same time, it was monitored that at least two
large (more than 3 mm in diameter) feeding vas-
cular bundles extending from the anterior tibialis
vessels entered each of the two muscles — TAM
and EDLM — more proximally. In our opinion, it
is precisely due to this that in none of our clinical
observations in the postoperative period there
was a significant loss of the function of the ex-
tensors of the foot and its fingers, as well as signs
of critical ischemia of the muscles of the anterior
group of the lower leg.

It should be noted that the authors of this ar-
ticle recommend a more proximal mobilization
of the anterior tibialis vessels — up to a level 4 cm
distal to the exit of these vessels into the anterior
bone-fascial compartment of the lower leg. This
gives a gain in the length of the arc of proximal
rotation of bone autografts by 4 cm compared to
the level recommended by us — 6 cm more dis-
tal than the passage of anterior tibialis vessels
through the interosseous membrane on the low-
er leg. However, with a higher mobilization of an-
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terior tibialis vessels, it remains unclear which of
its branches are preserved and nourish the func-
tionally important muscles of TAM and EDLM. At
the same time, the article does not provide data
on ischemic lesions and loss of function of the
muscles of the anterior group of the lower leg af-
ter such operations in the clinic.

I would also like to express my opinion on the
issue of maximum preservation of the branches
of the deep peroneal nerve during the mobiliza-
tion of anterior tibialis vessels, which, of course,
should be desired. In this regard, the data on the
details of the topography of the branches of this
nerve, presented in the article, are significant
and useful for surgeons.

However, judging by our observations, the
largest branches of the deep fibular nerve to the
muscles of the anterior group of the lower leg
can always be preserved during the mobilization
of anterior tibialis vessels, provided with optical
magnification (binocular loupes) and microsur-
gical instruments. Therefore, a more important
condition for the preservation of the function of
these muscles, in our opinion, is the sufficiency
of their blood supply after the mobilization of
the anterior tibial vessels. Ischemic damage to
these muscles can undoubtedly cause even more
significant violations of their contractile func-
tion than partial denervation due to the intersec-
tion of several small branches of the deep fibular
nerve.

In our opinion, the extensive mobilization
of anterior tibialis vessels during the surgery,
involving the ligation of all its branches in the
distal parts of the lower leg for about 25-30 cm
(or about 75% of the segment length), seems to
be quite dangerous in terms of maintaining ad-
equate blood supply to the muscles of the ante-
rior group of the lower leg. In the course of our
previous interventions, the branches of the an-
terior tibialis vessels were ligated for a maximum
of 15-20 cm (or about 50% of the segment length)
and mainly only in the middle third of the lower
leg. At the same time, pedicled fascio-cataneus
flaps on the distal vascular pedicle transfer was
most often performed for the reconstruction of
severely damaged feet, when maintaining suffi-
cient function of their extension was not a pri-
ority. In patients with the femur non-union, the
preservation of the function of the muscles of
the anterior group of the lower leg can be very

important, and serious ischemic disorders in this
area can occur many years later due to athero-
sclerotic lesions of the arterial bed of the lower
extremities. Therefore, taking into account the
above, all the advantages and disadvantages of
complex techniques with transfer of vascularized
pedicled bone flaps isolated on a permanent vas-
cular pedicle, including anterior tibialis vessels,
should be carefully weighed in the preoperative
period, taking into account the individual char-
acteristics of each individual patient.

The authors of this discussion article hope
that the applied anatomical information pre-
sented in it and the experience of previously per-
formed transfer of vascularized pedicled bone
flaps on the anterior tibialis vessels will be useful
for surgeons conducting the complex reconstruc-
tions, and the level of proximal mobilization of
the anterior tibial vessels chosen by them will
continue to take into account the criteria justi-
fied by us. These, in our opinion, include the lo-
cation of the proximal border of the mobilization
of the anterior tibial vascular bundle not higher
than the level of the upper 20% of the length
of the tibia (when measured from the tip of the
fibula head to the tip of the lateral malleolus),
the assignment of this border is at least 6 cm
distal to the exit point of the anterior tibial ves-
sels into the anterior bone-fascial compartment
of the tibia and the preservation of at least four
sufficiently large (with a diameter of more than
3 mm) feeding vascular bundles, extending from
the anterior tibialis vessels to the anterior tibial
muscle (at least two bundles) and to the extensor
digitorum longus muscle (at least two bundles).
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