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1. Introduction

Abstract Introduction: The soleus muscle is a powerful plantar flexor of the ankle joint and
receives its blood supply from several different sources.
Aim: This study was done to describe the distribution of the arterial supply of the soleus muscle.
Materials and methods: The study was carried out at the Faculty of Medicine, University of Alexan-
dria. Forty limbs were dissected, which included specimens from both male and female cadavers. The
pattern of arterial supply of the soleus muscle and the distribution of the perforators were studied.
Results: The soleus muscle is supplied by perforators of the popliteal, posterior tibial and peroneal
arteries, the posterior tibial artery gave 38.80% of total perforators while the peroneal artery gave
33.30% of total perforators and the popliteal artery gave 27.80% of total perforators. Perforators
of popliteal artery were larger; 12.9 £+ 2.07 cmin length and 2.55 £+ 0.214 mm in diameter while those
of the posterior tibial artery had alength of 5.1 &+ 0.99 cm and a diameter of 1.93 + 0.25 mm and per-
forators of the peroneal artery had a length of 3.8 = 0.98 cm and a diameter of 1.49 £+ 1.03 mm.
Conclusion: The soleus muscle is richly supplied by many arterial pedicles and can be used safely as a
free flap, hemisoleus flap or composite flap to cover defects in the lower limb.

© 2012 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights

reserved.

mid-posterior tibia and inserts into the tendocalcaneus.! When
the muscle is freed from its insertion and based proximally,
covers defects into the mid-tibia and has become the flap of

The soleus is a bipiniform (double feather) shaped muscle; its
width encompasses the posterior two-thirds of the calf. It orig-
inates from the upper one-third of the dorsum of the fibula and
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choice for coverage of distal tibial defects.’

Its blood supply according to the classification of Mathes
and Nahai ? is type II: it is supplied by large dominant vascular
pedicles from the popliteal artery superiorly and the posterior
tibial and the proximal part of peroneal arteries inferiorly and
minor pedicles from the posterior tibial and distal part of pero-
neal arteries so the muscle can be used in various ways to cre-
ate different types of flaps according to its vascular supply.'*

The management of lower extremity trauma has evolved
over the last two decades to the point that many extremities
that would have required amputation are routinely salvaged.>*

2090-5068 © 2012 Alexandria University Faculty of Medicine. Production and hosting by Elsevier B.V. All rights reserved.
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Table 1 Distribution of different studied perforators in relation to sex.

Male “n = 20” Female “n = 20” Total

No. Y% No. Y% No. Y%
Popliteal artery 44 27.70 42 28.00 86 27.80
Posterior tibial artery 62 39.00 58 38.70 120 38.80
Peroneal artery 53 33.30 50 33.30 103 33.30
Total 159 150 309

P = 0.966

This is mainly because of better understanding of anatomy and
vascular patterns of the areas, resulting in expansion of avail-
able choices to cover a wider range of defects. Free tissue
transfer has become a gold standard option for large complex
defects of lower limb.’ Soleus muscle flap can be proximally or
distally based, hemisoleus flap or composite flap. All these
flaps are based on the vascular supply of the muscle. ’

The aim was to study the patterns of the vascular supply of
the soleus muscle.

2. Materials and methods

Forty cadaveric lower limbs were obtained from the Anatomy
Department of Alexandria University to study the vascular
supply of soleus. The limbs were taken from male and female
cadavers equally. Injection of latex into the popliteal artery in
the popliteal fossa was done after ligation of the artery proxi-
mally. Dissection commenced two weeks after latex injection.
A longitudinal incision was made along the posterior midline
of the leg; then the skin, superficial fascia and deep fascia were
reflected on both sides to identify both heads of gastrocnemius.

Both heads of gastrocnemius were cut and reflected up-
wards and downwards or split longitudinally and reflected
medially and laterally to show the superficial surface of soleus
muscle. Branches from the popliteal artery supplying the mus-
cle were identified. The soleus muscle was dissected more dee-
ply through an incision along its midline to identify the
branches to the deep surface. Branches of the tibial and poster-
ior tibial nerves accompanying the vessels were also identified;
then the soleus muscle was cut transversely at the upper border
of tendocalcaneus and the upper part of the muscle was re-
flected upwards, while the lower part was left inserted into
tendocalcaneus. Branches from the posterior tibial artery were
identified supplying the medial and lower parts of the muscle
while the branches of the peroneal artery were identified sup-
plying the lateral part of the muscle. Measurements of the
length (at the origin from the main artery) and diameter (at
the entrance into the muscle) of the muscular perforators of
different arteries using vernier caliber was done.

Statistical analysis of the number and distribution of different
perforators (muscular branches) in relation to sex was done.®.
The data was collected and entered into the personal computer.
Statistical analysis was done using Statistical Package for Social
Sciences (SPSS/version 17 software). Arithmetic mean and stan-
dard deviation were calculated. For categorized parameters, Chi
square test was used while for numerical data ¢-test was used to
compare the two groups. The level of significant was 0.05.

Figure 1 A photograph of the back of the left leg showing the
medial (mg) and lateral (Lg) heads of gastrocnemius muscle, they
are cut and reflected medially and laterally respectively. The soleus
muscle (S) is supplied by a muscular branch (m) that passed
through the middle of fits superficial surface and originated from
the popliteal artery and supplied the lateral head of gastrocnemius
as well. Note the plantaris muscle (P) and popliteus muscle (Po).

Figure 2 A close-up photograph of the previous specimen after
further dissection, the muscular branch (m) arising from the
popliteal artery in the popliteal fossa passed through the middle of
the superficial surface of soleus muscle (S) and then deep into the
muscle giving branches to the muscle fibers on the medial and
lateral sides (pointed by arrows). Note plantaris muscle (P).
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3. Results

In all the limbs, the arterial blood supply of soleus muscle was
from the popliteal, peroneal and posterior tibial arteries. The
posterior tibial artery gave 38.80% of total perforators, while
the peroneal artery gave 33.30%. The popliteal artery gave
27.80% of total perforators (the least number of perforators).
There was a little statistically non-significant difference be-
tween the number of perforators in relation to sex
(P = 0.966) (Table 1).

In all cases, the popliteal artery in the popliteal fossa gave
at least one or two muscular branches that entered and sup-
plied the middle of the proximal part of the superficial surface

Figure 3 A photograph of the back of the right leg, the lateral
(Lg) and medial (mg) heads of gastrocnemius muscles are cut to
the show the soleus muscle (S) which is divided through the middle
of its superficial surface to show a large muscular branch (m)
arising from the popliteal artery and supplying the muscle fibers
on both sides. Note plantaris muscle (P) and the branches of the
tibial nerve (T).

Figure 4 A photograph of the previous specimen after further
dissection showing the muscular branch (m) to soleus (S), it passed
through the middle of its superficial surface and then passed deep
into the muscle supplying branches to its fibers on both sides
(pointed by arrows). Note plantaris muscle (P) and tibial nerve

(T).

of the muscle and further divided into several medial and lat-
eral branches that supplied the deep part of the muscle and
stopped 5 or 6 cm above the insertion of the muscle (Figs. 1-
4). The popliteal artery in four cadavers gave three main vas-
cular pedicles to the lateral, middle and medial parts of soleus
muscle (Fig. 5). Branches of tibial nerve were seen accompany-
ing the muscular branches of popliteal artery (Figs. 1-4). There
was no statistically significant difference between males and fe-
males as regards the length and diameter of the muscular per-
forators of the popliteal artery to soleus (Table 2).

In all cases, the medial part of soleus was supplied by mus-
cular branches of the posterior tibial artery through its deep
surface (Figs. 6-9). An average of three muscular perforators
entered the muscle through its deep surface and supplied the
upper, middle and lower parts of the muscle and even supplied
tendocalcaneus (Fig. 6). In two legs, the perforators entered
the muscle through its medial border (Fig. 9). There was no
statistically significant difference between males and females

Figure 5 A photograph of the back of the right leg, the two
heads of gastrocnemius (Lg and mg) are separated in the midline
to show soleus muscle (S) which is divided longitudinally through
its middle to show three muscular branches (ml, m2 and m3),
arising from the popliteal artery and pass to the lateral, middle
and medial parts of the muscle respectively.

Table 2 Comparison between length and diameter of muscu-
lar branches of popliteal artery in both male and female.

Length and diameter Male Female
of muscular branches “n = 20" “n = 20"
of popliteal artery

Length in cm

Range 10-16 10-16
Mean 12.9 12.6
S.D. 2.07 2.11

t 0.25

P 0.811

Diameter in mm

Range 2-3 2-3
Mean 2.55 2.50
S.D. 0.214 0.195

t 0.33

P 0.73
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as regards the length and diameter of the muscular perforators
of the posterior tibial artery (Table 3). The mean distance of
the perforators of the posterior tibial artery from the medial
malleolus was 14.17 + 6.65 cm in males and 14 + 7.02 cm in
females with no significant difference (P = 0.316) (Table 4).
In all cases, the soleus muscle was supplied by muscular
branches of peroneal artery; two or three perforators supplied
the lateral part of the muscle through its deep surface (Figs. 7—
11). Perforators of the peroneal artery also supply the fibula
and the overlying skin (Fig. 10). In two cadavers, the perfora-

Figure 6 A photograph of the back of the right leg showing the
posterior tibial artery (PT) giving a large muscular branch (m)
supplying the medial part of soleus muscle (S) through its
undersurface, the muscle is cut and its upper part is reflected
upwards, its lower part is inserted into tendocalcaneus (TC) and
this part of the muscle is supplied by two arteries (pointed by
arrows) from the posterior tibial artery. Note the great saphenous
vein (G.S).

Figure 7 A photograph of the back of the right leg showing the
medial (mg) and lateral (Lg) heads of gastrocnemius muscle, the
soleus muscle (S) and tendocalcaneus (TC) which is cut and
reflected upwards to show the posterior tibial artery (PT) and its
peroneal branch (PA) supplying the soleus muscle through its deep
surface medially and laterally, respectively, the branches are
pointed by arrows. Note the peroneus longus muscle (PL) and
tibialis posterior muscle (TP).

tors of the peroneal artery passed through the lateral border of
the muscle (Fig. 11). There was no statistically significant dif-
ference between males and females as regards the length and
diameter of the perforators of the peroneal artery (Table 5).
The mean distance of the perforators of the peroneal artery
from the lateral malleolus was 11.45 + 4.06 cm in males and
11.56 £ 428 cm in females with no significant difference
(P = 0.448) (Table 6). Perforators of popliteal artery were
the largest; 12.9 + 2.07 cm in length and 2.55 £+ 0.214 mm in
diameter. Perforators of the posterior tibial artery had a length
of 5.1 £ 0.99 cm and a diameter of 1.93 £+ 0.25 mm. Perfora-
tors of the peroneal artery were the smallest with a length of
3.8 = 0.98 cm and a diameter of 1.49 £+ 1.03 mm.

Figure 8 A photograph of the back of the left leg showing the
two heads of gastrocnemius muscle (mg and Lg), the soleus muscle
(S) which is cut at its lower part and reflected upwards to show the
posterior tibial artery (PT) and its peroneal branch (PA) giving
muscular branches to soleus muscle (pointed by arrows) that pass
through its deep surface.

Figure 9 A photograph of the back of the right leg showing the
soleus muscle (S) cut at its lower part and reflected upwards to
show the posterior tibial artery (PT) giving muscular branches (m)
passing to the medial edge of the muscle. The peroneal artery (PA)
gives muscular branches (pointed by arrows) to the deep surface of
the muscle. Note peroneus longus muscle (PL) and tibialis
posterior muscle (TP).
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Table 3 Comparison between length and diameter of muscu-
lar branches of posterior tibial artery in both male and female.

Length and diameter Male Female
of muscular branches “n = 20" “n = 20"
of posterior tibial artery

Length in cm

Range 3-7 3-7
Mean 5.1 4.8
S.D. 0.99 0.89

t 0.82

P 0.31

Diameter in mm

Range 1.5-2.5 1.5-2.5
Mean 1.93 1.84
S.D. 0.25 0.241

t 0.44

P 0.47

Table 4 Comparison between the distance of muscular
branches of posterior tibial artery from medial malleolus in
male and female in cm.

The distance of muscular Male Female
branches of posterior “n = 20" “n = 20"
tibial artery

Range 6-24 6-24
Mean 14.17 14.00
S.D. 6.65 7.02

t 0.91

P 0.316

Table 5 Comparison between length and diameter of muscu-
lar branches of peroneal artery in both male and female.

Length and diameter Male Female
of muscular branches “n = 20" “n = 20"
of peroneal artery

Length in cm

Range 2-5 2-5
Mean 3.8 3.6
S.D. 0.98 0.88

t 0.58

P 0.388

Diameter in mm

Range 1-2 1-2
Mean 1.49 1.35
S.D. 0.103 0.22

t 0.89

P 0.366

There is a relatively avascular plane in the middle of the
proximal part of the muscle along the superficial surface where
the muscle can be divided between the medial and lateral per-
forators of the popliteal artery. There is another avascular
plane in the distal part of the muscle along its deep surface be-

Table 6 Comparison between the distance of muscular
branches of peroneal artery from lateral malleolus in both
male and female in cm.

The distance of muscular Male Female
branches of peroneal “n = 20" “n=20"
artery

Range 4-20 4-20
Mean 11.45 11.56
S.D. 4.06 4.28

t 0.478

P 0.448

Figure 10 A photograph of the back of the right leg showing the
peroneal artery (PA) giving muscular branches (m) to soleus
muscle (S), nutrient artery (n) to fibula (F) and muscular branch
(M) to peroneus longus muscle (PL). Note the tendocalcaneus
(TC).

Figure 11 A photograph of the back of the left leg, the two
heads of gastrocnemius (Lg and mg) are cut and reflected upwards
to show soleus muscle (S). Three muscular branches (m) arise from
the peroneal artery and supply the muscle along its lateral edge.

tween the perforators of the posterior tibial and peroneal
arteries.
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4. Discussion

The present study showed the following pattern of blood sup-
ply to the soleus muscle; the popliteal artery supplied the
superficial surface of soleus through one or two muscular
branches to its middle part that divided into multiple branches
to supply the deep surface; this was in agreement with Mahdi
etal.” who found that the vascular supply of soleus is from the
popliteal artery and its major divisions in 66.7% of the limbs
through two branches to the proximal part of the muscle; this
was also in agreement with Taylor et al.'® who stated that the
soleus has a mixed blood supply from popliteal, posterior tibial
and peroneal vascular pedicles to the proximal muscle, pero-
neal pedicles to distal lateral belly, and segmental posterior tib-
ial pedicles to distal medial belly, they mentioned that
proximal vasculature arises directly from the popliteal vessels
and can reliably carry all but the distal 4-5 cm of the muscle
and stated that for a proximally based soleus flap, distal perfo-
rators from posterior tibial artery are ligated and divided until
the muscle can be transposed to cover the defect.

In this study, it was found that the medial part of soleus
was supplied by large muscular branches of posterior tibial ar-
tery through its under surface, this was in agreement with Rav-
eendran and Kumaragama'' who found that the medial part
of soleus muscle was supplied throughout its whole length by
perforators arising from the posterior tibial artery and they
said that this constant feature makes the medial part of the
muscle reliable as a proximally or distally based flap, they also
found that the average distances of the lower perforators aris-
ing from the posterior tibial artery were 6.5, 11.6 and 16.8 cm
from the medial malleolus. While in this study, the mean dis-
tance of the muscular branches from the medial malleolus
was 14.17 £ 6.65cm in male and 14 + 7.02cm in female
and the range was from 6 to 24 cm. Mahdi et al.” mentioned
that the posterior tibial artery gave a series of branches (3-6)
with a mean of 4.3 + 0.7 to soleus throughout its course along
the muscle and the mean distance from the medial malleolus
was 15 £ 3.4 cm which was in agreement with our findings.
Sadasivan et al.'? identified two vascular patterns: a segmental
posterior tibial artery (type 1) and a proximally dominant pos-
terior tibial artery (type 2); type | was seen in 77.8% of cases,
and type 2 in 22.2% of cases. Pu'® used the medial hemisoleus
flap based on these large perforators to cover defects in the
middle or distal third of the leg without sacrificing the prime
ankle flexor. Knowing the sizes and the sites of the muscular
perforators is of great importance for plastic surgeons to plan
their flaps accurately.

In the present work, it was found that the peroneal artery
supplied the lateral part of soleus by multiple branches (about
three) and also itself supplied the deep part of the muscle, these
perforators pass through the deep surface or the lateral border
of the muscle and this was in agreement with the results of
Dominique et al.'* who found a main pedicle for the lateral so-
leus emerging from the peroneal artery, and in all cases the
blood supply of the proximal part of the muscle was of seg-
mental distribution by way of multiple branches originating
from the peroneal artery, they raised soleus flaps with distal pi-
vot point represented by the perforating branch of the pero-
neal artery to cover an ankle and dorsal foot defect up to
the metatarsal heads. Raveendran and Kumaragama'! stated
that the branches of the peroneal artery were mostly distrib-

uted in the upper half of the muscle; these large pedicles allow
a composite transfer of the soleus with the fibula, lower perfo-
rators were demonstrated to arise from the peroneal artery in
60% of limbs but the scarcity of perforators in this region lim-
its the clinical usefulness of an inferiorly based lateral hemiso-
leus flap.

The soleus is a powerful plantar flexor of the ankle. At least
half of the muscle is needed to maintain its action. Therefore a
hemisoleus muscle flap after splitting the muscle longitudinally
at the level of the midline raphe thus saving as much perfora-
tors and as much muscle as possible is the best choice.!> Our
results as well as Tobin'® demonstrated an intramuscular sep-
tum as a distinct watershed in the blood supply of the proximal
half of the muscle and fine vascular communications between
intramuscular vascular territories. Fayman et al.'” demon-
strated significant vascular communications between the med-
ial and lateral systems contradicting most of the studies and
suggesting careful dissection and ligation of communicating
vessels during hemisoleus flap. Therefore the medial hemisole-
us flap as well as the lateral soleus—fibula free transfer flap can
be used to cover defects on the medial or the lateral sides of leg
and foot, respectively.'3’18’Ig

The lack of significant difference between male and female
in our results could be explained by the small sample size and
the old age of the cadavers.

5. Conclusion

The proximal part of soleus is supplied by the popliteal artery
and this constitutes the basis of the proximally based soleus
flap. The main blood supply of the medial part of the muscle
is from the posterior tibial artery through large and constant
perforators and this constitutes the basis of the medial hemiso-
leus flap. The main blood supply of the lateral part of the mus-
cle, its overlying skin and the fibula is from vascular pedicles of
the peroneal artery and this constitutes the basis of the soleus—
fibula free transfer flap.

References

1. Williams A, Newell RLM, Davies MS. The leg. In: Standring S,
editor. Gray’s anatomy. 39th ed. New York, Edinbrugh and
London: Elsevier Churchill Livingstone; 2005. p. 1500.

2. Kumar AR. Standard wound coverage techniques for extremity
war injury. J Am Acad Orthop Surg 2006;14:862-5.

3. Mathes SJ, Nahai F. Clinical application for muscle and musculo-
cutaneous flaps. St. Louis: CV Mosby; 1982, p. 87.

4. Mackenzie DJ, Sayfer AE. Reconstructive surgery: lower extrem-
ity coverage. In: Mathes SJ, Hentz VR, editors. Plastic surgery.
2nd ed. Philadelphia: Saunders Elsevier; 2006. p. 1355-81.

5. Kasabian AK, Karp NS. Lower extremity reconstruction. In:
Thome CH, Beasley RW, Aston JS, Bartlett SP, editors. Grabb and
Smith’s plastic surgery. 6th ed. Philadelphia, Lippincott: Williams
& Wilkins; 2007. p. 676-88.

6. Mareck CA, Pull O. Refinements of free tissue transfer for optimal
outcome in lower extremity reconstruction. Am Plast Surg
2004;52:270-5.

7. Hallock GG. Getting the most from the soleus muscle. 4m Plast
Surg 1996;36:139—46.

8. Jekel JF. Epidemiology, biostatistics, and preventive medicine. Phil-
adelphia: W.B. Saunders Company; 1996.



An anatomical study of the blood supply of the soleus muscle in humans

321

9.

10.

12.

14.

Mahdi F, Azar MH, Kheradm AA. Anatomy of arterial supply of
the soleus muscle. Acta Med Iran 2011;49(4):237-40.

Taylor GI, Palmer JH. The vascular territories of the body:
experimental study and clinical applications. Br J Plast Surg
1987;40(2):113-41.

. Raveendran SS, Kumaragama KGIJL. Arterial supply of the

soleus muscle. Anatomical study of fifty lower limbs. Clin Anat
2003;16:248-52.

Sadasivan KK, Ogden JT, Albright JA. Anatomic variations of
the blood supply of the soleus muscle. Orthopedics
1991;14(6):679-83.

. Pu LLQ. Further experience with the medial hemisoleus muscle

flap for soft tissue coverage of a tibial wound in the distal third of
the leg. Plast Reconstr Surg 2008;121:2024-8.

Dominique L, Rizzo C, Hu W. The island hemisoleus flap on
distal vascular pedicle: anatomical bases and clinical applications.
Sur Rad Anat 2009;31(9):715-21.

15.

16.

17.

19.

Hag A, Tarar MN, Malik FS. Hemisoleus muscle flap, a better
option for coverage of open fractures involving middle third of
tibia. J Ayub Coll Abbottabad 2009;21(4):154-8.

Tobin GR. Hemisoleus and reversed hemisoleus flaps. Plast
Reconstr Surg 1985;76(1):87-96.

Fayman MS, Orak F, Hugo B, Berson SD. The distally based split
soleus muscle flap. Br J Plast Surg 1987;40(11):20-6.

. Pelissier P, Casoli V, Demiri E, Martin D. Soleus—fibula free

transfer in lower limb reconstruction. Plast Reconstr Surg
2000;105(2):567-73.

Chuang DC, Chen HC, Wei FC, Noordhoff MS. Compound
functioning free muscle flap transplantation (lateral half of soleus,
fibula and skin flap). Plast Reconstr Surg 1992;89(2):335-9.



	An anatomical study of the blood supply of the soleus  muscle in humans
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Conclusion
	References


