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Knowledge of the diameters of the crural arteries forms the basis for reconstruc-
tive vascular surgery and percutaneous angioplasty. The external diameters of
the crural arteries were examined in 152 specimens of lower limbs by anatomi-
cal, digital and statistical methods. The diameters of all the crural arteries were
significantly greater (p < 0.01) in the male subjects. The differences between
the right and left arterial diameters were statistically significant (p < 0.01) only
in relation to the posterior tibial artery. In subtypes IC and IIB the anterior tibial
artery was the strongest, the peroneal artery was of intermediate diameter and
the posterior tibial artery was the weakest. In subtype IB the anterior tibial artery
presented as the predominant vessel but in subtypes IIA-1 and lIA-2 it was the
posterior tibial artery that did so. In subtype IA 24 examples of the coexistence
of angiometric variants of the crural arteries were distinguished. It was demon-
strated that the strongest vessel was the anterior tibial artery (32.24%), rarely
the posterior tibial artery (14.47%) or the peroneal artery (9.87%). In most cases
(21.71%) three of the crural arteries had intermediate diameters. In 13.16% of
cases there were two arteries of intermediate diameter, the posterior tibial and
the peroneal, which accompanied a strong anterior tibial artery and, the least
common variant (6.58%), two intermediate tibial arteries with a weak peroneal
artery. A hyperplastic peroneal artery (6.59%) compensated for either the ante-
rior tibial artery (1.98%) or the posterior tibial artery (4.61%).

Key words: infrapopliteal subtypes, external diameter, crural arteries,
digital-image analysis, infrapopliteal angioplasty

INTRODUCTION

The crural segment is the most variable part of
the arterial bed of the lower limbs [5]. In 21.7% of
cases serious anomalies occur here [18]. The poste-
rior tibial artery indicates the greatest variability,
while the peroneal artery is the most stable [17].
A hyperplastic peroneal artery replaces the absent
or hypoplastic tibial arteries [19]. Malformations of
the lower limbs exist more frequently where the an-
terior tibial artery is absent [8] than when the poste-

rior tibial artery is absent [7]. Knowledge of the
diameters of the crural arteries forms the basis for
reconstructive vascular surgery [2] and percutane-
ous angioplasty [1, 12]. The professional literature
also contains arteriographic [3] and Doppler ultra-
sonographic [10, 11] data but no anatomical study
of the crural arteries has yet been reported.

In view of the data available in the literature, the
objective for the present research was to examine the
original external diameters of the crural arteries in
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different subtypes of the popliteal artery division, tak-
ing into consideration gender and syntopic relations.

MATERIAL AND METHODS

The examinations were carried out on 152 spec-
imens of lower limbs amputated at the thigh in 124
non-diabetic patients (95 men aged 41-96 years and
29 women aged 47-99 years) with chronic critical
limb ischaemia in the course of atherosclerosis. The
mean age of the male patients was 64.7 + 9.8 years
and that of the women was 69.4 = 12.3 years, while
the mean age of the whole series was 66.3 + 9.2
years. After fixation by immersion with 10% forma-
lin, the popliteal artery and its three branches (the
anterior tibial, the posterior tibial and the peroneal
arteries) were dissected using the anatomical meth-
od (Fig. 1). The configurations of the popliteal ar-
tery division (Fig. 2) were described according to
the unified angiographic classification proposed by
Lippert and Pabst [9] and Kim et al. [6]. Afterwards,

Figure 1. Usual system of popliteal artery division: 1 — popliteal
artery, 2 — anterior tibial artery, 3 — peroneal artery, 4 — pos-
terior tibial artery, 5 — posterior tibioperoneal trunk.
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Figure 2. The unified angiographic classification of the popliteal
artery division, proposed by Lippert and Kim: normal subtypes
(IA-C) and high subtypes (lIA-1, lIA-2, lIB): 1 — popliteal artery,
2 — anterior tibial artery, 3 — peroneal artery, 4 — posterior
tibial artery, 5 — posterior tibioperoneal trunk, 6 — anterior tibi-
operoneal trunk.

the arterial pattern was analysed by the Digital Im-
age Analysis System Q 500 MC of Leica (Cambridge),
which evaluated external diameters [mm] [16]. The
results obtained were statistically analysed by means
of Student’s t test for two mean independent vari-
ables (gender and syntopic differences) using the PC
STAT 1.0 program.

RESULTS

The mean values of the original diameters of the
crural arteries in 6 subtypes of popliteal artery divi-
sion are presented in Table 1 with gender and syn-
topic relations. The external diameters of the male
subjects were significantly greater (p < 0.01) for all
the crural arteries. The diameters of the right-sided
arteries were consistently greater. The statistical
analysis showed that the differences between right
and left external diameters were statistically signif-
icant (p < 0.01) only in relation to the posterior
tibial artery.
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Table 1. The mean original external diameter of crural arteries (;( + SD)

Subtype Frequency

Original diameter values [mm]

of the rate (%) Right Left
popliteal Anterior tibial Posterior tibial Peroneal Anterior tibial Posterior tibial Peroneal
artery artery artery artery artery artery artery
Male Female Male Female WMale Female Male Female Male Female Male Female
1A 87.5 3528 3478 3.10AC 3038C 271A 2,658 3.48A 3.408  2.85AD 24880  2.65A 2.618
+031 +£033 +£039 =+037 +027 =+027 =031 =+032 =*=021 =022 =027 =023
IB 2.63 450~ 4398 345AC 329BC 3224 3178 4507 4428 336AD 32980  3.20° 3.148
+042 +047 =033 +£031 +032 =+033 =042 +044 =035 =034 =033 =*0.36
IC 1.97 410~ 4028 273AC 2678C 2.85%F 2758 4.05A 3978 255AD 24580  2.80A 2.748
+041 +040 =021 =+027 =+024 =026 =046 +035 =027 =027 =021 =*0.29
1IA-1 1.32 2.35A 2298 275AC  261BC 2274 2128 2.05A 1.988  2.69AD  2,598D  225A 2.208
+023 *£021 x024 =+024 =021 =*=029 =028 *022 =029 =028 =024 =021
1IA-2 0.66 2.20F 2158 267AC 2658C 2154 2,098 2.20A 2122 257AD 24880  2,07A 1.178
+024 +022 =023 +020 +=026 =026 =024 +029 =024 +025 =029 =0.25
1B 5.92 405~ 3978 237AC 2308C 3154 3128 4.17A 4108 2.25AD  2.20BD  3.18A 3.128
+041 +034 =021 =020 +=032 =031 =041 =041 =026 =022 =031 =*0.36

Means (for sex — in rows) marked by the different letters: A and B differ significantly, p < 0.01; means (for side of body — in rows) marked by the different let-

ters: C and D differ significantly, p < 0.01

In the arterial pattern with the anterior tibioper-
oneal trunks (IC, IIB) the anterior tibial artery was
the strongest, the peroneal artery was classed as in-
termediate and the posterior tibial artery was the
weakest. In the trifurcation of the popliteal artery
(IB) the predominant vessel was the anterior tibial
artery, whereas the peroneal artery displayed exten-
sive variations at this point: in a quarter of cases it
was stronger than the posterior tibial artery, in a quar-
ter it was weaker and in half of cases it had the same
diameter. Where there was a high division of the
popliteal artery into the anterior tibial artery and the
posterior tibioperoneal trunk (lIA-1, IIA-2) the pos-
terior tibial artery was the predominant vessel.

The usual pattern of popliteal artery division (IA)
presented great individual variability with respect to
the original diameter. The strongest vessel (Table 2)
was mainly the anterior tibial artery (32.24%), rarely
(14.47%) the posterior tibial artery and the least
common (9.87%) was the peroneal artery. Examina-
tion of the crural arteries was carried out, defining

them as strong, intermediate and weak. Their diam-
eters, large (d = 4.0 mm), intermediate (2.5 mm <
< d < 4.0 mm) and small (d < 2.5 mm), were assumed
as a criterion. With regard to the diameters of arter-
ies in subtype IA, 24 variants were observed in which
they coexisted (Table 3). In most cases (21.71%) the
three crural arteries had comparable mean diame-
ters within the intermediate diameter range (2.5-
—4.0 mm) while in 16.45% of cases their diameter
values were identical. In 13.16% of cases equal-sized
intermediate arteries coexisted, the posterior tibial
and the peroneal, with the strong anterior tibial ar-
tery. Half as frequently (6.58%) the diameters of both
tibial arteries were mutually comparable in their in-
termediate diameter with the weak peroneal artery.
A configuration in which the mean diameter of the
peroneal artery was accompanied by weak and in-
termediate tibial arteries occurred with a similar fre-
quency (5.26%). In 4.61% of cases the strong ante-
rior tibial artery and the intermediate posterior tibi-
al artery coexisted, as often as the strong posterior

Table 2. Individual variability of external diameters of crural arteries in subtype IA

Arteries Anterior tibial artery Posterior tibial artery Peroneal artery

Diameter Large Intermediate ~ Small Large  Intermediate Small Large  Intermediate  Small
[mm] (d=40) (25<d<4) (d=<25 (d=40) (25<d<4) (d=<25 (d=4.0) (25<d<4) (d=<25)
No. 49(32.24%) 65(42.76%) 19(12.50%) 22(14.47%) 85(55.92%) 26(17.11%) 15(9.87%) 86 (56.58%) 32 (21.05%)
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Table 3. Coexistence of crural arteries in respect to different external diameters in subtype IA

Diameter Strong anterior tibial artery Intermediate anterior tibial artery Weak anterior tibial artery
of crural and posterior tibial artery and posterior tibial artery and posterior tibial artery
arteries Strong Intermediate = Weak Strong Intermediate  Weak Strong Intermediate Weak
P Strong - 3(1.97%)  6(3.95%) - 2(1.32%)  1(0.66%) 1(0.66%)  1(0.66%) 1(0.66%)
r
°  Intermediate 2(1.32%) 20(13.16%) 4(2.63%) 7(4.61%) 33(21.71%) 8(5.26%) 3(1.97%) 8(5.26%) 1(0.66%)
e
! Weak 3(1.97%) 7(4.61%) 4(2.63%) 3(1.97%) 10(6.58%) 1(0.66%) 3(1.97%)  1(0.66%) -

tibial artery with the intermediate anterior tibial and
the peroneal arteries. Slightly less frequently (3.95%)
the strong peroneal and the anterior tibial arteries
were associated with the weak posterior tibial ar-
tery. The posterior tibial artery was hypoplastic in
this pattern and terminated in the lower third part
of the shin just below anastomosis with the pero-
neal artery. Its function was compensated for by a hy-
perplastic peroneal artery. Equally frequently
(2.63%) a strong anterior tibial artery and weak pos-
terior tibial artery were accompanied by an interme-
diate or weak peroneal artery.

Five variants, on the other hand, had an observed
incidence of 1.97%. Three of these were represented
by the combination of a weak peroneal artery and
a strong posterior tibial artery with a strong, inter-
mediate or weak anterior tibial artery. In combina-
tion with a strong anterior tibial artery there was
a hypoplastic peroneal artery, which terminated in
the middle third of the shin. A strong anterior tibial
artery coexisted with a strong peroneal artery and an
intermediate posterior tibial artery as frequently as
did a strong posterior tibial artery with an intermedi-
ate peroneal artery and a weak anterior tibial artery.

The remaining 9 variants occurred very rarely: two
of them in 1.32% of cases, these being intermediate
tibial arteries with a strong peroneal artery and
strong tibial arteries with an intermediate peroneal
artery. The incidence of all the further 7 variants was
0.66%. Three of these were formed by a weak ante-
rior tibial artery and a strong peroneal artery in as-
sociation with strong, intermediate and weak pos-
terior tibial arteries. In all these cases the anterior
tibial artery was hypoplastic and terminated in the
lower half of the shin. This artery was accompanied
by a hyperplastic peroneal artery, the perforating
branch of which compensated for the dorsal pedis
artery. A further 4 variants, of identical frequency
(0.66%), were formed by: 1) a strong hyperplastic
peroneal artery, an intermediate anterior tibial ar-
tery and a hypoplastic posterior tibial artery, 2) an

318

intermediate peroneal artery and weak tibial arter-
ies, 3) and 4) a weak peroneal artery with weak and
intermediate anterior and posterior tibial arteries.
Consequently, both hypoplastic arteries, the anteri-
or tibial and the peroneal, were observed in 1.98%
of cases, whereas the posterior tibial artery was found
in as many as 4.61%. A hyperplastic peroneal artery
(6.59%) compensated for either the anterior tibial
artery (1.98%) or the posterior tibial artery (4.61%).
No two extreme angiometric configurations were
identified in the research material, neither three
strong nor three weak crural arteries. Similarly, there
was no evidence for the coexistence of two strong
posterior tibial and peroneal arteries with a weak
anterior tibial artery.

DISCUSSION

The development and variability of the crural arter-
ies depend on both the regression of the sciatic artery,
which is the oldest axial trunk of the lower limb, and
on the persistence of its junction with the primary fem-
oral artery in the popliteal region. The popliteal, pero-
neal and anterior tibial arteries develop from the sciat-
ic artery, whereas the posterior tibial artery is the ves-
tige of the posterior branch of the saphenous artery
[5, 6, 15, 17]. The crural segment is the most variable
part of the arterial bed of the lower limbs.

Voboril [18] found that in as many as 21.7% of
arterial anomalies were unilateral; in 4.6% of cases
they were bilateral and in 2.3% bilaterally different
anomalies were present. According to Voboril [18]
and Piral et al. [13] the posterior tibial artery is the
most variable crural vessel, the anterior tibial artery
is of intermediate regularity and the peroneal artery
is the most stable for both phylogenetic and embry-
ological reasons. In the material used in this study
variability of the crural arteries was distinguished in
19.09% of cases. These consisted of configuration
variability (12.5%) and angiometric variability
(6.59%) with hyperplastic and hypoplastic arteries.
The results indicate that a high division of the popliteal
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artery is the only factor determining predominance
of configuration variability of the posterior tibial ar-
tery, as the posterior tibial artery transfers its origin
upwards in 5.92% (lIB) and the anterior tibial artery
only in 1.98% of cases (llA-1, IIA-2). The peroneal ar-
tery retains its constant position, but only joins the
appropriate tibioperoneal trunk [17]. Evidence for the
most frequent angiometric variability of the posteri-
or tibial artery is its hypoplasia, identified in this study
in 4.61% of cases, whereas hypoplasia of both the
anterior tibial artery and the peroneal artery occurred
less frequently, in 1.98% of cases each.

Some studies have shown an association between
an abnormal arterial pattern and bony malforma-
tions of the lower limb. Kitziger and Willkins [7] also
describe the absence of the posterior tibial artery in
a 3-month-old child with the talipes equinovarus de-
formity. Zwass and Abdelwahab [19] presented a rare
developmental anomaly of absence of the posterior
tibial artery and hypoplastic anterior tibial artery. In
this case a marked hyperplastic peroneal artery com-
pensated for the absent arteries. The peroneal artery
also gave collaterals to form the dorsal pedis and the
plantar arteries. Zwierzchowski et al. [20] observed hy-
poplastic anterior and posterior tibial arteries com-
bined with fibular aplasia, anterior bowing of the tib-
ia, and congenital pseudoarthrosis. Hootnick et al.
[4] and Levinsohn et al. [8] have also shown an asso-
ciation between an absence of the anterior tibial ar-
tery and bony malformations of the human lower
limbs (clubfoot, deficiency of the calf bone, tibial apla-
sia, metatarsal absence, ectrodactyly and diplopodia).
In limbs that contain the remnant of a missing struc-
ture, it is concluded that injury occurred after the
mesenchyme was instructed to form that structure
and these abnormalities are termed “post-specifica-
tion” defects. In circumstances in which limb dupli-
cation occurs the injury affected the signal before the
instruction of the mesenchyme to develop into a spe-
cific structure was completed and these abnormali-
ties are termed “pre-specification” malformations. The
authors hypothesise that the abnormal arterial pat-
tern put the limb at risk of teratogenic damage by
reducing the number of collateral blood supply routes.
Rodriguez [14] described the coexistence of the cam-
pomelic syndrome with the absence or marked defi-
ciency of the anterior tibial artery. My results have
not shown the absent posterior tibial artery but only
its hypoplasia (4.61%), which, in common with the
anterior tibial hypoplasia (1.98%), was compensated
for by a hyperplastic peroneal artery, coexisting here
in 6.59% of instances.
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In this study the original diameters of the male
subjects were significantly larger for the three calf
arteries, constituting gender differences. The results
present significant syntopic differences concerning
the diameter of the posterior tibial artery, which was
larger on the right side. These observations agree
closely with the results obtained by Macchi et al. [11].
This author observed with the use of Doppler ultra-
sonography that the diameters of the right crural
arteries were consequently larger than the ones in
the left arteries, but the differences were statistical-
ly significant only in relation to the posterior tibial
artery in males. Compared to those of the females,
the arterial calibres of the male subjects were signif-
icantly larger (p < 0.01) for all arteries. In both sexes
there was a statistically significant direct relation-
ship between vessel calibre and age. There was no
correlation between arterial diameters and body in-
dex. External diameters of the calf arteries present-
ed in this work were much larger than the mean
diameters in the angiographic material of Heise et
al. [3]: 0.34 = 0.03 mm for the posterior tibial ar-
tery, 0.27 £ 0.02 mm for the anterior tibial artery
and 0.26 = 0.21 mm for the peroneal artery. The
differences between the data of Heise et al. [3] and
my observations resulted from the fact that the sub-
ject of the former study was not the external but the
internal diameters of arteries with severe patholo-
gical changes.

The diameter and the number of patent crural
arteries are the most important determinants of the
patency rate in femoropopliteal and femorotibial
grafts [2]. With three patent crural arteries the cu-
mulative patency rate amounted to 82.2%, where-
as with only a single patent artery it decreased to
56% (p < 0.01). Advances in radiological techniques
have allowed arterial stenoses situated in the distal
arterial tree to be successfully treated. The applica-
tion of Schneider’s balloon [1], 2 cm long and 2.5-
-3 mm in diameter, enables subintimal distal crural
artery dilatations to be performed in 84% of instanc-
es. In the patients of Nydahl et al. [12] 89% of an-
gioplasty procedures were applied to the follow-
ing: a single calf vessel (the anterior tibial artery
— 21.4%, the peroneal artery — 24.9% and the tibio-
peroneal trunk in 17.8%), two calf vessels —17.3%
and three calf vessels — 3.7%. Subintimal (in long
occlusion) or transluminal (in short occlusion) per-
cutaneous angioplasty in patients with infrapopliteal
artery occlusion and critical ischaemia is safe, effec-
tive, and offers a low-risk alternative to distal re-
constructive surgery.
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