ORIGINAL RESEARCH

Submitted: 21.01.2022; Accepted: 10.02.2022; Published online: 23.02.2022

Anatomical and topographical
features of the gracilis muscle of
the thigh from the position
of using it for autotransplantation

at a distance of 108.5 (96; 117) mm from the origin of the muscle; its diameter was 2.1 (1.9; 2.2) mm.
Knowledge of the topographic and anatomical relationships
of the neurovascular bundle with the surrounding formations,
variants of its individual anatomical variability are the key to
successful reconstructive surgery.
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Abstract
Autotransplantation of a free flap of the gracilis muscle is cur-

Introduction

rently actively used in reconstructive surgery for persistent pro-

Transplantation of a free flap of the gracilis muscle
is increasingly used in modern reconstructive surgery.
This includes prosoplegia of the facial muscles, lesions
of the brachial plexus, plastic closure of upper lip defects, and even the treatment of pelvic sepsis. Usually,
the surgical technique includes harvesting of the flap
with its neurovascular bundle, revascularization using
microvascular anastomoses, and reinnervation in order for the transferred gracilis muscle to become functionally significant. Thorough knowledge by the surgeon of the topographic and anatomical relationships
of the neurovascular bundle with the surrounding formations and its variants of individual anatomical variability are the key to successful surgical intervention.
M. Gracilis is a thin long muscle located in the medial thigh most superficially relative to other adductor muscles. Its shape is flattened, wide at the top and
gradually tapering downwards. It originates from the
lower branch of the pubic and adjacent part of the ischial bones, and its tendon connects to the tendons
of the sartorius and semitendinosus muscles and is
attached to the upper part of the tibia medial to its
tuberosity. The thin thigh muscle performs an auxiliary function in hip adduction and flexion, knee flexion, internal rotation of the knee, and therefore can
be used as a donor without significant motor deficit,

soplegia, injuries of the brachial plexus, for plastic closure of
defects in the upper lip, and in the treatment of pelvic sepsis.
This study provides important information about the anatomical features of the gracilis muscle and its neurovascular bundle,
which are highly variable.
The study of the anatomical and topographic features of
this fine thigh muscle was carried out on a sectional study of
25 corpses of both sexes, 50 lower limbs. The present study
demonstrates that the median value of the total length of m.
Gracilis, the length of its muscular part, as well as the length
of the tendon were 452.25 (439.7; 462.0); 225.3(208.1;239.0);
230.5 (213.0; 244.4) mm, respectively. The number of vascular
pedicles included in m. Gracilis, ranged from 1 to 5. In 86% of
the cases, the deep femoral artery formed the dominant vascular pedicle, and in 14% of cases, it was the medial circumflex
artery. Small secondary vascular pedicles originated from the
descending genicular artery or the anterior branch of the obturator arter: from the basin of the internal iliac artery. The length
of the main feeding artery varied from 76 to 134 mm, the median value was 100.5(90;110) mm, and its diameter ranged from
1.4 to 2.1 mm (M = 1.9(1.8;2, 0) mm.
The innervation of the fine muscle of the thigh was carried out
by the anterior branch of the obturator nerve, which in 82% of
the cases was represented by a single trunk; less often a loose
type of structure was observed. The proper nerve was located
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which is quickly and easily compensated by agonist
muscles. On the other hand, such characteristics of
M. Gracilis as size, shape, length, reliable blood supply to the dominant vascular pedicle provide a good
cosmetic result, forming an adequate facial contour,
and its innervation by the motor obturator nerve, acceptable muscle strength with a good excursion allow
us to hope for a satisfactory functional rehabilitation
[1-4]. However, to date, a number of unresolved problems remain associated with impaired blood supply
to the transplanted muscle flap, a feature of modeling
the muscle flap, “donor zone disease”. A more in-depth
study of the anatomical and topographic features of m.
Gracilis of its neurovascular bundle will obviously improve the results of surgical treatment of patients with
persistent prosoplegia.

Materials and methods
The study of the variability in the structure of the
small muscle of the thigh was carried out on a sectional study of 25 corpses of both sexes, 50 lower limbs
(12 males and 13 females) on the basis of the pathoanatomical department of the V.A. Almazov National Medical Research Centre of the Ministry of Health
of Russia. Criteria for inclusion in the study were the
deceased without trauma, tumor, deformities of the
medial surface of the thigh; diseases of the musculoskeletal system; age of the dead is over 18; prescription
of death is not more than 24-36 hours. The bodies of
the dead before the study were stored under the same
conditions, in a refrigerator at a temperature of +2°C.
Our study was carried out using the standard thigh
incisions to search for deep vein thrombi of the thigh.
Leg length was measured from the anterior superior
iliac spine to the lateral malleolus. The skin on the
medial surface of the thigh was dissected, and the
thin muscle of the thigh was exposed. The muscle, its
vessels and nerve were separated from the surrounding tissues along the entire length. Total length of m.
Gracilis was measured from its origin (inferior ramus
of the pubis) to its insertion (upper part of the medial
surface of the tibia). The width and thickness of the
muscle, the length of its muscular and tendon parts
were measured. The number of vascular pedicles, the
entrance point of each of the vascular pedicles and
their sources, the length and diameter of the vessels,
the nerve in the dominant vascular pedicle, and the
number of nerve branches were also studied. The
study was approved by the Ethics Committee of the
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Federal State Budgetary Institution “V.A. Almazov Almazov National Medical Research Centre” of the Ministry of Health of Russia, Extract No. 03012020 from
Record No. 1-20 dated January 20, 2020 prepared by
the Ethics Committee meeting.
According to the results of measuring the parameters of m.Gracilis, distribution series were compiled.
For each variation series, the median value and interquartile range were calculated. In the process of primary statistical data processing, the Kolmogorov-Smirnov criterion was less than 0.05, and due to that fact,
non-parametric statistical methods were used for the
non-normal distribution of data. Spearman’s coefficient was used to assess the relationship between the
parameters represented by quantitative data. Qualitative characteristics of the tightness of the relationship
of the rank correlation coefficient were assessed on the
Chaddock scale. The indicators were considered statistically significant at p<0.05.

Results
The median length of the lower limbs was
904.4(871.1;930.0) mm. The corresponding value of
the total length of m. Gracilis was 452.25(439.7;462.0)
mm, the median value of the length of the muscular
part was 225.3(208.1;239.0) mm, and the median value
of the length of the tendon was 230, 5(213.0;244.4) mm.
The median width in the belly of the gracilis muscle in
its widest part was 34.5 (29.2; 37.5) mm. The median thickness of the belly and tendon was 7.3(6.8;8.0),
2.6(2.3;2.8) mm, respectively (Table 1). In this case,
there was a direct noticeable correlation between the
lengths of m. Gracilis and the lower limb (R=0.64,
p=0.019). Additionally, a moderate statistically significant relationship was found between the width of the
Table 1
Morphometric characteristics of the gracilis muscle of the
thigh (M. Gracilis)
Parameters

Мedian (Q1;Q3)
mm

Мin
(mm)

Мax
(mm)

Lower limb length

904.4(871.1;930.0)

714

1008.2

m. Grаcilis length

452.25(439.7;462.0)

416

501.6

Muscle length

225.3(208.1;239.0)

179

288.1

Tendon length

230.5(213.0;244.4)

184.3

260.7

Belly width of the
gracilis femoris

34.5(29.2;37.5)

19

50

Muscle thickness

7.3(6.8;8.0)

5.4

9.8

Tendon thickness

2.6(2.3;2.8)

1.5

3.1

useful muscle part of the graft (R=0.32, p=0.022), the
width of the distal part of the tender muscle (R=0.33,
p=0.017) and the length of the lower limb.
The number of vascular pedicles included in m.
Gracilis, ranged from 1 to 5. Most often, in 46% of the
cases, there was one main vascular pedicle, less often,
in 34% of the cases, there was a variant with one additional pedicle. In 14% of the studied cases, the main
vascular pedicle with two additional ones was identified. Three additional vascular pedicles were found
in 4% of the cases. Only in 2% of the cases there were
four additional vascular pedicles.
The distance from the origin of m. Gracilis to the point
of entrance of the main vascular pedicle into the muscle
ranged from 78 to 130 mm. The length of the main feeding artery varied from 76 to 134 mm, the median value
was 100.5(90;110) mm, and its diameter was from 1.4 to
2.1 mm (M = 1.9(1.8;2, 0) mm The artery was most often
accompanied by two veins (see Table 2 herein).
Table 2
Morphometric characteristics of the neurovascular bundle of
the fine muscle of the thigh (M. Gracilis)
Morphometric parameters

Median
(Q1;Q3) mm

Мin
(mm)

Мax
(mm)

Distance to the entry of
the main vascular pedicle

100.5(90;110)

78

130

Length of the main feeding
artery

109(98;119)

76

134

Main feeding artery
diameter

1.9(1,8;2,0)

1.4

2.1

108.5(96;117)

76

130

2.1(1,9;2,2)

1.5

3

Nerve length
Nerve diameter

In 86% of the cases, the deep femoral artery formed
the dominant vascular pedicle. In 14% of the cases, this
function was performed by its branch, the medial artery
that circumflexed the femur. Small secondary vascular
pedicles originated from the anterior branch of the
obturator artery or descending genicular artery. The
length of additional feeding vessels was measured from
the lower branch of the pubic bone and varied from 58
mm to 291 mm, depending on the number of vascular
bundles and the variant of their discharge (Table 3).
According to our data, the proper nerve was located at a distance of 108.5 (96; 117) mm from the origin
of the muscle; its diameter was 2.1 (1.9; 2.2) mm.
In 41 preparations (82% of the cases) the indicated
nerve was represented by one main trunk, in 5 cases the
nerve was represented by 2 trunks (10%), and in 4 cases
the loose type of nerve structure was recorded (8%).

Table 3
The length of the vessels that feed m. Gracilis of the thigh
Vascular pedicle

Distance from the inferior
ramus of the pubis Median
(Q1;Q3) mm

Main pedicle

100.5(90;110) mm

1st additional pedicle

204 (189;210) mm

2nd additional pedicle

272 (250;288) mm

3rd additional pedicle

270 (270;291) mm

4th additional pedicle

58 mm

Figure 1. The most common structure of the neurovascular bundle of the M. gracilis pedicle (left side). Nerve (N). The main
artery, accompanied by two veins (A).

Discussion
Thin muscle is widely used in reconstructive surgery. Previously, anatomical and radiological studies
were carried out regarding the parameters of m. Gracilis and its vascular pedicles [5-7], which were focused
on the length of the tendon part, due to purely applied
tasks, i.e. the use of the muscle in rehabilitation operations for post-traumatic plexopathies. Only a few of
them mentioned the muscle part used in the rehabilitation of mimic muscle paresis [9-14, 16,17].
An analysis of the literature data shows that the average width of the muscle part of m. Gracilis at its base,
in the middle and at the end is 34.5±6.395, 26.3±4.682,
17.4±3.527 mm, respectively. At the same time, Dziedzic DW, et.al [8] and Rajeshwari MS, Roshankumar
BN indicated the width of the belly of m. Gracilis 31.9
and 39 mm only, respectively [15].
The present study demonstrates that the median
value of the total length of m. Gracilis, the length of its
muscular part, as well as the length of the tendon are
452.25 (439.7; 462.0); 225.3(208.1;239.0); 230.5 (213.0;
244.4) mm, respectively.
In this case, there is a direct correlation between
the lengths of m. Gracilis and the lower extremity,
which is in full agreement with the results of the study
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by Limitlaohaphan C et al. and Chiang et al. [18-21].
Additionally, a statistically significant relationship was
found between the width of the useful muscle part
of the graft, the width of the distal part of the tender
muscle, and the length of the lower limb.
In the present study, attention was also focused on
the study of the neurovascular pedicle of m. Gracilis. Its blood supply is variable and can be carried out
from the branches of the femoral artery: the deep artery of the thigh, its branches - the medial artery, the
circumflex femur, the descending knee artery, and also
from the pool of the internal iliac artery - the anterior
branch of the obturator artery [1-3].
Usually the above mentioned muscle of the thigh has
two or three vascular pedicles penetrating into it from
the inner surface. The proximal pedicle is dominant,
enters at the junction of the upper and middle thirds of
the muscle and is the main source of its blood supply,
includes an artery, two draining veins, and the anterior
branch of the obturator nerve. The medial circumflex
femoral artery and the deep femoral artery usually form
the proximal dominant vascular pedicle. The number
of small secondary pedicles varies from one to five, and
they include only vessels (artery and veins) and supply
blood to the distal and smaller part of the muscle [3]. The
small pedicle may include the anterior branch of the obturator artery, the descending genicular artery.
Our study showed that the number of vascular pedicles included in m. Gracilis, varied from 1 to 5, namely,
in 46% of the cases there was one pedicle, in 34% of
the cases we detected two pedicles, in 14% we revealed
three pedicles, in 4% of the cases there were four pedicles, and extremely rarely - in 2% of the cases, the blood
supply to the muscle was carried out according to the
loose type and has at least five vascular pedicles. Most
often (63.24%), the main vascular pedicle was located at
a distance of 88-112 mm from the origin of m. Gracilis.
These results were approximately the same as obtained
in the observations of Rajeshwari MS, Roshankumar
BN [15] and Vigato E et.al. [5], in which they mentioned that their number was 1-5 (most 1-3). The main
pedicle enters the muscle at a distance of 100.5(90;110)
mm. The diameter of the neurovascular pedicle at their
entrance ranges from 1.4 to 2.1 mm, accompanied by
two veins, which is somewhat larger than in the study
of Vigato E et.al., the average value is 1.7 [5].
In this study, in all cases, the donor muscle was
innervated by a branch of the obturator nerve. According to the reference literature, it is formed from
122 | Cardiometry | Issue 21. February 2022

L2-L4-spinal roots and, upon exiting their retroperitoneal space, bypassing the obturator canal, is divided
into terminal posterior and anterior branches, the latter, having passed between the long and short adductor muscles, innervates the fine muscle of the thigh.
Despite the fact that in most cases (82% of cases) this
nerve is represented by one main trunk, loose types of
its structure were also observed.

Conclusions
The anatomical structure of the neurovascular
bundle of M. Gracilis is highly variable, however even
the most extreme cases of individual anatomical variability it cannot exclude latter from being used as a
donor in reconstructive surgery. This study provides
important actual information about the anatomical
features of m. Gracilis and can be useful in practice at
the stage of preoperative planning.
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