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Abstract:

Background and objectives: The gracilis muscle is one of the most reliable flaps in reconstructive surgical procedures because
of easy accessibility and insignificant donor site morbidity. In the present study, we evaluate the various dimensions of muscle,
tendon, accessory band and the motor nerve to gracilis.

Materials and methods: The present study was conducted in fifty cadaveric lower limbs from the Department of Anatomy,
Government Kilpauk Medical College after obtaining clearance from the Institutional Ethics Committee. Apart from measuring
the morphometric dimensions of the muscle, the ratio of length of the lower limb and thigh to length of gracilis muscle was
observed. The motor nerve to gracilis was measured in two components.

Results: The mean length of the muscle was found to be higher in males. The accessory bands did not exceed beyond 5cm from
the distal tendon. The distance of NVH from the anterior border of the muscle was observed to be as low as 0.2cm. The distance
of insertion from the tibial tuberosity ranged between 1.8 — 5.6cm. The vertical component of the distal tendon was higher in
females.

Conclusion: Owing to the increased utility of gracilis muscle in reconstructive surgeries, many studies have described the
dimensions of the gracilis muscle. In addition to the aforementioned parameters, the present study also determined various
parameters including the insertion point from tibial tuberosity, the distance of neurovascular hilus from the anterior border of
muscle and measurement of the distal tendon in two components which would help the surgeons during procurement of muscle,
tendon and the MNG for microsurgical procedures.

Keywords: Gracilis — neurovascular hilus — tendon — reconstruction.

Introduction:

Reconstructive surgical procedures are performed to approximate body structures following a defect produced by
developmental defects, tumor resection, trauma or infection. These procedures improve functional ability and
provide an aesthetic outcome to the region. Gracilis is one of the most reliable flaps in reconstructive microsurgery.
Based on the type of repair, the gracilis muscle can be used as a pedicled muscle flap or together with fascia,
connective tissue and skin as fascioadipocutaneous flap. Gracilis is one of the superficially located muscle in the

medial compartment of thigh. The muscle takes its origin from the lower part of body of pubis close to the medial
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margin, inferior pubic ramus and also from a portion of ischial ramus [1,2,3]. Then the muscles descends down to a
rounded tendon which takes a curved course to get inserted into the upper part of medial surface of tibia. Few fibers
fan out and merge with the deep fascia of leg or with fascia over the medial head of gastrocnemius [4]. These are the
accessory bands that need to be divided in order to prevent problems during harvesting of gracilis tendon.

Short gracilis muscle transfer is used in facial nerve palsy for smile reconstruction [5,6]. It is employed in
facial reconstruction for smile restoration in children with congenital facial nerve palsy [7] and also following tumor
ablation [8]. Extended gracilis muscle transfer with tendon is used for restoration of elbow flexion and finger
movement following brachial plexus injury. The muscle is also suited for vesico vaginal fistula repair[9].The tendon
is usually the choice for repair of anterior cruciate ligament injury. In tongue reconstruction following resection in
oral carcinoma, the gracilis muscle with its nerve is utilized, wherein the motor nerve to gracilis (MNG) is
anastomosed with hypoglossal nerve[10,11]. In breast reconstruction following mastectomy, the transverse
myocutaneous (or upper) gracilis flap is preferred. Transposition of gracilis muscle over the usage of greater
omentum in surgical repair of recto urethral fistula avoids the need for laporatomy with much success rate[12].
Although numerous surgical procedures have been described for the treatment of iatrogenic recto urethral fistula
gracilis muscle transposition is identified to be more effective [13,14].

Quite commonly, accessory tendinous bands are found to arise from the distal portion of the tendon. But
these bands are highly variable in their attachments[15]. The bands are found to get attached to the popliteal fascia,
deep fascia of leg and fascia covering the gastrocnemius. These bands are usually harvested for use in anterior
cruciate ligament reconstruction and care must be not to injure the distal tendon while procuring these bands. The
factors that enable gracilis as the preferred choice for reconstruction include insignificant donor site morbidity and
easy accessibility. Hence this study aims at providing a qualitative analysis of the morphometric dimensions of the
muscle belly, tendon and the motor nerve to gracilis.

Materials and methods:
The present study was conducted in fifty cadaveric lower limb specimens at the Department of Anatomy,
Government Kilpauk Medical College, Chennai. The morphologically damaged specimens were excluded from the
study. The cadavers were placed in modified lithotomy position. An incision was made from the anterior superior
iliac spine to the pubic tubercle and the incision is extended from that level to the tibial tuberosity[16]. Then the
skin, superficial fascia and deep fascia were reflected laterally, thereby exposing the gracilis. The following
dimensions of the muscle along with its tendon were measured using vernier caliper .

1. Length of the proximal tendon, distal tendon (vertical and horizontal part) and muscle belly.

2. Width of the muscle belly, distal tendon.

3. Insertion point - distance from tibial tuberosity.

4. Length of thigh (measured from the anterior superior iliac spine to base of patella) to total length of muscle

ratio.
5. Length of lower limb (measured from the anterior superior iliac spine to the medial malleolus) to total

length of muscle ratio.
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6. Distance of NVH (neurovascular hilus) from the pubic tubercle and from the anterior border of muscle
belly.
7. Length of the motor nerve to gracilis
I- From the neurovascular hilus to the posterior border of adductor brevis.
IT — From the posterior border of muscle to the point of exit at obturator foramen.

8. The presence of accessory bands.

Results:

The following observations were made in relation to the gracilis muscle and its motor nerve component. The mean
length, standard deviation and the range of the proximal tendon, muscle belly, the vertical and horizontal
components of the distal tendon were measured for males and females separately and shown in table 1. The mean
length of thigh to the length of gracilis ratio was observed to be 1.09 in males and 1.04 in females whereas the mean
length of lower limb to the length of gracilis ratio was 0.52 and 0.86 in males and females respectively.

The motor nerve to gracilis was measured in two components. The length of the first component had a range of 4.1-
9.8cm while that of the second component ranged between 2.6 — 8 cm as shown in table 2.

Twelve limbs presented with accessory bands not one exceeding 5 cms proximal from its insertion (Fig 1).

Fig.1 shows A) an accessory band lying within S5cm from the distal tendon, B) an accessory band merging with the

deep fascia of the leg. AB — Accessory Band
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Fig. 2 shows A) the vertical portion of distal tendon B) the horizontal portion of distal tendon. DT — Distal Tendon

Fig. 3 shows A) Broad muscle belly B) Narrow muscle belly C) Wide tendon D) Narrow tendon. MB — Muscle
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Fig. 4 shows the length of the A) First segment of MNG, from the neurovascular hilus to the posterior border of
adductor brevis B) Second segment of MNG, from the posterior border of adductor brevis to the obturator foramen.

ON - Obturator Nerve, MNG — Motor Nerve of Gracilis, Ad.B- Adductor Brevis.

TABLE 1: DIMENSIONS OF GRACILIS MUSCLE

S. no Mean(cm) S.D(cm) Range
MUSCLE Males | Females Males | Females Males Females
1. Proximal tendon 3.23 2.42 0.96 0.63 1.5-5.3 1.5-3.6
2. Distal tendon
a) Vertical 6.99 7.09 1.83 1.54 3.5-10.5 4-10
b) Horizontal 4.85 4.57 1.16 1.28 3.3-6.4 2.5-6.8
3. Belly length 27.75 25.11 1.85 2.56 26-31.5 20.3-30.3
4. Total length 42.82 39.34 245 1.79 38.9-47.9 36.4-43.7
5. Insertion from TT 3.84 3.35 0.85 0.81 2-56 1.8—-4.7
6. Belly width 2.55 2.39 0.65 0.47 1.5-3.8 1.8-3.3
7. Tendon width 0.99 1.14 0.24 0.34 0.6-1.4 0.6-2.1
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TABLE 2: DIMENSIONS OF THE MOTOR NERVE TO GRACILIS

NeuroVascular Hilus Mean (cm) S.D (cm) Range
Males Females Males Females Males Females
1.Distance  From Pubic | 11.0 10.24 1.52 1.72 8.6-13.6 8.2-13.5
Tubercle
2.Distance From Ant Border | 1.12 0.81 0.71 0.48 0.2-3 0.8-1.2
3. Nerve Length — I* 7.13 6.09 1.44 1.04 4.6-9.8 4.1-7.6
I+ 5.00 5.05 1.37 1.23 3.1-8 2.6-7.9
Total Nerve Length 11.95 11.2 1.86 1.86 9.6-15 7.1-14.7

*- Length of the nerve from neurovascular hilus to the posterior border of adductor brevis.

**_ Length of the nerve from the posterior border of adductor brevis to obturator foramen.

TABLE 3: COMPARISON OF MEAN AND STANDARD DEVIATION OF THE LENGTH OF THE
MUSCLE

S No | Name of the study Mean + S.D of length of the muscle
1. Morris et al(1999) 44+ 2 cm

2 Macchi et al (2008) 41+2.1cm

3 Harban et al (2012) 40.2+1.42 cm

4. Zhou J et al (2015) 41.8 +3.19 cm

5 Hussey AJ et al(2007) 38.4 cm

6 Present study 413+2.12cm

TABLE 4 : COMPARISON OF THE DISTANCE OF NVH FROM PUBIC TUBERCLE .

S No Name of the study Distance of NVH “from pubic tubercle
1. Macchi et al 10+1cm

2. Harbans et al 8.6+ 0.49 cm

3. Present study 10.6 + 1.62 cm

*- Neuro Vascular Hilus

DISCUSSION:

With the evolution of myocutaneous flaps, the restoration of function and anatomical contour following paralysis or
wound defect is made possible with good outcome. The use of these flaps enables coverage of shallow wounds as
well as three dimensional defects. The gracilis muscle free flap is based on a constant neurovascular pedicle. The

gracilis flaps are not only used in reconstruction of lower limb and perineal regional region, but also for upper limb
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and head and neck reconstruction. The dimensions of gracilis muscle with its motor nerve component is compared
with those of the previous studies (table 3).

The measurement of mean length of the muscle correlated with the studies of Macchi et al, Harban at al and
Zhouj et al [17,18,19]. Morris et al [20] study showed the mean length of the muscle to be 44 + 2 cm, which was
much higher than that of the present study. The mean length was found to be much lesser in Hussey AJ et al [21]
study. The mean length of the muscle in males was higher than the mean length of the muscle in females in the
present study. The mean length of the proximal tendon ranged from 1.5 -5.3 in males and 1.5- 3.6 in females in the
present study. It is worthwhile to mention here that while procuring Transverse Upper Gracilis (TUG) flap for
reconstructive procedures that the range of the mean length of the proximal tendon should be taken into account.
The distal tendon of the muscle generally had an curved course , the mean lengths of the proximal vertical
component and the distal horizontal components were measured separately in our study. A noteworthy feature while
observing this parameter was that the mean length of the vertical component was found to be higher in females but
the mean length of the horizontal component was higher in males .The total mean length of the distal tendon was
11.84 + 2.99 in males and 11.66 + 2.82 in females(Fig.2) The value of the mean total length of the distal tendon in
males correlated well with Harbans et al study[18]. The gracilis tendon was located 12.6mm from the medial edge of
the knee.

The difference in the total mean length of the muscle between males and females is mainly attributed to the
mean belly length, which was 27.75 + 1.8 cm in males and 25.11+2.56cm. The mean distance of the tendon’s
insertion from tibial tuberosity ranged from 2-5.6 cm in males and 1.8- 4.7 cm in females. The mean belly width
was 2.47 + 0 .56 cm in the present study which was much less when compared to Zhou J (3.2 +0.7) [17] and Hussey
Al et al study (6.2cm) [20]. The belly width was more in males in the present study (Fig 3). The gracilis tendon is
located 14.4 mm from the medial edge of the knee according to Roussignol et al study. In the present study, the
gracilis tendon was located 12.6mm from the medial edge of the knee. The knowledge of this distance is essential
for minimally invasive posterior approach of harvesting gracilis tendon in popliteal fossa and stripping of saphenous
nerve during this procedure. Assessing the variability and mapping of accessory bands helps the surgeon to take
extra care while using a tendon stripper, in order to avoid injury to the tendon [15].

The distance of the neurovascular hilus from the pubic tubercle was measured and compared with those of
previous authors (table 4). In the present study, the neurovascular hilus lay within the range of 0.2-1.8 cm from the
anterior border of the muscle. The length of the nerve was measured in two components along with its total length.
The motor nerve component measured by Rodriquez Lorenzo et al [22] showed that the first component measured
6.3 — 10.5cm (7.7 cm) and that of the second component ranged between 2-6 cm (3.7) cm. The total length of the
nerve ranged between 9.9- 13.6(11.5)cm. In the present study, the mean length of the nerve ranged between 7.1 — 15
cm(11.5) (Fig. 4).Though the study correlated well with the findings of Rodriquez et al study, the range was
extensive which would help the reconstructive surgeons to plan for a flap with adequate nerve length. The first and

second components of the nerve measured ranged between 4.1 - 9.8(6.6) cm and 2.6 — 8 (5) cm respectively.
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CONCLUSION:

The knowledge of morphological dimensions of the gracilis muscle is of use in various reconstructive
microsurgeries. The mean distance of distal tendon’s insertion from the tibial tuberosity could be used as a surgical
landmark while approaching the tendon from its distal aspect. The mean nerve length had an extensive range which
can help the reconstructive surgeons to plan for surgeries with adequate nerve length. The muscle morphometric
analysis using sonography or MRI prior to surgeries helps in enhancing the predictability of coverage of soft tissue
defects. The presence of accessory band within 5cms proximal to the tendons insertion guides the surgeon in

avoiding deviation of the tendon stripper resulting in inadequate length of the graft.

Abbreviations:

NVH — Neuro Vascular Hilus

MNG — Motor Nerve to Gracilis.
TUG - Transverse Upper Gracilis
MRI — Magnetic Resonance Imaging
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