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Abstract. Background: Gracilis muscle flap is commonly
used for the reconstruction of defects of the lower
extremities. Preoperative evaluation of gracilis muscle
dimension is a key aspect in surgical planning. This study
aimed to determine whether patient height, weight, body
mass index (BMI) and age are reliable proxy measurements
of the mass of gracilis muscle flap. Patients and Methods:
Twenty-two patients treated for lower extremity
reconstruction with free gracilis flap between December
2010 and December 2014 were considered. The relationships
between the mass of gracilis muscle and patient height,
weight, BMI and age were assessed with Pearson’s product
moment correlation coefficient. Defect size, mass of gracilis
muscle resected and surgical outcomes were also evaluated.
Results: There was a moderate correlation between the mass
of the gracilis muscle and patient height (r=0.4), weight
(r=0.4), and BMI (r=0.3), and moderate inverse correlation
with age (r=−0.04). Lower extremities defects ranged in size
from 3×4 cm (12 cm2) to 26×11 cm (286 cm2) with a mean
of 81.6 cm2. All defects were reconstructed with the gracilis
muscle, which required a resection ranging between 3 g and
105 g (mean=37.4 g) to adapt the flap to the recipient site.
Complete flap loss was observed in one case. Conclusion: In
our series, the mass of the gracilis muscle flap was
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predictable in relation to height, weight, BMI, and age,
which can be considered reliable proxy measurements. This
will contribute to adequate flap selection for microsurgical
reconstruction of lower extremity defects.

The use of the gracilis muscle as a free flap was first
introduced in reconstructive surgery by Harii and colleagues
in 1976 (1). It is mainly indicated for head and neck
reconstruction (2), treatment of facial paralysis (3) and
reconstruction of the extremities (4). A pedicled flap can also
be used for perineal (5) and genital reconstruction (6). If
required by the reconstructive plan, the flap can be harvested
with a skin paddle. A variant with a transversely oriented
proximal skin paddle was described by Youssif in 1992 (7,
8), and applied as transverse myocutaneous gracilis flap for
breast reconstruction by Arnez et al. in 2004 (9). One of the
advantages offered by this muscle flap is its well-hidden
donor site, especially in those cases when it is harvested
using a groin (10) incision or through an endoscopic access.
Moreover, a ‘secret scar’ technique without skin graft mark
for lower extremity reconstruction was recently described by
Tremp et al. (11) In this technique, the gracilis flap is
harvested using a horizontally oriented wedge-shaped
excision of the inguinal skin and subcutaneous tissues.
The ability to predict the mass of gracilis muscle
preoperatively is essential in order to understand if the flap
can be selected as valid reconstructive option for the injured
area. The aim of the present study was to verify whether the
gracilis muscle mass is proportional to patient height, weight,
body mass index (BMI) and age, and if these variables could
therefore be used as proxy measurements. We tested this
hypothesis in the case of lower extremity reconstruction. We
also wanted to verify the actual relationship between the
gracilis muscle flap and the area of the lower extremity to be
reconstructed in terms of adequate coverage, and the efficacy
of the microsurgical reconstruction.
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Figure 1. Gracilis muscle free flap used for lower extremity reconstruction (a, b, lower leg; c, d, foot). The excess of muscle is resected to adapt
the flap to the defect area (b, d) in large (e I) or small fragments (e II).

Patients and Methods

The data were collected from all patients undergoing lower
extremity reconstruction with gracilis free flap during the 4-year
period between December 2010 and December 2014. The ‘secret
scar’ technique was followed for free flap harvesting (11). Patient
height, weight, BMI and age were recorded, as well as diagnosis,
location and dimension of the injury on the lower extremity. The
efficacy of the reconstruction and microsurgical complications, such
as flap loss or anastomosis revision, were also collected. The mass
of the gracilis muscle flap and the mass of the part of the flap
removed in order to properly fill the defect area were measured
intraoperatively (Figure 1).
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The correlation between each continuous variable (patient
height, weight, BMI, age) and gracilis muscle mass was examined
by applying the Pearson product moment correlation test.
Statistical significance was determined by a value of p≤0.05 for
all tests. Analyses were performed using Excel 2010 (Microsoft
Corporation – Seattle, WA, USA). Written consent was obtained
from all patients, and the guidelines of the Declaration of Helsinki
were followed.

Results

A total of 22 patients affected by lower extremity defects
were included. The indications for reconstruction were
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Figure 2. Plot of gracilis muscle mass versus patient height. A moderate
correlation between the variables is shown (r=0.4, p=0.07).

Figure 4. Plot of gracilis muscle mass versus body mass index (BMI).
A moderate correlation between the variables is shown (r=0.3, p=0.19).

Figure 3. Plot of gracilis muscle mass versus patient weight. A moderate
correlation between the variables is shown (r=0.4, p=0.06).

Figure 5. Plot of gracilis muscle mass versus age. A moderate negative
correlation between the variables is shown (r=−0.04, p=0.86).

osteomyelitis in 10 patients, fractures in 11 patients, and
soft tissue defect after tumor resection in one patient. The
mean patient age was 50.8 (range=28-71) years. Nine were
female and 13 were male. The reconstructed areas were:
lower leg in nine cases, ankle in nine cases, feet in three
cases, and knee in one case. The mean reconstructed defect
area was 81.6 cm 2, with a size ranging between 3×4 cm
(12 cm2) and 26×11 cm (286 cm2). The mean mass of the
gracilis muscle was 133.2 g (range=35-180 g). The mean
mass of the part of the gracilis muscle resected was 37.4 g
(range=3-105 g). In all cases, the flap presented a mass
adequate to reconstruct the lesion. Anastomoses were
performed on anterior tibilialis vessels in half of the cases

and on posterior tibialis vessels in the remaining half. Endto-end anastomoses were performed in 15 cases and endto-site in seven cases. In one case, end-to-end anastomosis
was performed with a loop. Revision of anastomosis was
needed in one case with complete flap loss after 3 days due
to thrombosis.
Using the Pearson product moment correlation, moderate
correlation of height (r=0.4, p=0.07; Figure 2) and weight of
the patient with gracilis muscle mass was found (r=0.4,
p=0.06; Figure 3). Similarly, there was a moderate
correlation between gracilis mass and BMI (r=0.3; p=0.19;
Figure 4), and moderate negative correlation with age
(r=−0.04; p=0.86; Figure 5).
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Gracilis, latissimus dorsi and rectus abdominis muscle free
flaps are the most commonly used options for lower
extremity reconstruction when free soft-tissue transfer is
needed. Each flap presents its own specific advantages,
disadvantages and indications (12). Rectus abdominis and
latissimus dorsi are normally used when a great amount of
tissue is required but can be affected by higher level of
complication at the donor site (13). Use of a gracilis flap is
a good option when a smaller amount of soft tissue is
required and its donor site morbidity is minimal (12, 14).
Therefore, being able to predict the dimension of the gracilis
can be useful in decision making.
This study suggested patient height, weight, BMI and age
as proxy measurements for gracilis muscle mass according
to a similar investigation performed in the field of
microsurgery (15), and to the knowledge available in the
field of forensic anthropology, which elaborated formulae to
estimate height from anthropometric data such as long bone
length (femur/tibia/humerus), assuming that skeletal
relationships are proportional (15-18). We were, indeed, able
to confirm from our group of patients the assumption that
taller patients, with higher BMI, tend to have higher gracilis
muscle mass, with a moderate correlation.
Notably, whole-body and regional measurements were
integrated into existing body composition paradigms by
several previous investigations [reviewed in (19)]. Webster
et al. in 1983 demonstrated that fat mass adjusted for height,
and consequently the fat-free mass index, is strongly
correlated with BMI (20). Accordingly, they proposed a
stable composition of “excess weight” to be equal to about
one fourth fat-free mass and observed that lean mass and
skeletal muscle increase as adiposity increases (20). These
observations were confirmed by our results, which showed
a moderate direct correlation between patient weight and
gracilis muscle mass. Moreover, our results were also in
accord with the Forbes’ ‘companionship’ rule that postulates
a curvilinear relationship between fat-free mass and total
body fat, with relatively large gains or loss of fat-free mass
with changes in the energy balance at low levels of an
individual’s adiposity (19, 21).
However, it was reported that obesity and aging are
responsible for intramuscular fat accumulation in skeletal
muscle tissue (22, 23). Therefore, in patients with higher
BMI, larger muscle mass results from both an increase of
lean mass and deposition of intramuscular fat (24).
Nevertheless, this does not represent a contraindication to the
use of a gracilis muscle flap in reconstructive surgery in
those cases where it is used to repair a soft-tissue defect
without functional reconstruction. Conversely, in situations
when functional reconstruction is expected, care should be
taken in the selection of this reconstructive option as
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intramuscular fat deposition results in reduced muscle quality
and force (24).
In our series, we found a moderate negative correlation
between gracilis muscle mass and age. Many studies have
investigated the reasons for muscle mass decrease in elderly
patients, with a special focus on the causes of sarcopenia (2126). The multifactorial etiology includes environmental causes,
disease triggers, activation of inflammatory pathways,
mitochondrial abnormalities, loss of neuromuscular junctions,
reduction of satellite cell numbers, and hormonal changes (22).
We chose to examine the mass of gracilis in relation to
patient height, weight, age, and BMI as these parameters are
routinely recorded prior to surgery, without further cost, time,
or radiation risk for the patient. In fact, the variables that we
tested can be very easily collected during the preoperative
evaluation of the patient, helping the surgeon in making a
correct decision among the several reconstructive options.
In conclusion, we observed a low rate of complications in
our series. In all cases, the anastomoses were made outside
the zone of injury and the vascular status of the lower
extremity was accurately investigated prior to surgery. Proper
vessel selection at the recipient site, which in our cases was
equally represented by anterior and posterior tibialis vessels,
represented a key aspect for the success of the reconstruction
of the lower extremity (27).

Conclusion

Patient height, weight, BMI and age were proven to be
reliable predictors of gracilis muscle mass. This will help
surgeons in estimating the suitability of this reconstructive
option for their specific case.
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