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Abstract
Objective This study aims to evaluate the thickness of the
femoral quadriceps and biceps brachii and brachialis
muscles bilaterally and the adjacent subcutaneous fat in
patients undergoing gastric bypass Roux-en-Y before and
after surgery, using ultrasound as the diagnostic method of
choice.
Methods We studied 12 patients undergoing this surgical
method preoperatively and during the first, third, and sixth
postoperative months. During these periods, patients were
evaluated by ultrasound to determine the thickness of
subcutaneous adipose tissue and muscle of the upper and
lower limbs.
Results Postoperatively, these patients showed a reduction
in the thickness of the upper and lower extremities muscle
and adipose tissue as compared to their preoperative values.
There was a significant difference in the loss of muscle
thickness in all postoperative months and in the thickness
of fatty tissue in the sixth month after surgery, compared to
the preoperative muscle and fatty tissue thickness.
Conclusions Ultrasound can be considered as the diagnostic
method of choice when assessment of the fat and lean body

mass is required in morbidly obese patients before and after
bariatric surgery.
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Introduction

Obesity is one of the major public health challenges of the
twenty-first century. The prevalence of obesity is growing
exponentially across all age groups and on all continents.
This chronic disease is associated with cardiovascular
disease, diabetes mellitus type 2, dyslipidemia, increased
blood pressure and left ventricular hypertrophy, and other
co-morbidities [1–7].

Among current therapeutic possibilities, bariatric surgery
results in greater weight loss which is sustained for a longer
time compared to other treatments of obesity. Roux-en-Y
gastric bypass represents one of the most commonly used
techniques [7–9]. The assessment of body composition,
including the subcutaneous fat of obese patients, can be
performed as a diagnostic or monitoring technique, using
one of several established methods. The most commonly
used are skinfold, dual-energy X-ray (DEXA), computed
tomography (CT), magnetic resonance imaging (MRI), and
ultrasound. The DEXA and the CT are sensitive and
specific methods for assessment but subject the patient to
ionizing radiation. MRI has high sensitivity and specificity
and does not subject patients to radiation but presents
technical limitations with respect to the weight and size of
the patient, which prevents its use in obese patients.
This technique is also associated with high financial
costs [3, 8, 10–13].
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Another diagnostic method is the skinfold, a simple,
low-cost technique that is free of radiation but provides less
sensitivity when used in obese patients because it tends to
overestimate the thickness of subcutaneous adipose tissue
in these patients [14–16].

Ultrasound examination of subcutaneous tissue, when
compared to other methods, exhibits equal or better sensitivity
in obese patients and does not subject them to ionizing
radiation. Ultrasound can also be used to assess visceral fat, an
important cardiovascular risk factor [6]. Moreover, ultrasound
equipment can be portable, has no technical limitations with
respect to the size and weight of patients, and has the lowest
associated financial cost of all available techniques, except
for skinfold [2, 3, 5, 12, 13, 15–17].

Aside from the importance of subcutaneous adipose
tissue, muscle mass in obese individuals has been widely
studied. Obese patients involved in critical situations such
as trauma and surgery have a greater loss of muscle mass
compared to patients with BMI <30 [18, 19]. Moreover,
there is a greater tendency to develop sarcopenia, which is
related to increased age and intramuscular fat infiltration
[20]. In patients with neuromuscular diseases, ultrasound
has been used to evaluate muscle thickness in the upper and
lower limbs, as a follow-up diagnosis, due to its advantages
over other imaging methods discussed previously [21, 22].
This study aims to evaluate the thickness of the quadriceps
femoris muscle and biceps brachii and brachialis muscles,
bilaterally as well as the adjacent subcutaneous adipose
tissue in patients undergoing Roux-en-Y gastric bypass.
These parameters will be evaluated before and after surgery,
using ultrasound as the diagnostic method of choice.

Material and Methods

Study Participants

We studied 12 patients seen in the Department of Obesity
and Bariatric Surgery, Federal University of São Paulo
(UNIFESP): six diabetics and six non-diabetics. The study
group comprised three males and nine females, whose
average age was 42±14 years (19–57 years). All patients
were followed up by a multidisciplinary team consisting of
a physician, nutritionist, psychologist, and surgeon.

Diabetic patients were diagnosed according to the
criteria of the American Diabetes Association [23].

The criteria for inclusion in the study were BMI >35
associated with co-morbidities or BMI >40 without co-
morbidities; age below 65 years and older than 18 years;
and clinical, psychological, and nutritional status prior to
open Roux-en-Y gastric bypass with a small pouch
(approximately 20–30 ml) along the gastric lesser curvature,
alimentary limb (measuring 100 cm), and biliopancreatic limb

(measuring 50 cm). People with liver and kidney failure, a
history of drug use and psychiatric disorders, and psycholog-
ical factors that hindered their understanding of the surgical
procedure were excluded [24].

All patients were measured and weighed by the same
examiner using Filizola® digital equipment. The study was
approved by the ethics committee of UNIFESP. All patients
were instructed on the subject of study and signed a consent
form allowing their participation.

Ultrasound Technique

All patients were examined using the Philips® Envisor
CHD ultrasound machine, using the 5.0-MHz linear
transducer of the quadriceps femoris, in the lower extremity,
biceps brachii, and brachialis muscles in the upper extremity
as well as their respective corresponding subcutaneous
adipose tissue. The muscles biceps brachii and brachialis
were measured in thickness only. These muscles were chosen
because of its large motor use and the ease in performing the
ultrasound technique. For ultrasoundmeasurements, the probe
was placed at the position of maximum circumference. The
thickness of subcutaneous adipose tissue was measured by the
distance between the skin and muscle fascia (mm). And the
thickness of muscles was measured by the distance between
the muscle fascia and underlying bones (femur and humerus)
(mm).

The ultrasound measurements were performed before
surgery, at an undetermined time, ranging from 30 to
180 days before surgery and the first, third, and sixth
months postoperatively. The upper and lower limbs (right
and left) were evaluated by a single examiner, an
experienced ultrasound radiologist, who considered the
mean of the three ultrasound measurements performed on
the same site and in the longitudinal and transverse planes.
(Figs. 1 and 2). In the upper limbs, the measures of muscle
and subcutaneous tissue were taken 15 cm from the

Fig. 1 Ultrasound evaluation of the right upper limb in the
longitudinal plane. Arrows: 1 thickness of the subcutaneous adipose
tissue and 2 thickness of the muscle
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humeral head, then distally on the ventral and intermediate
muscle of the biceps. In the lower limbs, muscle-
subcutaneous measurements were performed 15 cm from
the superior pole of the patella in the proximal direction
on the quadriceps muscle on the ventral, mid-line of the
thigh.

Data Analysis

Statistical analysis was performed using Statistical Package
for Social Sciences (SPSS) version 16.0 (SPSS Inc.,
Chicago, IL, USA).

Friedman’s statistical test was used to evaluate all
comparisons of preoperative and postoperative ultrasound
and anthropometric measurements.

Data are expressed as the mean ± standard deviation
(SD), and p <0.01 and p <0.05 were considered statistically
significant.

Results

Weight

As can be seen in Table 1 and Graph 1, there was a
significant reduction in BMI from the preoperative values
when compared to those obtained at 30 days, 90 days, and
180 days postoperatively. Although the average BMI of the
diabetic patients was lower compared to non-diabetics, this
difference was not statistically significant in the periods
analyzed.

Fat Mass

The peripheral fat, measured by the same technique as used
for subcutaneous tissue, showed progressive reduction of its
thickness in relation to preoperative values. This trend was

similar in the upper and lower limbs, but significant
differences were observed only after 180 days post-surgery,
as shown in Table 1. As an example, the measurements in the
right thigh obtained by ultrasound using transverse cross-
sectional data are illustrated in Graph 2.

Lean Mass

Muscle thickness of the upper and lower limbs was reduced
30 days postoperatively. The reduction was more pro-
nounced in the first 90 days, as shown in Table 1. As an
example, the measurements of the right thigh obtained by
ultrasound using transverse cross-sectional data are illus-
trated in Graph 2.

Discussion

The loss of subcutaneous fat and lean mass in patients
undergoing bariatric surgery has been discussed by various
authors and has been reported to occur in varying
proportions [8].

The major concern with the loss of muscle mass that
occurs in combination with the loss of fat is the reduction of
body protein, which becomes the main source of protein for
antibody production. Furthermore, the reduction in muscle
mass may impair the increase in insulin sensitivity that
would be obtained from the loss of fat mass after bariatric
surgery [8, 25].

The obese typically have greater muscle mass, which
increases the force of muscle contraction, especially in the
quadriceps muscle. This greater muscle mass is necessary
to sustain the loss in body weight after a surgical procedure.

Table 1 Comparison of BMI (kg/m2), ultrasound thickness of fat and
muscle, right and left upper limb (biceps brachii and brachii muscles),
and lower limb (quadriceps femoris muscle), before and after surgery,
in the transverse plane

Baseline 30 Days 90 Days 180 Days

BMI (kg/m2) 49±10 45±9* 41±9* 38±8**

ULF right (mm) 12±4 12±4 11±5 8±2*

ULF left (mm) 12±4 11±3 10±4 9±4*

ULM right (mm) 27±7 22±6* 18±4* 15±5**

ULM left (mm) 28±6 22±5* 16±5* 16±4**

LLF right (mm) 22±6 21±8 18±6 16±7*

LLF left (mm) 22±7 22±8 18±6 16±7*

LLM right (mm) 32±6 27±7* 22±6* 21±6**

LLM left (mm) 30±7 25±5* 23±5* 22±5**

Baseline—before surgery, ULF upper limb fat, ULM upper limb
muscle, LLF lower limb fat, LLM lower limb muscle

*p<0.05, **p<0.01 from baseline

Fig. 2 Ultrasonic evaluation of the right upper limb in the transverse
plane. Arrows: 1 thickness of the subcutaneous adipose tissue and 2
thickness of the muscle
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Any large degree of weight loss is more accelerated than
the weight loss that occurs in individuals with BMI <30
[18, 19, 25].

Hence, assessing the degree of muscle mass loss and the
development of therapeutic measures that might reduce this
loss is important. According to some authors, it is possible
to demonstrate a reduction in intramuscular protein synthe-
sis during the postoperative period of different surgical
procedures, which indicates reduced amounts of intramus-
cular RNA [26]. In clinical practice, however, there are few
methods that allow for the adequate assessment of changes
in muscle mass.

The measurement of lean mass loss in obese patients
undergoing bariatric surgery has been studied in several
papers, due to the essential functions performed by muscle
mass, the loss of which may contribute to postoperative
complications. The DEXA is the method of choice for this
purpose, but this method, although sensitive and specific,
subjects the patient to radiation, presents technical limi-
tations depending on the patient's weight, has high costs,
and does not allow the direct assessment of structures such
as muscle and adipose tissue [27].

Ultrasound for the evaluation of muscle mass could be
an alternative method without the limitations of DEXA,
which allows the measurement of subcutaneous tissue loss
topographically. Ultrasound also enables the evaluation of
percent changes in fat mass and lean mass, with higher
specificity than the skinfold technique in obese individuals
[16, 28].

Furthermore, the ultrasound method also allows the
evaluation of visceral fat, which is important for the
assessment of cardiovascular risk [6, 29].

In future studies, it will be possible to take only one
ultrasound measurement of subcutaneous tissue and muscle
thickness, respectively, rather than bilateral measurements
of the upper and lower limbs. This is because the statistical
trend was similar for both fat and lean muscle mass.

All measurements were possible due to the use of a
single diagnostic method that requires no previous prepa-
ration, does not subject the patient to radiation (regardless
of the size and weight of the patient), and is low in cost
compared to the other available methods. These character-
istics render ultrasound a good option for the evaluation
and follow-up of obese patients undergoing bariatric
surgery.

Conclusion

Ultrasound can be used to evaluate the loss of fat and lean
muscle mass in obese patients. Due to the limitations of
other methods already discussed, ultrasound represents a
viable alternative that can be used as a noninvasive
diagnostic tool for follow-up in this group of patients. This
examination not only allows the direct visualization of
muscle and subcutaneous tissue but is also quick and
relatively inexpensive. Furthermore, the technique requires
no advance preparation and can be performed anywhere

Graph 1 Mean ± standard de-
viation of BMI (kg/m2) for all
patients, pre- and postoperatively

Graph 2 Mean ± standard de-
viation of the ultrasound thick-
ness of the muscle and adipose
tissue of the right lower limb
(mm) in a transversal cross-
section of all patients, pre- vs.
postoperatively
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using portable equipment, which facilitates its use pre- and
postoperatively in the context of bariatric surgery.
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