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Introduction
Bariatric surgery for grade III obesity is considered the most 

effective method of achieving significant weight loss and maintaining 
a reduced weight over time [1,2]. In general, at 12 months, changes in 
weight are greater in the gastric bypass than in the clinical treatment 
[3]. In addition, grade I-II obese patients after bariatric surgery usually 
show better glycemic control or even Type 2 diabetes mellitus (T2DM) 
remission [4-6].

Moreover, in addition to loss of fat mass after bariatric surgery, there 
is a degree of skeletal muscle loss that also occurs, approximately 31%, 
raising the possibility of a negative effect on muscle strength, quality 
of life and physical performance. Fatigue and functional impairment 
also occur [2,7-11]. Besides that, muscle is involved in post-prandial 
glucose disposal and is a major determinant of insulin sensitivity [11]. 
For this reason, after bariatric surgery, it is important to evaluate, 
besides the amount of weight loss, changes in body composition. This 
can be estimated through ultrasound (US) measurements of muscle 
and fat thickness in the thighs. It is a practical, high cost-benefit, 
safe, reproducible, accurate and validate method for fat and muscle 
evaluation in obese and bariatric surgery patients [2,12].

Thus, the primary aim of the present study was to describe muscle 
and fat mass thickness of right and left thigh changes after 30 days, 90 
days, 180 days and 10 years after Roux-en-Y gastric bypass surgery.

Methods
Patients

In 2008, we evaluated 19 patients (10 diabetic and 9 non-
diabetic) undergone RYGB, Obesity and Bariatric Surgery Division, 
Universidade Federal de Sao Paulo (UNIFESP), São Paulo, Brazil. In 
2018, only 7 could be recruited for revaluation. The Ethic Committee 

at the UNIFESP approved this study, and all participants signed an 
informed consent agreement.

Anthropometric measurements, Glucoses serum levels (GSL) 
and Glycated hemoglobin (A1C)

In order to determine the height (m), a stadiometer (with total 
height of 2.0 m and precision of 1.0 mm) was used, duly posted on the 
wall, with the patient standing, barefoot, with their heels together, with 
the back straight and arms outstretched at the sides of the body. The 
measurement of weight (kg) was performed by a properly calibrated 
scale, with the patient standing in the center of the scale base, barefoot 
and wearing light clothing.

Body mass index (BMI) calculated as weight (kg) divided by the 
squared height (m) [13,14]. BMI was used to classify nutritional status 
of the adult patients as [13]: < 16 kg/m2: malnutrition grade III; 16 – 
16,9 kg/m2: malnutrition grade II; 17 – 18,4 kg/m2: malnutrition grade 
I; 18,5 – 24,9 kg/m2: normal; 25 – 29,9 kg/m2: overweight;30 – 34,9 
kg/m2: obesity grade I; 35 – 39,9 kg/m2: obesity grade II; ≥ 40 kg/m2: 
obesity grade III.

All patients had GSL and A1C measured before and after surgery. 
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GSL was determined by the glucose oxidase method and A1C was 
determined by high-performance liquid chromatography (HPLC) [15]. 
All diabetes medications were discontinued after surgery.

Quadriceps muscle and subcutaneous adipose tissue thickness 

All participants were examined by ultrasound Philips® Envisor 
CHD ultrasound machine, using the 5.0-MHz linear transducer. The 
right and left quadriceps femoris, subcutaneous adipose tissue (SAT) 
and muscle thickness were the sites chosen for re-evaluation. The 
site was evaluated by a single experienced physician examiner, the 
same at 10 years before, who obtained the mean of three ultrasound 
measurements performed in the same place in both the transverse 
planes [2].

The subject rested in supine position prone and relaxed, with arms 
and legs fully extended during the measurements. To standardize the 
measurements, the probe was held perpendicular to the corresponding 
bone. Water-soluble transmission gel provided acoustic contact 
without depression of the skin surface while the probe was placed 
perpendicular to the tissue interface under the marked sites [2].

For ultrasound measurements, 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 
(cm). And the thickness of muscles was measured by the distance 
between the muscle fascia and underlying bones (femur) (cm). These 
measurements were performed 15 cm from the superior pole of the 
patella on the quadriceps muscle in the ventral, mid-line of the thigh 
[2].

Data analysis

Statistical analysis was performed using Statistical Package for Social 
Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, IL, USA). Friedman’s 
statistical test was used to evaluate all comparisons of preoperative 
and postoperative ultrasound and anthropometric measurements. 
Pearson’s statistical test was used to correlate ultrasound measurements 

and age.

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

Results

We evaluated 6 female and 1 male patient that corresponded 
42% of previous sample in 2008. They were 51 (±6.0 years) in 2018 
and 6 who were diabetics in 2008 showed complete remission after 
10 years of surgery.GSL was evaluated before surgery and after 10 
years, respectively, 119(±40 mg/dL) and 79(±9.4 mg/dL) and A1C 
respectively, 7.0(±2.0%) and 5.3(±0.5%).GSL (p=0.000) and A1C 
(p=0.046) were significantly different after 10 years related to baseline.

Considering 10 years follow up patients (N=7)(group1), the 
baseline weight and BMI were, respectively, before surgery 114 (±21kg) 
and 43(±8.0kg/m2), and after 10 years of RYGB were 83(±18 kg) and 
31(±5.5kg/m2). (Figure 1)We evaluated 12 patients(group2), who did 
not answer our call, the baseline weight and BMI were, respectively, 
before surgery 122(±28kg) and 48(±10.0kg/m2), and after 180 days 
of RYGB were 92(±20 kg) and 36(±8.0kg/m2). These anthropometric 
measurements were not significantly different in these 2 groups. 

 The Excess Weight Loss (EWL) after 180 days and 10 years were, 
respectively, 54((±16.0%) and 44(±11.0%), therefore 100% of our 
patients did not have weight regain in this period.

Considering group 1, the right and left muscle thickness in baseline 
were, respectively, 3.0 (±0.6 cm) and 3.0(±0.6 cm), after 10 years were 
2.1(±0.6 cm) and 2.0 (±0,6 cm) (Table1). In group2 the baseline right 
and left thickness were, respectively, 3.3(±0.5 cm) and 3.0(±0.6 cm), 
and after 180 days of RYGB were, respectively, 2.2(±0.6 cm) and 
2.2(±0.5 cm) (Figure 2). We did not find any difference between neither 
right nor left muscle thickness in both groups.

The right and left SAT thickness were, respectively, 2.0(±0.5 cm) 
and 1.6(±0.6 cm), at baseline and after 10 years 0.9(±0.5cm) and 

Figure 1: Mean Body Mass Index (BMI) (Kg/m2) of group 1(n=12), followed for 180 days and group 2 (n=7) followed for 180 days and evaluated 10 years after 
Roux-en-Y gastric bypass surgery *p<0.001e **p<0.005 vs baseline.
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0,5(±0.2 cm).We evaluated 12 patients, who did not answer our call, 
either (Table1).

The reduction of muscle and SAT thickness and weight 10 years 
after bariatric surgery was significant compared to the baseline. 
However, in relation to 180 days after surgery were not significant after 
10 years. There was a positive but not significant correlation between 
right and left muscle thickness and weight, respectively (rp=0,6 
and 0,5). There was not this correlation between right and left SAT 
thickness and weight. We did not find a correlation between age and 
muscle thickness after 10 years. 

Discussion
This study describes muscle and SAT thickness, weight, BMI 

and diabetic condition change across 10 years after bariatric surgery. 
Reduction of weight, BMI and, muscle and SAT thickness remained 
significant after 10 years follow-up. Besides that, in clinical practice 
we observed maintenance of diabetic remission and weight loss in this 
period. 

US has lower cost, higher spatial resolution, real-time evaluation, 
ability to compare to the contralateral site, and it is also a non-invasive, 
portable, safe and easy to use imaging method [2,16-18]. Although it 
is reproducible, accurate and validate method for obese and bariatric 
surgery patients, there are few studies to evaluate body composition by 
US in this area [2,12].

The preservation of muscle mass has been considered a critical 
factor for the maintenance of long-term weight loss [19]. Our result 
of muscle loss after bariatric surgery has already been demonstrated 
in previous studies[1,8,10,11,19]. Our patients had lost muscle mass 

significantly since the first month after surgery, however there was not 
a significant difference 180 days and 10 years after surgery. They were 
ten years older; they had preserved muscle mass and they had sustained 
weight loss for 10 years. Therefore, considering the fact that muscle 
plays an important role in weight loss maintenance, our findings came 
to demonstrated it.

We found a reduction of SAT thickness that has been sustained for 
ten years. Mizrahi at al demonstrated this reduction evaluated by US in 
a short period of time after RYGB [12]. Unfortunately, there was not 
long-term follow-up studies about this issue.

In our study, the US evaluation was performed by one expert 
radiologist, who made the same evaluation 10 years before.The use of 
US to measure muscle and SAT thickness US allows direct measure of 
muscle mass.

In this study, 86 % of our patients had T2DM before RYGB. All of 
them (100%) have sustained T2DM remission and weight loss for ten 
years. Studies have demonstrated that patients had T2DM remission 
until 2 years after RYGB[6,20]. However, after 6 and 10 years of RYGB, 
respectively 35% and 50% of relapse occurred different from our finding 
[4,6]. It could be explained to 100% of our patients did not have weight 
regain after 10 years of RYGB, according to SOS study demonstrated 
10-30% of weight loss maintenance it is essential to sustain T2DM 
remission in this period [6].

Although this study has several strengths, including a validated and 
practical method to evaluate muscle and SAT thickness with repeated 
measures extending 10 years after bariatric surgery, there are some 
limitations. First, our sample is small, even though we evaluated 42% 
of our patients after 10 years.Second, we did not measure physical 

TIME RTMT±SD(cm) LTMT±SD(cm) RTFT±SD(cm) LTFT±SD(cm)
Before surgery(N=19) 3.1±0.6 3.0±0.7 2.0±0.5 2.0±0.7

30 days(N=19) 2.4±0.7* 2.3±0.5* 2.0±0.7 2.0±0.7
90 days(N=19) 2.0±0.5* 2.2±0.5* 1.6±0.6 1.6±0.6

180 days(N=19) 2.1±0.5* 2.1±0.45* 1.3±0.6* 1.3±0.7**
10 years follow up(N=07) 2.1±0.6* 2.0±0.6* 1.1±0.6* 0.5±0.2**

RTMT: Right Transversal Muscle Thickness; LTMT:LeftTransversal Muscle Thickness; RTFT:RightTransversal Fat Thickness; LTFT:LeftTransversal Fat Thickness 
(Friedman test: *p<0.001/**p<0.005)

Table 1: Mean ± standard deviation of muscle and fat thigh thickness evaluated by ultrasound before and after bariatric surgery.

Figure 2: Mean right transversal muscle  thickness(RTMT)(cm) and left transversal muscle thickness (LTMT) of group 1 (n=12) followed for 180 days and 
group2 (n=7) followed for 180 days evaluated 10 years after Roux-en-Y gastric bypass surgery *p<0.001  and **p<0.005 vs baseline.
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activity or protein intake in these participants; both of which could 
have affected the time course of changes in muscle and fat thickness 
after surgery. Third, US is an accurate method to evaluate visceral fat, 
despite the fact that we did not use it.

Conclusion
After 10 years of surgery a significant reduction in quadriceps SAT 

and muscle thickness, evaluated by US, was observed.
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