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Abstract

Objective: The aim of our study was to assess postoperative lower limbs muscle strength (MS) as a predictor of
late surgical success (36 months). Methods: Body composition analyses and isokinetic dynamometry evaluation were
performed before (TO: n=123), six months (T1: n=123) and 36 months (T2: n=79) after Roux-en-y gastric bypass (RYGB).
Surgical success (SS) was defined as = 50% excess weight loss (EWL) 36 months after surgery or < 50% surgical failure
(SF). Results: There was no difference between relative MS extension (Ext) and flexion (Flex) in T1 and T2. There was also,
no difference between relative MS Ext and Flex in T1 and T2 between patients with SS and SF. There was a difference in
relative MS Ext (144.9 + 39.8 Nm/kg x 125.5 + 29.2 Nm/kg; p=0.04) and Flex (73.6 + 21.8 Nm/kg x 60.4 + 15.8
Nm/kg; p=0.02) between SS and SF patients only in T2. Patients with an increment in Ext and Flex MS =4 Nm/kg at T1
had approximately 76% of SS at 36 months. Conclusion: An increase of lower limbs MS =4 Nm/kg 6 months after RYGB
predicts SS at 36 months. ClinicalTrials.gov ID: NCTO4129801
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Introduction

Bariatric surgery is the most effective treatment for
patients with severe obesity resulting in more than 60%
of excess weight loss (EWL)'. Patients with severe obesity
present a compromise of functionality due to overload
mechanics?. Despite these important limitations, there is
no consensus about physical habilitation regarding optimal
perioperative care in patients with severe obesity®. Pre
habilitation comprises preoperative physical conditioning
to improve functional and physiological capacity®“. After
surgery, the intense weight loss in the first months may
determine a reduction in fat-free mass (FFM)? that ideally
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should not exceed 22% of EWL®. An excessive FFM loss
may determine muscle weakness®, decrease functional
capacity, reduce skeletal muscle strength (MS) and
endurance’®. Previous studies showed a 30% to 35% loss
in FFM 6 months after surgery associated with a 15% to
40% reduction in absolute MS of lower limbs 1 year after
bariatric surgery®'°, Absolute strength'' is important for
the execution of normal daily activities. Relative strength'
(an individual’s force relative to body mass) is particularly
useful for comparing individuals with different body
dimensions. After surgery there is a decrease of absolute
MS and an increase of relative MS due to a reduction in
body weight. Nevertheless, in a recent meta-analysis'?, the
initial improvement in relative muscle strength observed
6 months after bariatric surgery was not maintained on
long term follow up (36 months). There are no studies that
assess surgical success (SS) and MS' on long term follow-
up. We consider weight loss alone inadequate to determine
(SS) since resolution of comorbidities and improvement
of functionality are also very important'4. The aim of our
study was to assess MS of lower limbs as a predictor of late
surgical success (36 months).
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Table 1. Results of anthropometric measurements, total and segmental body composition, muscle strength of patients with severe obesity

before and after RYGB.
Patients T O (n=123) T 1(n=123) T 2 (n=79)
Age (years) 39+ 10 41 £ 9.7 45 £ 10 ** ***
Height (cm) 163.6 + 10 163,0+9,9 161.8 £9.5
Weight (kg) 128.0+ 20.8 91.6 £ 15.7* 87 £ 16.4** ***
BMI (kg/m2) 476 4.7 34.3 + 4.4 33.1 £4.8**
FFM (%) 49.5+4.2 61.7 £ 8.2* 61.1 + 8.0**
FM (%) 50.5+4.2 38.5+8.0* 38.9 £ 8.0**
FFM (kg) 63.4+12.3 56.3 + 11.9* 52.8+ 10.6**
FM (Kqg) 64.6 +11.2 35.3+10.3* 34.2 + 11.0**
FFMLL (Kg) 18.6+4.4 16.3+4.7* 15.5 + 3.6**
FMLL (Kg) 177+ 4.3 10.8 £ 6.2* 10.1 £ 3.4**
FFMLL (%) 51.3+5.6 60.8 + 9.0* 60.8 + 8.4**
FMLL (%) 48.7 £5.6 39.2 +9.0* 39.2 + 8.4**
EXT (Nm) 160.7 £ 46 140.2 + 40.7* 124.6 £ 42.7 ** ***
EXT (Nm/kg) 125.3+31.2 141.9 + 35.0* 140.0 + 38.6**
FLEX (Nm) 73.7+24.0 63.0+22.7* 62.2 £ 23.1**
FLEX (Nm/kg) 574+ 16.8 67.9 £ 20.9* 70.2 £ 21.4**
where: TO = preoperative; T1 = 6 months after surgery; T2 = 36 months after surgery; BMI: body mass index; FFM: fat free mass; FFMLL: fat
free mass of lower limbs; FM: fat mass; FMLL: fat mass of lower limbs; Ext: extension; Flex: flexion; Nm: newton-meter: Nm/kg: newton-meter/
kilograms *TO x T1- p<0.01; ** TO x T2- p<0.01; ***T1 x T2- p<0.01.

Materials and Methods

We consecutively evaluated 123 patients with severe
obesity undergoing Roux-en-Y gastric bypass (RYGB)
in a Terciary University Hospital between Juny 2017 to
December 2020. The inclusion criteria were age between
18 and 60 years, a body mass index (BMI) between 40
and 60 kg/m? and a Timed Up and Go (TUG) <10 seconds.
Patients with functional disability (TUG >10)'5, treatment
with steroidmedicationforany reasonortheuse of artificial
devices such as an orthosis or a prosthesis were excluded.
Patients were subject to anthropometric measurements,
body composition analysis and dynamometry evaluation
before (TO), six months (T1) and 36 months (T2) after
RYGB.

Anthropometric and body composition evaluation

Body composition was determined by bioelectrical
impedance analysis (BIA) under constant conditions (with
subjects appropriately hydrated and at the same time of
day). The body composition analyzer (InBody230, Biospace
Co., Gangnam-gu, Seoul, South Korea) determined in Kg
and percentages (%) fat mass (FM), fat free mass (FFM), fat
mass of lower limbs (FMLL) and fat free mass of lower limbs
(FFMLL).
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Dynamometry

The dynamometer was calibrated before each test.
Participants remained seated on the dynamometer chair,
with the hip and knee joints at 90° flexion, and performed
four submaximal contractions involving MS extension (Ext)
and flexion (Flex) of the knees during a warm-up period
to familiarize themselves with their maximum voluntary
contractions (MVCs) and produce consistent results.
Participants then executed two series of four uninterrupted
repetitions of both legs, first with the dominant member and
subsequently with the non-dominant member, at an angular
velocity of 60%s, with a 60-second interval between series'®.
The MVC variables evaluated included absolute Ext and Flex
torques (Nm) and Ext and Flex torques relative to the body
weight (Nm/Kg)".

Surgical procedure

The surgical procedure performed was Roux-en-Y gastric
bypass (RYGB), with a biliopancreatic loop of 60-75 cm and
food loop of 100-120 cm, with 30 ml pouch volume.

Surgical success

Surgical success (SS) was defined as =50% EWL 36
months after surgery. EWL of less than 50% was considered
surgical failure (SF)'®'°. The excess weight loss was calculated
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Table 2. Correlation of absolute and relative extension MS to body weight with the total and segmental body composition in patients with

severe obesity before and after RYGB.

| T0 (n=123) | T 1 (n=123) | T 2 (n=79)
Ext (Nm)
FFM (kg) 0.65** 0.71** 0.66**
FFMLL (kg) 0.61** 0.70** 0.63**
Ext (Nm/Kg)
FFM (%) 0.49** 0.59** 0.46**
FFMLL (%) 0.51** 0.63** 0.49**
Flex (Nm)
FFM (kg) 0.54** 0.59** 0.63**
FFMLL (kg) 0.54** 0.59** 0.59**
Flex (Nm/Kg)
FFM (%) 0.49** 0.54** 0.50**
FFMLL (%) 0.42** 0.57** 0.53**
where: TO = preoperative; T1 =6 months after surgery; T2 = 36 months after surgery; FFM: fat free mass; FFMLL: fat free mass of lower limbs;
FM: fat mass; FMLL: fat mass of lower limbs; Ext: extension; Flex: flexion; Nm: newton-meter; Nm/kg: newton-meter/kilograms** p<0.01;
* p<0.05.

using the following formula®®:
% Loss of Excess Weight = [(Preoperative weight - Current
weight) / (Preoperative weight — Ideal weight)] x100

Statistical analysis

Continuous variables were expressed as mean + standard
deviation and categorical variables were expressed as
frequency and percentages. The Kolmogorov-Smirnov
test was used to assess the distribution of quantitative
variables. Spearman’s coefficient was used to assess the
correlation between the variables. The paired T test and the
paired nonparametric Mann-Whitney test were used for two
different time points in continuous variables. We consider
a p<0.05 as significant with a 95% confidence interval. R
software version 4.0.2 was used to perform all analyses.

Results

Hundred twenty-three patients with severe obesity
were evaluated in TO and 6 months after bariatric surgery
(T1). Seventy-nine patients were reevaluated in the late
postoperative period (T2). Forty-four patients were excluded:
thirty-one did not respond to contact attempts, twelve did not
attend the evaluation and one patient died of unknown cause.

The results of anthropometric measurements, body
composition analysis and muscle strength evaluation are in
Table 1. There was a significant difference (p<0.01) between
all parameters of body composition after bariatric surgery
(T1 and T2) in relation to TO. There was no difference in
body composition between the two postoperative evaluation
periods (T1 x T2).

There was a reduction (p<0.01) of absolute MS Ext and
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Flex after surgery. There was no difference (p>0.05) between
relative MS Ext at T2 (141.9 £+ 35 Nm/kg) in relation to T1
(140 + 38.6 Nm/kg) but a significant increase (p<0.01)
between T1 and T2 to TO (125.3 + 31.2 Nm/Kg). There was
no difference (p>0.05) between relative MS Flex at T2 (70.2
+ 21.4 Nm/kg) and T1 (67.9 + 20.9 Nm/kg) but a significant
increase (p<0.01) between T1 and T2 in relation to TO (57.4
+ 16.8 Nm/kg).

Correlation of extension and flexion MS with body composition

The results of the correlations between Ext and Flex MS
with total and appendicular body composition are in Table
2. A positive correlation (p<0.01) was observed between
absolute MS Ext and FFM (kg) (r=0.65; r=0.71; r=0.66)
and FFMLL (kg) (r=0.61; r=0.70; r=0.63) in TO, T1 and T2
respectively. There was also a positive correlation (p<0.01)
between relative MS Ext and FFM% (r=0.49; r=0.59; r=0.46)
and FFMLL % (r=0.51; r=0.63; r=0.49) in the three analyzed
times. A positive correlation (p<0.01) was observed between
the absolute MS Flex and FFM (kg) (r=0.54; r=0.59; r=0.63)
and FFMLL (kg) (r=0.54; r=0.59; r=0.59) in all analyzed
times. There was also a positive correlation (p<0.01) between
relative MS Flex, FFM% (r=0.49; r=0.54; r=0.50) and FFMLL
% (r=0.42; r=0.57; r=0.53) in the three analyzed times.

Anthropometric and muscle strength results according to
surgical results

The anthropometric characteristics and absolute and
relative Ext and Flex MS according to late surgical results
are in Table 3. 59 (74.6%) patients achieved SS and 20
(25.4%) patients were considered SF. There were significant
differences between both groups with respect to age, BMI,
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Table 3. Anthropometric characteristics and absolute and relative extension and flexion muscle strength according to late surgical results.

SS (n=59) SF (n=20)

Age (years) 40.2 + 10.2 42.4+10.3* 45.5 + 10.4%* *** 39.5+8.9 41.5+9.2* 445 £ 9. 1** ***
BMI (kg/m?) 47 £ 4.4 33.5+ 3.4 31.2 £ 3.3%* *** 476 +£5.2 36.4+£5.0* 38.8 + 3.7** ***
FMLL (kg) 170+ 3.9 10+ 2.5*% 8.7 £ 2.2%* *** 17.3 £ 3.1 11.6 + 3.2* 14.2 £ 2.9%* ***
FFMLL (kg) 17.8 £3.7 15.6 + 3.4* 15.0 £ 3.4** 18.0+ 3.9 169+ 3.9 169+ 3.7
Ext. (Nm) 155.5 +40.7 122.6 + 32.3* 120.6 + 39.4** 161.2 £51.5 130.6 + 57.7* 136.4 + 48.3**
Flex (Nm) 71.6 £21.1 590+ 17.7* 60.9 £ 21.2** 74.3 +24.2 64.3 + 33.4*% 66 £ 27.1**
Ext (Nm/kg) 125.4+28.4 140.5 £ 32.3* 1449 + 39.8** 125.3+32.6 133.7 £45.2 125.5 + 29.2
Flex (Nm/kg) 579+ 157 67.7 £ 17.8* 73.6 + 21.8** 578+ 16.7 62.6 +30.6 60.4+ 15.8
where: TO = preoperative; T1 = 6 months; T2 = 36 months; BMI: body mass index; Ext: extension; Flex: flexion; Nm: newton-meter; Nm/kg:
newton-meter/kilogram; FMLL: fat mass of lower limbs; FFMLL: fat free mass of lower limbs. Differences between times * TO x T1- p<0.05;
**TO x T2- p<0.05; ***T1 x T2- p<0.05.
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Figure 1. Results of absolute MS according to surgical results. a) Ext and b) Flex. TO = preoperative; T1 = 6 months; T2 = 36 months; Ext:
extension; Flex: flexion; Nm: newton-meter; Differences between times * p<0.05.
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Figure 2. Results of relative MS according to surgical results. a) Ext and b) Flex. TO = preoperative; T1 = 6 months; T2 = 36 months; Ext:
extension; Flex: flexion; Nm: newton-meter/Kilograms; Differences between times * p<0.05.
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FMLL, FFMLL, Ext and Flex MS before surgery.

In the SS group there was a significant decrease (p<0.05)
in FMLL (TO=170+39kgxTl1 =10+ 2.5kgx T2 =87
+ 2.2 kg) between three evaluation periods and in FFMLL
betweenT1(15.6 £ 3.4 kg)and T2 (15+ 3.4 kg) to TO (17.8 £
3.7 kg). There was a significant decrease (p<0.05) in absolute
MS Ext and Flex between T1 and T2 to TO. There was no
difference (p=0.5) in relative MS Ext between T2 (1449 +
39.8 Nm/Kg) and T1 (140.5 + 32.3 Nm/Kqg), but a significant
increase (p<0.05) between T1 and T2 to TO (125.4 + 28.4
Nm/Kg). There was also no difference (p=0.25) in relative MS
Flex between T2 (73.6 + 21.8 Nm/Kg) and T1 (67.7 + 17.8
Nm/Kg) but a significant increase (p<0.05) between T1 and
T2 to TO (57.9 + 15.7 Nm/Kqg).

In the SF group there was a significant decrease (p<0.05)
inFMLL(TO=173+3.1kgxT1 =116 +3.2kgxT2=14.2
+ 2.9 kg) between three evaluation periods. There was no
difference (p>0.05)inFFMLL(TO=18.0£3.9kgxT1 =169+
3.9kgx T2 =16.9 + 3.7kg) between three evaluation periods.
There was a significant decrease (p<0.05) in absolute MS Ext
and Flex between T2 and T1 to TO. There was no difference in
relative MS Ext between three evaluation periods (TO = 125.3
+ 32.6 Nm/Kg x T1 =133.7 + 45.2 Nm/Kg x T2 = 125.5 +
29.2 Nm/Kg; p>0.05). There was no difference (p>0.05) in
relative MS Flex (TO=57.8 + 16.7 Nm/Kgx T1 =62.6 + 30.6
Nm/Kgx T2 = 60.4 £ 15.8 Nm/Kg) between three evaluation
periods.

The absolute MS Ext and Flex according to surgical results

There was no difference between the absolute MS Ext
between SS and SF at TO (155.5 + 40.7 Nm x 161.2 £ 51.5
Nm; p=0.61), T1 (122.6 + 32.3 Nm x 130.6 + 57.7 Nm;
p=0.45) and T2 (120.6 + 39.4 Nm x 136.4 + 48.3; p=0.15).
There was also no difference in absolute MS Flex between SS
andSFatTO(71.6 +21.1 Nmx 74.3+£24.2 Nm;p=0.63),T1
(59.0+ 17.7Nmx64.3+33.4Nm; p=0.74)and T2 (73.6 +
21.8 Nmx 66.0 £ 27.1 Nm; p=0.39), respectively (Figure 1).

The relative MS Ext and Flex according to surgical results

There was no difference in relative MS Ext between SS
and SF at TO (125.4 + 28.4 Nm/kg x 125.3 + 32.6 Nm/kg;
p=0.98) and T1 (140.5 + 32.3 Nm/kg x 133.7 £ 45.2 Nm/
kg; p=0.42), respectively. There was also no difference in
relative MS Flex between SS and SF in TO (58 + 15.7 Nm/
kg x 57.8 + 16.7 Nm/kg; p=0.96) and T1 (67.7 + 17.8 Nm/
Kg x 62.6 + 30.6 Nm/kg; p=0.74) respectively. There was a
significant difference in relative MS Ext between SS and SF
inT2 (144.9 £ 39.8 Nm/kg x 125.5 + 29.2 Nm/kg; p=0.04)
and Flex/kg (73.6 = 21.8 Nm/kg x 60.4 + 15.8 Nm/kg;
p=0.02), respectively (Figure 3).

Muscle Strength as a predictor of surgical success

Fifty-nine patients (75%) achieved success with surgical
treatment at 36 months. 45 (76%) and 43 (73%) of these
patients had an increase in Ext and Flex MS =4 Nm/kg at
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6 months, respectively. In females, 46 achieved surgical
success in 36 months, and 32 (70%) had an increase in
both Ext and Flex MS =4 Nm/kg in 6 months. In males,
13 (100%) achieved successful surgical treatment and
presented an increase in MS Ext and Flex =4 Nm/kg in
6 months. 45 patients with BMI >40 kg/m? achieved
successful surgical treatment in 36 months, and 34 (75%)
and 31 (69%) had MS increase in Ext and Flex =4 Nm/kg
at 6 months, respectively. 14 patients with BMI >50 kg/
m2 achieved surgical success in T2, and 11 (79%) and 12
(86%) respectively, had an increase in Ext and Flex MS =4
Nm/kg in 6 months.

Discussion

Skeletal muscle, one of the most dynamic tissues involved
in voluntary contraction, comprises approximately 40% of
total body weight?'. Slight changes in muscle mass and MS
of the upper and lower limbs are associated with undesirable
effects on physical function and the occurrence of disorders
of the musculoskeletal system, especially after massive
weight loss?2. A large part of the weight loss is due to FM but
also includes a decrease in lean mass and muscle strength
occurring in the first 6 months postoperatively?223, Alba et
al verified that those who lost little lean mass after RYGB
would maintain absolute strength and/or have an increase or
stabilization of relative muscle strength?3.

Our results also demonstrated reductions significant
reduction in lower limbs muscle absolute muscle strength
6 and 36 months after surgery, consistent with previous
studies?®24, Interestingly, there was also no difference in
absolute muscle strength between SS and SF patients.
These results also reinforce the relevance of the association
of lower limb MS with FFM before and after severe weight
loss?428, Studies have shown that these associations are
moderate to weak in women before surgery?”28, Our results
demonstrate positive correlations between absolute and
relative MS with FFM and FFMLL maintained on long-term
follow-up, a finding that had not been previously reported
after surgery?#?°. Despite the significant postoperative
decline in lean mass and absolute muscle strength, there was
an increase in relative muscle strength (“muscle quality”) 6
and 36 months after surgery. Muscle strength expressed in
relation to body weight is an interesting way of estimating the
functional performance of an individual?®. Relative muscle
strength significantly increased between 6 and 12 months
postoperatively in some studies, which suggests that the
initial gain in relative strength paralleled the weight loss after
bariatric surgery?#2°3°, Nevertheless, in our series we also
observed a significant increase after surgery but without
difference between 6 and 36 months.

The maintenance of relative MS between 6 and 36 months
may be due to the heterogeneity of our patients. The decrease
in relative strength seen after sustained weight loss from
RYGB may be associated with a decline in physical function,
which may be a concern, especially in elderly patients?43°,
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However, patients with an increase in relative strength at
6 months were the same patients who achieved surgical
success at 36 months. The strength increase associated with
SS was =4 Nm/kg in both Ext and Flex MS. We hypothesize
that SS patients could increase muscle strength of lower
limbs even without difference in FFMLL due to a great weight
loss. We must consider that weight regain in SF patients may
contribute to maintain FFMLL but without muscle quality
since there was also an increase in FMLL that compromises
muscle fibers.

The most important observation in our study is that an
increase in relative MS 6 months after surgery may identify
individuals with surgical success on long term follow up. In
fact, 15-35% of individuals who did not achieve surgical
success, regained the weight lost in less than one year®'.
Then, we consider important to include an exercise program
with preset goals after surgical treatment to potentiate
clinically relevant changes in physical capabilities*®3'. In
addition to improving functionality, resistance training
exercises improve MS and may minimize FFM loss closely
related to sarcopenic obesity*2. We consider physical training
essential as an adjuvant therapy in postoperative care to
improve physical fitness and prevent weight regain®3. Current
literature emphasizes that the pre-operative period can be
effectively evaluated to start exercise and learn appropriate
physical activities®4. Future studies should compare lower
extremity muscle strength values in individuals with and
without pre-post-operative period exercise interventions.

Also, the balance ability of this individuals, considering
changes in muscle strength, BMI and body composition
should be evaluate in future studies on long term follow up
after bariatric surgery.

The main limitation of our study was not to include physical
training to improve muscle mass and possible long-term
benefits in postoperative care.

Our findings demonstrate that an increase =4 Nm/kg
in both Ext and Flex MS at 6 months can predict surgical
success in 36 months.
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