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ABSTRACT

Article history:

Background: A long period of mechanical ventilation and bed rest cause alterations
in body composition which are associated with higher mortality. In particular there
is an association with loss in muscle mass. Inspiratory muscle training (IMT) and
early mobilization (EM) have been used to increase muscle activity, which leads
to improvement in muscle mass and strength. IMT and EM have been shown to
prevent intensive care unit-acquired weakness in critically ill patients. However, it
is still not known whether they have any effect on body composition in critically ill
patients.
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Objectives: To evaluate the effects of IMT and EM on body composition in critically
ill surgical patients.
Materials and methods: Surgical patients at a single center in whom there had
been failure at the first attempt of short weaning were randomized into two
groups, a control group (n=12) and an experimental group (n=15). Usual care, IMT,
and EM were provided in the experimental group, and only usual care was provided
for the control group. Both groups were treated twice a day until 48 hours after
extubation. The body composition was measured by bioelectrical impedance analysis
before and after the treatment.
Results: After treatment, there were significant decreases from baseline in skeletal
muscle mass (SMM), segmental lean of right arm (SLRA), segmental lean of left
arm (SLLA), and segmental lean of trunk (SLTR) in the experimental group. In the
control group, SLRA and SLTR showed significant decreases from baseline. However,
there were no significant changes in segmental lean of right leg (SLRL), and segmental
lean of left leg (SLLL), fat mass, and percent of body fat (PBF) in either group from
baseline to after treatment. The multivariate regression analysis with adjustment
for confounding factors showed no significant differences between the groups as
regards body composition.
Conclusion: Inspiratory muscle training and early mobilization in conjunction with
usual care did not improve body composition when compared to solely usual care
in critically ill surgical patients.
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Introduction
In the intensive care unit (ICU), alterations in body
composition including respiratory and limb muscle loss1, 2
and increased adiposity3 are substantial due to prolonged
bed rest and mechanical ventilation (MV). In addition, prolonged
MV also subsequently leads to prolonged bed rest which
causes alterations in body composition.1 Alteration of body
composition in mechanically ventilated critically ill patients,
in particular muscle mass loss which is the critical contributor of
ICU-acquired weakness (ICUAW) is associated with longer
bed rest1 and higher mortality.4, 5 Muscle loss in critically ill
patients is the result of the occurrence of the disease itself
and also a rapid increased in muscle protein breakdown.6-8
During intensive care, a reduction in muscle mass is noticeable
within 3 days and progressively declines.9 Prolonged bed
rest in critically ill patients decreases limb muscle mass by
13-21% within a week of admission.10 Furthermore, prolonged
bed rest causes a decrease in the cross-sectional area of
diaphragm fibers11 and in the thickness of diaphragm muscle12,
which leads to long duration of MV.1, 2
Inspiratory muscle training (IMT) and early mobilization
program (EM) have been provided for critically ill patients.
IMT in mechanically ventilated patients increases inspiratory
muscle activity 13 which leads to improved inspiratory
muscle strength.14-16 In a similar way, EM increases skeletal
muscle activity17, 18 which results in prevention or reduction
of the occurrence of ICUAW19 and improvement in muscle
strength after discharge from ICU.20 In elderly chronic obstructive
pulmonary disease (COPD) patients, EM has been shown
to improve thigh lean mass and strength.21 It has also been
shown to restore muscle mass after bed rest in healthy
elderly22 and after immobilization in healthy adults.23
It is widely accepted that physical therapy including
IMT or EM prevents ICUAW and improves physical function
in critically ill patients.19, 24-26 Importantly, these treatments
are safe and feasible in critically ill patients.14, 27 The early
mobilization program involves substantial treatment which
is recommended for assisting improvement of functional
outcomes and respiratory conditions resulting from prolonged
bed rest.28, 29 Inspiratory muscle training has been shown
to reduce MV duration14-16 which may lead to a shorter periods
of bed rest. Taken together, the combined treatments of
IMT and EM may further promote MV weaning, prevent
prolonged bed rest, and subsequently prevent muscle loss
in critically ill patients. To date, there have been no studies
which evaluate the combined effects of IMT and EM on the
body composition in critically ill surgical patients.
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University (SUR-2561-05554) approved this study. A physical
therapist (PT), specializing in critical care, visited daily to
identify and recruit eligible patients, and obtain informed
consent from the patients. Patients were allocated to either
control group or experimental group (1:1 ratio) using thick
opaque sealed envelopes in random block sizes of six within
each stratum. A system involving a list of computer-generated
random numbers, and preparation and sequential numbering
of the envelopes was used by a researcher who was not
involved in the data collection or treatment. Usual care alone
was provided for the control group. Usual care with IMT and EM
were provided for the experimental group. Both groups
were treated twice a day until 48 hours after extubation by
the same PT who recruited eligible patients. The physicians
who were blinded to the allocation made a decision regarding
extubation according to the standardized weaning protocol.30
The body composition was measured before and after the
treatment periods by a single assessor blinded to the grouping
of the patients. This study was presented in accordance with
the CONSORT guidelines.
Participants
Adults surgical patients (aged≥18 years) who were
on an endotracheal tube (ETT) and whom there had been
failure at the first attempt of short weaning from MV
(Weaning according to a New Definition (WIND) classiﬁcation).
Short weaning is defined as termination of weaning after
the first attempt within 24 hours.31 Additional criteria were
patients had to be alert with good cooperation (-1 to +1 of
the Richmond Agitation–Sedation Scale (RASS)), did not
have active sepsis or hyperthermia, were in a stable respiratory
condition (FiO2<0.60, oxygen saturation>92%, no use of
respiratory-depressant drugs), were hemodynamically stable
(no hypotension, systolic blood pressure (SBP) 90-170 mmHg,
mean arterial pressure (MAP) not varying by>10 mmHg,
had no need for vasopressors or were using very low levels
(dopamine<5 μg/kg/min or levophed 0.01-0.1 mg/kg/min),
had no significant chronic congestive heart failure, and no
life-threatening cardiac arrhythmia. In addition, patients
were eligible for inclusion when their causes for respiratory
failure were resolved, when the underlying disease was
stable, and when the patients remained psychologically steady.

Materials and methods

Patients with neurological diseases and those in the
end stage of lung cancer were excluded. Patients with the
following conditions were also excluded: musculoskeletal
pathology impacting chest wall movement, severe orthopedic
problems (unstable spine, severe scoliosis, ribs fracture,
hip fracture); hypothyroidism; malnutrition; ascites; obesity
(BMI≥40 kg/m2); pregnancy; significant pain or distress
impacting breathing capacity; and palliation. Additionally,
exclusion criteria included an inability to walk without
assistance (except using a cane or walker) before admission
to ICU, cardiopulmonary resuscitation (CPR) at admission,
and readmission to the ICU within the current hospitalization.

Study design
A pilot randomized controlled trial was conducted
at the surgical ICU and critical care unit (CCU) of Maharaj
Nakorn Chiang Mai Hospital, Chiang Mai, Thailand. The
Research Ethics Committee, Faculty of Medicine, Chiang Mai

Usual care
Usual care included a combination of secretion
clearing techniques, breathing exercises, chest mobilization,
bed mobility training, upper and lower limb exercises without
external weight in Fowler's position (5-10 repetitions),

Objective
To study the changes in body composition in critically
ill surgical patients who have received IMT with EM and
usual care.
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ankle pump exercises, and sitting balance training. Usual
care was provided twice a day until 48 hours after extubation.
The vital signs including heart rate (HR), blood pressure (BP),
respiratory rate (RR), oxygen saturation, and rate perceived
exertion (RPE) were recorded before and after training.
Inspiratory muscle training
An electric inspiratory training device (POWERbreathe
KH2, POWERbreathe International Ltd, UK) was used in the
training procedure. The IMT was carried out with patients in
Fowler's position. The intensity of training was set at 40-60% of
the daily maximal inspiratory pressure (MIP). The measurement
of MIP was repeated three times (differences between
values<10%), and the most negative value was recorded.32

Patients were encouraged to inhale quickly and
forcefully against the device with full exhalation for every
breath. The program consisted of 30 breaths per session
which was divided into 10 breaths per set with a one-minute
rest between each set, and each session was repeated twice
a day. During each resting period, MV was permitted. The
termination of training included presentation of any of the
following: RR>35 breaths per min, oxygen saturation<90%,
HR>140 beats per min or >20% at the start, SBP>180
mmHg or <80 mmHg, paradoxical breathing, agitation,
hemoptysis, depression, or sweating.33 The vital signs were
recorded before and after training.

Table 1 Early mobilization program.
Levels of EM
Level I
Level II

Testing

Training

• Alert

• AAROM exercise or AROM exercise of UE&LE
5-10 reps, twice a day

• Follow simple command for upright position

• Sitting balance training

• Elbow flexors and extensors grade >3/5
(MRC scale)

• UE: resistance exercise (weight ≤500 g) 5-10 reps,
twice a day

• At least fair grade of sitting balance testing for • LE: active exercise 5-10 reps, twice a day
sitting over the edge of the bed
•G
 ross motor function training (supine to side
lying, side lying to sitting)
Level III

• At least antigravity of bridging on bed

• Standing balance training

• Knee extensors grade >3/5

• Less than 40% of HRR or Borg scale <3 (10-point
scale) of aerobic exercise while standing 10-15
• At least fair grade of standing balance testing
minutes, twice a day
for actively sit to stand beside the bed
Note: AAROM: active-assisted range of motion, AROM: active range of motion, EM: early mobilization, UE: upper extremity, LE: lower extremity, reps:
repetitions, MRC: Medical Research Council, g: grams, HRR: heart rate reserve.

Early mobilization program
The EM program was modified from Morris et al. 34
and divided into three levels (Table 1). Before the training,
manual muscle testing (MMT) using the Medical Research
Council (MRC) scale35 and balance assessment were performed.
Balance was assessed when the MRC scale was >3/5. Each
patient received a level of EM according to their grade of
MMT and balance. Patients were progressed to the next
level when their grade of MMT and balance improved. The
criteria used to determine termination of training included the
following conditions: hypoxia with oxygen saturation<88%,
hypotension (MAP<65 mmHg), new vasopressor administration,
new documented myocardial infarction, requirement of
administration of a new antiarrhythmic agent, needing a
change of MV mode into assist control mode or an increase
in the positive end-expiratory pressure (PEEP) (no absolute
limit regarding PEEP and FiO2 to terminate the training).
Re-assessment was performed the next day if the EM was
terminated. The training was initiated again when patients
were in a stable clinical. 34 During training, other events
such as falling or ETT dislocation were also documented.
The vital signs were recorded before and after training.
Body composition
The bioelectrical impedance analysis (BIA) (InBody
S10®, InBody Co., Ltd, Seoul, South Korea) was used for

measurement the body composition. In critically ill patients,
the BIA has been successfully used for body composition
assessment and monitoring.36, 37 Before each measurement,
manual inputs of patient information including age, height,
weight, and sex were recorded.38 The arms were separated
naturally from the trunk at approximately 15 degrees, and
the legs were separated approximately shoulder width
apart. Touch-type electrodes were placed in contact with
the patient’s thumbs and middle fingers. The foot electrodes
were placed between the patient’s ankle bones and heels.
The procedure was performed for 10-15 minutes in a supine
position.
Statistical analysis
All statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS) Version 17
(IBM Inc., Armonk, NY, USA). The Shapiro-Wilk test was
used to analyze the normality of distribution. An unpaired
t-test or the Mann-Whitney U test was used to examine
differences between groups in the case of continuous variables.
The chi-square test was used for analysis of categorical
variables. Multivariate regression analysis was used for
analysis of possible confounding factors of the outcomes.
Signiﬁcance level was set at p<0.05.
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treatment days of the EM program were three and five. The
percentages of patients at each training were as follows: 1)
Day 1: 33.33% of level II and 66.67% of level III; 2) Day 2: 20%
of level II and 80% of level III; 3) Day 3: 20% of level II and
80% of level III; 4) Day 4: 6.67% of level II and III; and 5)
Day 5: 6.67% of level III. None of the patients started EM
at level I. The mean intensity of IMT (cmH2O) on each day
of treatment was as follows: 16.57 (Day 1); 19.09 (Day 2);
18.67 (Day 3); 21.76 (Day 4); and 21.31 (Day 5). There were
no adverse effects from the treatments in this study. There
were no significant differences in baseline characteristics
between the groups of the patients apart from the BMI
which was significantly different (p=0.04) (Table 2).

Characteristics of the patients
The period of recruitment and follow-up was from
December 2018 to July 2019. Thirty patients were enrolled
onto study. Three were excluded after the initial enrolment
and the remainder were randomized into the control (n=12)
and the experimental group (n=15) (Figure 1). There was
no loss to follow-up. Body composition was measured before
and after treatment. The three patients excluded after
enrolment was in the control group were not measured
for the following reasons: had a metal implant (n=1) and
had skin lesions at site where the electrodes were placed
(n=2). The MV duration in the control and the experimental
groups were 5.00±2.70 and 3.93±1.49 days, respectively.
The MIP at baseline, after treatment, and mean
Upon admission, primary diagnoses of patients in both
changes are presented in Table 2. After treatment, the
groups were gastrointestinal surgery (59.26%), thoracic
mean changes in MIP showed an increasing trend in the
surgery (25.93%), urinary tract surgery (3.70%), and
experimental group. Although the MIP in the experimental
vascular surgery (11.11%). The mean values and standard
group was higher than the control group, there was significant
deviations of pain visual analog scale (VAS) in the control and
difference between groups at baseline. Therefore,
experimental groups were 0.00±1.56 and -0.40±1.45,
a multivariate regression analysis adjusted with potentially
respectively. There was no signiﬁcant difference between
confounding variables was performed, including Model 1
the groups. The percentages of patients in the control and
(MIP at baseline) and Model 2 (MIP at baseline, age, and
experimental groups that completed total sessions of the
BMI). Both models of the multivariate regression analysis
treatment were 91.42% and 89.89%, respectively. Incompletion
showed that the treatments significantly increased MIP by
of the treatment sessions included unstable clinical conditions
12.83 cmH2O p=0.01) and 13.12 cmH 2O (p=0.02) in the
and other events
toand
the13.12
treatment,
such in
asthe experimental
12.83not
cmHrelated
cmH2O (p=0.02)
group
whenwhen
compared
to the control
2O p=0.01)
experimental
group
compared
to the control group.
bedside bronchial
suctioning. The minimum and maximum
group.

Figure 1. Flow diagram of the procedure (CONSORT). IMT=inspiratory muscle training; EM=early mobilization.

Figure 1 Flow diagram of the procedure ( CONSORT) . IMT= inspiratory muscle training; EM= early
mobilization
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Table 2 Characteristics of the patients.
Parameters

Control (n=12)

Experimental (n=15)

p value

5 (41.67)

7 (46.67)

0.55†

65.75±12.90

61.27±5.95

0.28

1.56±7.14

1.59±9.52

0.52

Weight, kg

50.58±12.57

57.80±13.40

0.22

BMI, kg/m2‡

19.90±3.72

23.29±5.17

0.04*

Gastrointestinal surgery

9 (75.00)

7 (46.67)

Thoracic surgery

3 (25.00)

4 (26.66)

Urinary tract surgery

0 (0.00)

1 (6.67)

Vascular surgery

0 (0.00)

3 (20.00)

Sex, male, n (%)
Age, years

‡

Height, m‡
‡

Primary diagnosis category at admission, n (%)

0.25

MV mode, n (%)
PCV

0 (0.00)

1 (6.67)

PSV

12 (100.00)

14 (93.33)

MV duration, days‡

5.00±2.70

3.93±1.49

0.52

Treatment day, days‡

4.25±2.42

3.20±0.56

0.52

23.00±10.24

34.23±13.78

0.03ф

After treatment

19.54±8.80#

39.18±15.83

<0.01ф

Mean changes‡

-3.47±4.98

4.95±15.29

0.06

0.36†

MIP, cmH2O
Baseline‡
‡

Regression models of MIP

Coefficient (95% CI)

P

Model 1: MIP at baseline

12.83 (3.03 to 22.63)

0.01Ж

Model 2: MIP at baseline, age, BMI

13.12 (2.44 to 23.80)

0.02Ж

Note:  Data are presented as the mean±SD. m=meters, kg=kilograms, BMI=body mass index, MV=mechanical ventilation, PSV=pressure-support ventilation,
PCV=pressure-control ventilation, MIP=maximal inspiratory pressure. †P by chi-square test of control versus experimental groups, *P<0.05 by
Mann-Whitney U test of control versus experimental groups, фP<0.05 by T-test of control versus experimental groups, #P<0.05 by T-test of baseline
versus after treatment in the control group, ЖP<0.05 by multivariate regression analysis.
‡

Effects of IMT and EM on the body composition
The changes in body composition are presented in
Table 3. After treatment, no significant changes of the segmental
lean of right leg (SLRL), segmental lean of left leg (SLLL), fat
mass, and percent of body fat (PBF) were found in either
group. However, decreases in skeletal muscle mass (SMM),
segmental lean of right arm (SLRA), segmental lean of left
arm (SLLA), and segmental lean of trunk (SLTR) were found
in the experimental group after treatment. In the control

group, decreases in SLRA and SLTR were found. Baseline values
of SMM, SLRA, SLLA, and SLTR in the experimental group
were significantly higher than the control group. Therefore,
multivariate regression analysis with adjusted confounding
factors (Model 1 and 2), was performed. The body composition
at baseline was used for adjusting in Model 1 and the body
composition at baseline, age, and BMI were used in Model 2.
The results showed that no significant differences between
the groups (Table 4).

Table 3 Body composition at baseline and after treatment, and mean changes between baseline and after treatment in the
control and experimental groups.
Parameters

Baseline

Control (n=12)
After treatment

Experimental (n=15)
Mean changes

Baseline

After treatment

Mean changes

#

p value

Fat mass, kg

10.13±8.66

10.53±9.54

0.41±4.53

10.97±9.87

12.21±9.61

1.24±2.56

0.55

PBF, %

17.89±13.05

19.01±14.82

1.12±8.35

17.50±10.74

19.80±10.93

2.30±4.27

0.64

SMM, kg

20.91±4.20

20.39±5.39

-0.52±2.67

24.87±3.91ф

23.92±4.04†

-0.95±1.32

0.59

SLRA, kg

2.26±0.72

1.91±0.72†

-0.35±0.39

3.07±0.71ф

2.68±0.60*

-0.38±0.25

0.77

SLLA, kg

2.21±0.86

1.91±0.90

-0.30±0.48

2.96±0.74

2.52±0.49

-0.44±0.34

0.38

SLTR, kg

18.37±4.59

16.65±4.58†

-1.72±2.29

22.73±3.99ф

20.57±2.96*

-2.16±1.43

0.54

SLRL, kg

5.43±1.22

5.91±2.21

0.48±1.64

6.22±1.64

6.47±1.20

0.24±0.76

0.91

SLLL, kg

5.36±1.23

5.92±2.36

0.55±1.70

6.33±1.68

6.56±2.09

0.23±0.86

0.98

ф

*

Note: Data are presented as coefficients with 95% CIs of multivariate regression analysis with adjusted confounding factors of body composition. BMI: body
mass index, CI: confidence interval, PBF: percentage of body fat, SMM: skeletal muscle mass, SLRA: segmental lean of right arm, SLLA: segmental
lean of left arm, SLTR: segmental lean of trunk, SLRL: segmental lean of right leg, SLLL: segmental lean of left leg. фP<0.05 by T-test of control versus
experimental groups at baseline, †P<0.05 by T-test of baseline versus after treatment in the experimental and control groups, *P<0.01 by T-test of
baseline versus after treatment in the experimental group, #P by T-test of mean changes of control versus experimental groups.
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Table 4 Correlation coefficient of overall scores, and the MDADI-TH subscale scores between test-retest; and intra-class
correlation coefficient of the MDADI-TH (N=29).
Parameters
Fat mass
PBF
SMM
SLRA
SLLA
SLTR
SLRL
SLLL

Regression models of body composition

Coefficient (95% CI)

p value

Model 1: Fat mass at baseline

0.87 (-2.02 to 3.76)

0.54

Model 2: Fat mass at baseline, age, BMI

0.78 (-2.68 to 4.23)

0.65

Model 1: PBF at baseline

1.16 (-4.03 to 6.35)

0.65

Model 2: PBF at baseline, age, BMI

0.88 (-5.26 to 7.03)

0.77

Model 1: SMM at baseline

-0.61 (-2.46 to 1.24)

0.50

Model 2: SMM at baseline, age, BMI

-0.59 (-2.57 to 1.39)

0.54

Model 1: SLRA at baseline

0.11 (-0.16 to 0.39)

0.41

Model 2: SLRA at baseline, age, BMI

0.13 (-0.16 to 0.42)

0.37

Model 1: SLLA at baseline

0.41 (-0.09 to 0.92)

0.10

Model 2: SLLA at baseline, age, BMI

0.35 (-0.21 to 0.91)

0.21

Model 1: SLTR at baseline

0.45 (-1.06 to 1.97)

0.54

Model 2: SLTR at baseline, age, BMI

0.54 (-1.09 to 2.17)

0.50

Model 1: SLRL at baseline

-0.87 (-2.18 to 0.43)

0.18

Model 2: SLRL at baseline, age, BMI

-1.03 (-2.35 to 0.29)

0.12

Model 1: SLLL at baseline

-0.53 (-1.61 to 0.56)

0.33

Model 2: SLLL at baseline, age, BMI

-0.76 (-1.91 to 0.39)

0.19

Note: Data are presented as coefficients with 95% CIs of multivariate regression analysis with adjusted confounding factors of body composition. BMI:
body mass index, CI: confidence interval, PBF: percentage of body fat, SMM: skeletal muscle mass, SLRA: segmental lean of right arm, SLLA:
segmental lean of left arm, SLTR: segmental lean of trunk, SLRL: segmental lean of right leg, SLLL: segmental lean of left leg.

Discussion
This study aimed to investigate the differences in
body composition between critically ill surgical patients
with either usual care alone or IMT with EM in addition to
usual care. Although this study found significant decreases
in muscle mass or lean mass in the control and experimental
groups, the multivariate regression analysis showed no
significant differences in body composition between the
groups.
Significant decreases in SMM, SLRA, SLLA, and SLTR
were found in the experimental group after treatment.
Significant decreases in the SLRA and SLTR were observed
in the control group. These results were similar to the findings
published in a study by Puthucheary et al.9 which stated
that a reduction in muscle mass noticeably starts within
3 days and progressively declines during intensive care.
However, the multivariate regression analysis in the present
study showed that there were no significant differences in
SMM, SLRA, SLLA, SLTR, SLRL, and SLLL between the groups.
These results could be explained by the short weaning period
(the mean was only 3 days) which consequently shortens
the study period.
According to American College of Sports Medicine
(ACSM), several weeks of resistance training are needed for
the enhancement of muscle mass in healthy individuals.39
However, the effects of EM on muscle mass after bed rest
and immobilization in healthy subjects, COPD patients,
and breast cancer patients have been reported.21-23, 40 EM
restores and increases lean muscle mass or cross-sectional

area of thigh muscle after 6 or 8 or 15 weeks of training.
Additionally, type and intensity of EM training between
previous studies and this study were not similar. In the
experimental group in our study, 80% of patients reached
the highest level of EM (level III) which was focused on the
aerobic training while standing with low intensity. COPD
patients21, 41 and healthy subjects22, 23 underwent the training
with maximal intensity isokinetic resistance, once a day for
3 sessions per week. Breast cancer patients underwent
combined aerobic and resistance training with intensity at
40-60% of maximal HR, once a day, 2 days per week. 40
Inspiratory muscle training led to significantly increased
MIP in the experimental group when compared to the
control group after treatment. Increased MIP may involve
the improvement of diaphragm muscle thickness.42-44 Although
diaphragm muscle is the essential skeletal muscle for respiration,
the muscles are thin and may not affect body composition,
especially as regards the SMM. This might explain why the
muscle mass was unaffected.
This pilot study did not find significant differences
in fat mass and PBF between groups. These might be also
because of the short training period. Similar to enhancement
of muscle mass, several weeks of aerobic training or active
physical activity are required to reduce body fat.39 In active
adults, endurance types of physical activities have been shown to
limit fat mass gain when compared with sedentary adults.
The physical activities, such as jogging, tennis, gymnastics,
skiing, and swimming were performed for >2 months at
moderate- or high-intensity level at least 3 hours a week
to show results regarding reduction in body fat. 45 Early

64

A. Thammata et al. Journal of Associated Medical Sciences 2021; 54(1): 58-66

mobilization has also been shown to decrease fat mass and
PBF after 20 weeks of training in older women, again over
a longer period than this study. The program comprised
5 minutes of warm-up, 30 minutes of resistance training,
30 minutes of moderate-intensity aerobic training, and
5 minutes of stretching at the end. The training took place
for approximately 70 minutes a day, twice a week.46 Liao
et al.47 demonstrated that resistance training decreased
fat mass and PBF in older women with sarcopenic obesity
after 12 weeks of training. Subjects were trained using
progressive elastic bands for 30-45 minutes per session,
3 sessions a week. In addition, home-based physical training
decreased visceral abdominal fat in patients with coronary
artery disease after 8 weeks of training. That training comprised
13 minutes of warm-up, 15-20 minutes of strength training,
35-45 minutes of endurance training, and 6 minutes of
stretching. The patients were trained with 60-70% of maximal
HR, once a day, 3 times a week.48 In comparison, this pilot
study involved only a short training period, and in addition
the experimental group seemed to have lower level of physical
activity and lighter intensity of training than the previous
studies. This might explain why the fat mass and PBF were
no different between groups.
Limitations
One limitation of this study was that the population
was too small to achieve any statistically significant differences
in body composition. A larger population may result in a
significant difference in the outcomes. Incision pain in critically
ill patients is a factor that limits physical activity and voluntary
force generation during inspiratory muscle training and
measurement. Therefore, pain management has been provided in
patients who underwent the surgery49, this would limit the
ability of the patient to generate muscle force in the same
way as a non-critically ill surgical patient. However, pain
did not affect the measurement and training in the present
study. This study did not match fluid balance between
patients as it is difficult to control fluid levels in critically ill
patients. However, this study did not find differences in fluid
balance between the groups. Early nutritional support
plays an important role in the physical and functional
recovery of critically ill patients and would need to be included
in a further study as the nutrition was not controlled in
patients in this study.50 This might be another reason why
no improvement in body composition was found.
Conclusion
The conclusion of this pilot study is that a combination
of inspiratory muscle training and early mobilization in
conjunction with usual care did not improve body composition
when compared to the usual care alone in critically ill surgical
patients. After treatment, a decrease in segmental lean of arm
and segmental lean of trunk were found in both groups. The
multivariate regression analysis adjusted for confounding
factors showed no significant differences in body composition
between the groups.
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