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Purpose: To identify the effect of a 52-weeks gait training program with an exoskeletal 
body-powered gait orthosis on the body composition of paraplegics.
Patients and Methods: Ten subjects with spinal cord injury at the thoracolumbar spine 
level for more than 2 years participated and were divided into exercise (n=5) and nonexercise 
(n=5) groups. A gait training program comprising stages 1–6 with customized exoskeletal 
body-powered gait orthosis was conducted for 52-weeks. A six-stage gait training program 
was conducted to manage the body composition and prevent obesity, and the changes in the 
body composition before and after the program were determined through bioelectrical 
impedance analysis.
Results: No significant changes in weight, fat-free mass (kg), lean body mass (kg), and percent fat 
mass (%) are seen in the exercise group before and after the 52-weeks program. However, fat-free 
mass (pre = 47.3± 6.5, post = 44.3 ± 5.4, kg), lean body mass (pre = 45.2 ± 6.3, post = 42.3±5.2, kg), 
and percent fat mass (pre = 30.1 ± 12.1, post = 40.9 ± 9.1, kg) show significant changes (p < 0.05) in 
the nonexercise group. In the nonexercise group, among lean body mass changes over 52-weeks in 
the upper limbs (−31%), trunks (−9.7%), and lower limbs (−8.6%), upper limbs exhibit the most 
significant decrease (p < 0.05).
Conclusion: The gait training program with exoskeletal body-powered gait orthosis has 
a positive effect on fat management in the whole body and lean body mass loss in 
paraplegics. Furthermore, it is effective in preventing continuous muscle loss and in main-
taining health by reducing body fat. Body composition measurements with bioelectrical 
impedance analysis for paraplegics can be applied in various clinical areas and can be 
combined with various arbitration methods such as rehabilitation program.
Keywords: gait training, exoskeletal orthosis, lean body mass, spinal cord injury, 
bioelectrical impedance analysis, rehabilitation

Introduction
Spinal cord injury (SCI) patients suffer from a loss of muscle mass owing to 
paralysis and limited physical activity. Further, because most SCI patients have 
an imbalance between energy intake and energy consumption;1 they are overweight 
or obese.2 In the United States, more than two-thirds of all SCI patients are 
overweight or obese.3,4 Many SCI patients also have various potentially fatal 
complications such as cardiovascular disease, osteoporosis, type-2 diabetes, periph-
eral vascular disease, osteoarthritis, bedsores, and depression.5,6

Although SCI patients need to exercise to improve their health and avoid 
obesity, they cannot stand up and exercise by themselves. Therefore, they perform 
upper body exercises including arm crank exercise,7,8 hand-bike exercise,9 and 
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rowing exercise.10 SCI patients perform such exercises in 
a sitting position. However, long-term sitting increases the 
risk of pressure ulcers11 and reduces smooth bowel 
movement.12

To avoid these problems, standing and gait training 
program are used as the standard rehabilitation for SCI 
patients. As SCI patients cannot stand by themselves, 
standing and gait training program using various types of 
exoskeletons have been employed.13–16 In particular, exos-
keletal body-powered gait orthosis (EBPGO) should be 
used instead of exoskeletal-powered gait orthosis 
(EPGO) to improve the effectiveness of exercise in SCI 
patients. EBPGO generally imposes a lower physiological 
burden than EPGO for gait exercises.17,18

Therefore, performing gait exercises using EBPGO is 
more effective in improving health and preventing obesity. 
EBPGO also affords better stability and energy efficiency than 
hybrid gait orthosis using functional electrostimulation.19 

Existing studies on obesity have analyzed the body composi-
tion using bioelectrical impedance analysis (BIA); for SCI, the 
total body water (TBW, L), fat-free mass (FFM, kg), and body 
fat mass (FM, kg) have been analyzed.20,21

Several studies have revealed that the changes in the 
body composition when SCI patients performed aerobic 
and muscle exercises,22 such as boxing, interval wheeling, 
arm ergometer, and rope-slam and EPGO,23 resulted in 
increased lean body mass in the upper and lower limbs 
and decreased fat mass. However, few studies have inves-
tigated changes in the body composition characteristics 
when SCI patients perform EBPGO gait exercise. In this 
light, in the present study, we analyze the effect of a 52- 
weeks EBPGO gait training program on the body compo-
sition and health condition of SCI patients.

Methods
Subjects
In this study, we recruited a total of 11 subjects who had 
suffered an SCI in industrial accidents. Based on the pre-
approved RERI-IRB-200,318-2, Rehabilitation Engineering 
Research Institute authorized and confirmed that consent 
was received from all participants who were informed 
about the purpose of this research and that it was carried 
out in accordance with the Declaration of Helsinki. We 
selected people with paraplegia (n=11) who voluntarily par-
ticipated in the gait training program as study subjects. Five 
subjects continued to participate in the gait training program 
for 52-weeks (EG: exercise group), whereas the other six 
either did not perform gait training or discontinued it in less 
than 4 weeks (NEG: nonexercise group). Body composition 
tests were performed on the study subjects before and after 
52-weeks of gait training. One subject in the NEG did not 
participate in this test and was excluded from the results of 
this study. The NEG subjects did not participate in any other 
type of rehabilitation and exercise for 52-weeks. Table 1 
provides detailed information with the Modified Ashworth 
Scale of affected region of the 10 subjects.

Exoskeletal Body-Powered Gait Orthosis 
Training Program
A 52-weeks gait training program was conducted for SCI 
patients who could utilize the EBPGO (Figure 1). Risk 
factors, such as joint contracture and spasticity which may 
impede standing and gait, were considered. Before starting 
the session, the subject’s body temperature was measured 
to confirm signs of inflammation, infection, or fever. For 
preventing complications such as orthostatic hypotension 

Table 1 Characteristics of Spinal Cord Injury Subjects

Gender/Age Ht Wt Injury Level ASIA MAS ADL (Ambu.) Onset

EG Sub1 M/64 165 72 T1 C 1+ W/C 2011
Sub2 M/52 165 60 T11 A 2 W/C 2001

Sub3 M/48 163 66 L1 C 1 W/C 2004
Sub4 F/54 164 65 L1 A 1 W/C 2004

Sub5 M/65 165 55 T12 A 1 W/C 2007

NEG Sub6 M/54 168 72 T11 A 1+ W/C 2005

Sub7 M/58 176 72 T11 A 1 W/C 2007
Sub8 M/60 169 73 T7 A 2 W/C 2006

Sub9 M/52 174 68 T11 A 1 W/C 2013

Sub10 M/53 178 69 T11 A 1+ W/C 2004

Abbreviations: EG, exercise group; NEG, nonexercise group; F, female; M, male; Ht, height (cm); Wt, weight (kg) Injury level; T, thoracic; L, lumber; ASIA, America Spinal 
Injury Association; A, complete; C, incomplete injury; MAS, Modified Ashworth Scale; ADL, activity daily living; Ambu., ambulation; W/C, wheelchair.
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and hypertension, we measured the subject’s blood pres-
sure and pulse before and after each session. If the body 
temperature of a subject exceeded 37.5 °C or abnormal 
signs of blood pressure and pulse appeared, the session 
was stopped immediately, and the subject was asked to 
take a break and to consult a clinical specialist.

This gait training program included stage-1 (basic 
standing exercises) to stage-6 (stable level of flatland 
walking using both Canadian elbow crutches) activities. 
Subjects progressed through these stages based on the 
decision of a skilled physiotherapist. Customized 
EBPGO was provided to the subjects after adaptation to 
the standing exercise in stage 1. Stage 2 comprised weight- 
bearing and weight-shifting exercises after the repeated 
application of a sit-to-stand exercise while wearing the 
EBPGO. A dynamic balance exercise with continuous 
walking or walking with one foot was performed by main-
taining static balance within parallel bars in stages 3 and 4. 
Additionally, a Canadian elbow crutch adapting exercise 

was applied within parallel bars. Stages 5 and 6 involved 
a walkway gait training program using one-sided walkers 
and crutches with the assistance of safety features such as 
harnesses and clinical specialists (physiotherapists, etc.) on 
the walkway (Figure 1). Considering the clinical condition 
of the subjects, we conducted this program two or three 
times a week for ~120 min per session, with the exercise 
intensity ranging from moderate to vigorous.24 The 120- 
min total exercise time included 30 min of upper and 
lower limb stretching before wearing the EBPGO, 30 
min of balance exercise with the orthosis, and 60 min of 
standing and gait.25 The break time for each session of 120 
min was applied for 10–30 minutes in consideration of the 
subject’s clinical condition.

Device for Body Composition Analysis
The BIA device (InBody S10, Biospace Co., Ltd., Seoul) 
employed in this study analyzes the body composition 
through the impedance of the limb and body compartments 

Figure 1 Exoskeletal body-powered gait orthosis training program. (A) Basic standing trainings in stage 1. (B) Customized EBPGO was provided to the subjects after 
adaptation to the standing training in stage 1. (C) Weight-bearing and weight-shifting trainings in parallel bars after the repeated application of a sit-to-stand training while 
wearing the EBPGO in stage 2. (D) A static balance training by maintaining balance without upper limbs supporting in parallel bars in stage 3. (E) A dynamic balance training 
with continuous walking or walking with one foot was performed by maintaining balance with in parallel bars in stage 4. (F) A walkway gait training program using walkers in 
stage 5. (G and H) A walkway gait training program using crutches without (G) or with (H) the companion in stage 6.
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using an FDA-approved multi-frequency method (1, 5, 50, 
250, 500, and 1000 kHz). Measurements can be easily 
performed in a supine position for those with balance 
problems due to paralysis.

Experimental Procedure
The weight, height, body mass index (BMI), total body water 
(TBW, L), fat-free mass (FFM, kg), fat mass (FM, kg), lean 
body mass (LBM, kg), soft muscle mass (SMM, kg), and 
percentage body fat (PBF, %) of the subjects were measured 
before conducting stage 1 of the gait training program. After 
52-weeks of participating in the program, follow-up mea-
surements were performed similarly. When performing BIA, 
the subjects were instructed to remove all conductive sub-
stances from the body and to completely stabilize their body 
in a supine position for 15 min.

Subsequently, measurements were performed in 
a position where both the shoulder and the hip joints 
were abducted at ~15° with respect to the trunk for ensur-
ing that both sides of the upper and lower limbs were not 
bent. Electrodes were attached to the subjects at the same 
locations used for persons without SCI according to the 
instructions of the corresponding device manufacturer. For 
the subjects, fluid and food intake as well as exercise 
before and after the test were limited, and the skin and 
physical condition were checked by equating the tempera-
ture and humidity from the time and measurement 
environment.26

Data Processing and Statistical Analysis
The body composition results were analyzed for the 
whole-body and segmental parts of the subjects including 
the upper limb (UL), lower limb (LL), and trunk (Tr). In 
addition, for the statistical analysis, the Mann–Whitney 
U-test was conducted as a nonparametric test for compar-
ison between the two groups, and Wilcoxon’s signed-rank 
test was used as a nonparametric test of the changes in the 
groups before and after the study using SPSS 18.0 
Windows. The statistical significance level for the overall 
results was set to 0.05. Data from the body measurements 
and BIA experiments were summarized as the mean and 
standard deviation. Microsoft Office Excel Ver. 2013 stan-
dard (Microsoft, USA) and SPSS 18.0 Windows Ver. 
(IBM, USA) were used for analyzing the results.

Results
Table 2 and Figure 2 show the changes in the whole-body 
composition of the subjects who underwent the 52-weeks 

gait training program. Before participating in the program, 
there were no significant differences in the weight, TBW (L), 
FFM (kg), FM (kg), LBM (kg), SMM (kg), and PBF (%) 
between the EG and NEG. There were no significant changes 
in the weight before and after in both the EG and NEG.

In the EG, the TBW after 52-weeks was 29.9 ± 2.4L, 
indicating a non-significant decrease from the pretest result 
of 30.0 ± 3.2L (p=0.893). However, after 52-weeks, the 
TBW (33.3 ±4.1 L) of the NEG exhibited a significant reduc-
tion from the pretest result (35.6 ± 4.9 L) (p=0.022). There 
were no significant differences in the FFM, LBM, FM, PFM, 
and SMM of the EG before and after 52-weeks. In the NEG, 
the FFM after 52-weeks (44.3 ± 5.4 kg) was significantly 
reduced compared to the pretest result (47.3 ± 6.5 kg) (p= 
0.022). In addition, in the NEG, the LBM after 52-weeks 
(42.3±5.2 kg) was significantly reduced (45.2±6.3 kg) (p= 
0.022).

Table 2 Results of Whole-Body Composition

Group Pre Post p-value

Weight, kg EG (n=5) 63.6±6.4a 63.4±7.0 0.713
NEG (n=5) 71.8±7.0 75.4±7.3 0.052

p-value 0.095 0.111

BMI, kg/m2 EG (n=5) 23.5±2.4 23.1±2.3 0.034
NEG (n=5) 23.9±3.3 25.3±3.2 0.040
p-value 1.000 0.016

TBW, L EG (n=5) 30.0±3.2 29.9±2.4 0.893
NEG (n=5) 35.6±4.9 33.3±4.1 0.022
p-value 0.056 0.028

FFM, kg EG (n=5) 40.1±4.4 39.9±3.3 0.893
NEG (n=5) 47.3±6.5 44.3±5.4 0.022
p-value 0.095 0.028

FM, kg EG (n=5) 23.5±3.5 23.5±4.4 0.893
NEG (n=5) 24.5±6.7 31.1±8.4 0.022
p-value 1.000 0.004

LBM, kg EG (n=5) 38.2±4.1 38.1±3.1 0.893
NEG (n=5) 45.2±6.3 42.3±5.2 0.022
p-value 0.095 0.028

SMM, kg EG (n=5) 21.3±2.7 21.2±2.1 0.786
NEG (n=5) 25.3±3.9 23.4±3.2 0.022
p-value 0.222 0.028

PBF, % EG(n=5) 36.8±3.5 36.8±3.8 0.892
NEG (n=5) 30.1±12.1 40.9±9.1 0.022
p-value 0.151 0.008

Notes: aMean ± standard deviation; Bold values indicate p< 0.05. 
Abbreviations: EG, exercise group; NEG, nonexercise group; BMI, body mass 
index; TBW, total body water; FFM, fat-free mass; FM, fat mass; LBM, lean body 
mass; SMM, skeletal muscle mass; PBF, percent body fat.
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The FM in the NEG was 31.1±8.4 kg after 52-weeks, 
indicating a significant increase of 5.6kg from the pretest 
result of24.5±6.7kg (p= 0.022). The PBF increased from 
30.1 ± 12.1% to 40.9 ± 9.1% after 52-weeks, indicating 
a significant increase of 10.8% (p= 0.022). The SMM in 
the NEG decreased significantly from 23.4 ± 3.2 kg to 25.3 
± 3.9 kg after 52-weeks (p= 0.022). There were significant 
differences in the TBW, FFM, FM, LBM, SMM, and PBF 
between the EG and NEG groups after 52-weeks (p< 0.05); 
in particular, the PBF in the NEG (40.9 ±9.1%) was 4.1% 
higher than that in the EG (36.8 ± 3.8%) (p= 0.008).

Table 3 lists the segmental body compositions of the upper 
and lower limbs and the trunk of the participants of the 52- 
weeks gait training program. There were no significant differ-
ences in the LBM for the UL, LL, and Tr in the EG before and 
after 52-weeks. However, the UL_LBM (6.9 ±0.8 kg) in the 

NEG after 52-weeks was significantly reduced by 3.1 kg 
compared to the pretest result (10.0 ± 0.9 kg) (p= 0.021).

The LL_LBM in the NEG was 18.1 ± 3.7 kg after 52- 
weeks, showing a significant decrease of 1.7 kg from the 
pretest value of 19.8 ± 3.4 kg (p = 0.021). The Tr_LBM 
was 34.4 ± 3.4 kg after 52-weeks, exhibiting a significant 
decrease of 3.7 kg from the pretest value of 38.1 ± 3.1 kg 
(p= 0.022).

To confirm the muscle loss, Figure 3 shows the rela-
tive rate of change for segmental and whole-body LBM 
before and after in both the EG and NEG. The whole- 
body LBM of the EG was maintained, but the whole- 
body LBM of the NEG was significantly reduced by 
−6.4% after 52-weeks (p = 0.022). In the NEG, the 
reduction rate of segmental LBM was higher in the UL 
(31%) than in the LL (8.6%).

Figure 2 Change in whole-body composition between pre- and post-test. (A) Exercise group. (B) Nonexercise group. 
Notes: Bold values(*) indicate p<0.05.

Table 3 Results of Segmental Body Composition

Group Pre Post p-value

LBM, kg Upper limb EG (n=5) 8.6±0.4a 9.0±0.9 0.099
NEG (n=5) 10.0±0.9 6.9±0.8 0.021
p-value 0.056 0.690

Lower limb EG (n=5) 17.7±2.1 17.9±2.2 0.250
NEG (n=5) 19.8±3.4 18.1±3.7 0.021
p-value 0.310 1.000

Trunk EG (n=5) 35.1±2.1 36.2±3.5 0.099

NEG (n=5) 38.1±3.1 34.4±3.4 0.022
p-value 0.151 0.421

Notes: aMean ± standard deviation; Bold values indicate p< 0.05. 
Abbreviations: EG, exercise group; NEG, nonexercise group; LBM, lean body mass.
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Discussion
This study was conducted to evaluate the effect of a 52- 
weeks training program with EBPGO in preventing obe-
sity in SCI patients through body composition analysis. 
The EBPGO applied in this study has the function to act 
through voluntary movements of the subject; however, 
previous studies were conducted through assist-as-needed 
control27 and were powered by pneumatic muscle actuator 
scheme28 on robotic orthosis and treadmill. The subject’s 
ability to use muscle and activity is needed for EBPGO; 
however, in previous studies27,28 that used robotic ortho-
sis, the subject’s movement was restricted owing to the 
powered assistant input trajectory in the treadmill, and 
thus it was difficult to actively use it for maintenance 
and enhancement of muscle function.

Therefore, this study was conducted by applying exoske-
letal orthosis including body-powered method to induce volun-
tary muscle contraction and prevent muscle loss during gait.

There were no significant differences in the LBM, FM, 
and PFM of the EG before and after the 52-weeks training 
program in this study. These results differ from those of 
a study conducted by Giangregorio et al,29 in which SCI 
patients (n = 5) performed body-weight-supported tread-
mill training (BWSTT) for 20 weeks; the results showed 
an increase (n=3), decrease (n=1), and no change (n=1) in 
the whole-body LBM among the subjects. The FM 
increased in the whole-body for four among the five parti-
cipants. The muscle cross-sectional area in the lower limbs 
and FM increased in all subjects (n=5).

However, the results of this study are similar to those 
of the study conducted by Giangregorio et al30 for 52- 
weeks on SCI patients (n=13).

The whole-body LBM (47.8 ±8.9 kg) after 52-weeks 
(=144 sessions) of weight support motion showed 
a significant increased difference of 4.4% compared to the 
pretest value (45.9 ± 8.7 kg) (p= 0.003). In addition, no 
significant results were observed, although the post-test FM 
(24.0±10.6 kg) increased by 5.1% from the pretest value (23.6 
±11.0 kg). These differences may be attributed to the training 
duration (20 weeks in the 2005 study by Giangregorio et al vs 
52-weeks in the 2006 study by Giangregorio et al and the 
present study) rather than to the type of gait training (BWSTT: 
two existing studies vs gait training using body-powered gait 
orthosis in the present study).

The positive effects of gait training for body composi-
tion in this study are similar to those of the study con-
ducted by Giangregorio et al30 for 52-weeks on SCI 
patients. Nevertheless, there were differences between 
our study, and the study conducted by Giangregorio et al 
Chisholm et al31 reported more advantages of the over-
ground exercise for SCI patients in aspect of postural 
stability related to daily function activity as compared to 
the treadmill-based exercise. The subjects in the study of 
Giangregorio et al30 performed the treadmill-based exer-
cise, whereas the subjects in our study performed the 
overground exercise. Additionally, in the previous study, 
there was a limit to the measurement of fat and lean mass 
in the whole-body29,30; however, we measured whole- 
body and segmental body composition through BIA device 
including the UL, LL, and Tr.

In addition, differences in the time of occurrence of SCI 
may influence the results because FM generally increases in 
SCI patients over the injury period.1,32 However, the effect 
is not significant as there were no differences with respect to 
the study conducted by Giangregorio et al.30 This may 
indicate that sufficient and sustained stimulation has 
a major impact on the FM. Meanwhile, considering the 
differences from the study by Giangregorio et al,29 the 
type of exercise and time of occurrence of SCI may also 
affect the results if the exercise period is small. However, 
further studies are needed to evaluate this.

In the NEG, the LBM changes in the body parts 
exhibited a significant decrease in the following order: 
UL (−31%), Tr (−9.7%), LL (−8.6%), and whole-body 
(−6.4%). These results indicate that muscle loss in the 
whole-body as well as limbs and trunk can occur after 

Figure 3 Change in segmental and whole-body lean body mass between pre- and 
post-test in exercise and nonexercise groups. 
Notes:Bold values indicate p< 0.05.
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SCI. By contrast, the EG did not show muscle loss in any 
area. This demonstrates that the EBPGO training program 
affects not only the LL but also the UL and whole-body. 
These results indicate the need for both UL coordination 
and UL-oriented physical supporting capabilities because 
the 52-weeks training program comprises balancing and 
weight-shifting exercises for gait and standing.

Mekki et al33 reported that exoskeletal-powered robotic 
orthosis can change the metabolism by increasing the 
whole-body muscle mass and decreasing whole-body FM 
and PFM where sufficient training stimulus is given to the 
user of robotic orthosis.

There were no significant differences in the weight (kg) 
of the EG during the training program of 52-weeks in this 
study. These results differ from those of a study conducted 
by Karelis et al,23 in which SCI patients (n=5) performed 
EPGO training using the Ekso for 6 weeks; the results 
showed an increase (n=5) in the whole-body weight.

These differences may be attributed to the sufficient 
training stimulus through voluntary muscle contraction 
(power assist in the 2017 study by Karelis et al vs non- 
power assist in the present study). Therefore, with the 
EBPGO training program including sufficient stimulus, 
a positive effect could be observed on the muscle loss as 
well as on the management of the whole and segmental 
body fat for SCI patients. Although several research 
studies34,35 on upper and lower extremity rehabilitation 
using various exoskeletal-powered devices have been con-
ducted, comparative studies are needed to analyze the 
advantages of rehabilitation exercises through power and 
control algorithms to improve the metabolism of SCI 
patients in future research.

Study Limitations
In this study, the number of the subjects in each group was 
small. Therefore, the statistical power might not be suffi-
cient. Additionally, the type of exercise and time of SCI 
incidence as well as the exercise period should be considered 
as one of the main factors to affect the effects of exercise.

Conclusion
In conclusion, the EBPGO training program was effective 
in preventing continuous muscle loss in SCI patients and 
in reducing body fat to maintain health. Moreover, it is 
necessary to compare the effect of gait exercise between 
powered gait orthosis and body-powered gait orthosis.
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