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Abstract

Background: Individuals with spinal cord injury develop alterations in the metabolism of carbohydrates and lipids, chronic infl ammation, abnormal control of glycemia, 
as well as loss of lean mass, and increased adiposity, these being some risk factors for the development of diseases and decreased quality of life. This research aimed to 
investigate the body composition during a treatment protocol with NMES in a spinal cord injured population. 

Methods: An initial bioimpedance evaluation using Biodynamics 310e was performed on 19 spinal cord injury patients. During the following 4 months, they received 
neuromuscular stimulation. The individuals ended the clinic once a week and performed NMES for 45 min, 20 min on quadriceps, and 15 min on peroneal nerve, on both 
legs with a frequency in the range of 18 to 25 Hz. A new bioimpedance test was performed after this period. 

Results: For data analysis, a 5% signifi cance level was considered. There were statistically signifi cant gains in lean mass with p= 0.0001 and a decrease in bio-strength 
with p= 0.0457. There was a loss of body fat, but not signifi cant. 

Conclusion: Individuals with spinal cord injury showed measurable body composition changes during a four-month neuromuscular electrical stimulation treatment.
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Introduction

Spinal Cord Injury (SCI) is defi ned as an injury to the 
spinal cord that causes, consequently, a disruption in the 
conduction of motor, sensory, and autonomic nervous system 
signals extending from the level of injury to below it [1,2]. It is 
estimated that the worldwide incidence of new cases of LM is 
around 40 to 80 new cases per million people, totaling around 
250,000 to 500,000 new cases per year [2,3].

Among the consequences of irreversible motor and 
sensory impairment caused by SCI, these individuals have 
diffi culty in moving and develop changes in carbohydrate 
and lipid metabolism, chronic infl ammation, abnormal blood 
glucose control, as well as muscle atrophy, and increased 
adiposity, which are some risk factors for the development of 
Cardiovascular Disease (CVD) [4]. A study conducted in 2013 

with 354 patients with SCI, showed a 2.72 times greater chance 
of people in this group having a CVD than those of the same 
age and sex, but without SCI, in addition, the prevalence of 
CVD was 17.1% among spinal cord injured against 4.9% among 
individuals without injury [5]. 

Individuals with SCI have more diffi culties performing 
physical activities, causing muscle atrophy, increased 
adiposity, and reduced bone density, among other metabolic 
consequences already mentioned [4,6]. The practice of physical 
activity in individuals with SCI has shown to have a positive, 
important, and strong relationship to the quality of life of these 
individuals [7], besides improving several physical parameters 
such as wheelchair skills and an increase in resistance and 
muscle strength [8,9]. 

Body composition is known to be an important factor for 
the development of diseases such as type 2 diabetes, metabolic 
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which the electrical currents are generated by a device and 
passed to the body through electrodes fi xed on the skin. The 
use of NMES activates the musculoskeletal system producing 
muscle responses that promote various gains in sensory and 
motor skills leading to new adjustments in the organization 
and functionality of individuals. Successive training promotes 
optimization of intramuscular collagen distribution and also a 
gain in muscle tissue, movement, and neuroplasticity [25].

Understanding the physical limitation that individuals with 
SCI present, as well as highlighting the importance of body 
composition in these individuals due to their higher risk of 
developing CVD, this study proposed to investigate the change 
in body composition during a treatment protocol with NMES in 
a population of spinal cord injured individuals.

Materials and methods

This research was prospective and observational. The 
research was approved by the Ethics and Research Committee 
of the University. Ethics approval number: 4.834.349.

The research happened during the covid-19 pandemic. 
It was carried out in the outpatient clinic for spinal cord 
injuries where everyone does electrostimulation for clinical 
improvement and in times of a pandemic the laboratory was 
maintained so as not to disturb their clinical protocol, and 
consequently, we did not use a control group at this time so 
that no individual would stop receiving treatment. It started 
with forty individuals, but because of the pandemic, many had 
to move away.

Nineteen individuals with SCI were selected, 5 women and 
14 men, aged between 18 and 75 years. Regarding quadriplegia 
and paraplegia, we worked with seven quadriplegics and twelve 
paraplegics individuals (Table 1).

The NMES protocol has the following characteristics: 
electrical stimulator - four channels - 25 Hz, monophasic - 
rectangular pulses with 300μs - the intensity of 70-150 V and 
a maximum of 300 V (1kΩ load).

Valutrode brand self-adhesive surface electrodes were used 
to perform NMES. For the NMES protocol of the quadriceps 
femoris muscle (QDs), two adhesive surface electrodes 
measuring 5x9 cm were used on each thigh (quadriceps femoris 
muscle). For the NMES of the tibialis anterior (TA) muscle, a 
5x9 cm self-adhesive surface electrode was used on the distal 
thigh (QDs) and a smaller circular diameter electrode, 3.0 cm, 
60 positioned near the fi bula head. All electrodes used were 
new, and each subject had his or her own electrodes. 

T he individuals ended the clinic once a week and performed 
NMES for 45 min, 20 min on q uadriceps, and 15 min on 
peroneal nerve, on both legs with a frequency in the range of 
18 to 25 Hz (Figures 1,2).

An initial bioimpedance evaluation was performed using 
the Biodynamics body composition monitor model 310e. It is a 
model tested and approved in the United States and Europe and 
sold on the internet on several websites. 

syndrome, cardiovascular disease, and other conditions 
secondary to the increase in body fat to the detriment of lean 
mass [10,11].

According to the American Heart Association (AHA), 
metabolic syndrome is defi ned by the presence of at least three 
of the following criteria: increased blood glucose, decreased 
HDL cholesterol, increased triglycerides, large abdominal 
circumferences (according to pre-established values), and 
hypertension. 

Still on metabolic syndrome, in 2018 Gater et al. pointed 
out that the prevalence of metabolic syndrome in veterans with 
MS was 57.5%, while obesity alone affected 76% of this group 
[23]. According to this study, this occurs in this group mainly 
due to the decrease in lean mass and bone mineral density 
concomitantly with the increase in fat mass, such change in 
body composition of these individuals is justifi ed mainly by 
decreased mobility resulting from the sequelae of the injury 
[12,13,14-18]. 

In order to evaluate the body composition evolution of 
individuals with SCI, as well as to follow up on whether dietary 
and physical exercise measures are having an effect on this 
parameter, it is necessary to have a valid and reliable tool to help 
monitor the body composition of these individuals. For this, 
some of the techniques available are abdominal circumference 
and fold thickness, dual-energy x-ray absorptiometry 
(DXA), magnetic resonance imaging (MRI), and bioelectrical 
impedance analysis (BIA) [12,13,19,20].

BIA uses the principle that body tissues have different 
resistances to the passage of electric current, it is known that 
in lean tissues the conduction of electric current is faster due to 
the greater amount of water and electrolytes present in these, 
so it has a lower resistance to electric current. Unlike fatty 
tissues, which in turn provide greater resistance to electric 
current conduction [21-23].

Bioimpedance history or other data on

One of the BIA body composition monitors is the 
Biodynamics model 310e. It emits a low-frequency current 
(80μA - 50 kHz) that travels throughout the body measuring 
the resistance imposed by the tissues. The variables that this 
device provides are water, lean mass, fat, and bioresorbent [13].

These changes in body composition can occur by leading 
individuals to a healthier situation through physical activity, 
physical therapy, and dietary re-education. But they can also 
happen unfavorably when there is a sedentary lifestyle and bad 
eating habits leading to comorbidities. These improvements 
in body composition through physical activity can be observed 
with a minimum of four months of training and with a 
frequency between one and three times a week [24]. 

In the search for an improvement in body composition, 
there is also neuromuscular electrical stimulation (NMES), 
which is a therapeutic resource used for the rehabilitation of 
individuals with SCI. It is a technique that has the function 
of stimulating the muscles through electrical impulses, in 
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For the exam, the electrodes were positioned on the right 
side of the subjects, at the base of the III metacarpal and 
between the styloid process of the radius and the ulna, at the 
base of the III metatarsal, and between the lateral and medial 
malleoli (Figure 3).

For the BIA, subjects avoided alcohol and caffeine 
consumption 24 hours before the test, did not perform intense 
physical activity 4 hours before the test, avoided heavy meals 4 
hours before the test, and discontinued diuretic medication 24 
hours before the test (recommendations in the device manual). 
We performed an identical fi nal evaluation after four months 
and compared the data. Between collection and one and two 
patients followed the training routine and the diet guidelines 
proposed by the research.

Results 

To describe the sample profi le, we produced frequency tables 
of categorical variables with values of absolute frequency (n) 
and percentage (%) and descriptive measures (mean, standard 
deviation, minimum, median, and maximum) of quantitative 
variables. Comparison between initial and fi nal measurements 
was assessed with paired Wilcoxon test. ANOVA for repeated 
measures was used to evaluate the group and measure the 
effects. The signifi cance level adopted for the study was 5%.

As shown in the graph below, there was a decrease in body 
fat, but it was not statistically signifi cant, with p = 0.0506 
(Graph 1).

We can see that the loss of body fat is well proportional 
between paraplegic and quadriplegic individuals. Of the 
12 paraplegic individuals, 10 lost body fat, while of the 7 
quadriplegic individuals, 4 lost fat.

As for the lean mass gain, we could observe an extremely 
statistically signifi cant gain, with p = 0.0001 (Graph 2).

Of the three individuals who did not gain lean mass, we 
observed that one is paraplegic and two are quadriplegic.

Regarding the decrease in bio resistance, the result was 
statistically signifi cant, with p = 0.0457 (Graph 3).

Among the paraplegic individuals, only one did not 
have a reduction in bioresistance, while eleven did. Of the 
quadriplegics, there was almost a ratio between those who 
reduced and did not reduce bioresistance, with 4 reducing and 
3 not.

Figure 1: NMES in quadriceps.

Table 1: Individuals.

Subjetcs Injury level Gender Height (Meter) Weight (Kilogram) Age (Years)

1 T10 MALE 1,67 70 46

2 C7 MALE 1,8 87 38

3 T11 MALE 1,8 70 21

4 T7 MALE 1,62 66 39

5 T7 MALE 1,68 70 68

6 C4/T10 FEMALE 1,66 89 43

7 C5 MALE 1,81 80 50

8 C5 MALE 1,79 56 56

9 T7 MALE 1,75 75 74

10 T8 MALE 1,73 77 35

11 T10 FEMALE 1,7 58 40

12 C5 FEMALE 1,7 64 39

13 C6 MALE 1,8 71 34

14 T9 MALE 1,68 84 42

15 T4 MALE 1,75 90 39

16 T4 MALE 1,7 72 42

17 T4 MALE 1,75 45 21

18 T9 FEMALE 1,55 66 61

19 C4 FEMALE 1,65 84 56

Figure 2: NMES in peroneal nerve.

Figure 3: Bioimpedance.



016

https://www.peertechzpublications.com/journals/international-journal-of-spine-research

Citation: Mascarenhas MB, Scarabelli NS, Bittar C, Mascarenhas FR, Silvestre OF, et al. (2022) Body composition assessment in patients with spinal cord injury by 
bioimpedance. Int J Spine Res 4(1): 013-018. DOI: https://dx.doi.org/10.17352/ijsr.000023

Discussion

This research analyzed whether the interventions 
performed in favor of increasing the mobility of individuals 
with SCI impacted an increase in lean mass and decrease in 
body fat, thus decreasing morbidity secondary to spinal cord 
injury arising from increased fat mass and the development of 
obesity [20,18,26,27]. 

It was observed that in only four months of treatment 
the recruited individuals presented results regarding 
body composition. Among the 19 individuals, seven were 
quadriplegic, and twelve were paraplegic, and there was no 
statistically signifi cant difference between these two groups 
for any of the parameters evaluated in this research.

There was a decrease in body fat, but since some individuals 
gained weight, the result on average was not signifi cant, and 
even so it was not by much. These few individuals who gained 
body fat reported that they did not have healthy eating due to 
various emotional, social, and environmental issues and even 
because of the covid-19 pandemic.

Just as the literature shows that NMES has great benefi ts 
in gaining lean mass and muscle hypertrophy in individuals 
with LM who do it [28,29], this study evidenced the increase 
in lean mass. We associate that such gain happened due to the 
NMES and that it was not necessary to add weight or load to 
gain lean mass. 

It is known that the NMES presents several benefi ts to the 
individual with SCI, such as improved quality of life through 
the improvement of physical functioning and independence 
[30], and it has been shown that those who participate in some 
rehabilitation programs have the better functional capacity and 
are more motivated [31,32]. 

In addition to NMES, individuals with SCI can gain lean 
mass with physical activity. A study conducted in 2016 with 
quadriplegic high-performance wheelchair rugby players 
showed that the practice of this sport promoted in this group 
an increase in lean mass and bone mineral content in the 
upper limbs, in addition to fat reduction throughout the body, 
supporting the practice of this activity to promote a better 
metabolic profi le in patients with SCI [33]. 

The practice of physical activity promotes lean mass gain 
that, besides being excellent for systemic health, is of extreme 
importance for the quality of life of these individuals since 
it provides more independence for changes in decubitus and 
activities of daily living [7,8,34].

The practice of regular physical activity by individuals 
with SCI has also shown to be associated with improved left 
ventricular diastolic function in this group [35.36], it is known 
that people with SCI [37], bedridden, or with low mobility 
have a greater chance of developing such cardiac dysfunction 
and that this is associated with increased cardiovascular risk 
[38,39]. 

Furthermore, physical activity has shown to improve the 
carotid intima layer thickness in patients with SCI [40,41], 
such measurement becoming not only signifi cantly lower than 
the one presented by sedentary individuals with SCI, but also 
with values comparable to those of individuals without injury 
[42]. Such data is relevant because it has been demonstrated 
in the literature that people with LM, even if they present low 
cardiovascular risk, have higher carotid intima layer values 
[43,44] and such measurement has been associated with 
cardiovascular risk [45-48].

It is known that in lean tissues the conduction of electric 
current is faster due to the higher amount of water and 
electrolytes present in these tissues, and therefore it has a 
lower resistance to the electric current. This is different from 
fatty tissues, which in turn provide greater resistance to 
electric current conduction [21,23]. Therefore, the decrease 
in bioresistance seen in this study corroborates the large 
increase in lean mass seen, even without the signifi cant loss of 
fat, being a parameter indicative of improvement in the body 
composition of the individuals studied. 

As for the comparison between individuals with paraplegia 
and tetraplegia, we observed that the paraplegic individuals 

Graph 1: An average of the percentage of body fat of the 19 individuals in collections 
1 and 2, in percentage.

Graph 2: Mean lean mass in kg of the 19 individuals in samples 1 and 2.

Graph 3: Mean bioresistance in ohms of the 19 individuals in samples 1 and 2.
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obtained better results than the tetraplegic individuals in all 
parameters, as happened in a study conducted in 2016 [13]. 
This is probably due to the greater use that paraplegics have of 
their upper limbs and trunk, as well as the greater number of 
activities they are able to perform on a daily basis.

Conclusion

The individuals with LM showed changes in body 
composition with lean mass gain and decreased.
For better results, clinical studies with a greater number 
of patients and longer treatment time and collections are 
necessary.
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