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Introduction: Body composition assessment in cervical spinal cord injury

(c-SCI) individuals is important to monitor the fat free-mass (FFM) loss, due to

immobilization, or gain, due to exercise practice. Single frequency bioelectrical

impedance analysis (SF-BIA) is low in cost, simple and easy.

Objectives: The aims of this study are: to evaluate the concordance between

the FFM values obtained using dual X-ray absorptiometry (DXA) and the three

SF-BIA previous predictive equations; and to test the applicability of the

bioelectrical impedance vector analysis (BIVA).

Methods: Twenty-three c-SCI males were divided into two groups: Physically

active (PA; n= 13; at least 150 min/week) and non-active individuals (NPA) and

were assessed by DXA and SF-BIA simultaneously.

Results: FFM values were similar between groups PA and NPA. Considering

all participants, FFM values obtained by Kocina and Heyward (>11%) and

Sun (<15.4%) predictive equations were di�erent when compared to DXA

(p < 0.01). However, Buchholz’s et al. predictive equation showed FFM values

similar to DXA, but presented poor concordance (<7%, p= 0.99; concordance

coe�cient = 0.85). BIVA showed consistency in ellipse distribution using FFM

obtained using Buchholz et al. predictive equation.

Conclusions: The use of non-specific BIA equations can lead to

misinterpretation in FFM values in male c-SCI individuals. Predictive equations

for this group need to be developed.

KEYWORDS

bioelectrical impedance, body composition, spinal cord injuries, tetraplegia,

wheelchair sports

Introduction

Cervical spinal cord injury (c-SCI) implies serious complications, principally

skeletal muscle atrophy, which are associated with adverse metabolic effects,

including glucose intolerance, insulin resistance, type II diabetes and cardiovascular

disease (1–3). Regardless of the age group, as time advances, SCI individuals

Frontiers inNutrition 01 frontiersin.org

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2022.935128
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2022.935128&domain=pdf&date_stamp=2022-08-01
mailto:anselmocs@ufpa.br
https://doi.org/10.3389/fnut.2022.935128
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnut.2022.935128/full
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Bauermann et al. 10.3389/fnut.2022.935128

present a body composition profile similar to that of the elderly,

with reduced fat-free mass (FFM) and increased fat mass due to

reduced physical capacity.

The practice of physical exercises in c-SCI can have

beneficial consequences on body composition and metabolic

changes (4–6). Exercise practice has been considered an

important strategy to improve FFM and reduce fat mass,

decreasing risks of developing cardiometabolic diseases in

different population groups (7–9). FFM is an important

component of body composition, and it is related to the

development of strength, power, physical performance (10, 11).

FFM can be assessed by high-accuracy methods, such as

dual X-ray absorptiometry (DXA) (12, 13). However, DXA is

not portable and is highly costly. On the other hand, methods

such as bioelectric impedance analysis (BIA) are more affordable

and portable (14). BIA is non-invasive, simple, accurate and

relatively inexpensive, and it seems to be a promising method

for assessing body composition in SCI individuals (13, 15–17).

BIA method estimate FFM from body electrical proprieties,

the resistance (R) and reactance (Xc) vectors are used in

predictive equations which consider sex, age, height and weight

(18). Kocina and Heyward FFM predictive equation is the only

BIA predictive equation validated for SCI individuals compared

to FFM obtained using DXA (19). Buchholz et al. and Desport

et al. validated predictive equations for SCI individuals, and the

results were compared to total body water (TBW) obtained using

the deuterium method. The equation developed by Buchholz

et al. was aimed for chronic SCI individuals, and the one

developed by Desport et al. was aimed for healthy elderly

individuals. Panisset et al. and Desneves et al. observed the BIA

applicability of FFM prediction in acute SCI individuals (20, 21).

Both studies used a derivative of BIA known as bioimpedance

spectroscopy (BIS), which measures impedance over a range

of frequencies, allows the current to pass through and around

the cell membrane, and provides more precise measurements of

extracellular and intracellular fluid volume (22).

The spinal cord contributes to venous return throughmuscle

contractions. In high SCI, the lack of muscle contractions can

cause edema, mainly in the lower limbs (23). This characteristic

makes it difficult to assess FFM using the BIA method in SCI

individuals, since the BIA method assumed values for body

density of 1.05 g/mL and for hydration fraction was 0.732 (24).

Bioelectrical impedance vector analysis (BIVA) is

recommended for further nutritional assessment and

monitoring, in particular when calculation of body composition

is not feasible (25, 26), as in SCI individuals. BIVA is the

graphical representation of direct measurements of the z-score

of the R and Xc vectors (z-score R-Xc graph), and are plotted

as bivariate vectors with tolerance intervals in the R-Xc plane

(27). BIVA reflects differences in the bioelectric patterns and

permits monitoring of the evolution of the nutritional status and

changes associated with body composition, when comparing

individual vectors and ellipses to reference populations (28, 29).

Therefore, the aims of this study were: (a) to evaluate the

concordance between the FFM values obtained using dual X-

ray absorptiometry (DXA) as a reference method and the three

SF-BIA previous predictive equations related to SCI, and one

predictive equation related to elderly people; and (b) to test

the applicability of BIVA in physically active and non-physically

active chronic c-SCI individuals.

Materials and methods

Participants

Twenty-three c-SCI individuals volunteers with a lesion

between C5 and C7 participated in the present study. They

were divided into two groups according to the frequency of

physical exercise: Physically active which were wheelchair rugby

players (PA; n = 13; age = 25.0 years (IQR 23.0–33.0); had

practiced physical exercise for at least 3 months, 3 times/week

or more, totaling a minimum time of 150 min/week) (30); and

non-physically active [NPA; n = 10; age = 36.5 years (32.8–

40.0)]. General information was obtained through a structured

questionnaire; the participants answered questions about time

of injury, and how long they practiced physical sports. None

of the participants were taking nutritional supplements. All

participants voluntarily agreed to participate in the research, and

written informed consent was obtained.

Although the sample is small, it is important to emphasize

that all subjects are quadriplegic with lesions between c5 and

c7, which makes the group homogeneous. Furthermore, the

sample obtained here is consistent with the literature (31)

showing that in investigations with subjects with SCI, the

sample size is generally small. This study was approved by

the National Research Ethics System (COEP 052/2009). The

individuals were instructed not to eat for 4 h and to drink

enough water to maintain hydration. All measurements were

taken in a single day.

Anthropometric measurements and body
composition

Length was measured from the top of the head to the bottom

of the heel using a stadiometer (Seca
R©
). The stadiometer was

extended on the stretcher of the DXA, where the individuals

were placed in the supine position.

Total bodymass, total fat, and fat-freemass were determined

by Lunar iDXA device with enCore 2008 software version 12.20

(GE Healthcare, Madison, Wisconsin, USA). The participants

were placed in a dorsal position. Orthopedic surgical pins or

other implants were identified as artifacts, and the software did

not include them in the analysis. The exams were performed

by a single trained and qualified professional, following the
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quality control procedures recommended by the manufacturer

and the official recommendations of the International Society

for Clinical Densitometry (32). Measurements on the calibration

block (daily) and on the calibration spine phantom (weekly)

supplied by the manufacturer had coefficients of variation 0.7%.

Soft tissue body composition, i.e., fat mass (kg), body fat mass

(percentage), and lean tissue mass (kg), were derived from the

total body scan. Total body mass (kg) was taken as the sum of fat

mass, lean tissue mass and bone mineral content.

Body composition (FFM and FM, kg) was assessed using

a single frequency (SF) bioimpedance analyzer (RJL, 101

Quantum, Detroit, MI), applying foot-to-hand technology.

In order to avoid clinical disturbances in fluid distribution,

participants were instructed to abstain from food and liquids

for 4 h and to abstain from caffeine and physical activity

for 24 h before SF-BIA. Bladder emptying was performed by

catheter valve before arrival at the laboratory. Before each

test, the analyzer was checked with the impedance calibration

(resistance R = 500 ohms); and the components inside the

bioimpedance analyzer, such as the signal generator, the sensing

apparatus, the scales of weight and height, and the electrical

interference were tested as suggested by Kyle et al. The

average of the two repeated measurements of R and Xc

was used in the subsequent analyses. SF-BIA was performed

for FFM prediction, two electrodes placed on the dorsal

surface of the hands and two on the surface of the feet. The

device was then connected, and the voltage was detected by

proximal electrodes, and the values of R and reactance (Xc)

were obtained.

The predictive equations were selected based on the

following criteria: (1) validated for SCI individuals or elderly,

ideally usingDXA; (2) BIA analyzer used to develop the equation

at 50 kHz; (3) sex as a variable of the predictive equation.

Three proposed predictive equations met the inclusion criteria:

Kocina and Heyward (19), validated BIA predictive equation

to estimate the FFM considering 91 adults with spinal cord

injury and used DXA as a reference value; Buchholz et al. (33)

FFM predictive equation, developed to elderly and validated to

paraplegic individuals; and Sun et al. (34) predictive equation,

validated using FFM obtained using DXA, developed with

representative able-bodied adults, which include elderly people,

and recommended for epidemiological studies. Table 1 shows

the details of the selected equations.

Bioelectrical impedance vector analysis
(BIVA)

BIVA tolerance consists of plotting the experimental data

in a bivariate graph considering the 95th, 75th, and 50th

vector percentiles of the Z-score of the reference population.

Considering the plotting position of the experimental data, it

is possible to suggest an interpretation: abnormal situation,

when experimental data are positioned outside of the 95th

percentile ellipsis; high body cell mass, when experimental data

are located above the long axis of the ellipsis; hypohydration,

when experimental data are positioned to the right of the short

axis of the ellipsis. Total body water is inversely related to the

length of the impedance vector, and a combination of the vector

length and its direction is defined as phase angle (PhA) (27).

The reference population for c-SCI used in the BIVA graph

was obtained from the dataset of Sun et al. and Buccholz et al.

predictive equations, with similar sex, age, and BMI range as the

present study. R and Xc values from the Kocina et al. predictive

equation were not available for BIVA use; for this reason, they

were not applied in this study.

Statistical analysis

Statistical analyses were performed using SPSS software

version 19 (IBM Corporation, Armonk, NY, USA) and MedCalc

Statistical Software version 14.8.1 (MedCalc Software, Ostend,

TABLE 1 BIA equations found for the prediction of FFM in SCI individuals and able-bodied people*.

Author n (sex) Age (years) Characteristics Predictive equations SEE (kg) R
2

Sun et al. (34)* 1,829 (734 males) 12–94 Abled-bodied FFM=−10.68+ 0.65 Ht2/R

+ 0.26W+ 0.02 R

0.4 0.90

Kocina and

Heyward (19)

91 18–73 SCI lesion level not reported FFM= 18.874+Ht2/R

(0.367)+W (0.253) – age

(0.081) – sex (5.384)

3.2 0.87

Buchholz et al.

(33)

93 (19 males) 34.2± 8.8 Paraplegia FFM= TBW/0.732

TBW= 2.11 – (0.1 x age)+

(3.45× sex)+ (0.34×W)+

(28) Ht2/R – (0.086) sex. W

1.86 0.95

FFM, Fat Free Mass in kilograms; TBW, Total Body Water in liters; sex is 0 for men and 1 for women; W, weight in kilograms; Ht, height (cm); R, resistance (ohms); SEE, standard error

of the estimate; R2 , determination coefficient.
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TABLE 2 c-SCI individuals’ general characteristics according to physical exercise.

Variable Median (IQR), PA (n= 13) Median (IQR), NPA (n= 10) P-value

Age (years) 25.0 (23.0–33.0) 36.5 (32.8–40.0) 0.029

Time since injury (years) 3.3 (2.8–7.4) 14.0 (9.7–17.9) 0.023

Total body mass (kg) 64.9 (59.7–73.2) 70.9 (61.4–74.8) 0.619

Height (cm) 172.0 (165.0–179.0) 172.2 (169.3–176.1) 0.803

BMI (kg/m2) 21.9 (20.9–23.2) 23.4 (20.8–24.5) 0.784

FFM (kg)

DXA 47.5 (45.2–50.1) 45.3 (41.4–48.4) 0.313

Sun et al. (34) 40.3 (38.8–47.7) 43.0 (37.5–46.7) 0.927

Kocina and Heyward

(19)

52.9 (51.1–55.9) 52.5 (49.0–56.5) 0.642

Buchholz et al. (33) 46.7 (45.0–49.9) 46.0 (42.0–51.4) 0.522

Values are presented as median and interquartile range [IQR (25% and 75% percentiles)]. BMI, body mass index; FFM, fat free mass; DXA, dual energy X-ray absorptiometry.

Mann–Whitney test P < 0.05 was considered significant.

Belgium; http://www.medcalc.org; 2014). Statistical tests were

considered significant at the significance level of 5% (P ≤ 0.05).

Anthropometric measurements and body composition

compartments were expressed as median and interquartile

range. Mann-Whitney test was used to determine differences

between groups, according to physical exercise (physically active

and non-active). Wilcoxon test was used to determine the

difference between the FFM values obtained by the three BIA

predictive equations and values obtained using DXA. Lin’s

concordance correlation coefficient (35) was used considering

the strength-of-agreement criteria described by (36) (almost

perfect: >0.99; substantial: 0.95–0.99; moderate: 0.90–0.95; and

poor: <0.90). The root means square error (RSME) between

FFM observed (DXA) and predicted equation values were

calculated. The mean absolute percentage error (MAPE) was

calculated in percentage (37) for the FFM predictions performed

with the two methods. BIVA was performed using specific

software, which was kindly provided by Dr. Antonio Piccoli

(in memoriam - Institute of Internal Medicine, Division of

Nephrology, and Clinical Nutrition Unit, University of Padova,

Padova, Italy).

Results

General characteristics of the participants are shown in

Table 2. The PA group showed lower chronological age (p =

0.029) and shorter time since injury (p= 0.023) than NPA. Since

there was no significant difference between the groups in other

variables, the statistical analysis considered all participants.

Comparison between FFM values obtained using DXA and

BIA showed that Kocina and Heyward (p ≤ 0.001) and Sun et

al. (p = 0.012) predictive equations were significantly different

fromDXA. However, Buchholz et al. predictive equation showed

no difference in FFM when compared to the value obtained

using DXA (Table 3).

Bland-Altman plots showed that Kocina and Heyward

predictive equation presented higher bias (−5.9 kg) than Sun

et al. (4.7 kg) and Buchholz et al. (0.1 kg) predictive equations.

However, other concordance parameters showed that Sun et al.

predictive equation presented higher SEE (5.21), RMSE (7.07)

and MAPE (15.4%), and lower R2 (0.70) and CCC (0.65) than

Kocina and Heyward, and Buchholz et al. predictive equations

(Figure 1).

When Z-score Xc and R values obtained by Sun et al. were

used as reference population in the BIVA graph, the vectors were

displaced below the high axis of the tolerance ellipses, showing

little body cell mass. However, when plotted with Z-score Xc and

R values obtained by Buchholz et al. predictive equation, most

individuals were located within the tolerance ellipses (Figure 2).

Discussion

This pilot study showed that Buchholz et al. FFM-

BIA predictive equation presented the highest concordance

coefficient with FFM obtained using DXA; however, this is not

sufficient to recommend it to c-SCI individuals. Therefore, BIVA

could be used with caution, because according to the population

reference used, different conclusions can be observed, such as

demonstrated in this study. To our knowledge this is the first

study to test BIVA in SCI individuals.

Regular physical activity practice for at least 150 min/week

may be responsible for the improvement of body composition,

hormonal profile and bone health in SCI individuals (38–41).

Despite the benefits of exercise, this study failed to observe

differences in the FFM values between the PA and NPA groups,

possibly due to significant difference in age and time of injury

between the groups.
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TABLE 3 FFM obtained using DXA and BIA predictive equation (kg).

DXA Sun et al. (34) Kocina and Heyward (19) Buchholz et al. (33)

Median 47.0 41.7 52.9 46.7

IQR (25–75%) 43.8–49.3 38.1–47.5 50.3–56.3 43.5–51.0

p-value 0.012 <0.001 0.999

Interquartile range (IQR). p-values by Wilcoxon test. P ≤ 0.05 was considered significant. MAPE, mean absolute percentage error.

FIGURE 1

Bland-Altman plots agreement between fat free-mass predictive equations compared with DXA. Gray circle = NPA, black square = PA. SEE,

Standard Error of the Estimate; R2, coe�cient of determination; CCC, concordance correlation coe�cient; MAPE, mean absolute percentage

error.

Sun et al. predictive equation was developed with 734

able-bodied physically active males, including elderly

individuals. c-SCI individuals have a body composition

similar to that of the elderly population, presenting, for

example, FFM loss and fat mass increase (42). In the

present study, FFM obtained by Sun et al. predictive

equation presented higher MAPE value (15.4%) than

Kocina and Heyward and Buchholz et al. FFM predictive

equations, and lower concordance coefficient than Buccholz

et al. predictive equation. Possibly this happens because

Sun’s predictive equation was developed and validated for

elderly individuals.

Plotting the R and Xc z-score in BIVA tolerance graph, using

Sun’s predictive equation as reference, it was observed that all c-

SCI individuals were located under the highest axis, which can

be attributed to the lowest body cell mass (BCM). BCM is the

metabolically active cell mass involved in energy production and

energy expenditure and is an important component of FFM (43).

Our results using Sun’s et al. predictive equation in BIVA were

consistent with the c-SCI individuals body composition profile

when compared to able bodied individuals.

Kocina and Heyward predictive equation was developed for

SCI adults; however, the abstract does not present information

about sample size, height and time of injury of the participants,
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FIGURE 2

Tolerance intervals for the impedance vector are described as

tolerance ellipses of 50% (green), 75% (red) and 95% (black)

calculated from the healthy reference population. Gray circle

represents the NPA group, and black square represents the PA

group. For all participants the correlation between R/H and Xc/H

was 0.363. (A) Sun et al. predictive equation as reference. (B)

Buchholz et al. predictive equation as reference.

resistance and reactance values. In the present study, FFM

values obtained using the Kocina and Heyward predictive

equation presented a high mean error percentage represented

by MAPE (10.9%) and the lowest value of concordance

coefficient, suggesting that despite having been developed with

SCI individuals, it was not suitable for the group of the present

study, possibly due to the wide range age group (18–73 years).

The Kocina and Heyward predictive equation was not used in

BIVA as a reference group, because there is no information on

the bioelectrical data.

Buchholz et al. FFM BIA predictive equation was developed

for healthy elderly subjects and tested and validated for

paraplegic individuals, using the TBW method as reference,

which reflects the lean soft tissue as muscle mass, considering

the hydration constant (0.732) (44). In the present study,

FFM values obtained using Buchholz et al. predictive equation

presented higher concordance coefficient and lower MAPE than

Kocina and Heyward and Sun et al. predictive equations. FFM

values obtained by Panisset et al. using Buchholz et al. predictive

equation observed a good concordance and low underestimation

bias, in acute SCI obese individuals, whereas this study aimed for

chronic c-SCI individuals.

In the present study, BIVA tolerance ellipses of SCI

individuals shifted to the right, when Buchholz et al. predictive

equation was used as reference, indicating high cell mass and

fluid content, which can be attributed to better cell functioning

(45). This profile is consistent when a specific equation for SCI

individuals was used as reference; differently observed when the

Sun et al. equation was used as a reference.

In conclusion, the present study was able to show that

BIVA is sensitive to adaptations in body composition and

to hydration status, responding consistently to the equations

used as a reference, despite some limitations, such as: lack

of hydration status control, and difference between age and

time of physical exercise. In addition, future studies on new

FFM predictive equations, specific for SCI individuals, should

be developed according to spinal lesion characteristics and

with a more representative sample size. The inaccuracies in

assessing body composition and fluids at the c-SCI group may

compromise an adequate assessment and monitoring of body

fluids and may interfere with the clinical care of this specific and

vulnerable group. Therefore, caution should be applied when

interpreting data extracted from generalized equations.
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