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ABSTRACT 
It was our objective to analyse the correlation of the total, adipose, and muscular cross-section areas of 
the arm with the maximum voluntary strength performance of upper segments in practitioners of 
resistance training. A cross-sectional study was carried out with 32 healthy male subjects, right-handed 
and aged between 18 and 30 years at a fitness centre in the city of Fortaleza, Brazil. The maximum 
voluntary strength was measured by the maximal repetition test (1-MR) in unilateral exercises. A linear 
correlation was analysed using the Spearman test. Student's t-test was used for the quantitative analysis. 
A high correlation was obtained of the total cross-section area of the arm with the maximum voluntary 
biceps force (r= 0.72, p= 0.00) and the sum of loads (r= 0.73, p= 0.00). The muscle cross-section area 
of the arm showed moderate correlation with the maximum voluntary biceps force (r = 0.57, p= 0.00), 
triceps (r= 0.53, p= 0.00) and sum of loads (r= 0.59, p= 0.00). A low correlation was observed between 
the adipose cross-section area of the arm and the variables under analysis. In practitioners of resistance 
training, the increase in the total and muscle cross-section areas of the arm determines the increase in 
maximum voluntary strength in the upper segments. 
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INTRODUCTION 

Resistance training is recommended for 

optimising components of physical fitness 

(Kraemer & Ratamess, 2004). The development 

of manifestations of strength (maximum 

strength, power, and resistance strength) is the 

neuromuscular adaptation most frequently 

observed to result from the frequency of 

resistance exercises (Okano et al., 2008) 

executed unilaterally or bilaterally (Simão, 

Monteiro, & Araújo, 2001). It is remarked that 

there is greater recruitment of motor units, and 

consequently strength gain, in unilateral than 

bilateral exercises (Vandervoot, Sale, & Moroz, 

1987). 

In different individual and collective sports, 

the dominant side participates principally, but 

not exclusively, in the execution of specific 

technical movements. In an earlier study carried 

out in female gymnasts, it was observed that the 

dominant side presented higher scores for 

muscular torque and strength than the non-

dominant side (Benck, David, & Carmo, 2016). 

The specialist literature in kinanthropometry 

states that there are no expressive 

morphological differences between body halves, 

and therefore there is consensus that 

measurements should be standardised to the 

right body half (Stewart, Marfell-Jones, Olds, & 

Ridder, 2011).  
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The morphological evaluation of the 

musculoskeletal system is carried out using 

precise, validated techniques such as magnetic 

resonance and ultrasound (Lieber & Ward, 

2011); however, the availability of these two 

procedures is limited due to the high financial 

cost. In pursuit of greater accessibility and 

reproducibility, the anthropometric technique of 

inferring cross-section areas of appendicular 

segments is recommended as an effective 

strategy, based on abstractions resulting from 

the calculation of the areas of concentric circles 

(Pompeu, Gabriel, Pena, & Ribeiro, 2004).  

The estimated muscle cross-section area of 

appendicular segments represents a good 

indicator of muscularity (Kim, Wang, 

Heymsfield, Baumgartner, & Gallagher, 2002). It 

should be noted that maximum voluntary 

strength is related to muscle volume; therefore, 

factors like neuromuscular coordination and the 

muscle cross-section area may influence the 

optimisation of strength performance (Bamman, 

Newcomer, Larson-Meyer, Weinsier, & Hunter, 

2000). The object of this study was, therefore, to 

analyse the correlation between the total, 

adipose and muscle cross-section areas in the 

arm, and the maximum voluntary strength 

performance and power of upper segments, in 

practitioners of resistance training. 

 

METHOD 

Ethical aspects: 

As per Resolution 466/12 of the National 

Health Council, the present study was approved 

by the Research Ethics Committee, decision 

number: 2.490.900. Each participant signed an 

Informed Consent form containing a description 

of the procedures adopted and the possible risks 

of the study. 

 

Participants 

Cross-sectional study.  The study included 32 

healthy, right-handed, male participants aged 

between 18 and 30 years, who had been 

practising resistance training for at least one 

year. Participants were excluded who presented 

a history of unhealed osteomioarticular injury in 

at least the last three months and/or use of 

drugs to optimise physical performance. 

Instruments 

The predictive neuromuscular test of one 

maximal repetition (1-MR) executed with the 

biceps curl (unilateral low pulley) in the right 

body half was defined as the evaluation criterion 

for maximum voluntary strength of the upper 

appendicular segment. The test was performed 

following the procedures described by Brown 

and Weir (2001), adapted to the specific 

conditions of the present study. The equipment 

used for the test was a crossover cable (Techno 

Gym®, Italy). The test was applied previously in 

a structured preparatory activity with a specific 

joint warm-up for the region to be used. 

 

Procedures 

The anthropometric variables were measured 

following the technical guidelines of the 

International Standards for Anthropometric 

Assessment (Stewart et al., 2011) by an 

experienced anthropometrist with level three 

accreditation by the International Society for the 

Advancement of Kinanthropometry (ISAK). 

Body mass was measured using an electronic 

scale, accuracy 50 grams (Toledo®, Brazil). 

Height was measured using a standard 

stadiometer, resolution in millimetres (Sanny®, 

Brazil). The relaxed arm circumference was 

measured with an anthropometric tape measure, 

resolution in millimetres (Cescorf®, Brazil). The 

triceps skinfold was measured with a 

Harpenden® plicometer (John Bull, England) 

resolution in tenths of a millimetre.  

The accuracy of the measurements of the 

anthropometric variables was reproduced by 

estimating the relative intra-evaluator technical 

error of measurement (TEM) (%) (Pederson & 

Gore, 2005); a TEM of 3% was found for the 

skinfold measurements. 

The estimated total, adipose, and muscle 

cross-section areas of the arm were calculated 

based on the geometrical procedures described 

by Frisancho (1981).  

Calculation of the total cross-section area of 

the arm (TCA):  

 

TCA = RAC2 ÷ (4 x π), 
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where TCA is the total cross-section area of 

the arm (cm2), and RAC is the relaxed arm 

circumference (cm). 

Calculation of the muscle cross-section area 

of the arm (MCA):  

 

MCA = [RAC – (TRS x π)]2 ÷ (4 x π), 

 

where MCA is the muscle cross-section area 

of the arm (cm2), RAC is the relaxed arm 

circumference (cm), and TRS is the triceps 

skinfold (cm). 

Calculation of the adipose cross-section area 

of the arm (ACA):  

 

ACA = TCA – MCA, 

 

where ACA is the adipose cross-section area 

of the arm (cm2), TCA is the total cross-section 

area of the arm (cm2), and MCA is the muscle 

cross-section area of the arm (cm2). 

The neuromuscular evaluation procedures 

were systematised in two consecutive sessions, 

separated by an interval of 72 hours.  

 

Statistical analysis 

The Shapiro-Wilk test was used to evaluate 

the distribution of all the variables in order to 

verify the assumption of normality, and Levene's 

test was used to check the homoscedasticity of 

the variances. SPSS® statistical software, version 

21.0, was used for the calculations and to 

interpret the results. The Student's t-test was 

used for paired samples. The significance 

threshold was set at p<0.05. Spearman's 

coefficient (r) was used to analyse the degree of 

correlation between the variables, which were 

classified into five categories: very weak (0.00 to 

0.30); weak (0.30 to 0.50); moderate (0.50 to 

0.70); strong (0.70 to 0.90) and very strong 

(0.90 to 1.00). 

 

RESULTS 

The mean age of the participants was 

25.4±6.64 years. The height and body mass 

measurements were respectively 1.72±0.05 m 

and 72.86±9.39 kg. The means of the 

anthropometric variables and the cross-section 

areas are shown in Table 1.  

The coefficients of variation obtained were 

sufficient for sample analysis. Low dispersal was 

found between the experimental variables, 

showing that the maximum voluntary strength 

and power of the upper segments of the 

individuals were homogeneous (Table 2). 

 

Table 1  

Mean values found for anthropometric measurements in practitioners of resistance training 

Variables Mean SD CV 

Relaxed arm circumference (cm) 32.64 2.56 0.07 
Triceps skinfold (mm) 9.79 3.94 0.40 
Total cross-section area of the arm (cm²) 85.29 13.35 0.15 
Muscle cross-section area of the arm (cm²) 70.17 11.83 0.16 
Adipose cross-section area of the arm (cm²) 15.28 6.35 0.41 

Note: SD = standard deviation, CV = coefficient of variation, cm² = square centimetres. 

 

Table 2  

Mean values found for the maximum voluntary strength of the biceps, triceps, and sum of loads in practitioners of resistance 
training 

Variables Mean SD CV 

Maximum voluntary strength of the biceps (kg) 27.78 5.27 0.18 
Maximum voluntary strength of the triceps (kg) 32.04 4.63 0.14 
Sum of loads (1-MR) (kg) 59.82 9.45 0.15 

Note: SD = standard deviation, CV = coefficient of variation, 1-MR = one maximal repetition, kg = kilograms. 
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Table 3  

Correlation between maximum voluntary strength of the biceps and triceps and sum of loads, and tissue components in 
practitioners of resistance training.  

Variables 

Total area of the arm 
(cm²) 

Muscle area 
(cm²) 

Adipose area 
(cm²) 

r p-value r p-value r p-value 

Maximum strength of biceps 0.72 0.0001 0.57 0.0007 0.34 0.0541 
Maximum strength of triceps 0.68 0.0007 0.53 0.0018 0.40 0.0215 
Sum of loads 0.73 0.0001 0.59 0.0004 0.38 0.0342 

Note: cm² = square centimetres, r = Spearman's correlation coefficient 

 

The correlation between the neuromuscular 

variables and the tissue components is shown in 

Table 3. The total cross-section area of the arm 

was the variable indicating the best correlation 

(strong positive), followed by the muscle cross-

section area of the arm (moderate positive). The 

adipose cross-section area of the arm presented 

a low correlation coefficient. Regarding the 

morphological variables and the maximum 

voluntary strength of the triceps, a moderate 

positive correlation was found for the total 

cross-section area of the arm and the muscle 

cross-section area of the arm. The adipose cross-

section area of the arm presented a weak 

positive correlation.  

The score obtained from the sum of the loads 

correlated with the variables of the tissue 

components; the correlation found with the 

total cross-section area of the arm was strong 

positive. Regarding the muscle cross-section 

area, the correlation was moderate and for the 

adipose cross-section area, the correlation was 

weak (Table 3). 

 

DISCUSSION 

The present study analysed the correlation 

between muscle and adipose cross-section areas 

and the maximum voluntary strength of the 

upper limb in men who practised resistance 

exercises. Muscular strength is influenced by a 

series of factors, such as age, sex, 

anthropometric characteristics, and the degree 

of physical activity practised (Sunnergårdh, 

Bratteby, Nodesjö, & Nordgren, 1988). The 

present study analysed participants with similar 

basic characteristics: young males (18-30 years) 

who had practised resistance training for at least 

one year. Resistance training tends to increase 

the cross-section area, with a corresponding 

increase in the maximum strength of the muscle 

subjected to high mechanical tension (Campos 

et al., 2002; Kanehisa et al., 2002). Studies 

analysing the relation between strength and 

muscular development observe concomitant 

adaptive progression in these variables 

(Bonganha, Botelho, Conceição, Chacon-

Mikahil, & Madruga, 2010; Okano et al., 2008). 

Moritani and de Vries (1979) note that there are 

two specific adaptation periods: greater neural 

adaptation (strength) and greater morphological 

adaptation (hypertrophy). Subsequent to the 

adaptation peak of these variables, developing 

greater strength depends on optimising training 

since the musculoskeletal tissue has structural 

limitations.  

In the present study, we observed that the 

maximum voluntary strength of the biceps, 

triceps and the sum of the loads was higher in 

participants who presented higher values for the 

total and muscle cross-section areas of the arm, 

corroborating the study of Menezes and Marucci 

(2007), who say that a greater magnitude of the 

muscle cross-section area of the arm can 

optimise maximum voluntary strength. Similar 

findings were reported by Maughan Watson and 

Weir (1984) in the application of strength by 

physically active adult men. In an earlier study 

of healthy postmenopausal women, a moderate 

positive correlation was reported between the 

muscle cross-section area of the arm and the 

maximum voluntary strength (right curl) 

(Bonganha et al., 2010). In another study in 

healthy women, Westphal, Baptista and Oliveira 

(2006) reported a strong correlation between 

the muscle cross-section area of the arm and the 

maximum voluntary strength (flat bench press). 

In sedentary males, Pinto, Rodolfi, and Bohn 

(2001) reported that no correlation was found 

between the muscle cross-section area and the 

maximum voluntary strength of the biceps; 
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however it should be noted that the study was 

carried out with a very small number of 

participants, which may have affected the 

results. The expressive results between the 

variables cited above may possibly be explained 

by the relevant fact that the cross-section area is 

directly proportional to the musculoskeletal 

ability to produce strength (Schantz, Randall-

FoxHutchison, & Tydén 1983).  

The present study contributes to the areas of 

kinanthropometry and strength training, since 

the periodic estimation of the cross-section area 

of anatomical segments may support 

morphological monitoring of hypertrophic 

musculoskeletal adaptation in individuals 

undergoing resistance training. 

One limitation of the present study is the 

small sample size, which reduces its significance 

as a representation of the population; however, 

we note that the importance of this limitation 

was diminished by the fact that the participants 

all presented similar characteristics, increasing 

the representativeness of the results reported 

for a population of this kind. 

 

CONCLUSION 

In practitioners of resistance training, the 

increase in the total and muscle cross-section 

areas of the arm determines the increase in 

maximum voluntary strength in the upper 

segments. 
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