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Abstract – This study aimed to estimate the propulsive force of the arm (PFA) in young freestyle 
swimmers and propose an equation to estimate propulsive force, considering anthropometric 
variables and maturity offset. Seventy-six competitive swimmers [boys: n= 53; age= 13.58 ± 1.79; 
girls: n= 23; age= 12.98 ± 1.79] participated in this study. Height, lean mass, sitting height, leg 
length, arm span, triceps skinfold, arm muscle area (AMA), and maturity offset were assessed. The 
propulsive force of the arm was measured by the tethered swim test. A multiple linear regression 
(concurrent model) was used to develop the equation using the variables AMA, arm span, and 
maturity offset. The Bland–Altman method was used to compare the values found between PFA 
and propulsive force–estimated (PFE). There was a significant correlation between the variables PFA 
and AMA (R²=0.12; p<0.01), arm span (R²=0.21; p<0.01), and maturity offset (R²=0.20; p<0.01) 
for boys, whilst in girls theses values were: AMA (R²=0.07;p=0.20), arm span (R²=0.50;p<0.01), 
and maturity offset (R²=0.44;p<0.01). Two linear equations were established to predict the PFA 
in boys and girls Bland-Altman analysis showed an agreement between PFA and PFE. In conclu-
sion, the equation is a valuable tool to monitor training and help improve swimmer performance.
Key words: Anthropometry; Muscular strength; Swimming.

Resumo – Este estudo teve como objetivo estimar a força propulsora da braçada(FPB) em jovens 
nadadores do estilo livre e propor uma equação para estimar a força propulsora, considerando variáveis 
antropométricas e a maturação. Setenta e seis nadadores competitivos [meninos: n = 53; idade = 13,58 
± 1,79; meninas: n = 23; idade = 12,98 ± 1,79] participaram deste estudo. Foram avaliados: altura, 
massa magra, estatura sentada, comprimento da perna, envergadura, dobra cutânea do tríceps, área 
muscular do braço (AMB) e maturação. A força propulsiva da braçada foi medida pelo teste de nado 
atado. Uma regressão linear múltipla (modelo concorrente) foi usada para desenvolver a equação 
usando as variáveis AMB, envergadura e maturação. O método de Bland – Altman foi utilizado 
para comparar os valores encontrados entre FPB e força propulsiva estimada (FPE). Houve corre-
lação significativa entre as variáveis FPB e AMB (R² = 0,12; p <0,01), envergadura (R² = 0,21; 
p <0,01) e maturação (R² = 0,20; p <0,01) para meninos, enquanto os valores das meninas foram: 
AMB (R² = 0,07; p = 0,20), envergadura (R² = 0,50; p <0,01) e maturação (R² = 0,44; p <0,01). 
Duas equações lineares foram estabelecidas para predizer a FPB em meninos e meninas. A análise de 
Bland-Altman mostrou concordância entre FPB e FPE. Em conclusão, a equação é uma ferramenta 
valiosa para monitorar o treinamento e ajudar a melhorar o desempenho do nadador.
Palavras-chave: Antropometria; Força muscular; Natação.
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INTRODUCTION

Performance in different competitive swimming events and tests may be 
explained by biomechanical parameters, cardiorespiratory fitness, propul-
sive force, resistance in the aquatic environment, and technical factors1,2. 
In dynamic equilibrium conditions, the propulsive force generated by the 
swimmer is proportional to the pulling force provided by the active fluid 
against the trajectory of body displacement3. Thus, the inclusion of upper 
limb strength seems crucial to increase the propulsion levels used in water4.

In this context, several studies have been conducted to find out how 
large the correlation is between anthropometric indicators and swimming 
performance of young swimmers, and which of these indicators has the 
greatest impact on swimming performance5–8. Over short distances, epi-
sodes of sprints are quite common and depend directly on muscular power, 
since the swimmer needs to reach higher speeds9.

According to the literature, the stroke rate, stroke index, arm span, body 
height, bone mass, spine bone mineral density, foot size, and leg strength 
could be used as predictors of 100-m and 400-m front crawl performance in 
young swimmers7,10,11. For example, Sammound et al.11 revealed that 100-m 
butterfly speed performance was strongly and positively associated with the 
segment length ratio [(arm-span)/(forearm-length) and girth ratio (calf- 
girth)/(ankle-girth), rather than the whole-body size characteristics. Nevill 
et al.7 showed that lean body mass was the singularly most important whole-
body characteristic associated with front crawl swim speeds and that having 
greater limb segment length ratios [i.e., arm ratio = (lower arm)/(upper arm); 
foot-to-leg ratio = (foot)/(lower-leg)] were key to personal best swim speeds.

Propulsive force in swimming is paramount for performance and this 
assessment gives a direct estimation of the force through water that is 
specific to swimmers3,12. Some studies have shown a direct relationship be-
tween power and speed and imply that high levels of power are transferred 
positively to the travel speed through water13,14. For instance, Santos et al.8 
found a positive association (r = 0.68; p < 0,001) between arm muscle area 
and propulsive force of the arm (PFA) in young male swimmers (9 to 14 
years).Geladas et al.15 reported that 100-m freestyle swimming performance 
was best predicted by a combination of anthropometric and physical tests 
(r = -0.22 to -0.31) in a sample of 263 (12–14-year-old) swimmers. Efforts 
have been made to seek effective, reliable, and practical means of assessing 
and monitoring changes in this capacity.

Understanding the association between anthropometric variables and 
swimming performance has been shown to be an important factor, not 
only in the identification of future talents in swimming11 but also in the 
possibility of developing predictive models and equations that better seek 
to explain these relationships. Prediction equations, resulting from direct 
measurement tests, have contributed as low cost and applicable valuation 
methods. In swimming, for instance, it is possible to identify these equa-
tions from the anthropometric viewpoint, estimating the propulsive force 
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of swimming at the critical speed as well as validating tests to determine 
aerobic capacity8,16.

Despite the recognized importance of the propulsive force of swimmers, 
few studies have developed, in adolescents, equations using anthropometric 
factors and maturity offset to estimate propulsive force. Therefore, the 
purpose of this study was to estimate the propulsive force of the arm in 
young freestyle swimmers and propose an equation to estimate propulsive 
force, considering anthropometric variables and maturity offset.  

METHOD

This study was conducted in Pernambuco (Brazil) with swimmers registered 
at the Brazilian Federation of Aquatic Sports. Fifty-three boys (13.58 ± 
1.79 years) and twenty-three girls (12.96 ± 1.79 years), who trained for two 
hours per day, six times per week, participated in this study. The subjects 
participated in the following steps of the study: (a) description of the study; 
(b) anthropometric measurements; (c) measurement of the propulsive 
force of the arm. Written informed assent (children and adolescents) / 
consent (legal representatives) were obtained before the start of the study.  
This study was approved by the Ethics Committee on Human Research 
(CAAE-23474613.6.0000.5207).

Anthropometric measurements
Height and sitting height were measured to the nearest 1.0 cm using a 
portable stadiometer (Sanny, São Paulo, Brazil). Leg length was indirectly 
obtained by subtracting the value of the sitting height from the height. 
Body mass was measured to the nearest 0.1 kg with a digital scale (Fili-
zola, São Paulo, Brazil). The arm span was obtained to the nearest 0.1 cm 
using a tape measure (Starrett, Itu, Brazil) with the individual standing 
with arms abducted at a 90° angle with the trunk, elbows extended, and 
forearms supinated. The distance between the 3rd finger of the right and 
left hand in this position was taken as the arm span.

The circumference of the arm (relaxed) was measured by a single 
evaluator with a 0.1 cm precision flexible tape. Skinfold measurements 
(in millimeters) were taken on the right-hand side of the triceps using a 
Lange skinfold caliper (Lange, Santa Cruz, CA). The arm muscle area was 
calculated by the equation: AMA (cm2) = {[AC - π ⋅ TST (cm2)]/4 ⋅ π}, 
where AMA is relaxed AMA, AC is arm circumference, TST is triceps 
skinfold thickness, and π = 3.1416. 

Biological maturation
Biological maturation was assessed using maturity offset (Moff), which 
provides an indication of somatic maturity based on measured height, 
sitting height, and leg length, described previously by Mirwald et al.17. In 
girls, maturity offset = -9.376 + (0.0001882·leg length and sitting height 
interaction) + (0.0022·age and leg length interaction) + (0.005841·age 
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and sitting height interaction) - (0.002658·age and weight interaction) + 
(0.07693·weight by height ratio × 100). In boys, maturity offset = -9.236 + 
(0.0002708·leg length and sitting height interaction) - (0.001663·age and 
leg length interaction) + (0.007216·age and sitting height interaction) + 
(0.02292·weight by height ratio × 100). In the main analyses, biological 
maturation was treated continuously.  

Propulsive force of the arm
Propulsive force was measured using the fully tethered swimming method 
composed of a load cell with a maximum nominal load of 2000 N (±0.29 
N), tied to the athlete’s hip with a system of cables and the starting block 
with an aluminum bracket. The cable system was attached at a distance of 
approximately three centimeters from the waterline12. The swimmer did 
not exercise during the 24 hours preceding the tests. This precaution was 
taken so that no acute effect resulting from the training sessions could 
influence the results. A 10-minute warm-up period of exercise subjectively 
determined by the swimmer as moderate-intensity was performed before 
the beginning of the evaluation. A leg float was placed between the legs of 
the swimmer to prevent unwanted movements with the lower limbs. The 
protocol to evaluate the propulsive force of the arm consisted of applying 
two maximal efforts in front crawl while tied to the measurement appara-
tus for 30 seconds. The beginning and finish of the test were determined 
by an audible signal and all participants were verbally encouraged to give 
maximum performance. In the present study, we only used the maximal 
efforts (kgf) analyzed in the Software EMG System, [(EMG Lab V1.2) 
EMG System, SP, Brazil]. The load cell was a force transducer with a 
traction capacity of 300 kg.  Water temperature was kept between 25° 
and 28°, as recommended by the Fédération Internationale de Natation for 
swimming performance.

Statistical analyses
All statistical analysis was performed using the software SPSS, version 
21.0. and GraphPad Prism 6. Statistical normality was tested using both 
statistical (Kolmogorov-Smirnov test) and graphical procedures (normal 
probability plots). The continuous variables are expressed as mean, standard 
deviation, and minimum and maximum values. The assumption of a linear 
relationship between each independent variable and propulsive force of 
the arm was checked using scatterplots, and the lack of collinearity by the 
Pearson coefficients (r < 0.6). A concurrent model was conducted, using 
the forward method, for the development of the prediction equation of the 
propulsive force of the arm by adjusted R-square and deviance statistic. 
The deviance is the measure of model goodness of fit, and it is expected 
that if a new model fits the data better than the previous one, the deviance 
will drop significantly. Furthermore, the change in deviances (ΔD) follows 
a chi-square distribution whose degrees of freedom are calculated from 
the difference between the numbers of the estimated parameters in each 
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model, assuming they are nested within each other. In model 1, we used 
the arm muscle area as an independent variable. In model 2, we added 
arm span to the model, and in model 3 we added maturity offset. Residual 
analysis was performed by checking for normality and homoscedasticity 
using graphical analysis, and multicollinearity using the criterion vari-
ance inflation factors (VIF > 5). Subsequently, the Bland-Altman method 
was used for the concordance values found between the propulsive force 
of the arm (PFA) and arm propulsive force-estimated (PFE). Statistical 
significance was set at p≤0.05. 

RESULTS

Descriptive statistics (means ± SD=standard deviations) of the sample are 
shown in Table 1. On average, boys were older, heavier, and taller, as well 
as having higher propulsive force of the arm, sitting height, arm span, arm 
muscle area, and fat-free mass than girls. On the other hand, maturity 
offset in girls was earlier than in boys. 

Table 1. Descriptive analyses of swimming athletes 

  Boys                                                                                 
(n=53)

Girls
(n=23)

  Mean ± SD Minimum Maximum Mean ± SD Minimum Maximum

Age (years) 13.58 ± 1.79 9.00 17.00 12.96 ± 1.71 9.00 16.00

Body Height (cm) 165.31 ± 11.15 133.00 187.00 157.19 ± 8.59 133.00 168.00

Body Mass (kg) 54.80 ± 9.81 52.10 57.51 49.07 ± 8.49 28.30 63.00

Sitting Height (cm) 81.07 ± 8.17 57.00 96.00 78.19 ± 8.18 58.00 89.50

Leg Length (cm) 84.23 ± 10.81 38.50 113.00 79.00 ± 6.07 67.00 89.00

Arm Span (cm) 169.76 ± 12.66 143.00 196.00 160.39 ± 10.10 139.00 178.00

Arm Muscle Area (cm²) 23.51 ± 2.59 17.87 29.96 21.14 ± 1.89 18.23 25.46

Offset maturity (years) -0.54 ± 1.68 -3.81 3.14 0.68 ± 1.39 -2.98 3.16

PFA (kgf) 25.97 ± 10.75 9.96 55.05 21.41 ± 8.69 7.45 36.23

Note. PFA: propulsive force of the arm; SD: Standard deviation

The values of the linear relationships with the variable propulsive force 
of the arm for boys were: arm muscle area (R² =0.12; p<0.01), arm span 
(R²=0.21, p<0.01), and maturity offset (R²=0.20, p<0.01), whilst in girls 
these values were: arm muscle area (R² =0.07; p=0.20), arm span (R²=0.50, 
p<0.01), and maturity offset (R²=0.44 p<0.01), respectively (figure 1). Body 
height, body mass, sitting height (cm), and leg length did not contribute 
significantly to the parsimonious relationship with the propulsive force of 
the arm, suggesting that the advantage of having a longer arm span, arm 
muscle area, and maturity offset seem to be “limb specific” rather than a 
more general whole-body advantage. 

Thus, three different models were developed (table 2 and table 3). 
However, model 3 fitted the data better than model 2 [deviance model 
3 = 4341.45 and deviance model 2= 4475.89; Δd = -134.44] and model 1 
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Figure 1. Correlations between PFA (propulsive force of the arm) and independent variables in boys and girls: AMA (Arm muscle area), 
Arm Span and Maturity Offset. 

Table 2. Linear regression of the Propulsive Force of the arm by Arm muscle area, peak height velocity, and age in front crawl swimming 
youth athletes in boys

Propulsive Force of the arm (kgf)
Boys (n=53)

Crude (n= 53) Model 1 (n=53) Model 2 (n=53) Model 3 (n=53)

β 95% CI p β 95% CI p β 95% CI p β 95% CI p

AMA (cm²) 1.45 0.39 to 2.51 <0.01 1.45 0.39 to 2.51 <0.01 0.42 -0.90 to 1.75 0.52 0.16 -1.22 to 1.55 0.81

Arm span 0.38 0.17 to 0.59 <0.01 - - - 0.32 0.05 to 0.59 0.02 0.21 -0.11 to 0.54 0.19

Maturity 
OffSet 2.85 1.29 to 4.42 <0.01 - - - - - - 1.49  -0.94 to 3.94 0.22

(Constant) - -8.18 -33.32 to 16.95 0.51 -39.68 -75.13 to -4.22 0.02 -13.48 -68.91 to 41.95 0.62

Note. Maturity offset (Years); AMA (Arm Muscle area) cm²; Arm span (cm); Model 1 (R²= 0.12; Radj2=0.11; p=<0.01; Deviance= 5002.85); 
Model 2 (R²= 0.22; Radj2=0.18; p=<0.01; Deviance = 4475.89); Model 3 (R²= 0.24; Radj2=0.19; p=<0.01; Deviance= 4341.45; Std. error 
of the estimate= 0.70) 
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[deviance model 3 = 4341.45 and deviance model 1=5002.85; Δd= - 661.4] 
for boys. Whilst in girls the deviance value differences for model 2 were 
[deviance model 3 = 763.80 and deviance model 2= 810.77; Δd= - 46.97] 
and model 1 [deviance model 3 = 763.80 and deviance model 1=1540.39; 
Δd= -776.59].

The Bland–Altman analysis demonstrated agreement between the 
values obtained by both propulsive force of the arm (PFA) and propulsive 
force - estimated (PFE) methods (95% confidence interval [CI]: -17.87 
to 17.95 kgf) for boys and (95% confidence interval [CI]: -11.54 to 11.55 
kgf) for girls (figure 2). 

Finally, the correlation was verified between variables and a value 
of adjusted R-squared (Radj

2) for boys (R²= 0.24; Radj
2 =0.19; p=<0.01; 

Deviance= 4341.45; Std. error of the estimate= 0.70) and girls (R²= 0.54; 
Radj

2=0.46; p=<0.01); Deviance= 763.80; Std. error of the estimate= 1.33) 
confirming that PFA and PFE are correlated and equivalent, which sug-
gests the following equation: 

PFE (boys) = -13.480 + [0.165 ⋅ Arm Muscle Area (cm²)] + [0.214 ⋅ arm span] + [1.449 ⋅ maturity 
offset (years)]

PFE (girls) = -39.200 + [-0.681 ⋅ Arm Muscle Area (cm²)] + [0.464 ⋅ arm span] + [1.857 ⋅ 
maturity offset (years)] 

Table 3. Linear regression of the Propulsive Force of the arm by Arm muscle area, peak height velocity, and age in front crawl swimming 
youth athletes in girls.

Propulsive Force of the arm (kgf)
Girls (n=23)

Crude (n= 23) Model 1 (n=23) Model 2 (n=23) Model 3 (n=23)

β 95% CI p β 95% CI p β 95% CI p β 95% CI p

AMA (cm²) 1.24 -0.76 to 3.24 0.21 1.24 -0.76 to 3.24 0.21 -0.55 -2.29 to 1.17 0.51 -0.68 -2.43 to 1.07 0.42

Arm span 0.60 0.33 to 0.88 <0.01 - - - 0.66 0.33 to 0.98 <0.01 0.46 -0.39 to 0.96 0.06

Maturity 
Offset 4.17 2.06 to 6.28 <0.01 - - - - - - 1.85 -1.73 to 5.45 0.29

(Constant) - -6.04 -50.61 to 38.52 0.78 -72.41 -118.9 to -25.84 <0.01 -39.20 -118.5 to 40.19 0.31

Note. Maturity offset (Years); AMA (Arm muscle area) cm²; Arm Span (cm); Model 1 (R²= 0.07; Radj2=0.02; p=0.21; Deviance=1540.39); 
Model 2 (R²= 0.51; Radj2=0.46; p= <0.01; Deviance =810.77); Model 3 (R²= 0.54; Radj2=0.46; p=<0.01); Deviance= 763.80; Std. error 
of the estimate= 1.33) 

Figure 2. Bland-Altman plot between the propulsive force of the arm (PFA) and Propulsive force estimated (EPF).
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DISCUSSION

The purpose of this study was to estimate the propulsive force of the arm in 
young freestyle swimming and propose an equation to estimate propulsive 
force, considering anthropometric variables and maturity offset. Firstly, we 
observed that boys were older, taller, and heavier, as well as having higher 
propulsive force of the arm, sitting height, arm span, and arm muscle area. 
On the other hand, maturity offset in girls was earlier than boys. Although 
the maturation processes during pre-puberty and puberty are apparently 
independent, maturity markers are positively correlated, suggesting that 
an individual with advanced/delayed sexual maturation will have an ad-
vanced/delayed increase in body height18. Thus, it appears that the different 
stages of biological maturation (i.e., the age at which various percentages 
of individuals reach adult body height, the age at which different stages 
of skeletal maturation are achieved, and the age of peak height velocity), 
can occur together and alongside one another19.

The main results observed in the present study were positive associa-
tions between the propulsive force of the arm, maturity offset, arm span, 
and AMA, allowing, through linear regression analysis, the elaboration 
of a prediction equation of PFA. The values obtained demonstrate a good 
level of agreement between the values measured and those estimated by 
the equation. It was interesting to note that in model 3, for both boys 
and girls, the joint variables (i.e., arm span, AMA, and maturity offset), 
showed a lower value of deviance. One of the main challenges related to 
athlete performance is to identify which variables can predict athletic suc-
cess. Some anthropometric factors, such as arm span, and biomechanical, 
technical, and kinetic variables related to the propulsive force of the arm 
appear as possible performance indicators in swimming athletes1,2,4,20,21.

The power generated by upper limbs has been strongly correlated with 
swimming velocity in young swimmers, since the fastest athletes have a 
greater ability to produce propulsive force, to the extent that the efficient 
technical gesture becomes less important in the final performance of the 
race through the water22. In this scenario, previous literature supports a 
positive relationship between power and speed and implied that high levels 
of power are transferred positively to the traveling speed13,14. In this sense, 
although the factors that influence the drag propulsion of the swimmer 
are known, the capacity to generate propulsive force from a larger area of 
muscle is not yet completely clear. In this way, a propulsive force prediction 
equation could help control training prescription, follow-up of training 
routines, and/or even the identification of new sports talents23.

However, it has already been demonstrated that there are no statistically 
significant differences between the relative contribution of the propulsive 
phase in conventional swimming in swimmers; therefore, there are slight 
variations between individuals in the in-water phase. In addition, it is 
important to consider the relative homogeneity of factors related to the 
environment (zero body drag due to null velocity), task (tethered swim-
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ming at a maximum intensity and without breathing), and individual (sex, 
competitive level, and anthropometry), found in this study. Under these 
conditions, both the absolute and relative duration of the stroke phases 
tend to have more moderate interindividual variations24.

The Moff presented a very relevant association with the PFA, indicating 
that with the advancement in biological maturation, there is improvement 
in the power capacity of young swimmers. Growth indicators in young 
swimmers are minor before the onset of puberty, but during biological 
maturation anthropometric changes strongly affect swimming perfor-
mance. Our results, corroborates the idea of evaluating peak height velocity 
(PHV) as a biological maturation indicator25 and a predictor related to 
generating propulsive force of the arm in young swimmers. In addition, 
Caputo et al.26 reported that for short duration events in which the power 
production capacity is considered a key variable, physical characteristics 
such as body height, arm span, body composition, and somatotype can 
also contribute to the level of performance. These morphological attributes 
largely depend on genetic factors and may have a decisive influence on 
swimming performance27.

The AMA is also related to PFA and, consequently, with individual 
strength capacity. Muscle size is a major factor contributing to improved 
capacity to produce force as children pass through biological maturation. 
In this context, Morais et al.28, showed that improvement in force pro-
duction affected stroke parameters, which ultimately affected swimming 
performance. This result could help the elaboration of training programs, 
since the inclusion of strength training in the upper body seems to be 
crucial to increase propulsion in the water4 and leads to an increase in 
AMA (i.e., elbow flexion and extension) and, consequently, can improve 
swimmer performance5,8,29. Programs that improve the overall strength 
and power in youth swimmers have a positive effect on enhancing their 
performance28. It is important to highlight that fat mass and lean mass 
both seem to contribute to the performance of swimmers21. Swimming 
does not appear to favor large gains in muscle mass as these gains would 
reduce floatability and impair performance6,29.

This study presented limitations, as the correlations presented here 
were obtained according to swimmers’ upper limb strength; however, the 
semi-tethered encoder recordings might not just be from the arm action 
throughout the underwater stroke, but also from the leg action. How-
ever, the equation proposed in the present study included, as predictors, 
the AMA, arm span, and maturity offset, presenting higher values of 
agreement between the propulsive force of the arm (PFA) and propulsive 
force-estimated (PFE). Thus, it is possible to affirm that biological matura-
tion, arm span, and an increase in AMA are important variables that can 
influence propulsive force production capacity and, consequently, sports 
performance5.

In a way, the proposed equation may facilitate PFA measurement and 
help in selecting the best type of training for athletes, since the AMA, 
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PHV, and age help to increase force production capacity, which can lead 
to a better yield. The ease with which these variables can be collected, 
compared to the difficulty in accessing equipment such as dynamometers, 
helps to justify the relevance of the study findings. Furthermore, the fact 
our sample was composed of federated athletes of both sexes and the PFA 
was assessed in an aquatic environment, makes the results found more 
reliable than analyzes performed in a condition that is farther from the 
reality of the evaluated swim. This makes the equation a valid alternative 
to assist the coaching of young swimmers.

CONCLUSION

The parameters AMA, arm spam, and maturity offset were more closely as-
sociated with an increase in propulsive force of the arm and, hypothetically, 
with performance in conventional swimming. In addition, these variables 
can be used in the prediction equation to estimate the propulsive force of 
the arm in both sexes. 
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