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BODY MASS TO PREDICT 4-6 RM OF PECTORAL AND LEG 
MUSCLES EXERCISES IN BODYBUILDERS
PREDIÇÃO DE 4-6 RM  DE EXERCICIOS DE PERNA E PEITORAL PELA MASSA CORPORAL

PREDICCIÓN DE 4-6 RM DE EJERCICIOS DE PIERNAS Y PECTORALES POR MASA CORPORAL
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ABSTRACT
Introduction: Submaximal strength testing appears to be valid to prescribe the intensity for strength training 

protocols that reduce the risk of injuries and testing time. Objective: This study aimed to assess the predictive 
ability of body mass parameters to estimate 4-6 repetitions maximum (4-6 RM) of Leg press 45°, Chest press, 
and Pull-down exercises. Methods: Eleven male bodybuilders (age 38.27 ± 10.48 years) participated in this 
study. Participants completed an incremental external load up to find the load allowing them to perform 4 to 6 
maximal repetitions for each exercise in random order. The starting load was 50% of body mass for chest press 
and pull-down exercises and 100% for leg press. The load increment after each set was 20 kg for lower limb 
exercises and 10 kg for upper body exercises. Results: Results revealed that body mass had good to optimal 
relationships with 4-6 RM for all three exercises. Results showed that body mass had a good prediction ability for 
all three criterion measures. Conclusion: The prediction equations suggested in this study may allow coaches to 
estimate the 4-6 RM of leg press 45°, chest press, and pull-down performances. Evidence Level  IV; Case series.

Keywords: Predictions and Projections; Muscle Strength; Body Weight.

RESUMO
Introdução: O teste de força submáxima parece ser válido para prescrever a intensidade nos protocolos de 

treinamento de força, reduzindo o risco de lesões e duração dos testes. Objetivo: Avaliar a capacidade preditiva dos 
parâmetros de massa corporal para estimar o exercício de 4-6 repetições máximas (4-6 RM) nos exercícios de Leg 
press 45°, Chest press e Pull-down efetuados por fisiculturistas. Métodos: Onze fisiculturistas masculinos (38,27 ± 10,48 
anos) participaram do estudo. Eles completaram a carga externa incremental até encontrar a carga que lhes permitia 
realizar de 4 a 6 repetições máximas para cada exercício, em ordem aleatória. A carga inicial foi fixada em 50% da 
massa corporal para os exercícios de Chest press e Pull-down, e 100% para o de Leg press. O incremento de carga 
após cada rodada foi de 20 kg para o exercício de membros inferiores e 10 kg em membros superiores. Resultados: Os 
resultados revelaram que a massa corporal apresenta relações satisfatórias com 4-6 RM para todos os três exercícios. 
Os resultados mostraram que a massa corporal possui boa capacidade preditiva em todas as três medidas. Conclusão: 
As equações de previsão sugeridas nesse estudo podem permitir o uso desses exercícios pelos técnicos para medir a 
performance a 4-6 RM nos exercícios de Leg press 45°, Chest press, e Pull-down. Nível de evidência IV; série de casos.

Descritores: Modelos de Predição; Força muscular; Peso Corporal.

RESUMEN 
Introducción: El test de fuerza submáxima parece ser válido para prescribir la intensidad en protocolos de 

entrenamiento de fuerza, reduciendo el riesgo de lesiones y la duración del test. Objetivo: Evaluar la capacidad 
predictiva de los parámetros de masa corporal para estimar 4-6 repeticiones máximas (4-6 RM) de ejercicios de Leg 
press 45°, Chest press y Pull-down realizados por fisicoculturistas. Métodos: Once fisicoculturistas masculinos (38,27 
± 10,48 años) participaron en el estudio. Completaron la carga externa incremental hasta encontrar la carga que 
les permitiera realizar de 4 a 6 repeticiones máximas para cada ejercicio, en orden aleatorio. La carga inicial se fijó 
en el 50% de la masa corporal para los ejercicios Chest press y Pull-down, y en el 100% para los ejercicios Leg press. 
El incremento de carga después de cada ronda fue de 20 kg para los miembros inferiores y 10 kg para los miembros 
superiores. Resultados: Los resultados revelaron que la masa corporal tiene relaciones satisfactorias con 4-6 RM para 
los tres ejercicios. Los resultados mostraron que la masa corporal tiene una buena capacidad predictiva en las tres 
medidas. Conclusión: Las ecuaciones de predicción sugeridas en este estudio pueden permitir a los entrenadores 
utilizar estos ejercicios para medir el rendimiento a 4-6 RM en ejercicios de Leg press 45°, Chest press y Pull-down. 
Nivel de Evidencia IV; serie de casos.

Descriptores: Modelos Predictivos; Fuerza Muscular; Peso Corporal.

Associate Editor responsible for the review process: Júlia Maria 

Original article

Artigo originAl
Artículo originAl

Article received on 11/29/2021 accepted on 08/15/2022DOI: http://dx.doi.org/10.1590/1517-8692202430012021_0505i

TRAINING

http://orcid.org/0000-0002-4254-3105
http://orcid.org/0000-0001-6419-5095
http://orcid.org/0000-0002-8087-4837
http://orcid.org/0000-0001-5302-7192
http://orcid.org/0000-0001-6221-546X
http://orcid.org/0000-0001-5169-256X
http://orcid.org/0000-0003-1902-4830
http://orcid.org/0000-0002-4547-3130
http://orcid.org/0000-0002-7144-7403


Rev Bras Med Esporte – 2024; Vol. 30 – e2021_0505of 4Page 2

INTRODUCTION
One-repetition maximum (1-RM) is regarded as a popular test com-

monly used for muscular testing and conditioning1 since it is considered 
a valid indicator of maximal dynamic strength,2,3 defined as the maximal 
weight that an individual can lift with a single repetition.4 Chest press and 
Pull-down for upper body,5 and Leg press 45° for lower body,6,7 are con-
sidered the best exercises to assess the muscle strength in a bodybuilders 
population. In addition, the 1-RM is considered the primary reference 
for determining baseline measurements and prescribing training loads 
when constructing resistance training programs for recreational and pro-
fessional athletes and especially for individuals who intend to undertake 
resistance training for the first time.3,8 However, the direct determination 
of the 1-RM from a single maximal lift has been associated with a number 
of drawbacks. When performed incorrectly or by novice subjects, it may 
increase the risk of injury, be time-consuming, and be impractical for large 
groups.9,10 Additionally, to obtain an accurate 1-RM, several familiarization 
and testing sessions for each exercise are needed to establish whether a 
change occurred due to learning or training.11

Several equations that rely on linear regression modeling are de-
veloped to calculate 1-RM indirectly.12,13 These prediction equations are 
derived from multiple repetition maximum or maximal weight that an 
individual can lift over a specified number of repetitions.14 The number 
of repetitions shouldn’t exceed more than ten as prediction equations 
are more accurate when heavier loads are used.13 While multiple repe-
tition maximum involves lifting high relative loads during the fatigued 
state, 4-6 RM or 7-10 RM submaximal strength assessment appears to 
be valid for prescribing intensity in strength training protocols15 with no 
reported symptoms of post-exercise delayed onset of muscle soreness.16

Recent literature has shown that anthropometric measures can predict 
1-RM loads.17-21 The body mass routinely used to predict pectoral machine 
and leg press, particularly correlated to 1-RM performance.19,22 It is possible 
that greater accuracy can be achieved by using a submaximal strength test 
combined with anthropometric measurements to estimate 1-RM. It should 
be noted that Whisenant et al.23 restricted anthropometric measurements 
to the body height and body mass, which limited their evaluation of the 
ability of anthropometric measures to reduce prediction error. This seems 
surprising based on the findings of previous studies showing relatively 
strong relationships between body mass variables and the expression of 
strength.19,20 Coaches and individuals interested in ‘athletes’ body strength 
evaluation24,25 may benefit from a reasonably accurate conversion of body 
mass to estimates of %RM strength exercises, especially for bodybuilders. 
Bodybuilders are a specific population of athletes whose ultimate goal 
is to achieve a large muscle mass (MM) with low quantities of fat mass 
(FM).26 Elevated quantities of fat-free mass (FFM) are crucial in physique 
sports like bodybuilding, and absolute levels of FFM/MM may be the most 
significant anthropometric determinant of maximal strength.19 Although 
investigations that deal with anthropometric measurement and strength 
tests to estimate %RM in different sports exist,19,20 the efficacy of this 
approach in bodybuilding is unknown.

Therefore, the purpose of the present study was to examine the 
predictive ability of body mass to estimate the 4-6 RM in the leg press 
45°, chest press, and pull-down exercises. We hypothesized that body 
mass would explain significant amount of variance in performance for 
all three exercises at submaximal loads.

MATERIALS AND METHODS
Participants

Eleven senior male bodybuilding voluntarily participated in this study. 
The participant's body measurements and characteristics are shown in 
Table 1. All participants had at least ten years of bodybuilding practice, 

with ~15 training sessions per week routine. Twenty-four hours before 
and during the study period, participants were asked to avoid medication, 
alcohol, drugs, and dietary supplements consumption to reduce any 
interference in the testing. Participants were also free from any injury or 
pain that would have prevented maximal effort during testing. They all 
gave their written informed consent to participate in the study after a 
thorough explanation of the ‘study’s protocol. The protocol conformed 
to internationally accepted policy statements regarding the use of 
human participants in accordance with the Declaration of Helsinki and 
was approved by the ‘Ovidius University’s Ethics Committee (292/2021).

Procedures
Body mass was measured using a portable digital scale (Tanita 

body fat analyzer, model TBF 105) with ± 0.1 kg precision, while body 
height was measured with an accuracy of one millimeter (Harpenden 
Portable Stadiometer 603 VR, Holtain LTD, Crosswell, UK). Body mass 
index (BMI) was calculated using the equation: body weight (kg) / [body 
height (m)]2. To determine 4-6 RM for each exercise, participants were 
evaluated starting with an initial load of 100% body mass for leg press 
45° and 50% body mass for chest press and pull-down exercise. When 
the participant performed 12 repetitions, each exercise was interrupted, 
and after 5 min of passive rest, the external load of the exercises was 
increased. The increased load was 20 kg for leg press exercises and 10 
kg for chest press and pull-down exercises. According to the protocol 
described by Brzycki,27 the participants concluded the tests when they 
reached a maximum number of repetitions ranging between 4 and 6 
for each exercise. The load with which the participants were able to 
perform 4 to 6 correct and complete repetitions was considered 4-6 
RM and used for further statistical analyses.

The participants were instructed and supervised by the same 
assessor who had at least ten years of experience in exercise testing 
during the testing sessions. Furthermore, before each testing session, 
the participants performed ~15 min of a warm-up, including circum-
duction, adduction/abduction, and flexion/extension exercises of 
the upper and lower limbs with self-selected intensity and dynamic 
stretching. After the warm-up, the participants rested for ~5 minutes. 
The participants were asked to avoid any intense effort (i.e., the rate of 
perceived exertion was less than <6.5/10) in the 72 hours preceding 
the study. All sessions were performed in the morning to avoid any 
circadian variations, starting at around 10 am.

Statistical analysis
Data analyses were performed using SPSS version 23.0 for Windows 

(SPSS, Inc. Chicago, IL, USA). As all variables followed a Gaussian distri-
bution (Kolmogorov– Smirnov test), results were presented as mean 
± standard deviation (SD). The Pearson’s product-moment correlation 
coefficient (r) and the determination coefficient (r2) were used to eval-
uate the possible correlation between 4-6 RM and body mass for each 
exercise. For the interpretation of the magnitude of the correlations, 
the following scale was used:28 trivial (< 0.1), small (0.1-0.3), moderate 
(0.3-0.5), high (0.5-0.7), very high (0.7-0.9), or almost perfect (> 0.9). The 
equations and the standard error of estimate (SEE) to predict the 4-6 RM 

Table 1. ‘Participants’ body measurements and characteristics.

Sample size (n =11) Mean±SD
Age (years) 38.27±10.48

Body mass (kg) 80.05±8.08
Height (m) 1.76±0.08
BMI (kg/m2) 25.71±0.64

Training experience (years) 16.55±8.18
Note. BMI=Body mass index.
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Figure 1. Correlation between body mass (BM) and 4-6 RM on Leg Press (A), Chest Press (B), and Pull-down (C).

loads by BM for each exercise were determined using the coefficients 
obtained by linear regression analyses (LRA). Cohen’s f2 was also calcu-
lated as a quantitative measure of the magnitude of the experimental 
effect (effect size). The following scale was used for the interpretation of 
the f2: small (³ 0.02), medium (³ 0.15), and large effect size (³ 0.35). Finally, 
the 1-RM of the three exercises was estimated using 4-6 RM load and 
the respective number of repetitions via Brzycki equation:27 Lifted load 
÷ (1.0278 – (0.0278 × number of repetitions).

RESULTS
Leg press

The estimated 4-6-RM for the leg press ranged from 270 to 400 kg 
(324.55 ± 44.80 kg). The results for the leg press indicated that the cor-
relation between body mass and 4-6 RM (Figure 1A) was almost perfect 
(r = 0.92; r2 = 84.1%; f2= 5.3).

Using the intercept and slope values of the LRA, it was possible to 
compute the following equation:

4-6 RM (kg) for Leg press = 5.08 × body mass (kg) - 82.41
SEE = 18.81 kg

The estimated 1-RM for the leg press ranged from 295 to 450 kg 
(364.55 ± 52.56 kg).

Chest press
The 4-6 RM for the chest press exercise ranged from 90 to 150 kg 

(114.55 ± 16.35 kg). The results indicated that the correlation between body 
mass and 4-6 RM (Figure 1B) was very high (r = 0.72; r2 = 51.2%; f2= 1.05).

Using the intercept and slope values of the LRA, it was possible to 
compute the following equation:

4-6 RM (kg) for Chest press = 1.45 × body mass (kg) – 1.32
SEE = 12.03 kg

The estimated 1-RM for the chest press ranged from 98 to 164 kg 
(125.82 ± 17.92 kg). 

Pull-down
The 4-6 RM for the pull-down ranged from 110 to 150 kg (127.73±14.21 

kg). The results indicated that the correlation between body mass and 
4-6 RM (Figure 1C) was very high (r = 0.89; r2 = 78.4%; f2= 3.63).

Using the intercept and slope values of the LRA, it was possible to 
compute the following equation:

4-6 RM (kg) for Pull-down = 1.56 × body mass (kg) + 3.17
SEE = 6.96 kg

The estimated 1-RM for the pull-down ranged from 123 to 169 kg 
(141.31 ± 15.38 kg). 

The scatter plot of the correlation between body mass and 4-6 RM 
for each exercise is presented in Figure 1. Body mass had very hight 
to almost perfect correlations with 4-6 RM load in all three exercises 
(leg-press 45°: r = 0.92, chest-press: r = 0.72, pull down: r = 0.89) exercises.

DISCUSSION
This study was designed to explore the feasibility of individualized 

body mass parameters for determining the 4-6 RM in the leg-press 45°, 
chest press, and pull-down exercises. Results revealed that body mass 
had significant correlations with 4-6 RM (range from “very high” to “almost 
perfect”). Moreover, body mass was a good predictor to estimate 4-6 
RM in all three exercises.

Other studies found similar relationships between body mass and 
bench press 1-RM loads in male powerlifters (r = 0.49).19 Authors conclude 
that muscle thickness and body mass are the best predictors of strength 
in upper and lower limbs.19,20 Moreover, similar correlations between body 
mass and bench press 1-RM load were obtained in college football players 
(r ranged from 0.53 to 0.61).29,30 Thus, our results are in line with previous 
investigations indicating that male athletes routinely demonstrate upper 
and lower strength, namely that body mass acts as a strong correlate to 
this criterion. However, it is important to note that, unlike body mass and 
1-RM% relationships in the current and previous studies,19,20,29 recent findings 
showed body mass inclusion as an additional independent variable could 
improve the prediction capacity of multivariate analyses.20,22,29 Thus, the 
inclusion of body mass as a predictor variable is an excellent way to explain 
the criterion variance because initial determination for submaximal exercises 
performance (i.e., 4-6 RM) and body mass were good (r2= 51 - 84%).20,22,29

Previous studies showed that body composition could increase 
the amount of explained 4-6 RM variance.19,22 For instance, to improve 
performance, American football athletes in certain playing positions 
slowly raise their body weight in order to yield higher relative gains in 
fat mass than fat free mass.21,30 Such practices skew body mass 1-RM 
relationships, as athletes become heavier but not necessarily stronger.30 
This, in part, accounts for the inability of body mass to increase the amount 
of explained variance.30 Mayhew et al.,23 whose sample was comprised 
solely of American football players, found out that the poorest relative 
bench press efforts came from individuals with the higher body mass 
and fat percentage. High muscle mass (MM) and low fat mass (FM) is 
even more pronounced in bodybuilders, and indeed assertion of MM 
improves 1-RM loads. Previous studies confirm a poor relationship be-
tween body mass and 1-RM when individuals with high FM are included 
in testing protocols.19,20,30
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CONCLUSION
The prediction equations suggested in this study may allow coaches 

to use these exercises to measure the 4-6 RM performances, corrected 
by the following linear regression equation specific for each modality 
of exercises:
• Leg-press 45° 4-6 RM (kg) = 5.08 × body mass - 82.41
• Chest press 4-6 RM (kg) = 1.45 × body mass - 1.32
• Pull down 4-6 RM (kg) = 1.56 × body mass + 3.17

Knowing the maximum capabilities of athletes is essential to develop and 
implement a good training process, which is both safe and effective. Future 
investigations should focus on expanding the range of tested exercises in a 
different population of athletes and non-athletes. Identifying anthropometric 
variables that have excellent ability to estimate multiple repetition maximum 
should be helpful in creating strength and conditioning programs.

All authors declare no potential conflict of interest related to this article

REFERENCES
1. Padulo J, Laffaye G, Chaouachi A, Chamari K. Bench press exercise: The key points. J Sports Med Phys 

Fitness. 2015;55(6):604-8.

2. Cormie P, Mcguigan MR, Newton RU. Adaptations in Athletic Performance after Ballistic Power versus 
Strength Training. Med Sci Sport Exerc. 2010;42(8):1582-98.

3. Kraemer WJ, Ratamess NA. Fundamentals of Resistance Training: Progression and Exercise Prescription. 
Med Sci Sport Exerc. 2004;36(4):674-88.

4. Padulo J, Mignogna P, Mignardi S, Tonni F, D’Ottavio S. Effect of Different Pushing Speeds on Bench 
Press. Int J Sports Med. 2012;33(5):376-80.

5. Palermi S, Bragazzi N, Cular D, Ardigò L. How chest press-based exercises can alleviate the burden of 
cardiovascular diseases. Hum Mov. 2022;23(4):88-98.

6. Migliaccio GM, Iacono A Dello, Ardigò LP, Samozino P, Iuliano E, Grgantov Z, et al. Leg Press vs. Smith 
Machine: Quadriceps Activation and Overall Perceived Effort Profiles. Front Physiol. 2018;9.

7. Padulo J, Migliaccio G, Ardigò L, Leban B, Cosso M, Samozino P. Lower Limb Force, Velocity, Power 
Capabilities during Leg Press and Squat Movements. Int J Sports Med. 2017;38(14):1083-9.

8. Soriano MA, Suchomel TJ, Marín PJ. The Optimal Load for Maximal Power Production During Upper-Body 
Resistance Exercises: A Meta-Analysis. Sport Med. 2017;47(4):757-68.

9. Balsalobre-Fernández C, Marchante D, Muñoz-López M, Jiménez SL. Validity and reliability of a novel 
iPhone app for the measurement of barbell velocity and 1RM on the bench-press exercise. J Sports 
Sci. 2018;36(1):64-70.

10. González-Badillo J, Marques M, Sánchez-Medina L. The Importance of Movement Velocity as a Measure 
to Control Resistance Training Intensity. J Hum Kinet. 2011;29(A):15-9.

11. Amarante do Nascimento M, Borges Januário RS, Gerage AM, Mayhew JL, Cheche Pina FL, Cyrino ES. 
Familiarization and Reliability of One Repetition Maximum Strength Testing in Older Women. J Strength 
Cond Res. 2013;27(6):1636-42.

12. Tillaar R van den, Ball N. Push-Ups are Able to Predict the Bench Press 1-RM and Constitute an Alternative 
for Measuring Maximum Upper Body Strength Based on Load-Velocity Relationships. J Hum Kinet. 
2020;73:7-18.

13. Reynolds JM, Gordon TJ, Robergs RA. Prediction of One Repetition Maximum Strength From Multiple 
Repetition Maximum Testing and Anthropometry. J Strength Cond Res. 2006;20(3):584-92.

14. Baeckle T, Earle R. Essentials of strength training and conditioning. Champaign: Human Kinetics Publishers 
Inc; 2008.

15. Taylor JD, Fletcher JP. Reliability of the 8-repetition maximum test in men and women. J Sci Med Sport. 
2012;15(1):69-73.

16. Dohoney P, Chromiak JA, Lemire D, Abadie BR, Kovacs C. Prediction of one repetition maximum (1-RM) 

strength from a 4-6 RM and a7-10 RM submaximal strength test in healthy young adult males. J Exerc 
Physiol Online. 2002;5(3):54-9.

17. García-Ramos A, Haff GG, Pestaña-Melero FL, Pérez-Castilla A, Rojas FJ, Balsalobre-Fernández C, et al. 
Feasibility of the 2-Point Method for Determining the 1-Repetition Maximum in the Bench Press Exercise. 
Int J Sports Physiol Perform. 2018;13(4):474-81.

18. García-Ramos A, Torrejón A, Feriche B, Morales-Artacho AJ, Pérez-Castilla A, Padial P, et al. Prediction 
of the Maximum Number of Repetitions and Repetitions in Reserve From Barbell Velocity. Int J Sports 
Physiol Perform. 2018;13(3):353-9.

19. Keogh J, Hume PA, Pearson SN, Mellow P. Anthropometric dimensions of male powerlifters of varying 
body mass. J Sports Sci. 2007;25(12):1365-76.

20. Keogh J, Hume P, Mellow P, Pearson S. The use of anthropometric variables to predict bench press and 
squat strength in well-trained strength athletes. ISBS - Conference Proceedings Archive. 2005:126-9.

21. Noel MB, VanHeest JL, Zaneteas P, Rodgers CD. Body Composition in Division I Football Players. J Strength 
Cond Res. 2003;17(2):228-37.

22. Caruso JF, Taylor ST, Lutz BM, Olson NM, Mason ML, Borgsmiller JA, et al. Anthropometry as a Predictor 
of Bench Press Performance Done at Different Loads. J Strength Cond Res. 2012;26(9):2460-7.

23. Whisenant MJ, Panton LB, East WB, Broeder CE. Validation of Submaximal Prediction Equations for the 
1 Repetition Maximum Bench Press Test on a Group of Collegiate Football Players. J Strength Cond 
Res. 2003;17(2):221-7.

24. Laffaye G, Collin JM, Levernier G, Padulo J. Upper-limb Power Test in Rock-climbing. Int J Sports Med. 
2014;35(8):670-5.

25. Dhahbi W, Chaouachi A, Padulo J, Behm DG, Chamari K. Five-Meter Rope-Climbing: A Commando-Specific 
Power Test of the Upper Limbs. Int J Sports Physiol Perform. 2015;10(4):509-15.

26. Graybeal AJ, Moore ML, Cruz MR, Tinsley GM. Body Composition Assessment in Male and Female 
Bodybuilders: A 4-Compartment Model Comparison of Dual-Energy X-Ray Absorptiometry and 
Impedance-Based Devices. J Strength Cond Res. 2020;34(6):1676-89.

27. Brzycki M. Strength Testing—Predicting a One-Rep Max from Reps-to-Fatigue. J Phys Educ Recreat 
Danc. 1993;64(1):88-90.

28. Hopkins W. Measures of Reliability in Sports Medicine and Science. Sport Med. 2000;30(1):1-15.

29. Mayhew JL, Piper FC, Ware JS. Anthropometric correlates with strength performance among resistance 
trained athletes. J Sports Med Phys Fitness. 1993;33(2):159-65.

30. Mayhew JL, Jacques JA, Ware JS, Chapman PP, Bemben MG, Ward TE, et al. Anthropometric dimensions 
do not enhance one repetition maximum prediction from the NFL-225 test in college football players. 
J Strength Cond Res. 2004;18(3):572-8.


	_Hlk81322728
	_Hlk81323494
	_Hlk81423723
	_Hlk78245068
	_Hlk81423714
	_Hlk78500925
	_Hlk67358851
	_Hlk82906013
	_Hlk67362181
	_Hlk69170851
	_Hlk69606800
	_Hlk67358879
	_Hlk78245292
	_Hlk83023302
	_Hlk78913054
	_Hlk90805481

