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Abstract 15 

The aim of the present study was to develop prediction equations for the one repetition 16 

maximum (1RM) Bench Press (BP) in resistance-trained men based on muscle thickness and simple 17 

anthropometric parameters. 83 men (age:26.2±4.9y, height:175.9±6.3cm, body mass:82.9±11.2kg) 18 

participated in the present investigation and were assessed for anthropometric measurements and for 19 

muscle thickness of pectoral major (MTP). Then, the participants performed the 1RM BP test. A very 20 

large correlation was detected between MTP and 1RM BP (r = 0.83-0.88). A prediction equation 21 

based on MTP and body mass (EQ1) was developed: 1RM BP = -15.2460565 + (32.0751388 * MTP) 22 

+ (0.6364405 * Body Weight) with R2 = 0.79. Another prediction equation was developed using MTP 23 

only (EQ2): 1RM BP = 20.36167 + (39.36532 * MTP) with R2 = 0.69. Bland-Altman analysis and 24 

paired sample t test provided insufficient evidence to support differences between the predicted and 25 

the measured 1RM BP in both the equations (p > 0.05). This study showed that both MTP based 26 

(EQ2) and MTP and body mass based (EQ1) methods can be used to predict 1RM BP and may 27 

represent important tools for the evaluation of maximal strength. These findings support the potential 28 

use of non-performance-based parameters to predict maximal dynamic strength in trained individuals. 29 

Keywords: Equation, ultrasound, anthropometry, muscle architecture, strength, resistance 30 

training.  31 



INTRODUCTION 32 

 33 

Muscular strength represents a key factor for many sport activities involving individual 34 

athletes or teams (Reya et al., 2021). Although many resistance training methods exist, each 35 

characterized by a different management of the training variables (i.e., intensity, volume, type of 36 

muscle contraction), some exercises are widely considered fundamental to strengthen some muscle 37 

groups (Hoffman JR, 2014). Bench press (BP) represents one of the most popular exercises among 38 

athletes and gym goers to improve force production in pushing movements targeting the pectoral 39 

muscles (PEC) as prime movers (Bartolomei et al., 2018). BP is also performed in various 40 

competitions and represents the first lift in the official Powerlifting competition program (IPF, 2024). 41 

One repetition maximum (1RM) test is widely used as a parameter to select the proper training loads 42 

in specific resistance exercises. 1RM BP test has been used to assess maximum strength of many 43 

athletes, such as American Football players (Mann et al., 2012), Rugby Union players (Crewther et 44 

al., 2009), and Rugby League players (Till et al., 2017). 1RM BP test however can also be predicted 45 

by the number of repetitions that an individual can complete with a submaximal load (Dohoney et al., 46 

2002), and specific equations have been developed for this purpose (Whisenant et al., 2003). More 47 

recently, the bench press 1RM has been accurately predicted in trained men by the power produced 48 

by the upper body during a ballistic push-up (Wang et al., 2017b, 2017a). 49 

Many authors developed equations to predict the bench press 1RM by other measurement of 50 

maximal force (i.e., mid-thigh pull, mid-shin pull, handgrip) (Bartolomei et al., 2022; Grgic et al., 51 

2022; Macht et al., 2016) and power (i.e., bench press throw, ballistic push-up) (Bartolomei et al., 52 

2018). These prediction equations were based mainly on the relationships existing between power 53 

and maximum force. Recently, Bartolomei et al. (Bartolomei, Grillone, et al., 2021) reported large 54 

correlations (r = 0.82 - 0.83) between the muscle thickness of pectoral muscles (MTP) and the 1RM 55 



BP in resistance-trained athletes. Accordingly, Akagi and colleagues (Akagi et al., 2014) found an 56 

intimate relationship between cross-sectional area of the pectoral muscle and both maximum strength 57 

and power performances, evaluated by the 1RM BP and the Bench Press Throw test, respectively. A 58 

limitation of these studies was the need for physical performance tests. Although the incidence of 59 

injuries occurred during the 1RM test is minimal (Hoffman & Jay, 2014), in some cases, the 60 

possibility to predict the individual 1RM without performing maximal strength or power tests might 61 

represent a valuable option. Non-performance-based equations for the 1RM BP however, to the best 62 

of our knowledge, are lacking in the scientific literature. 63 

Thus, the present study aimed to develop non-performance-based prediction equations for the 64 

1RM BP of resistance-trained men, using the MTP and/or simple anthropometric measures. The 65 

research hypothesis was that the muscle architecture of the pectoral muscle might be enough to 66 

develop an equation to accurately predict the 1RM BP. 67 

 68 

 69 

METHODS 70 

 71 

Subject 72 

Participants in the present study were 83 trained men (age: 26.2 ± 4.9 y, height: 175.9 ± 6.3 73 

cm, body mass: 82.9 ± 11.2 kg) who voluntarily participated in the present investigation. All 74 

participants had at least three years of experience in resistance training and were familiar with BP. 75 

Inclusion criteria required participants to be able to lift at least their body mass in BP (mean 1RM = 76 

113.2 ± 23.2kg) and to perform the exercise of BP at least once a week in the past 2 years. Exclusion 77 

criteria included suffering any injury in the 12 months before this study. All participants were asked 78 



to abstain from caffeine, drugs, alcohol, and resistance training for at least 48 hours before the study. 79 

To avoid exercise-induced performance reductions, all the participants were not following a high 80 

volume resistance training program focused on muscle hypertrophy in three weeks before the test.  In 81 

addition, testing procedures were fully explained to each participant before signing a written informed 82 

consent. The local University Bioethical Review Board approved the study. 83 

 84 

Experimental design 85 

The present study is descriptive and transversal. The participants who were proficient in BP, 86 

were asked to visit the laboratory once. During this visit, they were assessed for anthropometric 87 

measurements and for MTP. Then, following a standardized warm-up, they were asked to perform 88 

the 1RM BP test. 89 

 90 

Ultrasound Measurement 91 

Noninvasive skeletal muscle ultrasound images were collected from the subject’s right 92 

pectoralis major. Before the assessment, the participant laid down for 15 minutes on a treatment table. 93 

The room was at a controlled temperature (23 ± 2°C). MTP was measured at the site between third 94 

and fourth costa under the clavicula midpoint (Abe et al., 2014; Yasuda et al., 2010). A 12-MHz 95 

linear probe scanning head (Echo Wave 2; Telemed Ultrasound Medical System, Milan, Italy) was 96 

used for the muscle thickness (MT) assessment. Water-soluble transmission gel was employed to 97 

optimize spatial resolution. The probe was positioned on the skin surface without applying any 98 

pressure onto the dermal layer. The view mode (gain 50 dB; image depth 5 cm) was adopted to take 99 

pictures of the muscle. Three images of the muscle were taken for each subject. All images were 100 

taken and analyzed by the same researcher. MTP was measured in each photo using the measuring 101 



features of the ultrasound device, being determined as the distance between the intermuscular 102 

interface and the subcutaneous adipose tissue-muscle interface. The intra-class correlation coefficient 103 

(ICC) for the MTP measures was 0.95 (SEM = 1.05 mm). Finally, height (BH) and weight (BW) of 104 

each subject were measured with a stadiometer (GPM, Zurich, Switzerland) and with a people-105 

weighing scale (Seca, Basel, Switzerland), respectively. 106 

 107 

Maximal Strength Testing 108 

Before the 1RM assessment, participants were asked to perform a standardized warm-up 109 

(Bartolomei et al., 2018; Nigro & Bartolomei, 2020) consisting of five minutes of cycling on a cycle 110 

ergometer against a light resistance, ten bodyweight full-squats, ten bodyweight walking lunges, ten 111 

dynamic walking hamstring stretches, ten dynamic walking quadriceps stretch, and five bodyweight 112 

push-ups. The 1RM was performed following the protocol proposed by Hoffman in 2014 (Hoffman 113 

& Jay, 2014). This protocol consisted of a warm-up set of 5 to 10 reps at 40–60% of the reported 114 

1RM. Then, the load was increased to 60–80% of the reported 1RM and the participants were asked 115 

to perform 3-5 reps. After the specific warm-up, participants were required to perform a single 116 

attempt, with a recovery time of three minutes with incremental loads until failure, with the last 117 

successful attempt recorded. The subjects were instructed to maximally accelerate the barbell during 118 

the concentric phase, while the eccentric phase was performed with a 2-s tempo provided by a 119 

metronome (Bartolomei et al., 2024) Each attempt was considered successful if the participant was 120 

able to control the movement and fully extend the arms at the end of the concentric phase. The 121 

standard NSCA 5-point body contact position technique (head, upper back, and buttocks firmly on 122 

the bench with both feet flat on the floor) was followed in all testing sessions (Bartolomei et al., 2024; 123 

García-Ramos et al., 2018; Janicijevic et al., 2021; Jiménez-Alonso et al., 2022). Each BP attempt 124 

was judged by a qualified investigator. 125 



 126 

Statistical Analysis 127 

Descriptive data are presented as mean ± SD. Preliminary analyses were conducted using Q-128 

Q plot and density to check data distribution and eventually identify outliers, and using Pearson 129 

correlations to determine the relationship between the independent variables (i.e., BH, BW and MTP) 130 

and 1RM BP. A stepwise linear regression analysis was performed to generate prediction equations 131 

using BH, BW and MTP as covariates and BP 1RM scores as dependent variables. Multicollinearity 132 

among multiple predictor variables was evaluated using the variance inflation factor (VIF) and its 133 

opposite, tolerance. According to O’brien (O’brien, 2007) a threshold of 4 for VIF and 0.25 for 134 

tolerance were adopted. Bland-Altman plots were used to assess the level of agreement (95%) 135 

between the predicted and the measured 1RM. A paired t-test was also adopted to analyze the 136 

difference between the predicted and the measured 1RM scores. In addition to estimating the error 137 

for the equations, the root mean square error (RMSE) was reported using the dependent measure unit 138 

(kilograms).  139 

 140 

 141 

RESULTS 142 

 The average MTP of the participants was 2.36 ± 0.49 cm. The average 1RM BP recorded was 143 

113.2 ± 23.2 kg. A positive correlation was detected between 1RM BP and BW (r = 0.65, p < 0.001), 144 

and between 1RM BP and MTP (r = 0.83, p < 0.001). MTP and body mass explained a large portion 145 

of the variances in 1RM scores, R2 = 0.76, Adjusted R2 = 0.75, F (2,80) = 126.2, p < 0.001. The 146 

prediction equation (EQ1) is: 1RM BP = -15.25 + (32.08 * MTP) + (0.64 * BW). The standard error 147 

of estimate (SEE) was calculated as the square root of the variance of the linear regression model 148 



built. It corresponds to a root mean square error of 11.33 kg. Tolerance and VIF were 0.75 and 1.34, 149 

respectively, for both MTP and body weight. Relationships between 1RM BP scores and MTP muscle 150 

and BW are depicted in Figure 1. 151 

<<< Place Figure 1 here >>> 152 

Excluding BW from the equation, another equation predicting the 1RM by MTP only (EQ2), 153 

was provided. The goodness of fit of EQ2 was R2 = 0.6888 and the Adjusted R-squared = 0.69, F 154 

(1,81) = 179.3, p < 0.001. EQ2: 1RM BP = 20.36 + (39.36 * MTP). The root mean square error was 155 

12.89 kg. Tolerance and VIF were 0.31 and 3.17, respectively.  156 

Bland-Altman plots between the measured and predicted 1RM BP exercise are depicted in 157 

Figure 2. The 95% Limit of Agreement ranged from -22.35 to 22.35 kg and from -25.42 to 25.42 kg 158 

between the predicted and the measured maximal strength assessment in EQ1 and in EQ2, 159 

respectively.  160 

<<< Place Figure 2 here >>> 161 

Paired samples t-tests provided evidence to support no difference between the measured 1RM 162 

BP (113.2 ± 23.2 kg) and the predicted 1RM BP (113.2 ± 20.3 kg, t < 0.001, df = 82, p = 0.999 and 163 

113.2 ± 19.3 kg, t < 0.001, df = 82, p = 0.999 in EQ1 and EQ2, respectively).  164 

<<< Place Figure 3 here >>> 165 

 166 

 167 



DISCUSSION 168 

 The results of the present study, obtained on a large sample of trained men, confirmed the 169 

relationship between MTP and 1RM BP. The pectoral muscle indeed, is mainly activated during the 170 

beginning of the ascent phase of the lift when the sticking point usually occurs. The other muscles 171 

involved in BP (i.e.: triceps brachii, and anterior deltoid) give their contribution mostly in the second 172 

part of the lift (Tungate, 2019). As a consequence, the strength of the PEC represents a crucial factor 173 

for 1RM BP. The purpose of the present investigation, was to develop non-performance-based 174 

prediction equations for the 1RM BP in resistance-trained men, using MTP and body mass. It was 175 

hypothesized that muscle architecture might be enough to develop a valid prediction equation for 176 

estimating the 1RM BP. The results of this study confirmed the research hypothesis and showed that 177 

a prediction equation based on the MTP (EQ2) was able to predict the 1RM BP with an R2 of 0.69 178 

and a RMSE of 12.89 kg. It is well known that muscle cross-sectional area represents a major factor 179 

for maximal strength, and the increase in muscle mass induces considerable gains in this parameter 180 

(Akagi et al., 2014). MT, assessed via ultrasonography, is highly correlated with the muscle cross-181 

sectional area (Abe et al., 2014; Akagi et al., 2008; Macht et al., 2016; Reya et al., 2021), a parameter 182 

that was frequently associated with the muscle maximal isometric force capability (Yasuda et al., 183 

2010). Although the relationship between muscle size and maximal strength has been extensively 184 

investigated, this is the first study to use a parameter of muscle architecture to predict the performance 185 

of a resistance exercise, involving the assessed muscles as prime movers.  186 

A second equation (EQ1) was developed in the present study using both MTP and the 187 

individual body mass. In the present study, the addition of BW as predictor resulted in both increased 188 

models fit, and reduce error in predictions (-1.6 kg). This is consistent with previous study where a 189 

linear relationship was detected between BW and the total load lifted in weightlifting and BP 190 

exercises (Ferrari et al., 2022; Mattiuzzi & Lippi, 2014). Both EQ1 and EQ2 confirmed that muscle 191 

thickness of the primary muscles involved in an exercise is the main factor that influence maximal 192 



strength (Akagi et al., 2014; Yasuda et al., 2010). The agreement found in the present study between 193 

the predicted 1RM and the tested 1RM, through regression analysis, was considered good for both 194 

equations. In particular, the mean bias (-3,3/-3,5*10-6) identified through Bland-Altman analyses is 195 

consistent with previous findings (Bartolomei et al., 2018; Wang et al., 2017b). Both equations are 196 

accurate in predicting the 1RM in BP exercise. However, the errors of 11.33 kg and 12.89 should be 197 

considered. Therefore, the values of the 1RM predicted by equations EQ1 and EQ2 were not 198 

statistically different from the 1RM actually performed. This indicates a good accuracy of both 199 

equations in predicting the 1RM BP. Although no evident patterns of over- or under-prediction were 200 

detected, a small bias and a relatively large RMSE indicate a possible large variability in the 201 

prediction on an individual basis. The present prediction equations, based on non-performance 202 

parameters, represents a useful tool for estimating the 1RM BP without performing any physical test. 203 

This is a new perspective for the assessment of performances relevant to resistance training, 204 

minimizing the risk of injury related with regular 1RM assessments. Given the large sample tested 205 

and the results obtained in the present investigation, both prediction equations can be used to predict 206 

the 1RM BP in resistance trained individuals.  207 

A limitation of the present study consists in the absence of measurement of muscle 208 

architecture of the triceps brachii muscle. The measurement of the MT of this muscle is more difficult 209 

compared to the PEC (Mangine et al., 2015), and some authors reported lower Intraclass correlation 210 

coefficients relative to the triceps brachii (ICC 0.92-0.93; SEM = 1.27-1.23 mm; MID = 1.07-1.05 211 

mm) compared to the PEC (ICC 0.94-0.95; SEM = 1.08-1.05 mm; MID = 0.77-0.72 mm) 212 

(Bartolomei, Nigro, et al., 2021; Bartolomei, Totti, et al., 2021). Another possible limitation of the 213 

present study may be that women and untrained individuals were not included in the sample 214 

(consisting of young resistance trained men only) and that the muscle neural activity was not 215 

evaluated in the study. Although the lifting technique may not be as proper as in the present study, 216 

the prediction of the 1RM BP may be particularly useful for novice lifters and untrained individuals 217 



to properly select training loads without performing a maximal strength test. Future studies are 218 

warranted to develop prediction equations for different populations of possible gym goers. 219 

 220 

 221 

PRACTICAL APPLICATIONS 222 

 223 

This study indicated that both muscle thickness based (EQ2) and muscle thickness and body 224 

mass based (EQ1) equations could be used to accurately predict 1RM BP in resistance trained men. 225 

These equations may allow coaches and practitioners to accurately evaluate the maximal strength of 226 

their athletes without performing any physical test.  Therefore, these equations can be used to replace 227 

1RM tests in injured athletes or with people temporarily unable to perform physical assessments. In 228 

addition, the predicted 1RM could be used to indirectly monitor training progress, and to modulate 229 

the loads (e.g. percentage of the predicted 1RM) during a resistance training program, without 230 

undergoing any direct measurements. 231 

 232 
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TABLE AND FIGURES 337 

 338 

Figure 1: 339 

 340 

Figure 1. Scatter plots between 1RM Bench Press scores and Muscle thickness of Pectoral muscle 341 

(left panel A) and Body Weight (right panel B). Solid black lines represent the regression line 342 

between the dependent variable on y axis and the two different covariates. Gray areas represent the 343 

95% confidence interval.  344 



Figure 2: 345 

 346 

Figure2. Bland-Altman plots between the measured and estimated 1RM using the first and second 347 

regression equation (panel A and panel B, respectively). The horizontal axis represents the mean of 348 

the 1RM score and the vertical axis, the difference between the measured and the predicted 1RM 349 

scores [actual-predicted]. The solid line shows the mean difference (close to zero). The dashed 350 

lines represent the 95% limits of agreement (LoA), while the dotted lines represent the 95% CI's.   351 

A B 



Figure 3: 352 

 353 

Figure 3. Scatter plots between Measured 1RM Bench Press scores (y axis) and Predicted 354 

1RM Bench Press scores (x axis), using the first equation (left panel A) and using the second 355 

equation (right panel B). Solid black lines represent the relationship between the measured and the 356 

predicted values. Gray areas represent the 95% confidence interval. 357 

 358 
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