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Abstract 

Purpose: The effectiveness of the whip-like coordination in throwing might be influenced by 

the inertial properties of the athlete’s arm. This preliminary study investigated the acute effect 

of attaching mass to the upper arm on the distance achieved in a modified javelin throw. The 

aim was to identify the optimum upper arm mass that maximizes throw distance. Methods: 

Three well-trained adult male athletes performed maximum-effort throws with an 800-g 

javelin training ball. A wide range of masses (0–1.5 kg) were attached to the upper arm and a 

2D video analysis was used to obtain measures of the projection variables for each attached 

mass. Results: All three athletes showed an effect of attached arm mass on throw distance, 

and with the optimum mass the athlete’s throw distance was increased by 2.2 m, 1.2 m, and 0 

m (7%, 4%, and 0%) respectively. The optimum mass was specific to the athlete (0.6 kg, 0.2 

kg, and 0 kg) and changes in throw distance were mostly due to changes in release velocity 

rather than changes in release angle or release height. The experimental results were broadly 

similar to those obtained from a simple 2D mathematical model of throwing. Conclusions: 

These results indicate that some javelin throwers might see an increase in throwing 

performance when a mass is attached to their upper arm. However, the relationship between 

upper arm mass and throwing performance should be investigated further with studies on 

more athletes, projectiles of different mass, and other throwing events. 
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Introduction 

Several sports involve throwing a projectile at very high velocity. In sports like baseball 

and handball, velocity is used to get the projectile past an opponent; whereas in sports like the 

javelin throw, velocity is used to produce a long flight distance. The ability to launch a 

projectile with a very high velocity is mainly determined by the athlete’s capacity to generate 

high muscular force and produce an effective pattern of coordination. As a consequence, most 

athletes in throwing sports spend considerable time training to improve their muscular 

strength and their throwing technique. An athlete’s body dimensions are also important in 

throwing. An athlete with longer arm segments has a greater path length over which to 

accelerate the projectile and so tends to produce a faster throw. However, body segment 

lengths are fixed in an adult athlete and are not trainable. Other body segment parameters 

such as mass and moment of inertia can be substantially modified through muscle 

hypertrophy exercises (i.e., bodybuilding). In most humans the mass of the upper arm 

segment is about 70% greater than that of the forearm segment [6], and this mass difference is 

believed to enhance the whip-like coordination in a throwing movement and help produce a 

high projectile velocity [1],[13]. The present study was inspired by the prospect that 

performance in throwing sports might be improved through deliberate manipulation of the 

mass of the athlete’s upper arm segment. 

The present study investigated the acute effect of attaching mass to the upper arm on the 

distance achieved in a modified javelin throw. The aim was to identify the optimum upper 

arm mass that maximizes throw distance. Our hypotheses were 1) Attaching mass to the 

athlete’s upper arm affects throw distance; 2) Changes in throw distance are due to changes in 

release velocity rather than changes in release angle or release height; and 3) The natural mass 

of the athlete’s upper arm segment is not optimal and there is an optimum attached mass that 

maximizes the athlete’s throw distance. 

 

Materials and Methods 

This study used a single-subject experimental design in which the data from each 

participant was analyzed separately [2]. Three male decathletes volunteered to participate in 

the study (Table 1). The javelin throw is one of the ten component events in the decathlon and 

the participants were skilled in javelin throwing. Their javelin throw best performance was 

about 60% of the distance achieved by a specialist international javelin thrower [15]. The 

study adhered to the tenets of the Declaration of Helsinki and was conducted in accordance 



 

 

with procedures approved by our institutional ethics committee. We informed the participants 

of the procedures and inherent risks prior to their involvement in the study and we obtained 

their written informed consent. 

[Table 1 near here] 

The throws by the participants were performed in an indoor athletics facility in a single 

test session. The participants performed a modified javelin throw where they launched an 

800-g javelin training ball (Nocken Ball, Gill Athletics, Champaign, IL, USA) from a two-

step run-up to a throwing line. The short run-up reduced confounding factors associated with 

inter-trial variations in the participant’s run-up velocity, and the training ball removed 

confounding factors associated with the aerodynamics of a javelin [3]. The participants had 

previous experience with throwing a training ball from a short run-up as part of their training 

program. The participants wore their own athletic training clothes (tight-fitting shorts and 

shirt/singlet) and javelin throwing shoes. Before commencing the test session, the participant 

performed his usual warm-up routine for a javelin training session, which consisted of 

stretching, jogging, short sprints, and submaximal-effort throws with a training ball.  

In the test throws the participant’s body position at the start of the run-up was regulated 

by instructing him to start with his throwing arm extended straight and back behind his body, 

with the angle of the arm slightly below the horizontal. The participant was also instructed to 

use his usual short run-up javelin throwing action with the goal of achieving maximum 

distance. It was assumed that the participant would throw at maximum effort with a self-

selected release angle and release height. 

Pilot testing indicated that the maximum tolerable attached mass was about 0.8–1.5 kg, 

and a participant could perform up to 15–25 maximum-effort throws in a single test session. 

For the main study, steel or gel masses were attached to the upper arm segment of the 

throwing arm at about the midpoint of the segment using flexible bandaging tape. The throw 

conditions for participant 1 were (a) no attached mass, (b) 0.250 kg, (c) 0.500 kg, (d) 0.750 

kg, and (e) 1.500 kg. The throw conditions for participants 2 and 3 were (a) no attached mass, 

(b) 0.225 kg, (c) 0.450 kg, and (d) 0.675 kg. The participant performed 3–5 throws for 

maximum distance for each throw condition, and the order of the throw conditions was 

randomized to preclude any effect resulting from the order. Before each throw condition the 

participant was allowed several practice throws to become accustomed to the attached mass. 

The throw distances were measured to the nearest 0.1 m relative to the throwing line using a 



 

 

fiberglass tape measure, and the participant was given a rest interval of about 2–4 minutes 

between throws to minimize the effects of fatigue on throwing performance. 

 

Video analysis 

A 2D video analysis was conducted to determine the effect of attached arm mass on the 

participant’s release variables. A JVC GR-DVL 9600 video camera (Victor Company of 

Japan, Yokahama, Japan) operating at 100 Hz was used to record the movement of the 

participant and ball during the throws. The video camera was placed at right angles to the 

throw direction and about 22 m away from the plane of the throw. The field of view was 

zoomed to allow the participant and ball to be in the field of view throughout the run-up and 

throw and for at least 10 frames after release. The movement space of the video camera was 

calibrated with three vertical poles that were placed along the plane of the run-up and initial 

flight of the ball. 

An Ariel Performance Analysis System (Aerial Dynamics, Trabuco Canyon, CA, USA) 

was used to manually digitize the motion of the ball and the participant in the video images. 

The center of the ball and 18 body landmarks that defined a 17-segment model of the 

participant were digitized in each image, starting from about 10 frames before touchdown of 

the delivery stride through to when the ball left the field of view of the camera. The segmental 

data used were those proposed by Dempster [6] for male adults. The two-dimensional 

coordinates of the ball, the body landmarks, and the participant’s center of mass were 

calculated from the digitized data using the two-dimensional direct linear transform (2D-

DLT) algorithm. Coordinate data were smoothed using a second-order Butterworth digital 

filter with a cut-off frequency of 6 Hz for the horizontal direction and 7 Hz for the vertical 

direction, and the velocity of the ball, the body landmarks, and the participant’s center of 

mass were calculated by numerical differentiation of the coordinate data. 

The instant of release was defined as the first frame in which the ball broke contact with 

the participant’s hand. The release height was the vertical distance of the center of the ball 

relative to the ground at the instant of release, and the release distance was the horizontal 

distance of the center of the ball relative to the throwing line at the instant of release. The 

effective throw distance was calculated by adding the release distance to the measured throw 

distance. 

The mean release velocity of the ball was obtained by fitting curves to ball displacement 

data from the first ten images immediately after the instant of release. The horizontal 



 

 

component of the ball velocity was the first derivative of a linear regression line fitted to 

unfiltered ball displacement data, and the vertical component of the ball velocity was the first 

derivative of a quadratic regression line (with the second derivative set equal to –9.81 m/s2) 

fitted to unfiltered ball displacement data [20]. The release velocity and release angle of the 

ball were calculated using the Pythagorean equation and the trigonometric tangent function. In 

this study all throws landed within 3° of a line projected along the line of the run-up and so a 

2D video analysis was expected to produce sufficiently accurate measures of release velocity 

and release angle. 

 

Data analysis 

To determine the participant’s optimum attached upper arm mass, the participant’s 

effective throw distance (R) was plotted against mass (m) and curves were fitted to the data. 

We fitted a straight line, a second-order polynomial, and a symmetrical hyperbola. A straight 

line can be written as R = d m + R0, where d is the gradient and R0 is the range at zero mass. A 

second-order polynomial can be written in the form of an inverted u-shape; 

 𝑅𝑅 =  𝑅𝑅opt  − 𝑐𝑐 (𝑚𝑚−𝑚𝑚opt )2  , (1) 

where mopt is the optimum mass, Ropt is the throw distance at the optimum mass, and c is a 

measure of the curvature [14]. A symmetrical north-south opening hyperbola can be written 

as 

 (𝑅𝑅−𝑅𝑅o )2

𝑏𝑏2
− (𝑚𝑚−𝑚𝑚o )2

𝑎𝑎2
 =  1  , (2) 

where mo and Ro are the coordinates of the centre of the hyperbola and b/a is a constant that 

determines the slope of the asymptotes. We set b = 1 and so the vertex of the hyperbola has 

coordinates m = mo = mopt and R = Ro + 1 = Ropt. The most appropriate curve (straight line, 

second-order polynomial, or symmetrical hyperbola) was decided by examining the 

distribution of the residuals and with calculations of the corrected Akaike’s Information 

Criterion [17]. The peak in the most appropriate curve was taken as the participant’s optimum 

mass. 

We also determined the participant’s optimum mass from the release velocity data. A 

javelin training ball is a moderately aerodynamic projectile [5] and so at the release velocities 

expected in this study (15–25 m/s) the throw distance was expected to increase almost linearly 

with increasing release velocity [25]. Therefore, the form of the relationship between release 

velocity and mass was expected to be the same as that between throw distance and mass. As 



 

 

before, curves were fitted to the release velocity versus mass data and the peak in the most 

appropriate curve was taken as the participant’s optimum mass. 

We tested for an effect of attached upper arm mass on the participant’s release angle 

and release height. The release angle and release height were plotted against mass and a 

straight line and a second-order polynomial were fitted to the data. We also tested for an 

effect of mass on the participant’s run-up technique. The variables investigated were the 

participant’s run-up velocity, length of delivery stride, and body position at the instant of 

touchdown of the rear leg into the delivery phase. The participant’s run-up velocity was taken 

as the change in the horizontal position of the center of mass over the duration of the flight 

phase of the last stride before the delivery phase [8], and the length of the delivery stride was 

taken as the horizontal distance between the ankle joints at the instant of touchdown of the 

front leg. The participant’s body position at touchdown of the rear leg was investigated using 

the height of the shoulder (acromion process) of the throwing arm and the angle of the elbow 

(in the plane of the throw). 

In this study the uncertainties in the measured values of release velocity and release 

angle arose mainly from the uncertainties in the fit to the coordinate data for the flight of the 

ball. The uncertainties (95% confidence interval) were about 0.3 m/s for release velocity and 

0.8° for release angle. A substantial source of uncertainty in the release height, release 

distance, and technique variables was expected to arise from the sampling frequency of the 

video camera, and this uncertainty was taken as one half of the difference between the value 

at the instant of interest and the value at one frame before the instant of interest [8]. The 

average uncertainties were: release height 0.07 m; release distance 0.06 m; length of the 

delivery stride 0.01 m; height of the shoulder at touchdown 0.01 m; and elbow angle at 

touchdown 1°. The 95% confidence interval in the variables arising from re-digitizing a trial 

five times were: release velocity 0.1 m/s; release angle 0.2°; release height 0.01 m; release 

distance 0.01 m; run-up velocity 0.1 m/s; length of the delivery stride 0.01 m; height of the 

shoulder at touchdown 0.01 m; and elbow angle at touchdown 2°. The uncertainties listed 

above are less than the inter-trial variations in the release variables and technique variables, 

and so a 2D video analysis with a sampling rate of 100 Hz was sufficient for the purposes of 

the study. 

 

 

 



 

 

Mathematical model of throwing 

We examined the effect of upper arm mass on release velocity using a simple two-

segment rigid-body model of throwing. The throwing model was obtained by modifying the 

model presented by Daish [4]. In the throwing model the free upper extremity consisted of 

two long thin rods (‘upper arm’ and ‘forearm with hand’), and the projectile was a point mass 

at the distal end of the forearm segment (Figure 1). The athlete exerts a large constant torque 

about the shoulder joint (Ts) and a much smaller torque about the elbow joint (Te). The linear 

velocity of the projectile at any instant is obtained by solving the equations of motion for the 

shoulder and elbow joints [4]; 

 𝐴𝐴 𝑑𝑑2𝜃𝜃
𝑑𝑑𝑡𝑡2

 + 𝐵𝐵 𝑑𝑑2𝜑𝜑
𝑑𝑑𝑡𝑡2

𝑐𝑐𝑐𝑐𝑐𝑐(𝜑𝜑 − 𝜃𝜃) − 𝐵𝐵 �𝑑𝑑𝜑𝜑
𝑑𝑑𝑡𝑡
�
2
𝑐𝑐𝑠𝑠𝑠𝑠(𝜑𝜑 − 𝜃𝜃) + 𝑇𝑇𝑠𝑠 − 𝑇𝑇𝑒𝑒 = 0 (3) 

 𝐵𝐵 𝑑𝑑2𝜃𝜃
𝑑𝑑𝑡𝑡2

𝑐𝑐𝑐𝑐𝑐𝑐(𝜑𝜑 − 𝜃𝜃) + 𝐵𝐵 �𝑑𝑑𝜃𝜃
𝑑𝑑𝑡𝑡
�
2
𝑐𝑐𝑠𝑠𝑠𝑠(𝜑𝜑 − 𝜃𝜃) +  𝐶𝐶 𝑑𝑑2𝜑𝜑

𝑑𝑑𝑡𝑡2
 + 𝑇𝑇𝑒𝑒 = 0 (4) 

where θ is the angle of the shoulder joint, φ is the angle of the elbow joint, and t is time. Here, 

A, B, and C are given by 

𝐴𝐴 =  𝐼𝐼1 + 𝑚𝑚2 𝐿𝐿12 + 𝑚𝑚p 𝐿𝐿12  ;  𝐵𝐵 =  𝑚𝑚2 ℎ2 𝐿𝐿1 + 𝑚𝑚p 𝐿𝐿2 𝐿𝐿1  ; 

 𝐶𝐶 =  𝐼𝐼2 + 𝑚𝑚2 ℎ2
2 + 𝑚𝑚p 𝐿𝐿22 (5) 

where mp is the mass of the projectile, m is the mass of the segment, L is the length of the 

segment, I is the relevant moment of inertia of the segment, h is the distance of the centre of 

mass of the segment from its proximal end, and the subscripts 1 and 2 refer to the upper arm 

and the forearm. In this model the centre of mass of the segment is located midway along the 

length of the segment (i.e., h = L/2). Therefore, the moment of inertia of the upper arm 

segment for rotation about its proximal end is given by I1 = m1L1
2/3, and the moment of 

inertia of the forearm segment for rotation about its centre of mass is given by I2 = m2L2
2/12. 

[Figure 1 near here] 

Equations (3) and (4) were solved to obtain curves for the angular position and angular 

velocity of the shoulder and elbow joints as a function of time. The linear velocity of the 

projectile (v) at any instant was calculated using v = rω, where r is the instantaneous distance 

of the projectile from the shoulder and ω is the instantaneous angular velocity of the projectile 

about the shoulder. Equations (3) and (4) are non-linear and so were computed using 

numerical methods that were implemented in a technical computing software package 

(Mathematica; Wolfram Research, Champaign, IL, USA). A ‘standard’ athlete and projectile 

was selected with the following values: m1 = 2.0 kg, m2 = 1.5 kg, mp = 0.8 kg, L1 = 0.30 m, L2 



 

 

= 0.30 m, Ts = 80 N·m, and Te = 10 N·m. The mathematical model produced a broadly 

realistic simulation of throwing a javelin training ball. Initially, the throwing arm was held 

straight, horizontal, and motionless directly behind the athlete (Figure 1). The shoulder torque 

caused the upper arm segment to rotate forwards; the elbow joint flexed and then extended 

again to the straightened (0°) position. The elbow joint rotated almost freely, but with this 

model a small torque at the elbow joint (Te) was necessary to produce a throw that had a 

realistic maximum elbow flexion angle (about 110°). In this study the mass of the upper arm 

(m1) was systematically changed from the standard value, and the release velocity for each 

throw was noted. Simulations were performed for a projectile mass of mp = 800 g, 700 g, 600 

g, 500 g, and 400 g, which correspond to the javelins used in competition by men, women, 

juniors, youths, and masters athletes. 

 

Results 

All three participants showed an effect of attached upper arm mass on throw distance 

(Figure 2). For participants 1 and 2 the optimum upper arm mass that produced the greatest 

throw distance was greater than the athlete’s natural mass, but for participant 3 the optimum 

attached mass was zero (Table 2; Supplementary Material). The effect of attached arm mass 

on release velocity was not as clear, but participants 1 and 2 again had an optimum mass that 

produced the greatest release velocity. For participants 1 and 2 a second-order polynomial and 

a symmetrical hyperbola were equally the most appropriate fitted curve, and the optimum 

mass obtained from the release velocity data was similar to that obtained from the throw 

distance data. 

[Figure 2 near here] 

 [Table 2 near here] 

The attached upper arm mass had little effect on the participant’s release angle and 

release height (Supplementary Material). These results indicate that the observed changes in 

throw distance were mostly due to systematic changes in release velocity and were not due to 

systematic changes in release angle or release height. Attached arm mass also had little effect 

on the participant’s run-up technique (Supplementary Material). The run-up velocity, length 

of delivery stride, and the shoulder height and elbow angle at the instant of touchdown of the 

rear leg were about the same in all the throws. These results indicate that the observed 

changes in throw distance were not due to systematic changes in technique prior to the 

delivery phase of the throw. 



 

 

The throw simulations with the mathematical model revealed an effect of upper arm 

mass on release velocity, and there was an optimum upper arm mass that produced the 

greatest release velocity (Table 3; Supplementary Material). For an 800 g projectile the 

optimum additional upper arm mass was 2.0 kg, but the increase in release velocity was 

relatively small (0.15 m/s; 0.9%). The optimum arm mass increased with increasing projectile 

mass. 

[Table 3 near here] 
 

Discussion 

Our data mostly support the initial hypotheses. Attaching masses to the upper arm 

segment affected the throw distance for all three participants, and the changes in throw 

distance were mostly due to changes in release velocity and were not due to changes in 

release angle, release height, or run-up technique. For two of the three participants the natural 

mass of their upper arm segment was not optimal and the optimum attached mass that 

maximized the athlete’s throw distance was identified. However, one participant achieved the 

best throw distance with no attached mass. The results from the mathematical model were in 

broad agreement with the experimental data. 

When throwing with no attached mass the throw distances were about 70–90% of the 

participant’s best competition javelin throw performance. This was probably because of the 

short run-up and the absence of flight enhancing aerodynamics in the training ball [3]. When 

throwing with no attached mass the average release angles (30–35°) and release heights (2.1–

2.4 m) of the three participants were similar to those observed in competition javelin throw 

performances [18]. The release angles for the participants in the present study were expected 

to be close to their optimum release angles. The optimum release angle in a javelin throw is 

less than 45° because the release velocity an athlete can generate decreases as release angle is 

increased [14],[21]. 

Southard [23] reported results from an experimental study of the effect of attaching 

masses to the upper arm on throwing performance. He investigated the movement patterns of 

young adult men when throwing an underweight baseball (0.114 kg). The study was looking 

at whether attaching mass to the arm segments produces a qualitative change in the throwing 

pattern. Like the present study, Southard found that attaching mass to the upper arm could 

increase release velocity in some participants. He found that with an additional 1.4 kg 

strapped on the upper arm the peak velocity of the hand during the throw was increased by 



 

 

about 15% in the most highly skilled participants. However, Southard’s study used untrained 

participants performing a generic throwing action, whereas our study examined skilled 

athletes in a throwing sport. 

Skillful throwing can be seen as an effective use of the ‘kinetic chain’. A person with a 

more skillful sequencing of actions tends to throw faster because more of the work performed 

by the joint torques is converted into the kinetic energy of the projectile. Many studies have 

shown that highly skilled throwers use a proximal-distal sequence, where the peak values in 

joint torque and joint angular velocity occur later in the joints that are further along the kinetic 

chain towards the projectile. Expert baseball pitching and javelin throwing is powered by 

rapid sequential activation of many muscles, starting in the legs and progressing through the 

hips, torso, shoulder, elbow, and wrist [7],[24]. The torques generated at each joint accelerate 

the segmental masses, creating rapid angular movements that accumulate a high kinetic 

energy in the projectile at its release. This whip-like coordination is due to the dynamic 

coupling of the joints, whereby a torque at one joint induces angular acceleration at all joints 

in the system [9]. 

 

Limitations 

The present study used a single-subject design with three participants. There have been 

misconceptions about the advantages and limitations of the single-subject approach [2]. Some 

have questioned the statistical power of this type of study and whether the low number of 

participants limits the generalizability of the findings. A single-subject analysis involves a 

detailed testing of a single participant using many trials and can produce strong evidence in 

support or against a particular hypothesis as applied to that participant. In the present study 

the power to detect an effect was mainly determined by the number of trials by the participant 

and by the range in the independent variable (i.e., the range of mass attached to the upper 

arm). The generalizability of the findings was addressed through replication (i.e., testing the 

hypothesis on additional participants). For a study in which there are three participants who 

have been randomly chosen from a population, the probability that all three participants 

produce the same result is relatively small (less than 5%) [2]. The participants in the present 

study were drawn from a homogeneous population (healthy young adult male decathletes) in 

which the relevant inter-individual differences were expected to be relatively small. However, 

we observed substantial inter-individual differences in the form of the relationship between 

attached arm mass and throw distance (i.e., a hyperbolic relationship for participants 1 and 2, 



 

 

and a linear relationship for participant 3). Therefore, the findings from the present study 

cannot be generalized to other decathletes; a similar study with more participants is needed to 

reveal the full range of possible responses to attached upper arm mass in decathletes. A 

similar study with heptathletes and specialist javelin throwers (both male and female) is 

needed to generalize the findings to the broader population of javelin throw athletes. 

The present study used a 2D video analysis with a sampling rate of 100 Hz. This choice 

produced measures of the ball release variables that were sufficiently accurate for the 

purposes of the study. However, when throwing a projectile the arm segments move very 

rapidly and are not always in the plane of the run-up. Therefore, the present study could not 

provide accurate measures of the changes in the participant’s throwing technique arising from 

the attached arm mass. We recommend further studies be conducted using 3D high-speed 

motion analysis to obtain joint segment kinematics and joint torques. This might reveal the 

mechanisms behind the observed changes in release velocity and throw distance when mass is 

attached to the upper arm. However, such a study might be difficult as the interactions of the 

force, timing, and direction of motion during the throw are expected to complicate the 

mapping of the kinetic causes of motion to the velocity of the projectile at release.  

Another limitation of the present study is that we tested only one throwing sport (javelin 

throw) and only one projectile mass (800 g). Different throwing sports use projectiles with 

substantially different mass (e.g., baseball 148 g; cricket 156 g; softball 180 g, American 

football 415 g; water polo 425 g; handball 450 g; javelin 600 g and 800 g). The results from 

the throwing model suggest that the optimum arm mass might depend strongly on the mass of 

the projectile. For some sports, increasing the mass of the athlete’s upper arm might reduce 

the release velocity rather than increase it. 

The mathematical model of throwing used in this study has substantial limitations. 

Although some of the results from the throwing model were in broad agreement with the 

experimental data, the qualitative predictions from the model might not be reliable. The model 

has several substantial simplifications, and these might influence the behavior of the model in 

response to added arm mass. The throwing model is two-dimensional and so does not 

consider humeral longitudinal rotation [22]. The model also does not consider the 

contributions of the run-up and trunk motions to the generation of release velocity [24], and 

does not consider the contribution of the hand segment, which influences the timing of release 

and the release angle in high-speed ball throwing [10]. We suspect that a complex three-



 

 

dimensional throwing model is needed to accurately assess the effects of upper arm mass on 

throwing performance. 

 

Implications 

The present study investigated the effect of attaching mass to the upper arm on throwing 

performance in a modified javelin throw. Other throwing activities that could benefit from an 

increase in release velocity include baseball pitching, shooting at goal in team handball and 

water polo, and passing by the quarterback in American football. However, for some throwing 

sports attaching a weight to the athlete’s upper arm might not be accepted by the sport 

governing body. In 2006 the International Association of Athletic Federations (IAAF), now 

World Athletics, introduced a rule that prohibits attaching weights to the athlete’s body in any 

of the throwing events (shot put, discus throw, hammer throw, and javelin throw) [11]. Also, 

in team handball the players are not permitted to wear objects that could be ‘dangerous to the 

players’ [12], and this rule might be interpreted to include arm weights. However, in 

American football a quarterback can wear a hard object as long as it is covered in foam [19], 

and in Major League Baseball there is no explicit ban on the pitcher wearing arm weights 

[16]. 

The present study investigated the effect of attaching small masses to the upper arm 

segment. An alternative method of increasing the mass of the upper arm is through muscle 

hypertrophy training (i.e., bodybuilding). Hypertrophy training is a permitted training 

technique for all sports and so hypertrophy training aimed at increasing the mass of a 

thrower’s upper arm is unlikely to be banned. Silicone implants or site enhancement oil could 

also be used to increase the mass of the upper arm. However, we suspect that these methods 

have a high risk of being prohibited by sports governing bodies. 

The throw distance for one participant in the present study was improved by 2.5 m (7%) 

with the optimum attached mass. In the javelin throw a 7% improvement in performance 

would turn an athlete who just qualified for the final at the Olympic Games into a medal 

winner [15]. However, specialist javelin throwers might have more massive upper arms than 

the participants in the present study. Therefore, specialist javelin throwers could already be 

close to their optimum upper arm mass and so might have less potential for improvement in 

throw distance through increasing their upper arm mass. Indeed, some athletes might have to 

decrease the mass of their upper arm to reach their optimum mass. 



 

 

Throwing is not the only sports movement that uses a whip-like coordination. A whip-

like coordination is also used in kicking movements, and the mass difference between the 

thigh and shank segments is believed to enhance the kicking action [25] . We suggest that it 

might be possible to increase ball velocity in kicking by attaching masses to the thigh segment 

of the kicking leg. A penalty kick in soccer and a kick at goal in American football, rugby 

union, and rugby league are some sports actions that might benefit. 

 

Conclusions 

Adding mass to the upper arm might have a meaningful effect on javelin throw 

performance. The present study was a preliminary investigation and the relationship between 

arm mass and throwing performance needs to be investigated with further studies on more 

athletes, on projectiles of different mass, and on other throwing events. 
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Table 1.  Characteristics of the participants. 

Characteristic Participant 1 Participant 2 Participant 3 

Age (years) 20 22 21 

Height (m) 1.81 1.83 1.86 

Body mass (kg) 75 83 76 

Javelin throw best performance (m) 49.31 45.91 47.97 

 

 

 

Table 2.  The optimum mass attached to the upper arm and the corresponding throw distance 

(± 95% CI). Calculated from the throw distance data with a hyperbolic fit for participants 1 

and 2 and with a linear fit for participant 3. 

 Participant 1 Participant 2 Participant 3 

Optimum attached upper arm mass (kg) 0.60 ± 0.08 0.23 ± 0.17 0 

Throw distance at optimum mass (m) 35.9 ± 0.6 39.3 ± 1.8 42.9 ± 1.4 

Increase in throw distance (m) 2.5 ± 1.3 1.2 ± 2.3 0 

 

 

 

Table 3.  Increasing the mass of the projectile increased the optimum additional upper arm 

mass. 

Projectile mass (g) 
Optimum additional 

upper arm mass (kg) 
Release velocity (m/s) 

400 –2.17 21.5 

500 –0.57 20.3 

600 0.55 19.4 

700 1.38 18.6 

800 2.03 17.9 



 

 

Figure 1.  Schematic diagram of a two-segment model of throwing a projectile for distance. 

The arm is shown a) at the start of the throw, b) at the instant of maximum elbow flexion, and 

c) at the instant of release. An explanation of the variables is given in the text. 

 

 
  

 



 

 

Figure 2.  These plots show the effect of added arm mass on throw distance for the three 

participants. The optimum added mass was 0.6 kg, 0.2 kg, and 0 kg, and the throw distance 

was increased by 2.2 m, 1.2 m, and 0 m (for participants 1, 2, and 3, respectively). The solid 

line is a regression fit (hyperbola for participants 1 and 2; linear for participant 3) and the 

dashed lines show the 95% confidence bands of the regression curve. 
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