
International Journal of Human Movement and Sports Sciences 13(4): 659-668, 2025 http://www.hrpub.org 

DOI: 10.13189/saj.2025.130401 

A Comparison of Overhand and Side-Hand Throw 

Techniques in Handball Throw 

Kei Maeda1,*, Tadahiko Kato2, Jun Mizushima3

1Department of Health and Sports Sciences, Kyoto University of Advanced Science, Japan 
2Department of Materials and Human Environmental Sciences, Shonan Institute of Technology, Japan 

3Department of Health and Sports Sciences, Toyo University, Japan 

Received March 17, 2025; Revised June 13, 2025; Accepted July 15, 2025 

Cite This Paper in the Following Citation Styles 

(a): [1] Kei Maeda, Tadahiko Kato, Jun Mizushima , "A Comparison of Overhand and Side-Hand Throw Techniques in 

Handball Throw," International Journal of Human Movement and Sports Sciences, Vol. 13, No. 4, pp. 659 - 668, 2025. 

DOI: 10.13189/saj.2025.130401. 

(b): Kei Maeda, Tadahiko Kato, Jun Mizushima (2025). A Comparison of Overhand and Side-Hand Throw Techniques 

in Handball Throw. International Journal of Human Movement and Sports Sciences, 13(4), 659 - 668. DOI: 

10.13189/saj.2025.130401. 

Copyright©2025 by authors, all rights reserved. Authors agree that this article remains permanently open access under the 
terms of the Creative Commons Attribution License 4.0 International License 

Abstract  The purpose of this study was (1) to 

investigate the characteristics of side-hand throw 

compared to overhand throw and to classify throwers based 

on their performance using both techniques, and (2) to 

examine whether individuals can be classified into 

subgroups based on their throwing performance in each 

technique, potentially reflecting differences in physical 

constitution and strength in handball throw. Thirty-nine 

male college students participated in this study. 

Participants performed two distinct throwing techniques, a 

side-hand throw and an overhand throw, using a standard

handball. In addition, the following variables were 

measured: height, body weight, arm span, shoe size, hand 

length, hand width, arm length, leg length, grip strength, 

and standing long jump. Of these participants, sixteen were 

randomly selected for biomechanical analysis to assess the 

velocities of throwing arm and handball. As a result of this 

study, participants were divided into two groups, one of 

which had significantly lower overhand throw records 

compared to side-hand throw (SHT), whereas the other 

showed little difference between the two techniques (OHT). 

OHT had greater weight and grip strength than SHT, which 

may affect the difference in the throwing distance. From 

the results of comparison of the velocity of the throwing 

arm, SHT may not have effectively utilized a 

kinematic-chain, a whip-like motion, or a wrist snapping 

motion in the overhand throwing technique, typically 

associated with high-velocity overhand throws. However, 

they were able to throw farther in the side-hand throwing 

technique by using more of their trunk and simplifying the 

segmental sequencing. These findings indicate that 

individuals may benefit from a throwing technique that 

takes into account their physical constitution and strength 

in the side-hand throwing technique. 

Keywords  Throwing Motion, Physical Strength, 

Kinematic-Chain, Whip-Like Motion 

1. Introduction

Throwing is one of the fundamental movements in 

many sports activities, and complex motor skills. 

Hamilton and Tate [1] stated that throwing is one of the 

most difficult fundamental motor skills for children and 

adults and its acquisition requires coordination of the 

whole body. In addition, the throwing movement requires 

the required flexibility, muscular strength, synchronicity 

of muscular firing, and neuromuscular efficiency [2]. 

The overhand throw is a standard measure of the 

throwing ability, as seen in tests such as the handball 

throw in physical fitness evaluations in Japan [3]. The 

overhand throw ability has been measured since 1964 to 

assess physical fitness across different age groups, with 

elementary students typically throwing softballs, whereas 

junior high and high school students use a handball [4]. In 

the handball throwing, compared to other balls like 
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softball, tennis, and baseball, the ball itself is 

approximately twice as large in diameter and mass, which 

may affect grip and throwing movement [5], [6]. There 

seem to be individuals with limited physical constitution 

or strength who may struggle to perform the proper 

kinematic chain known as the “whip-like motion” 

properly and grip the ball, leading to reduced overhand 

throwing distance [7]. This suggests that relying 

exclusively on overhand throwing to assess throwing 

ability may undervalue individuals who cannot fully 

execute the kinematic chain required for an effective 

whip-like motion. 

In Japan, the decline in throwing ability among youth 

has been a serious problem. Numerous studies have been 

conducted to improve the overhand throwing ability. For 

instance, large angular velocities of torso rotation, 

shoulder internal rotation, elbow extension and wrist 

flexion all occur at the moment of release and 

significantly contribute to projectile speed [8], [9], [10], 

[11]. Additionally, observational evaluation standards 

have been developed to provide appropriate instruction 

and to improve overhand throwing performance [12], [13], 

[14], [15], [16]. Even though there is a lot of previous 

research about improving overhand throwing performance, 

the throwing ability among youth has not improved in 

Japan. Given the persistent gap between these 

instructional interventions and actual improvements in 

throwing distance, it is imperative to explore alternative or 

complementary approaches. 

Given the well-known variability in individual physical 

traits, it is essential to consider alternative techniques 

tailored to such differences. Accordingly, it is considered 

that there are movements in human locomotion that are 

suited to the physique or physical fitness characteristics of 

an individual. Considering such differences, alternative 

throwing techniques may offer a viable approach to 

addressing the needs of those who find overhand throws 

challenging. 

Regarding previous research which focused on the 

throwing techniques other than overhand throwing, 

several studies investigated the biomechanical 

characteristics of sidearm throwing compared to the 

overhand throwing in baseball and handball [17], [18], 

[19]. Particularly, Escamilla et al. [18] revealed the 

sidearm group had less shoulder anterior force and greater 

elbow flexion torque and shoulder external rotation. 

However, the method of the sidearm throwing in previous 

studies would not be suitable for throwing the ball farther. 

Specifically, the sidearm throwing motion used in the 

previous studies involves flexing the elbow joint and 

throwing the ball from the side of the body. In this study, 

we focused on side-hand throw that resembles the discus 

throwing movement. In the discus throw, athletes throw 

the implement with their elbow extending, and they 

accelerate the implement through rotational movement 

around the long axis. Here, a side-hand throw is defined 

as follows: a throwing motion similar to the discus throw, 

characterized by a trunk-dominant rotational motion, 

distinct from the commonly known "sidearm throw". 

Alimjanovna [20] argued that efficient hip rotation allows 

for better utilization of the kinetic chain in the discus 

throw. In addition, Maeda et al. [21] suggested world elite 

discus throwers utilized the kinematic chain more 

appropriately than national-level discus throwers. From 

these previous studies, we hypothesize that such a 

rotational-dominant technique may benefit individuals 

with limited physical constitution or strength who struggle 

to throw the handball in overhand throws. However, there 

are no studies that investigate the side-hand throw, 

especially in comparison to the extensively studied 

overhand technique. 

Therefore, the purpose of this study is: (1) to 

investigate the characteristics of side-hand throw 

compared to overhand throw and to classify throwers 

based on their performance using both techniques, and (2) 

to examine whether individuals can be classified into 

subgroups based on their throwing performance in each 

technique, potentially reflecting differences in physical 

constitution and strength. Although the broader concern is 

the decline in throwing skills among younger populations, 

this exploratory investigation employs college students as 

a starting point, given the practical constraints of 

conducting detailed biomechanical analyses. Findings 

from this preliminary study may inform future research, 

including larger-scale or age-specific investigations, and 

offer an alternative perspective on how throwing ability 

can be evaluated and instructed for diverse populations. 

2. Materials and Methods

2.1. Participants 

Thirty-nine male college students (age: 19.3 ± 0.9 years 

old) participated in this study. Of those, 36 were identified 

as right-handed throwers and three were left-handed. 

None of the participants reported any upper-extremity or 

trunk musculoskeletal injuries within the past six months. 

All participants provided written informed consent prior 

to the experiment. The experiment was approved by the 

ethics committee of Kyoto University of Advanced 

Science (21-513). 

2.2. Experimental Design and Data Collection 

Participants performed two distinct throwing 

techniques, a side-hand throw and an overhand throw, 

using a standard handball (diameter: 18cm, weight: 380g). 

To control for potential learning effects, all participants 

first received a brief instructional session. In this session, 

an experimenter demonstrated the side-hand throwing 

technique, and each participant was allowed to warm up 

and practice throws for about thirty minutes to familiarize 

themselves with it. Given that overhand throwing is 



International Journal of Human Movement and Sports Sciences 13(4): 659-668, 2025 661 

widely practiced in general education, no additional 

instruction beyond basic warming-up throws was given 

for the overhand throws. The experiment was conducted 

on three separate days. 

After this familiarization, each participant performed 

two recorded trials for each technique at maximum effort, 

for a total of four recorded throws. To control the effects 

of the throwing order, participants were randomly 

assigned to one of two sequences: (1) overhand throws 

followed by side-hand throws, (2) side-hand throws 

followed by overhand throws. Each throw was executed 

within an area with a diameter of two meters. For the 

overhand throw, participants were allowed to perform 

preparatory movements, such as stepping within the circle, 

at their discretion, while for the side-hand throw, 

participants were instructed to initiate the throw from 

side-facing posture (i.e., perpendicular to the throwing 

direction). The distance from the throwing position to the 

ball’s drop position was measured using a tape measure 

and recorded in centimeters. This distance was noted 

immediately following each throw, and the maximum of 

the two trials (the farthest throw from each technique) was 

used for further analysis as representative performance for 

that technique. 

The throwing motion was filmed by four high-speed 

cameras (two cameras: FDR-AX45, SONY Co., Japan, 

remaining two cameras: GC-LJ25BM, JVCKENWOOD 

Co., Japan) from four directions. Two cameras were 

placed in front and at the side, while the remaining two 

captured the rear angles. Each camera recorded at 120 fps, 

with an exposure time of 1/2500 s. The time axes of the 

four cameras were synchronized by firing an LED strobe 

(LF301Bi, Godox Co., China), which was placed within 

the angle of each video’s view, during the trials. 

To investigate whether physical constitution and 

strength influenced throwing performance, the following 

variables were measured: height, body weight, arm span, 

shoe size, hand length, hand width, arm length, leg length, 

grip strength, and standing long jump. Arm span was 

measured from the left fingertip to right fingertip with 

both arms abducted horizontally, while shoe size was 

recorded based on the participant’s usual footwear size. 

Hand length was measured from the midpoint of the radial 

and ulnar styloid processes on the throwing-arm side to 

the tip of the middle finger, and the hand width was 

measured from the base of the index finger (MP joint) to 

the base of the little finger (MP joint). Arm length was 

measured from the acromion on the throwing arm side to 

the tip of the middle finger, and leg length was measured 

from the greater trochanter on the throwing arm side to 

the ground. Although foot length would be ideal, shoe size 

was used as a proxy due to practical constraints during 

participant recruitment and measurement. 

All of these measurements were taken using a tape 

measure. For grip strength, participants adjusted the 

handle width of the measuring device (Grip-D, Takei 

Scientific Instruments Co., Ltd., Japan) and performed 

two maximal-effort trials with each hand, alternating 

between the left and right sides. Because two participants 

were left-handed throwers, their grip-strength data were 

analyzed by switching right and left references to align 

with their dominant and non-dominant hands. In the 

standing long jump, participants were allowed to perform 

two trials with maximum effort after practicing the jump 

twice. They jumped to the measurement mat (EKJ099, 

EVERNEW Inc., Japan) and the date was measured by 

using a tape measure. 

2.3. Data Reduction and Analysis 

Using a motion analysis system (Frame-DIAS VI, 

Q’sfix. Co., Tokyo, Japan), the 2-D coordinates of a total 

of 5 points were manually digitized by one skilled analyst, 

from the recorded VTR image: four upper extremity 

points (right third metacarpal head of the hands: hand, 

styloid process of ulnas: wrist, elbows, shoulders 

(glenohumeral joints)), and one point at the center of the 

handball. The 3-D coordinates of those points were 

calculated using the DLT method from the 2-D 

coordinates of each recorded VTR image, and the 

coordinates of the control points with preset real space 

coordinates. 

The mean value of the standard errors for the 

calibration in each experiment was as follows: (day1: x 

0.004m, y 0.006m, z 0.005m; day2: x 0.007m, y 0.006m, 

z 0.005m; day3: x 0.003m, y 0.006m, z 0.005m). The 

obtained data were smoothed using a Butterworth digital 

filter by residual analysis (the optimal cutoff frequency: 

6-12 Hz) [22]. The right-hand direction was defined as the 

X-axis positive direction, the vertical upward direction as 

the Z-axis positive direction, and the direction obtained by 

the outer product of the X- and Z-axes as the Y-axis 

positive direction when facing the throwing direction. The 

right-handed coordinate system, consisting of the X, Y, 

and Z-axes, was defined as the global coordinate system. 

For the data of left-handed participants, the coordinates 

were inverted to the left and right, and the participants 

were treated as right-handed. 

The velocity of each digitized point was calculated. The 

displacement of each component of the 3-D coordinates at 

each digitized point was differentiated, after which the 

composite velocity of the digitized point was calculated 

by combining each component. All velocity data were 

normalized to be 100 % based on the time when the left 

foot touched the ground and released the handball. In this 

study, since biomechanical analysis requires a great deal 

of time and effort [23], and it is not realistic to analyze all 

subjects (39 participants * 2 throwing techniques = 78 

subjects), sixteen subjects were randomly selected for 

biomechanical analysis. This was based on balanced 

sampling to ensure coverage of both performance types 

(SHT and OHT). A formal power analysis was not 

conducted, which may limit the statistical generalizability. 

To identify potential subgroups reflecting different 



662 A Comparison of Overhand and Side-Hand Throw Techniques in Handball Throw 

throwing strategies or performance patterns, participants 

were classified via cluster analysis based on the ratio of 

side-hand throw performance to overhand throw 

performance. We employed a hierarchical clustering 

method (Ward’s linkage) using Euclidean distance as the 

metric. The number of clusters was decided by examining 

the dendrogram and the change in the agglomeration 

coefficient. Participants were then assigned to the cluster 

in which they best fit. This approach allowed for 

exploration of whether certain individuals performed 

relatively better in side-hand throws versus overhand 

throws, and vice versa. 

2.4. Statistical Analysis 

All statistical analysis was performed using the SPSS 

version 28.0 for Mac (IBM Japan Ltd., Tokyo, Japan). 

The Shapiro-Wilk test was used to assess the normality of 

each measurement variable. A paired or an unpaired t-test 

was used to compare the measurement variables in which 

the normality was confirmed, and Cohen’s d was 

calculated. Wilcoxon signed-rank test and Mann-Whitney 

U test were used to compare the measurement variables 

where the normality was not confirmed, and r was 

calculated as effect size. The effect size was set as 0.2 

(small), 0.5 (medium), 0.8 (large) for Cohen’s d, and 0.1 

(small), 0.3 (medium), 0.5 (large) for r. The significance 

level was set at p < 0.05. 

3. Results

Table 1 shows the mean value and standard deviation 

for the throwing record, constitution and strength. In 

throwing record of side-hand throwing technique, body 

weight, hand length, and hand width, the normality was 

not confirmed, while in other variables, the normality was 

confirmed. The result of Wilcoxon signed-rank test 

showed that, for all participants, the throwing record in 

the side-hand throwing technique was significantly higher 

than in the overhand (Z = 3.74, p < 0.01, r = 0.60). 

As a result of Cluster analysis, participants were 

divided into two groups. In this study, they were 

identified as follows: one group had lower overhand 

throw records compared to side-hand throw (SHT), and 

the other group showed little difference in their throwing 

records between the two techniques (OHT). In the SHT, 

the normality was confirmed for both throwing records 

and throwing record for the overhand throw was 

significantly lower (t = -8.75, p < 0.01, d = -2.26). In the 

OHT, the normality was not confirmed for the side-hand 

throwing record and there was no significant difference 
between the two throwing records (Z = 1.31, p = 0.19, r = 

0.27). 

Table 1.  Mean values of each variable 

Overall 

(n = 39) 

SHT 

(n = 15) 

OHT 

(n = 24) 

Record of SH (m) 24.8 ± 6.3 24.6 ± 7.0 25.0 ± 5.9 

Record of OH (m) 22.7 ± 5.5 20.00 ± 5.4 24.4 ± 5.0 

Height (cm) 169.6 ± 6.6 169.1 ± 6.1 169.9 ± 7.0 

Weight (kg) 61.6 ± 10.7 57.1 ± 8.3 64.4 ± 11.1 

Arm span (cm) 169.6 ± 7.3 168.2 ± 6.7 170.5 ± 6.7 

Size of shoes (cm) 26.6 ± 1.0 26.5 ± 1.0 26.7 ± 1.1 

Length of hand (cm) 18.7 ± 1.3 18.6 ± 1.2 18.8 ± 1.2 

Width of hand (cm) 8.8 ± 1.0 8.7 ± 0.7 8.9 ± 1.2 

Length of arm (cm) 73.5 ± 3.8 72.6 ± 3.7 74.0 ± 3.8 

Length of leg (cm) 86.7 ± 5.5 86.3 ± 6.1 87.0 ± 5.1 

Grip strength: right (kg) 40.2 ± 8.1 38.3 ± 6.6 42.1 ± 8.7 

Grip strength: left (kg) 38.1 ± 8.6 35.2 ± 7.1 39.7 ± 9.1 

Standing long jump (cm) 221.9 ± 21.9 223.6 ± 21.8 220.1 ± 22.4 



International Journal of Human Movement and Sports Sciences 13(4): 659-668, 2025 663 

The results of Mann-Whitney U test showed that the 

body weight in the OHT was significantly higher than in 

the SHT (p < 0.05, r = 0.33). As a result of an unpaired 

t-test, the OHT group had significantly higher throwing 

records for overhand throw compared to the SHT group (t 

= 2.63, p < 0.05, d = 0.87). Although there were no 

significant differences between the groups, the effect sizes 

for grip strength of both hands were approximately 

medium (right: t= 1.44, p = 0.16, d = 0.48, left: t = 1.57, p 

= 0.13, d = 0.54). In other variables, there were no 

significant differences between the groups. 

In this study, eight participants were randomly selected 

from both groups and the velocity of throwing arm and 

handball was analyzed. Figure 1 shows the resultant 

velocity of throwing hand, wrist, elbows, shoulders and 

handball in both throwing techniques for all analyzed 

participants. In the side-hand throwing technique, the 

increase in the velocity of the hand slowed down just 

before releasing the handball, and the timing of peak 

velocity of the elbow (solid vertical line) is close to that of 

the hand (91%, 10.32 m/s). In addition, the timing of peak 

velocity of the shoulder was earlier than that of the other 

parts of the body. 

On the other hand, in the overhand throwing technique, 

the velocity of the hand increased until releasing the 

handball, and the timing of peak velocity of the elbow 

(solid vertical line) was lower at the earlier timing 

compared to the side-hand throw technique (84%, 

8.29m/s). Furthermore, the velocity of the shoulder was 

slowly increasing. 

Figure 2 demonstrates the comparison of the velocity 

between the two groups in both throwing techniques. In 

the side-hand throwing technique, the velocity of the 

elbow, wrist, hand, and handball increased before release 

in the SHT. On the other hand, the velocity of each point 

was high from the first half of the throwing motion in the 

OHT. The timing of peak velocity of the elbow (solid 

vertical line: SHT, 92% dotted vertical line: OHT, 87%) 

was different. The peak value of the velocity of the elbow 

(SHT: 10.58m/s, OHT: 10.13m/s) and the velocity of the 

wrist and hand at release (SHT: wrist 13.65m/s, hand 

15.22m/s, OHT: wrist 13.41m/s, hand 15.02m/s) were 

higher in the SHT than OHT. In the overhand throwing 

technique, the characteristics of each velocity were similar 

to the side-hand throwing technique. However, the 

velocity of the wrist and hand at release was higher in the 

SHT than OHT (SHT: wrist 12.61m/s, hand 14.41m/s, 

OHT: wrist 11.81m/s, hand 13.83m/s), while the peak 

value of the velocity of the elbow was higher in the OHT 

than SHT (SHT: 8.21m/s, OHT 8.53m/s). 

Figure 3 shows each velocity relative to the handball 

velocity in both throwing techniques. In the side-hand 

throwing technique, the velocity of the shoulder relative 

to the handball velocity in the first half of the movement 

was higher in the SHT than OHT. Additionally, before 

release, the velocity of the elbow relative to the handball 

velocity increased in the SHT. In the overhand throwing 

technique, the peak value of the velocity of the elbow, 

wrist, and hand was the same timing (solid vertical line, 

36%) and each velocity relative to the handball velocity 

was high before release in the SHT. 

Figure 1.  Mean velocity of each point 
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Figure 2.  Comparison of velocity of each point between the groups 

 

Figure 3.  Comparison of relative velocity of each point between the groups 

4. Discussion 

4.1. Comparison of Both Throwing Techniques 

The present study compared a conventional overhand 

throwing technique and a side-hand throwing technique 

with a handball among college students, focusing on 

throwing distance and selected kinematic parameters of 

the throwing arm and ball. 

In the side-hand throwing technique, participants often 

tilt their upper body slightly backward at the moment of 

release, creating an inclined posture in which the chest is 

more open compared to a purely vertical stance. Reiser et 

al. [24] revealed that the serratus anterior and the anterior 

deltoid muscles were more activated when exercising on 

an incline than in a horizontal position. This suggests that 

the side-hand throwing technique may allow participants 

to more effectively recruit these muscle groups, helping 
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them generate greater force. Moreover, the side-hand 

throwing technique appears to involve fewer degrees of 

freedom and is less complex than the overhand throwing 

technique. This characteristic would affect the difference 

in the throwing record between the two throwing 

techniques. 

4.2. Comparison between Groups 

In this study, participants were divided into two groups 

based on their throwing distance. The throwing distance 

of overhand throwing technique was significantly higher 

in the OHT than SHT, while no significant difference was 

seen in that of side-hand throwing technique. These 

results suggest that individuals who struggle with 

overhand throw technique may throw farther with 

side-hand throw technique. Although only weight showed 

significant differences between the groups in this study, 

effect sizes for grip strength of both hands, an established 

indicator of muscle strength [25], [26], were 

approximately medium. Previous research has found a 

relationship between muscle strength and ball speed in 

baseball pitching [27]. Accordingly, muscle strength 

affects the overhand throwing performance in this study. 

Overhand throwing is often described as a stereotypical, 

whole body, whip-like motion [28]. As for the results of 

the velocity of the throwing arm in the overhand throwing 

technique, the peak value of the velocity appeared at the 

elbow, wrist, and hand, in that order. This reflects a 

kinematic-chain and a whip-like motion. In the overhand 

throwing technique, the more synchronized velocity 

pattern—where the peak velocities of the elbow, wrist, and 

hand occur in a tightly coordinated sequence—likely 

facilitates a more efficient energy transfer along the kinetic 

chain. This cascading momentum from proximal to distal 

segments is one of biomechanical characteristics for 

throwing the ball faster. Prior studies have shown that such 

coordination enables greater end-point velocity of the 

hand, leading to higher ball release velocity and 

consequently longer throwing distances [8], [10], [28]. 

This may explain why the overhand throwing technique 

typically results in greater ball distance. 

On the other hand, although the peak value of the 

velocity of elbow appeared before those of wrist and hand 

during the side-hand throw, the peak value of the velocity 

of wrist and hand was the same timing, at release of the 

handball. These results indicated that the side-hand 

throwing technique relies more heavily on trunk rotation 

and simplified arm movement, reducing the need for 

precise inter-joint timing. In the discus throw, throwers 

accelerate the implement by rotating their trunk and 

swinging their throwing arm [29]. Likewise, participants 

using the side-hand throwing technique in this study 

appeared to rely on rotation around the long axis rather 

than a fully sequential whip-like motion. Thus, while 

overhand throws utilize a cascading transfer of energy 

from the proximal to distal segments (e.g., [8], [9], [10]), 

the side-hand throw in our study appeared to emphasize 

rotational momentum and a more unified release of the 

wrist and hand. These results indicated a different strategy 

to accelerate the handball between overhand and 

side-hand throwing techniques. In addition, these 

biomechanical adaptations can compensate for the lack of 

distal segment velocity and still result in effective 

throwing performance for side-hand. 

From the results of the comparison of throwing arm 

velocity between the groups, in the side-hand throwing 

technique, the timing of elbow’s peak velocity differed 

noticeably. In addition, in the SHT, the velocity of each 

segment increased drastically before the release of the 

handball, whereas in the OHT, velocities were relatively 

higher throughout the whole motion. A similar trend was 

also observed in the overhand throwing technique. To 

investigate these differences further, we compared each 

segment’s velocity relative to the handball’s velocity in 

both throwing techniques. As the results of this 

comparison, in the side-hand throwing technique, the 

shoulder’s velocity relative to the handball was higher in 

the SHT than OHT during the first half of the movement. 

This suggests that the participants in the SHT relied more 

on trunk motion, effectively using their whole body to 

throw the handball. Additionally, an increase of the 

elbow’s velocity relative to the handball before releasing 

handball in the SHT indicates that participants in the SHT 

accelerated their arm particularly around the elbow. 

By contrast, in the overhand throwing technique, the 

timing of peak relative velocity of the elbow, wrist, and 

hand is almost the same in the SHT. This result implies 

that participants in the SHT were less able to utilize a 

kinematic-chain and a whip-like motion in the overhand 

throwing technique. On the other hand, participants in the 

OHT group exhibited efficient sequencing, which may 

explain their superior performance in overhand throws. 

Furthermore, although each segment’s relative velocity 

was high before releasing the handball in the SHT, this 

pattern suggests that participants in the SHT were fully 

transferring power to the handball. In the overhand 

throwing using the handball, a proper wrist snapping 

motion affects the improvement of the release velocity 

[29], and wrist snapping motion has been recognized as a 

key component of throwing mechanics [30]. Therefore, 

participants in the SHT may have released the handball 

without fully utilizing an appropriate wrist snap. 

In contrast, in the side-hand throwing technique, 

participants can throw the ball without whip-like motion 

and gripping the ball, making the motion simpler than 

overhand throw and less reliant on physical attributes. 

From these findings, the side-hand throwing technique 

seems to offer mechanical advantages for individuals who 

may lack either joint mobility or muscular strength 

required for the whip-like motion. This may especially 

benefit individuals with weaker grip strength or 

less-developed upper limb coordination. The more 

prolonged involvement of trunk and shoulder rotation in 
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the SHT could allow for greater recruitment of larger 

muscle groups, such as the latissimus dorsi and obliques, 

which are capable of generating substantial rotational 

torque [20], [24]. The SHT group's ability to achieve 

comparable or even superior distances despite less 

efficient distal sequencing suggests a fundamentally 

different motor strategy—one that may be more robust to 

individual differences in physical constitution. For 

example, the reliance on trunk-driven rotation may 

minimize the impact of wrist or elbow limitations, 

providing an accessible alternative for individuals who 

cannot execute complex, whip-like motions. This strategy 

could be especially relevant for youth, beginners, or 

athletes with joint restrictions or previous upper limb 

injuries. 

These results highlight the value of introducing 

alternative throwing techniques, such as the side-hand 

throw, alongside the overhand throw in both skill 

assessment and training programs. In youth sports or 

school physical education, some learners may become 

discouraged if they cannot master the whip-like motion 

required for a traditional overhand throw. By offering a 

more rotationally oriented approach, like the side-hand 

throw, instructors can provide a viable pathway to success 

for those who struggle with overhand mechanics. This 

broader set of technique options can help maintain 

motivation and engagement, ultimately encouraging 

continued participation and skill development. However, 

these implications should be interpreted cautiously. 

Overhand throwing remains a standard measure of 

upper-limb coordination in many sporting contexts, and 

mastery of the whip-like motion offers performance 

benefits [8], [10]. Side-hand throwing does not 

necessarily replace overhand throwing but may 

complement it by addressing individual differences in 

strength or joint mobility. 

Despite these considerations, our findings suggest that 

for certain individuals, the side-hand throws can result in 

greater throwing distance than the overhand throws, 

potentially offering an alternative method to evaluate or 

train throwing ability. In addition, the side-hand throwing 

technique may particularly benefit beginners, younger 

athletes, or individuals with shoulder limitations or 

reduced grip strength who struggle with whip-like 

overhand mechanics. 

4.3. Limitations of This Study 

There are some limitations to this study. One notable 

limitation of this study is the relatively small sample size, 

particularly in the biomechanical analysis, which was 

conducted on a randomly selected subset of participants. 

This limits the statistical power and may not capture the 

full range of kinematic variation across the entire 

population. A larger sample could reveal additional 

throwing strategies or subgroup patterns that were not 

observed in this study. In addition, for practical reasons, 

only throwing arm velocity plus the handball motion were 

calculated. Future research should investigate a wider 

range of ages and genders and analyze the whole-body 

kinematics. 

Furthermore, participants of the present study were 

male college students. Therefore, the results of this study 

may not directly apply to junior high school age groups 

and female college students. Overhand handball throwing 

is commonly used to evaluate the throwing ability to 

junior high school age groups in Japan, so future studies 

should recruit participants from this target age range to 

confirm side-hand throws can indeed benefit younger or 

less physically developed individuals. 

Additionally, only one standard handball size and 

weight, commonly used in physical fitness tests in Japan, 

was used in this experiment. Since grip strength and hand 

size vary among individuals, the impact of different ball 

specifications on throwing technique and performance 

should be explored in future studies to better reflect 

real-world diversity. 

Lastly, although all digitization was performed by a 

single skilled analyst, intra-rater reliability was not 

quantitatively assessed and remains a potential limitation 

of the motion analysis. This could be a source of bias. 

Therefore, more accurate analysis such as motion capture 

should be conducted in future studies. 

5. Conclusions

This study demonstrates that the side-hand throwing 

technique is a way to throw farther than the overhand 

throwing technique for certain individuals, and that the 

techniques rely on distinct strategies to accelerate the 

handball. In this study, participants were divided into two 

groups, one of which had significantly lower overhand 

throw records compared to side-hand throw (SHT), 

whereas the other showed little difference between the 

two techniques (OHT). OHT had greater weight and grip 

strength than SHT, which may affect the difference in the 

throwing distance. 

From the results of the comparison of the velocity of 

the throwing arm, SHT may not have effectively utilized a 

kinematic-chain, a whip-like motion, or a wrist snapping 

motion in the overhand throwing technique, typically 

associated with high-velocity overhand throws. However, 

they were able to throw farther in the side-hand throwing 

technique by using more of their trunk and simplifying 

segmental sequencing. These findings indicate that 

individuals may benefit from a throwing technique that 

takes into account their physical constitution and strength 

in the side-hand throwing technique. 

By illustrating the potential advantages of side-hand 

throwing, this study offers a practical alternative for 

individuals who find it challenging to develop distance in 

the overhand throw, thereby broadening instructional 

methods and assessment tools for throwing skills. 
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