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A B S T R A C T

In recent years a number of studies have investigated shoulder biomechanics in handball
throwing. The purpose of this scoping review is to summarize the current handball research in
terms of shoulder joint kinematics and kinetics and identify gaps in the current research.
Nineteen articles relevant to this topic were identified and included. The handball throw is
characterized by large external shoulder rotation followed by a rapid internal rotation with minor
changes in shoulder flexion and abduction. Generally timing sequence, joint angles and joint
velocities were not affected by different conditions such as throwing type, arm position, ball
weight and gender. However, large differences in shoulder angles and angular velocities were
found between studies, which most likely are explained by methodological differences.
Unfortunately, the information provided in the articles did not make it possible to transform
measurements from one study to another and thereby eliminate the methodological differences.
Only one study reported shoulder kinetics and found that kinetics were not affected by fatigue.
This scoping review highlights the need for better descriptions of the methods used to obtain
shoulder kinematics and for studies investigating shoulder kinetics in handball throwing.

1. Introduction

Handball is a widely popular sport with high technical, tactical and physical demands. One unique feature of handball compared
to other throwing sports is the large variation in how the ball is thrown. These variations include the length of the run-up, whether or
not the ball is thrown while jumping and many others. However, it is not clear how these variations may affect the throwing
biomechanics.

The shoulder joint, acting as a part of the kinetic chain involved in transferring energy from the lower extremities to the ball, plays
a central role in the throwing mechanism. Therefore it is especially interesting to examine how the aforementioned variations may
affect both kinematics and kinetics of the shoulder. Several studies have investigated the biomechanics of handball throwing in recent
years, but to date no comprehensive review of the shoulder biomechanics in handball exists. A scoping review can help identify gaps
in knowledge and/or flaws in the current literature and thus guide future research towards currently unexplored areas. In addition,
synthesizing the current research, can help researchers and practitioners better understand how to optimize throwing performance as
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well as injury prevention and rehabilitation, which is very important considering the high prevalence and incidence of shoulder pain
problems in handball (Asker, Holm, Källberg, Waldén, & Skillgate, 2018; Møller et al., 2017; Møller, Attermann, Myklebust, &
Wedderkopp, 2012; Myklebust, Hasslan, Bahr, & Steffen, 2013).

Measuring shoulder biomechanics can however be challenging. The soft tissue surrounding the shoulder joint introduces errors
when employing traditionally used methods such as motion capture (Blache & Begon, 2017), the shoulder joint center is not easily
found (Crabolu et al., 2017) and the anatomical definition of a neutral glenohumeral rotation is unclear (Wu et al., 2005). Thus, as a
part of this scoping review, the methods used to measure shoulder kinematics in the included studies will be thoroughly discussed.
This is especially important considering the fact that the first studies of handball shoulder kinematics were published before the
International Society of Biomechanics (ISB) published their guidelines in 2005 (Wu et al., 2005).

Therefore, the purpose of this review is 1) to summarize recent years’ findings with regard to shoulder kinematics and kinetics in
team handball throwing, 2) to compare biomechanics of different types of handball throws and 3) discuss the methods used to obtain
the reported shoulder measures.

2. Materials and methods

2.1. Literature search method and study selection

The search process is documented in Fig. 1 and was performed by the main author. In short, PubMed and Sport DISCUS were
searched for the term “handball”, with no restrictions set on the PubMed search, while the Sport DISCUS search was limited to articles
written in English. Only articles accepted for publication in academic journals prior to May 19, 2017 were included. In order to be
included in this review, articles had to report kinematic or kinetic parameters of the shoulder joint during handball throwing.
Excluded topics included strength and/or flexibility measurements of the shoulder muscles, tactical and/or social aspects and injury
prevalence and/or incidence. No restrictions were set for study design, gender, level or age of participants or type of throw in-
vestigated. Article titles were then screened and titles that clearly did not satisfy the aforementioned criteria were excluded. Next,
abstracts of the remaining articles were read and the same exclusion criteria as previously were used to exclude articles at this step.
Finally, the remaining articles were fully read and articles that did not contain information relevant to the review were excluded. In
addition to the database search, references of the articles that were fully read were manually searched. Upon the first read-through of
the articles the most commonly reported measures was determined and subsequently the following outcome measures were extracted
for summary: Ball velocity, time of occurrence of maximal linear and angular velocity of the upper-extremity joints, maximal angular
velocities and angular velocities at the time of ball release of the glenohumeral joint, maximal shoulder flexion, abduction and
rotation angles and joint torques and the same angles at the instant of ball release. The methods of this study’s search strategy,
inclusion criteria and data analysis weren’t pre-specified in a registered protocol before any study-related activities were started.

Fig. 1. Flowchart for the selection process for inclusion of articles in the review. Both databases were accessed March 18.
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3. Results

3.1. Literature search and study selection

The PubMed and Sport DISCUS searches returned a total of 1519 unique articles. 1465 articles were excluded based on the title
and an additional 22 articles were excluded after reading the abstract. The remaining 32 articles were fully read. 13 additional
articles were excluded after this process, as it did not contain relevant information regarding shoulder kinematics or kinetics. No
additional articles were found of relevance to the review topic by manually screening reference lists of the fully read articles, which
leave a total of 19 articles included in this review.

3.2. Result outcomes

All studies were conducted in a non-competitive setting and without a defender. Type of throw and shoulder angles are sum-
marized in Table 1 and ball velocity and shoulder angular velocities are summarized in Table 2. In the remainder of this section we
compare these outcomes under different conditions such as the type of throw and arm position. Additionally, the timing sequence of
the kinematic variables as well as shoulder kinetics is summarized in text form.

3.3. Ball velocity

The highest throwing velocities are found in the standing throw with run-up, followed by the standing throw without run-up then
the jump throw and lastly the pivot throw (Wagner, Pfusterschmied, von Duvillard, & Müller, 2011). Other variables affecting the
throwing velocity are gender (men achieves higher velocities than women) (Serrien, Clijsen, Blondeel, Goossens, & Baeyens, 2015;
van den Tillaar & Cabri, 2012), arm position (overhead throw higher than side-arm) (Wagner, Buchecker, von Duvillard, & Müller,
2010a), skill level (elite players throws with a higher velocity than experienced players, who throws with a higher velocity than less
experienced players) (Wagner, Pfusterschmied, Von Duvillard, & Müller, 2012) and weight of the ball (the lighter the ball, the higher
the velocity) (van den Tillaar & Ettema, 2011).

Several studies (Jöris, Edwards van Muyen, van Ingen Schenau, & Kemper, 1985; Plummer & Oliver, 2017; van den Tillaar &
Ettema, 2007; van den Tillaar & Marques, 2011; Wagner et al., 2011) have found significant correlations between ball velocity and
other kinematic parameters. Upper arm internal rotation angular velocity appears to be an important factor. Van den Tillaar and
Ettema (2007) found a significant correlation between internal rotation velocity at ball release and ball velocity of r= 0.67, and
Wagner et al. (2011) found a correlation between the maximal angular velocity of internal rotation and ball velocity of r=0.47. Van
den Tillaar and Marques (2011) investigated how a training program affected ball release velocity and throwing kinematics, and
while no significant differences in ball velocity before and after the intervention was found, there was a significant correlation
between the change in ball velocity and the change in maximal angular velocity of internal rotation of r=0.75. A number of other
parameters have been reported to be correlated to ball velocity, including maximal pelvis and trunk internal rotation velocity
(Wagner et al., 2011), total elbow angular displacement (van den Tillaar & Ettema, 2007), timing of maximum pelvis and trunk
angles (van den Tillaar & Ettema, 2007; Wagner et al., 2011) and velocity of body center of mass in the direction of the goal (van den
Tillaar & Ettema, 2007).

3.4. Joint angles

All maximal shoulder angles as well as shoulder angles at the instant of ball released are summarized in Table 1. Only a few
studies directly compared kinematics for different types of throws, while the majority of the included studies only reported kine-
matics for one type of throw. The results of the comparison studies are summarized in text in the following section.

Both van den Tillaar (2016) and Wagner et al. (2011) found that the maximal shoulder angles did not differ between different
types of throw. At ball release, significant differences in shoulder rotation has been reported only when comparing throwing with
balls of different weights (van den Tillaar & Ettema, 2011) and throwing with the dominant vs non-dominant arm (van den Tillaar &
Ettema, 2009a). Significant differences in maximal external rotation between different types of wind-up (van den Tillaar, 2016; van
den Tillaar, Zondag, & Cabri, 2013) have also been found.

Wagner et al. (2010a) compared throwing with overhead arm position and throwing with a sidearm throw, and found that
significantly higher values of shoulder flexion as well as lower values of shoulder abduction was found at ball release when using the
side-arm throw. Differences in shoulder flexion at ball release has also been shown when comparing different levels of perceived
effort, with flexion being greatest at lowest levels of perceived effort (Plummer, Gascon, & Oliver, 2017).

3.5. Joint velocities

In studies directly comparing elite players vs. low level players, Wagner et al. (2010b) found no significant difference in the
maximal internal rotation angular velocity, and similarly, van den Tillaar and Cabri (2012) did not measure any significant difference
between males and females. However, significant differences were found in the maximal internal rotation angular velocity when
Wagner et al. (2011) compared various throwing techniques, with the velocity being higher in the two types of standing throws
compared to the jump throw and the pivot throw. Significant differences were also found by Wagner et al. (2010b) when comparing
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the internal rotation angular velocity at ball release of elite players and low-level players, with the velocity being highest for the elite
players. Similarly Plummer et al. (2017) found that the rotational velocity of the humerus at ball release was higher at 100%
perceived effort compared to balls thrown at 75 and 50% perceived effort.

Statistically significantly higher maximal shoulder abduction angular velocity was found when comparing dominant arm
throwing to non-dominant arm throwing (van den Tillaar & Ettema, 2009a) and higher maximal shoulder flexion angular velocities
was found by Wagner et al. (2010a) in above the head throwing compared to sidearm throwing.

3.6. Timing sequence

Both when measured on human participants and computer simulated, the most effective throwing technique has been found to be
utilizing a proximal-to-distal sequence, i.e., the distal segments achieve their maximal linear velocity later in the throwing motion
than the proximal segments (Chowdhary & Challis, 2001; Liu, Leigh, & Yu, 2014; Marshall & Elliott, 2000). However, several studies
have found that handball players do not utilize such a proximal-to-distal sequencing (Fradet et al., 2004; van den Tillaar & Cabri,
2012; van den Tillaar & Ettema, 2009b, 2009a, 2011; van den Tillaar et al., 2013; Wagner et al., 2010a, 2010b, 2012). Specifically,
maximal linear velocity of the elbow is achieved between 0.066 and 0.055 s before ball release while maximal linear velocity of the
shoulder is achieved between 0.051 and 0.03 s before ball release (Fradet et al., 2004; Jöris et al., 1985; van den Tillaar & Cabri,
2012; van den Tillaar et al., 2013). Maximal angular velocity of the elbow extension occurs between 0.004 and 0.018 s before ball
release, while maximal angular velocity of the shoulder internal rotation happens very shortly after ball release (van den Tillaar &
Cabri, 2012; van den Tillaar & Ettema, 2007, 2009a, 2011; van den Tillaar et al., 2013; Wagner et al., 2014, 2010a, 2010b, 2012).
This sequence is independent of arm position (Wagner et al., 2010a), type of throw (Wagner et al., 2011), which arm the throw is
performed with (van den Tillaar & Ettema, 2009a), weight of the ball (van den Tillaar & Ettema, 2011), type of wind-up (van den
Tillaar et al., 2013) and gender (van den Tillaar & Cabri, 2012).

3.7. Joint kinetics

The review process revealed only one article that was concerned with kinetics of handball throwing (Plummer & Oliver, 2017).
These authors report a mean peak shoulder internal rotation torque of 38.3% BW occurring between ball release and maximal
internal rotation for the jump shot. They also found that shoulder kinetics were not affected by a fatigue protocol. The highest
reported mean peak shoulder internal rotation torque for the remaining part of the throw was 13.8% BW, which occurred between
lead foot contact and external rotation of the shoulder.

3.8. Definition of shoulder rotation

A number of different methods were used for measuring shoulder rotation. The most notable differences in these methods were
whether trunk tilt was accounted for or not and whether neutral rotation was clearly defined. These findings are summarized in
Table 3.

4. Discussion

The main findings of this scoping review are: 1) throwing kinematics are relatively stable across various conditions, when
compared directly, 2) only one study reported kinetic measures, 3) a large variation in absolute values across studies and research
groups are reported and 4) the methods used to obtain shoulder kinematics differs greatly and are not sufficiently described in most
studies.

In general, the kinematic parameters were quite stable in studies directly investigating the effect of different conditions.
Differences in maximal external shoulder rotation were only found when comparing different types of wind-up. In contrast, skill level,
type of throw, level of fatigue, gender and effort did not impact the maximal external shoulder rotation. For maximal angular velocity
of the shoulder rotation, statistically significant differences were only found when comparing different types of throw. Throwing
velocity was also different between different types of throw and in addition throwing velocity was found to be affected by gender,
arm position and ball weight.

The only study that investigated the kinetics of handball throwing found that the shoulder internal rotation torque was peaking

Table 3
Methods used for calculating shoulder rotation angle.

Paper Accounts for trunk
tilt?

Neutral rotation clearly
defined?

Fradet et al., 2004 Yes Yes
van den Tillaar, 2016; van den Tillaar & Cabri, 2012; van den Tillaar & Ettema, 2007, 2009a, 2011; van

den Tillaar & Marques, 2011; van den Tillaar et al., 2013
No Yes

Wagner et al., 2010a, 2010b, 2011, 2012, 2014 Yes No
Plummer and Oliver, 2017, Plummer et al., 2017 No Yes
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after ball release (Plummer & Oliver, 2017). This is in contrast to previous studies on baseball pitching (Aguinaldo, Buttermore, &
Chambers, 2007; Fleisig, Andrews, Dillman, & Escamilla, 1995) and water polo (Feltner & Taylor, 1997). This finding might indicate
an important difference between handball throwing and other types of throwing, but considering that the internal rotation angular
velocity is decreasing very shortly after ball release, it seems counter-intuitive that the internal rotation torque would peak during
this phase. One potential explanation for this surprising finding, could be sub-optimal throwing mechanics of the participants.
Wagner et al. (2010b) showed that low-level players may not reach their maximal internal rotation angular velocity until after the
ball is released and similarly flawed throwing mechanics, could potentially result in the internal rotation torque peaking after ball
release.

While measurements of ball velocity and timing sequence were in fairly good agreement across studies, the presented joint angles
and velocities differed greatly between studies.

In the studies conducted by van den Tillaar et al. (van den Tillaar & Cabri, 2012; van den Tillaar & Ettema, 2007, 2009a, 2011;
van den Tillaar & Marques, 2011; van den Tillaar et al., 2013) the maximal absolute angles reported seem coherent, but sometimes
the angle is reported as external rotation and sometimes it is reported as internal rotation. Considering the fact that the timing of the
maximal angle was similar in the studies, that reported timing sequence, it seems reasonable to assume that this reflects differences in
the definition of internal/external rotation, rather than actual differences and therefore the maximal absolute angles were the
foundation of the analysis performed on these data.

The discrepancies between the absolute values measured in the different studies could be due to a number of factors, but most
likely this is caused by methodological differences (see Table 2). Firstly, it is not always clear from reading the articles how shoulder
rotation is calculated and how a neutral shoulder rotation is defined, which is likely caused by the fact that the anatomical definition
of neutral internal/external rotation is unclear (Wu et al., 2005). However, intuitively the two most likely ways to define neutral
shoulder rotation are with the shoulder-elbow-wrist plane either parallel or orthogonal to the horizontal plane, such a difference in
definition of shoulder rotation would result in a 90° offset between studies. Adding 90° to the values reported by Wagner et al.,
Plummer et al. and Fradet et al., limits the range of reported maximal absolute shoulder rotation to 122–169°, which seems more
plausible.

Secondly, the method used for calculating the shoulder rotation angle has varied. For example, van den Tillaar et al. has cal-
culated the shoulder rotation angle as “the angle between the shoulder-elbow-wrist plane and the horizontal plane.” (van den Tillaar,
2016; van den Tillaar & Cabri, 2012; van den Tillaar & Ettema, 2004, 2007, 2009a, 2011; van den Tillaar & Marques, 2011) It is not
clear whether the horizontal plane that the authors refer to is the horizontal plane of the laboratory or of the participant. However,
since the authors give no explanation to how the horizontal plane of the participant would be constructed, we assume that it is the
horizontal plane of the laboratory. This implies that trunk tilt is not accounted for (see Fig. 2) and therefore rotation angles measured
this way most likely differ from the actual glenohumeral rotation as a significant trunk tilt is present in a large part of the motion
(Wagner et al., 2011).

In contrast, Wagner et al. (2010a, 2010b, 2014) firstly use a computer model of the human body to calculate the position of the
shoulder joint centre and kinematics. Subsequently joint angles are calculated using cardan angles and shoulder rotation is defined as
“the rotation of the humerus along the longitudinal axis of the humerus” (Wagner et al., 2010b). The use of cardan angles means that
trunk tilt is accounted for, however information relating to which sequence of rotation axes is used, whether the first, second or third
rotation is used to calculate the shoulder rotation and the construction of the humeral coordinate system is not readily available and
thus neutral rotation cannot be established with certainty. A third method was used by Plummer et al. who used Euler angle

Fig. 2. Illustration of computing shoulder rotation angle relative to the lab horizontal plane. The glenohumeral rotation is the same in both (a) and
(b), but the reported shoulder rotation angle is different, when computed relative to the lab horizontal plane.
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decomposition to find shoulder plane of elevation, rotation and elevation and yet another method was used by Fradet et al. (2004)
who used the method conceived by Feltner and Dapena (1986). Both of these methods accounts have a clear definition of neutral
rotation but only the method used by Fradet et al. accounts for trunk tilt. A fifth method is the ISB guidelines (Wu et al., 2005) which
is based on Euler angle decomposition. Due to the widespread use in other fields and it being an internationally agreed upon
guideline, we suggest that future studies follow the ISB guidelines when measuring and reporting shoulder angles, which will ensure
comparability across studies.

Thirdly, some studies have looked at the standing throw without run-up (van den Tillaar, 2016; van den Tillaar & Ettema, 2004,
2007, 2009a, 2011; van den Tillaar & Marques, 2011; van den Tillaar et al., 2013), while others have looked at the standing throw
with run-up (Wagner et al., 2010a) or the jump throw (Plummer & Oliver, 2017; van den Tillaar, 2016; Wagner et al., 2014).
However, both van den Tillaar (2016) and Wagner et al. (2011) found that the maximal shoulder rotation and flexion angles did not
differ depending on type of throw.

Lastly, local differences in the way proper throwing technique is taught might explain some of the variation, although one would
expect these differences to be relatively minor as the throwing velocities achieved in the various studies as well as the level of the
participants are fairly similar. Therefore, it seems that the most likely explanation for the large differences between studies is caused
by different methods for calculating the shoulder rotation.

While the large differences in reported shoulder rotation angle could be explained by different computations of shoulder rotation
angle, the differences in internal rotation angular velocities are more puzzling as the angular velocity does not depend on how the
neutral rotation is defined. However, not accounting for trunk tilt will have an impact on the calculated angular velocity and may
therefore explain some of the variance. It should also be noted that some studies only calculated angular velocities up until ball
release (see Table 2). As the angular velocities are known to increase after ball release (Wagner et al., 2012), this difference in
methods might also explain the differences in maximal angular velocities. Nonetheless, large differences in angular velocities at ball
release are also reported, indicating that other factors must be considered.

The use of skin-mounted trackers or markers is practical, but can also introduce some amount of uncertainty in the measurements.
For instance, all studies that used reflective markers placed a marker on the lateral tip of the acromion, which can be a problematic
position as markers placed here are easily affected by soft tissue artefacts such as muscle bulging (Roren et al., 2015). Similarly, a
skin-mounted marker moves relatively to the humerus when extending or flexing the elbow, and markers placed between the elbow
and shoulder can be affected by wobbling of the muscle mass during fast movements. While all these problems may introduce errors
in the measurements, these are problems that are not easily solvable as only the use of bone pins can effectively eliminate the effect of
soft tissue artefacts. However, future studies should seek to quantify the size of these errors and investigate whether alternative
placements of markers and trackers can alleviate the effect of soft tissue artefacts.

Only studies that reported kinematic or kinetic parameters were included in this review. However, it should be noted that ball
velocity has been registered in a number of other studies, that do not report kinematic parameters, but instead investigates para-
meters like strength (Marques, van den Tillaar, Vescovi, & González-Badillo, 2007; Marques, Saavedra, Abrantes, & Aidar, 2011) and/
or flexibility (Schwesig et al., 2016). While these results certainly are relevant with regards to performance and injury prevention,
they fall outside of the scope of this review, which was to summarize shoulder kinematics and kinetics.

It is critical that future research provide detailed descriptions of how angles are calculated, which will enable readers to transform
results from one coordinate system to another and thereby be able to compare results across studies. Considering the high prevalence
of shoulder pain in handball (Clarsen, Bahr, Andersson, Munk, & Myklebust, 2014; Møller et al., 2017; Myklebust et al., 2013)
studying handball throwing kinematics with an emphasis on injury implications is also important in future studies. Finally, future
research should focus on obtaining not only kinematic, but also kinetic data. Kinematic analysis essentially only describes motion – in
order to understand what causes these motions and how a given motion loads the structures of the body, kinetic analysis must be
employed (Robertson, Caldwell, Hamill, Kamen, & Whittlesey, 2004). Performing such kinetic analyses can give important in-
formation regarding how to improve performance and increase understanding of why some players get injured, while others do not.

5. Conclusion

In recent years several studies have reported shoulder kinematics of handball throwing. The throwing velocity is highest in the
standing throw with run-up, followed by the standing throw without run-up, the jump throw and finally pivot throw.

Studies of timing sequencing have shown that handball throwing does not follow a proximal-to-distal sequencing as the elbow
achieves its maximal linear velocity before the shoulder. This handball-specific sequencing is stable across a number of conditions
including the type of throw.

With regards to shoulder angles and angular velocities, the handball throw is characterized by large external rotation and ab-
duction, while shoulder flexion and extension only happens to a minor degree. Similarly, very large angular velocities of shoulder
rotation have been found, while the angular velocities of shoulder flexion and abduction are relatively low. In studies that have
compared different level of players and/or types of throws no significant differences in the maximal angles have been found, except
when comparing the whip-like wind-up to the circular wind-up, and differences in angles at ball release have only been found when
comparing the dominant arm to the non-dominant arm or when comparing throwing with ball of different weights. However,
differences in maximal internal rotation angular velocities have been found when comparing different types of throws, with the
velocity being higher in the two types of standing throws compared to the jump throw and the pivot throw, which likely can explain
some of the variation seen in the throwing velocity of different types of throws.

This review shows that a number of studies of shoulder kinematics have been performed in recent years highlighting that the
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throwing kinematics are fairly stable across a number of conditions. However, the lack of a common standard for measuring and
reporting shoulder angles makes it difficult to compare results across studies and therefore future studies should seek to use a well-
defined method that accounts for trunk tilt and clearly describes what constitutes neutral alignment, e.g. the ISB guidelines.

While the kinematics of the handball throw is relatively thoroughly investigated, the field is lacking research into the shoulder
kinetics of handball throwing, which is an essential part of moving the research forward and optimizing training, injury prevention
and rehabilitation.
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