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Quantifying wrist angular excursion on impact for Jab and 
Hook lead arm shots in boxing
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Northern Ireland; bSport and Physical Activity Research Centre, Sheffield Hallam University, Sheffield, United 
Kingdom of Great Britain and Northern Ireland; cSchool of Engineering, Manchester Metropolitan University, 
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ABSTRACT
The hand region is reported as the most common injury site in boxing, 
with more observed time loss than any other area in this sport. The 
amount of wrist motion, specifically flexion, has been described as 
contributing to these injuries, yet no literature is available to quantify 
wrist kinematics in boxing. This is the first paper describing wrist 
motion on impact in boxing. Utilising an electromagnetic tracking 
system, two types of shots were assessed, Jab (straight arm) and 
Hook (bent arm), during in-vivo testing procedures with 29 elite boxers. 
For both shots, flexion and ulnar deviation occurred concurrent on 
impact, with an M and SD of 9.3 ± 1.9° and 4.7 ± 1.2° respectively for 
Jab shots, and 5.5 ± 1.1° and 3.3 ± 1.1° respectively for Hook shots, 
supporting dart throwing motion at the wrist. For both Jab & Hook, 
wrist motion on impact occurred within >30% and >20% respectively 
of total available active range of motion, with wrist angles greater in 
both flexion (t = 9.0, p < 0.001, d = 1.7) and ulnar deviation (t = 8.4, 
p < 0.001, d = 1.6) for Jab compared to Hook shots. The study provides 
novel and quantifiable information regarding wrist kinematics during 
the impact phase of punching and potentially an improved under-
standing of injury mechanisms in boxing.
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Introduction

In 1987, Noble (Noble, 1987) stated that if hyperflexion of the wrist occurred on impact 
in boxing it would injure the carpometacarpal joint of the hand. To date, no study has 
measured wrist motion in boxing. Flexion in the sagittal plane appears to be the only 
wrist movement considered on impact (Loosemore et al., 2017; Noble, 1987). Kinematic 
studies, however, describe a biplanar coupled motion occurring naturally in daily activ-
ities, described as dart-throwing motion of the wrist (Garcia-Elias et al., 1995; Ishikawa 
et al., 1999; Moritomo et al., 2004; Saffar & Semaan, 1994; Wolfe et al., 2006), rather than 
a uniaxial motion. Dart-throwing motion, involving an arc of motion from radial 
deviation and wrist extension to ulnar deviation and wrist flexion, occurs during many 
activities of daily living and sports (Fisk, 1980; Moritomo et al., 2004; Palmer et al., 1985; 
Sweeney et al., 2012). For example, Sweeney et al. (2012) observed that during the 
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downswing in golf, both wrists experienced flexion and ulnar deviation. The dart- 
thrower’s arc is described as the most stable and controllable plane of motion, represent-
ing the functional plane of wrist motion for most occupational and avocational activities 
(Garcia-Elias et al., 1995; Ishikawa et al., 1999; Moritomo et al., 2004; Saffar & Semaan, 
1994; Wolfe et al., 2006).

In boxing, carpometacarpal instability of the hand has been identified as the most 
common injury, incurring the highest time loss from training (Loosemore et al., 2017; 
Loosemore, Lightfoot, Palmer-Green et al., 2015). As little movement occurs at the index 
and middle finger carpometacarpal joints (Morgan & Carrier, 2013), they are loaded 
when a punch is thrown correctly. Loading of the carpometacarpal joints is supported 
through investigations of proportional distribution of impact forces, using pressure films 
placed over the knuckles (Loosemore, Lightfoot, Meswania et al., 2015). The middle and 
ring finger knuckle displayed the largest and lowest proportion of impact forces, respec-
tively (Loosemore, Lightfoot, Meswania et al., 2015). Higher force transmission towards 
the radial side of the wrist is supported by the literature, as observed when a load is 
applied to the hand using a rigid body spring model (Schuind et al., 1995). Index and 
middle finger carpometacarpal injuries are more common than those at the other fingers 
(Loosemore et al., 2017; McDougall, 1972; Melone et al., 2009; Nazarian et al., 2014). 
Concomitant avulsion of the tendons attaching at the base of the index and middle 
metacarpal joints, extensor carpi radialis longus and extensor carpi radialis brevis, 
respectively, are also identified from clinical practice (Mundell et al., 2014; Najefi et al., 
2016; Turner et al., 2012). Extensor carpi radialis longus and extensor carpi radialis brevis 
muscles are typically described to perform combined extension with radial deviation of 
the wrist (Tanrıkulu et al., 2014), the opposing action of ulnoflexion motion. It is, 
therefore, proposed that as the hand contacts on the radial side during a punch, the 
wrist moves towards ulnoflexion, following the path described in dart-throwing motion.

While injuries at the hand can occur with both types of commonly used shot in 
boxing, Jabs (straight arm shots) appear to contribute more to carpometacarpal joint 
injuries than Hooks (bent arm shots) (Great Britain Boxing, 2020). This difference in 
injuries observed between straight and bent arm shots is possibly explained through the 
system of levers. Using standard terminology of levers (Bejnke, 2012), the hand would 
be the lever, the wrist tendons tension the effort, the wrist joint the fulcrum and the 
forces on impact the resistance. With a bent arm, the wrist tendons, which originate at 
the lateral epicondyle and therefore anatomically located proximal to the elbow joint, 
are under lower tension than with a straight arm indicating less effort required to 
maintain a stable wrist. Therefore, it is expected that straight arm shots exhibit more 
wrist angular excursion on impact than bent arm shots. Wrist angular excursion on 
impact is defined as the range of motion (ROM) taking place at the wrist joint from 
initial contact, between the boxer’s glove and the training equipment (boxing bag), to 
its maximal angular displacement.

To understand the causes of injuries at the hand in boxing, knowledge of the wrist 
kinematics during the impact phase of punching is required. Studies investigating the 
kinematics of boxing have quantified movement occurring at the shoulder and elbow 
joints, but not the wrist (Bingul et al., 2018; Cheraghi et al., 2014; Dinu et al., 2020; Fisk, 
1980; Noble, 1987; Piorkowski et al., 2011; Saffar & Semaan, 1994; Stanley et al., 2018; 
Sweeney et al., 2012; Whiting et al., 1988). Here, we assessed wrist motion on impact 

2 I. GATT ET AL.



during straight and bent arm shots. We hypothesised that (a) ulnoflexion motion occurs 
in both Jab and Hook shots, (b) we could identify the amount of wrist angular excursion 
on impact for both Jab and Hook shots and (c) more wrist angular excursion on impact 
occurs in Jab than for Hook shots.

Method

Participants

To determine sample size, we conducted a priori power analysis using GPower 3.1.9.4 
with power (1 – β) set at 0.80 and α = 0.05, two-tailed. This analysis showed us a sample 
size of N = 24. To be in the study, participants had to be elite boxers, with no upper 
extremity symptoms and no history of upper extremity injury in the recent 3 months. 
Participants were recruited from both genders, as there were no studies supporting wrist 
kinematics or injury variations among male and female boxers. Participants (23 male, 6 
female) were recruited from the Great Britain National Olympic Squad, which is ranked 
as one of the top teams in Olympic boxing (AIBA, 2020). Characteristics (M ± SD) were 
as follows: age 24 ± 4 years (range: 19–34 years), stature 178 ± 10 cm (range: 160–198 cm) 
and mass 71 ± 17 kg (range: 50–114 kg). All participants were right-arm dominant and 
orthodox stance boxers (left-hand leading). The movements and experimental protocol 
were explained verbally. All participants received written information about the study 
and provided informed consent before testing. The study protocols were approved by 
localResearch Ethics Committee (Ref No HWB-S&E-42).

Experimental design

To measure wrist excursion on impact, similar equipment and technique to a previous 
study was used showing good accuracy (<0.2° for flexion–extension with surrogate 
testing and <6° for flexion-extension and ulnar-radial deviations in the quasi-static 
testing) and good to substantial reliability for Jab and Hook shots (ICCs >0.8 for 
flexion–extension and ICCs >0.6 for ulnar-radial deviation) (Gatt et al., 2019). Custom- 
written software based on the Polhemus software development kit (Polhemus, 
Colchester, VT, USA) was used to record 6-degree-of-freedom (DoF) position and 
orientation data from three receivers and a digital stylus at 240 Hz. The system was 
calibrated according to manufacturer instructions. Further, during the pilot testing, 
metal distortion was investigated with using both static and dynamic testing, with no 
distortion identified.

Testing procedures

The electromagnetic tracking system receivers were fixed to the left upper limb (Figure 1) 
following the procedure of a previous study (Gatt et al., 2019). Each participant was asked to 
throw Jab and Hook shots with their lead arm. Jab shots were performed six times, allowing 
a break of about 3 s between shots. The same procedure was repeated for Hook shots in the 
same session. Before the punch testing, total wrist active ROM was measured using similar 
equipment and technique (quasi-static ROM testing) to a previous study (Gatt et al., 2019), 
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allowing for wrist angular excursion on impact to be quantified as a percentage of total wrist 
active ROM. The participant was asked to fully flex a closed fist, holding onto a cylindrical 
plastic handle to mimic the functional position of a boxer’s hand when held in a glove. The 
fully flexed position was held for three seconds, the wrist was then extended, and the new 
position was held for a further 3 s. For ulnar and radial deviation, the same procedure was 
used but with the forearm positioned in mid-pronation. All motions were performed three 
times and the mean range of motion was calculated.

Measurement equipment

The tracking system data from all testing procedures were processed using Visual 3D 
v3.79 (C-Motion, Germantown, MD, USA). Following a comparable protocol to pre-
vious studies, marker trajectories were filtered using a lowpass fourth-order zero-lag 
Butterworth filter in Visual 3D, using 10 Hz as the cut-off frequency (Gatt et al., 2019; 
Schmitz et al., 2014). The body-fixed reference frames were then constructed using the 
positions of anatomical landmarks identified with the digital stylus during a static 
calibration trial; Hand, Forearm and Arm, defined previously (Gatt et al., 2019). The 
anatomical landmarks were Hand; Head of second Metacarpal Bone, Base of second 
Metacarpal Bone, Head of fifth Metacarpal Bone, Base of fifth Metacarpal bone, 
Forearm; Styloid Process of Radius, 7 cm proximal to Styloid process of Radius, Head 
of Ulna, 7 cm proximal to Head of Ulna, and Arm; Medial Epicondyle of Humerus, 
Lateral Epicondyle of Humerus, Mid-Acromion of Scapula (Gatt et al., 2019). Segment 
coordinate systems were embedded in the left upper limb segments (Figure 2), defined 
based on the location of the anatomical markers such that the x-, y- and z-axis were 
medio-lateral, anterio-posterior and longitudinal respectively. The filtered trajectories 

Figure 1. Electromagnetic tracking system receiver placement (a) on the hand and forearm for the 
quasi-static, (b) with a standard bandage technique covering the receivers, and (c) with a boxing glove 
covering the standard bandage technique and receivers for the punch testing.
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of the digital markers were used to compute the orientation of the distal segment 
relative to the proximal segment using Cardan angles (xyz rotation sequence) (Gatt 
et al., 2019; Grood et al., 1983). Positive and negative rotations around the x-axis were 
defined as flexion and extension respectively, and positive and negative rotations 
around the y-axis were defined as radial and ulnar deviation respectively.

For the punch testing, the wrist angle at impact with the bag was identified using 
a previously defined manual method (Gatt et al., 2019); (i) visual observation of the 
virtual upper limb (tested at 240 Hz) to identify the point of hand impact observed at 
terminal elbow extension combined with terminal shoulder flexion, (ii) movement at the 
x-axis and y-axis aligned together with displacement observed to occur simultaneously at 
the perceived point of hand impact and (iii) movement at the x-axis aligned with 
acceleration of the wrist with the maximum acceleration observed to occur simulta-
neously with maximum x-axis displacement.

Statistical analyses

Z-Scores for skewness and kurtosis were used to test for normal distribution of data with 
the threshold for the observed values set at ±2 SD of the predicted values. Differences 
between angular excursions of flexion and ulnar deviation for Jab or Hook shots, or 
between different Jab and Hook shots for the same angular excursion of flexion or ulnar 
deviation, were analysed using a two-tailed t-test (α = 0.05). All data are presented as M ± 
SD. The magnitude of any differences (effect size) was assessed using Cohen’s d with the 
following benchmarks; small (0.20), medium (0.50), large (0.8) and very large (1.3) 
(Sullivan & Feinn, 2012).

Results

All data for Jab and Hook shots were normally distributed with 95% of the observations 
falling inside the predicted Z-Scores.

Figure 2. On the left, computer generated model for the punch testing in Visual 3D Software with xyz 
rotation sequence showing individual anatomical segments; arm, forearm, hand. On the right, flexion- 
extension (x-axis) and ulnar-radial deviations (y-axis) wrist angles with event markers (red) created for 
punch testing; Jab and Hook (Figure amended and redistributed with permission from Gatt, Allen & 
Wheat, 2019 under the creative commons licencing agreement for open access funded publications).
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For Jab shots, wrist angular excursions occurred concurrent in flexion and ulnar 
deviation, with a mean of 9.3 ± 2.0° and 4.7 ± 1.2°, respectively (Table 1). Wrist angular 
excursions were greater (t = 10.3, p < 0.001, d = 1.9) for flexion than ulnar deviation. 
Wrist angular excursions represented 17.2 ± 4.3% and 18.3 ± 8.0% of the total active wrist 
ROM for flexion and ulnar deviation, respectively (Table 2). All wrist angular excursions 
on impact were under 30% of the total wrist active ROM.

For Hook shots, wrist angular excursions on impact, occurred concurrent in flexion 
and ulnar deviation, with a mean of 5.5 ± 1.1° and 3.3 ± 0.9°, respectively (Table 1). Wrist 
angular excursions were greater (t = 8.6, p < 0.001, d = 1.6) for flexion than ulnar 
deviation. Wrist angular excursions represented 10.4 ± 3.2% and 12.8 ± 6.3% of the 
total active wrist ROM for flexion and ulnar deviation, respectively (Table 2). All wrist 
angular excursions on impact were under 20% of the total wrist active ROM.

When comparing Jab and Hook shots, wrist angular excursions on impact were 
greater in both flexion (t = 9.0, p < 0.001, d = 1.7) and ulnar deviation (t = 8.4, 
p < 0.001, d = 1.6) for Jab than Hook shots. When expressed as a percentage of the 
total wrist active ROM, wrist angular excursions were also greater in both flexion 
(t = 6.9, p < 0.001, d = 1.3) and ulnar deviation (t = 4.9, p < 0.001, d = 0.9) for Jab 
than Hook shots.

Discussion and implications

This study quantified wrist motion in boxing, whereas others investigated the kinematics 
occurring at more proximal joints to the wrist in this sport (Bingul et al., 2018; Cheraghi 
et al., 2014; Dinu et al., 2020; Fisk, 1980; Noble, 1987; Piorkowski et al., 2011; Saffar & 
Semaan, 1994; Stanley et al., 2018; Sweeney et al., 2012; Whiting et al., 1988). The current 
study recruited elite boxers and used an electromagnetic tracking system, which was 
previously found to be accurate and reliable for both Jab and Hook shots (Gatt et al., 
2019). The results identified ulnoflexion motion occurring in both Jab and Hook shots. 
All wrist angular excursions on impact occurred within 30% of the total wrist active 
ROM, quantified using a quasi-static active ROM before impact testing. Further, greater 
wrist angular excursions on impact occurred in Jab than Hook shots.

Table 1. Mean angles and 95% confidence intervals for the total wrist active ROM from the quasi-static 
ROM testing, and wrist angular excursions from the impact testing.

Shot Motion ROM (degrees) Std. Error Mean (degrees) 95% CI

Total active wrist ROM 
(quasi-static testing)

FLEX 55.3 ± 11.2 2.1 59.5–51.0
EXT 70.1 ± 14.0 2.6 75.4.3–64.7
UD 28.8 ± 9.4 1.7 32.3–25.2
RD 18.8 ± 6.8 1.3 21.3.-16.2

Wrist angular excursions on impact 
(punch testing)

JAB FLEX 9.3 ± 2.0 0.4 8.6–10.1
JAB UD 4.7 ± 1.2 0.2 4.2–5.2
HOOK FLEX 5.5 ± 1.1 0.2 5.1–5.9
HOOK UD 3.3 ± 0.9 0.2 2.9–3.6

FLEX, Flexion; EXT, extension; UD, ulnar deviation; RD, radial deviation.
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Type of wrist motion occurring on impact for Jab and Hook shots

To date, flexion is the only wrist movement proposed on impact in boxing (Loosemore 
et al., 2017; Noble, 1987), with no study quantifying what type of wrist motion is 
occurring. In this current study, ulnar deviation occurred concurrent with flexion for 
both Jab and Hook shots. This agrees with other kinematic studies indicating that the 
dart-throwing motion of the wrist occurs in activities of daily living and other sports 
(Fisk, 1980; Li et al., 2005; Moritomo et al., 2004; Palmer et al., 1985; Sweeney et al., 
2012).

The Extensor Carpi Radialis Longus and Extensor Carpi Radialis brevis muscles have 
been observed to perform eccentric and isometric contraction respectively during repe-
titive movements like pushing and turning a spring-loaded mechanism (Murgia et al., 
2011), suggesting that on impact these muscles would function to limit the amount of 
ulnoflexion angular excursion. Further, the extensor carpi radialis longus and extensor 
carpi radialis brevis muscles are midcarpal supinators (Salva-Coll et al., 2011). Since the 
moment induced on impact would be ulnoflexion, the extensor carpi radialis longus and 
extensor carpi radialis brevis muscles would act to stabilise the wrist by inducing 
a radioextension torque to the wrist and therefore counteracting its natural tendency 
towards rotating into both flexion and ulnar deviation (Salva-Coll et al., 2011).

Boxers are instructed to make a fist before impact, which appears important as co- 
contraction of the muscles acting at the wrist is required to create stability at this joint 
(Salva-Coll et al., 2011). Further, maximal grip strength in normal healthy individuals 
has been observed to occur at 30–35° of wrist extension, with a substantial reduction in 
grip strength when deviation falls outside this range (Lee & Sechachalam, 2016; 
O’Driscoll et al., 1992). Since wrist extension is predominantly performed by the 
actions of extensor carpi radialis longus and extensor carpi radialis brevis muscles, it 
appears that limiting ulnoflexion could influence grip strength and therefore wrist 
stability on impact in boxing.

Amount of wrist angular excursion on impact for Jab and Hook shots

Before this study, no information was available on the amount of wrist angular excursion 
on impact in boxing. For both Jab and Hook shots, respectively, flexion was observed 
with a mean of 9.3 ± 2.0° and 5.5 ± 1.1°, whilst ulnar deviation was observed with a mean 
of 4.7 ± 1.2° and 3.3 ± 0.9°. This represented under 30% and 20% of the total wrist active 
ROM for Jab and Hook shots respectively. Conversely, activities of daily living can 
require up to 70% of the total wrist active ROM to complete the required tasks (Alford, 

Table 2. Mean angles and 95% confidence intervals for percentage wrist angular excursions (wrist 
angular excursions on impact expressed as a percentage of total active wrist ROM).

Shot Motion ROM (%) Std. Error Mean (%) 95% CI

% Wrist angular excursions on impact 
(Wrist angular excursions on impact expressed 

as a % of total wrist active ROM)

Jab Flex 17.4 ± 4.3 0.8 15.7–19.0
Jab UD 18.3 ± 8.0 1.5 15.3–21.4
Hook Flex 10.4 ± 3.2 0.6 9.2–11.6
Hook UD 12.8 ± 6.3 1.2 10.4–15.2

FLEX, Flexion; EXT, extension; UD, ulnar deviation; RD, radial deviation.
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2020; Kim et al., 2014; Ryu et al., 1991). In other sports like basketball and golf, flexion 
has been observed with over 60° of the wrist active ROM (Ohnishi et al., 1992; Sweeney 
et al., 2012), indicating over 70% of the total wrist active ROM (Alford, 2020; Kim et al., 
2014; Ryu et al., 1991).

In snowboarding (Greenwald et al., 2013) and skateboarding (Giddins & Giddin, 
2020), near terminal wrist extension angular excursions have been recorded on 
impact during non-injurious falls. In these sports, the intention is to remain upright 
rather than impact through the wrist, which occurs as a protective mechanism when 
attempting to break a fall. The high wrist extension in snowboarding and skate-
boarding, therefore, indicates movements are ‘forced’ from the weight of the body 
over an open hand planted onto the ground. Conversely, in boxing the aim is to 
impact repetitively onto a target, using a ‘controlled’ wrist, with a closed fist. 
A stable wrist has been defined as one which, when loaded within a physiological 
range, does not deviate from a state of equilibrium at any point within the available 
ROM (Zdravkovic et al., 1995). In the current study, this state of equilibrium 
appeared to be under 30% of the total wrist active ROM for both shots.

Difference in wrist angular excursion on impact for Jab versus Hook shots

Wrist angular excursions on impact were greater in both flexion (t = 9.0, p < 0.001, 
d = 1.7) and ulnar deviation (t = 8.4, p < 0.001, d = 1.6) for Jab than Hook shots. 
Hook shots have, however, been observed to have higher fist velocities than straight 
punches (Piorkowski et al., 2011; Stanley et al., 2018; Whiting et al., 1988). This has 
been explained by more motion occurring at the shoulder joint than the elbow joint 
(Cheraghi et al., 2014; Dinu et al., 2020; Piorkowski et al., 2011; Stanley et al., 2018; 
Whiting et al., 1988), and that Hook shots also have a longer trajectory over which 
to accelerate (Piorkowski, 2009). With both higher velocity and impact forces in 
Hook shots (Lenetsky et al., 2013), more wrist movement could be expected to 
occur with Jab than Hook shots. Jab shots, however, do not exhibit a proximal-to- 
distal sequence due to fixed elbow positions with these punch types (Stanley et al., 
2018). During Jab shots, the elbow joint straightens (extends) rapidly after the 
punching arm has begun accelerating towards the target, via angular velocities 
generated at the shoulder joint (Cheraghi et al., 2014; Jessop & Pain, 2016). 
Conversely during Hook shots, the elbow is fixed to an approximate right angle 
whilst the shoulder exhibits a rapid combination of movements, from beginning to 
contact, observed in the sequence of; abduction, flexion, protraction, and adduction 
(Piorkowski et al., 2011; Whiting et al., 1988). The current study demonstrates that 
more wrist angular excursion occurs during Jab shots, which are long levers and 
where the proximal joint (elbow) is mobile, compared to Hook shots which are 
shorter levers and where the elbow joint is maintained in a more stable position.

Limitations and strengths

There are some methodological aspects that should be addressed. First, the present 
study was performed solely on bags, which is one type of training method. Most 
hand injuries are recorded in competition (Loosemore et al., 2017). Considering 
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the equipment used, wired and electromagnetic sensors, which can be affected by 
ferromagnetic materials disturbing the local magnetic field and therefore the 
position and orientation estimation (Roetenberg et al., 2007), makes it impractical 
for use in competition. Approximating competition, in training, is sparring. 
Similar, to competition however, the current wired equipment is impractical for 
use in sparring. For the use on bags, as performed in this study, wire placement 
was identified in pilot testing to ensure it did not restrict nor otherwise effect on 
participants movement. Further, the amount of wrist motion recorded in sparring, 
compared to competition and especially at the point when injuries occur, could 
still differ. Considerations towards the development of valid and reliable wireless 
equipment, which could be used to quantify wrist motion in both sparring and 
competition, is therefore warranted.

Another methodological aspect was the sequence of shots thrown by the participants, 
Jabs followed by Hooks. Randomisation of shots could have been considered, rather 
than a pre-selected sequence. Interestingly, however, more wrist motion occurred with 
the first type of shots thrown, Jabs, compared to Hooks, which eliminates the rationale 
of increased motion linked to potential fatigue. With the known low number of shots 
thrown, fatigue was not considered. Further, only the lead arm was chosen for testing 
as more shots are typically thrown with the lead arm than backhand. Since these were 
elite boxers participating in a full training environment, the authors were judicious on 
not impacting negatively on both performance and athlete health in their subsequent 
training sessions. Further studies could consider differences between lead and back 
hand. Finally, speed of movement (velocity) of the lead arm was not assessed. Greater 
wrist angular excursion occurring during Jab than Hook shots could have been due to 
differences in velocities, rather than lever systems. Hook shots have, however, shown 
higher velocities and impact forces than Jab shots (Lenetsky et al., 2013; Piorkowski 
et al., 2011; Stanley et al., 2018; Whiting et al., 1988).

The present study also had several strengths. First, we managed to recruit many 
participants, 29, from a National Olympic Squad, which is ranked as one of the top 
teams in Olympic boxing (AIBA, 2020). Second, all the boxers were tested in their 
training centre using familiar equipment and surroundings, improving ecological 
validity (Andrade, 2018). Finally, literature investigating the kinematics of boxing 
have quantified movement occurring at the shoulder and elbow joints, but not the 
wrist (Bingul et al., 2018; Cheraghi et al., 2014; Dinu et al., 2020; Fisk, 1980; Noble, 
1987; Piorkowski et al., 2011; Saffar & Semaan, 1994; Stanley et al., 2018; Sweeney 
et al., 2012; Whiting et al., 1988). This therefore is the first studying quantifying 
wrist motion on impact in this, or any other combat sport.

Conclusions

This study demonstrates the novel and quantifiable effects of wrist kinematics on 
impact when throwing Jab and Hook shots on a commonly used type of training 
equipment. On impact both flexion and ulnar deviation occur, with more pro-
nounced motion occurring with Jab than Hook shots. This study provides useful 
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information on wrist kinematics during the impact phase of punching and poten-
tially an improved understanding of injury mechanisms in boxing. Further research, 
however, is warranted to identify strategies that can influence the kinematics of the 
wrist on impact in boxing.
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