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Abstract 

Aim 

The aim of the study was to examine the wrist angles at impact when striking from two surfaces 

common in golf. The research question was: is there a difference in ulnar/radial deviation or 

flexion/extension at the wrists when striking from a mat placed on a steel platform compared to 

striking from grass. 

 

Method 

Six male elite golf players (Handicap: +0.6±2.2) were recruited for the study. An optoelectronic 

system containing 12 infrared cameras captured reflective markers placed on the participants and on 

a golf club when they performed three shots from a mat and three shots from grass. The markers 

were identified in the Qualisys Track Manager software and the marker trajectories were imported 

into Visual 3D. Reflective markers were placed bilaterally on the medial and lateral epicondyle of 

the humerus, the radial and ulnar styloid processes, and the 2nd and 5th metacarpophalangeal joint. In 

addition, an elbow joint marker was calculated as the midpoint of the two elbow markers. The local 

frames were defined from these markers giving the proximal and distal ends of segments and the 

frontal plane. The wrist angles were defined as the orientation of the local frame of the hand segment 

relative to the orientation of the local frame of the forearm segment. Flexion/extension and 

ulnar/radial deviation of the wrists were calculated at impact.  

 

Results 

There were no significant differences (p > 0.05) in ulnar deviation or flexion/extension at impact for 

either wrist between the two conditions.  

 

Conclusion 

No significant differences in the wrist angles at impact between the two conditions indicate that the 

wrist position did not change significantly between the two conditions. This may be positive from a 

learning perspective since the technique does not change irrespective of the condition. Furthermore 

since there was no significant difference in ulnar deviation at impact between the two conditions, the 

ulnar deviation at impact is presumably not a reason for why players and researchers suggest that 

playing from mats is more injurious than playing from grass. The reason could be due to differences 

in the loads on the wrists when striking from the different surfaces. Future research should therefore 

be conducted to examine the differences in loading of the wrist joints between the two conditions.  



 

 

Sammanfattning 

Syfte och frågeställningar 

Syftet med studien var att undersöka handledsvinklarna vid träffögonblicket vid slag från två vanliga 

underlag i golf. Frågeställningarna var: finns det en skillnad i ulnar/radial deviation eller 

flexion/extension vid handlederna vid slag från en matta placerad på en stålställning jämfört med 

slag från gräs. 

 

Metod 

Sex manliga elit golfare (Handikapp: +0.6±2.2) rekryterades till studien. Ett optoelektroniskt system 

innehållandes 12 infraröda kameror registrerade reflekterande markörer som var placerade på 

försökspersonerna och på en golfklubba när försökspersonerna utövade tre slag från matta och tre 

slag från gräs. Markörerna identifierades sedan i mjukvaran Qualisys Track Manager och 

markörbanan importerades till Visual 3D. De reflekterande markörerna placerades bilateralt på 

mediala och laterala epikondylerna av humerus, stydoliderna på radius och ulna, samt på andra och 

femte metakarpofalangealled. Utöver dessa markörer så beräknades en armbågsmarkör som 

mittpunkten mellan de två armbågsmarkörerna. De lokala koordinatsystemen var definierade från 

dessa markörer vilket gav de proximala och distala änderna av segmenten samt frontal planet. 

Handledsvinklarna var definierade som positionen av det lokala koordinatsystemet på hand 

segmentet i förhållande till positionen av underarmssegmentets lokala koordinatsystem. 

Flexion/extension och ulnar/radial deviation av handlederna beräknades vid träffögonblicket. 

 

Resultat 

Inga signifikanta skillnader (p > 0.05) upptäcktes för ulnar deviation eller flexion/extension vid 

träffögonblicket för någon av handlederna mellan de två underlagen. 

 

Slutsats 

Att det inte upptäcktes några signifikanta skillnader i någon av handledsvinklarna vid 

träffögonblicket mellan de två underlagen visar på att handledens vinkelposition inte skiljer sig 

signifikant mellan de två underlagen. Detta kan vara positivt ur ett inlärningsperspektiv eftersom 

tekniken inte ändras om man byter underlag. Att ulnar deviationen inte skiljde sig mellan de två 

underlagen tyder på att ulnar deviationen troligtvis inte är en orsak till varför forskare och spelare 

föreslår att slag från matta är mer skadligt än slag från gräs. Anledningen till detta kan vara på grund 

av skillnader i handledsbelastning vid slag från de olika underlagen. Fortsatt forskning bör därför 

undersöka skillnader i belastningen på handlederna mellan de två underlagen.  
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1. Introduction 

Golf related injuries are relatively uncommon but have become an increasing problem for golf players 

(McHardy, Pollard & Luo 2006). Studies have shown that the number of injuries increases with the 

amount of time spent playing or practicing which therefore makes professional/elite golf players, who 

practice 6-10 hours a day, more vulnerable to injuries compared to non-elite golfers (McHardy, Pollard & 

Luo 2006; Gosheger, Liem, Ludwig, Greshake & Winkelmann 2003; Thériault & Lachance 1998). The 

most common injury sites for professional players are the wrists, lower back and shoulders (McHardy, 

Pollard & Luo 2006; Gosheger et al 2003; Thériault & Lachance 1998). Hawkes, O’Conner and Campbell 

(2013) reported that 30 % of the 128 European Tour professional golfers that participated in their study 

had experienced or experienced wrist problems. It is not surprising that the wrists are the most common 

injury site for golf players as they are the most distal and physically weakest anatomical joints in the 

chain link that make up the golf swing and significant forces therefore act on the wrists (Gosheger et al 

2003; Sprigings & Neal 2000; Thériault & Lachance 1998). It has been suggested that playing from a 

hard ground can be a cause of injury at the wrists (Murray & Cooney 1996). Players and researchers have 

therefore speculated that playing from artificial turfs (mats), which are commonly placed on a hard 

underlying surface, is more injurious than playing from grass but no study has either confirmed or 

demented this theory.  

 

1.1. Background 

1.1.1. The role of the wrists in the golf swing 

As the wrists are the most distal anatomical joints in the chain link that make up the golf swing they play 

an important role in the development of the final clubhead speed (Nesbit 2005; Sprigings & Neal 2000). 

The wrists are not only important for generating clubhead speed, but also for orienting the clubface 

(Nesbit 2005). At impact the lead wrist moves from a position of radial deviation through neutral to slight 

ulnar deviation, and the trailing wrist moves from a dorsiflexed, radially deviated position to a more 

neutral position with slight ulnar deviation (Gosheger et al 2003; Thériault & Lachance 1998; Murray & 

Cooney 1996; Cochran & Stobbs 1968). During impact and after, the trailing hand gradually turns in 

pronation (Thériault & Lachance 1998). The impact results in significant forces acting on the wrists 

(Thériault & Lachance 1998; Murray & Cooney 1996). Apart from the forces acting on the wrists, they 

also exceed or reach their maximal range of motion (ROM) throughout the swing (Thériault & Lachance 

1998). The flexion and extension ROM used by the wrists has been reported to be 103±22° in the right 
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wrist (trailing wrist in right-handed golf players) and up to 35±34° in the left wrist (leading wrist in right-

handed golf players) and the radial and ulnar deviation ROM used by the wrists has been measured as 

31±15° at the right wrist and 36±31° at the left wrist in the right-handed players during a golf swing 

(Cahalan, Cooney, Tamai & Chao 1991). This can be compared to the wrist ROM required for daily 

activities which has been found to be 70% of the maximal ROM. This can be converted to 40° each of 

flexion and extension and a 40° ROM of ulnar and radial deviation (Ryu, Cooney, Askew, An & Chao 

1991). Apart from the previously mentioned flexion/extension and radial/ulnar deviation of the wrists, 

pronation and supination of the forearms also occur during the swing (McHardy, Pollard & Luo 2006).  

 

1.1.2. Cause of wrist injuries in golf 

Wrist injuries can occur at impact as a result of a sudden change in load applied to the club, which can 

lead to tissue disruption at the hands and wrists. Injuries may also occur as overuse injuries caused by the 

many repetitions a golfer swings the club (McHardy & Pollard 2005; Gosheger et al 2003). Professional 

golf players tend to injure the wrists and hands more so than amateur golf players (McHardy, Pollard & 

Luo 2006). A reason for this has been suggested by Hawkes, O’Conner and Campbell (2013) to be 

differences in technique. They suggested that professional golfers strive to take a divot of turf after impact 

in shots with irons and wedges resulting in an increased contact force at impact, which is transmitted to 

the club and hands. 

 

The two most common types of golf injuries are traumatic injuries and overuse injuries. The more 

common of the two types of injuries in professional players are overuse injuries due to the high repetitive 

rate of performing a golf swing (Campbell, Campbell, O’Conner & Hawkes 2013; McHardy, Pollard & 

Luo 2006; McCarroll 1996). Gosheger et al (2003) reported that 82,6% of 703 golfers had experienced 

overuse injuries and that the number of injuries occurring at the back, shoulder, wrists and hands 

increased with the amount of time spent practicing or playing. Tendinopathy at the wrists is common in 

both professional and amateur players (Gosheger et al 2003; Murray & Cooney 1996). Tendinopathy is a 

generic descriptor of the clinical conditions in and around the tendons resulting from overuse and 

overload, and has been defined as a syndrome of tendon pain, localized tenderness and swelling that 

impairs performance (Renström & Woo 2008). Tendinopathy injuries therefore commonly occur when a 

player increases the volume of practice (McHardy, Pollard & Luo 2006). It can also occur when changing 

the grip and subsequent practice, which causes an increased load on an unaccustomed part of the wrist 

(McHardy, Pollard & Luo 2006).  
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Traumatic injuries are also relatively common in both professional and amateur players (McHardy, 

Pollard & Luo 2006). Traumatic injuries may occur when hitting something other than the ball (e.g. tree 

roots, rocks), hitting from hard ground or from “hitting fat” (hitting the ground before hitting the ball) 

(McHardy, Pollard & Luo 2006). Traumatic injuries therefore more commonly affect the amateur player 

due to technical flaws in their golf swings (Batt 1992). They can however also trouble professional 

players and can, in addition to the examples listed above, happen when playing tournaments where the 

rough is long and thick (McHardy, Pollard & Luo 2006; Murray & Cooney 1996). The long grass can 

wrap itself around the club leading to more force being placed on the upper limbs causing muscular and 

ligamentous strains (McHardy, Pollard & Luo 2006). This can cause microtrauma1 in the wrists, which in 

the worst case can lead to a fracture if the player continues to practice and play (McHardy, Pollard & Luo 

2006).  

 

1.2. Existing research 

1.2.1. Wrist injuries in golf 

The studies examining wrist injuries in golf have used different terminology to describe the same 

condition. The terminology used in this thesis therefore varies depending on which author has described 

the injuries. Common sites for tendinopathy in golfers resulting from overuse are the extensor carpi 

ulnaris (ECU), flexor carpi ulnaris (FCU) and the flexor carpi radialis (FCR) (Thériault & Lachance 

1998; Murray & Cooney 1996). Hawkes, O’Conner & Campbell (2013) suggested that ECU problems 

that can occur when “hitting fat” can be due to a distraction force that is placed on the isometric ECU 

muscle and tendon, which may produce a tendinopathy or a partial tear within the tendon substance. ECU 

tendinosis2 at the leading wrist commonly occurs as a result from increasing the volume of practice 

resulting in repetitive loading, microtrauma and injury to the ECU (McHardy & Pollard 2005). FCR 

tendinopathy can occur as large forces in the flexor tendon are produced in the golf swing as a result of 

repetitive wrist volar flexion against a resistance which is seen in a golf swing (Murray & Cooney 1996). 

The FCU of the trailing wrist is also vulnerable to injury due to the range of flexion and extension 

required of that wrist during the golf swing (Murray & Cooney 1996). It can also result in injury from 

microtrauma, due to large forces produced by the swing prior to impact. This is especially apparent when 

                                                 

1 Microtrauma occurs within the tendon matrix as a response to repetitive loading (Arnoczky, Lavagnino & Egerbacher 2007). 

If the active repair response does not balance out the microtrauma, it can result in an increasing damage which can lead to a 

degradation of the tendon (Arnoczky, Lavagnino & Egerbacher 2007; Sharma & Maffulli 2005). 
2 Tendinosis is a degeneration of the tendon’s collagen in response to chronic overuse without inflammation of the tendon 

(Bass 2012). Tendinosis is a result from when overuse is continued without giving the tendon time to rest and heal (Bass 

2012).  
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the golfers hit the ground due to the sudden resistance which loads the flexor tendon (McHardy & Pollard 

2005; Murray & Cooney 1996). If the forces are great enough and microtrauma occurs, it can lead to 

further injury through the repetitive movements when practicing (McHardy & Pollard 2005). 

 

Other overuse injuries that have been reported in golfers are ECU tenosynovitis3 and de Quervain’s 

syndrome4 (Hawkes, O’Conner & Cambell 2013; Rettig 2004; Thériault & Lachance 1998; Murray & 

Cooney 1996). In the golf swing the leading wrist ulnar deviates against a resistance at impact which has 

been suggested to be an etiologic factor in developing de Quervain’s syndrome (Rettig 2004; Murray & 

Cooney 1996). Hawkes, O’Conner & Campbell (2013) reported four cases of de Quervain’s tenosynovitis 

in the leading hand. Furthermore, Hawkes, O’Conner and Campbell (2013) found that five out of the 

sixteen players that experienced ulnar sided pain experienced ECU tenosynovitis in the leading wrist. One 

attributed the injury to the use of mats and three attributed their problem to playing from hard ground. 

Hitting from hard ground is frequently mentioned as a source of injury (Hawkes, O’Conner & Campbell 

2013; Thériault & Lachance 1998; Murray & Cooney 1996). It therefore appears likely that the surface 

from which the players practice and play, may have an impact on the prevalence of injuries. Golf clubs 

have driving ranges with either artificial turf (mats) or natural turf (grass). Where the driving ranges have 

mats, the mats are commonly placed on a hard ground (i.e. cement or steel platforms) which may increase 

the risk of injury when playing from mats.  

 

Traumatic injuries that can occur at the wrists after performing a golf swing are ECU subluxation and 

fracturing the hook of hamate. Hawkes, O’Conner and Campbell (2013) reported four cases of 

subluxation in the ECU and all of them were at the leading wrist. The onset of ECU subluxation was 

acute in three of the four cases and occurred as a result of hitting a tree root or object at impact during a 

full swing (Hawkes, O’Conner & Campbell 2013). Campbell et al (2013) gave a possible explanation of 

how this occurs. At impact, the leading wrist moves from radial deviation to a neutral position and at this 

point, the momentum of the golf club tries to force the leading wrist into ulnar deviation. To counteract 

this effect the ECU tendon contracts isometrically at impact and during rest of the swing. When striking a 

hard object on the ground at impact, the momentum of the swing is interrupted which leads to the upper 

body and upper limbs continuing forward whereas the golf club and hand are left behind, creating a 

“traumatic hinge” into the radial deviation of the leading hand (Campbell et al 2013). Campbell et al 

                                                 

3 Tenosynovitis is an inflammation at the tendon sheath (Kurppa, Waris & Rokkanen 1979).  
4 De Quervain’s syndrome is the result of shear microtrauma resulting from repetitive gliding of the abductor pollicis longus 

and extensor pollicis brevis tendons beneath the sheath of the first compartment over the radial styloid (Rettig 2004). This 

leads to irritation of the muscles which causes pain and swelling over the radial side of the wrist (Patel, Tadisina & Gonzalez 

2013). 
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(2013) suggests that the force that occurs at this point combined with the strong isometric contraction of 

the ECU muscle can result in failure of the tendon subsheath with subsequent subluxation of the ECU 

tendon. 

 

A quite unusual traumatic injury, which is however the most common bone injury seen in golfers, is a 

fracture of the hook of hamate (Ek, Suh & Weiland 2013; McHardy, Pollard & Luo 2006; McHardy & 

Pollard 2005; Gosheger et al 2003; Barton 1997). Hook of hamate fractures result from the hamate 

becoming impinged between the hand and the butt end of the club (the end of the grip) which results in a 

fracture of the hamate at the leading hand (McHardy, Pollard & Luo 2006; McHardy & Pollard 2005; 

Gosheger et al 2003; Thériault & Lachance 1998). Fracturing the hook of hamate most commonly occurs 

as an accident which involves “hitting fat” or hitting something hard before hitting the ball and it is 

therefore more common in amateur players (Thériault & Lachance 1998). It can however also occur when 

hitting the ball off hard ground (Murray & Cooney 1996).  

 

1.2.2. Biomechanics of the wrists in golf 

The kinematics of the wrists in golf have been considered in some studies (Betzler, Monk, Wallace & 

Otto 2012; Fedorcik, Queen, Abbey, Moorman III & Ruch 2012; Sprigings & Neal 2000; Zheng, 

Barrentine, Fleisig & Andrews 2008a, 2008b; Cahalan et al 1991). Zheng et al (2008a, 2008b) examined 

the differences in wrist kinematics between female and male golfers and between professional and 

amateur golfers. When comparing professional female golfers and male professional golfers it was shown 

that the professional female golfers had significantly lower wrist angular velocities5 compared to the male 

professional golfers (Zheng et al 2008a). Zheng et al (2008a) therefore suggested that the lower wrist 

angular velocities for professional female golfers may indicate greater locking and breaking of the wrists 

and may be a reason for the higher prevalence of wrist injuries in female professional golfers compared to 

their male counterparts. 

 

In a further study by Zheng et al (2008b) where the kinematics between right-handed professional golfers 

and amateur golfers were compared, it was found that the elite players had a larger left wrist angle at ball 

contact, suggesting that the elite players had greater ulnar deviation. They also found that left wrist 

                                                 

5 The angles of the wrists in the study by Zheng et al (2008a, 2008b) were referred to as cocking and uncocking. Cocking and 

uncocking of the left wrist was defined as the angle between the proximal direction of the right forearm and distal direction of 

the club shaft. The cocking and uncocking of the right wrist was defined as angle between the proximal direction of the left 

forearm and the distal direction of the club shaft (Zheng et al 2008a). 
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angular velocity in the elite players reached its maximum value closer to impact compared to higher 

handicap groups. Penner (2003) suggested that this can result in a greater driving distance.  

 

Ekenstam, Palmer and Glisson (1984) conducted a study on cadavers and found that a 25 degree ulnar 

deviation significantly increased (9%) the load on the ulnar side of the wrist compared to a neutral wrist 

position. It has been shown that ulnar deviation occurs at the leading wrist at impact (Hawkes, O’Connor 

& Campbell 2013; Betzler et al 2012; Zheng et al 2008b: McCarroll 1996; Murray & Cooney 1996). 

Interestingly, the leading wrist has been shown to be the most vulnerable for injury (Hawkes, O’Connor 

& Campbell 2013) so considering the results found by Ekenstam, Palmer and Glisson (1994), a reason for 

this may be the ulnar deviation that occurs at the leading wrist at impact. Furthermore, it has been 

reported that the ulnar side of the leading wrist is the most common side to injure for European Tour 

players (Hawkes, O’Conner & Campbell 2013), which also indicates that a greater ulnar deviation 

increases the load on the ulnar side of the wrist. The suggested greater ulnar deviation at the leading wrist 

for the professional players found in the study by Zheng et al (2008b), could therefore be one of the 

reasons why professional players are more susceptible to injuries at the leading wrist compared to 

amateur players. In a study by Fedorcik et al (2012) there was no significant difference in ulnar deviation 

between amateur and low handicap golfers. There was however a significant corresponding decrease in 

lead arm radial deviation in the low handicap group and the researchers suggested that the ulnar side of 

the lead wrist might therefore bear a greater load (Fedorcik et al 2012).  

 

A couple of studies have examined the grip pressure and grip force during the golf swing in 

professional/elite golfers and amateur golfers (Komi, Roberts & Rothberg 2008; Broker & Ramey 2007; 

Budney 1979). Budney (1979) measured the grip pressure in three professional players and three amateur 

right-handed players. It was found that the trailing hand pressure dropped to near zero at impact but was 

high for the lead hand. Similarly Komi, Roberts and Rothberg (2008) found peaks in grip force just 

before and after impact and that the leading hand experienced larger forces than the trailing hand in 

twenty right handed golfers of varying ability. Broker and Ramey (2007) examined the interaction 

between the golfer and the club using a thin flexible pressure array with video synchronization. Two 

golfers participated in the study, a zero handicapped golfer and a mid-handicap golfer. In agreement with 

Komi, Roberts and Rothberg (2008), they found that the leading hand experienced larger forces than the 

trailing hand. The studies by Komi, Roberts and Rothberg (2008) and Broker and Ramey (2007) both 

demonstrated a larger leading hand force but unlike the study by Budney (1979), the trailing hand force 

did not drop to near zero. A reason for this could be due to differences in sensor area covered by the 

fingers. The pressure sensor used in the study by Budney (1979) could only measure a part of the three 
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fingers from the trailing in contact with the grip. In the other studies the trailing hand could cover larger 

areas of the sensors since they were positioned over the entire grip or in the glove. This likely affects the 

magnitude of the force measured. The increased ulnar deviation and the overall larger forces experienced 

by the leading hand could be reasons for the increased injuries at the leading wrist in golfers.  

1.3. Aim, research question and hypothesis 

As previous studies have suggested, striking from hard ground or playing from mats can be a reason for 

wrist injuries. Hawkes, O’Conner and Campbell (2013) suggest reducing the time playing off mats as it 

may allow golfers to control overuse symptoms in the wrist. No study has however examined if there is in 

fact a difference in the wrist angles when striking from a mat compared to striking from grass. It could be 

that the players change their wrist movement at impact when striking from mats compared to when 

striking from grass since they cannot take a divot. If there is a difference in movement it could be a reason 

why players and researchers suspect that mats can be a source of injury. A difference could also indicate 

that the technique is changed between the surfaces. This is not ideal from a technical standpoint as it 

would mean that if a player practices from mats before a round of golf with one wrist movement and then 

comes out to the course and has to change the movements, the first shots of the round could be affected as 

a result of the change in surface. As previously mentioned, an increased ulnar deviation increases load on 

the ulnar side of the wrist which can be a risk factor for injuries at the wrists. It would therefore be 

interesting to examine if there is a difference in the ulnar/radial deviation or in flexion/extension when 

striking from a mat compared to striking from grass. Furthermore, no study has examined the differences 

in load on the wrists between different surfaces but this study is confined to examining the wrist 

kinematics. 

 

This study aims to examine if the angles of the wrists change when striking from a mat placed on a hard 

surface compared to striking from grass. The research question is: is there a difference in wrist 

ulnar/radial deviation or flexion/extension at impact when striking from grass compared to when striking 

from a mat placed on a steel platform. The hypothesis is that when striking from a mat placed on a steel 

platform there will be significant differences for both wrists in ulnar/radial deviation and 

flexion/extension compared to when striking from grass. The results of this study may help golfers 

determine which turf is better to practice from a technical standpoint and may give an indication which 

surface is less injurious for the wrists. The study may also help golf clubs to decide if a grass driving 

range or a mat driving range is more preferable when constructing practice areas.  
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2. Method 

2.1. Ethical considerations 

The participants were given information about the study when recruited. Further information about the 

study was given orally and in writing during the data collection. Each participant was asked if he 

understood the purpose of the study and got the chance to raise any concerns or questions. The 

participants were then required to sign an informed consent form (Appendix 2) and were assured that 

their anonymity would be protected and not revealed to anyone except the researchers present at the data 

collection. The participants were informed that they could withdraw from the study at any time without 

having to provide an explanation.  

2.2. Pilot studies 

Three pilot studies were conducted prior to the data collection to address any issues that could affect the 

data collection or data analysis. The first pilot study was conducted to find the optimal marker placement. 

As the study was originally planned to be conducted outside, the second pilot study was conducted 

outside to test camera function in sunlight. The third pilot study was conducted to test the pressure system 

together with the optoelectronic system for a future study. The pilot studies gave valuable information 

about the optimal equipment set-up, where to place the markers and what frame rate to choose for the 

cameras.  

2.3. Participants 

The participants were six male elite golfers (Mean±SD: Age: 24.6±3.0 years, Mass: 82.8±10.9 kg, 

Height: 182.3±8.4 cm; Handicap: +0.6±2.2). The participants were recruited by an email containing 

information about the study and was sent out to all male golfers playing on the Swedish Professional 

Tour, Nordea Tour, and the Minitour (the undertour of Nordea Tour) in the Stockholm region by the tour 

manager. Three players responded to the email and participated in the study. Three players were recruited 

through personal contact and accepted to participate in the study. The exclusion criteria were players 

under the age of 18, players playing at a level under the Minitour and players with any current injuries 

that hindered them to perform a golf swing. Women were not recruited for the study as the data collection 

for this study was in collaboration with another researcher who needed only male participants. One of the 

participants was a left-handed player and the rest were right-handed players. Three of the participants 

were PGA professionals playing on the Nordea Tour, one was a PGA professional playing on the 

Minitour, one was a non-amateur (NA) playing on the Minitour and one was an amateur playing on the 

Minitour. One of the PGA professionals was also currently in the final stage of qualifying onto the 
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European Tour. The participants were asked to bring shorts, golf shoes and their preference of ball to 

Vinnarhallen at Bosön where the data collection took place. 

2.4. Research design 

The research question was to examine if there was a difference in wrist angles when striking from a mat 

placed on a steel framework compared to striking from grass. The independent variable was the condition 

which they played from (grass or mat) and the dependent variables were the angles of the wrists 

(radial/ulnar deviation and extension/flexion). 

2.5. Measurement devices and experimental set-ups 

2.5.1. The grass 

When it was decided that the data collection would take place indoors, a greenkeeper was consulted to 

discuss the best way to replicate the natural turf from a golf course.  A wooden box (Length: 120 cm, 

Width: 80 cm, Depth: 30 cm) was built with pieces of plastic bags inside to make sure sand would not 

leak (Figure 1). Pieces of artificial turf were attached on the sides to minimise the risk of the participants 

being afraid to hit on the box edges when performing a swing and as a result, adjust their natural swing. 

On the bottom of the box ≈15 cm deep sand (normally used on golf courses) was tightly packed. A 

100x60x15 cm piece of turf (mud and grass) was dug up from a golf course. The piece of turf was cut in 

smaller pieces which facilitated the transport of the grass from the ground to the box. The pieces were 

then placed on the sand (Figure 2) and sand was tightly packed around the grass to secure it so it would 

not move when the players hit from it (Figure 3). The grass was maintained by watering and cutting it by 

hand when necessary. The grass had the characteristics of the semi-rough on a golf course which is longer 

grass than that on the fairway, but shorter than the grass in the rough. The length of the grass was 

approximately 3 cm. A small box with artificial turf the same height as the grass box was also built for 

the players to stand on so that they were standing on the same level as the grass. 
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Figure 1: The design of the box 

 

Figure 2: Two pieces of grass turf placed on top of the sand 

 

Figure 3: End product of the grassbox 

2.5.2. Optoelectronic motion capture system 

Three-dimensional marker data were collected using an optoelectronic motion capture system (Qualysis 

AB, Gothenburg, Sweden). Twelve infrared cameras (OQUS 4, 3 megapixels) were positioned on tripods 

to capture the trajectories of spherical light-weighted passive reflective markers (12 mm diameter) (Figure 

4). The sampling frequency was set to 420 Hertz (Hz). Calibration of the system was performed using the 
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Qualisys Wand 300 calibration kit in the area where the motion of the golf swing would take place. The 

calibration was conducted by placing the L-shaped reference frame at the origin of the measuring volume 

so that the global coordinate system could be defined, and by waving the T-shaped 298.8 mm wand in 

accordance with the manufacturers’ guidelines.  

 

Figure 4: Camera set up 

 

Figure 5: Drawing of the camera set up and global coordinate system 

2.6. Data collection 

Before the participants arrived to Vinnarhallen, all the equipment was set up and the systems were 

calibrated. The data collection occurred on two separate occasions. Four of the players participated on the 

first day and two participated on the second day. When the participants arrived they were welcomed and 

orally informed about the study. After the participants signed an informed consent form (Appendix 2) 
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they were asked to warm up in the same manner as they would before a competition. The participants’ 

mass and height were recorded and 33 reflective markers were placed with double-adhesive tape on 

various anatomical landmarks (Appendix 3). All the participants except the left-handed player used the 

wedge (Mizuno 54°) that was provided from the lab. This wedge had a cylinder with pressure sensors 

attached where normally a golf grip would be. The reason for this was because pressure data was also 

collected for another study. Three markers were placed on the club shaft and three markers were attached 

on the clubhead with glue. A standing reference trial without the club and one with the club were 

recorded with the Qualisys system. Thereafter the participants had the opportunity to perform a couple of 

practice swings to get familiarised with the equipment. The participants then performed six full swing 

shots, three shots from the mat and three shots from the grass box.  

 

2.7. Data analysis 

2.7.1. Kinematic analysis 

The six golf swings, and the two standing reference trials for each participant were processed by 

identifying the location of each marker using the Qualisys Track Manager software (Qualysis AB, 

Gothenburg, Sweden). The marker trajectories were then imported into Visual 3D v.5 (C-Motion. Inc. 

Germantown, MD, USA) where they were filtered using a 4th order low pass Butterworth filter with a 

cut-off frequency of 10 Hz. Reflective markers were placed bilaterally on the medial and lateral 

epicondyle of the humerus, the radial styloid process, the ulnar styloid process and the 2nd and 5th 

metacarpophalangeal joint (Appendix 3). In addition, an elbow joint marker was calculated as the 

midpoint of the two elbow markers. The local frames were defined from these markers giving the 

proximal and distal ends of segments and the frontal plane. The local frame z axis was directed distal to 

proximal, the local frame y axis was directed from posterior to anterior and the local frame x axis was 

medial-lateral in orientation. The standing reference trials were also used to transform the position vectors 

between the local frame and laboratory coordinate system. The wrist angle was defined as the orientation 

of the local frame of the hand segment relative to the orientation of the local frame of the forearm 

segment. To describe the orientation of the hand relative to the forearm Cardan angles were used. Cardan 

angles describe the orientation of one coordinate system relative to another coordinate system as a 

sequence of ordered rotations from the initial position of one coordinate system (Robertson, Caldwell, 

Hamill, Kamen & Whittlesey 2014, p. 51). Extension/flexion occurs in the x' axis and ulnar/radial 

deviation occurs in the y' axis. The standard Cardan Sequence of x' y'' z'' was chosen. The joint angles 
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were calculated at impact which was defined as the instant where the coordinates of the clubhead marker 

on the hosel were the same as at the address position.  

 

 

Figure 6: Body model created in Visual 3D 

 

2.8. Statistical analysis 

Three trials for each condition (grass and mat) were collected for every participant. The results from these 

three trials for each condition were averaged for each participant. The group mean and standard deviation 

of the wrist angles in each condition were then calculated. STATISTICA (Version 12, StatSoft. Inc., USA) 

was used for statistical analysis. The Shapiro Wilks’ W test was used to test the data for normality. The 

data was found to be normally distributed so two-tailed dependent t-tests were performed for the 

dependent variables. The results were considered to be significant when p < 0.05.   
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3. Results 

Since there was a left-handed golf player amongst the participants, the wrists are referred to as the leading 

wrist (left wrist for right-handed players, right wrist for left-handed players) and the trailing wrist (right 

wrist for right-handed players, left wrist for left handed players).  

 

3.1. Wrist joint angles 

Table 1 shows the means and standard deviations (SD) for the ulnar deviation angle (degrees) at impact 

for the three trials for each participant.  

 

Table 1: Ulnar deviation (degrees) means and SD at impact for the three trials for each subject 

 Leading wrist Trailing wrist 
 Grass Mat Grass Mat 
 Mean (°) SD (°) Mean (°) SD (°) Mean (°) SD (°) Mean (°) SD (°) 

Subject 1 17.9 0.4 16.0 0.8 16.1 4.8 19.2 1.7 

Subject 2 25.4 1.3 25.8 0.7 22.7 1.3 25.2 1.6 

Subject 3 25.3 0.5 28.2 1.2 20.8 0.9 20.4 0.9 

Subject 4 11.3 0.4 10.9 2.4 24.0 1.7 22.2 2.0 

Subject 5 19.1 1.2 18.4 1.2 27.1 1.3 25.9 0.7 

Subject 6 18.2 1.1 17.5 1.1 32.1 0.6 31.8 0.8 
 

The ulnar deviation means and SD at impact for all participants for the leading wrist (Mean±SD: mat: 

19.5±6.4°, grass: 19.5±5.3°) and for the trailing wrist (mat: 24.1±4.6°, grass: 23.8±5.5°) are shown in 

figure 8. The results of the dependent t-tests showed that there were no significant differences between 

the two conditions for either the leading wrist (t (5) = 0.14, p = 0.89) or the trailing wrist (t (5) = -0.41, p 

= 0.70).  
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Figure 7: Ulnar deviation means and SD for each wrist and condition. No significant difference was found between the conditions for either 

wrist. 

 

Table 2 shows the mean and SD for flexion and extension angles (degrees) at impact for the three trials 

for each participant.  

 

Table 2: Flexion/extension mean and SD for the three trials for each subject. Positive values indicate flexion, negative values indicate 

extension. 

 Leading wrist Trailing wrist 

 Grass Mat Grass Mat 

 Mean (°) SD (°) Mean (°) SD (°) Mean (°) SD (°) Mean (°) SD (°) 

Subject 1 24.7 0.7 26.0 1.1 -27.0 6.1 -23.3 0.7 

Subject 2 -1.0 1.1 4.8 1.8 -26.4 2.3 -24.3 2.1 

Subject 3 3.7 6.0 -0.9 3.0 -33.2 0.5 -34.0 1.5 

Subject 4 -5.8 0.6 -7.6 1.1 -18.7 1.0 -19.8 0.6 

Subject 5 -10.9 1.0 -10.5 0.4 -28.2 0.6 -27.4 1.6 

Subject 6 -2.8 0.7 -4.0 1.5 -22.6 2.7 -20.1 1.5 
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The flexion and extension means and standard deviations at impact for all participants for the leading 

wrist (Mean±SD: mat: 1.3±13.2°, grass: 1.3±12.4°) and for the trailing wrist (mat: -24.8±5.3°, grass: -

26.3±5.0°) are shown in figure 9. The results showed that there were no significant differences between 

the two conditions for either the leading wrist (t (5) = 0.01, p = 0.99) or the trailing wrist (t (5) = -1.55, p 

= 0.18).  

 

 

Figure 8: Overall flexion/extension means and SD for each wrist and condition. Positive values indicate flexion and negative values indicate 

extension. No significant difference was found between the conditions for either wrist. 
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4. Discussion 

The aim of the study was to examine if there were any differences in wrist angles at impact when striking 

from two different surfaces common in golf; grass and a mat placed on a steel platform. The main 

findings were that there were no significant differences in either ulnar deviation or flexion/extension 

between the two conditions.  

4.1. Wrist angles at impact 

There were some differences in the wrist angles between the players for both flexion/extension and 

ulnar/radial deviation. A reason for this could be due to the different techniques the players use to hit the 

ball. This was not desirable to standardise since it was wanted that the players used their normal 

technique. The reason for the large standard deviations for the trailing wrist for subject 1 could be due to 

him playing at a lower level than the other players. This means that he might not be as consistent in his 

swing as the other players, thereby demonstrating a larger deviation between the shots. This could also be 

an explanation to subject 1’s positive flexion/extension values for the leading wrist. A positive 

flexion/extension value indicates that his leading wrist is still in flexion and has not been released into 

extension yet as demonstrated by the other players.  

 

No previous studies have examined differences in wrist angles for different surfaces so it was challenging 

to form a hypothesis. However, since playing from mats has been suggested as a possible cause of injury 

for golfers, it was hypothesised that the players would exhibit a greater ulnar deviation when striking 

from mats compared to when striking from grass. The hypothesis was partially based on the findings of 

previous studies which have suggested that the ulnar deviation occurring at impact can be a possible 

cause for injuries at the wrists for golfers. The wrist angles were also hypothesised to be significantly 

different based on the idea that the resistance of the grass and soil when taking a divot may hinder the 

wrists from moving in the same manner between the conditions at impact. It was also thought that the 

players may unconsciously move the wrists in a different manner in fear of getting injured due to the mat 

being a harder surface than grass. The results showed no significant differences in ulnar deviation or 

flexion/extension between the conditions for either wrist so the hypothesis was rejected.  

 

Cochran and Stobbs (1968, p. 57-58) suggested that in a good impact position the leading wrist is in a 

position of ulnar deviation, flexion and supination and the trailing wrist is in a position of ulnar deviation 

and extension. This position was demonstrated by the participants in this study for both conditions.  
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The previous studies that have examined the ulnar/radial deviation at impact have exhibited different 

results. Betzler et al (2012) and Fedorcik et al (2012) both found the left wrist to be radially deviated at 

impact. They examined full swing shots with a driver and a 5 iron respectively. The present study and a 

study by Cahalan et al (1991) however found the left wrist to be in an ulnar deviated position at impact. 

The reasons for these differences could be due to differences in the definition of the angles or in the 

definition of the moment of impact. Fedorcik et al (2012) hypothesised that the low handicap (LH) golfers 

in their study would demonstrate a larger ulnar deviation angle at impact compared to high handicap 

(HH) golfers. Their results however showed an 8.0±5.4° radial deviation at impact for the leading wrist in 

LH golfers and an even larger radial deviation angle (15.1±5.0°) for the HH golfers. Betzler et al (2012) 

compared the wrist angles when using clubs with different club shafts and demonstrated leading wrist 

radial deviation angles of 16.9±9.5° and 17.0±9.2°. They calculated the radial and ulnar deviation angles 

by projecting the longitudinal axis of the club grip onto the frontal plane of the forearm and the angle 

between that line and the longitudinal axis of the forearm was the angle calculated. The angle was zero 

when the longitudinal axis of the forearm and the projection of the club shaft axis were parallel to each 

other, with radial deviation occurring at positive values.  

 

Unfortunately Fedorcik et al (2012) does not provide a definition of the radial/ulnar deviation angle nor 

the flexion/extension angle. It is however unlikely that they defined the angles in the same manner as in 

this study as they did not have enough markers on the hands enabling them to create a segment of the 

hand. Furthermore Fedorcik et al (2012) defined impact as when the clubhead was vertical. This 

definition is quite vague and they do not describe which part of the clubhead would be vertical at impact. 

Betzler et al (2012) also found the lead wrist to be in a radially deviated position and they examined the 

angle between forearm and clubshaft instead of the angle between the forearm and hand. When using the 

forearm against the clubshaft there is a risk of the clubshaft moving relative to the hand. This means that 

the angles may be larger if the clubshaft moves inside the hand. Using the hand against the forearm, as in 

this study, eliminates this issue.  

 

One cannot directly compare the results of this study with those of the studies by Betzler et al (2012) and 

Fedorcik et al (2012) since this study has examined the angles in reference to another segment and not to 

the lab reference frame or the club. Cahalan et al (1991) however used electrogoniometers on the forearm 

and hands to measure the wrist angles of ulnar and radial deviation and flexion and extension in players 

with pathological conditions to the forearm, wrist or hand compared to players with no pathological 

conditions. Using electrogonimeters makes the results more comparable to this study. The participants 
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without any conditions exhibited an ulnar deviation of 23±16° at the leading wrist at impact which is 

similar to the measured ulnar deviation angles for the participants in this study. 

 

The presented results showed differences in angles amongst the players and were especially apparent for 

the flexion/extension angles. This shows that there is a variation in technique amongst these elite golf 

players. When examining the SD over the three trials for each participant one can also notice that the SD 

is quite high for some players indicating movement variability. Movement variability is apparent when 

examining golf swings and is important when examining sports performance (Langdown, Bridge & Li 

2012). Movement variability in golf describe changes in swing kinematics and kinetics throughout the 

trials when trying the hit the same shot and is normally less between trials for elite golfers compared to 

amateur golfers (Langdown, Bridge & Li 2012). Using elite golfers for this study will therefore likely 

have decreased the chance of a more inconsistent data between trials compared to if amateur golfers 

would have been used. 

 

No significant differences were found in ulnar deviation or extension/flexion when comparing striking 

from a mat and striking from grass. This is positive from a technical standpoint. It suggests that since the 

wrist angles do not change between the two different surfaces, the position of the wrists at impact will not 

change if a player first warms up on a mat and then goes out on the golf course to play where the surface 

is grass. Many players who live in cold climate countries spend months inside practicing on mats. A 

suggestion for future research is therefore to examine if there will be a technical difference regarding the 

wrist angles at impact after practicing a whole winter inside on mats and then getting out and playing on 

grass. The presented results suggest that there would be no difference but further research should be 

conducted to investigate this.  

 

No study has been conducted examining if there is an “optimal” span of wrist angles at impact where 

there is lesser risk of injury so no claim can be made that the wrist angles reached by the participants in 

this study are “good” or “bad”. The study conducted by Ekenstam, Palmer and Glisson (1984) on 

cadavers found that a 25° ulnar deviation significantly increased the load on the ulnar side of the wrists. 

Since the overall mean values ranged between 19° and 26° (and some subjects having values of over 30°) 

for this master thesis it can be speculated that for some of the subjects, there may be an increased load on 

the ulnar part of the wrists at impact. Since these golfers are elite golfers who play and practice golf many 

hours per week and repeatedly expose the wrists for these possible ulnar loads, it may be a factor for 

developing injuries. For instance de Quervain’s syndrome is a possible risk for these golfers independent 

of the surface they practice from since ulnar deviation against a resistance, which is seen at impact, has 
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been suggested to be an etiologic factor in developing Quervain’s syndrome (Rettig 2004; Murray & 

Cooney 1996). Furthermore since there was no difference in ulnar deviation between the two conditions, 

the ulnar deviation angle is presumably not a reason why players and researchers feel that it is more 

injurious to play from mats compared to grass. 

 

4.2. Limitations 

The data collection was not performed outside which meant that the golfers were not in their normal 

golfing environment. There are both pros and cons with this decision. Since the grass in the box that they 

played from was dug out directly from the ground and prepared in the manner advised by greenkeepers, it 

was as close to the turf of an outside condition as possible. The turf was managed before each data 

collection according to the greenkeeper’s advice and the grass condition should have been similar at the 

time of data collection. It is however difficult to determine if the quality of the grass changed during the 

time it was stored and unused between the two occasions of data collections which could result in there 

being differences in hardness of the soil. It was not however affected by rain which it would have been if 

the data collection had been outside. Since the data collection was inside there was no issue with the 

weather or wind which could have affected the data collection in a negative way.  

 

Another limitation is that the study only examined the acute effects of striking from grass and from a mat 

under one specific condition. It is therefore not known if the wrist kinematics changes when practicing for 

a long time, if the grass is longer or if the weather is different and whether the two different surfaces will 

have an impact in such circumstances. Since professional golfers practice many hours each day, it would 

be interesting to examine if there are kinematic differences between striking from the two surfaces after 

the participants have practiced for a few hours from each condition. Fatigue may affect the wrist 

kinematics. It would also be interesting to examine the wrist kinematics when striking from different 

types of grass compared to striking from a mat since longer grass tends to wrap around the club leading to 

increased forces acting on the upper limbs (McHardy, Pollard & Luo 2006).  

 

Skin movement artefacts are always an issue in motion capturing when using skin based markers and can 

affect the results of the calculations of the angles. To minimise the errors associated with this issue, 

markers were placed on bony landmarks where there was minimal underlying tissue.  

 

The low participant number is a limitation. Only six elite golfers participated in the study which could 

have had an effect on the statistical level of significance. The magnitude of this effect is unknown but the 
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conclusions from the results must be drawn with some caution.   

4.3. Suggestions for future research 

This study was planned to include pressure data from a pressure mat placed on the grip of the club and 

finger sensors. The pressure data would have been used to calculate the resultant force vector by using a 

new method created by Tinmark, Arndt and Halvorsen (2013, submitted). The resultant vector would 

have made inverse dynamics calculations possible which, in turn would have enabled calculations of the 

forces and moments acting on various joint in the body, which has not previously been done in golf. 

There were, however technical problems in the pressure recording system resulting in incomplete data. 

These problems could not be solved in the limited time frame available for this masters thesis. The 

pressure measurements could therefore not be used in the calculation of the resultant force or inverse 

dynamics so it was excluded from this project. A suggestion for future research is therefore to use this 

new method to calculate the load on the wrists when striking from grass compared to from a mat. The 

presented work is therefore to be continued with future research calculating loading of the wrist joint.  

Since female golfers have shown to have an even larger prevalence of wrist injuries (Zheng et al 2008a), 

it would be of interest for future research to examine if female golfers exhibit greater wrist angle 

differences between the surfaces than their male counterparts and to examine the differences in forces and 

moments between the two surfaces.  

Furthermore it is suggested for future research to examine different types of grass used for golf courses 

and different types of mats placed on different types of surfaces to find an “optimal” practice surface. It 

would also be interesting to evolve the study by Cahalan et al (1991) and compare injured players with 

non-injured players to examine if there is a span of ulnar deviation angle where there is less risk of injury 

and if there is a difference in the wrist load between the players.  

5. Conclusion 

The results of this study showed no significant differences in the wrist angles at impact when striking 

from a mat compared to when striking from grass. This means that the position of the wrists were not 

different at impact between the two surfaces which is positive from a technical standpoint. Furthermore, 

previous research has suggested that the ulnar deviation occurring at impact can be a risk factor for 

injuries at the wrists. Since there was no significant difference in ulnar deviation found between the two 

surfaces, the ulnar deviation is not likely a reason for why players and researchers suggest that playing 

from mats is more injurious than playing from grass. The reason could be due to differences in the loads 
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on the wrists when striking from the different surfaces. Future research should therefore be conducted to 

examine the differences in loading of the wrist joints between the two conditions.  
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Appendix 1 Literature search 

Syfte och frågeställningar: Syftet med uppsatsen var att undersöka om det är en 

skillnad i handledsvinklarna när man slår från matta jämfört med gräs i golf. Frågeställning 

var: finns det en skillnad i ulnar/radial deviation eller flexion/extension vid träff mellan de två 

olika underlagen?  

 

Vilka sökord har du använt? 
Golf injuries 

Wrist injuries sport 

Wrist injuries golf 
Overuse injuries golf 

Golf wrist 

Golf biomechanics 

Wrist kinematics golf 

Wrist kinetics 

Wrist kinetics golf 

 

 

Var har du sökt? 
GIH:s bibliotekskatalog 

PubMed 

Ebsco 

Google Scholar 

 

 

Sökningar som gav relevant resultat 
Samtliga sökord under ”vilka sökord har du använt” gav resultat.  

 

Kommentarer 
De flesta artiklar hittades via PubMed och google scholar. Artiklar hittades också via related 

searches i PubMed samt genom att leta i artiklars referenslista. Eftersom GIH inte har tillgång 

till många medicinska tidskrifter har kollegor som är bundna vid KIs universitet hjälpt till 

med artikelåtkomst.  
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Appendix 2 Informed consent 

 

Information om studien och godkännande av deltagande som 

undersökningsperson  

 

Syftet med studien är att undersöka om belastningen på handlederna vid slag från matta och 

från gräs. 

 

Tiden för datainsamling beräknas till en och en halv timme och följande kommer att ske: 

 Reflekterande markörer placeras på höft, bål, överarmar, händer och klubba. 

 Kablar från klubbans och fingrarnas sensorer fixeras med tejp utmed armar och rygg.  

 Ett antal uppvärmningsslag tillåts för att ni skall bekanta er med miljön och 

utrustningen. 

 3 bollar slås vardera med full swing från matta och från gräs som är placerad i en låda. 

Alla slag genomförs med en wedge som har sensorer placerade runt greppet. 

 

Eftersom handlederna är ett av de mest skadedrabbade områdena hos golfare kan denna studie 

ge viktig information om något av underlagen kan vara mer skadligt för handlederna. 

Resultaten kan därmed ge kunskap om vilket underlag är bättre att träna på om man vill 

undvika skador i handlederna.  

 

Förutom att spelaren bär små reflekterande markörer och att sensorer är placerade runt 

klubbans grepp, innehåller datainsamlingen inte några betydande avsteg från en normal 

träningssituation och vi ser ingen förhöjd skaderisk jämfört med normalsituationen. 

 

Jag har muntligen informerats om studien och tagit del av ovanstående skriftlig 

information. Jag känner att jag har fått tillräcklig information om studiens syfte, 

genomförande och resultat som den kan tänkas ge, samt riskerna och nyttan med 

studien. Jag är medveten om att mitt deltagande är helt frivilligt och att jag kan avbryta 

försöken när som helst utan att ge någon förklaring.  

 

 

 

 

……………………………………………………………………………… 

Datum Namnteckning Namnförtydligande 

 

 

 

 

Gymnastik- och idrottshögskolan Lidingövägen 1 Box 5626 114 86 Stockholm Tel 08-120 537 00 www.gih.se registrator@gih.se 
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Appendix 3 Marker set  

Pelvis 

1. L ASIS 

2. R ASIS 

3. L PSIS 

4. R PSIS 

Thorax 

5. L Acromion 

6. R Acromion 

7. C7 

8. T10 

9. Insicura Jugularis 

10. Processus Xiphoideus 

 

Left upper arm 

11-14. Markercluster 

15. Lateral Epicondyle 

16. Medial Epicondyle  

 

Right upper arm 

17-20. Markercluster 

21. Lateral Epicondyle 

22. Medial Epicondyle  

 

Left forearm 

23-24. Markercluster 

25. Radial styloid process  

26. Ulnar styloid process  

 

Right forearm 

27. Tracking marker (5 cm from wrist) 

28. Radial styloid 

39. Ulnar process 
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Left hand 

30. 2nd MP joint 

31. 5th MP joint 

 

Right hand 

32. 2nd MP joint 

33. 5th MP joint 

 

 

Figure 1: Marker placement (Amended from picture 

http://www.compelvisuals.com/compel_blog/donec-sed-tortor-quis-massa-lobortis-venenatis-

non-eget-nunc/) 

Club 

An additional six markers were attached to the clubshaft and clubhead.  


