
Competition Holding 
Month 

Study’s
years

Exposures

Australian 
Open Jan 2011-2016

(Gescheit et al., 2017)

201.7/ 10000 matches 
played for

women and 148.6 for male

Wimbledon Late Jun -
early Jul

2003-2012
(McCurdie et al., 2016)

20.7/ 1000 matches 
played

US Open Aug to Sep 1994-2009
(Sell et., 2012)

48.1/ 1000 matches 
played

David Cup
Throughout 
the whole 

year

2006-2013
(Maquirriain et al., 2015)

6.05/ 1000 playing hours
6.64/ 1000 matches 

played

Shoulder

Superior labrum anterior 
to posterior tears (SLAP)

Internal or subacromial 
impingement

Rotational cuff tears

Acromioclavicular joint pain

Medial and lateral elbow epicondylitis 
(tennis elbow)

Elbow

Extensor carpi ulnaris 
tendinitis/subluxation

Wrist

Introduction

Knee

Frictional resistance

As clay surfaces tend to have a lower frictional resistance than harder courts, this could explain the lower 
number of injuries reported. In Girard et al., 2007, the mean force for the whole foot is lower in clay courts (614N) 
compared to the Greenset hard court (717N), for both baseline playing or the serve and volley movement. Longer 
contact time with clay court has also been discovered. Tennis required numerous repetitive sliding and side-to-side 
movements; Hence athletes must control and perform adequate movements, preventing the overloading of muscles. 
With a longer contacting time in clay courts, players can control movement with less frictional force produced, which is 
an indication of the maximum force needed to produce to perform the movement. Therefore, this decrease the loading 
and forces needed to exert by the muscles, preventing the injuries to occur. If professional players transit from clay 
courts to hard courts, they would expose to a higher rate of injuries.

Ground reaction force

Interestingly, the surface with the lowest mechanical cushioning (such as carpets) had the lowest vertical force (Stiles & 
Dixon, 2006). It might be due to the use of dynamic skill for overcompensating the stiffer surface, supported by the 
evidence of different loading patterns found on the playing surface (Girard et al., 2007). In clay courts, plantar pressure 
tends to locate at the medial or lateral part, where the force lays on the forefoot for the hardcourt due to the faster 
speed required for players to reach the ball. Typically, players who stayed on clay court potentially would have an 
increased chance of having plantar aponeurosis due to the pronation movement. In opposite, the hyperpronation of 
plantar could lead to plantar fasciitis in hard courts.

Heat stress 

Environmental temperature changes of the competition venue are highly associated with the incidence of athletes’ 
injuries supported by Abadi et al., 2021 findings. With wet-blub-globe temperature (WBGT) higher than 28°C typically 
found in the US Open and Australia Open (Mountjoy et al., 2012), thermal injuries are more likely to occur. This is due to 
the failure of the thermoregulation in our body to lose heat, resulting in athletes experiencing heat-related illnesses such 
as heat exhaustion, especially when they are dehydrated. Playing tennis in long rallies already required a high metabolic 
rate for the skeletal muscle to perform movements (Périard et al., 2014), with the heat stress added as a factor, this 
further increase the metabolic burden on the athletes. Consequently, the surface with longer rallies (clay courts) could
have a higher chance of having injuries and muscle fatigue compared to the shorter ones (grass courts).

• Most studies reported 0.6- 6.1 injuries per 1000 player hours, with the 
great variation found (Gescheit, 2018)

• There are more injuries on hard courts compared to clay courts (Nigg & 
Segesser, 1998; Maquirriain & Baglione, 2015)

• Controversies on the whether acute or overuse problem found with 
professional players

• Most common type of conditions: muscle sprains and strains
• Agreements on higher injuries rate on lower extremities in contrast with 

upper extremities and trunks

Problems with the comparison between the data
• Different exposures were used: Some used retired matches, 1000 player 

hours, 1000 matches exposure, 1000 athletic exposures (non-
standardised)

• Format of the competition matters
• Variance with the inclusion of injuries between studies: included 

hospitalisation only/ included all medical problems         
• Data collection methods: self-report (recall)/ based on
• clinician diagnosis

Recommendations from the consensus statement: use 1000 player hours 
(Pluim et al., 2009)

Intrinsic risk factors

Common surface for tennis 

Location of common tennis injuries

Age

When age increases, the risk of injuries will rise as older athletes have a 
longer exposure time to tennis. Increased age over time is more likely to increase the loss                                                            of 
muscle fibres and muscle atrophy (Lexell et al., 1988), leading to decline in performance.                                                            
Rice et al., 2022 supported this evidence with predominantly higher injuries numbers found in                                                  
adults (59%) compared to the young age group (29%). 

With a similar professional level, younger players develop more trunk injuries while the older ones                          
are more prone to lower extremities injuries. Younger players have more impairment with trunk stability                      
as they have less training on trunk related-motor skills. Meanwhile, they found older players having bruises                    
appear at their heels and flattened heel pad, which were not found in younger athletes (Kuland et al., 1979). When           
athletes are required to switch surfaces, this will give older players disadvantages, as this directly affects the lower 
extremities due to the different characteristic of the surfaces. The longer adaptation time might also require physically which 
can also give a burden to older athletes.

Gender 

In general, males are more likely to have injuries on the thigh, while females are more prone to hip, lower-leg injuries and 
shoulder injuries in sports (Sallis et al., 2001). In tennis studies, there were similar injuries reported between gender, with a 
slightly higher rate in females than males. Males tend to be weaker in flexibility with a higher number of failed hamstring 
and quadriceps tests, whereas females tend to have lower trunk stability and strength (Rice et al., 2022). To achieve high 
performance, it is crucial for the athletes’ trunks to have a high ability in absorbing and generating force from lower to upper
limbs, also prolonged endurance strength for a long duration. Therefore, the lack of strength and stability, which is even 
more significant with the transition of surfaces, might be the key to higher injuries rate found in females.

Previous injuries profile

Elite tennis athletes need to switch on the surface frequently to prepare for competitions, which expose athletes to the risk
of reoccurrence of injury. For example, the French Open and Wimbledon held only one month apart. 61% of injuries 
reported during the Wimbledon were also occurred before the competition (McCurdie et al., 2016). This was supported 
by Moreno-Pérez et al, 2017 study, showing that the strength level of the adductor muscle is much weaker on the previously 
injured side. The reduced strength will limit the ability to control excessive movements and overstretching, further 
increasing the risk of groin injuries. With the switching of surface, chances of having a reoccurrence of injury at the same 
location are higher. This is due to the inability to finetune the various skills used on different surfaces. When the athletes are 
adapting to the new exposed environment, previously injuries can be deteriorated, depending on the recovery state.

Tennis is a combined strength and endurance sport that involves athletes having the power to perform hits and maintain their performance over 
the long-lasting competition. For professional players, they are required to switch surfaces within a short time frame for training and matches. 
This challenges them to adapt quickly in order to achieve the best performance. Pluim et al, 2017 compared the injury rates with different 
surfaces, showing that participants tend to a have much higher injury rate when training on multiple courts, in contrast with exercising on a single 
court type. In this review, we first anaylsed the incidence of tennis injuries. We also examined the potential intrinsic and extrinsic risk factors 
which tennis players are exposed to. In addition, we compared the risk factors with the transitioning of different court surfaces.

Clay courts Hard courts Grass courts

Competition French Open/ Roland-
Garros

Australia Open 
US Open

Wimbledon 

Rallies Long Average Short

Position of bounces High Highest Lowest 

Shots per time interval 
(Speed) Less shots/ Low speed Average More shots/ High speed 

Coefficient of friction Highest  (0.76) High (0.65) Low (0.55)

Shock absorption Low Lowest Highest

(Bradt, 2018) (O’Mahony, 2013) (Eisele, 2021)

Musculoskeletal injury in the game of tennis
What are the intrinsic and extrinsic risk factors for injury in professional tennis players, with transitioning of playing surface? 

Tsui Wing, Shannon (1925475) / Supervisor: Dr Ajai Seth

Method: Searching reviews
Ø Looking on database such as PubMed, British Journal of Sports 

Medicine, Wiley Online Library
Ø Keywords searching: ”aetiology”, “incidence”, ”playing surface”, 

“intrinsic”, “extrinsic” with ”tennis injuries”

After reviewing the studies, we identified the need to standardise the report of incidence rate for future 
research to allow for better comparison. By understanding the underlying risk factors of tennis injuries, 
this could prevent the occurrence of injuries and design the most suitable rehabilitation programmes
for specific individuals, helping them to readapt their fittest level. Further investigation could look at 
specific characteristics found with the various transitioning surface. This could aid the elite athletes to 
implement the best strategies according to the high-level competitions.

Figure 1.  Different properties of court surfaces for high-level competitions. Other surfaces for recreational include:
concrete, artificial grass, sand, carpet, wood and tile

Incidence of injury

Extrinsic risk factors

Conclusion

Table 3. Incidence of the high- professional competitions. Lack of injury 
data recorded for French Open. It is held in late May to early June.

Legs

Gastrocnemius (calf) muscle tears

Ankle

Achilles tendonitis Ankle sprain

Patellar tendinitis

Figure 2. A multifactorial model explaining the etiology of injuries (Meeuwisse, 
1994). 

This graph explains the contribution of the factors, also exploring their 
inter-relationship. Predisposing factors might be necessary to cause 
injury but themselves are not enough to cause the injury. In contrast, 
inciting events (such as performing a serve) must need to occur if an 
injury is presented. An example of the mechanism of injury would be 
shoulder over-rotation.

Ø Injuries: players are restricted to achieve their normal performance 
when participating in training or competitions, or even leading to 
withdrawal from the matches

Ø Acute injuries: happen on a sudden occasion, usually due to macro 
traumatic inciting event

Ø Chronic/ overuse injuries: develop cumulatively, usually due to 
repetitive movement

Ø Intrinsic risk: individual factors, most of them are unmodifiable 
Ø Extrinsic risk: environmental factors, aid the manifest of the disease 
Ø The proportion of the importance of the intrinsic and extrinsic injury 

depends on whether its an acute or overuse event

How to define injuries?

Figure 4. Incidence of the location of the injuries in male tennis 
athletes from unpublished ATP data (Fu et al., 2018)

(Jacobs, 2021)

Figure 3 and 4. Loading of plantar 
patterns on Greenset and clay court 
(Girard et al., 2007). Figure on the 
left showed players performing 
serve and volley movement, with 
baseline playing movement 
illustrate on the right.

(Extensor Carpi Ulnaris (ECU) Subsheath Rupture/ Glenelg Orthopaedics, 2022)

(Licastro, n.d.)

(Extensor Carpi Ulnaris (ECU) Subsheath Rupture | Upswing Health, n.d.)

(Walden, 2019; Masci, 2021)

(Koban, 2019)

(Afra, 2015; “Rotator Cuff Tears,” 2015; Lox, 2019; Acromioclavicular (AC) Joint Dislocation / Separation,” 2022) 
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