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Mean SD N (Matches) Surface Sex Playing Level Comment Included in MA Reason for exclusion from MA
Filipcic et al. (2015) 107.8 NR 51 All surfaces Men International Grand Slam/ATP - Positive win-loss 1991 No No SD and number of matches, best of 3 and 5 sets combined
Filipcic et al. (2015) 109.2 NR 75 All surfaces Men International Grand Slam/ATP - Negative win-loss 1991 No No SD and number of matches, best of 3 and 5 sets combined
Filipcic et al. (2015) 101.0 NR 58 All surfaces Men International Grand Slam/ATP - Positive win-loss 2000 No No SD and number of matches, best of 3 and 5 sets combined
Filipcic et al. (2015) 100.9 NR 79 All surfaces Men International Grand Slam/ATP - Negative win-loss 2000 No No SD and number of matches, best of 3 and 5 sets combined
Filipcic et al. (2015) 109.2 NR 46 All surfaces Men International Grand Slam/ATP - Positive win-loss 2010 No No SD and number of matches, best of 3 and 5 sets combined
Filipcic et al. (2015) 105.4 NR 83 All surfaces Men International Grand Slam/ATP - Negative win-loss 2010 No No SD and number of matches, best of 3 and 5 sets combined

Men International all surfaces (best-of-5-sets) Lisi and Grigoletto (2021) 150 NR 3715 All surfaces Men International Grand Slam No No SD
Morante and Brotherhood (2005) 154.2 47.2 12 Hard Men International Australian Open 2005 Yes
Smith et al. (2018b) 137.0 42.1 60 Hard Men International Australian Open 2014-2016 <22.2°C No ELO adjusted matches
Smith et al. (2018b) 140.8 41.7 203 Hard Men International Australian Open 2014-2016 22.3-27.9°C No ELO adjusted matches
Smith et al. (2018b) 142.5 47.1 18 Hard Men International Australian Open 2014-2016  27.9-30°C No ELO adjusted matches  
Smith et al. (2018b) 144.8 50.1 29 Hard Men International Australian Open 2014-2016 30.1-32.2°C No ELO adjusted matches
Smith et al. (2018b) 144.8 49.9 30 Hard Men International Australian Open 2014-2016 >32.3°C No ELO adjusted matches
Maquirriain et al. (2016) 208.2 28.3 15 Grass Men International Wimbledon Yes
Morante and Brotherhood (2005) 137.0 69.1 12 Grass Men International Wimbledon 2005 Yes

Men International - Court surface NR (best-of-3-sets) Yusoff and Krasilshchikov  (2021) 83.8 37.0 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 Yes
Men International all surfaces (best-of-3-sets) Lisi and Grigoletto (2021) 98 NR 16246 All surfaces Men International ATP No No SD

Filipcic et al. (2021) 81.0 28.0 4 Hard Men International ATP (20.1 y)   ITF Men's World Tennis Tournament Yes
Hornery et al. (2007) 119.0 36 6 Hard Men International ATP (21.4 y) Yes
Mackie (2013) 100.0 13.9 15 Hard Men International ATP finals 2012 Yes
Moreno-Perez et al. (2019) 80.3 21.3 13 Hard Men International ATP/ITF/National (20.4 y) Yes
Stare et al. (2015) 81.0 NR 5 Hard Men International ATP (18.3 y) Yes
Hornery et al. (2007) 79.0 13.0 6 Clay Men International ATP (21.4 y) Yes
Mendez-Villanueva et al. (2007) 105.0 35.7 7 Clay Men International ATP (27 y) Yes

Junior Men International - Court surface NR (best-of-3-sets) Yusoff & Krasilshchikov  (2021) 53.5 16.6 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 No Only one study for analysis
Bergeron et al. (2007) 78.8 10.9 8 Hard Men National Jr (13.9 y) Yes
Filipcic et al. (2021) 65.4 18.3 6 Hard Men International (13.9 y)  National Championships Yes
Gallo-Salazar et al. (2019) 61.1 15.9 12 Hard Men National Juniors (14.5 y) Morning Yes
Gallo-Salazar et al. (2019) 93.8 20.8 12 Hard Men National Juniors (14.5 y) Afternoon Yes
Perri et al. (2018) 73.6 11.7 11 Hard Men National U12 Yes
Perri et al. (2018) 73.0 31.3 5 Hard Men National U15 Yes
Perri et al. (2018) 83.5 22.8 5 Hard Men National U18 Yes
Ponzano et al. (2017) 69.0 17 12 Hard Men National Jr (16 y) Yes
Stare et al. (2015) 65.4 NR 6 Hard Men National Jr (13.8) Yes
Torres-Luque et al. (2011) 108.3 16.1 8 Hard Men National Juniors (15.6 y) Yes
Hoppe et al. (2014) 81.2 14.6 10 Clay Men National Jr (13 y) Yes In overview of all surfaces
Kilt and Arslan (2017) 77.2 15.2 14 Clay Men National Jr (12.2) Yes
Ponzano et al. (2017) 76.0 24 12 Clay Men National Jr (16 y) Yes

Regional Men Wood (best-of-3-sets) Reilly and Palmer (1994) 42.7 25 4 Wood Men Regional Top club-standard No
Fernandez-Fernandez et al. (2007) 80.6 24.5 7 Hard Women International WTA Yes In overview of all surfaces
Mackie (2013) 100.1 32.8 15 Hard Women International WTA finals Yes
Morante and Brotherhood (2005) 113.5 33.2 9 Hard Women International Australian Open 2005 Yes
Sánchez-Pay et al. (2021) 104.5 34.6 62 Hard Women International Australian Open 2017-2018 Yes
Sánchez-Pay et al. (2021) 105.8 35.5 62 Hard Women International US Open 2017-2018 Yes
Smith et al. (2018a) 105.0 36.0 59 Hard Women International Australian Open 2014-2016  <22.2°C No ELO adjusted matches
Smith et al. (2018a) 103.5 35.9 207 Hard Women International Australian Open 2014-2016  22.3-27.9°C No ELO adjusted matches
Smith et al. (2018a) 101.5 36.5 21 Hard Women International Australian Open 2014-2016  27.9-30°C No ELO adjusted matches
Smith et al.(2018a) 101.9 37.7 30 Hard Women International Australian Open 2014-2016  30.1-32.2°C No ELO adjusted matches
Smith et al. (2018a) 103.5 37.4 29 Hard Women International Australian Open 2014-2016  >32.3°C No ELO adjusted matches
Fernandez-Fernandez et al. (2008) 64.7 30.3 7 Clay Women International WTA Yes
Sánchez-Pay et al. (2021) 93.43 29.4 60 Clay Women International Roland Garros 2017-2018 Yes
Morante and Brotherhood (2005) 65.3 15.9 6 Grass Women International Wimbledon 2005 Yes In overview of all surfaces
Sánchez-Pay et al. (2021) 102.8 32.5 60 Grass Women International Wimbledon 2017-2018 Yes
Galé-Ansodi et al. (2017a) 71.8 26.6 62 Hard Women National Juniors (13.1 y) 2016-2018 Yes
Perri et al. (2018) 65.6 24.7 12 Hard Women National U12 Yes
Perri et al. (2018) 55.0 7.6 3 Hard Women National U15 Yes
Stare et al. (2015) 59.8 NR 5 Hard Women National Juniors (14.1) Yes  
Torres-Luque et al. (2011) 99.7 18.6 8 Hard Women National Juniors (15.6 y) Yes

Junior Men and Women International Hard Murphy et al. (2016) 83.6 18.0 36-144 Hard Men/women International Junior ITF Tournament (16 y) No No separate data for men and women, SD missing, range for nr of matches
Junior Men and Women Regional Hard McCarthy et al (1998) 86.3 6.5 NR Hard Men/Women Regional 12-14 years; 14 men, 6 women No No separate data for men and women, number of matches missing
Notes: NR = Not Reported

Meta-analysis
Mean1 SD1 N1 Mean2 SD2 N2 Surface Playing Level Comment Included in MA Reason for exclusion from MA

International (best-of-5 vs best-of-3-sets) Morante and Brotherhood (2005) 154.2 47.2 12 113.5 33.2 9 Hard International Grand Slam No 5 sets vs 3 sets
Mackie (2013) 100.0 13.9 15 100.1 32.8 15 Hard International ATP/WTA finals No Only one study for analysis
Morante and Brotherhood (2005) 137.0 69.1 12 65.3 15.9 6 Grass International Grand Slam No 5 sets vs 3 sets
Smith et al. (2018) 137.0 42.1 60 105.0 36.0 59 Hard International <22,2C - Grand Slam No
Smith et al. (2018) 140.8 41.7 203 103.5 35.9 207 Hard International 22,3-27,9C - Grand Slam No
Smith et al. (2018) 142.5 47.1 18 101.5 36.5 21 Hard International 27,9-30C - Grand Slam No
Smith et al. (2018) 144.8 50.1 29 101.9 37.7 30 Hard International 30,1-32,2 - Grand Slam No
Smith et al. (2018) 144.8 49.9 30 103.5 37.4 29 Hard International >32,3 - Grand Slam No

Junior National (best-of-3-sets) Perri et al. (2018) 73.6 11.7 11 65.6 24.7 12 Hard National Juniors - Under 12 Yes
Perri et al. (2018) 73.0 31.3 5 55.0 7.6 3 Hard National Juniors - U15 Yes
Stare et al. (2015) 65.4 NR 6 59.8 NR* 5 Hard National Juniors (13,8 vs 14,1 y) Yes
Torres-Luque et al. (2011) 108.3 16.1 8 99.7 18.6 8 Hard National Juniors (15,6 y) Yes

Mean SD N (Matches) Surface Sex Playing Level Comment Included in MA Reason for exclusion from MA  
Men International - Court surface NR Yusoff and Krasilshchikov (2021) 25.3 8.1 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 No Only one study for analysis
Junior Men International - Court surface NR Yusoff and Krasilshchikov (2021) 23.3 6.9 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 No Only one study for analysis

Mean SD N (Matches) Surface Sex Playing Level Comment Included in MA Reason for exclusion from MA
Carboch et al. (2019) 5.9 0.7 7 Hard Men International Australian Open 2017 Yes
Filipcic et al. (2021) 4.4 0.5 4 Hard Men International ITF Men's World Tennis Tournament Yes
Hornery et al. (2007) 6.7 2.2 17 Hard Men International ATP (21.4 y) Yes
Mackie (2013) 6.4 1.3 9 Hard Men International ATP finals 2012 Yes
Morante and Brotherhood (2005) 6.4 1.4 12 Hard Men International Australian Open 2005 Yes
O'Donoghue and Ingram (2001) 5.7 1.0 24 Hard Men International Australian Open 1997-1999 Yes
O'Donoghue and Ingram (2001) 4.9 1.4 35 Hard Men International US Open 1997-1999 Yes
Stare et al. (2015) 4.4 NR 5 Hard Men International Yes
Takahashi et al. ( 2006) 5.1 5.2 16 Hard Men International Australian and US Open 2003 and 2004 Yes
Brown and O'Donoghue (2008) 6.9 NR 15 Hard Men International Australian Open (2007) No Only sections of the matches analysed, SD missing
Brown and O'Donoghue (2008) 6.4 NR 22 Hard Men International US Open (2007) No Only sections of the matches analysed, SD missing
Carboch et al. (2018) 5.9 0.7 7 Hard Men International Australian Open 2017 No Same subgroup and data as Carboch et al. 2019
Carboch et al. (2020) 5.4 0.8 24 Hard Men International Australian Open 2017 New Balls No Subgroup analysis (Carboch et al. 2019)
Carboch et al. (2020) 6.0 0.9 24 Hard Men International Australian Open 2017 Used Balls No Subgroup analysis (Carboch et al. 2019)
Carboch et al. (2019) 6.93 1.19 10 Clay Men International Roland Garros 2017 Yes
Hornery et al. (2007) 7.5 3.0 6 Clay Men International ATP (21.4 y) Yes
Mendez-Villanueva et al. (2007) 7.5 7.3 7 Clay Men International ATP (27 y) Yes
O'Donoghue and Ingram (2001) 7.2 1.4 22 Clay Men International Roland Garros 1997-1999 Yes
O'Donoghue and Liddle (1998) 5.6 4.7 9 Clay Men International Roland Garros 1996 Yes
Takahashi et al. (2006) 6.5 6.0 14 Clay Men International Roland Garros 2003 and 2004 Yes
Brown and O'Donoghue (2008) 7.6 NR 16 Clay Men International Roland Garros (2007) No Only sections of the matches analysed, SD missing
Carboch et al. (2020) 6.5 2.1 10 Clay Men International Roland Garros 2017 New Balls No Subgroup analysis (Carboch et al 2019)
Carboch et al. (2020) 7.0 1.0 10 Clay Men International Roland Garros 2017 Used Balls No Subgroup analysis (Carboch et al 2019)
Carboch et al. (2019) 5.3 1.1 7 Grass Men International Wimbledon 2017 Yes
Morante and Brotherhood (2005) 5.2 0.8 12 Grass Men International Wimbledon 2005 Yes
O'Donoghue and Ingram (2001) 3.4 0.7 26 Grass Men International Wimbledon 1997-1999 Yes
O'Donoghue and Liddle (1998) 3.7 2.5 14 Grass Men International Wimbledon 1996 Yes
Takahashi et al. (2006) 3.6 3.8 11 Grass Men International Wimbledon 2003 and 2004 Yes
Brown and O'Donoghue (2008) 5.5 NR 22 Grass Men International Wimbledon (2007) No Only sections of the matches analysed, SD missing
Carboch et al. (2020) 5.3 1.2 7 Grass Men International Wimbledon 2017 New Balls No Subgroup analysis (Carboch et al 2019)
Carboch et al. (2020) 5.2 1.1 7 Grass Men International Wimbledon 2017 Used Balls No Subgroup analysis (Carboch et al 2019)
Meffert et al. (2019) 3.3 3.2 64 Grass Men International Wimbledon Non-Tiebreak Point 1st Serve No non-tiebreak points (13075 )
Meffert et al. (2019) 3.7 4.1 64 Grass Men International Wimbledon Tiebreak Point 1st Serve No tiebreak points (588 )
Meffert et al. (2019) 4.5 3.7 64 Grass Men International Wimbledon Non-Tiebreak Point 2nd Serve No non-tiebreak points (13075 )
Meffert et al. (2019) 4.8 4.5 64 Grass Men International Wimbledon Tiebreak Point 2nd Serve No tiebreak points (588 )

Men International - Court surface NR Yusoff and Krasilshchikov (2021) 6.8 7.3 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 Yes
Junior Men International - Court surface NR Yusoff and Krasilshchikov (2021) 7.6 7.7 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 No Only one study for analysis

Filipcic et al. (2021) 7.3 1.7 6 Hard Men National Juniors (13.9)  National Championships Yes
Gallo-Salazar et al. (2019) 8.7 1.7 12 Hard Men National Juniors (14.5 y) Morning Yes
Gallo-Salazar et al. (2019) 9.4 1.2 12 Hard Men National Juniors (14.5 y) Afternoon Yes
Kilit and Arslan (2018) 7.7 7.1 13 Hard Men National Juniors (12.2 y) Yes
Stare et al. (2015) 7.3 NR 6 Hard Men National ITF Jr (13.8 y) Yes
Torres-Luque et al. (2011) 9.1 0.8 8 Hard Men National Juniors (15.6 y) Yes
Kilit and Arslan (2017) 12.1 10.8 14 Clay Men National Yes
Kilit and Arslan (2018) 12.0 9.2 13 Clay Men National Yes

Men Regional Wooden Reilly and Palmer (1994) 5.3 1.0 4 Wooden Men Regional No Regional, wooden floor
Carboch and Plachá (2018) 5.8 1.2 16 Hard Women Australian Open 1st - 4th round Australian Open 2017 Yes
Carboch and Plachá (2018) 4.7 0.5 7 Hard Women Australian Open QF - Finals Australian Open 2017 Yes
Fernandez-Fernandez et al. (2007) 8.2 5.2 7 Hard Women International Yes
Mackie (2013) 6.2 0.9 15 Hard Women International ATP finals 2012 Yes
Morante and Brotherhood (2005) 7.0 1.3 9 Hard Women International Australian Open 2005 Yes
O'Donoghue and Ingram (2001) 7.1 1.9 18 Hard Women International Australian Open 1997-1999 Yes
O'Donoghue and Ingram (2001) 7.1 1.8 23 Hard Women International US Open 1997-1999 Yes
Brown and O'Donoghue (2008) 6.6 NR 17 Hard Women International Australian Open 2007 No Only sections of the matches analysed, SD missing
Brown and O'Donoghue (2008) 6.8 NR 17 Hard Women International US Open 2007 No Only sections of the matches analysed, SD missing
Carboch et al. (2018) 5.4 1.1 23 Hard Women International Australian Open 2017 No Duplicate data (Carboch and Plachá 2018)
Carboch et al. (2020) 5.0 1.3 23 Hard Women International Australian Open 2017 New balls No Subgroup analysis (Carboch and Plachá 2018)
Carboch et al. (2020) 5.6 1.7 23 Hard Women International Australian Open 2017 Used balls No Subgroup analysis (Carboch and Plachá 2018)
Fernandez-Fernandez et al. (2008) 7.2 5.2 7 Clay Women International Yes
O'Donoghue and Ingram (2001) 9.1 2.9 14 Clay Women International Roland Garros 1997-1999 Yes
O'Donoghue and Liddle (1998) 8.1 6.1 10 Clay Women International Roland Garros 1996 Yes
Brown and O'Donoghue (2008) 7.2 NR 13 Clay Women International Roland Garros 2007 No Only sections of the matches analysed, SD missing

Women International Grass Morante and Brotherhood (2005) 5.6 0.6 6 Grass Women International Wimbledon 2005 Yes
O'Donoghue and Ingram (2001) 5.8 1.3 13 Grass Women International Wimbledon 1997-1999 Yes
O'Donoghue and Liddle (1998) 6.0 4.3 11 Grass Women International Wimbledon 1996 Yes
Brown and O'Donoghue (2008) 6.2 NR 22 Grass Women International Wimbledon 2007 No Only sections of the matches analysed, SD missing

Notes: NR = Not Reported
 

 

Meta-analysis
Mean1 SD1 N1 Mean2 SD2 N2 Surface Playing Level Comment Included in MA Reason for exclusion from MA

Carboch et al. (2020) 5.38 0.77 24 5.02 1.26 23 Hard International Grand Slam - New Balls Yes
Carboch et al. (2020) 6.04 0.92 24 5.57 1.66 23 Hard International Grand Slam - Used Balls Yes
Mackie (2013) 6.42 1.27 15 6.16 0.94 15 Hard International ATP / WTA finals Yes
Morante and Brotherhood (2005) 6.4 1.4 12 7 1.3 9 Hard International Australian Open Yes
O'Donoghue and Ingram (2001) 5.7 1,00 24 7.1 1.9 18 Hard International Australian Open Yes
O'Donoghue and Ingram (2001) 4.9 1.4 35 7.1 1.8 23 Hard International US Open Yes
Brown and O'Donoghue (2008) 6.9 NR 15 6.6 NR 17 Hard International Australian Open 2007 No *Only sections of the matches used, SD missing
Brown and O'Donoghue (2008) 6.4 NR 22 6.8 NR 17 Hard International US Open 2007 No *Only sections of the matches used, SD missing
O'Donoghue and Liddle (1998) 5.64 4.69 9 8.05 6.14 10 Clay International Roland Garros Yes
O'Donoghue and Ingram (2001) 7.2 1.4 22 9.1 2.9 14 Clay International Roland Garros Yes
Brown and O'Donoghue (2008) 7.6 NR 16 7.2 NR 13 Clay International Roland Garros 2007 No *Only sections of the matches used, SD missing
Morante and Brotherhood (2005) 5.2 0.8 12 5.6 0.6 6 Grass International Wimbledon Yes
O'Donoghue and Liddle (1998) 3.69 2.54 14 5.99 4.33 11 Grass International Wimbledon Yes
O'Donoghue and Ingram (2001) 3.4 0.7 26 5.8 1.3 13 Grass International Wimbledon Yes
Brown and O'Donoghue (2008) 5.4 NR 22 6.2 NR 22 Grass International Wimbledon No *Only sections of the matches used, SD missing
Stare et al. (2015) 7.3 NR 6 6.3 NR 5 Hard National Juniors (13.8 vs 14.1 y) No Juniors 
Torres-Luque et al. (2011) 9.1 0.75 8 9.02 0.55 8 Hard National Juniors (15.6 y) No Juniors, one SD is missing

Notes: NR = Not Reported
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Meta-analysis

Group Meta-analysis

Men International Hard 



Mean SD N (Matches) Surface Sex Playing Level Comment Included in MA Reason for exclusion from MA
Carboch et al (2018) 1.22 0.03 7 Hard Men International Australian Open 2017 No Only one study with SD
Carboch et al. (2020) 1.15 0.03 7 Hard Men International Australian Open 2017 New Balls No Subgroup analysis (Carboch et al. 2019)
Carboch et al. (2020) 1.15 0.04 7 Hard Men International Australian Open 2017 Used Balls No Subgroup analysis (Carboch et al. 2019)
Morante and Brotherhood (2005) 1.36 NR 12 Hard Men International Australian Open 2005 No SD missing
O'Donoghue and Ingram (2001) 1.23 NR 24 Hard Men International Australian Open 1997-1999 No SD missing
O'Donoghue and Ingram (2001) 1.19 NR 35 Hard Men International US Open 1997-1999 No SD missing
Takahashi et al. (2006) 1.14 NR 16 Hard Men International US Open 2003 and 2004 No SD missing
Takahashi et al. (2009) 0.72 0.05 16 Hard Men International US Open 2003 and 2004 - 1st serve No Subgroup analysis
Takahashi et al. (2009) 0.94 0.22 16 Hard Men International US Open 2003 and 2004 - 2nd serve No Subgroup analysis
Takahashi et al. (2009) 1.36 0.09 16 Hard Men International US Open 2003 and 2004 - ground stroke No Subgroup analysis
Carboch et al. (2019) 1.34 0.04 10 Clay Men International Roland Garros 2017 No several SDs missing
Carboch et al. (2020) 1.29 0.07 10 Clay Men International Roland Garros 2017 New Balls No Subgroup analysis (Carboch et al. 2019)
Carboch et al. (2020) 1.30 0.06 10 Clay Men International Roland Garros 2017 Used Balls No Subgroup analysis (Carboch et al. 2019)
O'Donoghue and Ingram (2001) 1.33 NR 22 Clay Men International Roland Garros 1997-1999 No several SDs missing
Takahashi et al. (2006) 1.18 NR 14 Clay Men International Roland Garros No several SDs missing
Takahashi et al. (2009) 0.90 0.10 16 Clay Men International Roland Garros 2003 and 2004 - 1st serve No Subgroup analysis
Takahashi et al. (2009) 1.03 0.09 16 Clay Men International Roland Garros 2003 and 2004 - 2nd serve No Subgroup analysis
Takahashi et al. (2009) 1.36 0.04 16 Clay Men International Roland Garros 2003 and 2004 - ground stroke No Subgroup analysis
Carboch et al. (2019) 1.27 0.09 7 Grass Men International Wimbledon 2017 No several SDs missing
Carboch et al. (2020) 1.20 0.07 7 Grass Men International Wimbledon 2017 New Balls No Subgroup analysis (Carboch et al. 2019)
Carboch et al. (2020) 1.20 0.07 7 Grass Men International Wimbledon 2017 Used Balls No Subgroup analysis (Carboch et al. 2019)
Morante and Brotherhood (2005) 1.33 NR 12 Grass Men International Wimbledon 2005 No several SDs missing
O'Donoghue and Ingram (2001) 1.09 NR 26 Grass Men International Wimbledon 1997-1999 No several SDs missing
Takahashi et al. (2006) 0.96 NR 11 Grass Men International Wimbledon No several SDs missing
Takahashi et al. (2009) 0.71 0.04 16 Grass Men International Wimbledon 2003 and 2004 - 1st serve No Subgroup analysis
Takahashi et al. (2009) 0.84 0.07 16 Grass Men International Wimbledon 2003 and 2004 - 2nd serve No Subgroup analysis
Takahashi et al. (2009) 1.38 0.22 16 Grass Men International Wimbledon 2003 and 2004 - ground stroke No Subgroup analysis
Carboch et al. (2018) 1.21 0.06 23 Hard Women International Australian Open 2017 No
Carboch and Plachá (2018) 1.23 0.05 16 Hard Women International Australian Open 2017 1st - 4th round No Subgroup analysis (Carboch et al 2018)
Carboch and Plachá (2018) 1.16 0.02 7 Hard Women International Australian 2017 Open QF - Finals No Subgroup analysis (Carboch et al 2018)
Carboch et al. (2020) 1.13 0.08 23 Hard Women International US Open 2017 New balls No Subgroup analysis (Carboch et al 2018)
Carboch et al. (2020) 1.15 0.08 23 Hard Women International US Open 2017 Used balls No Subgroup analysis (Carboch et al 2018)
Morante and Brotherhood (2005) 1.42 NR 9 Hard Women International Australian Open 2005 No SD missing
O'Donoghue and Ingram (2001) 1.32 NR 18 Hard Women International Australian Open 1997-1999 No SD missing
O'Donoghue and Ingram (2001) 1.32 NR 23 Hard Women International US Open 1997-1999 No SD missing

Women International Clay O'Donoghue and Ingram (2001) 1.41 NR 14 Clay Women International Roland Garros 1997-1999 No several SDs missing
Morante and Brotherhood (2005) 1.36 NR 6 Grass Women International Wimbledon 2005 No several SDs missing
O'Donoghue and Ingram (2001) 1.28 NR 26 Grass Women International Wimbledon 1997-1999 No several SDs missing

Notes: NR = Not Reported

Men Women
Meta-analysis

Mean1 SD1 N1 Mean2 SD2 N2 Surface Playing Level Comment Included in MA Reason for exclusion from MA
Carboch et al. (2018) 1.22 0.03 7 1.21 0.06 23 Hard International Australian Open 2017 No Only one study for analysis
Carboch et al. (2020) 1.15 0.03 24 1.13 0.08 23 Hard International Australian Open 2017 - New Balls No Subgroup analysis
Carboch et al. (2020) 1.15 0.04 24 1.15 0.08 23 Hard International Australian Open 2017 - Used Balls No Subgroup analysis
Morante and Brotherhood (2005) 1.36 NR 12 1.42 NR 9 Hard International Australian Open 2005 No SD missing
O'Donoghue & Ingram (2001) 1.23 NR 24 1.32 NR 18 Hard International Australian Open 1997-1999 No SD missing
O'Donoghue & Ingram (2001) 1.19 NR 35 1.32 NR 23 Hard International US Open 1997-1999 No SD missing
O'Donoghue & Ingram (2001) 1.33 NR 22 1.41 NR 14 Clay International Roland Garros 1997-1999 No SD missing
Morante and Brotherhood (2005) 1.33 NR 12 1.36 NR 6 Grass International Wimbledon 2005 No SD missing
O'Donoghue & Ingram (2001) 1.09 NR 26 1.28 NR 26 Grass International Wimbledon 1997-1999 No SD missing

Mean SD N (Matches) Surface Sex Playing Level Comment Included in MA Reason for exclusion from MA
Filipcic et al. (2021) 17.9 3.4 4 Hard Men International ITF Men's World Tennis Tournament Yes
Mackie (2013) 23.0 NR 9 Hard Men International ATP finals 2012 Yes
Morante and Brotherhood (2005) 17.5 2.4 12 Hard Men International Australian Open 2005 Yes
Stare et al. (2015) 18.0 NR 6 Hard Men International ATP (18.3 y) Yes
Whiteside and Reid (2017) 14.6 2.5 13 Hard Men International Australian Open 2012 - 2016  1st round Yes
Whiteside and Reid (2017) 14.0 2.7 13 Hard Men International Australian Open 2012 - 2016  2nd round Yes
Whiteside and Reid (2017) 16.0 3.2 13 Hard Men International Australian Open 2012 - 2016  3rd round Yes
Whiteside and Reid (2017) 16.6 2.5 10 Hard Men International Australian Open 2012 - 2016  4th round Yes
Mendez-Villanueva et al. (2007) 21.5 4.9 7 Clay Men International ATP (27 y) Yes
O'Donoghue and Liddle (1998) 15.0 NR 9 Clay Men International Roland Garros 1996 Yes
Morante and Brotherhood (2005) 20.5 2.1 12 Grass Men International Wimbledon 2005 Yes
O'Donoghue and Liddle (1998) 11.5 NR 14 Grass Men International Wimbledon 1996 Yes

Men International - Court surface NR Yusoff & Krasilshchikov  (2021) 22.8 6.4 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 Yes
Junior Men International - Court surface NR Yusoff & Krasilshchikov  (2021) 33.4 8.8 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 No Only one study for analysis

Filipcic et al. (2021) 27.5 5.8 6 Hard Men National Juniors (13.9 y) National Championships Yes
Gallo-Salazar et al. (2019) 22.2 3.3 12 Hard Men National Juniors (14.5 y) Morning Yes
Gallo-Salazar et al. (2019) 22.8 1.5 12 Hard Men National Juniors (14.5 y) Afternoon Yes
Kilit and Arslan (2018) 21.8 4.1 13 Hard Men National Juniors (12.2 y) Yes
Stare et al. (2015) 27.6 NR 6 Hard Men National Juniors (13.8 y) Yes
Torres-Luques et al. (2011) 30.1 3.4 8 Hard Men National/Regional Juniors (15.6 y) Yes
Kilit and Arslan (2017) 26.3 4.6 14 Clay Men National Juniors (12.2 years) Yes
Kilit and Arslan (2018) 26.7 4.4 13 Clay Men National Juniors (13 y) Yes

Men Regional Wood Reilly and Palmer (1994) 27.9 3.9 4 Wooden Men Regional  Club-standard (23.4 y) No Regional, wooden floor
Fernandez-Fernandez et al. (2007) 22.0 3.8 7 Hard Women International WTA (17. 3 y) Yes
Mackie (2013) 23.0 NR 9 Hard Women International WTA finals Yes
Morante and Brotherhood (2005) 20.2 2.1 9 Hard Women International Australian Open 2005 Yes
Whiteside and Reid (2017) 14.9 2.7 16 Hard Women International Australian Open 2012 - 2016  1st round Yes
Whiteside and Reid (2017) 15.5 2.9 16 Hard Women International Australian Open 2012 - 2016  12nd round Yes
Whiteside and Reid (2017) 16.3 3.3 16 Hard Women International Australian Open 2012 - 2016  3rd round Yes
Whiteside and Reid (2017) 16.8 2.6 13 Hard Women International Australian Open 2012 - 2016  4th round Yes
Fernandez-Fernandez et al. (2008) 21.0 6.1 7 Clay Women International WTA (17 y) Yes
O'Donoghue and Liddle (1998) 21.3 NR 10 Clay Women International Roland Garros 1996 Yes
Morante and Brotherhood (2005) 21.1 1.6 6 Grass Women International Wimbledon 2005 Yes
O'Donoghue and Liddle (1998) 16.8 NR 11 Grass Women International Wimbledon 1996 Yes
Stare et al. (2015) 23.5 NR 5 Hard Women National Juniors (14.1) No Juniors, SD missing
Torres-Luques et al. (2011) 31.1 3.2 8 Hard Women National/Regional Juniors (15.6 y) No Only two studies for analysis

Notes: NR = Not Reported

Meta-analysis
Mean1 SD1 N1 Mean2 SD2 N2 Surface Playing Level Comment Included in MA Reason for exclusion from MA

Mackie (2013) 23 NR* 9 23 NR* 9 Hard International ATP/WTA finals Yes
Morante & Brotherhood (2005) 17.5 2.4 12 20.2 2.1 9 Hard International Australian Open Yes
Whiteside & Reid (2017) 14.55 2.51 13 14.91 2.72 16 Hard International AO - 1st round Yes
Whiteside & Reid (2017) 13.95 2.68 13 15.45 2.93 16 Hard International AO - 2nd round Yes
Whiteside & Reid (2017) 15.98 3.17 13 16.27 3.32 16 Hard International AO - 3rd round Yes
Whiteside & Reid (2017) 16.59 2.52 10 16.84 2.56 13 Hard International AO - 4th round Yes
O'Donoghue & Liddle (1998) 14.99 NR 9 21.3 NR 10 Clay International Roland Garros Yes
Morante & Brotherhood (2005) 20.5 2.1 12 21.1 1.6 6 Grass International Wimbledon Yes
O'Donoghue & Liddle (1998) 11.52 NR 14 16.81 NR* 11 Grass International Wimbledon Yes
Torres-Luques et al. (2011) 30.1 3.43 8 31.06 3.2 8 Hard National/Region 15.6 y No Juniors 
Stare et al. (2015) 27.6 NR 6 23.5 NR 5 Hard National 13.8  vs 14.1 y No Juniors, one SD is missing

Mean SD N (Matches) Surface Sex Playing Level Comment No Reason for exclusion from MA
Carboch et al. (2019) 1:3.6 0.4 7 Hard Men International Australian Open 2017 No Ratio
Filipcic et al. (2021) 1:5.6 NR 4 Hard Men International ITF Men's World Tennis tournament No Ratio
Mackie et al. (2013) 1:3.5 NR 15 Hard Men International ATP Finals 2012 No Ratio
Carboch et al. (2020) 1:3.9 0.6 7 Hard Men International Australian Open 2017 - New balls No Ratio; subgroup analysis (Carboch et al 2019)
Carboch et al. (2020) 1:3.5 0.4 7 Hard Men International Australian Open 2017 - Used balls No Ratio; subgroup analysis (Carboch et al 2019)
Carboch et al. (2019) 1:3.3 0.5 10 Clay Men International Roland Garros 2017 No Ratio
Mendez-Villanueva et al. (2007) 1:2.0 0.3 8 Clay Men International Invitational ATP No Ratio
O'Donoghue and Liddle (1998) 1:3.5 NR 9 Clay Men International Roland Garros 1996 No Ratio
Carboch et al. (2020) 1:3.5 0.6 10 Clay Men International Roland Garros 2017 - New balls No Ratio ; subgroup analysis (Carboch et al 2019)
Carboch et al. (2020) 1:3.2 0.4 10 Clay Men International Roland Garros 2017 - Used balls No Ratio ; subgroup analysis (Carboch et al 2019)
Carboch et al. (2019) 1:3.7 0.9 7 Grass Men International Wimbledon 2017 No Ratio; only two studies for analysis
O'Donoghue and Liddle (1998) 1:5.0 NR 14 Grass Men International Wimbledon 1996 No Ratio
Carboch et al. (2020) 1:3.8 1.0 7 Grass Men International Wimbledon 2017 - New balls No Ratio; subgroup analysis (Carboch et al 2019)
Carboch et al. (2020) 1:3.9 1.1 7 Grass Men International Wimbledon 2017 - Used balls No Ratio; subgroup analysis (Carboch et al 2019)

Men International - Surface NR Yusoff & Krasilshchikov (2021) 1:4.5 NR 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 No Ratio
Junior Men International - Surface NR Yusoff & Krasilshchikov (2021) 1:3.0 NR 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 No Ratio

Filipcic et al. (2021) 1:3.6 NR 6 Hard Men National National Championships (13.9 y) No Ratio
Gallo-Salazar et al. (2019) 1:2.5 0.7 12 Hard Men National Juniors, morning (14.5 y) No Ratio
Gallo-Salazar et al. (2019) 1:2.7 0.3 12 Hard Men National Juniors, afternoon (14 y) No Ratio
Kilit and Arslan (2018) 1:3.7 0.80 13 Hard Men National Juniors (12.2 y) No Ratio
Torres-Luque et al. (2011) 1:2.5 NR 8 Hard Men National Juniors (15.6 y) No Ratio
Kilit and Arslan (2017) 1:2.1 0.5 14 Clay Men National Juniors (12.2 y) No Ratio
Kilit and Arslan (2018) 1:2.1 0.60 13 Clay Men National Juniors (13 y) No Ratio

Men Regional Wooden Reilly and Palmer (1994) 1:2.5 NR 4 Wooden Men Regional No Ratio; SD missing, regional
Carboch and Plachá (2018) 1:3.8 0.7 16 Hard Women International Australian Open 2017  1st-4th round No Ratio
Carboch and Plachá (2018) 1:4.5 0.4 7 Hard Women International Australian Open 2017  Quarter Finals -Finals No Ratio
Mackie (2013) 1:3.4 NR 15 Hard Women International WTA Finals 2012 No Ratio
Carboch et al. (2020) 1:4.4 0.9 23 Hard Women International Australian Open 2017  New balls No Ratio; subgroup analysis (Carboch and Placha 2018)
Carboch et al. (2020) 1:4.1 1.0 23 Hard Women International Australian Open 2017  Used balls No Ratio; subgroup analysis (Carboch and Placha 2018)
Fernandez-Fernandez et al. (2008) 1:2.1 NR 7 Clay Women International Invitational WTA No Ratio; only two studies for analysis
O'Donoghue and Liddle (1998) 1:2.4 NR 10 Clay Women International Roland Garros 1996 No Ratio; SD missing

Women International Grass O'Donoghue and Liddle (1998) 1:3.2 NR 11 Grass Women International Wimbledon 1996 No Ratio; SD missing
Junior Women National Hard Torres-Luques et al. (2011) 1:2.2 NR 8 Hard Women National Juniors (15.6 y) No Ratio; only one study for analysis, SD missing
Junior Men and Women International Hard Murphy et al. (2016) 1:1.7 NR 36-144 Hard Men/women International Junior ITF Tournament (16 y) No Ratio; no separate data for men and women, SD missing
Notes: NR = Not Reported

 

Mean SD N (Matches) Surface Sex Playing Level Comment Included in MA Reason for exclusion from MA
Men International Grass (best-of-5-sets) Klaassen and Magnus (1998) 3.68 NR 258 Grass Men International Wimbledon 1992-1995 No SD missing

Sanchez-Pay et al. (2021) 2.46 0.50 62 Hard Women International Australian Open 2017-2018 No Only one study for analysis
Sanchez-Pay et al. (2021) 2.50 0.50 62 Hard Women International US Open 2017-2018 No Only one study for analysis

Women International Clay Sanchez-Pay et al. (2021) 2.27 0.44 60 Clay Women International Roland Garros 2017-2018 No Only one study for analysis
Women International Grass Sanchez-Pay et al. (2021) 2.49 0.50 60 Grass Women International Wimbledon 12017-2018 No Only one study for analysis

Mean SD N (Matches) Surface Sex Playing Level Comment Included in MA Reason for exclusion from MA
Regional Men Wood  (best-of-3-sets) Reilly & Palmer (1994) 23 7 4 Wood Men Regional No Only one study for analysis
Junior Men National Clay (best-of-3-sets) Kilit and Arslan (2017) 19 4 14 Clay Men National Juniors (12.2 y) No SD missing, only one study for analysis

Mean SD N (Matches) Surface Sex Playing Level Comment Included in MA Reason for exclusion from MA
Men International All Surfaces Carboch (2017) 9.82 0.25 487 All surfaces Men International All 4 Grand Slams 2016 No Only one study for analysis

Carboch (2017) 9.91 NR 121 Hard Men International Australian Open 2016 No SD missing, only one study for analysis
Carboch (2017) 9.58 NR 118 Hard Men International US Open 2016 No SD missing, only one study for analysis

Men International Clay Carboch (2017) 9.64 NR 123 Clay Men International Roland Garros 2016 No SD missing, only one study for analysis
Carboch (2017) 10.13 NR 125 Grass Men International Wimbledon 2016 No SD missing
Klaassen and Magnus (1998) 9.79 NR 258 Grass Men International Wimbledon 1992-1995 non-final set No SD missing
Klaassen and Magnus (1998) 11.14 NR 258 Grass Men International Wimbledon 1992-1995 final set No SD missing

Women International All surfaces Carboch (2017) 9.32 0.23 497 All surfaces Women International All 4 Grand Slams 2016 No SD missing, only one study for analysis
Carboch (2017) 9.29 NR 123 Hard Women International Australian Open 2016 No SD missing
Carboch (2017) 9.18 NR 125 Hard Women International US Open 2016 No SD missing
Sanchez-Pay et al. (2021) 9.51 2.56 62 Hard Women International Australian Open 2017-2018 No Only two studies for analysis
Sanchez-Pay et al. (2021) 9.38 1.94 62 Hard Women International US Open 2017-2018 No Only two studies for analysis
Carboch (2017) 9.17 NR 125 Clay Women International Roland Garros 2016 No SD missing
Sanchez-Pay et al. (2021) 9.22 1.99 60 Clay Women International Roland Garros 2017-2018 No Only two studies for analysis
Carboch (2017) 9.65 NR 124 Grass Women International Wimbledon 2016 No SD missing
Klaassen and Magnus (1998) 8.89 NR 223 Grass Women International Wimbledon 1992-1995 non-final set No SD missing
Klaassen and Magnus (1998) 9.18 NR 223 Grass Women International Wimbledon 1992-1995 final set No SD missing
Sanchez-Pay et al. (2021) 9.64 2.10 60 Grass Women International Wimbledon 12017-2018 No

Notes: NR = Not Reported

 

Mean SD N (Matches) Surface Sex Playing Level Comment Included in MA Reason for exclusion from MA
Men International Hard (best-of-5-sets) Kovalchik and Reid (2017) 216^ NR NR Hard Men International Australian Open 2016, US Open  2016 No SD missing

Takahashi et al. (2009) 160 NR 16 Hard Men International US Open 2003-2004 No SD missing
Men International Clay (best-of-5-sets) Kovalchik and Reid (2017) 213^ NR NR Clay Men International Roland Garros 2016 No SD missing
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Takahashi et al. (2009) 183 NR 14 Clay Men International Roland Garros 2003-2004 No SD missing
Klaassen and Magnus (1998) 230 NR 258 Grass Men International Wmbledon 1992-1995 No SD missing
Kovalchik and Reid (2017) 221^ NR NR Grass Men International Wimbledon 2016 No SD missing
Takahashi et al. (2009) 191 NR 11 Clay Men International Wimbledon 2003-2004 No SD missing
Filipcic et al. (2021) 193 52 4 Hard Men International ITF Men's  World Tennis Tournament No Only two studies for analysis
Stare et al. (2015) 193 NR 5 Hard Men International ATP No SD missing, only two studies for analysis
Kovalchik and Reid (2017) 130^ NR NR Hard Men International Australian Open 2016, 2017, US Open 2016 (juniors) No SD missing
Stare et al. (2015) 145 NR 6 Hard Men International ITF Jr (13.8 y) No SD missing

Junior Men International Clay (best-of-3-sets) Kovalchik and Reid (2017) 131^ NR NR Clay Men International Roland Garros 2016 (juniors) No SD missing
Junior Men International Grass (best-of-3-sets) Kovalchik and Reid (2017) 137^ NR NR Grass Men International Wimbledon 2016 (juniors) No SD missing

Filipcic et al. (2021) 145.2 22.7 6 Hard Men National National Championships (13.9 y) No Only two studies for analysis
Torres-Luque et al. (2011) 224 22 8 Hard Men National Juniors (15.6) No Only two studies for analysis

Junior Men National Clay (best-of-3-sets) Kilit and Arslan (2017) 121 14 14 Clay Men National juniors (12.2Y) No SD missing, only one study for analysis
Women International Hard Kovalchik and Reid (2017) 129^ NR NR Hard Women International Australian Open 2016, US Open  2016 No SD missing
Women International Clay Kovalchik and Reid (2017) 133^ NR NR Clay Women International Roland Garros 2016 No SD missing

Klaassen and Magnus (1998) 132 NR 223 Grass Women International Wimbledon 1992-1995 No SD missing
Kovalchik and Reid (2017) 130^ NR NR Grass Women International Wimbledon 2016 No SD missing

Junior Women International Hard Kovalchik and Reid (2017) 122^ NR NR Grass Women National Australian Open 2016, 2017, US Open 2016 (juniors) No SD missing
Junior Women International Clay Kovalchik and Reid (2017) 122^ NR NR Clay Women National Roland Garros 2016 (juniors) No SD missing
Junior Women International Grass Kovalchik and Reid (2017) 115^ NR NR Grass Women National Wimbledon 2016 (juniors) No SD missing

Stare et al. (2015) 134 NR 5 Hard Women National Juniors (14.1 y) No SD missing
Torres-Luque et al. (2011) 198 19 8 Hard Women National Juniors (15.6) No Only one study for analysis

Notes: ^Median, NR = Not Reported
 

 

Mean SD N (Matches) Surface Sex Playing Level Comment Included in MA Reason for exclusion from MA
Men International - Court surface NR Yusoff & Krasilshchikov  (2021) 48.0 10.7 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 No Only one study for analysis
Jnuior Men International - Court surface NR Yusoff & Krasilshchikov  (2021) 61.0 18.0 7 NR Men International International tennis tournaments semi-finals and finals 2016 - 2017 No Only one study for analysis

 

Mean SD N (Matches) Surface Sex Playing Level Comment Included in MA Reason for exclusion from MA
Men International All Surfaces Carboch (2017) 6.29 0.12 487 All surfaces Men International All 4 Grand Slams 2016 No Only one study for analysis

Carboch (2017) 6.28 NR 121 Hard Men International Australian Open 2016 No SD missing, subgroup analysis
Carboch (2017) 6.35 NR 118 Hard Men International US Open 2016 No SD missing, subgroup analysis

Men International Clay Carboch (2017) 6.40 NR 123 Clay Men International Roland Garros 2016 No SD missing, subgroup analysis
Men International Grass Carboch (2017) 6.14 NR 125 Grass Men International Wimbledon 2016 No SD missing, subgroup analysis
Men International Grass Klaassen and Magnus (1998) 6.12 NR 258 Grass Men International Wimbledon 1992-1995 No SD missing
Women International All surfaces Carboch (2017) 6.54 0.08 497 All surfaces Women International All 4 Grand Slams 2016 No Only one study for analysis

Carboch (2017) 6.56 NR 123 Hard Women International Australian Open 2016 No SD missing, subgroup analysis
Carboch (2017) 6.54 NR 125 Hard Women International US Open 2016 No SD missing, subgroup analysis

Women International Clay Carboch (2017) 6.63 NR 125 Clay Women International Roland Garros 2016 No SD missing, subgroup analysis
Carboch (2017) 6.43 NR 124 Grass Women International Wimbledon 2016 No SD missing, subgroup analysis
Klaassen and Magnus (1998) 6.46 NR 223 Grass Women International Wimbledon 1992-1995 No SD missing

Notes: NR = Not Reported
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