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Welcome to Issue 18 of the ITF Wheelchair Tennis 
Coaches Review.  In this issue top US quad player Brent 
Poppen discusses his weight-training programme. Tjaša 
Filip� i�  (SLO) looks at some time characteristics within the 
wheelchair tennis game. 
 
Coach education is a priority for the ITF within wheelchair 
tennis.  Recently more than 30 coaches from 22 countries 
attended the ITF Wheelchair Tennis Coaches Workshop in 
Cremona, Italy following the Invacare World Team Cup.  
Through the support of the Cruyff Foundation coaches 
attended from several Silver Fund countries.  Also through 
the assistance of the International Paralympic Committee 
(IPC) a number of additional coaches were also able to 
attend.  This gave coaches from all over the world the 
opportunity to attend presentations delivered by experts in 
wheelchair tennis and to exchange ideas.  The topics 
covered included an overview of ITF programmes, the ITF’s
Play and Stay Campaign, remote coaching, quad tennis 
and reception and perception skills. 
 
This review is just one way of getting information to 
coaches.  Many countries include wheelchair tennis in their 
coach education programmes.  Coaches can learn a lot by 
watching matches at NEC Wheelchair Tennis Tour events.  
The internet, including sites such as You Tube, is a 
valuable source of information. 
 
If you require further information on coaching wheelchair 
tennis please do not hesitate to contact me. 
 
Kind regards, 

 
Mark Bullock 
ITF Wheelchair Tennis Manager 
 
Tel: +44 20 8392 4788 
Fax: +44 20 8392 4741 
Email: mark.bullock@itftennis.com 
Website: www.itftennis.com/wheelchair 
 

ITF Websites 
 

Wheelchair Tennis: www.itftennis.com/wheelchair 
Play and Stay Campaign: www.tennisplayandstay.com 

Coaching: www.itftennis.com/coaching 
ITF Store: https://store.itftennis.com 

 

2008 ITF Wheelchair Tennis Coaches 
Workshop 

Cremona, Italy  
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Weight Training for Quads 
Brent Poppen (USA) 
 
 
 
In 1991, Brent was in a wrestling accident at a church camp. 
A spinal-cord injury (SCI) severe enough to classify him as 
an incomplete quadriplegic (some function in all four of his 
extremities, ended his hopes of continuing his athletic career 
in college. Never one to sit back and watch others "do," he is 
one who "does." Shortly after his accident, the worlds of 
quad rugby and tennis received a new competitor. He is a two sport Paralympic athlete. He 
competes in wheelchair rugby and wheelchair tennis. He  won a bronze medal in rugby at 
the 2004 Paralympics. He competes in both all over the world. He also speaks to students 
and organizations and teaches disabled wakeboarding. His level of injury is the cervical 
vertebras 6 and 7. Brent is always striving to break the stereotypes and associations that are 
attached to being a quadriplegic. Brent has a website: http://www.brentpoppen.com/ 
 
 
After I was injured in a wrestling accident at the age of 16, I had little function and even less 
motivation to stay in shape.  I had been a good athlete before my injury, but certainly did not 
see any future in that after my accident.  Once I started playing wheelchair sports I soon 
realized many great athletes were out there competing in a variety of sports.   

 
After getting involved in tennis and quad rugby, I realized how far behind I was with strength 
and conditioning.  I decided it was time to learn about fitness and what it means to a quad.  I 
took the same mentality I had in the gym before my injury and applied it to my current 
situation.  I didn’t just want to just push my chair around and use light bands and weights for 
my workouts.  I believed and still do that it is beneficial, if possible, to get out of your chair for 
some of your workout. 

 
This is just my approach to working out.  It is by no means the best way….it is just my way.  I 
hope that this helps others who may want to workout, but think that because of their level of 
disability they can’t or that it is too much trouble.  I am a (C -6 / C -7) incomplete 
quadriplegic.  My hands have little function and I have no trunk.  I just want to set the stage 
so that you understand what I am working with.  Just to be thorough I also have zero 
function in my lower extremities.  

 
I always try to start my workouts with a 20-minute cardio session on the hand-bike, so that I 
can get the blood flowing and my heart pumping. I do the hand - bike forward and backward 
so that my shoulders get an even workout.  Once I feel good and warm I try and use the 
larger muscle groups first.  I do this so that I can maximize my strength in these areas.  After 
I have exhausted my larger muscle groups (chest and back) I start working the biceps, 
triceps and shoulders.  In and ideal situation when I am home for an extended period of time 
I prefer to do “split” workouts, meaning that on one day I will do chest and triceps.  The next 
day I will do my back and biceps.  I will work shoulders in on one of those days.  I do not try 
and overdue my shoulders.  I feel that they get a workout even when I am not targeting 
them.  The idea of the “split” workouts is that you are giving your body time to heal before 
the next session.  Even when I am training twice a day I still stay with the split sessions.  I 
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will do heavy weight in the morning workout and lighter weight with more reps in the evening 
workout.  

 
I start with my chest workout.  I transfer on to a free weight bench (30 lb bar) and put on forty 
pounds of weights.  I use this to warm up my chest.  I do 4 sets with eight to ten reps in each 
set.  I then move on to machine weights.  This allows me to do much more weight without 
the extra stress on my wrist.  I use the machine incline, putting 180 to 200 pounds on.  I do 
four sets (eight to ten reps) on both the close and wide grips.  When I am out of my chair I try 
and maximize all the different ways I can use the machine I am lifting on.  I then use the 
Hammer Strength flat press machine where I put on 230 lbs.  I again use two different grips 
so that I can maximize the machine.  I then move on to a free bench and use my blocks (free 
weights that are quad friendly) for chest flies and chest presses.  I always try and do four 
sets with reps of eight or ten.   

 
After my chest workout I stay on the free bench 
and use one block (50lbs) doing overhead tricep 
extensions with both hands.  I then lower the 
weight and do single overhead tricep extensions.  
On the same bench I use the “rubber bands” to 
do more tricep extensions.  This requires using a 
trainer, but it is well worth it.  If you do not have a 
trainer just ask someone in the gym between sets 
for some assistance.  I finish my tricep workout 
on a machine where you push down to extend 
your triceps.  On this machine I try and focus on 
explosion work, trying to push the weight as fast 
as I can.  I usually have it set to 165lbs.  This is 
all done on one day.  I then move on to back and 
biceps the next day. 
 
To start my back workout I sit on a machine out 
of my chair.  I use metal hooks that strap to my 
wrist so that I can pull back on the handles.  I use 
three different grips on this one machine so that I 
maximize my time and workout.  I set it to 110 
pounds and really focus on trying to get full 
extension on all three different grips, again, four 
sets with eight to ten reps on each grip.  I then go 

to the cable-cross over and use the back pull down.  I have to use a trainer and my hooks 
again.  I belt myself to my chair so that I do not pull myself out (which has happened).  I set 
the weight to 165lbs to start.  After each set I increase the weight by one plate heavier.  I use 
a close grip and a wide grip on this machine.  I do four sets with each grip. This is usually the 
end of my back workout. 
  
I then move on to my biceps.  I like to start with the “rubber bands” on the preacher curl.  I 
get out of my chair for this exercise.  I have the trainer step on the rubber band creating a 
tight tension.  She then hands me the handle.  The rubber band is great because there is no 
resting between reps. There is always tension.  I do this exercise till I cannot lift it for another 
rep.  I do four sets, each one until I get complete failure.  I then move over to a bicep 
machine where, again, I am out of my chair.  I like this because it is easy to decrease or 
increase the weight depending on what I feel I need that particular day.  I finish my biceps off 
with my blocks, where I can wedge my hand in and hold them.  I do these last curls in my 
chair leaning forward over my knees.  
  

Photo: Ando Akira 
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My last major strength exercise is shoulders.  I am very careful with my shoulders, as to not 
over extend them.  They get a great workout on the hand bike that I start all my workouts 
with.  I will also use my blocks.  I use light weights while I am sitting on an incline bench.  I 
do front lateral shoulder raises on arm at a time using my other arm to balance myself.  I will 
also use the overhead military press machine.  On this machine I set the weight anywhere 
from 80 to 100 pounds, again doing four sets with reps of eight to ten.   
  
The last thing I want to share is using the weight balls for working out.  I had never used 
them until I was on the Paralympic Rugby team and we were training at the Lakeshore 
Foundation in Birmingham, Alabama, USA.  The trainers there introduced them to me.  I 
have not stopped using this as part of my training since.  I get out of my chair onto the floor.  
My trainer stands over my head dropping a weighted ball.  I catch the ball and throw it back 
to her as high and as fast as possible.  We throw it with both hands first and then switch to 
single arm throws.  She stands over me, behind me, in front of me and on both sides.  We 
use three different weights of balls (10lbs, 8lbs, 5lbs).  Our reps range from 20 to 50, again 
four sets of each.  I am out of my chair a lot when I am training.  It is a huge benefit to get 
out your chair if possible.  I feel it helps improve your balance by working stabilizing muscles 
you may not work while you are in your wheelchair.      
  
I understand how important training is.  I also understand that it can be intimidating to start 
going to gym where you may not know anyone and have no experience.  It is important to 
not feel self-conscious because you are in a chair and training at an “able-bodied” facility.  
People are going to stare and whisper, that is just our reality.  I had the same thing happen 
when I first started.  For me, I took the approach that it was their issue not mine.  I was never 
“ashamed” or felt guilty asking for help if I needed it.  Every day I workout I have to ask for 
help with getting weights off and on machines.  People in the gym understand and are happy 
to help.  I always make sure they know that I appreciate their help.  Paso Robles World Gym 
has been a major reason I have become the athlete I am.  They have asked me what 
equipment I needed and where the best place is to put it in the gym.  They have always 
made sure that I can get to all the pieces of equipment in my chair without any major 
inconveniences.  I have been training there for the last 6 years.  Now people tell me that I 
am their motivation.  I take that as a huge compliment.  I have heard this from people who 
are just trying to become healthier to others who are trying to beat cancer.  It means a lot to 
me that others can use me as a tool to better their lives.  Sometimes if I am tired or sore and 
not wanting to workout I use their thoughts of me to get motivated. 
  
Thanks for letting me share a piece of me with you guys.  We all understand that it is 
important to be active.  I hope that you will incorporate weight training if you are not already.  
If you are already in the gym I hope that I have given you some new ideas.  There are many 
other ways to adapt the gym.  I just tried to share enough to get you started or maybe show 
you something new.  I would like to thank some people who have helped me reach me 
athletic goals so far.  First, Katlyn (my trainer) you are awesome.  You are never afraid to try 
something new and are always pushing me to be my best.  Your energy in the gym is 
unmatched! Randy thanks for always making the Paso Robles World Gym a place I can call 
home.  I never have any accessible issues and that means more to my training than you will 
ever know.  Zupan anytime we get a chance to train together I always learn something new.  
Erika (my wife) thanks for always supporting me, even though I am gone too much and when 
I am home I am at the gym.  Your love and support mean everything to me. 
  
If there are any questions I can be reached at info@brentpoppen.com.  I would be happy to 
help in anyway possible or maybe you can teach me something. 
 
This article first appeared in Sports n Spokes. 
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Time Characteristics of the Wheelchair Tennis Game  
Tjaša Filip� i�  (SLO) 
 
 
 

Tjasa Filipcic is an assistant at the Faculty of Education in 
Ljubljana (Slovenia). She finished Faculty of Sport and 
EMPDAPA study in Leuven (Belgium). In 1996 she started to 
work in different areas of adapted sport, such as recreation, 
elite sport and also research work. She is a promoter of 
wheelchair tennis and also a first coach of this sport in 
Slovenia. She has published one book and several scientific 
articles. 
 
Abstract  
 
The aim of this study has been to analyze time characteristics 

in wheelchair tennis. Data were obtained from 22 singles matches in 2006. Time 
characteristics were analyzed with a computer-vision-based software application 
called the SAGIT/TENNIS tracking system, which had been developed at the Faculty 
of Electrical Engineering in Ljubljana (Slovenia) accordingly. This software 
application was used to automatically obtain player motion data from the digitized 
video recordings of a tennis match. 
 
Within the time characteristics it has been established that the active part 
represented 19.68% of the total playing time, while the passive one represented 
80.32%. The average time of an individual rally lasted 4.16 seconds and 2.23 strokes 
were played in each rally. In the first time class 70% of all rallies were finished. Each 
half of the tennis court was divided into 14 regions in order to measure the average 
time spent in each region. It was found out that in regions 1 and 4, representing base 
position in wheelchair tennis, most of the active time was spent. There were no 
statistically significant differences between the winners and losers in the percentage 
of time spent in a particular region. 
 
Introduction 
 
Match analysis is an area of sports science that has matured over recent decades 
and has taken advantage of technological advances. It is also a term used to 
describe the analysis of actual sports competition. Two different approaches can be 
observed: firstly, practical match analysis exercises that are used within media and 
coaching contexts to evaluate individual matches. This type of match analysis activity 
is characterized by the need to produce rapid performance information. Secondly, 
theoretical match analysis is a research discipline within sport that can discover 
general properties of competitive sport rather than merely retrospectively analyzing 
unique characteristics of matches for historical purposes. Theoretical match analysis 
research is important for all five purposes of notational analysis such as: technical 
and tactical evaluation, analysis of movement, performance modeling and 
effectiveness of coach and player education (O©Donoghue, 2004). Several studies of 
match analysis in different able-bodied sports (including racket sports) have been 
published: squash, badminton, table tennis and tennis (Lees, Kahn and Maynard, 
2003). That cannot to be stated for adapted sport and in particular for wheelchair 
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tennis. Most of the tennis principles that apply to the able-bodied game apply to 
wheelchair tennis, especially in areas such as strokes, grips, tactics, corrective 
techniques, teaching methodologies, progression, mental training and match 
preparation. It can be stated that wheelchair tennis is tennis, only played in a seated 
position (Polic, 2000). Anyhow, differences need to be pointed out, such as: methods 
of mobility, movements to the ball and two bounces allowed, basic stroke sequence, 
recovery approaches, generating torque, recovery and physical consideration. In 
spite of the similarities only few researches into wheelchair tennis have been done so 
far. 
 
In able-bodied tennis several studies researching time characteristics were 
published. Planinšek (1995) analyzed two final matches in the French Open and U.S. 
Open. It was found out that the rally on clay surface lasted 8 seconds, while on hard 
court lasted 6.62 seconds. The ratio between the active (rally) and passive phase 
was 1:4.55 on clay surface and 1:4.95 on hard court. 74.6% of the rallies were 
finished in 10 seconds. A stopwatch was used; therefore the results can be 
questionable in terms of accuracy of the method used. Hughes and Clark (1995) 
used a computerized notation system to analyze the differences in the playing 
patterns of tennis players on grass at Wimbledon, to those in the Australian Open on 
synthetic surface. They found differences in performance between the two surfaces; 
particularly so during the time the ball was in play. This movement averaged about 
10% on synthetic surface (14 minutes in an average match of just over 2 hours), 
while it was as low as 5% on grass (7 minutes in an average match of just over 2 
hours). The game on grass resulted in shorter rallies (2.52 seconds compared to 
4.87 seconds in the Australian Open). O’Donoghue and Liddle (1998 a in 1998 b) 
researched time characteristics on a larger number of matches (N=34) in the French 
Open and Wimbledon. In ladies’ singles the rally lasted 8.05 seconds (SD=6,14) 
compared to men’s singles where the rally lasted 5.64 seconds (SD=4,69). On grass 
this time was shorter: in ladies’ singles 5.99 seconds (SD=4,33) and in men’s singles 
3.69 seconds (SD=2,54).  
 
In wheelchair tennis the only similar research was presented by Bullock and Pluim 
(2003) who analyzed the duration of active phases on synthetic surface at the 2000 
Paralympic Games in Sydney, Australia. In 3 matches (449 rallies) the average rally 
lasted 9.6 seconds. No ratio between the active and passive phase was reported. 
Authors suggested that more in-depth analysis was needed and a larger number of 
rallies were to be analyzed. In addition, a more accurate system than a stopwatch 
was to be used in order to get accurate results. 
 
Therefore, the aim of the present research has been to analyze time characteristics 
in wheelchair tennis with computer-vision-based software application called 
SAGIT/TENNIS tracking system. In addition, differences between winners and losers 
for time spent in particular region on the tennis court were analyzed. 

 
 
Methods 
Subjects 
 
The sample of players was presented by 15 male wheelchair tennis players 
(paraplegics). The mean of age was 39.06 (SD=8.24). All players were training 
regularly (with at least two training sessions per week). Fourteen players had a 
complete and acquired spinal cord injury (Th 6- Th 12), while one player had 
congenital physical impairment. They were wheelchair users and had been playing 
wheelchair tennis for at least 5 years. All of the participants were right handed. None 
of the players played tennis on the competition level before the injury. Five players 
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were ranked on the ITF wheelchair tennis world-ranking list while 10 were not (due to 
financial reasons). 
 
Procedures 
 
The relevant data were obtained at the Tennis Centre Triglav Kranj (Slovenia) where 
all the matches were played on hard court under the same conditions for all the 
participating players. All tennis matches were recorded with fixed SVHS video 
cameras (Ultrak CCD Color KC 7501 CP) with the frequency of capturing input 
images of 25 Hz. Each camera was fastened to the ceiling, therefore its wide-angled 
lens (Ultrak KL 28141s 2.8 mm, Japan) covered the entire half of the court. The 
cameras did not interfere with the play and could not be hit by the tennis ball. The 
video-recordings were digitized using the Video DC30* video digitizer hardware 
(Miro, Germany) with the resolution of 384x576 at 2 MB.s-1 data rate, while the 
processing was carried out at a resolution of 384 x 288 pixels. 
 
Digital images were processed with the SAGIT/TENNIS tracking system. Conversion 
into numerical data was carried out using the following steps: 

1. recording tennis matches on S-VHS video cassettes and DVDs 
2. re-recording and compression of the recordings into DVD format 
3. calibration of the recordings (time and space calibration 
4. data processing with the SAGIT/TENNIS tracking system (human movement 

analysis) 
5. data processing with the SAGIT/TENNIS tracking system (notation of strokes, 

rallies and passive phases) 
6. importing data into the database 
7. exporting data from the database; data processing with statistical programme 

SPSS 13.0 for Windows 
 

Sample of variables 
 
The sample of variables has been obtained at 22 singles matches (44 sets and 339 
games) with the total playing time (TIME) of 71.456 seconds (1.190.90 minutes). All 
matches were finished in two sets (2:0). During this time 6.592 phases were 
analyzed of which 3.307 rallies (NR) and 3.285 passive phases (NPP) (shown in 
Table 1). The rally indicates the time when the ball is in play; i.e. from the moment it 
is thrown from the hand when serving until it hits the net (error) or it touches the 
ground after the 3rd bounce (winning stroke). The passive phase indicates the time 
when the ball is out of play or the time between two rallies.  
 
The sample of variables also includes the average time of the rallies (ATR), the 
average time of passive phases (ATPP) as well as the percentage of rallies in total 
playing time (PTR). The duration of rallies was divided into 4 time classes: 

- the 1st time class: the percentage of rallies lasting up to 5 seconds (PR5) 
- the 2nd time class: the percentage of rallies ranging from 5 to 10 seconds 

(PR5-10) 
- the 3rd time class: the percentage of rallies ranging from 10 to 20 seconds 

(PR10-20) 
- the 4th time class: the percentage of rallies lasting longer than 20 seconds 

(PR20) 
 
Furthermore, time characteristics were observed with respect to the region (R1-14) 
on the court. Therefore, each half of the court was divided into 14 regions (according 
to Schönborn, 1999) and marked with numbers (1-14). Regions are presented in 
Figure 1.  
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Data analysis 
 
The basic statistical parameters of all the time variables were computed in the first 
phase of the data analysis (min, max, sum, mean, K-S). In the second part ANOVA 
was used to compare statistical differences between winners and losers in time spent 
in particular region on the tennis court. 
 
Results and discussion 
 
In Table 1 descriptive statistics for time variables in all tennis matches are presented. 
All variables in Table 1 show normal distribution (Kolmogorov-Smirnov test of normal 
distribution) except for PR20. 
 
Table 1: Descriptive statistic for time variables in 22 wheelchair tennis matches 

VARIABLE N MIN MAX SUM MEAN SD K-S SI
G 

TIME 22 1132 5510 71456 3248,0
0 

1097,2
8 

,49 ,96 

NR 22 56 261 3307 150,32 43,81 ,69 ,71 

NPP 22 55 260 3285 149,32 43,81 ,69 ,71 

APART 22 294,
48 

1178,
88 

13633,
96 619,72 188,92 ,67

1 
,75 

ATR 22 3,24 5,56 91,69 4,16 ,60 ,53 ,93 

ATPP 22 12,0
0 23,76 383,09 17,41 2,82 ,85 ,46 

PTR 22 13,6
1 26,01 433,07 19,68 3,59 ,89 ,39 

PR5 22 53,5
9 88,44 1540,0

4 70,00 7,96 ,42 ,99 

PR5-10 22 8,84 32,43 510,68 23,21 5,12 ,66 ,77 

PR10-20 22 1,60 16,99 140,54 6,38 4,07 ,56 ,90 

PR20 22 ,00 3,57 8,74 ,39 ,79 1,5
4 

,01
7 

Legend: TIME: the total playing time; NR: the number of rallies; NPP: the number of 
passive phases; APART: the active part of the match; ATR: the average time of rally; 
ATPP: the average time of passive phases; PTR: the percentage of rallies in total 
playing time; PR5: the percentage of rallies lasting up to 5 seconds; PR5-10: the 
percentage of rallies ranging from 5 to10 seconds; PR10-20: the percentage of rallies 
ranging from 10 to 20 seconds; PR20: the percentage of active rallies lasting longer 
than 20 seconds 
 
Total playing time (TIME) 
 
The total playing time of all matches was 71,546 seconds. It included rallies and 
passive phases and was then analyzed. The results showed that players needed on 
average 3,248 seconds (54.13 minutes) to finish the match. High SD is indicated. 
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Namely, where the difference between the winners and losers was significant, the 
matches had finished earlier.  
 
Active part of the match (APART)  
 
The active part of the match is the time in which only rallies are included; and in 
which the ball is in play. The average active part of the match lasted 619.72 seconds 
(10.32 minutes) which represented 19.68% of the total playing time (PTR – the 
percentage of rallies in total playing time). This percentage was varying – the lowest 
was 13.61% and the highest was 26.01% in an individual match. These percentages 
are higher when compared to those in the research by Hughes and Clark (1995) in 
able-bodied tennis. There it was established that the active part represented in 
average 10% of the total playing time on synthetic surface and 5% on grass surface.  
 
Duration of rallies (ATR)  
 
3,307 rallies were analyzed. In average 150 rallies were performed in an individual 
match, although high SD (43.81) was noted. Namely, where the difference between 
the winners and losers was significant less rallies were performed in the total match.  
 
The average time of an individual rally was 4.16 seconds, which is less in 
comparison to the research by Bullock and Pluim (2003) who found particular rally 
lasted 9.7 seconds. The difference can be explained by the different surfaces, which 
define the bounce speed of a ball. This speed determines the time frame in which the 
player approaches and hits the ball and then returns to the base position. It is to be 
noted hard court surface in our research was very fast. Additional reason can be 
found in different impairment of the participants. The participants in our research had 
high spinal cord injury (Th 6 – Th 12), while those in research by Bullock and Pluim 
(2003) had lower limb amputation. The latter enables tennis players to function faster 
and more sufficient. Thus they are able to retain the ball longer in play. This was 
confirmed also by a number of strokes in the rally where players exchanged 4.7 
strokes (in the research by Bullock and Pluim, 2003) as compared to only 2.2 strokes 
per rally in our research. 
 
A longer duration of the rally was reported also in able-bodied tennis (Planinšek, 
1995) 6.62 seconds; O©Donoghue and Liddle (1998 b) 5.99 seconds; Pe� elin (2006) 
7.5 seconds. Ferjan (2001) and Pintari�  (2002) pointed out that the active phases on 
clay and grass surfaces had shortened from the year 1988 to the years 2001/2003. 
On clay surface: from 12.2 seconds in 1988 to 4.77 seconds in 2001; on grass 
surface: from 8 seconds in 1988 to 6.13 seconds in 2002. Zlatoper (2002) also 
reported differences – on grass surface: 2.7 seconds, on hard court: 3.8 seconds and 
on clay surface: 8.2 seconds. The reported duration of the rally was longer than in 
our research. 
 
Distribution of rallies into four time classes (PR5, PR5-10; PR10-20, PR20) 
 
Four time classes were shaped in order to distribute the duration of rallies. It was 
found out that 70% of all rallies ranged from 0 to 5 seconds (the 1st time class), 
23.2% from 5 to 10 seconds (the 2nd time class), 6.4% from 10 to 20 seconds (the 3rd 
time class) and 0.4% lasted longer than 20 seconds (the 4th time class) (shown in 
Graph 1). The results are similar to those of Pe� elin (2006) where 74% of all rallies 
were shorter than 10 seconds, 22.5% ranged from 10 to 25 seconds and only 3.5% 
lasted longer than 25 seconds. 
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Graph 1: Distribution of rallies into four time classes 
 
 
Passive part of the match (ATPP) 
 
The passive part of the match is the time in which players rest, relax, prepare for the 
next active phase, change sides and pick up (collect) balls. It is to be indicated no 
ball boys were used in our research. The total passive time lasted 57,822.04 seconds 
(963.7 minutes); 2.628.27 seconds (43.8 minutes) in average per match; it also 
represented as 80.32% of the total playing time (Graph 2). The average time of an 
individual passive phase lasted 17.41 seconds. If there were ball boys involved, this 
phase would probably be shorter. The passive part has been analyzed in many 
researches in able-bodied tennis (Planinšek, 1995; Pe� elin, 2006). The results are 
similar to those in this research, namely the passive part prevailed in the tennis 
match. 
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Graph 2: Ratio of rallies and passive part in wheelchair tennis 
 
Rallies in particular region on tennis court (PTR1-14) 
 
Each half of the tennis court was divided into 14 regions (Figure 1) in order to 
measure the average time spent in a particular one. Tables 2 and 3 show the 
percentage of time spent in a particular region for winners (w) and losers (l). 
 
 
 
 
 
 
 
 



 11

 
Table 2: Descriptive statistics of time spent in particular region for winners 

VARIABLE N MIN MAX SUM MEAN SD 

PTR1_w 22 16,38 62,88 1006,70 45,75 12,93 

PTR2_w  22 4,65 13,99 194,22 8,82 3,07 

PTR3_w 22 3,73 24,11 285,60 12,98 4,60 

PTR4_w 22 3,08 70,99 636,62 28,93 17,70 

PTR5_w 22 ,00 ,69 2,18 ,09 ,18 

PTR6_w 22 ,00 ,61 3,28 ,14 ,19 

PTR7_w 22 ,39 6,60 52,47 2,38 1,78 

PTR8_w 22 ,00 ,87 4,91 ,22 ,23 

PTR9_w 22 ,00 1,53 9,79 ,44 ,46 

PTR10_w 22 ,00 ,92 ,96 ,04 ,19 

PTR12_w 22 ,00 1,41 2,69 ,12 ,34 

PTR14_w 22 ,00 ,23 ,53 ,02 ,06 
Legend: PTR1_w - PTR14_w: the percentage of time spent in region 1 to 14 for 
winners 
 
Table 3: Descriptive statistics of time spent in particular region for losers 

VARIABLE N MIN MAX SUM MEAN SD 

PTR1_l 22 21,48 64,10 1050,90 47,76 11,44 

PTR2_l 22 2,91 19,21 197,40 8,97 3,98 

PTR3_l 22 2,81 17,24 281,90 12,81 3,56 

PTR4_l 22 9,59 56,87 600,88 27,31 14,72 

PTR5_l 22 ,00 ,61 2,89 ,13 ,17 

PTR6_l 22 ,00 ,44 2,19 ,09 ,12 

PTR7_l 22 ,00 7,72 46,95 2,13 1,80 

PTR8_l 22 ,00 2,83 6,01 ,27 ,59 

PTR9_l 22 ,00 2,02 7,68 ,34 ,43 

PTR10_l 22 ,00 ,19 ,19 ,00 ,04 

PTR12_l 22 ,00 ,55 1,82 ,08 ,14 

PTR13_l 22 ,00 ,65 ,79 ,03 ,13 

PTR14-l 22 ,00 ,22 ,42 ,01 ,06 

Legend: PTR1_l - PTR14_l: the percentage of time spent in regions 1 to 14 for losers 
 
In Tables 2 and 3 and in Figure 1 it is shown that in Region 1 (R1) the winners 
(presented on the left side of the court) and the losers (presented on the right side of 
the court) spent most of the time in the rally (45.8% and 47.8%). This indicates that 
almost half of the rallies were spent in this region. Most of the strokes were 
performed in this region, particularly serve, forehand and backhand return and also 
basic strokes such as forehand and backhand.  
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Region 4 (R4) is an area, which lies behind the base line. There the player is allowed 
to hit the ball after the second bounce. In this region the winners spent 28.9% and 
losers 27.3% of their active time. The difference is small and not significant. F4 
represents the optimum position for the players to prepare themselves for the next 
stroke after the second bounce. 
 
When comparing the forehand side (R2) and the backhand side (R3) the players 
spent more time in R3. This means that they directed the ball to the backhand side of 
their opponents, which is usually the weaker side (Filip� i�  and Filip� i� , 2006).  
 
In Region 7 (R7), which is called “no man’s land”, the players are in extremely difficult 
position to hit the ball. Usually the ball bounces over a player, if he “freezes” in the 
middle of the court. This circumstance indicates the percentage of time spent in R7 
where the players spent a small part of the active time; the winners spent 2.38% and 
losers 2.13%.  
 
In other regions the percentage of time spent was very low (R8, R9, R10, R11, R12, 
R13, R14). There was even no movement in R11 (for winners and losers) and R13 
(for losers). Therefore, they were left out of Tables 2 and 3.  
 
One-way ANOVA (Table 4) did not prove any statistically significant differences 
between the winners and losers in the percentage of time spent in a particular region. 
That was a surprise for us. Namely, qualitative observations in the match showed 
winners usually covered more region of the court. Results in our research indicate 
that both winners and losers had similar tactical plans: long shots to the base line 
and attack on the backhand side of the opponent. Additional research is needed to 
find variables that distinguish winners from losers (speed, length of movement). 

 

45,8% 2,4% 0,1%

13%

8,8% 0,2%

0,4% 0,02%

0%

28,9%

0,1%

0,1% 0%

0,04%

47,8%2,1%0,1%

0,04% 0,3 9%

0,02% 0,3% 12,8%

0% 0,1%

0,01%
0,1%

27,3%

 
Figure 1: Time spent in particular region for winners (presented on the left side of the 
court) and losers presented on the right side of the court 
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Figure 2: Movement in the particular match (red colour for winner and yellow for 
loser) 
 
Table 4: Differences between winners and losers in observed wheelchair tennis 
matches 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lege

nd: 
W: winners; L: losers 
 
 
Conclusions 
 
Wheelchair tennis is a game in which the passive phases represent the major part. 
Namely, rallies represent less than 20% of the total playing time. The results are 
similar to those in able-bodied tennis. The average time of an individual rally was 
4.16 seconds. 70% of all rallies lasted up to 5 seconds, while only 0.4% lasted longer 
than 20 seconds. On the basis of these findings it can be concluded that wheelchair 
tennis is an anaerobic lactate activity. As regards the active time spent in particular 
region it was found out that most of it was spent around the base line; and only little 
time was spent close to the net. 
 
No statistically significant differences were found between the winners and losers. 
This indicates that both winners and losers had similar tactical plans: long shots to 
the base line and attack on the backhand side of the opponent. Additional research is 
needed to find variables that distinguish winners from losers (speed, length of 
movement). 

VARIABLE GROUP MEAN SD F P 

PTR1 W 
L 

45,75 
47,76 

12,93 
11,44 ,298 ,588 

PTR2 W 
L 

8,82 
8,97 

3,07 
3,98 ,018 ,894 

PTR3 W 
L 

12,98 
12,81 

4,60 
3,56 ,018 ,893 

PTR4 W 
L 

28,93 
27,31 

17,70 
14,72 ,109 ,742 

PTR7 W 
L 

2,38 
2,13 

1,78 
1,80 ,215 ,645 

PTR9 W 
L 

,44 
,34 

,46 
,43 ,494 ,486 
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The results of this study have scientific and applicable value. With the help of 
computer-vision-based software application – SAGIT/TENNIS tracking system an 
important progress in analyzing wheelchair tennis has been made. Based upon the 
complex analysis of time characteristics in this research the frames of workload in 
tennis matches and training have been proposed. This will enable tennis coaches to 
plan the process of training with respect to the technical and tactical requirements as 
well as to the physical conditioning preparation. For example, we suggest short 
distances to be made, lasting from 4 to 5 seconds, during the physical conditioning 
preparation.  
 
Further research is needed in the region of wheelchair tennis players’ work-load 
(such as movement velocity of players and distance covered) as well as in the region 
of different surfaces used. 
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  Resources 
 
 
ITF Wheelchair Tennis Coaches Manual 
 

Written by former Wheelchair Tennis Development Officer 
Marko Polic, the ©ITF Wheelchair Tennis Coaches Manual© 
looks at all aspects of wheelchair tennis, focussing on the 
unique aspects of wheelchair tennis techniques and 
tactics.  
 
The Coaches Manual is not written to instruct the coach on 
how to teach, but rather gives coaches what they need to 
know about wheelchair tennis in order to apply their 
knowledge to tennis and coaching. 
 
 

 
More Than Tennis  
 

©More Than Tennis©, a glossy hardback book 
available on general release, was published to 
commemorate the first 25 years of wheelchair 
tennis; from its beginnings in 1976 in California, 
USA, where Brad Parks first started playing in a 
wheelchair, to the current day when wheelchair 
tennis is played in over 100 nations and is one of the 
most popular disabled sports in the world. 
 
Author Sarah Bunting, with the assistance of 
numerous people, has captured the feelings and 

passion of the sport in this historical record of wheelchair tennis to date. 
 
PLEASE NOTE THAT BOTH 'MORE THAN TENNIS' AND THE 'ITF WHEELCHAIR 
TENNIS COACHES MANUAL' CAN NOW ALSO BE ORDERED ONLINE AT THE 
NEW ITF ONLINE STORE. 
 
 
Serve Tennis Up to Everyone (Tennis Australia) 
 

Tennis Australia have updated their resources on 
coaching tennis players with a disability.  This excellent 
resource is a must read for any coach involved in tennis 
for people with a disability and it includes a section 
specifically on wheelchair tennis.  It comes in either book 
or cd form and is AUD16.50 (not including postage).   
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Wheelchair Tennis Doubles (Tennis Canada) 
 

Louis Lamontagne-Muller has written the first ever manual on wheelchair 
tennis doubles.  It is intended to assist athletes and players in developing 
their doubles knowledge and skills.  The manual is available for CDN$23 
plus tax.  To place an order please email Janet Petras at 
petras62@aol.com. 
  
 

ITF Coaching Weblet 
 
For information relating to coaching please visit:  
http://www.itftennis.com/coaching/ 
 
There are several interactive e-learning presentations on this weblet including one on 
physical conditioning in wheelchair tennis in English and a presentation in Spanish by 
David Sanz (ESP). 
 
 

Spanish Coaching Manual 
 
David Sanz (ESP) has written a comprehensive book on wheelchair 
tennis in Spanish.  It includes all the information a coach requires.  There 
is section on introductory skills and games appropriate for 
schoolteachers and physical therapists delivering wheelchair tennis in an 
educational or rehabilitation environment. 
 

 
French Coaching Manual 
 

 
Pierre Fusade (FRA) has written a wheelchair tennis coaches 
manual in French.  This excellent publication will prove a valuable 
resource in French-speaking countries and is definitely worth a 
read. 
 
To order copies of this publication please contact Pierre Fusade on: 
Fusadeplm@aol.com 
 

 
More information 
 
If you would like information on organising wheelchair tennis programmes or coaching 
wheelchair tennis do not hesitate to call the ITF Wheelchair Tennis Department on +44 (0) 20 
8392 4788. 
If you know of other coaches who would like to receive wheelchair tennis coaching 
information please ask them to send their name, address, email and an outline of their 
coaching experience to mark.bullock@itftennis.com. For coaches wanting more information 
on the NEC Wheelchair Tennis Tour, world rankings, player profiles, head to head results 
please visit the ITF website: www.itftennis.com/wheelchair. If you want to visit an NEC Tour 
event please refer to the website, www.itftennis.com/wheelchair for the tournament schedule. 
 

 
The articles in the ITF Wheelchair Tennis Coaches Review are written by a variety of 

contributors and the opinions expressed are not necessarily those of the ITF. 


