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Abstract

 This study compared the effects of a concurrent flow resistance (cFR) device versus a 
concurrent pressure threshold resistance (cPTR) device on lung function and aerobic ca-
pacity in wheelchair rugby (WR) athletes with tetraplegia. Using a 9-week pretest-posttest 
control group design, 24 male athletes were matched by lesion level, injury completeness, 
and rugby classification before random assignment to 1 of 3 groups: (a) cPTR, (b) cFR, or 
(c) control (coN). Maximum voluntary ventilation (MVV), maximum inspiratory pres-
sure (MiP), and 1-mile time trial performance (TT) were measured. Significantly greater 
improvements were observed in time trial performance for cPTR versus coN (p = .038) 
and in MVV for cFR versus cPTR (p = .027).  The results support the use of training with a 
cFR device in order to improve overall lung function, and to a lesser extent, with a cPTR 
device to improve cardiorespiratory endurance. Any effect that a training device may have 
on the cardiorespiratory endurance of WR athletes is worthy of consideration.
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due to the high level of their spinal 
cord injury, persons with tetraplegia expe-
rience compromised cardiovascular endur-
ance and respiratory function (Bodin, kreu-
ter, Bake, & olsen, 2003; Brown, diMarco, 
Hoit, & Garshick, 2006; liaw, lin, cheng, 
Wong & Tang, 2000; Zimmer, Nantwi, & 
Goshgarian, 2007). For wheelchair ath-
letes, this, in general, limits their athletic 
ability (Bhambhani et al., 1995; Janes-
sen, dallmeijer, Veeger, & van der Woude, 
2002; Uijl, Houtman, Folgering & Hopman, 
1999). Research addressing the most effec-
tive means of improving key aspects of ath-
letic performance, including cardiorespira-
tory endurance and respiratory function, 
on specific groups of wheelchair athletes 
is growing (Bhambhani, 2002; campbell, 
Williams, & lakomy, 2004; Goosey-Tolfrey, 
2005; Gulick, Berge, Borger, edwards, & 
Rigterink, 2006; litchke et al., 2008; Price, 
davidoff,  & Balady, 2000; van der Woude, 
Veeger, & Gwinn, 2002). For persons with 
tetraplegia, wheelchair rugby (WR) has be-
come one of the most popular sports. More 
than 400 players regularly participate in 
organized WR competitions in the United 
States (United States Quad Rugby Asso-
ciation [USQRA], 2007a).  due to both the 
limitations imposed by their injuries and 
the popularity of WR, research designed to 
investigate the effects of the most effective 
training techniques for WR athletes is war-
ranted.

one of the most widely investigated 
training techniques for persons with tet-
raplegia is respiratory resistance training 
(RRT). There are four main types of RRT: 
(a) inspiratory pressure threshold resis-
tance (iPTR; cruzado, Jones, Segebart, & 
Mcdonaugh, 2002; loveridge, Badour, & 
dubo, 1989), (b) inspiratory flow resistance 
(iFR; liaw et al., 2000), (c) concurrent flow 
resistance (cFR; litchke et al., 2008), and 
(d) concurrent pressure threshold resis-
tance (cPTR; litchke, 2007). The vast ma-

jority of research has been on iFR (Biering-
Sorensen, knudsen, Schmidt, Bundgaard, 
& christensen, 1991; derrickson, ciesla, 
Simpson, & imle, 1992; Gross, ladd, Riley, 
Macklem , & Grossino, 1980; Hornstein, & 
ledsome,1986; liaw et al.; Rutchik et al., 
1998; Uijl et al.,1999), targeting the in-
spiratory muscles only, in untrained per-
sons with tetraplegia. To date, only one 
study has been conducted that specifically 
involved trained wheelchair athletes (five 
participants were WR athletes with tetra-
plegia) using a cFR device (litchke et al.). 
in that study, improvements in lung func-
tion, though not athletic performance, 
were observed (litchke et al.). 

Though the least investigated, cFR and 
cPTR training show promise in enhancing 
aspects of athletic performance (litchke 
et al., 2008; Nicks, Farley, Fuller, Morgon, 
& caputo, 2006). This form of training is 
different from the others in that it targets 
both inspiratory and expiratory muscles 
simultaneously (litchke et al.); however, 
the research involving the use of a cPTR 
device has been primarily limited to able-
bodied athletes (Amonette & dupler, 2002; 
Barnes, McGee, Butler, & Galbreath, 2006; 
Nicks et al., 2006; Wells, Plyley, Thomas, 
Goodman, & dufflin, 2005). in those stud-
ies, training with a cPTR device resulted 
in improvements in respiratory function 
(Amonette & dupler; Barnes et al.; Wells 
et al.) and intermittent sprint performance 
(Nicks et al.). Based on these positive find-
ings, perhaps wheelchair athletes would 
experience similar benefits from training 
with a cPTR device.  

To date, there has been no well-
designed, randomized study involving a 
control group that evaluated the effects of 
training with cFR and cPTR devices on the 
performance of WR athletes with tetraple-
gia. Thus, the purpose of this study was to 
compare the effects of training with a cFR 
device versus a cPTR device on respira-
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tory function and aerobic capacity in WR 
athletes. Based on the consistently posi-
tive results of training with cPTR devices 
on able-bodied athletes (Amonette & du-
pler, 2002; Barnes et al., 2006; Nicks et al., 
2006; Wells et al., 2005), we hypothesized 
that WR players who took part in 9 weeks 
of RRT with a cPTR device would demon-
strate greater improvements in lung func-
tion and cardiovascular endurance when 
compared to WR players using a cFR de-
vice or no device.

Method 
Participants

Twenty-four male participants, 18 to 
50 years of age, were recruited from three 
USQRA sanctioned WR teams in Texas. All 
participants competed on state, national, 
and/or US Paralympic rugby teams, and 
continued to maintain their training and 
level of competition throughout the dura-
tion of the study. The rugby classifications 
of these athletes ranged from .5 to 3.5 
(USQRA, 2007b), and their level of injury 
ranged from c5-c7. eleven participants 
had complete lesions, 11 had incomplete 
lesions, one had spastic cerebral palsy, 
and one had congenital upper and lower 
limb deformities. in an attempt to main-
tain the largest possible sample size, the 
participants with non-spinal cord lesions 
were included in the study. Participants 
were first matched according to rugby clas-
sification, level of injury, and completeness 
of injury and then randomly assigned to 
one of three groups: (a) cPTR group (n = 8), 
(b) cRF group (n = 8), or (c) control group 
(coN, n = 8). of the initial 24 participants, 
16 returned for post-testing (cPTR = 4, cFR 
= 5, coN = 7). Six athletes withdrew for 
unspecified reasons and two athletes were 
dismissed from the study for non-com-
pliance. The demographic data for the 16 
completers are presented in Table 1.

This investigation was submitted to 
and approved by the university’s insti-

tutional Review Board. After providing a 
detailed description of testing procedures, 
written consent was obtained from each 
participant. 

Materials

A calibrated wheelchair scale (Scale-
Tronix 2002, White Plains, NY) was used 
to obtain weight and a lufkin flexible steel 
tape measure (cooper industries, Houston, 
TX) was used to determine height. An easy 
one Spirometer® (ndd Medical Technolo-
gies, Andover, Md) was used to measure 
maximal voluntary ventilation (MVV). A 
manometer (instrumentation industries, 
Bethal Park, PA) was used to measure maxi-
mal inspiratory pressure (MiP), also referred 
to as Negative inspiratory Force (NiF).  

The expand-a-lung™ device (expand-
a-lung inc., Miami, Fl) was used by the cFR 
group. This device consisted of a flexible, 
long-bite silicone mouthpiece connected 
to a two-way valve. Air flow through the 
two-way valve was controlled by a single 
resistance-adjustment dial with seven lev-
els of resistance. By turning the dial .32 cm 
clockwise (e.g., one level to the next), the 
participant was able to increase resistance 
to air flow. on the eighth turn, air flow was 
occluded. 

The Powerlung® BreatheAir device 

(Powerlung inc., Houston, TX) was used 
by the cPTR group. This device consisted 
of a plastic cylinder with a mouthpiece on 
one end, an inspiratory valve on the op-
posite end, and an expiratory valve un-
derneath the mouthpiece. The inspiratory 
and expiratory valves were controlled by 
separate resistance-adjustment dials with 
six and three levels of resistance, respec-
tively, which each capable of being turned 
independently of the other. By turning the 
dial 1/8th of a turn clockwise (e.g., one level 
to the next), the participant was able to 
increase resistance to inspiratory airflow. 
likewise, by turning the dial 1/8th of a turn 
counter clockwise, the participant was able 



54 respIratory traININg IN wheelchaIr athletes

to increase resistance to expiratory air-
flow.  on the final turn of the inspiratory 
or expiratory valve, airflow was occluded.

Procedure

Pre and post-testing occurred at a uni-
versity student recreation center. Though 
all three groups participated in pre/post-
testing, only the two treatment groups un-
derwent either RRT training with a cFR or 
cPTR device. in preparation for pre-testing, 
all participants: (a) were provided pre-test 
instructions (American college of Sports 
Medicine [AcSM], 2006a); (b) gave their 
written consent; (c) completed a medical 
health appraisal questionnaire; and (d) 
underwent preliminary testing to enhance 
familiarity with testing procedures. Par-
ticipants were screened for any obstruc-
tive lung diseases prior to testing using the 
medical health appraisal. There was no in-
dication of the presence of a pre-existing 
lung condition in any of the participants. 

during pre-testing, participants com-
pleted measurements of: (a) body weight 
and height, (b) MVV, (c) MiP, and (d) one-
mile time trial (TT). The participants were 
also asked to rate their level of physical ac-
tivity for the 10 weeks prior to pre-testing 
as sedentary (0 h. week -1), moderately ac-
tive (1 to 3 h . week -1), active (3 to 6 h . week 
-1), or very active/athlete (> 6 h . week -1;  
Janessen et al., 2002). 

Body weight was determined by tak-
ing the difference between the weight of 
the participant in his wheelchair and the 
weight of his wheelchair (Bulbulian, John-
son, Gurber, & darabos, 1987).  Height was 
measured with the participants lying in a 
supine position (Buchholz & Burgaresti, 
2005). To reduce error, measurements for 
body weight and height were taken twice. 
if the two measurements taken for each 
variable were not within 1% of each other, 
another trial was performed (Bulbulian et 
al.). For each measurement, the mean of the 
two trials of body weight and height within 

1% were used for descriptive statistics. 
Pulmonary function tests included a 

test of overall function of the respiratory 
system (MVV) and a test of respiratory 
muscular strength (MiP). To assess MVV, 
participants inspired and expired as hard 
and fast as possible for 12-15 seconds (Rup-
pel, 1994). To reduce error, participants per-
formed a minimum of two MVV maneu-
vers. if the two maneuvers were not within 
10% of each other, a third maneuver was 
performed. investigators used the better of 
the two maneuvers that were within 10% 
of each other for data analysis. At a mini-
mum, participants were allowed a 2-min-
ute rest period following each maneuver. 
To assess MiP, participants forcibly inhaled 
through a mouthpiece attached to a closed 
pressure gauge (Ruppel, 1994).  Participants 
were instructed to hold their inspiratory 
effort for 2 seconds when performing the 
MiP maneuver. The best of three MiP mea-
surements was used for data analyses. 

To measure cardiorespiratory endur-
ance, all participants also completed a 
TT. This field test was selected because it: 
1) meets the definition of cardiorespira-
tory exercise by requiring the participant 
to perform large muscle, dynamic exercise 
at a moderate-to-hard intensity over a pro-
longed period of time (AcSM, 2006b), and 
2) is one of the criteria used for selection 
of US Paralympic WR athletes (J. Gum-
bert, personal communication, March 12, 
2006).  Following lung function testing, 
participants rested for a minimum of 15 
minutes to allow for recovery (Ruppel, 
1994), and then warmed up for the TT by 
propelling their wheelchair at a comfort-
able pace for 10 minutes (knechtle et al., 
2003). The 1-mile course consisted of eight 
laps around an indoor regulation track. 
Based on arm strength, each athlete was al-
lowed to select the direction in which he 
preferred to perform the trial. each athlete 
was tested individually. Three stopwatches 
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were started simultaneously and stopped 
when the front two wheels of the chair 
crossed the finish line. Time was recorded 
to the nearest 0.01 second. The average of 
the three times was used for data analysis.

Nine weeks following pre-testing, 
participants returned to the same site for 
post-testing that included the following 
measurements: (a) level of physical activ-
ity, (b) body weight, (c) MVV, (d) MiP, and 
(e) TT. Post-testing was completed using 
the exact protocol as pre-testing, includ-
ing wheelchair and track direction. The 
two treatment groups were also asked to 
describe any changes, or lack thereof, that 
occurred while using either of the devices. 
Their responses were recorded for further 
evaluation. 

Training Protocols

After pre-testing was completed, all 
participants were instructed to continue 
their current training regimens. cPTR 
received the Powerlung® BreatheAir 
RRT and cFR received expand-a-lung™ 
RRT devices. Both groups were given ver-
bal and written instructions on proper use 
of each device per manufacturer protocol 
guidelines. They also observed a visual 
demonstration on proper use of each de-
vice by the primary investigator. Then, the 
participants were asked to demonstrate 
appropriate implementation of the device 
prior to being sent home.  Both groups 
were instructed to begin RRT with their re-
spective devices set at level one and keep 
a journal of device usage, any noticeable 
changes, and their exercise training. 

PowerLung® training protocol. Par-
ticipants in the cPTR group were instructed 
to perform all breathing exercises in a seat-
ed and upright position in a well-ventilated 
area. one breathing cycle required the par-
ticipants to: (a) inhale fully and forcefully 
through their mouth for 3 seconds, fill-
ing their lungs completely; (b) hold their 
breath for 1 to 2 seconds; (c) exhale fully, 

forcefully and deeply through the mouth-
piece for 3 seconds emptying their lungs 
completely; and (d) pause for 1 to 2 sec-
onds. Based on manufacturer guidelines, 
they were asked to perform three sets of 10 
breathing cycles three times per day (in the 
morning, before exercise, and at night) ev-
eryday for 9 weeks. on the days the partici-
pants did not exercise, they were asked to 
only perform the breathing exercises in the 
morning and at night. once they were able 
to perform the sequence 10 times without 
experiencing respiratory muscle fatigue, 
lightheadedness, or dizziness, they were 
instructed to increase the inspiratory and/
or expiratory dial that controls resistance 
to airflow by one level.

Expand-a-Lung™ training protocol. 
Participants in the cFR group were in-
structed to perform all breathing exercises 
in a seated, upright position while in a 
well-ventilated area. one breathing cycle 
required the participants to: (a) inhale as 
slowly and deeply as possible through the 
mouthpiece; (b) hold their breath for 2 to 
5 seconds; (c) exhale through the mouth-
piece slowly until almost out of breath; 
and (d) forcefully blow out as much of the 
remaining residual air as possible. Partici-
pants were instructed to repeat this breath-
ing cycle up to 10 times, with 10 to 20-sec-
ond rest periods between each sequence. 
Based on manufacturer guidelines, they 
were asked to perform one set of 10 breath-
ing cycles three different times per day (in 
the morning, before exercise, and at night) 
everyday for 9 weeks. on the days the par-
ticipants did not exercise, they were asked 
to only perform the breathing exercises in 
the morning and at night. once they were 
able to perform the sequence 10 times 
without experiencing respiratory muscle 
fatigue, lightheadedness, or dizziness, they 
were instructed to increase the dial that 
controls resistance to airflow by one level.

investigators relied on each partici-
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pant’s self-assessment to regulate progres-
sive overload throughout the 9 weeks. in 
other words, when a participant could per-
form the recommended sequence without 
experiencing fatigue, lightheadedness, or 
dizziness, the pressure resistance (cPTR 
device) or flow resistance (cFR device) was 
changed. The investigators attempted to 
ensure consistent and proper device use 
by providing comprehensive education 
per manufacturer guidelines and providing 
any necessary feedback to the participants 
at the beginning and regularly throughout 
the study period. The investigators also at-
tempted to control for the effects of other 
forms of training by instructing all partici-
pants to continue to train and compete as 
they had been prior to beginning the study. 
This was verified upon review of their de-
vice usage/activity journal.  

Data Analysis

All data from the remaining 16 par-
ticipants collected during pre and post-
testing were screened for missing data and 
outliers, and to evaluate the fulfillment of 
test assumptions such as linearity and nor-
mality. The results from the data screening 
revealed that the assumptions of normal-
ity, linearity and homogeneity of variance 
were violated for MVV, MiP, and time on 
the TT. in addition, the very small sample 
size made the use of parametric testing 
inappropriate.  For all analyses, non-para-
metric tests were used.

To determine whether the groups 
differed at pre-test, a kruskal-Wallis non 
parametric test was performed on the fol-
lowing baseline characteristics: (a) rugby 
classification, (b) time since injury, (c) time 
playing rugby, (d) body weight, (e) MVV, (f) 
MiP, (g) TT, and (h) physical activity level. 
in addition, a chi-square analysis was per-
formed on the 16 athletes who completed 
the study to determine whether baseline 
differences existed between groups for le-
sion level and completeness of injury. due 

to the violations of normality and linearity 
and the reduction in sample size prior to 
post-testing (n = 24 to n = 16), the Mann-
Whitney U test, a non-parametric test of 
median change by groups, was used to 
determine if statistically significant differ-
ences between the groups existed in car-
diorespiratory endurance as determined by 
the TT and in lung function as determined 
by MVV and MiP. Finally, to characterize 
the effects of the intervention, the “net 
intervention effect (Nie)” was calculated 

on the 16 participants (using the follow-
ing formula: Nie = [(i post – i pre)/ i pre] – [(c 

post – c pre)/ c pre] x 100, where i is equal to 
cPTR or cFR and c is equal to coN (kahn 
et al., 2002).

Results

The group means, standard deviations, 
and Nie for MVV, MiP, and TT are presented 
in Table 2. The kruskal-Wallis test revealed 
no group differences in the pre-test values 
for: (a) rugby classification (p = .274), (b) 
time since injury (p = .621), (c) time play-
ing rugby (p = .507), (d) body weight (p = 
.410), (e) MVV (p = .623), (f) MiP (p = .683), 
(g) TT (p = .307), and (h) physical activity 
level (p = .894). Furthermore, chi-square 
analysis revealed no group differences in 
lesion level (p = .304) and completeness 
of injury (p = .258). Finally, since athlete’s 
weight could impact the interpretation of 
the TT results from pre to post testing, the 
kolmogorov-Smirnov Test was performed. 
Results from this test indicated that weight 
did not change for any participants (z = 
.59, p = .88).

The Mann-Whitney U rank order test 
revealed significantly greater improve-
ments in TT for cPTR versus coN (z = 
-2.08, p = .038), with cPTR improving by 
1min 0.03 sec and coN improving by only 
0.14 sec. The difference in improvements 
in TT for cPTR versus cFR was non-signifi-
cant (z = -1.96, p = .05), with the cFR group 
improving by only 0.07 sec. in addition, 
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the Nie for TT in cPTR was -8%, whereas 
the Nie for cFR was 0.8%. Significantly 
greater changes in MVV were observed for 
cFR versus cPTR (z = -2.25, p = .027), with 
cFR increasing by 3.4 l.min-1 and cPTR de-
creasing by 11.75 l.min-1. in addition, the 
Nie for MVV in cPTR was -7.9%, whereas 
the Nie for cFR was 4.4%. The effect size 
for each variable was calculated on the re-
turning 16 participants (cPTR = 4, cFR = 5, 
coN = 7). The results indicated a large ob-
served standardized effect size for change 
in TT (eS = -.65) and in MVV (eS = -.74), 
with cPTR experiencing greater improve-
ments in TT and cFR experiencing greater 
improvements in MVV.

The Mann-Whitney U rank order test 
revealed no significant differences in MiP 
from pre to post-test between any groups 
(p > .05). despite this, there was a moder-
ate standardized effect size for change in 
MiP (r = -.41), with cPTR improving by 
22 cmH20, cFR improving by 4.8 cmH20, 
and coN improving by only 2.58 cmH20. 
in addition, the Nie for MiP in cPTR was 
27%, whereas the Nie for cFR was 13%. To 
further support these findings, all four ath-
letes from the cPTR group, versus only two 
of the five athletes from the cFR group, 
reported changes in not only being able 
to sneeze and cough harder, but also yell 
louder.

Discussion

To our knowledge, the present investi-
gation is the first to compare the effect of 
training with either a cFR or cPTR device 
on respiratory function and cardiorespira-
tory endurance in WR athletes. The results 
of this study partly support our hypoth-
esis that training with a cPTR device has 
a greater effect on cardiorespiratory endur-
ance than training with a cFR device in 
WR athletes. Specifically, the preliminary 
findings suggest that, when compared to 
a cFR device, 9 weeks of training with a 

cPTR device, though not significant, tend 
to produce greater improvements in both 
cardiorespiratory endurance (as measured 
by TT) and respiratory muscle strength (as 
measured by MiP) for WR athletes. Unex-
pectedly, the results of this study also re-
veal that, when compared to a cPTR de-
vice, 9 weeks of training with a cFR device 
produced significantly greater improve-
ments in overall respiratory function (as 
measured by MVV) for WR athletes. These 
discordant findings may be applied in two 
different ways: 1) WR players may choose 
to train with a cPTR device in an effort to 
improve their endurance and thus perhaps 
their overall performance, whereas 2) per-
sons with tetraplegia who do not partici-
pate in WR may choose to train with a cFR 
device to improve overall lung function 
and thus perhaps overall quality of life.

in this study, changes in MVV were 
significantly greater in cFR versus cPTR, 
in that cFR experienced an improvement 
while cPTR experienced a decline. How-
ever, there was no difference in degree of 
improvement in MVV between cFR and 
coN. These results are consistent with a 
previous study investigating the effects of 
10 weeks of training with a cFR device in 
trained wheelchair athletes (litchke et al., 
2008). Previous studies investigating the 
effect of cPTR on MVV, however, were lim-
ited to those involving only able-bodied 
athletes. in a study by Wells et al. (2005), 
12 weeks of training with a cPTR device 
improved the MVV for trained swimmers 
when compared to controls. Although 
the cPTR devices employed in both stud-
ies were from Powerlung®, Wells et al. 
utilized a sport model designed for high 
performance athletes and individualized 
both of the initial resistance dial settings. 
Perhaps the positive results observed in the 
study by Wells et al. may, in part, be due to 
a greater overload stimulus.

The current study observed no statisti-
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cally significant differences in MiP among 
the three groups; however, a moderate 
standardized effect size for change in MiP 
was observed. The effect size suggests that 
perhaps statistical significance would have 
been observed if the sample size had been 
larger. Nevertheless, the results revealed a 
trend for greater improvement in MiP in 
cPTR (22 cmH20) compared to both cFR 
(4.8 cmH20) and coN (2.58 cmH20). This 
observation is further supported by ob-
served differences in Nie across the treat-
ment groups, as well as by exit interviews 
of the athletes. For instance, the Nie for 
cPTR was 27%, whereas the Nie for cFR 
was 13%. in addition, all four athletes from 
the cPTR group, compared to only two of 
the five athletes from the cFR group, re-
ported changes in both their ability to 
sneeze, cough harder, and to yell louder. 

To our knowledge, this is the first 
study to compare the effects of training 
with cFR and cPTR devices on 1-mile TT 
performance in persons with tetraplegia. 
Since no other studies have employed this 
field test with wheelchair athletes, com-
parison of the results of the present study 
to those of others is difficult. Results of this 
study suggest that training with a cPTR 
device had a greater impact on enhancing 
cardiorespiratory endurance than training 
with a cFR device. on average, TT for the 
cPTR group improved by 9.5%, from 10.84 
to 9.81 minutes, while that of the cFR 
group improved by less than 1%, from 9.58 
to 9.51 minutes. 

overall, the results of this study sug-
gest that when compared to training with 
a cFR device, training with a cPTR device 
had a greater impact on cardiorespiratory 
fitness and, to a lesser extent, on respira-
tory muscle strength for WR athletes, but 
not on overall respiratory function. The re-
sults of this study may be due to the struc-
tural differences between the two devices, 
in that the cPTR device contained sepa-

rate inspiratory and expiratory resistance-
adjustment dials, whereas the cFR device 
contained only one resistance-adjustment 
dial for both. As a result, the rate at which 
the resistance was increased in the cFR 
group was limited to the rate at which the 
expiratory muscles adapted. in contrast, in 
the cPTR group, the rates at which the re-
sistances were increased for the inspiratory 
and expiratory muscle groups were inde-
pendent of each other, perhaps allowing for 
the diaphragm to adapt at a faster rate. due 
to the design of the present study, it cannot 
be determined if an increase in respiratory 
muscle strength directly contributed to 
the increase in TT; however, the results do 
suggest that training with a cPTR increases 
both respiratory muscle strength (MiP) and 
cardiorespiratory endurance (TT). 

The present study produced what may 
seem like paradoxical results. in particu-
lar, for the cPTR group, cardiorespiratory 
endurance (TT) and respiratory muscular 
strength (MiP) increased, while the maxi-
mal capacity to move air in and out of the 
lungs (MVV) decreased. in contrast, for the 
cFR group, MVV increased while TT and 
MiP remained virtually unchanged. While 
these findings may seem highly unusual, 
they may be explained in a number of 
ways. First, previous research has shown 
that MVV measures peak air flow and is as-
sociated more with exercise performed for 
a short duration at a very high intensity 
rather than continuous, prolonged exercise 
performed at a moderate to hard intensity 
(Wilmore, costill, & kenney, 2008). Based 
on this, TT and MVV are not expected to 
share a relationship and the cPTR device, 
and its training protocol, may elicit specific 
adaptations that positively affected cardio-
respiratory endurance without affecting 
overall respiratory function. Second, as 
stated previously, we utilized a Powerlung 
Breatheaire model and it is possible that a 
different model (i.e. Sport or Trainer model) 
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with a greater overload stimulus may have 
produced an improvement in MVV in the 
cPTR group. in addition, the cPTR device 
has independent controls for inspiration 
and expiration and thus the resistance may 
impact one set of muscles to a greater degree 
than the other. Third, pulmonary function 
tests are dependent on patient effort. it is 
possible that the three cPTR subjects sim-
ply did not provide a maximum effort with 
the post-test maneuvers. Fourth, the MVV 
values for two of the subjects in the cPTR 
group were high during pre-testing (i.e., 
92% and 113% of predicted). The MVV 
maneuver is considered normal when it 
is greater than 80% of the predicted value 
(Miller et al., 2005). With pretest values 
above 80% of predicted, it may not be rea-
sonable to expect large increase in MVV as 
the capacity for improvement is limited. 
Fifth, the results may be explained to some 
degree by the individual differences in sub-
ject characteristics, especially in the cPTR 
group. For instance, one of the athletes had 
only been injured 6 months prior to the 
study and had only been playing WR for 
1 month. His TT improved by 12%, from 
13.01 to 11.39 minutes. Because his injury 
was recent and he was new to the sport, it 
is no surprise that he had the greatest im-
provement in TT among the study partici-
pants. Finally, these conflicting results may 
also be explained by the small sample size 
and high attrition rate. Since eight athletes 
dropped out of the study leaving only 16 
athletes completing the intervention, the 
disparity in changes in aerobic capacity 
and lung function, especially for the cPTR 
group, could be explained by “regression 
toward the mean.” 

 Implications for Practice

Therapeutic recreation professionals 
working with wheelchair athletes need to 
be knowledgeable of the new training tech-
niques being used by able-bodied athletes 
to enhance athletic performance. The use 

of concurrent respiratory resistance devices 
has garnered interest for able bodied run-
ners (Amonette & dupler, 2002; Barnes et 
al., 2006), swimmers (Wells et al, 2005), 
and soccer players (Nicks et al., 2006) is 
cPTR. For wheelchair athletes such as road 
racers, cyclists, basketball, and rugby play-
ers, cFR has shown promise (litchke et 
al, 2008). While there have been specific 
recent strength and conditioning guide-
lines set forth for competitive WR athletes 
by Gulick et al. (2006), to the best of our 
knowledge there is no other research that 
has looked into the benefits of training of 
the lung muscles for WR athletes. There 
are numerous therapeutic recreation spe-
cialists, trainers, coaches, and like profes-
sionals working with WR and other com-
petitive wheelchair sport athletes at the 
recreational and Paralympic level that may 
be interested in investigating the use of 
cFR or cPTR as an addition to enhance 
their training program.The results of this 
study suggest that training with a cPTR de-
vice may improve cardiorespiratory endur-
ance, whereas training with a cFR device 
may improve overall lung function in WR 
athletes. 

Implications for Research

When determining which device 
would be more beneficial to a WR player, 
the intensity at which the sport is played 
should be taken into consideration. Since 
WR is performed at a moderate to high in-
tensity over a prolonged period of time, in-
stead of at a maximal intensity for a short 
period of time (Gulick et al., 2006), results 
from the TT field test versus those from the 
lung function laboratory tests may prove 
to be a more pragmatic indicator for de-
termining which device is more effective. 
The small sample size, the high attrition 
rate, and the moderate to large effect size 
all prompt for continued research in this 
area.  Through replication and further ex-
ploration, generalizability of findings can 
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be better established (Fraenkel, 2009).  in 
particular, the presented study should be 
replicated with other wheelchair athletes, 
perhaps in other athletic endeavors.

even more practical questions remain 
unanswered and warrant further inves-
tigation on the benefits of cFR or cPTR 
training on other wheelchair sport activi-
ties such as tennis, football, softball, or  
basketball; or other disability groups such 
as paraplegia, spina bifida, or head injury 
etc.; activities of daily living (e.g. pushing 
wheelchair longer distances in the com-
munity, sleeping quality, transfers); and in 
general health related quality of life vari-
ables such as: vitality, pain, disease preven-
tion (respiratory). Therefore, more studies 
with different training protocols, larger 
sample sizes, longer training period, other 
laboratory- and field-based tests of exer-
cise performance, other disability groups 
and sports, and measures of health-related 
quality of life variables is warranted to fur-
ther explore the impact of training with 
cFR and cPTR devices for persons with 
disabilities. 
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