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Abstract  
Background  
Conical-positive expiratory pressure (conical-PEP) has been applied during exercise to 
improve exercise capacity, dynamic hyperinflation (DH), and dyspnea in COPD. However, 
evidence remains limited regarding the individualized selection of its resistor (orifice 
size) and its effects on exercise duration, DH development, and dyspnea. 

Method  
A randomized crossover trial was conducted to evaluate the effects of conical-PEP. 
Participants performed spot marching exercise while breathing through a conical-PEP 
device with a mask, compared to a sham-PEP condition in which a similar mask was worn 
without the conical-PEP component. The conical-PEP resistor was selected to achieve the 
minimum required PEP level, calculated by the proposed formula, while ensuring that 
pressure did not exceed 35 cmH₂O. Exercise endurance time, end-exercise inspiratory 
capacity (IC) to assess DH, and dyspnea using the modified Borg scale were recorded. 

Results  
Twenty moderate to severe COPD subjects (19 male, 1 female, age 67.40 ± 8.22 years, 
FEV1% predicted 56.05 ± 16.90) participated. Conical-PEP resulted in longer exercise 
time (4.98 ± 2.97 minutes) than sham-PEP (3.99 ± 2.19 minutes, p = 0.004). End-exercise 
IC was significantly better in conical-PEP (1.51 [1.24, 1.85] L) than sham-PEP (1.42 [1.16, 
1.84] L, p = 0.020). Dyspnea was significantly lower in conical-PEP at iso-time (4 [4, 5]) 
compared to sham-PEP (5 [5, 6], p = 0.005), though no significant difference was found at 
end exercise. 

Conclusion  
Conical-PEP with minimum required PEP level improves exercise capacity, delays DH 
development, and delays dyspnea onset in COPD patients. 

INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) ranks 
among the highest burdens of disease globally, with mor
tality rates consistently among the top three.1,2 It is char
acterized by chronic inflammation affecting both small air
ways and lung parenchyma. Key features of COPD include 

airflow limitation and a decline in exercise capacity, even 
in mild cases.3 Pulmonary rehabilitation is widely recom
mended for COPD patients to enhance exercise capacity, 
improve dyspnea, and improve overall quality of life.4 

However, patients with COPD often stop exercising for 
various reasons, with ventilatory limitation being a major 
factor.5,6 The underlying concept is as follows. Pathological 
changes in COPD reduce the lung’s elastic recoil and cause 
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airflow limitation. This results in intrinsic PEEP occurring 
in the more peripheral airways, especially during forced ex
piration, such as during exercise. Consequently, dynamic 
airway compression occurs, leading to air trapping and the 
development of dynamic hyperinflation (DH).7 This, in 
turn, reduces the operational lung volume and increases 
dyspnea. Previous literature has reported that DH is the 
main determinant of dyspnea and impairs exercise capac
ity.8 Dynamic pulmonary hyperinflation can be determined 
by measuring the decrease in inspiratory capacity (IC).9 

Therefore, any intervention method that prevents and/or 
reduces DH is essential. Positive expiratory pressure (PEP) 
breathing in COPD, especially when incorporated during 
exercise, has been a longstanding focus in pulmonary reha
bilitation. PEP counteracts the airway’s collapse, disrupting 
the vicious cycle of air trapping and DH.10 

PEP devices can be categorized into two types. The first 
type, flow-independent PEP devices, uses either a spring-
loaded resistance or a column of water to provide a mini
mum of selected PEP level. These devices offer more stable 
pressure during expiration but require the user to overcome 
the load, which can retard expiratory flow, particularly at 
rest and during the early phases of exercise. In contrast, 
flow-dependent PEP devices generate PEP by breathing 
through a small orifice. While the pressure delivered may 
vary with the subject’s expiratory flow rate, these devices 
do not interrupt the expiratory flow. 

Conical-PEP is a flow-dependent PEP device, where 
varying diameters of orifices act as resistors to generate 
PEP. Our previous study used conical-PEP resistors made 
from plastic sheets and applied with an oronasal mask. 
However, this setup occasionally led to unstable attach
ment during application. Furthermore, only a limited range 
of resistors (sizes 5 mm, 6 mm, and 7 mm) was developed 
and used in the previous study.11 Based on our experience, 
the 7 mm orifice was not large enough to provide sufficient 
PEP for some subjects with a high expiratory flow rate dur
ing exercise. Moreover, the conical-PEP resistor was se
lected to achieve a peak expiratory pressure of 5 cmH₂O 
based on the expected expiratory flow rate during exer
cise.11 

However, we acknowledge that a target pressure of 5 
cmH₂O may not be suitable for all COPD patients due to 
variations in pathology and dynamic hyperinflation. There
fore, we hypothesized that a formula to calculate the min
imum required PEP may help individualize the selection of 
an appropriate conical-PEP resistor. Moreover, we modified 
the conical PEP using more durable materials through 3D 
printing and expanded the range of resistors to nine sizes (4 
mm, 4.5 mm, 5 mm, 5.5 mm, 6 mm, 6.5 mm, 7 mm, 7.5 mm, 
and 8 mm).12 Our aim is to investigate the effect of coni
cal-PEP with minimal required PEP level on exercise dura
tion, DH, and dyspnea in patients with moderate to severe 
COPD. 

METHODS 

STUDY DESIGN AND SETTING 

This study was a single-blind, randomized crossover design 
(with blinded subjects) conducted in COPD patients. Par
ticipants were recruited between September 2021 and May 
2023 from Srinagarind Hospital, Nam Phong Hospital, and 
Phra Yuen Hospital in Thailand. The study was conducted 
in the research room of the Faculty of Associated Medical 
Sciences, Khon Kaen University. The study was approved 
by the Khon Kaen University Ethics Committee in Human 
Research (HE641234, approved date 10 Aug 2021) and reg
istered with the Thai Clinical Trial Registry 
(TCTR20230124006). Informed consent was obtained from 
all subjects before commencing the study. 

SUBJECT ELIGIBILITY 

Inclusion criteria included COPD with GOLD stage II to IV, 
aged between 49 and 80 years, with a diagnosis of COPD 
(FEV1/FVC < 0.7), good cooperation, cognitive and com
munication skills (assessed using the Mini-Mental State 
Examination with a cutoff score of 26),13 and no exacer
bations within the previous four weeks. Subjects were ex
cluded if they had any contraindications to exercise testing 
according to the European Respiratory Society’s statement 
on the standardization of cardiopulmonary exercise testing 
in chronic lung diseases, such as uncontrolled cardiovascu
lar conditions, uncontrolled respiratory conditions, uncon
trolled non-cardiorespiratory conditions affecting or ag
gravated by exercise, advanced or complicated pregnancy, 
resting oxygen saturation (SpO2) ≤85% on room air, or mus
culoskeletal problem that compromises exercise perfor
mance.14 

CONICAL PEP AND RESISTOR SIZE SELECTION 
PROCEDURE 

The type of PEP device used in this study was conical-PEP, 
a flow-dependent PEP with a cone-shaped design. It has an 
inlet orifice measuring 13.0 mm in diameter and an outlet 
orifice with eight different resistor sizes: 4.5, 5.0, 5.5, 6.0, 
6.5, 7.0, 7.5, and 8.0 mm. These outlet sizes serve as airflow 
resistors. The total length of the cone is 10 mm (see Figure  
1A). The conical PEP device was integrated with a non-re
breathing oronasal mask, as illustrated in Figure 1B . 

The following procedure was used to determine the ap
propriate conical-PEP resistor size for each subject: 

1. INCREMENTAL SPOT MARCHING TEST (ISMT) 

Procedure: The Incremental Spot Marching Test (ISMT) 
was used to determine peak exercise capacity by progres
sively increasing the intensity of the exercise. This test 
involved three phases: resting 5 mins (in relaxed sitting 
position), exercise phase (performing spot marching) and 
recovery at least 5 mins (in relaxed sitting position). Incre
mental spot marching consists of marching in place, alter
nating between knee raises (hip flexion 45-70 degrees) and 
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Figure 1. Conical-PEP device incorporated with non-    
rebreathing Oronasal face mask (A) Conical-PEP       
construction (B) Non-rebreathing Oronasal face mask       
and conical-PEP   

arm raises above shoulder height (shoulder flexion at least 
90 degrees). Thus, increasing the stepping rate led to an in
crease in exercise intensity.3,11 The test began at a stepping 
rate of 70 steps per minute, with increments of 10 steps 
per minute every 3 minutes. Stepping rates were controlled 
using a metronome. Visual feedback was provided to en
sure the target range of motion by marking the individual
ized height of the arm and leg raises on the wall in front 
of the participants using coloured tape. Additionally, verbal 
feedback was given to encourage consistent step rates and 
range of motion.3 The participants continued the test until 
they met the termination criteria of the test. Peak stepping 
rates, the duration of the exercise, and the reason for ter
mination were recorded. 

Prior to the ISMT, all subjects were instructed as follows: 
rest for at least two hours before testing, refrain from per
forming strenuous activity for at least 24 hours, avoid caf
feine on the day of the test, and refrain from smoking for at 
least eight hours.14 Moreover, subjects were advised to use 
their usual inhalers at least 20 minutes before the doctor-
prescribed exercise test. 

Termination criteria:  The termination criteria were if 
subjects had signs or symptoms to terminate exercise, un
coordinated step rate, or met some termination criteria. 
These criteria include participants’ desire to stop exercise, 
rating perceived of breathlessness by Borg CR 10 (RPB) ≥ 
7 or rating perceived of exertion by Borg CR 10 (RPE) ≥ 8, 
SpO2 < 88% at room air,15 or the subjects want to stop. A 
deviation in the stepping rate of ±5% was acceptable, but if 
the uncoordinated rate exceeded ±5% and verbal cues could 
not correct it, the test was terminated.3 

Flow and pressure measurement during ISMT:      Dur
ing the ISMT, the subjects wore an oronasal facemask 
(V2TM Mask, HANS RUDOLPH, Inc., USA) connected to 
the SS11LA transducer, which measured the flow rate, and 
the SS19L transducer, which measured expiratory pressure. 
Both transducers were connected to the Biopac MP36 sys
tem. Peak expiratory mouth pressure at rest, peak expira
tory mouth pressure at the end of exercise, and end-exer
cise expiratory flow rate were assessed. 

Safety and physiological response monitoring    : Heart 
rate (HR), electrocardiograph (ECG), SpO2, respiratory rate 
(RR), and end-tidal carbon dioxide (PetCO2), was performed 
every minute during resting conditions (at least 5 minutes), 

the ISMT, and recovery conditions (at least 5 minutes). 
Blood pressure (BP) was monitored every two minutes dur
ing resting and recovery conditions. RPB and RPE were also 
recorded every minute using the modified Borg scale during 
rest, ISMT, and recovery. Expiratory mouth pressure was 
measured and monitored throughout the exercise phase. 

2. MINIMUM PEP LEVEL REQUIREMENT 

The minimal PEP (min-PEP) required was estimated using 
the following hypothesis. The end exercise pressure is 
thought to be insufficient to prevent dynamic airway com
pression in patients with COPD.9,16,17 Therefore, additional 
pressure or PEP above this end exercise pressure is required 
to counteract the dynamic airway compression.11,18‑23 

Moreover, the resting pressure is a baseline pressure that 
should not be ignored. Therefore, the minimum PEP re
quirement was hypothesized using the following equation. 

 = minimum level of positive expiratory pressure 
 = Peak mouth expiratory pressure in resting condi

tion 
 = Peak mouth expiratory pressure in end-exercise 

condition 
(Note: The pressures were measured during the ISMT) 

(see Figure 2 ). 

3. SELECTION OF THE CONICAL PEP RESISTOR SIZE 

The largest orifice that provided min-PEP consistent with 
the end-exercise expiratory flow rate during the ISMT was 
selected. The selected orifice was then tested on subjects 
by simulating forced expiration, similar to that during ex
ercise, to ensure comfort and confirm that the maximum 
pressure did not exceed 35 cmH₂O.24 

INTERVENTION 

The effect of the conical PEP with mini-PEP level (conical-
PEP) was tested using the Endurance Spot Marching Test 
(ESMT).11 The procedure for the ESMT was similar to that 
of the ISMT, with the key difference being the use of the 
peak step rate achieved during the ISMT as a constant load. 

A selected conical-PEP resistor was integrated into a 
non-rebreathing oronasal facemask (3M 6000 series), which 
was worn during the last minute of the resting phase and 
throughout the ESMT. The subjects breathe in through a 
one-way valve and breathe out through conical-PEP resis
tors. The subjects performed the ESMT until they met the 
termination criteria described above in the ISMT. The dura
tion of the exercise test and the reason for termination were 
recorded. A washout period of at least 30 minutes was pro
vided, ensuring that subjects’ vital signs returned to resting 
conditions. The termination criteria, safety measures, and 
physiological response monitoring for the ESMT were con
sistent with those used in the ISMT. 

A previous study on the use of the conical-PEP device re
ported no adverse events in patients with chronic obstruc
tive pulmonary disease.11 However, potential discomforts 
such as dizziness, severe breathlessness, or barotrauma 
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Figure 2. The hypothesized background of min-PEP      

(commonly referred to as “airplane ear”) were considered as 
precautions in the present study. If these events occurred, 
the study protocol included plans for immediate termina
tion of the exercise. 

SHAM-PEP 

The subjects performed the ESMT while wearing the same 
non-rebreathing oronasal facemask (3M 6000 series) with
out a conical-PEP resistor incorporated (subject blind). The 
mask was worn during the last minute of the resting phase 
and throughout the ESMT. The subjects performed the 
ESMT until they met the termination criteria described 
above in the ISMT. The duration of the exercise test and the 
reason for termination were recorded. A washout period of 
at least 30 minutes was provided, ensuring that subjects’ 
vital signs returned to resting conditions. The termination 
criteria, safety measures, and physiological response moni
toring for the ESMT were consistent with those used in the 
ISMT. 

OUTCOME MEASUREMENTS 

SAMPLE SIZE DETERMINATION 

No previous studies have investigated the effect of mini-
PEP using conical-PEP on exercise endurance time in pa
tients with COPD, making it challenging to calculate the 
sample size. Therefore, a pilot study was conducted with 
10 patients with moderate to severe COPD. The pilot study 
data revealed a mean endurance time of 4.20±1.97 minutes 
in the sham-PEP condition and 4.82±1.94 minutes in the 
conical-PEP condition, yielding an effect size of 0.653. Us
ing G*Power (v 3.1.9.7) for a paired, two-tailed t-test to 
compare means, it was estimated that a sample size of 21 
subjects would be required to detect a statistically signifi
cant difference with 80% power at 𝛼 = 0.05. 

RANDOMIZATION 

Block randomization was performed by N.K. to assign par
ticipants to either the sham-PEP followed by conical-PEP 
or conical-PEP followed by the sham-PEP, with a 1:1 al
location ratio. The randomization process used two blocks 
of size six and one block of size four. Each sequence was 
placed in a sealed envelope. N.K. enrolled the participants, 
and A.A.N. assigned them according to the sequences in the 
sealed envelopes. 

STATISTICAL ANALYSIS 

Descriptive statistics were reported as mean ± SD or median 
with IQR. The data distribution was assessed using the 
Shapiro-Wilk test/Stem and leaf plot. Depending on the 
data distribution, the Wilcoxon signed-rank test or the 

• Demographic Data: After obtaining informed con
sent, demographic data, including age, gender, co
morbidities, and usual medications, were recorded 
from the participant’s medical records during their 
chest-clinic appointment. Height and weight, mea
sured by clinical staff on the same day, were also 
recorded from the medical records. The Modified 
Medical Research Council (mMRC) Dyspnea Scale was 
also administered prior to the start of the study. 

• Endurance Time/Exercise Time: The primary out
come is the ESMT’s exercise time, representing exer
cise capacity. 

• Dynamic Hyperinflation (DH): DH was determined by 
measuring the decrease in IC (Puente-Maestu and 
Stringer, 2006). IC was measured three times before 
and immediately after the ESMT (within 30 seconds) 
using a Biopac MP36 device, which converts inspira

tory flow rate and time into volume. The average of 3 
times was reported. 

• Dyspnea: Dyspnea was assessed using the rating of 
perceived breathlessness by Borg CR10, which ranges 
from 0 to 10 during resting and exercise.25 

• Exertion: Exertion was assessed using the rating of 
perceived exertion by the modified Borg scale, which 
ranges from 0 to 10 during resting and exercise.25 

Influence of conical-PEP breathing on exercise performance in patients with chronic obstructive pulmonar…

Canadian Journal of Respiratory Therapy 135

https://cjrt.ca/article/138738-influence-of-conical-pep-breathing-on-exercise-performance-in-patients-with-chronic-obstructive-pulmonary-disease-a-single-blind-randomized-crossover/attachment/285126.png


Figure 3. Flow diagram of the study.      

paired t-test was used for analysis. Statistical significance 
was considered when p < 0.05. SPSS version 27 was used to 
analyze all data. Heart rate maximum (HRmax) was calcu
lated using the following equation: HRmax = 206.9-(0.69 x 
age in years).26 Percent heart rate reserve was calculated by 
the Karvonen method. Iso-time extracted the shortest exer
cise time in control or conical-PEP conditions in each sub
ject. 

RESULTS 

Twenty-two subjects with COPD were enrolled between 
September 2021 and May 2023. Two subjects dropped out 
because they wanted to withdraw from the study after the 
ISMT. Therefore, 20 subjects completed the study (see Fig
ure 3 ). Demographic characteristics of the subjects are 
shown in Table 1 . 

ISMT RESPONSE 

The peak step rates of ISMT were 70 steps/min (n = 12), 80 
steps/min (n = 4), 90 steps/min (n = 2), and 100 steps/min 
(n = 2). Median exercise time around 2.92 [1.59, 5.83] min. 
The participants’ exercise intensity was moderate, 71±11% 
of age-related maximum heart rate. All the participants 
stopped ISMT mainly due to dyspnea and exertion, with a 

median (IQR) of RPB 5 [5,6] and RPE 4 [3, 5]. The peak ex
piratory flow rate at resting and end of the exercise was re
ported as 0.62±0.17 and 1.59±0.50 L/s. The expiratory pres
sure was a median of 0.86 [0.54, 1.06] cmH2O and 3.17 
[2.34, 4.51] cmH2O at resting and end exercise, respectively. 
Exercise responses of ISMT are shown in Supplement 1. 
The calculated mini-PEP was a median of 5.46 [3.84, 8.61] 
cmH2O, and the conical-PEP resistor sizes were 8 mm (n = 
19) and 7.5 mm (n = 1). HR, EKG, SpO2, RR, BP and End-
tidal CO2 were within the safety zone during and recovery 
phases of ISMT (see Supplement 1 ). 

EFFECT OF CONICAL-PEP ON EXERCISE TIME 

Table 2  shows the ESMT responses for conical-PEP and 
sham-PEP conditions. ESMT endurance time was signifi
cantly longer in the conical-PEP condition (4.98 ± 2.97 min
utes) compared to the sham-PEP condition (3.99 ± 2.19 
minutes) (∆=1.07 min, 95% CI 0.39 to 1.74 min, p = 0.004) 
(see Figure 4 ). 

EFFECT OF CONICAL-PEP ON DYNAMIC 
HYPERINFLATION 

IC showed no significant difference between the two con
ditions at rest (sham-PEP: 1.51 L [1.32, 2.19]; conical-PEP: 
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Table 1. Characteristics of subjects.    

Variable Value 

Gender Male, n (%) 19 (95) 

Age, y 67.40 ± 8.22 

Weight, kg 57.89 ± 11.41 

Height, cm 163.45 ± 6.44 

BMI, kg/m2 21.65 ± 4.07 

mMRC score 1, n (%) 8 (40) 

mMRC score 2, n (%) 12 (60) 

Smoking Status, n (%) 

Ex-smoker 14 (70) 

Current Smoker 5 (25) 

Passive smoker 1 (5) 

Pack-year (who smoke) 23 [20, 25] 

Resting lung function 

FVC, L 2.47 ± 0.68 

FVC%pred 85.60 ± 22.23 

FEV1, L 1.26 ± 0.45 

FEV1%pred 56.05 ± 16.90 

FEV1/FVC% 50.88 ± 10.13 

GOLD II, FEV1% pred (n=15) 68.75 ± 8.57 

GOLD III, FEV1% pred (n=4) 39.00 ± 7.87 

GOLD IV, FEV1% pred (n=1) 15 

Respiratory Medication, n (%) 

Budesonide+Formoterol 1 (3.13) 

Salmeterol+Fluticasone 14 (43.75) 

Tiotropium+Olodaterol 3 (9.38) 

Tiotropium 7 (21.88) 

Theophylline 4 (12.50) 

Budesonide or Fluticasone 3 (9.38) 

Comorbidity, n (%) 

Hypertension 8 (66.67) 

Bronchiectasis 2 (16.67) 

Diabetes mellitus 2 (16.67) 

Data represent as mean±SD or median [IQR] or n(%), BMI; body mass index, FVC; force 
vital capacity, FVC%pred; percent predicted of force vital capacity, FEV1; force expira
tory volume in 1 second, FEV1%pred; percent predicted force expiratory volume in 1 
second, FEV1/FVC%; percent ratio of force expiratory volume in 1 second by force vital 
capacity. 

1.58 L [1.33, 2.11]; p = 0.344). Both conditions showed a sig
nificant decrease in IC at the end of exercise compared to 
baseline (p = 0.007 for sham-PEP and p = 0.036 for conical-
PEP). However, IC at the end of exercise was significantly 
greater in the conical-PEP condition (1.51 [1.24, 1.85] L) 
compared to the sham-PEP (1.42 [1.16, 1.84] L) (p = 0.020) 
(see Figure 5 ). 

Figure 5 . (A) IC response to exercise in conical-PEP and 
control conditions, (B) Individual’s IC response in coni
cal-PEP condition, (C) Individual’s IC response in sham-
PEP condition, (D) Distribution of IC change in conical-PEP 

Figure 4. (A) Spot marching endurance time (data       
presented as mean ± SD), (B) Individual Spot marching          
endurance time in both conditions.      
Note. * p = 0.004 between conical-PEP and sham-PEP conditions by paired t-test. 

condition, (E) Distribution of IC change in sham-PEP con
dition. 
Note. IC data of one subject was not available in both con

ditions due to equipment error and is shown in median (Q1, 
Q3). Exercise time mean +/-SD. * p = 0.020 between conical-
PEP and sham-PEP conditions at end exercise IC by Wilcoxon 
signed rank test. 

EFFECT OF CONICAL-PEP ON DYSPNEA 

At the end of the exercise, RPB did not differ significantly 
(median score of 5 in both conditions). However, at iso-time 
(3.82 ± 2.09 min), conical-PEP showed a significantly lower 
median RPB (4 [4, 5]) compared to sham-PEP (5 [5, 6]) (p = 
0.005) (see Figure 6 ). 

PHYSIOLOGIC AND PERCEPTUAL RESPONSES OF 
CONICAL-PEP AND SHAM-PEP CONDITIONS DURING 
ESMT 

The physiological and perceptual responses during ESMT 
of both conditions are shown in Table 3 . HR, EKG, SpO2, 
RR, BP and End-tidal CO2 were within the safety zone dur
ing and recovery phases of ESMT in both conical-PEP and 
sham-PEP conditions. Resting expiratory pressure was 0.15 
[0.12, 0.16] cmH2O in the sham-PEP and 1.02 [0.94, 1.18] 
cmH2O in the conical-PEP conditions. At the end of ESMT, 
the median peak expiratory pressure was 0.25 [0.22, 0.28] 
cmH₂O in the sham-PEP and 4.39 [3.31, 7.38] cmH₂O in the 
conical-PEP conditions (p < 0.001). The calculated min-PEP 
from our formula was 5.46 [3.84, 8.61] cmH₂O. The median 
difference between calculated min-PEP and actual deliv
ered peak PEP was -0.004 [-0.973, 1.706] cmH₂O (see Table  
2). 

DISCUSSION 

PEP has been a prominent focus in COPD research over the 
past 15 years, particularly for its role in improving exercise 
capacity by delaying or preventing the development of DH. 

Influence of conical-PEP breathing on exercise performance in patients with chronic obstructive pulmonar…

Canadian Journal of Respiratory Therapy 137

https://cjrt.ca/article/138738-influence-of-conical-pep-breathing-on-exercise-performance-in-patients-with-chronic-obstructive-pulmonary-disease-a-single-blind-randomized-crossover/attachment/285129.png


Table 2. Physiological and Perceptual Responses at End-Exercise with and without PEP During Endurance Spot Marching Tests.                

Variable 
Resting Iso-Time End-Exercise 

Sham-PEP Conical-PEP Sham-PEP Conical-PEP Sham-PEP Conical-PEP 

Pulmonary Responses 

PEP(cmH2O) 0.15 [0.12, 0.16] 1.02 [0.93, 1.18] 0.24 [0.22, 0.28] 2.86 [1.72, 7.56] 0.24 [0.22, 0.28] 4.39 [3.31, 7.38] 

RR (breath per min) 19±5 19±4 31±6# 31±7# 31±6# 31±7# 

Ti (sec) 1.16 [0.99, 1.38] 0.84 [0.72,0.95]* 0.78 [0.68,0.88]# 0.69 [0.64,0.91]# 0.78 [0.68, 0.88]# 0.69 [0.64, 0.91]# 

Te (sec) 1.84 [1.58, 2.17] 1.22 [1.11, 1.55]* 1.11[0.94, 1.37]# 1.10 [0.89, 1.39]# 1.11 [0.94, 1.37]# 1.10 [0.89, 1.39]# 

Ti:Te 1: 1.61 [1.45, 1.77] 1: 1.56 [1.38, 1.78] 1: 1.40 [1.25, 1.59] 1: 1.39 [1.30, 1.63] 1: 1.40 [1.25, 1.59] 1: 1.39 [1.30, 1.63] 

PetCO2 (mmHg) 30.31±3.54 30.84±3.59 37.15±8.83# 37.60±5.76 37.15±8.83# 38.05±6.51# 

%SpO2 97 [96, 98] 98 [96, 98] 94 [88, 96]# 94 [88, 96]# 94 [88, 96]# 94 [88, 96]# 

Cardiovascular Responses 

HR (bpm) 81±13 81±14 116±14# 114±17# 116±14# 116±18# 

HRMax (%) 51.07±8.23 50.87±9.21 72.85±9.06# 71.42±11.24# 72.85±9.06# 72.62±11.70# 

HRR (%) 0 0 39.28 
[34.15, 53.94] 

42.15 
[33.72, 53.51] 

39.28 
[34.15, 53.94] 

44.25 
[34.67, 59.92] 

SBP (mmHg) 125.20±15.43 125.50±15.62 N/A N/A 143.50±23.20# 147.40±19.21# 

DBP (mmHg) 78.60±7.31 79.87±6.93 N/A N/A 85.08±6.63# 88.15±15.82# 

MAP (mmHg) 94.13±8.59 95.08±8.23 N/A N/A 104.55±11.43# 107.90±14.55# 

Perceptual Responses 

RPB (dyspnea) 0 [0,0] 0 [0,0] 5 [5, 6]# 4 [4, 5]#* 5 [5, 6]# 5 [5, 6]# 

RPE 0 [0,0] 0 [0,0] 4 [4, 5]# 4 [3, 5]#* 4 [4, 5]# 4 [4, 5]# 

Data represent as mean±SD or median [IQR], iso-time (3.82 ± 2.09 min), PEP; peak expiratory pressure RR; respiratory rate, Ti; inspiratory time, Te; expiratory time, Te/Ti; expiratory and inspiratory time ratio, PetCO2; end-tidal carbon dioxide, HR; heart rate, HRMax%; per
centage of maximal heart rate, HRR%; percentage of heart reserve, %SpO2; percentage of oxygen saturation, SBP; systolic blood pressure, DBP; diastolic blood pressure, MAP; mean arterial Pressure, RPB; rate perceive of breathlessness (dyspnea), RPE; rate perceive of exer
tion, Iso-time; the shortest duration exercise time in each subject in control or Conical PEP conditions. # Significant difference within condition (Resting vs. Iso-time, or end-exercise) p<0.05 by Wilcoxon Signed Rank Test or Paired t-Test, depending on data distribution * 
Significant difference between conditions (sham-PEP vs. conical-PEP at end-exercise 
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Figure 5. (A) IC response to exercise in conical-PEP and control conditions, (B) Individual’s IC response in                
conical-PEP condition, (C) Individual’s IC response in sham-PEP condition, (D) Distribution of IC change in                
conical-PEP condition, (E) Distribution of IC change in sham-PEP condition.           
Note. IC data of one subject was not available in both conditions due to equipment error and is shown in median (Q1, Q3). Exercise time mean +/-SD. * p = 0.020 between conical-PEP 
and sham-PEP conditions at end exercise IC by Wilcoxon signed rank test. 

Figure 6. Dyspnea response to spot marching      
endurance exercise (A) and recovery (B) conical-PEP        
and sham-PEP conditions, present at 50% of        
endurance time and iso-time and end-exercise.       
Note. * p = 0.005 between conical-PEP and sham-PEP condition in dyspnea at iso-time 
by Wilcoxon signed rank test. 

However, evidence on the effects of conical-PEP in COPD, 
particularly regarding exercise capacity and DH, remains 
limited. Therefore, we investigated the effects of conical-
PEP on exercise capacity, DH, and dyspnea in patients with 
moderate to severe COPD. Our findings indicate that the 
application of conical-PEP during exercise enhances exer
cise capacity, as measured by exercise time, while delaying 
the onset of dyspnea and DH. 

The HR response at the end of exercise was around 116 
bpm in both the conical-PEP and sham-PEP conditions, 
corresponding to 72% of maximum heart rate. This indi
cates that the exercise intensity was moderate to high in 
both conditions. Therefore, since the exercise intensity was 

comparable between the two conditions, the results regard
ing exercise capacity are likely to be comparable as well. 

Our study found that exercise endurance time was sig
nificantly improved with conical-PEP, showing a median 
increase of 25.94% [11.43, 44.33] compared to the sham-
PEP group. However, two subjects exhibited reduced exer
cise time with conical-PEP, although no specific reason was 
identified (see Figure 4 ). Furthermore, IC measured imme
diately at the end of exercise was significantly better in the 
conical-PEP condition compared to the control condition 
(see Figure 5 ), suggesting that incorporating conical-PEP 
during exercise in patients with COPD delays the develop
ment of DH. There was no significant difference in dys
pnea between the two conditions at the end of exercise, 
which is expected since dyspnea commonly determines the 
point of exercise termination. However, at iso-time (3.82 ± 
2.09 minutes), dyspnea was significantly lower in the con
ical-PEP condition, suggesting a delayed development of 
symptoms, likely due to the reduced onset of DH. This im
provement in dyspnea is consistent with the significant in
crease in IC, indicating reduced DH in the conical-PEP con
dition compared to the control. In the recovery phase, a 
similar dyspnea response was observed between the coni
cal-PEP and sham-PEP conditions, likely because the masks 
were removed immediately after exercise, allowing recovery 
without the continued influence of PEP, resulting in a com
parable response between the two conditions. 

Few studies have reported the effects of conical-PEP on 
exercise capacity, DH, and dyspnea in patients with COPD. 
Therefore, the comparison of our findings with those of 
previous studies is limited. The effects of conical-PEP dur
ing exercise were reported by Ubolsakka-Jones et al. in pa
tients with moderate to severe COPD, where they applied 
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conical-PEP resistors with 5-, 6-, or 7-mm orifices (median 
peak expiratory pressures of 4.5 [3.2–6.2] cm H2O at the 
end of exercise). They found that exercise capacity, as mea
sured by endurance exercise time, was significantly im
proved compared to the control condition. However, their 
study showed no significant difference in DH by immediate 
post-exercise IC between the conical-PEP and control con
ditions.11 Similarly, while there was no significant differ
ence in dyspnea at the end of exercise, it was significantly 
reduced at iso-time in the conical-PEP condition compared 
to the control in their study. 

Therefore, our findings of improved exercise capacity 
and delayed onset of dyspnea are consistent with the pre
vious study by Ubolsakka-Jones et al.11 However, while our 
study demonstrated a significant improvement in DH com
pared to the sham condition, the previous study did not ob
serve significant changes in DH when comparing conical-
PEP to the control condition. This inconsistency may be 
attributed to the more defined protocol for conical-PEP 
resistor selection in our study. Ubolsakka-Jones et al. re
ported that the conical-PEP resistor was selected based on 
expected expiratory flow,11 whereas in our study, the re
sistor was chosen based on individualized mini-PEP, which 
was estimated according to our hypothesis equation, con
sidering each subject’s expiratory flow rate and pressure. 

On the other hand, Wibmer et al. found that incorpo
rating flow-dependent PEP with a fixed 5mm orifice (PEP 
around 10-20 cmH2O) during exercise via a nasal mask 
significantly reduced exercise capacity, as measured by a 
6-minute walk distance, compared to the control group in 
patients with COPD.27 Despite using a similar flow-depen
dent PEP, Wibmer et al. reported inconsistent findings. In 
our study, we used a non-rebreathing oronasal mask that 
allowed participants to breathe through both the mouth 
and nose. The greater flexibility in breathing allowed in our 
study may help explain the contrasting findings in exercise 
capacity compared to the previous study by Wibmer et al. 

Furthermore, Bhatt et al. reported an improvement in 
the 6MWD with pursed-lip breathing (PLB) compared to 
normal breathing.18 Faager et al. also reported that PLB 
improved the endurance shuttle walk test compared to the 
control.28 These finding support the use of PLB that gener
ates back pressure, similar to flow-dependent PEP devices, 
to enhance exercise performance. 

There was no difference in RR, HR, and BP between the 
estimated PEP and control in our study. A previous study 
by Ubolsakka-Jones et al. found that RR was slower in the 
conical PEP group compared to the control, although HR 
and BP were not different between the two conditions.11 

Our study did not instruct the participants to modify their 
breathing patterns with PEP, which may explain why the RR 
was not slower than in the control group. 

The calculated min-PEP from our formula was 5.46 [3.84, 
8.61] cmH₂O, while the conical-PEP device generated a me
dian peak PEP of 4.39 [3.31, 7.38] cmH₂O. The median dif
ference between the two values was -0.004 [-0.973, 1.706] 
cmH₂O. This slight difference may be attributed to the 
flow-dependent nature of the conical-PEP device, as varia
tions in flow can cause the delivered PEP to differ from the 

calculated PEP. On the other hand, the threshold PEP de
vice can provide a more precise calculated PEP. However, it 
has certain limitations, such as the absence of expiratory 
flow at the start of exhalation until sufficient pressure 
builds to open the threshold, and the need to maintain this 
pressure throughout the entire exhalation. These factors 
can make forced exhalation more challenging at rest and 
during exercise, particularly when the drive to breathe in
creases, potentially resulting in discomfort. 

Our study confirms the benefit of conical-PEP in improv
ing exercise duration, reducing the development of DH, and 
improving dyspnea using a resistor selected based on the 
min-PEP level in a single session. An 8 mm resistor was 
used in all participants except one, who required a 7.5 mm 
orifice. Participants were continuously monitored for heart 
rate, blood pressure, SpO₂, PetCO2, and ECG during both 
exercise and recovery, with no adverse events or patient-
reported issues observed. The peak PEP delivered ranged 
from 2 to 11 cmH₂O at the end of exercise, remaining well 
below the 35 cmH₂O. Therefore, in clinical settings where 
flow and pressure cannot be measured, starting with an 8 
mm resistor under supervision, followed by stepwise titra
tion to smaller sizes (e.g., 7.5 mm or 7 mm) based on clin
ical response, may be a practical approach. Similar moni
toring is recommended during the familiarization phase or 
initial exercise session to ensure patient safety. 

In this study, the majority of participants were male 
(19 out of 20; 95%). One contributing factor was the ex
clusion of four female COPD patients due to severe knee 
osteoarthritis (musculoskeletal problem), which prevented 
participation. Therefore, the findings should be interpreted 
with caution, as they may not be generalizable to both gen
ders. 

Our study has some limitations. Firstly, we used the con
ical-PEP device, so our results may not be generalizable 
to all PEP devices used in COPD treatment. Additionally, 
our findings cannot be directly compared with those from 
studies using other types of PEP devices. We were unable 
to measure IC at iso-time, which might have demonstrated 
clearer differences in dynamic hyperinflation between the 
two interventions. However, obtaining IC at the exact iso-
time point is impractical, as repeated measurements during 
exercise interfere with breathing mechanics. The min-PEP 
calculation was based solely on our theoretical knowledge 
and hypothesis. However, it is limited in its ability to mea
sure the extent of dynamic airway compression during ex
ercise in our setting, and therefore, it was not possible to 
determine the mini-PEP required to counteract this com
pression. In addition, this crossover study compared con
ical-PEP at the minimum effective level with a sham-PEP 
condition, with at least a 30-minute washout between the 
two interventions conducted on the same day. The aim was 
to examine the immediate effects of conical-PEP on exer
cise duration, DH, and dyspnea in a single exercise session. 
Therefore, follow-up was not feasible in this design. Future 
research should focus on optimizing the calculation of the 
minimum effective PEP using evidence-based formulas, in
cluding a larger sample size, and evaluating the long-term 
effects of conical-PEP within pulmonary rehabilitation pro
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grams, with particular emphasis on clinically relevant out
comes such as quality of life. 

CONCLUSION 

The use of conical-PEP device with a resistor selected to 
achieve the minimum required PEP level during exercise in 
COPD patients improved exercise endurance, delayed the 
development of DH, and delayed the onset of dyspnea. 

ACKNOWLEDGEMENT AND FUNDING 

We would like to express our sincere gratitude to the par
ticipants of this study for their valuable contributions. We 
also extend our appreciation to the medical professionals 
and experts (Dr.Benjarat Sangthong, Assoc. Prof.Dr.Wan
tana Siritaratiwat and, Dr.Saowanee Nakmaroeng) who 
generously shared their knowledge and insights. We appre
ciate the funding support from the Postdoctoral Training 
Type 1 Grant from the Faculty of Associated Medical Sci
ences, Khon Kaen University. This work (Grant No. RGNS 
65-048) was supported by the Office of the Permanent Sec
retary, Ministry of Higher Education, Science, Research and 

Innovation (OPS MHESI), Thailand Science Research and 
Innovation (TSRI), and Khon Kaen University. 

CONFLICTS OF INTEREST 

The authors have completed the ICMJE forms and declare 
no conflicts of interest. 

ETHICAL APPROVAL 

The study was approved by the Khon Kaen University Ethics 
Committee in Human Research (HE641234, approved date 
10 Aug 2021) and registered with the Thai Clinical Trial 
Registry (TCTR20230124006). 

DECLARATION OF GENERATIVE AI AND AI-ASSISTED 
TECHNOLOGIES IN THE WRITING PROCESS 

During the preparation of this manuscript, the authors used 
ChatGPT solely to improve the clarity of English writing. 
Subsequent to utilizing this tool, we reviewed and revised 
the content, taking full responsibility for the publication’s 
material. 

Submitted: February 07, 2025 EST. Accepted: May 28, 2025 
EST. Published: June 16, 2025 EST. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre

ativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

Influence of conical-PEP breathing on exercise performance in patients with chronic obstructive pulmonar…

Canadian Journal of Respiratory Therapy 141



REFERENCES 

1. Halpin DMG, Celli BR, Criner GJ, et al. The GOLD 
Summit on chronic obstructive pulmonary disease in 
low- and middle-income countries. Int J Tuberc Lung 
Dis. 2019;23(11):1131-1141. doi:10.5588/ijtld.19.0397 

2. Meghji J, Mortimer K, Agusti A, et al. Improving 
lung health in low-income and middle-income 
countries: from challenges to solutions. Lancet. 
2021;397(10277):928-940. doi:10.1016/
S0140-6736(21)00458-X 

3. Kosura N, Nwe AA, Chumpangern W, Sriya K, 
Phimphasak C, Ubolsakka-Jones C. Does mild chronic 
obstructive pulmonary disease need a standard 
pulmonary rehabilitation program? A case report. 
Journal of Associated Medical Sciences. 
2024;57(2):41-48. doi:10.12982/JAMS.2024.025 

4. Troosters T, Casaburi R, Gosselink R, Decramer M. 
Pulmonary rehabilitation in chronic obstructive 
pulmonary disease. Am J Respir Crit Care Med. 
2005;172(1):19-38. doi:10.1164/rccm.200408-1109SO 

5. Diaz O, Villafranca C, Ghezzo H, et al. Role of 
inspiratory capacity on exercise tolerance in COPD 
patients with and without tidal expiratory flow 
limitation at rest. Eur Respir J. 2000;16(2):269-275. 
doi:10.1034/j.1399-3003.2000.16b14.x 

6. O’Donnell DE, Revill SM, Webb KA. Dynamic 
hyperinflation and exercise intolerance in chronic 
obstructive pulmonary disease. Am J Respir Crit Care 
Med. 2001;164(5):770-777. doi:10.1164/
ajrccm.164.5.2012122 

7. 2024 GOLD Report. Global initiative for chronic 
obstructive lung disease - GOLD. 2024. Accessed July 
2, 2024. https://goldcopd.org/2024-gold-report/ 

8. O’Donnell DE, Webb KA. The major limitation to 
exercise performance in COPD is dynamic 
hyperinflation. J Appl Physiol. 2008;105:3. 
doi:10.1152/japplphysiol.90336.2008b 

9. Puente-Maestu L, Stringer WW. Hyperinflation and 
its management in COPD. Int J Chron Obstruct Pulmon 
Dis. 2006;1(4):381-400. doi:10.2147/
copd.2006.1.4.381 

10. Olsen FM, Lannefors L, Westerdahl E. Positive 
expiratory pressure – Common clinical applications 
and physiological effects. Respir Med. 
2015;109(3):297-307. doi:10.1016/j.rmed.2014.11.003 

11. Ubolsakka-Jones C, Jones DA, Pukdeechat M, 
Boonsawat W, Khrisanapant W, Phimphasak C. Effect 
of a conical-PEP mask on exercise in subjects with 
COPD. Respir Care. 2024;69(2):191-201. doi:10.4187/
respcare.11016 

12. Kosura N, Nwe AA, Jaimanee C, et al. Flow and 
pressure response of different conical-PEP resistors 
in vitro and in vivo in healthy and COPD subjects. In: 
Proceedings of the International Physical Therapy 
Research Symposium 2023 (IPTRS 2023): Innovation 
and Technology in Health Promotion and 
Rehabilitation. ; 2023:12-24. 

13. Salis F, Costaggiu D, Mandas A. Mini-Mental 
State Examination: optimal cut-off levels for mild 
and severe cognitive impairment. Geriatrics. 
2023;8(1):12. doi:10.3390/geriatrics8010012 

14. Radtke T, Crook S, Kaltsakas G, et al. ERS 
statement on standardisation of cardiopulmonary 
exercise testing in chronic lung diseases. Eur Respir 
Rev. 2019;28(154):180101. doi:10.1183/
16000617.0101-2018 

15. Bayles MP, Swank AM. ACSM’s Exercise Testing 
and Prescription, 1e. Lippincott Williams & Wilkins, a 
Wolters Kluwer business; 2018. 

16. O’donnell DE, Revill SM, Webb KA. Dynamic 
hyperinflation and exercise intolerance in chronic 
obstructive pulmonary disease. Am J Respir Crit Care 
Med. 2001;164(5):770-777. doi:10.1164/
ajrccm.164.5.2012122 

17. O’Donnell DE, Webb KA. The major limitation to 
exercise performance in COPD is dynamic 
hyperinflation. J Appl Physiol. 2008;105(2):753-755. 
doi:10.1152/japplphysiol.90336.2008b 

18. Bhatt SP, Luqman-Arafath TK, Gupta AK, et al. 
Volitional pursed lips breathing in patients with 
stable chronic obstructive pulmonary disease 
improves exercise capacity. Chron Respir Dis. 
2013;10(1):5-10. doi:10.1177/1479972312464244 

19. Gass R, Merola P, Monteiro MB, et al. Effects of 
expiratory positive airway pressure on exercise 
tolerance, dynamic hyperinflation, and dyspnea in 
COPD. Respir Care. 2017;62(10):1298-1306. 
doi:10.4187/respcare.05556 

20. Martin AD, Davenport PW. Extrinsic Threshold 
PEEP Reduces post-exercise dyspnea in COPD 
patients: a placebo-controlled, double-blind cross-
over study. Cardiopulm Phys Ther J. 2011;22(3):5-10. 
doi:10.1097/01823246-201122030-00003 

Influence of conical-PEP breathing on exercise performance in patients with chronic obstructive pulmonar…

Canadian Journal of Respiratory Therapy 142

https://doi.org/10.5588/ijtld.19.0397
https://doi.org/10.1016/S0140-6736(21)00458-X
https://doi.org/10.1016/S0140-6736(21)00458-X
https://doi.org/10.12982/JAMS.2024.025
https://doi.org/10.1164/rccm.200408-1109SO
https://doi.org/10.1034/j.1399-3003.2000.16b14.x
https://doi.org/10.1164/ajrccm.164.5.2012122
https://doi.org/10.1164/ajrccm.164.5.2012122
https://goldcopd.org/2024-gold-report/
https://doi.org/10.1152/japplphysiol.90336.2008b
https://doi.org/10.2147/copd.2006.1.4.381
https://doi.org/10.2147/copd.2006.1.4.381
https://doi.org/10.1016/j.rmed.2014.11.003
https://doi.org/10.4187/respcare.11016
https://doi.org/10.4187/respcare.11016
https://doi.org/10.3390/geriatrics8010012
https://doi.org/10.1183/16000617.0101-2018
https://doi.org/10.1183/16000617.0101-2018
https://doi.org/10.1164/ajrccm.164.5.2012122
https://doi.org/10.1164/ajrccm.164.5.2012122
https://doi.org/10.1152/japplphysiol.90336.2008b
https://doi.org/10.1177/1479972312464244
https://doi.org/10.4187/respcare.05556
https://doi.org/10.1097/01823246-201122030-00003


21. Monteiro MB, Berton DC, Moreira MÂF, Menna-
Barreto SS, Teixeira PJZ. Effects of expiratory positive 
airway pressure on dynamic hyperinflation during 
exercise in patients with COPD. Respir Care. 
2012;57(9):1405-1412. doi:10.4187/respcare.01481 

22. Nicolini A, Merliak F, Barlascini C. Use of positive 
expiratory pressure during six minute walk test: 
results in patients with moderate to severe chronic 
obstructive pulmonary disease. Multidiscip Respir 
Med. 2013;8(1):19. doi:10.1186/2049-6958-8-19 

23. Wibmer T, Rüdiger S, Heitner C, et al. Effects of 
nasal positive expiratory pressure on dynamic 
hyperinflation and 6-minute walk test in patients 
with COPD. Respir Care. 2014;59(5):699-708. 
doi:10.4187/respcare.02668 

24. Nagano O, Tokioka H, Ohta Y, Goto K, Katayama 
H, Hirakawa M. Inspiratory pressure–volume curves 
at different positive end-expiratory pressure levels in 
patients with ALI/ARDS. Acta Anaesthesiol Scand. 
2001;45(10):1255-1261. doi:10.1034/
j.1399-6576.2001.451014.x 

25. Crisafulli E, Clini EM. Measures of dyspnea in 
pulmonary rehabilitation. Multidiscip Respir Med. 
2010;5(3):202. doi:10.1186/2049-6958-5-3-202 

26. Gellish RL, Goslin BR, Olson RE, McDonald A, 
Russi GD, Moudgil VK. Longitudinal modeling of the 
relationship between age and maximal heart rate. 
Med Sci Sports Exerc. 2007;39(5):822-829. 
doi:10.1097/mss.0b013e31803349c6 

27. Wibmer T, Rüdiger S, Heitner C, et al. Effects of 
nasal positive expiratory pressure on dynamic 
hyperinflation and 6-minute walk test in patients 
with COPD. Respir Care. 2014;59(5):699-708. 
doi:10.4187/respcare.02668 

28. Faager G, Stâhle A, Larsen FF. Influence of 
spontaneous pursed lips breathing on walking 
endurance and oxygen saturation in patients with 
moderate to severe chronic obstructive pulmonary 
disease. Clin Rehabil. 2008;22(8):675-683. 
doi:10.1177/0269215508088986 

Influence of conical-PEP breathing on exercise performance in patients with chronic obstructive pulmonar…

Canadian Journal of Respiratory Therapy 143

https://doi.org/10.4187/respcare.01481
https://doi.org/10.1186/2049-6958-8-19
https://doi.org/10.4187/respcare.02668
https://doi.org/10.1034/j.1399-6576.2001.451014.x
https://doi.org/10.1034/j.1399-6576.2001.451014.x
https://doi.org/10.1186/2049-6958-5-3-202
https://doi.org/10.1097/mss.0b013e31803349c6
https://doi.org/10.4187/respcare.02668
https://doi.org/10.1177/0269215508088986


SUPPLEMENTARY MATERIALS 

Supplement  
Download: https://cjrt.ca/article/138738-influence-of-conical-pep-breathing-on-exercise-performance-in-patients-
with-chronic-obstructive-pulmonary-disease-a-single-blind-randomized-crossover/attachment/285124.docx 

Influence of conical-PEP breathing on exercise performance in patients with chronic obstructive pulmonar…

Canadian Journal of Respiratory Therapy 144

https://cjrt.ca/article/138738-influence-of-conical-pep-breathing-on-exercise-performance-in-patients-with-chronic-obstructive-pulmonary-disease-a-single-blind-randomized-crossover/attachment/285124.docx
https://cjrt.ca/article/138738-influence-of-conical-pep-breathing-on-exercise-performance-in-patients-with-chronic-obstructive-pulmonary-disease-a-single-blind-randomized-crossover/attachment/285124.docx

	Influence of conical-PEP breathing on exercise performance in patients with chronic obstructive pulmonary disease: A single-blind randomized crossover trial
	Abstract
	Background
	Method
	Results
	Conclusion

	Introduction
	Methods
	Study design and setting
	Subject eligibility
	Conical PEP and resistor size selection procedure
	1. Incremental Spot Marching Test (ISMT)
	2. Minimum PEP level requirement
	3. Selection of the Conical PEP resistor size

	Intervention
	Sham-PEP
	Outcome measurements
	Sample size determination
	Randomization
	Statistical analysis

	Results
	ISMT response
	Effect of conical-PEP on exercise time
	Effect of conical-PEP on dynamic hyperinflation
	Effect of conical-PEP on dyspnea
	Physiologic and perceptual responses of conical-PEP and sham-PEP conditions during ESMT

	Discussion
	Conclusion
	Acknowledgement and funding
	Conflicts of interest
	Ethical Approval
	Declaration of Generative AI and AI-Assisted Technologies in the Writing Process

	References
	Supplementary Materials


