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kg/m2). Following discussion and demonstration of the knack technique, 
58% of the patients reported an improvement of their urinary incontinence 
symptoms. However, 17% also admitted that they were nonadherent with 
using the technique. (Three have not returned to the clinic to assess their 
response to the technique.) When compared to the control group of 13 
without UI, there was no difference in age, lung function, and frequency of 
hospitalizations (Table).

Conclusions: About half of the CF subjects screened suffered from 
stress UI and 75% of these experienced symptoms every day. There does 
not seem to be a correlation with FEV1%, CF-related diabetes, BMI, hospi-
talizations, genotype, and the presence of significant microbial pathogens. 
The knack technique is an appropriate and effective intervention for the 
treatment of stress urinary incontinence with females with cystic fibrosis as 
young as 11 years old.

Clinical Implications: Further studies are needed to determine the 
etiology of UI in the CF population. It does not appear related to the sever-
ity of lung disease nor with the BMI. Frequent screening and education 
for patients who suffer from urinary incontinence can reduce symptoms 
and improve quality of life. Pelvic floor exercise and techniques should be 
incorporated into routine CF care.

Table: Numbers given are mean (standard deviation)

424�
COMPARISON OF INSPIRATORY MUSCLE 
ENDURANCE BETWEEN CHILDREN AND 
ADOLESCENTS WITH CYSTIC FIBROSIS AND 
HEALTHY INDIVIDUALS
Vendruculo, F.M.1; Heinzmann-Filho, J.P.1; Piva, T.C.1; 
Marostica, P.J.2; Donadio, M.V.1 1. Centro Infant - IPB, 
Pontificia Universidade Catolica do Rio Grande do Sul - PUCRS, 
Porto Alegre, Brazil; 2. Universidade Federal do Rio Grande do 
Sul, Porto Alegre, Brazil

Introduction: Mechanisms of pulmonary changes that occur in cystic 
fibrosis (CF) may influence the inspiratory muscle endurance (IME) in CF 
patients. However, several studies were conducted to evaluate inspiratory 
muscle strength and less information is available about endurance levels in 
these patients.

Objective: To evaluate inspiratory muscle endurance in children and 
adolescents with CF in comparison with healthy subjects and correlate with 
pulmonary function tests.

Methods: This cross-sectional observational study evaluated CF 
patients (6 to 18 years old) and healthy subjects paired in a 1:2 proportion, 
using sex, age, height and weight. Spirometry, impulse oscillometry, pleth-
ysmography, manovacuometry and a protocol of IME were performed. 
To determine IME a commercially-available threshold-loading device was 
used during an incremental loading procedure. In order to obtain pressures 
over 41 cmH20 the spring was modified. Patients started inspiring from a 
threshold-loading device set at 30% of maximal inspiratory pressure (MIP) 
for 2 minutes. The threshold load was then increased every 2 minutes in 
increments of 10% of MIP. IME was defined by the maximal inspirato-
ry pressure sustained for at least 1 minute and results were expressed in 
percentage of MIP. Data were analyzed using Student’s t-test and Pearson 
correlation coefficient.

Results: Thirty-four patients with CF were included in the study with 
a mean age of 12.6 2.9 years and twenty of them were boys (58.8%). The 
mean IME was 60.9 13.3. Sixty-eight healthy subjects were included and 
they presented a mean endurance of 65.3 12.3. No significant difference 
in the IME between CF patients and healthy subjects was found. When 
restricting the analysis to CF patients without colonization by Pseudomonas 
aeruginosa (PA) or with forced expiratory volume in one second (FEV1) 
greater than 80% of predicted values, IME were significantly lower in com-
parison to the control group (p=0.02 and p=0.05, respectively). There was 
no significant differences in the endurance of patients colonized by PA or 
with FEV1<80% when compared to their healthy controls. Endurance cor-
related better with both total airway resistance (r=0.35, p=0.04) and central 
airway resistance (r=0.48, p=0.04).

Conclusion: Children and adolescents with CF present changes in 
inspiratory muscle endurance that are distinct at different levels of pulmo-
nary impairment. Furthermore, the significant endurance associations are 
better related to airway resistance.

425�
IDENTIFICATION OF SUBCLINICAL CARDIAC 
DYSFUNCTION IN CYSTIC FIBROSIS ADULTS
Sellers, Z.1; McGlocklin, L.2; Brasch, A.2 1. Pediatrics, Stanford 
University, Palo Alto, CA, USA; 2. Heart and Cardiovascular 
Center, Carle Foundation Hospital, Urbana, IL, USA

Background and Aims: Cystic fibrosis (CF) is known to cause right 
ventricular (RV) dysfunction secondary to chronic obstructive lung disease, 
however, whether CF individuals are at risk for primary left ventricular 
(LV) dysfunction remains unknown. CFTR is expressed in cardiac myo-
cytes, and studies by Sellers et al. in mice show that lack of CFTR alters 
cardiomyocyte contraction, Ca2+ signaling, and decreases in vivo cardi-
ac reserve. Prior echocardiographic studies in CF have been difficult to 
interpret due to confounding comorbidities (i.e. poor lung function, RV 
abnormalities) and inherent limitations of conventional echocardiography 
due to tethering from neighboring segments. To determine if CF individuals 
display primary LV dysfunction, we undertook a pilot study using strain 
and strain rate echocardiography, an imaging tool less influenced by neigh-
boring segments, to examine LV function in CF adults.

Methods: Transthoracic echocardiography with conventional tissue 
Doppler, along with strain and strain rate imaging were performed in 8 
adults with CF. Additionally, brain natriuretic peptide (BNP) levels were 
measured. Results were compared to literature values obtained from healthy 
control subjects. To determine if there was any positive correlation between 
low strain and strain rate values and poor lung function, we calculated Pear-
son correlation coefficients for strain and strain rate vs. FEV1.

Results: Conventional echocardiography showed normal systolic func-
tion with LV ejection fraction of 61 4% (normal 55%) and BNP was 
normal in all individuals with a mean of 20 11 pg/mL (normal <100), 
indicating no signs of clinical heart disease. In contrast, 50% of men and 
100% of women with CF had decreased LV systolic strain outside the 95% 
confidence interval ranges for healthy individuals, indicating decreased 
myocardial shortening (CF men vs. controls: -11.7 3.2% vs. -15.9 2.3%; 
CF women vs. controls: -11.7 1.6% vs. -17.4 2.3%). Strain rates were 
significantly decreased in 100% of CF individuals, indicating decreased 
velocity of shortening (CF men vs. controls: -0.56 0.10 sec-1 vs. -1.01 0.13 
sec-1; CF women vs. controls: -0.49 0 sec-1 vs. 1.05 0.13 sec-1). There 
was no correlation between decreased strain and strain rate values and low 
FEV1 (P>0.05).

Conclusions: In this pilot study, we show that strain and strain rate 
echocardiography can identify LV systolic abnormalities in CF individuals 
not detected by conventional echocardiography. We propose that this echo-
cardiography modality may identify subclinical cardiac dysfunction in CF 
and allows for evaluation of LV function independent of lung function. This 
study, coupled with prior animal studies, provides evidence for primary 
cardiac abnormalities in CF, independent of lung disease. Early diagnosis of 
cardiac dysfunction may result in better outcomes for individuals with CF.

426�
THE RELATIONSHIP BETWEEN EXERCISE CAPACITY 
AND GLUCOSE TOLERANCE IN A PEDIATRIC CF 
POPULATION NOT DIAGNOSED WITH CYSTIC 
FIBROSIS-RELATED DIABETES
Foster, K.E.; McPhail, G.L.; Crisalli, J.; Chini, B.A. Pulmonary 
Medicine, Cincinnati Children’s Hospital Medical Center, 
Cincinnati, OH, USA

Background: Reduced exercise capacity (EC) and cystic fibrosis-re-
lated diabetes mellitus (CFRD) have been associated with a greater decline 
in lung function, nutritional status, and life expectancy in people with CF. 
Some research has shown that patients with CFRD have reduced EC, but to 
our knowledge no information is available on the relationship between EC 
and glucose tolerance in patients without CFRD.

Methods: In a retrospective study, we evaluated 70 maximal cardio-
pulmonary exercise tests (CPET) of 50 patients not diagnosed with CFRD. 
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Two-hour oral glucose tolerance testing (OGTT) performed within one year 
of CPET were also evaluated. Patients were considered to have low EC if 
VO2 peak < 80% of predicted.

Results: The Table 1 shows CPET and OGTT parameters in patients 
with low EC and normal EC. Patients with low EC had significantly higher 
two-hour glucose values compared to patients with normal EC (140.3  
76.2 vs 113.9  32.7 mg/dL, p = 0.0493).

Conclusion: This study suggests that low EC is associated with 
decreased glucose tolerance on OGTT in a pediatric population not diag-
nosed with CFRD. Patients presenting with low EC should be evaluated 
for CFRD.

Table. CPET and OGTT parameters in patients with low and nor-
mal EC

All values are mean  SD unless indicated. * p < 0.05
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YOGA IMPROVES POSTURE AND MUSCULAR 
PERFORMANCE IN ADULT PERSONS WITH CYSTIC 
FIBROSIS
Russell, S.P.2,5; Salem, G.2; Rao, A.P.3; Yu, S.1; Kazadi, L.4 
1. Division of Biokinesiology and Physical Therapy, University
of Southern California and Keck Hospital of USC, Los Angeles, 
CA, USA; 2. Division of Biokinesiology and Physical Therapy, 
University of Southern California, Los Angeles, CA, USA; 
3. Pulmonary and Critical Care Medicine, Keck Medical
Center of University of Southern California, Los Angeles, CA, 
USA; 4. Leslie Kazadi Yoga Therapy, Santa Monica, CA, USA; 
5. Keck Medical Center of University of Southern California, Los
Angeles, CA, USA

Introduction: Persons with cystic fibrosis (CF) are prone to postural 
dysfunction in part due to pulmonary hyperinflation and chronic coughing 
which can lead to injury, chronic pain disorders, vertigo, headaches, balance 
dysfunction, increased risk for vertebral fractures, and loss of physical func-
tioning. The purpose of this study is to investigate the effects of Hatha yoga 
on posture, neuromuscular performance, and self-reported psychometric 
measures.

Methods: A phase I feasibility study was conducted to quantify the 
effects of an 8-week Hatha yoga intervention in adults with CF. Over 250 
potential participants were recruited from five CF centers in the greater Los 
Angeles area. Inclusion criteria: positive diagnosis for CF and age 18-64. 
Potential participants were excluded if FEV1 <30%, currently practiced 
yoga with a certified yoga instructor two times per month, recent pulmonary 
exacerbation, antibiotic resistant infections, such as methicillin resistant 
Staphylococcus aureus (MRSA), Burkholderia cepacia, and multi-drug 
resistant Pseudomonas aeruginosa, and/or lung transplantation. Eight sub-
jects were eligible, agreed to participate and began yoga classes. One par-
ticipant discontinued after three yoga sessions because of a work conflict. 
Thus, seven subjects completed the yoga intervention and all data collec-
tions. The yoga program was modified to exclude any head down or stom-
ach up postures to avoid detrimental side effects related to gastro-esopha-
geal reflux. Yoga sessions were held twice weekly for 90-minutes, for 8 
weeks at a common outdoor space. Strict infection control guidelines were 
followed including: outdoors location, 6-foot rule on all sides, individual-
ized equipment and sanitation gel.

Results: Yoga is a feasible activity for persons with CF; there were 
no adverse events or study withdrawals related to yoga participation and 
average session attendance was 66%. Positive adaptations to yoga included 

statistically significant improvements in chest wall excursion (p = .001); 
scapular positioning and posture (p = .026); 30-second sit to stand test (p 
= .008); and the Cystic Fibrosis Questionnaire Revised (CFQR) weight 
domain (p = .038).

Conclusion: In this phase 1 feasibility study, yoga improved posture, 
chest wall excursion, lower extremity muscle performance, and the self-per-
ceptions of body weight. Future randomized control trials will be necessary 
to determine the overall therapeutic benefits of yoga for persons with CF.

428�
DEVELOPMENT OF A MUSCULOSKELETAL 
SCREENING TOOL FOR ADULTS WITH CF IDENTIFIES 
COMMON CAUSES OF PAIN AND PROBLEMS THAT 
POTENTIALLY DECREASE PHYSICAL ACTIVITY; A 
TOOL FOR USE IN ANNUAL REVIEWS
Button, B.M.1,2; Wilson, L.M.1; Gufler, A.3; Mitchell, L.1; 
Wilson, J.W.1,2 1. Department of AIRMED, The Alfred Hospital, 
Melbourne, VIC, Australia; 2. Department of Medicine, Monash 
University, Melbourne, VIC, Australia; 3. Department of 
Paediatrics, Der Universitatsklinik, Innsbruck, Austria

As adults age and lung function deteriorates patients with CF report 
more symptoms of pain, joint stiffness and muscle weakness. This decrease 
in physical function can impact significantly on patients’ ability to under-
take airway clearance therapy and sputum expectoration. Further, the ability 
to carry out regular exercise can also be negatively impacted. In our large 
Adult CF Unit the need for a musculoskeletal screening tool was identified 
to diagnose and treat patients with musculoskeletal pain, joint and muscle 
problems.

Objectives: To develop a more objective musculoskeletal screening 
tool to identify and treat musculoskeletal problems early and prevent further 
dysfunction.

Methods: Previously a musculoskeletal screening tool was construct-
ed by physiotherapists with a special interest in CF and musculoskeletal 
problems and trialled in adults with CF between 2008-2011. Following 
evaluation of the results of assessment of a group of ninety patients, the 
musculoskeletal screening tool was refined and more objective measures 
were included in the assessment. The current updated musculoskeletal 
screening tool consists of anterior and posterior body pain chart, demo-
graphic information including lung function, BMI, continence and gastro-
esophageal reflux screening (yes or no), DEXA results (normal, osteopenia, 
osteoporosis), postural alignment measures, scapulae positioning with or 
without winging, shoulder protraction, thoracic and lumbar mobility (0-5 
score for none, mild, moderate or severe changes), pelvic tilt, hamstring 
and calf length.

Results: Between 2011-2013 we screened 99 patients (44 female) mean 
age 30 (SD 9.0), range 18-56 years; FEV1% predicted 51 (21.3) 21-94. 
The percentage of patients with musculoskeletal problems were: back pain 
42%; neck problems 28%; thoracic kyphosis 46% (54% mild kyphosis, 
44% moderate); shoulder forward protraction 62% (75% mild); scapulae 
abduction 33%; winging 20%; anterior pelvic tilt 66% and posterior pelvic 
tilt 12%. Percentage of patients with movement limitation: thoracic exten-
sion and shoulder flex 19%; thoracic rotation 28%; lateral flexion 32%; 
hamstring tightness 70%. Mean distance between fingers and toes in sit and 
reach test 13.0 (10.7) cm. Calf flexibility (distance of big toe front foot to 
wall with knee touching the wall both heels flat) 8.2 (3.7) cm left, 9.1 (8.0) 
cm right. Patients with FEV1 less than 40% were more likely to have a tho-
racic kyphosis, r=0.93. Hamstrings were tight across the spectrum of lung 
disease. The musculoskeletal screening tool was well accepted, patients 
are eager to compare measurement from year to year. The musculoskeletal 
screening tool took 30 minutes to administer.

Conclusion: In order to prevent a decrease in physical activity from 
musculoskeletal problems the more objective musculoskeletal screening 
tool has become an essential screening and treatment assessment tool to 
optimise physical function and promote exercise participation and has been 
incorporated in the annual physiotherapy review in adults with CF at our 
large CF center.
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to diagnose and treat patients with musculoskeletal pain, joint and muscle
problems.

Objectives:  To develop a more objective musculoskeletal screening
tool to identify and treat musculoskeletal problems early and prevent further 
dysfunction.




