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Abstract

Background: Primary ciliary dyskinesia (PCD) is generally likened to cystic fibrosis

(CF) due to similarities in impaired mucociliary clearance and some other symptoms.

The aim of our study was to investigate pulmonary and extrapulmonary char-

acteristics of children with CF and PCD since no studies have addressed respiratory

muscle strength in children with PCD and to compare the results to those obtained

from healthy age‐matched controls.

Methods: Pulmonary and extrapulmonary characteristics were assessed by 6‐min

walk test, spirometry, maximum inspiratory and expiratory pressure measurements,

and knee extensor strength test in the children with CF, PCD, and healthy controls.

Results: Children with PCD and CF had similar PFT results, except forced expiratory

flow between 25% and 75% of vital capacity (FEF25–75) which was lower in PCD

(p = .04). Maximum inspiratory pressure (MIP) value was lower in the children with

CF compared with the healthy controls (p = .016), MEP value of the children with

PCD was worse than those with CF and healthy controls (p = .013 and p = .013),

respectively. 6‐min walk test (6MWT) distance of the children with CF was lower

than their healthy counterparts (p = .003). Knee extensor muscle strength differed

among the children with PCD, CF, and healthy control groups, but post hoc test

failed to show statistical significance (p = .010).

Conclusion: Children with CF and PCD had some impairments in pulmonary func-

tions, respiratory muscle strength, functional capacity, and peripheral muscle

strength compared with healthy children. However, the unique characteristics of

each disease should be considered during physiotherapy assessment and treatment.

The clinicians may especially focus on the respiratory and peripheral muscle

strength of the children with PCD.
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1 | INTRODUCTION

In both primary ciliary dyskinesia (PCD) and cystic fibrosis (CF), the

pathogenesis involves impaired mucociliary clearance that leads

to intermittent or chronic sino‐broncho‐pulmonary infections.1,2

Despite similarities in pathophysiology, outcomes differ between the

two diseases, for example, the sputum concentrations differ between

subjects with CF and PCD.3 In addition, the radiologic distribution of

lung disease is predominantly seen in middle and lower lobes in

subjects with PCD while upper lobes are more impaired in subjects

with CF.1,4 Differences in lower airway pathogens and chronic

colonization between PCD and CF are likely to reflect impaired

mucociliary clearance, which is a primary defect in PCD but a

secondary defect in CF. Besides, the children with PCD have a

disadvantage compared with CF because of the late diagnosis which

is made after the airway epithelium is already impaired and pul-

monary function has deteriorated.3,5

In addition to comparisons of pulmonary aspects, the other

related symptoms, such as exercise capacity and muscle function,

are impaired in both CF and PCD. However, there is no consensus

about the origin of the functional limitation in CF and PCD; whether

it is a result of the cardiorespiratory system′s inability to meet

metabolic demands or the intrinsic abnormalities in the muscle

itself. It is shown that CF and PCD have abnormal muscle meta-

bolism caused by different mechanisms, but this does not rule out

the possible interaction between respiratory disease and muscle

function.6 Subjects with PCD and CF exhibit lower aerobic fitness

compared with healthy children and young adult subjects,7,8 but

there is no consensus regarding the effect of severity of CF and

PCD on functional capacity. PCD is generally considered a less

severe disease than CF; however, a 1‐year follow‐up study presents

a similar decline on exercise capacity in both the age‐matched

children with PCD and CF.9 On the other hand, aerobic fitness is

closely related to the respiratory muscle function, and there are

conflicting results regarding respiratory muscle strength, which is

reported as diminished, normal, or even increased in subjects with

CF.10–14 Since no studies have addressed respiratory muscle

strength in children with PCD, there is no comparison of this data

between children with CF and PCD in the literature.

In spite of all these differences mentioned above, the manage-

ment of PCD is based on the clinical practice borrowed from the

evidence‐based management of CF.15 Since airway clearance tech-

niques and physiotherapy approaches are suggested for both PCD

and CF, understanding the differences and requirements of these

diseases may increase the success of treatment modalities and im-

prove the quality of life in these patients.16 So, our study aims to

investigate the pulmonary function, respiratory and peripheral

muscle strength, and functional capacity of children with CF and

PCD and to compare the results among patient groups and healthy

age‐ and gender‐matched controls. Our hypothesis is that since the

chronic lung inflammation does not affect children with CF and PCD

on an equal basis, the pulmonary or extrapulmonary features may

differ between these two diseases.

2 | METHODS

2.1 | Study design and study population

The subjects referred from the outpatient clinic of the Division of

Pediatric Chest Diseases to the Department of Cardiopulmonary

Physiotherapy and Rehabilitation of Bezmialem Vakif University

were included in the study via simple random sampling according

to the following selection criteria. Inclusion criteria were being

6–18 years of age and being diagnosed with CF or PCD. The di-

agnosis of CF was made using genetic and sweat testing according

to the guidelines.2,17,18 As for the diagnosis of PCD, PICADAR

score was used after the presence of other respiratory diseases

were excluded.19 The subjects who were unable to perform the

tests because of mental or physical disability and because of prior

cardiovascular disease, acute exacerbation, or hospitalization

history in the previous month were excluded. One hundred and

thirty‐six subjects (88 were CF and 48 were PCD) in the registry of

our university hospital′s “Outpatient Clinic of the Pediatric Chest

Disease” were assessed for eligibility by a pediatric pulmonologist.

From this cohort, 31 subjects with CF, 28 subjects with PCD, and

25 healthy age‐ and gender‐matched controls having no prior

disease were allocated to this prospective study between

December 2019 and February 2020. The flow diagram of the

study is shown in Figure 1.

The study was approved by the Human Research Ethics Com-

mittee of Bezmialem Vakif University (Protocol number: 18/353) and

performed in accordance with the Declaration of Helsinki. The study

was registered to ClinicalTrial.Gov website with the registration

number of NCT04161313. Written informed consent was obtained

from the parents and the guardians of each child.

2.2 | Testing procedure

The demographic characteristics of subjects were recorded using a

standard form. The information regarding the age at diagnosis,

number of exacerbations in the previous year, genotype, pancreatic

insufficiency, liver disease, medications, and Pseudomonas aeruginosa

colonization were collected from the patient files. The number of

bronchiectatic lobes was determined according to the reports of last

year computed tomography.

Participants performed spirometry (except healthy controls),

maximum inspiratory (MIP) and expiratory (MEP) pressure mea-

surements, knee extensor strength test, and 6‐min walk test

(6MWT), respectively.

Pulmonary functions were assessed by using a spirometer

(COSMED Pony FX, COSMED) in compliance with the guideline of

the American Thoracic Society and European Respiratory Society.20

The reference equations were used for predicted values of forced

vital capacity (FVC), forced expiratory volume in 1 s (FEV1), and

forced expiratory flow between 25% and 75% of vital capacity

(FEF25–75).
21
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MIP and MEP were determined using a mouth pressure meter

(MicroRPM, MicroMedical).22 The maximum value of three efforts,

which vary by less than 5%, was accepted as MIP and MEP values of

subjects. The subjects had a rest for about 1 min between each test.

The knee extensor strength test was evaluated using a MicroFet

2 hand‐held dynamometer (Hogan Health Industries Inc.) with the

break method. The maximum value of three consecutive measure-

ments was recorded as the knee extensor strength. Subjects were

allowed to rest for about 1 min between efforts.

The functional capacity was evaluated using 6MWT according to

the guideline.23 Patients were instructed to walk as fast as possible

between two cones in a 30m corridor and the walking distance in

6min was recorded.

2.3 | Sample size and statistical analysis

The statistical procedure was carried out using SPSS software

(Version 16.0; SPSS). The normality of all variables was analyzed

using the Kolmogorov–Smirnov test. One‐way analysis of variance or

Kruskal–Wallis tests were used for between‐group comparisons ac-

cording to the distribution of the dependent variables. Independent

samples t test or Mann–Whitney U test was performed to compare

spirometric parameters between CF and PCD groups. The effect size

was calculated using Cohen's definition (dCohen). We considered that

an effect size less than 0.2 was negligible, between 0.2 and 0.5 was

small, between 0.5 and 0.8 was moderate, and equal to or greater

than 0.8 was large. p value of less than .05 was considered statisti-

cally significant. The sample size estimation was calculated depend-

ing on 6MWT scores and minimally 17 number of subjects for each

group achieved a power equal to 0.80 with a probability dCohen of

type I error equal to .05.14

3 | RESULTS

Thirty subjects with CF, 25 subjects with PCD, and 21 healthy age‐
and gender‐matched controls completed the assessments (Figure 1).

The demographic and clinical characteristics of CF, PCD, and

control groups are presented in Table 1. The demographical data

were similar among three groups. The clinical characteristics such

as age of diagnosis, number of exacerbations in the previous year,

number of bronchiectatic lobes, and P. aeruginosa colonization were

compared between CF and PCD groups. Children with CF were

diagnosed earlier compared with the children with PCD (p < .001).

Number of exacerbations in the previous year and P. aeruginosa

colonization were found statistically higher in the CF group

(p = .030 and p = .013, respectively). The genetic and sweat test had

been applied to 24 and 30 subjects of CF, respectively. F508del

homozygous (n = 5), F508del heterozygous (n = 4), N1303K

F IGURE 1 Flow diagram of study design. CF, cystic fibrosis; PCD, primary ciliary dyskinesia
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homozygous (n = 2), E92K homozygous (n = 2), E92K heterozygous

(n = 1), R347P homozygous (n = 1), G542X homozygous

(n = 1), G85E homozygous (n = 1), R1070Q homozygous (n = 1),

2183AA− >G homozygous (n = 1), 1531C/T heterozygous (n = 1),

621+1G− >T homozygous (n = 1), 3755delG homozygous (n = 1),

R334W heterozygous (n = 1) mutations were identified in gene

analysis. Two mutations were identified in two children, and no

mutations could be found in three children. All subjects with PCD

and 80% of subjects with CF had chest computed tomography in the

preceding year. The degree of bronchiectasis was shown according

to the number of affected lobes in Table 1. According to patient

recordings, 25 subjects (83.3%) had pancreatic insufficiency and 3

subjects (10%) were diagnosed with liver disease in the CF group.

Eleven children with CF (36,6%) and 22 children with PCD (88%)

had bronchodilator therapy. Nine children with CF (30%) used hy-

pertonic saline and all children with CF‐inhaled dornase alpha as

the mucolytics. All subjects were performing oscillatory positive

pressure device and postural drainage with percussion in daily

home physiotherapy program for airway clearance.

The spirometric parameters did not show a statistically sig-

nificant difference between CF and PCD subjects except FEF25–75

(p = .04). The ratio of subjects who had lower than 80% FEV1 was

58% in CF subjects and 66% in PCD subjects (p > .05). FEF25–75 value

of PCD subjects was distinctly less than CF subjects (p = .04;

dcohen = 0.86; Table 2).

There were statistically significant differences among groups in

terms of MIP and MEP values (p = .02 and p = .005, respectively).

These differences were based on the changes between CF and

healthy subjects, and between PCD and healthy subjects in MIP and

MEP, respectively. CF group had a statistically lower score than the

control group for 6MWT distance (p = .003). Knee extensor muscle

strength was different among CF, PCD, and healthy group, but post

hoc analysis failed to show a significant difference (p = .01; Table 3).

4 | DISCUSSION

Although CF is a systemic disease and PCD is not, in regard to lung

disease, our study showed that the children with CF and PCD had

similar pulmonary function results except forced mid‐expiratory
flow, which was significantly lower in the children with PCD.

TABLE 1 The demographic and clinical characteristics of all groups

CF Group PCD Group Control Group

(n = 30) (n = 25) (n = 21) p Value

Boys 15 (50%) 13 (52%) 11 (52.4%) .98

Girls 15 (50%) 12 (48%) 10 (47.6%)

Age (years) 11.4 ± 2.1 12.5 ± 3.5 11.0 ± 3.4 .18

Height (cm) 140.3 ± 14.0 132.9 ± 18.7 144.5 ± 16.8 .28

Weight (kg) 36.1 ± 13.4 32.3 ± 13.4 41.9 ± 17.8 .44

Body mass index (kg/m2) 17.9 ± 3.0 18.6 ± 3.7 19.0 ± 4.7 .37

Body mass index (percentile) 47.2 ± 31.1 42.2 ± 33.2 56.8 ± 30.6 .31

Age at diagnosis (month) 4.5 ± 2.3 60.1 ± 22.5 <.001

Number of exacerbations in

previous year

2.2 ± 2.9 0.8 ± 1.2 .03

Number of bronchiectatic lobes

One lob 7 (23%) 4 (16%) .607

Two lobes 9 (30%) 11 (44%)

Three or more lobes 9 (30%) 9 (36%)

Pseudomonas aeruginosa colonization 11 (37%) 2 (8%) .013

Note: Values are expressed as mean ± SD or n (%).

Abbreviations: CF, cystic fibrosis; PCD, primary ciliary dyskinesia.

TABLE 2 The pulmonary functions of CF and PCD groups

CF Group PCD Group

(n = 30) (n = 25) p Value

FVC (% pred) 90.2 ± 18.6 86.7 ± 17.4 .57

FEV1 (% pred) 79.0 ± 18.2 72.6 ± 15.5 .27

FEV1/FVC (%) 79.8 ± 9.3 77.6 ± 16.3 .62

PEF (L/s) 75.8 ± 22.3 61.9 ± 28.5 .11

FEF25–75 (% pred) 71.0 ± 34.1 45.8 ± 26.7 .04

Note: Values are expressed as mean ± SD.

Abbreviations: CF, cystic fibrosis; FEF25–75, forced mid‐expiratory flow

between 25% and 75%; FEV1, forced expiratory volume in 1 s; FVC: forced

vital capacity; PEF, Peak expiratory flow; PCD, primary ciliary dyskinesia.
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Inspiratory muscle strength was lower in children with CF compared

to the healthy controls, whereas expiratory muscle strength was

lowest in children with PCD. The functional capacity of the children

with CF was lower compared to PCD and healthy counterparts while

the knee extensor muscle strength was lowest in children with PCD.

Children with CF were diagnosed earlier and had a higher number of

exacerbations in previous year compared to children with PCD.

P. aeruginosa colonization ratio was also higher in children with CF.

Although CF and PCD are both characterized by bronchial airflow

obstruction, the comparative spirometric studies mostly focused on

FEV1, ignoring expiratory flows such as peak expiratory flow (PEF) or

FEF25–75. A previous study reported that these two diseases have si-

milar pulmonary function impairments,3 but a recent one showed that

PCD has lower values compared with CF.9 Irving et al.24 state that in

spirometry, FEF25–75 is more sensitive than FEV1 for demonstrating

the condition of small airways which is primarily affected airway in

PCD. In our study, we found that FEF25–75 was lower in children with

PCD compared to CF, which strongly supports this statement. In ad-

dition, FEF25–75 was below 65% of predicted value in children with

PCD which may be defined as abnormal according to Ciprandi et al.25

When we analyzed the rest of the spirometric parameters, FEV1

and FEV1/FVC of the children with CF and PCD demonstrated ob-

structive patterns according to the predicted values in our study.26,27

Decreased expiratory flow rates and velocity were found to be corre-

lated with weak expiratory muscle strength in several cases.28 In this

study, children with CF demonstrated higher MEP, FEV1, and PEF va-

lues compared with children with PCD; however, some of them were

not statistically significant. These results may be related to the altera-

tions in mucus properties and cough frequency between the children

with CF and PCD, since the expiratory flow and muscle strength alter

the magnitude of mucus transport and shear forces on airway surface

liquid.28,29 Radine et al.30 revealed that cough frequency of subjects

with CF was higher than subjects with PCD, which is probably a result

of the increased sputum tenacity in CF.3 Both difficulties in ex-

pectoration of the dehydrated sputum and increased number of coughs

in a day may constitute a pseudoexpiratory muscle training effect on

CF. This assumption may also help explain why children with PCD have

decreased MEP compared with healthy and CF subjects.

Dassios et al.31 suggest that MIP and MEP values of children with

CF with no severe lung disease (with no gross hyperinflation and

normal pulmonary function) were lower than healthy peers. We found

that CF subjects have lower MIP values but similar MEP values

compared with healthy controls in our study. Thus, decreased MIP in

our CF subjects may be the result of possible hyperinflation. Studies

have identified that hyperinflation related to airway obstruction limits

the movement of the diaphragm and causes the inspiratory muscle

weakness in subjects with CF.32–34 In addition, to our best knowledge,

there is no study comparing the respiratory muscle strength among

PCD, CF, and healthy subjects. In our study, subjects with CF and PCD

had lower MIP than controls, but only the difference between CF and

healthy counterparts was statistically significant.

Functional capacity predicts the risk of hospitalization, morbid-

ity, mortality, and quality of life in chronic respiratory diseases.35

However, the debate continues to exist whether exercise limitation

is based on the cardiorespiratory system′s impairment to meet me-

tabolic demands or intrinsic muscle abnormalities.6,9,36,37 Wells

et al.6 report that exercise capacity does not differ among CF, PCD,

and healthy controls. Similarly, Chetta et al.14 demonstrate that

subjects with CF and healthy peers have similar walking distance in

6MWT. Conversely, several studies report that subjects with CF and

PCD demonstrate lower exercise capacity than their healthy coun-

terparts.7,8 Lower exercise capacity of children with CF in our study

may be attributed to the decreased antioxidant capacity which is the

result of systemic inflammation and impaired efficiency depending

on oxidative damage.38 The presence of higher number of exacer-

bations and P. aeruginosa colonization ratio in children with CF may

also support this assumption.

Assessment of limb muscle strength is clinically important in

chronic respiratory disease, since systemic and metabolic effects of

inflammation, drugs, impairment in oxygenation, and malnutrition

may lead to muscle weakness.39 In our study, the children with PCD

demonstrated the lowest knee extensor muscle strength; however,

post hoc analysis failed to show a significant difference. Similar to

our results, the literature reports that children with PCD have

weaker quadriceps muscles than healthy subjects.40 A study that

investigated muscle metabolism of CF, PCD, and healthy subjects

TABLE 3 The respiratory muscle strength. Functional capacity and knee extensor muscle strength values of the subjects

Post Hoc p Value

CF Group

(n = 30)

PCD Group

(n = 25)

Control

Group (n = 21) p Value

CF vs.

Control

PCD vs.

Control

CF

vs. PCD

MIP (cmH2O) 70.0 ± 16.2 74.8 ± 16.6 83.6 ± 17.3 .02 .02 .25 .91

MEP (cmH2O) 86.1 ± 14.2 73.6 ± 15.9 87.0 ± 14.7 .005 .99 .01 .01

6MWT distance (m) 538 ± 59 582 ± 65 597 ± 52 .002 .003 .99 .03

Knee extensor muscle

strength (kg)

33.5 ± 9.2 26.0 ± 4.7 33.5 ± 11.2 .01 .99 .03 .02

Note: Values are expressed as mean ± SD.

Abbreviations: CF, cystic fibrosis; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; 6MWT, 6‐min walk test; PCD, primary ciliary

dyskinesia.
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revealed that even though metabolic demands and exercise capa-

cities of CF, PCD, and healthy peers are similar; subjects with PCD

have poorer work outputs, which was supported by the fact that

these patients had the greatest muscle strength impairment.6 For

subjects with CF, the severity of the disease is associated with

muscle strength, yet the muscle strength of the subjects with milder

CF was similar to healthy controls.41 Likewise, a recent study reports

that muscle strength significantly correlates with pulmonary function

and also with functional capacity in adults with CF.42

The lack of spirometric measurements in healthy children and

the assessment physical activity level of the subjects may be con-

sidered as a limitation of our study because of its probable role in

functional performance. Also, the participants were not selected

according to pulmonary functions, especially FEV1. However, this

was intentional since we wanted to take into consideration all

spectrum of children with CF and PCD. We believe that this does not

pose a problem in terms of the distribution of disease severity in

groups, since the ratio of CF and PCD subjects who have FEV1 under

80% of predicted values were similar. Our study revealed novel

findings that may help better understanding the unique features of

CF and PCD.

In conclusion, the children with CF and PCD demonstrated

some impairments in pulmonary function, respiratory, and periph-

eral muscle strength and functional capacity compared with healthy

children. The findings of our study suggest that the physiotherapy

assessment and treatment of children with PCD should not be

based on the knowledge obtained from CF studies even if pul-

monary functions showed mostly similar patterns with each other.

The clinicians may especially focus on the respiratory and periph-

eral muscle strength of the children with PCD. Some of our results

were not in line with the literature. It was probably related to the

difference in the severity of chronic respiratory disease and the age

range of participants among other studies. In conclusion, PCD and

CF have unique features, and pulmonary and extrapulmonary

characteristics of these diseases may differ. Such differences should

be taken into consideration while evaluating or managing these

patient populations.
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