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Which factors can influence the number of forced expiratory maneuvers on spirometry in schoolchildren? 

Abstract

Introduction: Spirometry is of great value for understanding respiratory function and management of lung diseases. However, it presents special challenges when performed in children. Objective: To analyze factors that may influence the number of forced expiratory maneuvers required for successful spirometry in schoolchildren. Method: Healthy children aged between 6 and 12 years were tested. Forced spirometry maneuvers were conducted according to the American Thoracic Society. The children were grouped according to the number of attempts (maximum of eight). Factors that potentially influenced the number of maneuvers included: age; pulse oscillometry parameters; slow vital capacity; respiratory muscle strength; orofacial motor function, school performance, physical activity and quality of life.  The Kolmogorov-Smirnov test was performed, followed by the Chi-Square, repeated measures ANOVA and Kruskal-Wallis tests. Next, multinomial logistic regression was applied. Significance level was set at 5%. Results: 149 children (80 girls) with mean age of 9.13 years (± 1.98) were studied. Age was related to the required number of spirometry maneuvers and children with poor school performance had a 2.84- fold greater chance of completing the exam in more than five attempts. Conclusion: Age and school performance influenced the number of forced expiratory maneuvers required for successful spirometry in schoolchildren.
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WHAT’S KNOWN? (what is already known about this subject?)

Regarding spirometry in children, it is known that the recommendations and the way to perform the exam were adapted based on information and research carried out in the adult population. However, in many studies and in clinical practice it is difficult to perform this test in the pediatric population, making tests invalid or pointing out questionable results.
WHAT’S NEW? (what does this study contribute to the literature?)

This study contributes to the literature by pointing out the main difficulties in carrying out spirometric tests in the pediatric population, showing the outcomes of influence. This knowledge is important to understand what the child's needs are regarding the spirometric exam, respecting their development, motor coordination and understanding of the commands for the test. This information collaborates with both clinical practice and future research.
INTRODUCTION 
Pulmonary function tests are crucial to understand respiratory physiology and disease management(1). In children, they allow monitoring of pulmonary growth and development, as well as changes in respiratory mechanics. Additionally, they are involved in epidemiological and clinical researches and indicated for evaluation, control and long-term treatment of children with respiratory diseases(2–4).
The exam is inexpensive and simple, which supports its application(1,5). However, patient´s participation considerably influences quality of spirometry(6,7), as it involves understanding of commands that reproduce specific respiratory maneuvers, requiring association between motor function and cognitive performance(8,9).
There is a consensus among clinicians and health professionals on the difficulty in conducting successful spirometry testing in children from 6 to 10 years old. Eight maneuvers are often required in this age group, which is the maximum number of attempts considered as safe. Parameters with values below predicted are commonly observed, even in the absence of diseases(8).   
In this context, respiratory muscle strength may interfere with the execution of the test, as muscle weakness may change motor functions and lead to unsatisfactory expiratory maneuvers(10). Moreover, children´s way of life and interaction, habits, level of physical activity (LPA) and quality of life (QOL)(11) may primarily affect their motor and cognitive aspects and, only secondarily, the execution of a technique or examination, such as spirometry.

In addition to the above-mentioned factors, orofacial motor function and respiratory mechanics are likely to influence exam performance. Likewise, healthy airways, pulmonary capacity enough to mobilize flows, as well as minimum volumes indicated in the test may also be considered as essential factors(12).
Therefore, it is relevant to analyze the relationship of these factors with the quality of spirometry tests. Among other aspects, quality can be assessed through the required number of maneuvers, flow volume curves, as well as the children’s ability to perform maximal inspiration before the beginning of the test and to expire satisfactorily without hesitation and with maximum effort(4,13). Thus, this study aims to analyze factors that may influence the number of forced spirometry maneuvers performed by healthy schoolchildren.

METHODS

Study

This is an analytical, observational and cross-sectional study approved by the Ethics Committee under the Resolution nº 1.006.003 – (CAAE: 38770314.1.0000.0118), registered with the National Commission of Ethics in Research with Human Beings.

Participants

This study included healthy children aged 6-12 years, attending public and private schools in Florianópolis, Santa Catarina/Brazil. They agreed to participate in the study by signing an Informed Assent Document for Children/Minors. Their parents/guardians also signed an Informed Consent Document. The following schoolchildren were selected: healthy children, non-athletes (not enrolled in high-performance sports federations), non-obese children and non-undernourished children according to the World Health Organization criteria for Body Mass Index (BMI) classification for each age group(14).

Sample size was calculated based on the most suitable regression model without difference between the genders. In this model, seven variables were considered as potentially influential for the number of forced spirometry maneuvers in schoolchildren  (age, respiratory muscle strength, respiratory system parameters, orofacial motor function, QOL, LPA and school performance). The sample size amounted to 140 school children, estimating at least 20 children for each influence factor, 
considering the total of 7 factors(15).
Health Check

Schoolchildren´s health was checked according to the International Study of Asthma and Allergies in Childhood (ISAAC)(16); analysis of health history(prepared by the researchers); and spirometry performed according to American Thoracic Society (ATS) guidelines(13) (forced expiratory volume in one second [FEV1] and forced vital capacity [FVC] above 80% of predicted(17,18). A JAEGER™ MasterScope IOS™ spirometer was used.

The children who failed to complete the test in up to eight maneuvers were excluded. The participants were grouped according to the number of attempts required for a successful test. Group 3 Maneuvers (G3M - students who completed the test in 3 forced maneuvers, minimum number for the criteria of acceptability and repeatability); Group 4 Maneuvers (G4M - in 4 maneuvers, half of the number of recommended maneuvers(13)) and Group 5 to 8 Maneuvers (G5/8M - in 5 to 8 maneuvers, attempts commonly needed for this age group).

Procedure

Data was collected in two moments. Firstly, weight and height were measured with an Ultra Slim W903 Wiso® digital scale and a Sanny® stadiometer, respectively. Then, the Physical Activity Questionnaire for Older Children (PAQ-C) and Auto-Questionnaire de Qualité de vie Enfant Imagé (AUQUE) were applied and the IOS and spirometry (first IOS, followed by SVL and FVC) were conducted by a single examiner, blinded to the questionnaires already applied. Secondly, respiratory muscle strength was assessed; an interview with the schoolteacher was conducted to verify school performance; and orofacial motor function was evaluated. The participants were submitted to all evaluations.

Spirometry

The spirometry maneuvers were performed by the same examiner, previously trained, in a reference laboratory for a period of one year. All commands were standardized. To be successful in the examination the children underwent a process of familiarization with the procedure. The evaluator carefully demonstrated the phases involved in the forced spirometry maneuver and in the slow maneuver. The child simulated each of them twice. The acceptability and repeatability criteria were at least two acceptable maneuvers out of 8 trials with the two highest values of FVC and FEV1 differing <0.15L and peak expiratory flow (PEF) <10% or 0.5L/s. In cases where these levels were not achieved, such as early cessation of expiratory flow and difficulty in reaching peak flow in forced maneuvers, the child was encouraged to prolong expiratory time and perform a strong and strength expiration, respectively.

Measurement of Slow Vital Capacity and Respiratory Mechanics

For slow vital capacity (SVC), the child was instructed to fully and completely inhale to total lung capacity, followed by a slow expiration to residual volume. The inspiratory capacity (IC) and expiratory reserve volume (ERV)(19) were determined. Respiratory mechanics was assessed with IOS spirometer, following the ATS guidelines(20). The child should rest for 10 minute prior to testing. During the test, the child remained seated, used a nose clip and had the cheeks gently pressed by the examiner´s hands. The child was instructed to breathe normally for 30 seconds, followed by 30 seconds of rest, repeating this procedure three times(3). Respiratory impedance (Z), resistance to 5Hertz (R5) and 20Hertz (R20), reactance (X), reactance area (AX), peripheral capacitive reactance (X5), resonance frequency (Fres) were further assessed. The instrument used was the JAEGER™ MasterScope  IOS™.
Evaluation of Respiratory Muscle Strength

Respiratory Muscle Strength (RMS) was measured with the digital manovacuometer MVD 300® (Globalmed®). At first, maximum inspiratory pressure (MIP) was measured with a maximum of 5 maneuvers and with a one-minute interval between each measurement. After a 5 minute-interval, maximum expiratory pressure (MEP) was also measured with a maximum of 5 maneuvers. At least three maneuvers were acceptable and two maneuvers met repeatability criteria. If the highest value was recorded at the fifth maneuver, the test proceeded up to seven maneuvers(21).

Orofacial Motor Function Evaluation 

A questionnaire based on the Orofacial Myofunctional Evaluation Protocol (MBGR(22)) was applied. It covers the following items: time of breastfeeding or use of bottles; difficulties in introducing solids; characteristics of mastication; frequency of choking, reflux and coughing during eating. It also analyzes oral habits (use of pacifier, finger and thumb sucking and time for speech acquisition). The parents/guardian answered all the items according to the child’s history. The examiners evaluated the following items through physical observation: analysis of lip, saliva, dental occlusion, mobility, cheeks and tonus. 

Evaluation of Cognitive Skills


Evaluation of cognitive skills relied on measures of school performance based on interviews between the researcher and the schoolteacher. The child was evaluated according to three criteria: 1) grades/descriptive words, 2) participation in the classroom, 3) ability to learn. The grades/descriptive words were determined by a coefficient of performance, represented by average achievement scores during the school term. Scores equals or higher than 5 or equivalent represent satisfactory school performance. Participation in the classroom and ability to learn were evaluated by the teacher, who had the opportunity to communicate daily to the schoolchildren. For each analyzed criterion, the child received a YES score if (s)he had grades/descriptive words equal to or higher than five points in the gradebook, showed quality class participation and efficient learning skills. The child was given a NO score when (s)he showed grades lower than 5 or insufficient scores, discreet class participation and inefficient learning skills. At the end of the evaluation, the schoolchildren who received 2 or 3 YES scores were classified as having SATISFACTORY performance; those with only 1 or no YES score, as having UNSATISFACTORY performance.

Evaluation of the Level of Physical Activity

For the LPA evaluation, the PAQ-C was applied. It investigates the frequency and performance of moderate and intense physical activity in children/adolescents seven days prior to its implementation. Children are classified as active (score higher than or equal to three) or sedentary (score lower than three)(23).

Assessment of Quality of Life

QOL was identified using the AUQUE(24), designed for children aged 4-12 years. This questionnaire evaluates children´s satisfaction in six domains. The answers produce a score representing children's QOL, where 0=very unhappy, 1=unhappy, 2=happy and 3=very happy.

Statistical analysis

Central tendency and dispersion data were reported. Normal data distribution was assessed by the Kolmogorov-Smirnov test. To observe the differences among groups G3M, G4M and G5/8M, the One-way Analysis of Variance (ANOVA) or the Kruskal-Wallis test were applied. The Qui-square test was used to investigate intergroup association and qualitative variables. Then, the Multinomial Logistic Regression, a multivariate analysis, was applied to observe the association among the number of repetitions, academic performance and age. The number of maneuvers using three groups (G3M, G4M, G5/8M) was considered as the dependent variable, in which G3M was selected as the reference category. To facilitate interpretation, results were expressed using odds ratio (OR) and 95% confidence interval (CI). All statistical analyses were performed with the Statistical Package for the Social Sciences SPSS®20.0. The significance level was set at p<0.05.


 RESULTS

Of the 186 participants, 37 children were excluded because they couldn’t perform forced spirometry maneuvers in up to eight attempts, leaving 149 participants. 

Sample characteristics and association with the number of maneuvers
The total sample was homogeneous in terms of gender (53.6% females and 46.4% males), height and weight (gender χ²(2)=2.90, p=0.23; height F=1.09(2), p=0.33; weight F=1.62(2), p=0.2). No difference was observed among the groups regarding QOL and LPA(F(2)=2.01, p=0.12 and F(2)=0.39, p=0.67, respectively). However, a difference was observed among the groups in relation to age (F=3.38(2), p=0.03). G5/8M showed lower mean age when compared to G4M. The data can be observed in table 1.

Table I-Sample characteristics according to the number of maneuvers

An association between the number of spirometry maneuvers and academic performance was observed (χ²(2)=7.09, p=0.023). The group of children who performed fewer maneuvers seemed to perform better in school than those who performed more maneuvers. In G4M and G5/8M, 41.5% and 48.6% of children, respectively, presented unsatisfactory school performance, whereas only 23.7% of G3M children.

The orofacial motor function analysis showed no association between the number of maneuvers and the investigated variables: lip position (χ²(2)=3.57, p=0.46), salivation (χ²(2)=3.24, p=0.51), difficulty eating solids (Χ²(2)=8.65, p=0.19), mastication (χ²(2)=1.03, p=0.90), reflux (χ²(2)=3.42, p=0.18), nasal reflux (χ²(2)=0.98, p=0.61), cough during eating (χ²(2)=0.23, p=0.89), thumb sucking (χ²(2)=1.10, p=0.57), breastfeeding (χ²(2)=3.80, p=0.43), bottle-feeding (χ²(2)=0.31, p=0.85), pacifier (χ²(2)=1.31, p=0.52), delay in speech (χ²(2)=1.91, p=0.36), switching words (χ²(2)=0.46, p=0.79), and  choking (χ²(2)=1.21, p=0.54).

According to the analysis of respiratory characteristics, SVC showed no difference among the groups (F(2)=1.8, p=0.16), as well as IC and ERV (F(2)=0.66, p=0.68 and F(2)=0.94, p=0.39, respectively). Respiratory mechanics variables also did not differ among the three groups (Z5 p=0.362, R5 p=0.351, R20 p=0.070, X5 p=0.720, Fres p=0.752, AX p=0.995). Table 2 shows the mean value of respiratory variables for each group.


Table II-Respiratory characteristics of the groups according to the number of maneuvers.

Influence on the number of maneuvers performed

For the multiple logistic regressions, only those variables with a significant difference among the groups were introduced into the model. Children with unsatisfactory school performance compared to children with satisfactory school performance were 2.34 times more likely to perform 4 forced spirometry maneuvers (p<0.05) and 2.88 times more likely to require 5 to 8 maneuvers (p<0.05)(table 3).

Table III-Number of Maneuvers and Cognitive Performance
DISCUSSION


This was the first Brazilian study to evaluate the influence of factors such as school performance, age, orofacial motor function, respiratory muscle strength, oscillometry parameters, slow vital capacity, quality of life and physical activity, on the performance of the spirometry test performed by healthy children. Notably, performing this test in children is rather challenging and involves repeated maneuvers, mistaken diagnosis and exclusion of cases due to failure to meet all performance criteria(2,8). According to Ladosky et al.(25), main exclusion criteria in epidemiological studies that use spirometry in children include early termination of expiration, closure of the glottis, cough and poor cooperation. These are inabilities that may be directly related to the child's understanding of the test. In addition, the greater the number of expiratory maneuvers required for successful examination, the greater the chances of dynamic airway compression. Consequently, this causes fatigue and respiratory discomfort(26).
This study showed that age and school performance, assessed by the cognitive analysis, are factors that influenced the number of required forced spirometry maneuvers. Age is a determinant of the child´s success in performing spirometry tests, as cognitive and motor development is closely related to growth and skills acquisition(27). Beydon et al.(20) discussed that the stage of neuropsychomotor development and the child´s emotional state determine the amount of time a child needs to get accustomed to breathing into the apparatus and the success of spirometry.

Performing correct spirometry involves the ability to learn. Therefore, younger children are likely to need more attempts to complete the test. Burity et al.(8) reported the need of 12 repetitions of forced expiratory maneuvers to achieve acceptable and repeatability curves in children aged 3 to 6 years. According to the authors, this number did not present any damage to the quality of the test or the child's well-being. 
Spirometry is currently indicated for children over five years old(13); however, there are still many questions regarding age and participation in pediatric clinical trials. Admittedly, success rate of spirometry increases with age(8). Gaspar et al(28). investigated asthma in children and observed a significant relationship between age and exam success, namely an 85% increase in the success rate in children older than 8 years. Heinzmann and Donadio(29) evaluated the success rate for the manovacuometry test in children aged 4 to 12 years, which also requires forced breathing. They also observed lower performance for manovacuometry test in preschool children as in spirometry. These data support the results of this study, which found an association between age and the number of performed spirometry maneuvers.
School performance was another factor that showed a strong relation with the number of maneuvers, i.e., children with higher performance required a lower number of maneuvers to complete the test. This finding reinforces the fact that the execution of spirometry depends on the understanding of verbal commands and learning components(8). Many studies point to the relationship between cognitive tests and school performance. Several outcomes, such as attention, perception, memory, language, reasoning and executive functions may represent learning skills, which are directly related to the school skills assessed by teachers(30). Thus, school performance, assessed by the cognitive analysis, can provide relevant technical aspects to the execution of the test in children. A possible limitation for this research is the non-application of a more specific instrument for cognitive assessment, such as Wechsler Intelligence Scale for Children (WISC).
Notably, child development entails biological and environmental aspects. This study considered other factors as potential influencers of spirometry, such as orofacial motor function, since the ability to blow is essential to perform the exam. Blowing out the air activates vital functions, namely the muscles used for breathing, sucking, mastication, swallowing and phono-articulation(31). In this study, this outcome had no influence on the number of repetitions of the spirometry maneuvers. This finding may be related to the characteristic of the sample, which showed no signs of immaturity or impairment. The analyzed health history showed few cases of choking during eating, excessive saliva, lack of mastication, nasal reflux, fingers sucking and delayed speech.
The characteristic of the sample may have inhibited the possible relationship between QOL and the number of maneuvers. In all groups, AUQUE's domains of health and body function showed a maximum score, which represents high QOL. These results may be explained because all children were healthy; therefore, it was difficult to detect dissatisfaction through the questionnaire. LPA is another health-related outcome. The relationship between physical activity and health has been increasingly established, as this is also associated with ventilatory capacity improvement(11). Individuals who participated in physical activity were expected to show higher respiratory muscle strength and, consequently, better test performance. Respiratory muscle strength is measured by pressure, which makes it dependent on mechanical characteristics of the rib cage and abdominal wall, as well as on the interaction of the surrounding muscles(13). Despite the relationship with respiratory biomechanics, there was no association of physical activity and respiratory muscle strength with the performed number of spirometry maneuvers.

Although baseline oscillometry parameters assessed by airway resistance are thought to interfere with the number of spirometry maneuvers, this influence could not be observed. Likewise, SVC, when related to FVC, becomes a resource to evaluate the dynamic compression of the airways(32). Thus, a possible relationship between changes in respiratory mechanics and the baseline SVC predicted values for children had to be evaluated.
Admittedly, spirometry is of utmost importance for the evaluation of pulmonary function. However, the individual´s performance has great influence on the quality of the results(3). A relationship of school performance, assessed by the cognitive analysis, and age with the number of attempts to perform spirometry could be observed. Therefore, this study is relevant for clinical practice, as it provides information about the factors that influence the number of maneuvers required for an accurate execution of the test. This allows a more careful management of spirometry in children, respecting their limitations. Further studies should be conducted, especially about cognitive analysis and its possible relation with other factors, such as friendly resources for playful therapy, visual stimuli and specific execution commands for children.
A relationship of school performance, assessed by the cognitive analysis, and age with the number of attempts to perform spirometry could be observed. Therefore, this study is relevant for clinical practice, as it provides information about the factors that influence the number of maneuvers required for an accurate execution of the test. This allows a more careful management of spirometry in children, respecting their limitations. Further studies should be conducted, especially about cognitive analysis and its possible relation with other factors, such as friendly resources for playful therapy, visual stimuli and specific execution commands for children. 

In conclusion, school performance played a major role on the number of spirometry maneuvers performed by healthy schoolchildren. Children with poor school performance were twice as likely to need more than five maneuvers to complete the spirometry test.
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TABLES

Table I - Sample characteristics according to the number of maneuvers

	Variable
	3 Maneuvers

M ± SD
	4 Maneuvers

M ± SD
	5 to 8 Maneuvers

M ± SD
	p

	Sample
	59 (36 girls)
	53 (30 boys)
	37 (21 girls)
	0.43¹

	Height (m)
	1.41 ± 0.12
	1.44 ± 0.12
	1.40 ± 0.12
	0.332

	FVC (%) 
	95.19 ± 15.4 
	98.37 ± 12.22
	99.15 ± 16.99
	0.452

	FEV1 (%)
	91.35 ± 15.58
	90.12 ± 15.76 
	88.92 ± 23.35
	0.582

	PEF (%)
	86.77 ± 14.89
	81.35 ± 10.98
	86.78 ± 15.81
	0.442

	FEF25-75 (%)
	88.75 ± 24.8
	84.06 ± 23.49
	89.11 ± 16.22
	0.562

	Weight (kg)
	34.25 ± 10.9
	37.96 ± 11.5
	34.71 ± 12.8
	0.202

	Age (years)
	9.24 ± 1.89
	9.62 ± 1.95
	8.57 ± 1.80
	0.032*

	Quality of Life
	51.51 ± 4.85
	49.52 ± 5.75 
	49.83 ± 5.86
	0.121

	Level of Physical Activity
	2.98 ± 0.54
	2.87 ± 0.72
	2.94 ± 0.69
	0.671


FVC: forced vital capacity; FEV1: forced expiratory volume in one second; PEF: peak expiratory flow; FEF25-75%: forced expiratory flow;  M: mean; SD: standard deviation; 1: Chi-Square test; 2: One-Way ANOVA; *p<0.05
Table II - Respiratory characteristics of the groups according to the number of maneuvers.

	Variable
	3 Maneuvers

M ± SD
	4 Maneuvers

M ± SD
	5 to 8 Maneuvers

M ± SD
	p

	SVC
	2.21 ± 0.58
	2.24 ± 0.64
	2.19 ± 0.57
	0.1601

	SVC%
	91.78 ± 9.94
	93.66 ± 12.67
	93.10 ± 13.1
	0.7522

	IC
	1.28 ± 0.33
	1.36 ± 0.39
	1.36 ± 0.52
	0.5161

	IC%
	78.10 ± 12.8
	77.40 ± 10.5
	84.00 ± 20.8
	0.3142

	ERV
	0.92 ± 0.90
	0.66 ± 0.95
	0.82 ± 0.24
	0.3901

	ERV%
	113.70 ± 18.10
	111.74 ± 20.3
	107.03 ± 22.8
	0.3332

	TV
	0.78 ± 0.33
	0.78 ± 0.45
	0.79 ± 0.60
	0.9901

	Z5
	6.32 ± 1.54
	6.13 ± 1.46
	6.56 ± 1.4
	0.3622

	R5
	6.04 ± 1.48
	5.84 ± 1.42
	6.26 ± 1.38
	0.3512

	R20
	4.64 ± 1.04
	4.46 ± 1.04
	5.01 ± 1.02
	0.0702

	X5
	1.79 ± 0.58
	-1.81 ± 0.55
	-1.88 ±0.60
	0.7202

	Fres
	18.4 ± 4.43 
	18.30 ± 4.35
	18.80 ± 4.47
	0.7522

	AX
	12.0 ± 7.49
	12.00 ± 7.56
	12.10 ± 7.51
	0.9952

	MIP
	82.42 ± 32.15
	85.68 ± 43.64
	80.97 ± 29.04
	0.9472

	MEP
	83.47 ± 20.27
	83.15 ± 22.47
	82.32 ± 24.51
	0.9691


1 One Way ANOVA test; 2 Kruskal-Wallis.

M: Mean; SD: Standard Deviation; SVC: slow vital capacity; %:  percentage of predicted; IC: inspiratory capacity; ERV: expiratory reserve volume; TV: total volume; Z5: respiratory impedance at 5 Hz (cmH20/(L/s)); R5: respiratory resistance at 5 Hz (cmH20/(L/s)); R20: respiratory resistance at 20HZ (cmH20/(L/s)), X5: respiratory reactance at 5 Hz (cmH20/(L/s)); Fres: resonance frequency (1/s); AX: reactance area; MIP: absolute value of maximum inspiratory pressure (cmH20), MEP: absolute value of maximum expiratory pressure (cmH20).

Table III - Number of Maneuvers and Cognitive Performance

	Variables
	G3M vs. G4M

OR (CI 95%)
	P
	G3M vs. G5/8M

OR (CI 95%)
	p

	School 

Performance
	
	
	
	

	Satisfactory
	1.00
	
	1.00
	

	         Unsatisfactory
	2.34 (1.03-.31)
	0.04*
	2.84 (1.16 – 6.92)
	0.02*


OR: Odds ratio; CI: confidence interval; G3M: group 3 maneuvers; G4M: group 4 maneuvers; G5/8M: group 5 to 8 maneuvers; *: p>0.05.

Abbreviations: Level of physical activity – LPA; Physical Activity Questionnaire for Older Children - PAQ-C; Auto-Questionnaire de Qualité de vie Enfant Imagé – AUQUE; Respiratory impedance – Z; Resistance to 5Hertz - R5; Resistance to 20Hertz - R20; Reactance – X; Reactance area – AX; Peripheral capacitive reactance -X5; Resonance frequency – Fres.

