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Pediatrics; Background: The non-invasive assessment of maximal respiratory pressures (MRP) reflects the
Physical therapy; strength of the respiratory muscles.

Reference values; Objective: To evaluate the studies which have established normative values for MRP in healthy
Respiratory muscles children and adolescents and to synthesize these values through a meta-analysis.

Methods: The searches were conducted until October 2023 in the following databases: Science-
Direct, MEDLINE, CINAHL, SciELO, and Web of Science. Articles that determined normative val-
ues and/or reference equations for maximal inspiratory pressure (MIP) and maximal expiratory
pressure (MEP) in children and adolescents published in English, Portuguese, or Spanish regard-
less of the year of publication were included. Two reviewers selected titles and abstracts, in
case of conflict, a third reviewer was consulted. Articles that presented sufficient data were
included to conduct the meta-analysis.

Results: Initially, 252 studies were identified, 28 studies were included in the systematic review
and 19 in the meta-analysis. The sample consisted of 5798 individuals, and the MIP and MEP val-
ues were stratified by sex and age groups of 4—11 and 12—19 years. Values from females
4—11 years were: 65.8 cmH,0 for MIP and 72.8 cmH,0 for MEP, and for males, 75.4 cmH,0 for
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MIP and 84.0 cmH,0 for MEP. In the 12—19 age group, values for females were 82.1 cmH,0 for MIP
and 90.0 cmH,0 for MEP, and for males, they were 95.0 cmH,0 for MIP and 105.7 cmH,0 for MEP.
Conclusions: This meta-analysis suggests normative values for MIP and MEP in children and ado-

lescents based on 19 studies.

© 2023 Published by Elsevier Espaia, S.L.U. on behalf of Associacdo Brasileira de Pesquisa e Pos-

Graduacao em Fisioterapia.

Introduction

Respiratory muscles play an important role in pulmonary
ventilation, and their impairment is responsible for worsen-
ing gas exchange and oxygen transport to tissues.’'> The
non-invasive assessment of maximal respiratory pressures
(MRP), maximal inspiratory pressures (MIP), and maximal
expiratory pressures (MEP) reflect the strength of the respi-
ratory muscles and contribute to the diagnosis and prognosis
of some health conditions.** Additionally, it provides useful
information for discontinuing mechanical ventilation in the
pre and postoperative periods and evaluating the effects of
pulmonary rehabilitation programs.>

The MRP evaluation varies because it is a test that
depends on the individual’s understanding and collabora-
tion. To standardize measurements, the American Thoracic
Society (ATS)' and the European Respiratory Society (ERS)'
have published measurement guidelines. The main recom-
mendations are based on the lung volume to start and the
number of MRP maneuvers to minimize the measurement
variability. Another important point refers to the normative
values for MIP and MEP.” It is known that anthropometric
characteristics, as well as sex and age, influence the
results.®'® Studies have shown an increase in MIP and MEP
values in children and adolescents as age advances, with
the increase in body mass and height.®'%"*'> For this rea-
son, a wide variety of normative values and reference
equations are available for use in clinical practice and
resear.ch.8-10,14-38,40

Considering that normative values are important for deci-
sion-making both in the evaluation and in proposing
interventions, %" this study will provide healthcare profes-
sionals with a critical analysis of the studies that determined
these values for MRP in children and adolescents. Addition-
ally, the meta-analysis will provide a better estimation of
the normative values by combining the sample size of the
individual studies, increasing the external validity and the
generalizability of the results.

Therefore, this study aimed to describe and evaluate the
studies which have established the normative values for MRP
in healthy children and adolescents and to synthesize these
values through a meta-analysis.

Methods
Protocol and enrollment

The PRISMA recommendation was followed for this study,
available at http://prisma-statement.org/. This systematic
review was registered with the International Prospective
Registry of Systematic Reviews (PROSPERO), registration
number: CRD42018082050.

Search strategy

Electronic searches were conducted until October 2023,
regardless of the year of publication, in the following data-
bases: ScienceDirect, Medical Literature Analysis and
Retrieval System Online- MEDLINE (via PubMed), Cumulative
Index to Nursing, and Allied Health Literature - CINAHL, Sci-
entific Electronic Library Online — SciELO, and Web of Sci-
ence. The search strategy was performed with the terms
"respiratory muscles” combined with "maximal respiratory
pressure” or "maximal inspiratory pressure” or "maximal
expiratory pressure” and "reference values” or "reference
equations” or "normal values” and "child" or "adolescent.”
These terms were adapted according to the requirements of
the different databases. To illustrate for the SciELO data-
base the following search strategy was used: (respiratory
muscles) AND (maximal respiratory pressure) OR (maximal
inspiratory pressure) OR (maximal expiratory pressure) AND
(reference values) OR (reference equations) OR (normal val-
ues) AND (child) OR (adolescent). In addition, through the
EndNote software (www.endnote.com), the database stud-
ies were grouped, and all duplicates were removed. A man-
ual search was performed from the reference list of all
included articles, adding relevant studies.

Eligibility criteria

Inclusion criteria consisted of original studies that deter-
mined normative values and/or reference equations for MIP
and/or MEP in healthy children and/or adolescents; regard-
less of the year of publication; published in English, Portu-
guese, or Spanish. Studies involving obese individuals or
athletes, as well as theses and dissertations, or studies pre-
senting the same sample, were excluded.

Study selection

Two independent reviewers (NP and OR) selected titles and
abstracts to identify possible relevant studies. The full-text
of the selected studies were analyzed to determine whether
they met the inclusion criteria. A third reviewer (DV) was
asked to resolve disagreement between the two reviewers.
Each selected study was independently reviewed using a
data extraction form.

Data extraction

Data were extracted using a standardized form that included
the following sections (1) study characteristics (author, jour-
nal, year, number, volume, location, authors contact, title,
and purpose); (2) participant characteristics (number, age,
sex, height, weight, body mass index (BMI), lung function,
level of physical activity, and ethnicity); (3) technical
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aspects (type of mouthpiece, air leak orifice size, pressure
recorded, type of manometer, initial lung volume to perform
the test, nose clip, the duration of maneuver maintenance,
interval time between MIP tests, interval time between MEP
tests, interval time between MIP and MEP tests, number of
attempts, prior training, interruption criteria, verbal
instructions and demonstrations, and equipment calibra-
tion). For the meta-analysis, the studies were stratified into
two groups: 4—11 years and 12—19 years.

Quality assessment of studies

The methodological quality of each study was assessed by
relevant items from QUADA-2 scale (Quality Assessment of
Diagnostic Accuracy Studies), which is an evidence-based
quality assessment tool used in systematic reviews of diag-
nostic accuracy. QUADAS-2 verifies the risk of bias through
four domains: patient selection, index test, reference stan-
dard, and flow and time, also verifying the applicability with
the same domains, except flow and time. The tool consists
of questions to guide the classification and must be
answered with "yes,” "no," or "unclear". If there is a "no"
answer, it is considered a high risk of bias. If all the answers
are "yes”, then low risk. Finally, the risk of bias is considered
"high," "low," or "unclear,” and there is no need to use num-
bers to score. The same steps are used to classify applicabil-
ity.> For this systematic review, the reference standard
domain was not considered.*’

Synthesis and analysis

Characteristics of the participants, equipment, and maneu-
ver, as well as pulmonary function values, study quality, nor-
mative values, and reference equations were synthesized in
tables. Moreover, pooled estimates of MIP and MEP, accord-
ing to age group and sex, were obtained using random effect
models to account for the heterogeneity across the individ-
ual effects of the studies and generated values of mean [95%
confidence interval (95% Cl)]. Heterogeneity between stud-
ies was investigated using I statistics and the chi-squared
test. The Comprehensive Meta-Analysis software (BioStat,
Englewood, New Jersey, USA) and SPSS IBM version 19 were
used for data analysis.

Results

Study selection

As shown in Fig. 1, 252 studies were identified through a
database search and a manual search of reference lists.
Duplicate studies were excluded, and 246 titles and
abstracts were analyzed. There were 203 exclusions by eligi-
bility criteria, resulting in 43 full-text studies. Finally, 15
studies were excluded because the purpose of the study was
not to determine normal values and/or reference equations
for healthy children and adolescents, or they included obese
individuals or athletes, or they presented the same data of
previous studies. Therefore, 28 studies were included in this
systematic review, and 19 in the meta-analysis.

Characteristics of participants

Table 1 shows the characteristics of the participants. The
total sample consisted of 5798 individuals, 52% were female.
The age range was from 4 to 19 years old. The studies were
performed in the United States,>?** Korea,>* Japan,?* Neth-
erlands,?® Switzerland,”* England,’® Germany,”” Spain,’
Greece,*® Poland,? France,®® Australia,’®*° Canada,®'*">
India,*® and Brazil.'®'7>19:21,22,28,29,31,36,37 Qply 15 studies
provided BMI values,'®17:19-23,28,30-33,36,37,40 ¢ these, the
sample was classified as underweight or eutrophic. Thirteen
studies reported spirometry variables, 10 of which pre-
sented forced expiratory volume in one second (FEV;) and
forced vital capacity (FVC).'*1922:25:26,27.31.37 The studies
by Da Rosa et al.'”>3¢ showed only FEV,, and Smyth et al.®
presented only FVC data.

Equipment characteristics and MRP tests

The characteristics of the equipment used in the studies to
measure MIP and MEP and their specifications are shown in
the supplementary material (S1 and S2). A rigid, flat, and
plastic mouthpiece was used to perform the tests in five
studies, '0:2122:28.29 while nine studies did not describe this
jtem,!:20,24,27,31,32,34-36,38 gaventeen studies described the
width of the air leakage orifice,®?1416,17,19,22,25,26,28-
30,32,33,36,37,38 \which ranged from 0.5 to 2 mm, one study
reported the length (3.1 cm),® and another reported only
the presence of the orifice, but did not specify the dimen-
sion.”” A nose clip was used in 19 studies,®'* 71"
23,26,28,29,31,33,36,37,38,40 iy two studies the authors chose not
to use it,"%?* and seven studies did not report if a nose clip
was used.®?%27:30:32,34.35 Twenty-three studies chose to
record the plateau pressure of the maneuvers,®1014:17,19,21-
23,25,26,29-38,40 \yhile one recorded the plateau and the peak
pressures.”®

The sustained maneuver time was reported by 19 studies,®
10,14,16,17,19,21-23,25,26,29-31,36-38,40 which ranged from one to three
seconds. For initial volume, the residual volume (RV) and the
total lung capacity (TLC) were chosen for the MIP and MEP
maneuvers in 21 Studies.8-10,14,16,17,19-22,25,26,28-30,32,33,35,36,37,40
Before performing the tests, participants were verbally
instructed on how to perform the maneuver in 20
studies®?16:1719,21-26,28,29,31-34,36,37,40 3 iy 14 studies a demon-
stration of the test was also performed.’'6:17:19,21,22,24,25,31-
33,36,37,40 The number of maneuver attempts ranged from one to
nine  times, with most studies using between
three‘),10,17,19,20,25,27,29,31-33,35-37,40 and Seven17,29,36 attempts.

Quality of studies

The methodological quality of the studies was analyzed
using QUADAS-2 (Table 2). For the risk of bias in Patient
selection, 21 studies had a high risk of bias®'%/14-16,22-30,32-
35,3840 for not reporting information on spirometry and/or
BMI. In the domain of the Index test, 10 studies were consid-
ered unclear,2%:24:26,27,30-32,34,35,40 hacayse they did not pro-
vide enough information to be accurately assessed, resulting
in concern about the risk of bias. Only one study”’ had a high
risk of bias in the Flow and time domain due to the different
numbers of participants for each test. Regarding the domain
of Applicability, 21 studies were considered at high risk of
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one study was considered unclear in the index test,’® bring-
ing a concern with the risk of bias. The following studies
were considered as low risk of bias in all domains: Da Rosa et
al.,>® Da Rosa et al.,"”” Heinzmann-Filho et al.,"® Lanza et
al.,?" Marcelino et al.*”

Meta-analysis for MIP and MEP

Figures 2 and 3 provide the MIP and MEP values analyzed sep-
arately by sex and the following age groups: 4—11 and
12—19 vyears old. Nineteen studies®'>-17-19-22,24,27-31,33-
35,3740 \were included in the meta-analysis. The other
nine?®s10:14:23,25,26,32,36,38 ¢t djes were not included due to
lack of data in the original articles, repeated data, or inabil-
ity to contact the main authors. The mean MIP for female
participants aged 4 to 11 years was 65.8 [95% Cl (59.3, 72.3)]
cmH,0 and the MEP was 72.8 [95% CI (64.9, 80.8)] cmH,0.
The mean MIP for male participants aged 4 to 11 years was
75.4 [95% Cl (67.0, 83.9)] cmH,0 and the MEP was 84.0 [95%
Cl (73.6, 94.3)] cmH,0. In the age group from 12 to 19 years,
the MIP for the females was 82.1 [95% Cl (73.0, 91.2)] cmH,0
and the MEP was 90.0 [95% CI (78.8, 101.2)] cmH,0. For
males aged 12 to 19 years, the mean MIP was 95.0 [95% ClI
(86.1, 104.0)] cmH,0 and the MEP was 105.7 [95% Cl (90.9,
120.5)] cmH,0. Additional information about the normal

rial Tables S3, S4, and S5.

Characteristics of reference equations for MIP and
MEP

The coefficient of determination (R?) values of the 15 studies
that presented reference equations of MIP and MEP ranged
from 6.8% to 63%9,10,15,17,19,21,22,24,25,27,31-33,37,40: Arnall
et al.>? from 8% to 26%; Arnall et al.>* from 15% to 33%; Da
Rosa et al."” from 13.9% to 21.6%; Gomes et al.>' from 25%
to 63%; Domenech-Clar et al.” from 21% to 51%; Gaultier and
Zinman' from 10% to 33%; Heinzmann-Filho et al."® from
41% to 59%; Lanza et al.?" from 27% to 34%; Mendes et al.?’
was 27%; Tagami et al.>* from 13% to 21%; Tomalak et al.?
from 9.1% to 28%; Wilson et al."® from 10.8% to 35.6%; and
Marcelino et al.*” from 6.8% to 18.9%. The studies from Mel-
lies et al.?” and Pawar et al.*’ did not present the R? values.
The studies by Lanza et al.,?" Mendes et al.,?? and Pawar
et al.*° formulated a unique equation in which dichotomous
data were used to differentiate between sexes, while other
studies® 10:1%,17,19,24,25,27,31-33 formylated one equation for
females and another for males. In contrast, Marcelino
et al.>’ proposed an equation for MIP in which dichotomous
data were used to differentiate sexes, and for MEP, they pro-
vided one equation for females and another for males. The
studies by Arnall et al.,*? Arnall et al.,> and Marcelino



Table 1

Characteristics of studies included.

Author Year Country Sample (n) Sex M/F Age (year) Height (cm or m) [per age] Weight (kg) BMI (kg/m?) [per age] FEV, (L or%) [per age] FVC (L or%)
ARNALL et al., 2013°? United States 534 259/275 6—14 M:136 M:36.5 M:19.2 NR NR
of America F:136 F:36.9 F:19.4
ARNALL et al., 2022°* United States 288 125/163 4-13 M: 134.7 (11.4) M: 37.7 (12.6) M: 20.3 (4.4) NR NR
of America F:134.4 (12.4) F:38.2 (15.1) F:20.5(5.2)
CHOl et al., 2017** Korea 263 124/139 8-12 NR NR NR NR NR
COX et al., 2012*° Australia 168 68/100 5-1811.5(3.6) 149.2 (20.7) 44.2 (17.4) NR NR NR
DA ROSA et al., 2014°¢ Brazil 30 15/15 7-98.0(0.8) 132 (9) 29.4 (5.6) 16.6 (1.5) 1.5(0.3) NR
DAROSA et al., 20177 Brazil 399 198/201 7-10 M: 130 (10) [7] M: 25.7 (3.6) [7] M: 15.8 (1.1) [7] M:1.4(0.2) [7] NR
130 (10) [8] 27.1 (4.1) [8] 15.6 (1.3) [8] 1.7 (0.2) [8]
140 (10) [9] 30.9 (4.5) [9] 16.6 (1.4) [9] 1.8(0.2) [9]
140 (10) [10] 33.8 (4.5) [10] 16.3 (1.4) [10] 2.1(0.3) [10]
F: 130 (10) [7] F:24.2 (3.2) [7] F:15.4(1.2) [7] F:1.4(0.2) [7]
130 (10) [8] 28.7 (4.3) [8] 16.6 (1.3) [8] 1.6 (0.2) [8]
140 (10) [9] 30.5 (4.9) [9] 16.4 (1.5) [9] 1.8(0.3) [9]
140 (10) [10] 34.0 (5.5) [10] 16.8 (1.5) [10] 2.0 (0.3) [10]
M: 93.1 (7.1) [7]
95.9 (6.8) [8]
94.7 (6.1) [9]
93.8(7.3) [10]
F:93.0 (9.6) [7]
94.0 (5.5) [8]
93.0 (6.4) [9]
94.2 (6.4) [10]
DASSIOS et al., Greece 96 48/48 6—18 M: 158 (16) M: 53 (19) M: 0.66 (0.87) NR NR
2016° M: 12 (3) F: 153 (14) F: 49 (13) F: 0.49 (0.88)
F: 12 (3) (z-score)
DELGADO et al., 2015'¢ Brazil 144 63/81 7-11 M: 130 (4) [7] M: 27 (2.5) [7] M: 16 (1.1) [7] NR NR
M:9.0 (1.2) 130 (6) [8] 27.5 (3.4) [8] 16.3 (1.3) [8]
F:8.7(1.2) 140 (7) [9] 32.2 (4.3) [9] 17.4 (1.4) [9]
140 (4) [10] 33.3(3.5) [10] 16.3 (1.4) [10]
140 (7) [11] 34.5 (4.6) [11] 16.8 (1.9) [11]
F: 130 (7) [7] F:24.4 (3.3) [7] F:15.4(1.3) [7]
130 (7) [8] 27.4 (4.3) [8] 16 (1.5) [8]
140 (7) [9] 30.8 (4.1) [9] 16.6 (1.3) [9]
140 (8) [10] 34.3 (6.6) [10] 16.7 (1.7) [10]
150 (9) [11] 36.6 (8.3) [11] 16.9 (2.1) [11]
DOMENECH—CLAR et al., 2003’ Spain 392 185/207 8-17 NR NR NR NR NR
M: 12.6 (3.2)
F:12.5(2.7)
GAULTIER and ZINMAN 1983'° Canada 119 60/59 7-13 M: 126 (4) [8] M: 26 (3.6) [8] NR NR NR
137 (7) [10] 33(5.9) [10]
146 (7) [11.8] 39 (6.1) [11.8]
F: 126 (4) [8] F: 26 (3.4) [8]
136 (9) [10] 32 (6.4) [10]
148 (8) [11.9] 39 (8) [11.9]
GOMES et al., 2014°" Brazil 148 74174 5-10 M: 113 (5) [5] M: 20.45 (4.41) [5] M: 16.34 (2.62) [5] M: 95 (10.8) [5] M:122 (10.3) [5]

125 (3) [6]
125 (4) [7]
134 (3) [8]
139 (5) [9]
144 (6) [10]
F: 112 (7) [5]
122 (6) [6]
125 (4) [7]
133 (5) [8]
136 (5) [9]
147 (5) [10]

25.8 (4.17) [6]
26.05 (3.30) [7]
32.33 (3.71) [8]
35.16 (7.94) [9]
38.3 (8.55) [10]
F:20.4 (4.22) [5]
23.82 (4.21) [6]
26.35 (3.35) [7]
30.12 (8.52) [8]
34.81 (11.84) [9]
40.75 (11.84) [10]

16.37 (2.11) [6]
16.63 (2.23) [7]
17.83 (1.86) [8]
18.72 (3.94) [9]
18.09 (3.12) [10]
F:15.71 (2.41) [5]
15.90 (2.26) [6]
16.65 (2.14) [7]
18.57 (4.04) [8]
18.61 (3.70) [9]
19.67 (4.65) [10]

96 (9.7) [6]
83 (11.9) [7]
97 (10.9) [8]
101 (9.7) [9]
94(9.6) [10]
F: 99 (10.9) [5]
124 (10.5) [6]
101 (11) [7]
101 (10.7) [8]
95 (10.5) [9]
102 (9.8) [10]

116 (12.8) [6]
93 (15.8) [7]
108 (9.7) [8]
112 (10.6) [9]
104 (9.5) [10]
F: 101 (10.8) [5]
134 (7.8) [6]
122 (8.7) [7]
116 (10.4) [8]
94 (15.8) [9]
114 (12.7) [10]
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Table 1  (Continued)
Author Year Country Sample (n) Sex M/F Age (year) Height (cm or m) [per age] Weight (kg) BMI (kg/m?) [per age] FEV, (L or%) [per age] FVC (L or%)
HEINZMANN-FILHO et al., Brazil 171 83/88 4-12 M: 129.78 (13.63) M:31.37 (11.66) M:18.09 (3.41) M:1.90 (0.58) M:2.12 (0.69)
20127 M: 8.47 (2.49) F: 132.15 (16.69) F:33.75 (13.32) F: 18.52 (3.39) F:1.92 (0.68) F:2.10 (0.80)
F: 8.73 (2.53)
HULZEBOS et al., Netherlands 251 117/134 8—19 M:161 (15) M:51.6 (15.7) M:19.3 (3.1) M:98.2 (12.2) M:95.8 (11.8)
2018%° 13.4(2.9) F: 158 (12) F:50.6 (13.8) F:19.8 (3.3) F:96.8 (11.7) F:93.3 (11.3)
M: 13.4 (3.0)
F:13.4(2.9)
LANZA et al., 2015% Brazil 450 212/238 6—18 142.2 39.3 18.7 105.7 104.1
10.4 (140.8, 143.7) (37.9, 40.7) (18.3, 19.1) (105.7, 107.2) (102.6, 105.5)
MARCELINO et al., 2022° Brazil 121 59/62 6—11 133.60 (9.68) 34.18 (10.18) 70.87 (29.29)* 100.10 (10.56) 105.10 (12.58)
8.41 (1.49) M: 133.60 (10.05) M: 34.96 (11.12) M: 71.12 (31.58)* M: 99.65 (9.39) M: 106.40 (11.99)
M: 8.50 (1.58) F: 133.50 (9.40) F:33.44 (9.23) F:70.62 (27.20)* F: 100.60 (11.62) F:103.90 (13.08)
F: 8.32 (1.42)
MATECKI et al., France 44 44/0 11-17 144.9 (1.6) [11.2 (0.05)] 36.5(1.3) [11.2 (0.05)] NR NR NR
2003 149.7 (1.9) [12.2 (0.05)] 39.8 (1.8) [12.2 (0.05)]
156.1 (2.1) [13.2 (0.05)] 44.4 (2.3) [13.2 (0.05)]
155.2 (1.7) [12.9 (0.07)] 45.6 (1.7) [12.9 (0.07)]
162.7 (1.7) [13.9 (0.08)] 51.6 (1.6) [13.9 (0.08)]
168.9 (1.4) [14.9 (0.07)] 57.9 (1.7) [14.9 (0.07)]
169.2 (2.7) [14.9 (0.08)] 57.0 (2.9) [14.9 (0.08)]
173.1 (2.4) [15.9 (0.07)] 60.5 (2.4) [15.9 (0.07)]
175.1 (2.2) [16.9 (0.07)] 64.1(2.0) [16.9 (0.07)]
MELLIES et al., 2014”7 Germany 301 153/148 6—16 M: 150 (19) M: 42.7 (15.4) NR 98 (6) 102 (8)
M: 10.9 (2.9) F: 148 (16) F: 40.7 (13.9)
F:11.0 (2.8)
MENDES et al., 2013% Brazil 182 98/84 12-18 M: 154 (8) [12] M: 42.93 (6.12) [12] M:17.92 (2.26) [12]
166 (5) [13] 54 (6.96) [13] 19.41 (1.74) [13] M: 3.38 (0.67) M: 3.98 (0.70)
166 (8) [14] 54,14 (9.72) [14] 19.5 (1.96) [14] F:2.75 (0.38) F: 3.08 (0.60)
172 (6) [15] 57.07 (14.23) [15] 18.71 (5.49) [15]
174 (7) [16] 64.14 (8.52) [16] 20.95 (1.87) [16]
174 (7) [17] 68.07 (8.68) [17] 22.53 (1.94) [17]
171 (7) [18] 66.64 (11.14) [18] 21.39 (2.96) [18]
F 156 (8) [12] F: 46.33 (9.80) [12] F: 18.69 (2.57) [12
158 (5) [13] 44.75 (6.60) [13] 17.72 (2.32) [13]
159 (4) [14] 49.33 (4.79) [14] 19.41 (2.29) [14]
162 (7) [15] 53.50 (7.45) [15] 18.46 (6.36) [15]
161 (5) [16] 52.50 (7.11) [16] 20.06 (2.7) [16]
162 (6) [17] 54,25 (10.92) [17] 20.45 (3.15) [17]
160 (8) [18] 54,75 (7.94) [18] 19.44 (6.39) [18]
NASCIMENTO et al., Brazil 40 20/20 7-10 132 (8) 32.18 (9.47) NR NR NR
2012%° 8.4 (1.15)
OLIVEIRA et al., 2012%® Brazil 144 63/81 7-11 M: 136 (8) M: 30.68 (4.63) M: 16.61 (1.42) NR NR
M:9 (1.2) F: 135 (10) F:29.85 (6.35) F:16.24 (1.57)
F:8.7 (1.2)
PAWAR et al., 2021%° India 320 160/160 7-17 M: 125.5 (5.7) [7] M: 24.6 (5.8) [7] M: 17 (1.0) [7] NR NR

127.3 (4.0) [8]
133.8 (6.0) [9]
135.7 (5.4) [10]
137.8 (2.4) [11]
147.3 (7.4) [12]
154.7 (9.7) [13]
157.7 (6.7) [14]
160.9 (2.8) [15]
168.2 (7.0) [16—17]
F:125.6 (5.1) [7]
126.6 (3.0) [8]
130.3 (3.0) [9]
132.2 (6.4) [10]

26.2 (3.5) [8]
30.1(9.6) [9]
35.1 (10.7) [10]
38.3(9.2) [11]
43.7 (4.6) [12]
48.2 (4.2) [13]
46.7 (3.5) [14]
53.3 (3.5) [15]
60.4 (7.9) [16—17]
F:21.4 (4.0) [7]
24.8 (2.8) [8]
29.1(6.5) [9]
35.8 (7.4) [10]

15 (4.3) [8]
17.6 (4.1) [9]
20.6 (8.6) [10]
20.8 (7.5) [11]
19.5 (1.13) [12]
19.8 (1.9) [13]
20.1(3.7) [14]
20.1 (2.4) [15]
21.3 (5.3) [16—17]
F: 15 (3.9) [7]
15.6 (1.31) [8]
16.6 (2.13) [9]
20.5 (0.9) [10]
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Table 1  (Continued)
Author Year Country Sample (n) Sex M/F Age (year) Height (cm or m) [per age] Weight (kg) BMI (kg/m?) [per age] FEV, (L or%) [per age] FVC (L or%)
139.8 (9.5) [11] 38.6 (4.5) [11] 19.5 (1.1) [11]
143.3 (6.5) [12] 43.1(6.7) [12] 19.3 (1.0) [12]
154.4 (3.5) [13] 46.6 (3.2) [13] 20.2 (0.3) [13]
157.3 (7.5) [14] 49.9 (4.2) [14] 20.8 (0.8) [14]
159.1 (5.6) [15] 53.6 (2.1) [15] 20.8 (1.1) [15]
167.4 (2.1) [16—17] 61.3 (7.6) [16—17] 21.5 (2.8) [16—17]
SMYTH et al., Canada 67 30/37 13-18 M: 168 (8) M: 63.7 (14.4) NR NR M: 105 (11)
1984° M: 15 (1) F: 162 (7) F:54.3 (8.4) F: 106 (17)
F: 15 (2)
STEFANUTTI and FITTING, 1999%* Switzerland 180 93/87 6—17 NR NR M: 17.3 (2.5) NR NR
F:17.8 (2.8)
SZEINBERG et al., Canada 201 92/109 8-16.9 M: 136 (7) [8—10.9] NR NR M: 1.65 (0.3) [8—10.9] M: 1.98 (0.36) [8—10.9]
1987'* 151 (10) [11-13.9] 2.36 (0.48) [11—13.9] 2.78 (0.58) [11—-13.9]
172 (8) [14—16.9] 3.51 (0.66) [14—16.9] 4.34(0.69) [14—16.9]
F: 139 (7) [8—10.9] F:1.77 (0.23) [8-10.9] F:2.1(0.29) [8—10.9]
154 (7) [11-13.9] 2.29 (0.39) [11-13.9] 2.71(0.43) [11-13.9]
162 (6) [14—16.9] 2.83 (0.46) [14—16.9] 3.42 (0.54) [14—16.9]
TAGAMI et al., 2017% Japan 218 105/113 3-12 M: 113.2 (8) [3-6] M: 19.2 (2.5) [3—6] NR NR NR
128.4 (6.4) [7-9] 26.5 (5) [7-9]
133 (28.4) [10-12] 33.5 (4.9) [10-12]
F:109.8 (7.5) [3-6] F: 18 (2.8) [3—6]
128.5 (8.3) [7—9] 25.4 (4.4) [7-9]
143.6 (7.4) [10—12] 34.3(6.8) [10—12]
TOMALAK et al., Poland 296 144/152 7-14 M: 146.1 (15.0) M: 39.2 (12.6) NR M: 93.2 (15.9) M: 111.8 (21.7)
2002%° M: 11.5 (2.0) F:144.3 (12.9) F: 38.0 (10.4) F:92.9 (17.5) F:110.8 (17.9)
F:11.2 (2.0)
WAGENER et al., Australia 40 13/27 8-17 M: 137 (136, 137) [8.75] M: 30 (26, 33) [8.75] NR M: 89 (77, 101) [8.75] M: 88 (84, 92) [8.75]
1984° 149 (128, 155) [10.16] 34 (24, 43) [10.16] 96 (85, 102) [10.16] 98 (90, 99) [10.16]
157 [12.5] 50 [12.5] 97 [12.5] 95 [12.5]
159 (150, 170) [14.83] 51 (46, 55) [14.83] 110 (74, 122) [14.83] 112 (85, 127) [14.83]
171[16.83] 54[16.83] 97 [16.83] 92 [16.83]
F: 129 (115, 149) [8.58] F:26 (17, 40) [8.58] F: 106 (91, 135) [8.58] F: 103 (93, 124) [8.58]
136 (134, 146) [10.33] 30 (27, 37) [10.33] 122 (105, 153) [10.33] 108 (100, 146) [10.33]
153 (143, 160) [12.66] 44 (27, 53) [12.66] 117 (106, 129) [12.66] 102 (97, 124) [12.66]
156 (150, 165) [14.25] 42 (40, 55) [14.25] 122 (91, 126) [14.25] 108 (81, 130) [14.25]
163 (149, 168) [16.66] 56 (49, 64) [16.66] 117(104, 120) [16.66] 108 (103, 125) [16.66]
WILSON et al., 1984'° England 235 137/98 7-17 M: 149 (15) M: 41 (12) NR NR NR
M:11.1(2.2) F: 147 (16) F:40.5 (12)
F: 11.6 (2.5)

2Data presented by mean (standard deviation) or median (25th, 75th); [], age; (), range; NR, not reported; n, sample size; BMI, body mass index; FEV4, forced expiratory volume in the first
second; FVC, forced vital capacity; *BMI percentile.
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Table 2  Quality of studies (QUADAS-2).
Author Year Risk of Bias Applicability
Patient Selection Index Test Flow and Timing Patient Selection Index Test
ARNALL et al., 2013* High Unclear Low High Low
ARNALL et al., 2022°° High Low Low High Low
CHOl et al., 201734 High Unclear Low High Low
COX et al., 2012°° High Unclear Low High Low
DA ROSA et al., 2014°¢ Low Low Low Low Low
DA ROSA et al., 2017"7 Low Low Low Low Low
DASSIOS et al., 2016*° High Unclear Low High Low
DELGADO et al., 2015'¢ High Low Low High Low
DOMENECH—CLAR et al., 2003° High Low Low High Low
GAULTIER and ZINMAN, 1983"° High Low Low High Low
GOMES et al., 2014>" Low Unclear Low Low Low
HEINZMANN-FILHO et al., 2012"° Low Low Low Low Low
HULZEBOS et al., 2018%° Low Unclear High Low Low
LANZA et al., 2015%" Low Low Low Low Low
MARCELINO et al., 2022°7 Low Low Low Low Low
MATECKI et al., 2003°® High Low Low High Low
MELLIES et al., 2014%” High Unclear Low High Low
MENDES et al., 20132 High Low Low High Low
NASCIMENTO et al., 2012%° High Low Low High Low
OLIVEIRA et al., 201278 High Low Low High Low
PAWAR et al., 2021%° High Unclear Low High Low
SMYTH et al., 1984° High Low Low High Low
STEFANUTTI and FITTING, 19993 High Low Low High Low
SZEINBERG et al., 1987'* High Low Low High Low
TAGAMI et al., 2017% High Unclear Low High Low
TOMALAK et al., 2002%° High Low Low High Low
WAGENER et al., 1984%° High Unclear Low High Unclear
WILSON et al., 1984'° High Low Low High Low

et al.*” reported the lower limit of normal for MIP and MEP.

In the study by Tomalak et al.,?® specific equations were
developed for the sitting and standing position tests. All
details are described in the supplementary material (S5).

Discussion

This systematic review with meta-analysis presented norma-
tive values and reference equations used worldwide for MIP
and MEP in healthy children and adolescents. Moreover, nor-
mative values based on these measures were proposed by
the meta-analysis, which included 5798 participants from 15
countries.

All studies in this review defined individuals as healthy,
without respiratory dysfunction that could interfere with
the MRP test, thus providing normative values. However,
only a few studies®'17:19,20-22,25-27,31,36,37 parformed spi-
rometry to ensure that there was no impairment of lung
function.

It is observed that the initial volume of maneuvers is a
variable that influences the MRP values,' and most studies®’
10,14,16,17,19-22,25,26,28-30,32,33,35,36,37,40 obtained MIP and MEP
data from RV and TLC, respectively. Previous studies per-
formed MRP tests based on functional residual capacity
(FRC) and tidal volume (TV). It is noteworthy that, when in
the RV volume, the elastic recoil pressure is of the order of

30cmH,0, which results in an increase of up to 30% in the
MIP value, the same occurring when in the TLC volume for
MEP, with an increase of 40cmH,0." Thus, the MRP must
always be performed from the same volume.

Only half of the studies'®'7:19-23,28,30-33,36,37,40 dagcribed
the sample’s BMI values, which were classified as under-
weight and normal weight. Although the BMI is not very
accurate in the pediatric population due to growth spurts
and the wide variation in height and weight measured
according to age,® only the study by Heinzmann-Filho et
al." used the reference values for the diagnosis of the nutri-
tional status of the BMI curves for age, recommended by the
World Health Organization. The uncertainty of being healthy
concerning pulmonary function and the lack of BMI regular
references may represent a risk of bias for studies, knowing
that there is a positive relationship between these variables
and MRP values.®- %137

There were a variety of types of mouthpieces used in the
studies included in the review. Previous studies have investi-
gated the influence of different interfaces on the ability to
generate MRP. Gibson*' did a study comparing a tube with a
flanged mouthpiece, concluding that the tube mouthpiece
produces higher MIP and MEP values. But, the flanged one
was more comfortable and better adaptable to the individ-
ual. Onaga et al.*? compared a circular mouthpiece with a
rectangular mouthpiece. The results showed that the more
anatomical shape of the rectangular mouthpiece resulted in



Boys, 4-11y Girls, 411y

Age MIP, cmH,0 Weight Age MIP, cmH,0 Weight
Study, year Mean (SD) Mean (95% Cl) n Random effect (%) Study, year Mean (SD) Mean (95% ClI) n Random effect (%)
Pawar, 2021 9.1 (1.4) 45.4 (43.4,47.4) 80 - 6.0 Choi, 2017 9.6 (4.8) 44.8 (42.1,47.5) 141 - 6.1
Tagami, 2017 7.8(18) 53.1(48.7,57.5) 99 - 6.0 Pawar, 2021 8.9(1.4) 44.8 (39.8,49.9) 69 —.— 59
Choi, 2017 96 (4.8) 58.4 (54.8, 62.0) 118 - 60 Meliies, 2014 87(1.4) 50.0 (4.4, 55.6) 86 —— 5.9
Da Rosa, 2017 8.4 (1.1) 59.1(57.4,60.8) 198 - 6.0 Tagami, 2017 8.1(22) 50.1(46.5, 53.7) 101 i 6.0
Meliies, 2014 87(1.5) 62.2 (55.4,69.0) 83 i 5.8 Da Rosa, 2017 84 (1.1) 52.7 (51.3, 54.1) 201 [ ] 6.1
Gomes, 2014 79(1.9) 70.2 (64.8, 75.6) 72" - 59 Gomes, 2014 7.2(1.6) 56.3 (51.8, 60.8) 81 - 6.0
Nascimento, 2012 84 (1.1) 70.6 (62.7,78.4) 20 — 58 Nascimento, 2012 8.3(1.2) 61.5 (53.6, 69.4) 20 . 56
Cox, 2012 82(2.0) 732 (637, 82.7) 32 o 56 Cox, 2012 84(2.1) 65.3 (58.0, 72.6) 51 e 57
Dassios, 2016 9.3 (1.5) 79.2(68.1,89.9) 20 — 55 Delgado, 2015 87(1.2) 66.1(61.9, 70.3) 81 - 6.0
Delgado, 2015 90(1.2) 81.7 (76.7, 86.7) 63 . 5.9 Oliveira, 2014 87(1.2) 70.9 (66.4, 75.4) 81 m 60
Lanza, 2015 85(1.7) 85.2(81.7,88.7) 150 - 6.0 Amall, 2022 NR 721 (68.7, 75.5) 149 - 6.1
Heinzmann-Filho, 2012 80(22) 85.3 (81.4,89.2) 75 - 6.0 Dassios, 2016 9.1(16) 75.7 (63.6, 87.8) 18 5.1
Amall, 2022 NR 86.4 (822, 90.6) 119 - 6.0 Heinzmann-Filho, 2012 8.1(22) 75.8 (71.2, 80.4) 76 s 6.0
Oliveira, 2014 9.0(1.2) 87.9 (827, 93.1) 63 i 5.9 Lanza, 2015 9.0 (1.6) 78.4 (753, 81.5) 168 - 6.1
Hulzebos, 2017 101 (1.1) 93.3 (88.0, 98.6) 41 i 59 Gaultier, 1983 10.3 (NR) 82.0 (74.5, 89.5) 59 —— 57
Gaultier, 1983 10.3 (NR) 95.1(88.6, 101.6) 60 —— 58 Marcelino, 2022 8.3(1.4) 83.3(76.5, 90.0) 62 —.— 58
Marcelino, 2022 85(1.6) 97.7(90.0, 105.4) 59 —— 58 Hulzebos, 2017 10.0 (1.4) 925 (85.8,99.2) 44 —.— 58
TOTAL 754(67.0,839) 1352 —4— TOTAL 65.8 (59.3,72.3) 1488 —4—
Heterogeneity: Tau? = 304.9; Q-value = 12.57; df =16;12=0% © 0 8 100 1'20 Heterogeneity: Tau? = 179.3; Q-value = 17.94; df = 16;12=10.8% © slo M 0

Boys, 4-11y Girls, 4-11y

Age MEP, cmH,0 Weight Age MEP, cmH,0 Weight
Study, year Mean (sD) Mean (95% Cl) n Random effect (%) Study, year Mean (sD) Mean (95% Cl) n Random effect (%)
Pawar, 2021 91(14) 459 (43.6,48.2) 80 = 64 Choi, 2017 96 (4.8) 44.9 (42.3,47.5) 141 - 64
Choi, 2017 9.6 (4.8) 53.3 (50.8, 55.8) 18 = 6.4 Pawar, 2021 8.9(14) 453 (43.0, 47.6) 69 - 64
Tagami, 2017 7.8(1.8) 543 (51.1,57.5) 99 - 63 Tagami, 2017 8.1(2.2) 49,5 (46.3,52.7) 101 - 6.4
Da Rosa, 2017 84(1.1) 69.3 (67.3,71.3) 198 - 64 Gomes, 2014 72(1.6) 59.3 (55.3, 63.3) 81 - 63
Gomes, 2014 79(1.9) 71.0 (65.6,76.5) 72 - 63 Da Rosa, 2017 84(1.1) 60.9 (59.3, 62.5) 201 r 64
Nascimento, 2012 8.4 (1.1) 77.4(89.1,85.7) 20 - 6.1 Cox, 2012 8.4 (2.1) 70.3 (63.0, 77.6) 51 — 6.1
Cox, 2012 82(20) 811(725,89.7) 32 — 61 Dassios, 2016 9.1(1.6) 728 (64.5,81.1) 18 —— 60
Dassios, 2016 93(15) 81.8 (72.6,91.0) 20 ——_— 6.1 Amall, 2022 NR 740 (699, 78.0) 140 o 63
Lanza, 2015 85(1.7) 85.1(820,88.2) 150 - 64 Nascimento, 2012 83(12) 77.4 (69.1,85.7) 20 i 60
Delgado, 2015 90(12) 95.6 (90.4, 100.8) 63 - 63 Lanza, 2015 9.0(1.6) 786 (75,8, 81.4) 168 - 64
Heinzmann-Filho, 2012 8.0 (2.2) 99.5 (94.1,104.9) 75 - 63 Delgado, 2015 87(12) 789 (746, 83.2) 81 .- 63
Amall, 2022 NR 1002(93.9, 106.5) 19 i 62 Oliveira, 2014 87(1.2) 81.8 (77.6, 86.0) 81 .- 63
Oliveira, 2014 90(1.2) 101.8(97.1,106.5) e - 63 Heinzmann-Filho, 2012 8.1 (2.2) 86.4 (81.2,91.6) 76 . 63
Marcelino, 2022 85 (1.6) 103.9 (97.3, 110.6) 59 —— 62 Gaultier, 1983 103 (NR) 88.1(80.5, 95.7) 59 —— 6.1
Gaultier, 1983 103(NR)  109.1 (1000, 118.2) 60 —— 6.1 Marcelino, 2022 83(14) 94.7 @83, 1011) 62 . 62
Hulzebos, 2017 11 170(1084,1256) 41 —— 61 Hulzebos, 2017 100(11) 1055 (9838, 112.2) 44 - 6.1
TOTAL 84.0(736,943) 1269 —— TOTAL 72.8 (64.9, 80.8) 1402 ——
Heterogeneity: Tau? = 437.2; Q-value = 15.26; df =15;12=1.7% T Heterogeneity: Tau? = 257.5; Q-value = 17.25; df =15;12=13.0%

40 60 80 100 120

Fig. 2  MIP and MEP for Boys/Girls, 4—11y.
MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; y, years; SD, standard deviation; Cl, confidence interval; n, sample size; NR, not reported.
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Boys, 12-19y Girls, 12-19y

Age MIP, cmH,0 Weight Age MIP, cmH,0 Weight
Study, year Mean (SD) Mean (95% Cl) n Random effect (%) Study, year Mean (SD) Mean (95% Cl) n Random effect (%)
Tagami, 2017 12.0 (0.0) 57.3(35.7,78.9) 4 65 Tagami, 2017 12,0 (0.0) 61.6 (39.7,83.5) 7 65
Mellies, 2014 13.8(1.5) 785 (70.5, 86.5) 64 —— 95 Mellies, 2014 186 (1.5) 63.2(57.6,68.8) 68 i 10.1
Cox, 2012 14.0 (2.0) 858 (77.7,93.9) 36 — 95 Choi, 2017 120 (0.0) 68.0 (26.8,109.2) 2 33
Mendes, 2012 15.0 (2.0) 86.9 (81.9,91.8) 98 - 10.0 Cox, 2012 12.4(3.6) 74.4 (67.6,81.2) 49 . 9.9
Pawar, 2021 141 (1.6) 88.9 (83.4, 94.5) 80 . 9.9 Mendes, 2012 15.0 (2.0) 75.3(70.6, 80.0) 84 = 10.2
Dassios, 2016 14.4(2.1) 94.5 (84.5, 104.5) 28 —— 9.4 Smyth, 1984 15.0 (2.0) 76.0 (67.9, 84.1) 37 - 97
Amall, 2022 NR 96.3 (83.8, 108.8) 6 —— 86 Dassios, 2016 14.4(22) 76.6 (68.8, 84.4) 30 —mi 9.8
Lanza, 2015 13.5(1.4) 100.5 (96.1, 104.9) 66 - 10.0 Pawar, 2021 146 (1.7) 88.0 (82.1,93.8) 91 - 10.1
Smyth, 1984 15.0 (1.0) 107.0 (97.5, 116.5) 29 e 9.2 Lanza, 2015 13.5(1.6) 91.4 (86.9, 95.9) 67 - 103
Heinzmann-Filho, 2012 12.4(02)  119.2(102.9, 135.5) 8 77 Hulzebos, 2017 14.9 (2.1) 104.8(99.1, 110.5) 90 - 101
Hulzebos, 2017 15.2(20) 1229 (117.1,128.7) 76 - 9.9 Heinzmann-Filho, 2012 124(02)  107.7 (1005, 114.9) 12 —— 9.9
TOTAL 95.0 (86.1, 104.0) 495 - TOTAL 82.1(73.0,91.2) 537 ——
Heterogeneity: Tau? = 204.2; Q-value = 13.05; df = 10; 12 = 23.4% Y % 1o 1% Heterogeneity: Tau? = 204.9; Q-value = 10.02; df = 10; 12 =0.2% 30 5'0 70 9 110

Boys, 12-19y Girls, 12-19y

Age MEP, cmH,0 Weight Age MEP, cmH,0 Weight
Study, year Mean (sD) Mean (95% Cl) n Random effect (%) Study, year Mean (sD) Mean (95% CI) n Random effect (%)
Tagami, 2017 12.0 (0.0) 50.6 (39.5, 61.7) 4 —m— 10.0 Choi, 2017 12.0(0.0) 48.5(24.0,73.0) 2 7.2
Pawar, 2021 14.1(1.6) 89.8 (84.1,95.4) 80 - 105 Tagami, 2017 12.0 (0.0) 67.7 (54.5,80.9) 7 —— 95
Dassios, 2016 14.4 (2.1) 99.0 (88.4, 109.6) 28 - 10.1 Dassios, 2016 144(22) 761 (691, 83.1) 30 i 10.5
Lanza, 2015 13.5(1.4) 99.8 (95.1,104.5) 66 E: 105 Cox, 2012 12.4(3.6) 80.1(72.7,87.5) 49 i 10.4
Arnall, 2022 NR 100.8 (81.8, 119.8) 6 9.0 Lanza, 2015 135(1.6) 84.4(80.2, 88.6) 67 i 10.8
Cox, 2012 14.0 (2.0) 104.8 (91.3, 118.3) 36 —— 9.8 Smyth, 1984 15.0 (2.0) 86.0 (78.9,93.1) 37 i 105
Smyth, 1984 15.0 (1.0) 114.0 (101.3, 126.7) 29 a— 9.8 Pawar, 2021 14.6 (1.7) 88.0 (82.3,93.8) 91 - 10.6
Mendes, 2012 15.0 (2.0) 121.1 (115.2, 127.0) 98 - 10.4 Mendes, 2012 15.0 (2.0) 104.6 (98.8, 110.4) 84 B3 10.6
Heinzmann-Filho, 2012 12.4(0.2) 129.4 (113.7, 145.1) 8 —.— 95 Hulzebos, 2017 149(21)  124.3(117.8,130.8) % - 105
Hulzebos, 2017 152(20)  147.8(139.6, 156.0) 76 103 Heinzmann-Filho, 2012 12.4(0.2)  128.7 (115.4,142.0) 12 —— 95
TOTAL 105.7 (90.9,120.5) 431 —— TOTAL 90.0(78.8,101.2) 469 ——
Heterogeneity: Tau? = 535.0; Q-value = 10.70; df = 9; 12 = 15.9% 50 70 90 110 130 1\,',0 Heterogeneity: Tau? = 356.1; Q-value = 15.23; df = 9; 12 = 40.9% 30 50 7'0 90 110 130

Fig. 3  MIP and MEP for Boys/Girls, 12—19y.
MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; y, years; SD, standard deviation; Cl, confidence interval; n, sample size; NR, not reported.
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higher values only in the MEP test. Montemezzo et al.** com-
pared a flat plastic with a silicone rubber mouthpiece, and
there was no statistically significant difference between the
MRP values. However, all these studies were conducted with
the adult population. In this review, the most used mouth-
piece was the rigid, flat, plastic mouthpiece. '%%":22:28:29 The
recommendation of the ATS/ERS scientific societies indi-
cates that, although the flanged mouthpiece produces lower
MRP values due to greater air leakage, it is the preferred
device. Furthermore, this type of mouthpiece is recom-
mended for the population with neuromuscular weakness."
On the other hand, the rubber tube mouthpiece may be
preferable for research.”

The assessment of the quality of studies using QUADAS-2
presented some difficulties as the description of the MRP
tests was incomplete in several studies,2%:24:26,27,30-32,34,35,40
The lack of information draws attention to the need for stan-
dardization of the tests. Moreover, there is no way of know-
ing whether what was not actually described was not
performed or just not reported. This compromises an accu-
rate risk of bias assessment so that the study can be classi-
fied with uncertainty. In addition, a high risk of bias was
considered in the Patient selection for studies that did not
report BMI&10:1415,24:27,29,34,35,38 5r pylmonary function
values,?10,15,16,23,24,28-30,32-35,38,40 54 they are two variables
of influence for the MRP tests. Only 28% of the studies pre-
sented information on these two variables. 7>19-22:31,36,37

Not all studies®!'%:14.23,25.26,32,36,38 f the systematic
review were included in the meta-analysis, but were prop-
erly presented for all. Among the nineteen studies,® "7
22,24,27-31,33-35,37,40 it \as possible to identify that the boys
had higher MIP and MEP values than girls, regardless of age
group. In addition, the values increased with increasing age,
emphasizing the importance of distinguishing normal values
for children and adolescents through age group classifica-
tions. It is also noted that the MEP values, both for girls and
boys, were higher than the MIP values for all ages. Addition-
ally, large 95% Cl values were observed for MIP and MEP,
mainly for the 12 to 19 age group. These results are
expected, considering inter-subject variability, dependent
on age, sex, and anthropometric characteristics, in addition
to methodological differences between studies, contribute
to these wide Cl values for MRP.*C Thus, this variability needs
to be considered when using the meta-analysis normative
values during the interpretation of the results obtained in
the evaluation of MIP and MEP.

Regarding the reference equations for MIP and MEP, most
Stud.ies9,10,15,17,19,21,22,24,25,27,31-33,37,40 described the RZ,
the highest value was 63%, and the lowest was 6.8%. The
greater the R?, the greater the adjustment of the dependent
variable of the sample and the explanatory power. Only
three studies'”"'*?? reported the standard error of the esti-
mate, and as expected, this measure decreased as the sam-
ple increased. The standard error reflects a greater
accuracy of the estimate for sample size.

The limitation of this study was the methodological
assessment of the quality of the studies using the QUADAS-2
tool, which was considered very subjective. To minimize this
problem, a checklist consisting of items from each study was
created for standardization. A method that does not prevent
misclassifications but minimizes them. However, it is the
tool available in the literature for this purpose, recently
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used in studies with the same purpose.*"*> Another limita-
tion of this systematic review was the absence of pulmonary
function (FEV,; and FVC) and BMI data, which would allow for
additional analyses. Although the authors of the studies
were contacted, there was little success in obtaining this
information.

This review has two major points regarding its applicabil-
ity: 1) the presentation through the systematic review of
normative values and reference equations for MIP and MEP
according to age groups and sex, as well as the specificities
and methodological quality of each study; and 2) a meta-
analysis of the normative values of 19 studies, providing 95%
Cl for MIP and MEP, representing a more powerful sample
than that of the individual studies, which can add to the
interpretation of normative values. Therefore, our findings
provide additional sources of information to guide professio-
nals in interpreting the results obtained during the assess-
ment of respiratory muscle strength in children and
adolescents, as well as to propose interventions.

In addition, based on the results of our study, specifically
for clinical practice, readers should consider the nationality
of the study and opt for the use of reference equations
developed for the country of origin. As reported by Lanza et
al.,?" ethnicity can influence respiratory muscle strength
reference values. Thus, regional values are preferable when
determining normal values for MIP and MEP. It is also recom-
mended to observe the values of the R? between studies of
the same nationality, with the selection of equations with
higher values of R? and those with better methodological
quality.

Conclusion

This systematic review and meta-analysis suggested norma-
tive values for MIP and MEP in children and adolescents. By
bringing together several samples and defining values from
age and sex groups, this study can contribute to clinical
practice, functional diagnosis, scientific research, and
appropriate care for this population.
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