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Objective of the study was to examine the performance of breath-holding and
Ruffier tests, relationship between them and other factors in healthy school-
age children.

Material and methods. The cross-sectional descriptive study with 45 healthy
participants in age 7-13 years (22 boys and 23 girls) was performed. The

study included assessment of nutrition, physical activity habits, family and
socioeconomic data, resting anthropometric and blood pressure measurements,
pulse oximetry, tests for the functional status of the cardiorespiratory system

and readiness of child organism for physical loading (Ruffier and volitional
breath-holding hypoxic tests).

Results. The Rufier index in most children was average and amounted to

8.75%0.32 units. Test with breath-holding on inspiration was at the level of
37.0+1.84 sec, on exhalation - 22.2+1.3 sec. In children with low tolerance

to exercise during respiratory tests execution there were a decrease in blood
saturation and changes in heart rate. The tests are based on different physio-
logical processes in the human body that create physical load tolerance: heart
tolerance and cardiorespiratory oxygen supply to tissues.

Conclusions. All selected tests could be executed anywhere and in a short
period of time. They are easy to perform and do not cause emotional reactions

in children and could be used for tolerance for physical loading assessment.
The results obtained are complementary and can be recommended for use in

the complex when examining the health and tolerance for physical loading in

children during different screening types.
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Mema 0ocnidrcennsn. Buguenns pe3yibmamis mecmie Ha 3ampumKy OUXaHHs
ma mecm Pygh’e, 63a€M038 130K MidiC HUMU MA THUUMU PAKMOPAMU Y 300PO0GUX
dimetl WKibHO2O GIKY.

Mamepian i memoou. [Iposedero deckpunmugne 00CIiONCeHHA 3 45 300posumuU
yuacHukamu gixkom 7-13 poxkie (22 xnonuuxu ma 23 diguunku). /[ociiodcenns
BKIIOUANO0 OYIHKY XAPYYBAHHA, (I3UYHOI AKMUBHOCI, CIMEUHUX MA COYialb-
HO-eKOHOMIUHUX OAHUX, AHMPONOMEMPUYHUX GUMIDIE MA apmepianbHO20 Muc-
KV, YIbCOKCUMEMPII0, mecmu Had YHKYIOHATbHUTI CMAH ceplye8o-0UXalbHol
cucmemuy ma 20moGHiCMb OUMAYO20 OP2AHIZMY 00 PI3UUHO20 HABAHMAICCHHS
(Pygh’e ma einoxcuuni mecmu i3 3ampumKor OUXAHH).

Pesynomamu. [noexc Py e y binvwocmi oimeii 6ys cepeoHim i cmanHosus
8,75%0,32 oounuyi. Tecm i3 3ampumkoro ouxanHa Ha 60uxy 0ye na pisui 37,0+1,84
¢, Ha suouxy - 22,2+1,3 c. V dimeil i3 HU3bKOIO MONEPAHMHICMIO 00 QIZUUHUX
61PAG Ni0 4ac GUKOHAHMS QUXAILHUX MECNIE CHOCMEPI2AN0Cs SHUNICEHHSL PIGHS
camypayii Kposi ma sminu uacmomu cepyesux ckopoyens. Tecmu 6a3yiomvcs
Ha pizHUX QPi3iono2ivHux npoyecax ir0dCbKO20 OP2AHIZMY, AKI 1edHcamb 8 0C-
HOBI MONepanmuocmi 00 Qi3uuHo20 HABAHMANCEHHA: 2OMOGHICIb cepysi ma
KapoiopecnipamopHe 3a6e3ne4eHHsIM MKAHUH KUCHEM.

Bucnoeku. Yci obpani mecmu modicna UKOHamu oe 3a6200H0 i 3a KOPOMKUU
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npomidcox uacy. Bonu npocmi y UKOHAHHI ma He GUKAUKAIOMb eMOYIUHUX
peaxyiti y oimeti i MOXCYMb OymMu 8UKOPUCMAHI OJisi OYIHKU MOEPAHMHOCTI
00 @izuunoeo nasanmasiceuns. Ompumari pe3yiemamu OONOBHIOIOMb OOUH
00HO020 I MOXHCYMb OYMU PEKOMEHO0BAHI 00 BUKOPUCTNAHHA 8 KOMNIEKCi npu
BUBUEHHT CMAHY 300P08 5l A MOAEPAHMHOCT 00 PI3UUHOLO HABAHMAICEHHS
y dimeitl nio yac pizHux 8udi6 CKPUHIHZY.

OCOBEHHOCTH TECTOB HA 3AJJEPKKY JIBIXAHHA Y JETEH IIIKOJIbHOI'O

BO3PACTA
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Lenw uccnedosanua. Hzyuenue pesyismamos mecmos Ha 3a0epiucKy ObIXaHus
u Pyghve mecma, 83aumocesnzb mescoy HuMu u Opyeumu pakmopamu y 300poebix
oemell WKONbHO20 803PACMA.

Mamepuan u memoouwl. [Iposedeno deckpunmusroe ucciedosanus ¢ 45 300-
posbimMu yuacmuukamu 6 sozpacme 7-13 nem (22 manvuuka u 23 0e8ouku).
Hccnedosanue 6x10uano oyeHKy numanus, huudeckol akmueHoCmu, cemeli-
HbIX U COYUANLHO-IKOHOMUUECKUX OAHHBIX, AHMPONOMEMPULECKUX USMEPEHUTI
U apmepuanvbHo20 0de1eHlsl, NYIbCOKCUMEMPUU, Mecmyl Ha YHKYUOHATbHOE
cocmosiHue cepoedHo-0bIXamenbHOU CUCTEMbl U 20MOBHOCHb 0eMCKO20 0pea-
Husma x Quzuyeckoil nazpyske (Pyguve u cunokcuueckue mecmoi ¢ 3a0epickoll
ObIXAHUS).

Pezynomamot. Hnoexc Pygoe y bonvuuncmea oemeti Oblil CpeOHUM U cOCMA-
sun 8,75+0,32 eounuy. Tecm ¢ 3a0eporcKoti Obixanus Ha 800xe Obll HA YPOBHE
37,0+1,84 ¢, Ha 8biooxe - 22,2+1,3 c. ¥V Oemell ¢ HU3KOU MONEPAHMHOCTBIO
K Qhusuneckum ynpajlcHeHusm 60 6pems 6blNOAHEHUs ObIXAMENbHBIX MEeCHO8
HAONI00aN0Ch CHUICEHUE YPOBHS CAMYPayUu Kposu U UsSMEHEHUs YaCmombl
cepoeunvix cokpawenuti. Tecmol OA3UPYIOMCs HA PASTUYHBIX PUIUOIOSUHECKUX
npoyeccax 4enogeuecko20 Opeanu3mMd, KOmopbie 1excam 6 0CHOGe moiepanm-
HOCMU K (OU3U4ecKoll HazpysKe. 20MOGHOCHb cepoya u KapouopecnupamopHoe
obecneuerue mrarel KUCI0POOOM.

Bbi600bi. Bee gvlOpannvie mecnivl MONICHO BbINOAHUMD 20€ Y20OHO U 3d KO-
pomxull npomexncymox epemenu. OHu npocmbvl 8 UCNOTHEHUU, He 8bl3bI8AIOM
IMOYUOHANLHBIX pearkyuti y 0emetl u Mo2ym 0bimb UCNONb308AHbL OJIsl OYEHKU
monepanmuocmu K uzuueckou naepysxe. Ionyuennvle pe3ynvmamul OONOAHAIOM
opye Opyea u Mocym 0blmb PEeKOMEHO08AHbL K UCHONb30BAHUIO 8 KOMNIEKCe NpU
U3YUEHUU COCOSHUSL 300PO6bS U MOAEPAHMHOCIU K PUIUYECKOU HASPY3KE Y
oemeli 80 8peMs paA3NUYHBIX BUO0E CKPUHUHEA.

The deterioration of the children health in Ukraine
registered in recent years. It was not only due to different
diseases but also to other factors such as low physical
activity with insufficient tolerance for physical loading [3,
4]. Physical activity is a key to improving the health of the
children population. Regular physical activity in children
and adolescents promotes health and fitness. On the other
side, the reduction in cardiorespiratory fitness is a strong
predictor of cardiovascular events and respiratory diseases
in future. Childhood is a critical period for developing
movement skills, learning healthy habits and establishing
a foundation for lifelong health and well-being. Recent
researches indicate that moderate-to-vigorous physical
activity improve not only general health but the cognitive
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functions of memory, executive function, processing speed,
attention, and academic performance for these children [3, 4].

As an assessment measure of the school-age children
adaptive capacity to physical loading, the Ruffier test was
proposed and widely used in educational establishments
as a selection index in a type of fitness for the child during
school physical education lessons [3]. This test was based
on muscle-strengthening activity and could not assess an
aerobic physical activity profile. For this matter, more
suitable are volitional breath-holding hypoxic tests (VBHT)
[5, 8]. These simplest tests include the time of inspiration
end breath-holding (BHT1) and expiration end (BHTe) probe.
The first test was proposed more than hundred years by
Russian surgeon V.A.Stange (1913), the other — by German
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physician A.Genchi (1926). Functional breath-holding

hypoxic Genchi’s and Stange’s tests were successfully used

many years in experimental and in clinical practice, but

many aspects of their effect on the body functions remain

unclear. The mechanism of different duration VBHT and

types of analyzed processes are also inconsistent. Hypoxia,
hypercapnia and acidosis are usually considered to be the

main causes of the tests termination [2]. But on investigating

the VBHT termination mechanism, it is necessary to take

into consideration that it is associated not only with changes

in the blood parameters but also in the state of respiratory
muscles, because at that period, their normal contraction—
relaxation rhythm is changed by stopping in the state of
static tension [1, 6, 9]. In any case, VBHT make it possible

to evaluate a person’s adaptation to hypoxia and hypoxemia,
and give some idea of the body's ability to withstand oxygen

deficiency and they are a good indicator for reserves of
cardiorespiratory system and tolerance for physical

loading [2]. They could be used rapid, painless, and easy
to perform in all children’s age groups for hypoxic event

presence, especially with the pulse oximetry method which

is an accurate and well-established test used to quantify
hypoxemia [7]. Persons with high levels of Ruffier test and

VBHT better tolerate physical activity and have a lower risk
of cardiovascular and respiratory events.

Objective of the study was to examine the performance
of breath-holding and Ruffier tests and relationship between
them and other factors in healthy school-age children.

Materials and methods. The cross-sectional descriptive
study with 45 healthy participants (22 boys and 23 girls)
was performed. Children were subdivided into two age
strata 7-9 years (29 persons) and 12-13 years (16 persons).
The study includes an assessment of nutrition, physical
activity habits, family and socioeconomic data, resting
anthropometric and blood pressure (BP) measurements,
pulse oximetry, tests for the functional status of the
cardiorespiratory system, and readiness of child organism
for physical loading (Ruffier and VBHT tests). VBHT were
performed after the preliminary ventilation of the lungs
(three deep inspirations and expirations). For BHTi the
participants prompt to exhale as deeply as possible and
then inhale once a full breath and hold their breath for as
long as they can. The length of time the participants are
able to hold their breath recorded via a stopwatch and was
completed twice, with the longest of the two breath-holding
trials used as the final index. The same was for BHTe test but
with breath hold after exhaled air deeply. The tests carried
out according to the following scheme: first — inspiration
breath-holding test, then expiration breath-holding test
(both with pulse oximetry) and at the end - the Ruffier test.
For the execution of Ruffier test children were asked to sit
and rest for 5 minutes, then resting heart rate (HR) for 15
seconds was collected (P1) and 20 squats in 60 seconds
were performed. Next HR assessment (P2) was done at the
end of physical loading and the last recovery post-test level
(P3) - 30 seconds after previous. Based on the three HR
measurements, the Ruffier Index (RI) was calculated, and by
the assessment scale, children were belonged to four groups:

persons with excellent endurance (RI from 0 to 5), with good
endurance (RI from 5 to 10), with moderate endurance (RI
from 10 to 15) and with poor endurance (RI from 15 and
up). Statistical analysis conducted with program Statistica
(version 5.11, StatSoft Inc.). Data were expressed as mean +
standard error for quantitative variables and nonparametric
Spearmen correlation assessed. Statistical analysis was
performed using the Student’s t-test for numerical variables.
All p-values were two-tailed and p<0.05 was considered
statistically significant.

Results of the research. Anthropometric measurements
of children established average age-related data of height
and weight, but according to body mass index (BMI)
some children were underweighted (6 persons) and other
overweighted (7 persons). Systolic BP, in average, was
96.7+2.29 mm Hg (with range — 80 — 133 mm Hg), diastolic
BP - 60.4+1.79 mm Hg (with range — 44 — 108 mm Hg).
Children’s HR was 85.0+1.50 beats per minute (bpm) (with
range — 57 — 109 bpm).

During the execution of Ruffier test, resting HR P1 was
collected at the end of 5 minutes sitting and, in average,
was 80.6+1.28 bpm. Immediately after performing squats
average HR P2 was 120.4+1.52 bpm and recovery post-test
level HR P3 was 86.8+1.37 bpm. Based on the three HR
measurements, the RI was calculated and average level was
8.75%0.32 units. By the RI scale, children with excellent
endurance were absent, with good endurance were 30
persons (66.7%), with moderate endurance were 13 persons
(28.9%) and with poor endurance were 2 persons (4.4%).
By level of RI all children were divided into two groups
according to median of RI (8.0). A better RI correlated
with lower body mass index (15.9 kg/m?2 against 17.3 kg/
m2), higher level of physical activity and lower systolic
BP (97.3 mm Hg against 102.0 mm Hg).

Volitional breath-holding tests were executed with
following results: BHTi was 37.04+1.84 sec (with range
from 13 no 76 sec). The summary statistic of BHTi
presented on fig.1. There were no sufficient differences of
BHTi depending on gender (boys - 36.2+2.32 sec and girls

—38.243.14 sec, p>0.05) and age of children. Test Stange’s
has negative correlation with RI (R=-0.31, p<0.05).

The summary statistic of BHTe presented on fig.2. The
average level of BHTe was 22.2+1.3 sec (with range from
13 to 49 sec). In this test there were no sufficient differences
depending on age and gender too (boys - 21.4+2.02 sec
and girls — 22.9+1.82 sec, p>0.05). A slight skewness and
kurtosis of data was registered but in the range of normality.
Test Genchi’s has no real correlation with RI (R=-0.16,
p>0.05).

We could expect similarity of both VBHT tests, but
according to the correlation level between them (r=0.46,
p<0.05) (fig.3) there is sufficient difference in physiological
processes in which they are mirrored.

The duration of voluntary apnea depends on many
factors like decrease of blood oxygen saturation, velocities
of blood flow, sensitivities of respiratory biomechanics
changes, level of peripheral chemoreflex and other. Use
of pulsoxymetry concomitant with VBHT show different
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Fig.3. Linear regression model for BHTe and BHTi

type of saturation changes in groups of children according
to RI level. In persons with better RI level of saturation
did not changed during both BHTi and BTHe and HR was
slightly slower. In other group oxygenation in the end of
apnea dropped for 2-3% (more during BTHe) and HR
slightly arise. Our data differ from characteristic of adult
reaction [1]. A maximal VBHT time can be characterized
by two phases: the initial period where an individual
easily suppressed rebreathing and second - the onset of
involuntary breathing movements where person couldn’t
longer suppressed breathing and diaphragmatic contractions
unconsciously occur. During the second phase in adult
reductions in oxygen saturation tension appear and provoke
rebreathing while in children saturation is only a little lower
and rebreathing starts as greater chemoreceptor afferent
activity.

Conclusions

1. All tests could be executed anywhere and in a short
period of time. They are easy to perform and do not cause
emotional reactions in school-age children and could be used
for tolerance for physical loading assessment.

2. The selected tests are based on different physiological
processes of the human body, which create tolerance for

BizomocTi npo aBTOpiB

physical loading: RI — heart tolerance, breath-holding tests —
cardiorespiratory readiness with oxygen supplying.

3. The results obtained are complementary and can be
recommended for use in the complex when examining the
health and tolerance for physical loading in children during
different screening types.
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