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Abstract. Aim. This study aimed to assess baseline pulmonary function and long-term respiratory
adaptations to exercise and athletic training across various groups of para-athletes. Materials and methods.
Two hundred thirty-two athletes (aged 6—60 years) with varying disabilities and representing different
sports disciplines underwent anthropometric and respiratory function assessments. Results. Key findings
included: (i) near-normal average relative vital capacity (95-100%) was observed only in athletes engaged
in orienteering, para swimming, and para cross-country skiing, whereas most participants exhibited subop-
timal respiratory function relative to individual normative values; (ii) wide data ranges (min-max) indicated
significant intra-group heterogeneity. Conclusion. Pulmonary function evaluation is crucial for a compre-
hensive assessment of athletic performance in para-athletes, with important implications for optimizing
exercise interventions and training regimen management.
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Annomayus. lenab: OleHKa UCXOTHOTO COCTOSIHHS JTBIXaTEIbHON (YHKIIUU U JOITOCPOYHOTO OTBETA
OpTaHOB JBIXaHUS Ha (YU3NYECKHE HATPY3KH U CIIOPTHBHBIC TPEHUPOBKH y PA3IMYHBIX TPYIII CIIOPTCMEHOB
C OTpaHMYCHHBIMH BO3MOXXKHOCTSIMH. MarTepuaasl M MeToAbl. B mccienoBaHWW TPHHIIA Yy4acTHE
232 cmoptcMeHa B Bo3pacTe OT 6 1o 60 jeT, mpeAcTaBiISIoNUe Pa3IudHbIe CIIOPTHBHEIC NUCIUILINHBI U
HMMEIOIINE pa3HbIe OTPAHUYEHUS 3A0POBES. Y YUYaCTHUKOB MCCIIEJOBAHUS OLEHUBAIIN aHTPOIIOMETPHUIECKUE
mapaMeTpsl M AbIXaTeNbHylo QYHKIHIO. Pe3yabTaThl. YCTaHOBICHO, YTO CpeIHEE 3HAYCHHE JKU3HECHHOMN
€MKOCTH JeTKuX Opuio Omm3kuM K Hopme (95-100 %) TOJBKO y CIOPTCMEHOB, 3aHUMAOIIUXCS CIIOPTHB-
HBIM OPUCHTUPOBAHUEM, MAPACIIOPTUBHBIM IUIaBAHUEM U JIbDKaMH, IIPU 3TOM Yy GOHbLHI/IHCTBa 06CHe}IOBaH-
HbIX CIIOPTCMEHOB ITOKa3aTeIn (l)yHKLIl/II/l JAbIXaHUs 6])1.]'[1/1 HUXKE HHZ[PIBHJJ,yEU'IbHOﬂ HOPMBIL. YcraHOBIIEHHBIE
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JIMana3oHbl 3Ha4YeHWH (min-max) AEMOHCTPUPYIOT HEOAHOPOAHOCTh IOJYYEHHBIX PE3YJIbTATOB BHYTPH
rpyni. 3akmioyenne. OneHKa JbpIXaTeIbHON (QyHKIMHM MMEET pellaroniee 3Ha4eHHe B X0J1e KOMILUIEKCHOTO
uccie0BaHNsl paboTOCIIOCOOHOCTH MPH (PU3MUYECKHUX Harpy3kax, OCOOEHHO y MapacriopTCMEHOB, a TaKKe
JUIS. UCCIIEJI0BaHUS TOTEHIUAIIBHOTO BIUSHYSI U3MEHEHUS] TPEHUPOBOYHBIX HArpy30K U yIpaBlI€HUs TPEHU-

POBOYHBIM ITPOLECCOM.

Kniouegvle cnosa: mapaciopTCMEHbI, IbIXaTeNbHAs (QYHKIHS, PEAKIMH JbIXaTeIbHOW CHCTEMbI Ha Ha-

TPY3KY, HApyIIECHHUS JBIXaHUS Y CIIOPTCMEHOB

bnazooapnocmu. ViccnenoBanvie BBIMOIHEHO MPU (DHMHAHCOBOW TOIepkKKe MUHUCTEpCTBA HAYKH U
BEICIIero obpa3oBanus Poccuiickoit ®eneparym (Ypanbckuil denepaabHbIil YHUBEPCUTET, TOCYAapCTBEH-
Hoe 3amanue Ne 075-03-2023-006/13 (®DY3-2023-0054)).

s yumupoeanus: Mekhdieva K.R., Zakharova A.V., Nenasheva A.V. Pulmonary adaptation and
unknown breathing issues in athletes with disabilities // YenoBek. Ciopt. Menuuunna. 2025. T. 25, Ne 3.

C. 49-55. DOLI: 10.14529/hsm250306

Background. Respiratory adaptation and
enhanced pulmonary function are typically asso-
ciated with long-term physical exercise and train-
ing. It is established that the development of the
respiratory system — and consequently, lung vo-
lumes — largely depends on the type, intensity,
frequency, and severity of sports activity [1, 2, 4].
However, these findings primarily apply to healthy
athletes.

In athletes with disabilities, specific training-
induced respiratory responses remain understu-
died due to limited data and the heterogeneity of
individuals with health limitations engaged in
sports. While respiratory parameters and their
predicted values in the general population are
primarily based on age, gender, and anthropome-
tric characteristics, pulmonary function in para-
athletes is further influenced by both congenital
pathologies and activity-specific physical limi-
tations.

Our previous study [3] identified reduced
maximum ventilation volume during exercise
ergospirometry in disabled athletes, suggesting
that respiratory limitations may be a key factor.
A deeper understanding of baseline pulmonary
function and respiratory adaptations in different
groups of athletes with health limitations could
optimize training strategies and enhance athletic
performance.

Aim. This paper aims to evaluate the base-
line pulmonary function and long-term respire-
tory adaptations to exercise and athletic loads in
various groups of athletes with disabilities.

Materials and methods. The study was con-
ducted in the Functional Diagnostics Laboratory
of Ural Federal University (Ekaterinburg, Russia)
from November 2023 to October 2024. A total of
232 athletes across multiple sports disciplines
with varying types of disabilities were enrolled

for comprehensive functional assessment. Inclu-
sion criteria: any type and severity of disability,
minimum training experience of six months
(at least 8 hours/week). Exclusion criteria: cardio-
pulmonary diseases, active respiratory symptoms
(including infection), serious pulmonary disease,
and chest discomfort.

Participants ranged in age from 9 to 60 years.
Athletes were grouped by disability type and sport
specialization; functional classification and disa-
bility severity were not used as grouping criteria.
Represented sports included: para-swimming, para
cross-country skiing, soccer 7*7, para-tennis,
para-hockey, para-athletics, orienteering, para-
dancing, and para-equestrian.

All assessments were performed in labora-
tory settings, at approximately the same time of
day, and with the use of the same equipment and
methods. Laboratory environmental conditions
were kept at standard requirements — tempera-
ture 18-22 °C, relative atmospheric humidity of
30-60%, and atmospheric pressure of 760 mmHg.

Anthropometric characteristics and body mass
distribution were assessed via Tanita MC-980
bioimpedance analyzer (Japan). The following
parameters were recorded: body mass (BM) and
body mass index (BMI).

Pulmonary function was evaluated through
spirometry (gold standard) using a calibrated
Microlab portable spirometer (UK) (Fig. 1). Sub-
jects were made familiar with the device and the
aim of the undertaken study. All collected data
were recorded after successful trials. It was re-
quired to complete at least three acceptable ma-
neuvers for each test, and the best values were
recorded for analysis.

Participants were instructed to perform two
types of maneuvers: (i) vital capacity (VC, ml,
%) — measured through a calm expiration follo-
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wing deep, relaxed inspiration; (ii) forced vital
capacity (FVC, ml, %) — measured through a
forced breathing maneuver (deep, forceful inspi-
ration followed by deep, forceful expiration)

(Fig. 2).

Fig. 1. Microlab portable electronic spirometer (UK)

Fig. 2. Measurement of forced vital capacity
using spirometry

The following parameters were measured
and analyzed: vital capacity (VC), forced vital
capacity (FVC), and forced expiratory volume in
1 second (FEV1).

All parameters were recorded as both abso-
lute values and percentages of predicted values
(adjusted for age and individual norms). The pro-
tocol included reference ranges for minimum,
average, and maximum expected values.

Statistical analysis. Data analysis was per-
formed using Microsoft Excel and SPSS v.23.
Results are presented as mean (M), standard de-
viation (£SD), with minimum and maximum val-
ues reported. Descriptive statistics were used to

compare pulmonary function across groups strati-
fied by sport discipline and disability type.

Results and discussions. Athletes were ca-
tegorized into nine groups based on disability
type and sport discipline irrespective of age or
severity of disability. Anthropometric characte-
ristics are presented in Table 1.

As shown in Table 1, the study groups com-
prised participants of varying ages, resulting in
wide-ranging anthropometric = measurements.
While this age distribution reflects the limited
pool of subjects available for each sport discip-
line, the specific nature of a disability may out-
weigh age-related factors in many cases. To en-
sure accurate assessment and prevent overestima-
tion, pulmonary function was evaluated against
individual normative values following ATS/ERS
standards.

Table 2 demonstrates that (i) near-normal
average relative vital capacity (95-100%) was
observed only in athletes engaged in orienteering,
para swimming, and para cross-country skiing,
whereas most participants exhibited suboptimal
respiratory function relative to individual norma-
tive values; (i1) wide data ranges (min-max) indi-
cated significant intra-group heterogeneity.

Pulmonary function was classified as normal
(95-100% of VC), below normal (80-95% of
VC), and extremely low (< 80% of VC) [5, 6].
However, para-athlete spirometry results necessi-
tated creating an additional category: < 50% of
reference value (Tables 3 and 4).

Only 30 % of para ice hockey players met
VC standards, while just 25 % achieved normal
FVC values. Moreover, 45 % showed very poor
VC levels, and 65% had extremely low FVC val-
ues. Para-equestrian athletes demonstrated par-
ticularly abnormal VC results, with 50% exhibit-
ing VC below 80 % of predicted values.

These findings are of critical concern: respi-
ratory function, a fundamental determinant of
health and athletic endurance, appears severely
compromised in these populations.

Athletes in cyclical endurance sports (cross-
country skiing, swimming, orienteering) main-
tained normal respiratory function. Athletes in
speed- or agility-focused sports prioritized
speed-strength development over endurance
training, potentially neglecting respiratory adap-
tation.

FEVI is an indicator of expiratory muscle
power (defined as rapid force generation capacity).
The results obtained demonstrate that (Table 4):
45-60 % of studied para-athletes exceeded 100%
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Table 1
Anthropometric data in studied groups (M*SD (min-max))

Athletes Age, years Body length, cm Body mass, kg BMI
gfg‘t‘egegﬁordm 36,42 = 10,59 174,92 + 8,32 73,44 + 14,97 23,95+ 4,12
(n=7) & (24-56) (163-186) (55,2-100,1) (18,97-29,68)
CP Para ice hockey 13+3,82 154,23 £ 18,51 47,78 £ 17,32 19,38 £3,61
(n=20) (6-21) (117-189) (22,2-87,3) (14,76-28,50)
CP Soccer 15,14 +£2.84 162,63 £ 11,26 50,11 £ 13,20 18,64 £ 3,27
(n=20) (9-20) (133,5-181,5) (26-75,3) (11,60-27,07)
g;f?athleﬁcs 20,21 + 8,54 155.81 + 12,45 5228 + 16,74 22.29 + 8,05
(n=14) (11-40) (134-175) (30-97) (11,15-40,37)
g@?ﬁﬁj‘s’ordem 12,42 £1,61 157,57 8,12 4734 + 8,90 18,94 +2,57
(n=7) & (10-15) (145-169) (31,5-60,2) (14,98-23,51)
Para swimming 24,49 + 12,49 167,37+ 11,99 60,62 + 13,85 21,50 + 3,81
(n=58) (12-60) (127-195) (31-96) (15,77-33,20)
Para-equestrian 14,45 + 8,42 150,72 £ 17,36 46,59 + 18,23 19,90 + 5,54
(n=42) (5-57) (108-180) (18-100) (13-38,19)
Para cross-country skiing 16,54 + 3,88 164,11 £ 14,31 54,12 £ 15,40 19,32 +3,02
(n=22) (10-24) (135-181) (25,2-84,5) (12,85-25,79)
MSD mixed sports 30,18 £ 17 160,65 + 15,12 61,44 £20,41 23,75+ 5,67
(n=42) (7-58) (123-185) (23-126) (13,60-37,02)

Note. BMI — body mass index, CP — cerebral palsy, MSD — muscular-skeletal disorders.

Table 2
Spirometry data in studied groups (M * SD (min-max))

Athletes VC, L VC, % FVC, L FVC,% | FEVI,L/min | FEVI,%
gfg‘t‘egegﬁordm 52+079 | 108+10,1 | 502+0,8 | 108+11,4 | 42+0,86 | 108,4+13,9
e & (3,7-6,1) 92-119) | (3,7-6,3) (92-121) (2,8-5,1) (89-125)
CP Para ice hockey 25+1.2 74,94 £252 | 224+1,.2 69,7 £ 10,2 22+1,5 77,5+ 26,7
(n =20) 0,92-506) | (20-106) | (0,38-4,92) | (58-77) 038-471) | (19-120)
CP Soccer 324+14 | 71,7277 | 3,75+1,02 | 863+18.8 | 3,48+089 | 95,7+222
(n = 20) 0,17-541) |  (5-114) 227-53) | (52-122) | (2,27-53) (60-144)
gif?athleﬁcs 301134 | 8321£303 | 3,16£1,00 | 872181 | 293104 | 96,14+ 2533
(e 19 (036-474) | (15-118) | (1,4-4,6) | (34-108) | (129-4,19) | (34-127)
g@?g‘ffsorders 2734078 |84,14+£2545| 2,83 +0,61 | 87,14+ 18,72 | 2,62+0,55 | 95,85+ 17,34
e & (136-335) | (35-113) | (1,7-3,35) | (59-106) (1,7-3,16) (71-115)
Para swimming 418+1,38 |99,17+25,08| 3,86+ 1,25 | 93,44 24,06 | 3,50+ 1,12 | 99,36 + 24,39
(n=58) 034-6,83) | (8-144) | (034-6,11) | (9-134) (0,12-5,42) (4-132)
Para-equestrian 211+ 1,16 |68,06+30,62| 2,19+0,99 | 72,15+ 24,56 | 2,06 =098 | 78,18 + 25,94
(n=42) 026-43) | (11-138) | (0,4-4,69) | (24-131) | (034-4,44) | (29-124)
Eslr; tc“’:;in 3,88+ 1,75 |94,59+25,50 | 3,95+ 1,47 | 97,63+16,13 | 3,64+1,30 |106,09+ 14,23
g Zrzy) & (023-6,89) | (4-126) | (1,62-6,29) | (72-123) (1,6-6,1) (81-139)
MSD mixed sports | 3,16 = 1,4 | 874+294 | 327+ 1.4 | 87,20+29 | 512+1437 | 949+238
(n=42) 0,14-574) | (4-117) 0,56-5,6) | (3,3-121) (0,55-90) (40-124)

Note. Here and in the Table 3 VC — vital capacity, FVC — forced vital capacity, FEV 1 — forced expiratory
volume in 1 second, CP — cerebral palsy, MSD — muscular-skeletal disorders.
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Distribution of vital capacity and forced vital capacity among para-athlete groups, % Table3
VC Pulmonary function levels
Athletes Above normal Normal Below normal Low Very low
> 100 % 95-100 % 80-94 % 50-79 % <50 %
Hearing disorders
Orientégering (n=17) 7 14 14 0 0
CP Para ice hockey (n = 20) 15 15 25 25 20
CP Soccer (n = 20) 10 5 40 25 20
MSD Para athletics (n = 14) 36 21 21 14
Hee.lring. disorders 29 14 14 29 14
Swimming (n =7)
Para swimming (n = 58) 53 10 25 7 5
Para-equestrian (n = 42) 7 25 32 27
Para cross-country skiing (n = 22) 41 5 36 14 5
MSD mixed sports (n = 42) 24 17 31 19 10
Hearing disorders
Orientegering (n=7) ’ 0 2 0 0
CP Para ice hockey (n =20) 15 10 10 50 15
CP Soccer (n =20) 25 15 25 35 0
MSD Para athletics (n = 14) 29 14 21 29 7
Hearing disorders Swimming (n = 7) 29 14 14 43 0
Para swimming (n = 58) 41 21 14 21 3
Para-equestrian (n = 42) 12 7 21 38 21
Para cross-country skiing (n = 22) 36 9 45 9 0
MSD mixed sports (n = 42) 29 19 24 14 14
Table 4
Distribution of forced expiratory volume in 1 second (FEV1) among para-athlete groups, %
FEV1 Pulmonary function levels
Athletes Above normal Normal Below normal Low Very low
>100 % 95-100 % 80-94 % 50-79 % <50 %

Hearing disorders
Orientegering (n=7) 43 29 29 0 0
CP Para ice hockey (n = 20) 20 0 25 40 15
CP Soccer (n = 20) 40 0 30 30 0
MSD Para athletics (n = 14) 50 7 21 14 7
Hearing disorders Swimming (n = 7) 43 0 43 14 0
Para swimming (n = 58) 51 14 14 14 8
Para-equestrian (n = 42) 23 5 25 32 16
Para cross-country skiing (n = 22) 64 14 23 0 0
MSD mixed sports (n = 42) 62 7 21 2 7

Note. FEV 1 — forced expiratory volume in 1 second, CP — cerebral palsy, MSD — muscular-skeletal disorders.

predicted values. Para-equestrian athletes demon-
strated an increase from 7% (VC) to 23% (FEV1).
CP soccer players improved from 10% (VC)
to 40% (FEV1). Despite persistent deficiencies,
these results suggest that sport-specific training
enhances expiratory muscle function.

Our study focused not on sport-specific res-
piratory adaptations in athletes with disabilities
but rather on identifying common breathing limi-

tations across the lifespan that are unrelated to
congenital disorders. The phenomenon of respira-
tory underutilization may play a more significant
role than the health limitations themselves.

The absence of significant differences in spi-
rometry results between groups supports our hy-
pothesis that insufficient attention is given to
pulmonary system development during both early
childhood and adaptive sports training.
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Conclusion. Pulmonary function evaluation
is crucial for a comprehensive assessment of ath-
letic performance in para-athletes, with important
implications for optimizing exercise interventions
and training regimen management. Adequate res-
piratory function directly enhances aerobic ca-

tory system improves oxygen delivery to working
muscles and the brain, thereby enabling an active
lifestyle.

Further research should investigate how ex-
ercise interventions and training modifications
could improve pulmonary function in athletes

pacity and endurance. A well-developed respire- with disabilities.
References

1. Graham B.L., Steenbruggen I., Miller M.R. et al. Standardization of Spirometry 2019 Update
an Official American Thoracic Society and European Respiratory Society Technical Statement. Ame-
rican Journal Respiratory Crit. Care Medicine, 2019, vol. 200, pp. 70-88. DOI: 10.1164/rccm.201908-
1590ST

2. Hackett D.A. Lung Function and Respiratory Muscle Adaptations of Endurance- and Strength-
Trained Males. Sports (Basel), 2020, vol. 10, no. 8 (12), p. 160. DOI: 10.3390/sports8120160

3. Hancox R.J., Rasmussen F. Does Physical Fitness Enhance Lung Function in Children and
Young Adults? European Respiratory Journal, 2018, vol. 51, p. 1701374. DOI: 10.1183/13993003.
01374-2017

4. Lazovic B., Mazic S., Suzic-Lazic J. et al. Respiratory Adaptations in Different Types of Sport.
Rev. Medicine Pharmacology Science, 2015, vol. 19 (12), pp. 2269-2274.

5. Mekhdieva K., Zakharova A., Timokhina V. et al. Evaluation of Physical Performance in Ath-
letes with Health Conditions. Human. Sport. Medicine, 2024, vol. 24, no. 1, pp. 189-195. DOI:
10.14529/hsm240123

6. Zakharova A., Gorelov A., Miasnikova T. Computer Spirometry: Research of Respiratory
System Functionality and its Enhancement in Young Swimmers. icSPORTS 2020 — Proceedings of
the 8th International Conference on Sport Sciences Research and Technology Support, 2020, vol. 1,
pp- 228-233. DOI: 10.5220/0010147302280233

Information about the authors

Kamiliya R. Mekhdieva, Candidate of Medical Sciences, Associate Professor, Associate Professor
of the Department of Service and Health Technologies, Head of the Laboratory of “Functional Testing
and Comprehensive Control in Sports”, Ural Federal University, Ekaterinburg, Russia.

Anna V. Zakharova, Candidate of Pedagogical Sciences, Professor, Professor of the Department
of Physical Education, Senior Researcher at the Laboratory of “Functional Testing and Comprehensive
Control in Sports”, Ural Federal University, Ekaterinburg, Russia.

Anna V. Nenasheva, Doctor of Biological Sciences, Associate Professor, Head of the Depart-
ment of “Theory and Methods of Physical Education and Sport”, South Ural State University, Chelya-
binsk, Russia.

Hugpopmauun 06 asmopax

MexaueBa Kamuiauss PamazaHoBHa, KaHIWIAaT MEAWIMHCKAX HAayK, IOIEHT, AOUEHT Kadeapsl
CepBHCa W O3JIOPOBUTEIHHBIX TEXHOJOTHH, 3aBeNyrOmuil tabopaTopueil « DyHKIIMOHABHBIX TECTHPO-
BaHUH U KOMIUIEKCHOTO KOHTPOJISI B CHIOPTE», YPalbCKUid (enepanbHblli YHUBEPCUTET UMEHH HIEPBOTO
[pesunenta Poccun b.H. Enpunna, Exatepun0Oypr, Poccust.

3axapoBa AnHa BajepbeBHa, KaHIUIAT TIEJAaroTHUECKUX HAYK, Mpodeccop, mpodeccop xadeapst
(hm3udecKol KyJIbTYpHI, CTAPIINN HAYYHBIH COTPYAHHK JlabopaTopun «DyHKIIMOHAIBHBIX TECTHPOBA-
HUH W KOMIUIEKCHOTO KOHTPOJISI B CIOPTE», YpalbCKui ()eAepaNbHbIil YHHBEPCUTET UMEHH IMEPBOTO
[pesunenta Poccun b.H. Enpunna, ExatepunOypr, Poccust.

HenameBa Anna BasiepbeBHa, TOKTOp OHMOJIOTHUYECKMX HAayK, JOICHT, 3aBEYIONIHN Kadenpoil
«Teopus MeTonuka GU3NUECKON KyIBTYPHI B criopTay, KOxHO-Y paasCKui ToCyIapCTBCHHBI YHUBEP-
curet, Yensaouuck, Poccus.

54 Human. Sport. Medicine
2025, vol. 25, no. 3, pp. 49-55



Mekhdieva K.R., Zakharova A.V., Nenasheva A.V. Pulmonary adaptation and unknown breathing issues
in athletes with disabilities

Contribution of the authors:

The authors contributed equally to this article.

The authors declare no conflict of interests.

Bxnao aemopos:

Bce aBTOpBI cieany SKBUBAICHTHBIN BKJIA]] B TOITOTOBKY Iy OTHKAIHH.
ABTOPBI 3aSBIIAIOT 00 OTCYTCTBUU KOH(MIMKTA HHTEPECOB.

The article was submitted 27.01.2025
Cmampus nocmynuna ¢ peoaxyuio 27.01.2025

Yenosek. Cnopt. MeguuuHa 55
2025. T. 25, Ne 3. C. 49-55



