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Introduction. Within the framework of the State Programme “Development of Physical Culture and Sport”, adaptive physical education and
Paralympic sport are actively developing. Under these conditions, developing model characteristics of functional fitness for Paralympic ath-
letes with musculoskeletal impairments (Ml) becomes particularly important. The aim is to improve the effectiveness of the training process
both at the stage of athletic advancement and during athlete selection.

Objective. Determination of model characteristics of functional performance in Paralympic winter sport athletes with Ml for the implementa-
tion of sports training during the Olympic cycle up to 2030.

Materials and methods. A retrospective analysis was conducted on 1037 testing protocols for physical performance parameters of
176 Paralympic athletes (2015-2025) competing in winter sports: cross-country skiing, “sitting” category (LW 5/7-12) and “standing” category
(LW 2-5/7); sledge hockey, “sitting” category (LW 5/7-12); alpine skiing, “standing” category (LW 2-5/7); wheelchair curling (LW 5/7-12).
Functional metrics were determined via an incremental exercise stress test protocol established by the Federal Science Center of Physical
Culture and Sport for able-bodied athletes, which was modified for upper-body work using a hand ergometer. For standing cross-country
skiers, an incremental test to volitional exhaustion was performed by means of an HP Cosmos treadmill: 3-minute stages with workloads
starting at 100 W for both men and women and increasing progressively by 50 W per stage (treadmill incline: 1°). Conversely, sitting athletes
underwent an incremental test using a hand ergometer: 3-minute stages with workloads increasing by 20 W starting at 40 W for men and at
20 W for women. The same hand ergometer protocol (3-minute stages; 40 W starting workload, 20 W increments) was applied to Para ice
hockey players. For Para alpine skiers and snowboarders, an incremental test to volitional exhaustion was conducted using a Schiller bicycle
ergometer (Switzerland): 3-minute stages, with workloads increasing progressively by 35 W starting at 100 W for men and at 75 W for women.
Gas exchange variables were measured throughout the test using an Oxycon Pro breath-by-breath gas analyzer. Electrocardiography was
monitored continuously using a CARDIOVIT CS-200 system during the exercise protocol, as well as during a 10-minute recovery period. The
efficiency of energy supply mechanisms for muscle activity was evaluated based on these physical performance metrics. Statistical analysis
was performed using Statistica software, version 23.0 (StatSoft Inc., USA).

Results. The developed reference profiles for physically impaired athletes can be applied at all stages of long-term athlete development. Spe-
cifically, during the foundational stages of training, low (below the 3rd percentile) and below-average (3rd-10th percentiles) values can be inter-
preted as average and above average for that developmental cohort. Conversely, at the advanced training stage, average and above-average
percentile ranks can be classified as high performance indicators. This shift reflects the progressive training demands, the enhancement of
functional capacity, and the transition to elite levels of athletic performance.

Conclusions. The identified model characteristics for key parameters of functional fitness during exercise testing can be used in the scientific-
methodological and biomedical support of Paralympic athletes in winter sports. The obtained results complement the database of scientific
research aimed at improving the training system for Paralympians with Ml in winter sports and enhancing their athletic achievements.
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MOJEJIbHbIE XAPAKTEPUCTUKUN ®YHKLMOHAJIbHON NOATOTOB/IEHHOCTH
MAPANIMMMUULEB C NOPAXKEHMEM OMOPHO-ABUIATEJIbHOIO AMNMAPATA B 3UMHUX
BUOAX CIMOPTA
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"HaupoHanbHbIV LEeHTP CrnopTUBHOM MeauumHbl PenepanbHoOro Meamnko-buonornieckoro areHTcTea, Mocksa, Poccus
2TocynapcTBEHHbI Hay4YHbIn LieHTP Poccuiickon ®epnepaumn — deneparnbHbii MEANLMHCKNIA Broduamndeckuii ueHTp um. AV, BypHassHa,
Mocksa, Poccus

BBepeHune. B pamkax rocyaapcteeHHoM nporpammbl «PassuTre rsnyeckorn KyasTypbl U ClopTa» akTVBHO pas3BuBatOTCA afanTuBHas
PUsKyNBETYPa 1 NapanMivMnCKUA CnopT. B aTnx ycrnosmsx ocobyto 3Ha4MMOCTb npuobpeTaeT paspaboTka MOAENbHbIX XapakTePUCTUK
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OPUTMHAJIbHASA CTATbA | CMOPTUBHAA MEAVLIMHA

(PYHKLMOHANBHOW NOArOTOBAEHHOCTX MapanMMnMnLEB C MOPaXkeHnem OnopHo-gsuratensHoro annapata (MOOA) ¢ uenbio NoBbILEHWS
3 HEKTUBHOCTM TPEHNPOBOYHOMO NMPOLiECCa Kak Ha aTarne ClopTMBHOMO COBEPLLEHCTBOBAHNS, Tak 1 Npv CMOPTUBHOM OT60peE.

Llenb. OnpegeneHne MOAENbHbIX XapakTEPUCTUK (DYHKLMOHAbHOW MPON3BOAUTENBHOCTY CMOPTCMEHOB-NapanMMnMALIEB 3UMHNX BUOOB
cnopTa ¢ NMOOA ansa peanm3auum CNopTUBHON NOArOTOBKM B NEPUOL, OAMMMNMNCKOro umkna ao 2030 r.

MaTepuanbl 1 MmeToabl. [1poBefeH PeTPOoCneKTUBHbIN aHanmad 1037 NPOTOKOMNOB TECTUPOBaHWS nokasaTenen guandeckon paboTocno-
cobHocTn 176 cnopTcmeHoB-napanumnuiiLes (2015-2025 1), BbICTyNaBLUMX B 3UMHUX BUAAX CMOPTa: NbKHbIE FOHKW «cuag» (LW 5/7-12)
n «ctos» (LW 2-5/7), cnepyk-xokken «cugs» (LW 5/7-12), ropHble nbbxu B kateropum «c1os» (LW 2-5/7) n kepanHr Ha konsckax (LW 5/7-12).
DyHKLMOHaNbHbIE NMoKasaTenn Onpefensany no Harpy3o4HOMyY TECTY COrnacHO MPOTOKOSY CTyrneH4YaTo-nosbiwatowero tecta BHVMOKa
07151 300POBbIX CMOPTCMEHOB, MOANMULIMPOBAHHOIO A1 CMOPTCMEHOB, BbIMOAHSAIOLMX PaboTy pyKaMu Ha py4HOM apromMeTpe. [ns cnopT-
CMEHOB-/IbPKHUKOB (KaTeropusi «CTos») NMPUMEHSIIN CTYNEHYaTO-NOBbLILIAKOLLMA TECT ANS BbINONHEHUS NPEAENbHON MbIlLIEYHOM paboThbl
«[0 0TKaga» Ha beroBom TpendaHe HP Cosmos (ANUTEeNbHOCTb CTYNeHN — 3 MUH, MOLLHOCTb Harpy3kin Ans My>K4uH 1 keHLmH — 100,
150, 200, 250 n ganee BT, yron nogbema nonotHa — 1C); B KaTeropmmn «cnas» — CTyneH4aTo-MoBbILAKLLINA TECT Ha PYYHOM 3PromMeTpe
C ONMTENBHOCTBLIO CTYNEHN 3 MUH, MOLLIHOCTBIO Harpy3kmn ans my»xduH: 40, 60, 80, 100 n ganee BT, ons xxeHuwumH: 20, 40, 60, 80 1 ganee BT.
[ns cnefyX-xOKKeNCToB NCMOSb30BaNM CTYNEeHYaTO-MOBbILLAIOLLMI TECT Ha PYYHOM 3ProMeTpe C AJINTENbHOCTBIO CTYNEHN 3 MUH, MOLLHO-
CTbtO Harpysku ans my>xx4nH 40, 60, 80, 100 n ganee BT; ons ropHONBPKHUKOB 1 MapacHOybopamMCTOB — CTyMneH4aTo-MoBbILWAoLWLIMA TeCT
0151 BbINOSIHEHMS MPEAENbHON MblLLEYHOM paboThl «00 OTKasda» Ha BenoapromeTpe (Schiller, LLBenuapns) ¢ AnMTeNbHOCTLIO CTYNEHM 3 MUH,
MOLLHOCTbIO Harpy3ku ans myxxymH: 100, 135, 170 n pnanee BT, xeHwwuH: 75, 100, 135 n pnanee BT. [Nokasatenu razoobmeHa namepsinv
Ha NMPOTSPKEHMM BCero Tecta ragoaHanmaaropom Oxycon Pro. Pervctpauutio SKIT nposognnv npu nomouy CARDIOVIT CS-200 Ha npo-
TSXKEHUM BCErO TECTa, a Takxke B TedeHre 10 MUH Nocne ero OKoH4YaHus. SPHEKTUBHOCTb MEXaAHN3MOB SHEPrOoOBeCne4eHNs MbiLLEYHOM
LesTeNbHOCTY U3y4ann No nokasartensm paboTocnocobHocTu. CTaTncTuydeckas obpaboTka AaHHbIX MPOBEAEHa C NCMONb30BaHeM NakeTa
npvknagHeix nporpamm Statistica v. 23.0 (StatSoftinc, CLUA).

Pesynbtatbl. [ofly4eHHble MOOENbHbIE XapPakTEPUCTUKM NokasaTtenen paboTocnocobHocTn cnoptcMeHoB ¢ MNOLOA MOXHO MPUMEHSTb
Ha BCex atanax MHOrONeTHEN NoAroTOBKM CMNOPTCMEHOB. Tak, A1 Ha4asbHbIX 3TarnoB CMNopTUBHOW MOAIOTOBKM HU3KME (80 3 LeHTunen)
1 HVKe cpegHero (3—10 LeHTunern) 3Ha4eHnst MOZESbHbIX XapakTEPUCTUK MOIYT ObiTb MHTEPNPETUPOBaHbI Kak CpeaHVe 1 Bbllle CpedHero,
B TO K€ BPeMs Ha aTanax CNOPTUBHOIO COBEPLUEHCTBOBAHWA CpeaHVe LEeHTUbHbIE YDOBHW U BbIlle CPEAHEro MOryT paccMaTpmBaTbCa
Kak BbICOKME. DTO CBSI3aHO C MOCTENEHHbIM YCIIOXKHEHNEM 3aaY, Pas3BUTNEM (DYHKLMOHAbHbIX BO3MOXHOCTEN 1 NepexooM K bonee Bbl-
COKMM YPOBHSIM MacTepcTaa.

BbiBoAbl. BbisiBNeHHbIE MOAENbHbIE XaPaKTEPUCTVKM 151 OCHOBHbBIX NMokasaTenen MyHKUMOHaNbHON NOArOTOBAEHHOCTI NPU HArPY304YHOM
TecTUpoBaHUM MOTFYT ObITb MCMOb30BaHbI B HAY4YHO-METOANHECKOM 1 MeANKO-O10N0rn4eckom CONPOBOXKAEHNM CMOPTCMEHOB-Napanm-
NUIALEB B 3UMHUX Budax crnopTa. [onydeHHble pedynstaTbl AOMONHAIOT 6a3y AaHHbIX Hay4HbIX MCCeaoBaHWii, HanpaBeHHbIX Ha COBEP-
LLIEHCTBOBaHNE CUCTEMbI MOArOTOBKM napannmnuinues ¢ NOLA B 3UMHUX Buaax cnopTa v NOBbILLEHUE NX CIOPTUBHBLIX JOCTVXKEHNI.

KntoueBble cnoBa: napananMmnuncKmin CnopT; paboToCNOCOOHOCTbL; MOPaXkeHre ONOPHO-ABUratensHoro annapara, NOOA; makcumansHoe
notpebnenve kucnopoda, MIMK; aspobHas MPoOM3BOAUTENBHOCTb; MOAESNbHbIE XapakKTepPUCTUKYK; afanTuBHas (MU3KYNLTYpa; NbbKHble
FOHKW; FOPHbIE NbDKU; CNEAYK-XOKKEN; aHa3pOBHbIV Mopor

Ona untuposaHua: [Mactyxoa W.B., Kpyrnosa W.B. MopgenbHble XxapakTepUCTUKM (DYyHKLMOHANBHOW NOArOTOBAEHHOCTN napa-
JUMAMNALEB C MOPaKeHVEeM OMOPHO-ABUraTeNlbHOro anmnapata B 3UMMHWUX Buaax crnopta. OkcTpemasbHasi buomeauvimHa. 2026.
https://doi.org/10.47183/mes.2026-470

duHaHcupoBaHue. liccnegoBare BbINOHEHO 6€3 CMOHCOPCKOM MOAAEPMKM.

CooTBeTcTBUE NpUHLMNam aTuku. OnobpeHne KOMUMTETOM MO 3TVKE He TPEOOoBaoCh, MOCKObKY Oblnv MPoaHaNU3npPoBaHbl 06e3M4eH-
Hble faHHble MeOVLMHCKIMX KapT (apXMBHbIE MaTepuarbl) CNopTCMEHOB. Bcemun ydacTHIKamMy noanmucaHo 4o6poBOSbHOE Corfiacue Ha Uc-
nosib30BaHNe CBOUX 06E3NMYEHHBIX MEAVUMHCKIX AaHHbIX B HAY4YHbIX NCCNenoBaHusIX.
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INTRODUCTION

As part of the implementation of the State Program-
me “Development of Physical Culture and Sport™, an
unprecedentedly large-scale efforts are underway to
advance adaptive physical education and Paralympic
sport. Increasing numbers of children with disabilities
and veterans of the special military operation (SMO)
who were injured in combat are being engaged in phys-
ical culture and sport. As a result of these efforts, a sys-
tem of long-term athlete development is beginning to
take shape. This system, in its form and requirements,
is approaching that of Olympic training. It involves the

formation and expansion of mechanisms for long-term
adaptation to high-intensity specific muscle activity.

Further improvement of competitive outcomes in
Paralympic sports becomes impossible without ad-
vanced research into all components of performance
capacity, as well as scientific and methodological
support (SMS) and medical and biological support
(MBS) [1].

To substantiate selection criteria/markers within the
stages of long-term athlete development, model char-
acteristics of physical fithess gain particular relevance.
These include technical, tactical, and psychological pa-
rameters, as well as parameters of functional fitness

T On the Approval of the State Programme of the Russian Federation “Development of Physical Culture and Sport” and on the Repeal of Certain Acts and Certain
Provisions of Certain Acts of the Government of the Russian Federation. http://government.ru/docs/all/136852/
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(aerobic and anaerobic performance), taking into ac-
count external constraints unrelated to sport [2].

According to Order No. 6 of the Ministry of Sport
of the Russian Federation?, which came into force
in 2022, pedagogical standards have been introduced
for all Paralympic sports, and specific diagnostic meth-
odologies for sport-specific characteristics are being
developed [3, 4].

Specialists from the Saint Petersburg Research
Institute of Physical Culture have developed method-
ological guidelines to assess the functional capacity of
athletes with Ml in summer Paralympic sports [5]. They
have also provided a theoretical substantiation for es-
tablishing model characteristics of functional capacity
for Paralympic athletes with Ml [1].

However, there is insufficient data on the applica-
tion of physiological performance metrics — such as
maximal oxygen uptake (VO,, ), oxygen uptake at the
anaerobic threshold (AT), heart rate (HR), and power
output at the AT along with their maximal values —
which are an integral part of an athlete’s model charac-
teristics and determine the level of their specific func-
tional fitness. These parameters are integral indicators
that allow assessing an athlete’s aerobic and anaero-
bic performance, the improvement of key adaptation
mechanisms to high-intensity loads, as well as the tol-
erance and focus of training loads both within the an-
nual cycle and at the stages of long-term athlete devel-
opment. Physiological performance metrics also make
it possible to study an athlete’s functional reserves, and
ensure effective management of the training process
with subsequent mesocycles.

International research evaluating model character-
istics for athletes with Ml are typically limited by small
sample groups, with a primary focus on disabling pa-
thology and model physiological metrics of athletes
competing in the “sitting” category. At the same time,
for athletes with MI competing in the “standing” cat-
egory, performance parameters are often compared
with those of elite able-bodied athletes.

The physiological metrics of athletes competing in
the “sitting” category (LW 5/7-12) without spinal cord
pathology have not been studied, although these ath-
letes represent the most popular and numerous team
sports in our country: sledge hockey, wheelchair bas-
ketball, sitting volleyball, and others. Some publications
note the need for further work on methods for diagnos-
ing physiological metrics in this group of Paralympic
athletes [6-8].

In turn, model characteristics imply a body of
knowledge not only about specific body composition
features, levels of development of general and specific
motor abilities, technical-tactical and psychological pre-
paredness, but also about the functional performance
of Paralympic athletes that ensures the demonstration

of world-class sports results. Pedagogical observa-

tions would be incomplete without physiological met-

rics of performance capacity, which are determined
within the framework of biomedical support.

Model characteristics of high-class athletes can be
used as criteria for the selection of young athletes and
for planning the training process at the stages of ini-
tial and in-depth specialised training. This is particu-
larly relevant in the context of developing a system of
classical long-term training for Paralympic athletes in
Russia [9].

The main areas of comprehensive monitoring in
the practice of scientific and methodological support
for the sports training of Russian national Paralympic
teams include:

e assessment of general and sport-specific athletic
conditioning, based on the regulatory requirements
of federal sports training standards and specialized
exercises designed to fully reveal the competitive po-
tential of a Paralympic athlete;

e analysis of training volume implementation: athletes’
training diaries are examined, followed by compari-
son with training programmes; interviews and ques-
tionnaires of coaching staff are also conducted;

e analysis of technical preparedness through digital
video recording;

e assessment of physical performance capacity and
cardiovascular status. The results of this assessment
allow forming a conclusion about the athlete’s adap-
tive capabilities and identifying their reserves;

e psychophysiological testing [9].

Taking into account the application of compre-
hensive monitoring areas in the sports training sys-
tem makes it possible to clarify the specific features
of model characteristics in Paralympic sports®. Thus,
determining the model characteristics of physical per-
formance capacity in athletes with Ml in winter sports
is a relevant research direction.

The study purpose is to determine the model char-
acteristics of functional fitness in Paralympic winter
sport athletes with Ml and to develop practical recom-
mendations for sports training for the current and next
Olympic training cycle up to 2030.

The research objectives are as follows:

1. to categorize the study participants into distinct
groups based on their disciplines;

2. to classify athlete cohorts according to the type
of functional impairments, based on the applicable
sports-medical classification for the selected sports;

3. to perform statistical analysis of the acquired
data using SPSS Statistica 23 software to evaluate the
normality of their distribution. Based on the results, pa-
rameters of various components of athletes’ functional
capacity will be evaluated using either the standard
deviation (sigma) method or percentile rank profiles

2 Order of the Ministry of Sport of Russia dated 11.01.2022 No. 6 (as amended on 15.07.2025) “On the Approval of the Unified All-Russian Sports Classification
(sports not included in the programmes of the Olympic Games, Winter Olympic Games, and not being military-applied or service-applied sports)” (Appendix 62).
3 Bondarevskiy EYa. Methodology of establishing adequate norms of physical fitness: methodological recommendations. Moscow: VNIIFK; 1983.
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relative to the sample mean/median. The results will be
evaluated across five performances: low, below aver-
age, average, above average, and high.

MATERIALS AND METHODS

The study was conducted at the Sports Medicine
Department of the National Center for Sports Medicine
of the Federal Medical and Biological Agency. A retro-
spective analysis was performed on testing protocols
for 176 leading Russian Paralympic athletes — members
of the national team in cross-country skiing and sledge
hockey (151 men and 25 women) — covering the period
2015-2025. A total of 1037 testing sessions were pro-
cessed.

Winter sports involving athletes with MI are repre-
sented by:

e cross-country sking in the “sitting” category

(LW 5/7-12) and the “standing” category (LW 2-5/7);
e sledge hockey in the “sitting” category (LW 5/7-12);
e alpine skiing in the “standing” category (LW 2-5/7);

e wheelchair curling (LW 5/7-12)*.

Functional parameters were determined using an in-
cremental exercise test protocol originally designed by
the VNIIFK for able-bodied athletes®. This protocol was
adapted for athletes performing upper-body work on
an hand ergometer allowing for long-term monitoring of
general performance and aerobic capacity parameters
in homogeneous groups of athletes who train accord-
ing to a unified training calendar plan under identical
conditions.

For athletes competing in the “standing” category
(LW 2-5/7) in cross-country skiing, a stepwise-increas-
ing test was used to perform maximum muscle work
until “exhaustion” on a HP Cosmos treadmill. The stage
duration was 3 min (to achieve stabilisation of regulated
parameters). The load power was set at 100, 150, 200,
250 W and above for both men and women, with the
treadmill belt speed set at 9.0, 10.2, 12.8, 14.4 km/h
and above, respectively, for each stage. The treadmill
incline was 1°. For sitting-position cross-country skiers
(category LW 5/7-12), a stepwise-increasing test was
performed on an arm ergometer, with a stage duration
of 3 min (to achieve stabilisation of regulated param-
eters). Load power was set as follows: for men — 40,
60, 80, 100 W and above; for women — 20, 40, 60,
80 W and above.

For sledge hockey players (LW 5/7-12), a step-
wise-increasing test was used on an arm ergometer,
with a stage duration of 3 min (to achieve stabilisation
of recorded parameters). The load power for men was
set at 40, 60, 80, 100 W and above [10].

For alpine skiers and para-snowboarders (un-
til 2020), a stepwise-increasing test was used to

perform maximum muscle work until “exhaustion” on
a cycle ergometer (Schiller, Switzerland), with a stage
duration of 3 min (to achieve stabilisation of recorded
parameters). The load power was set as follows: for
men — 100, 135, 170 W and above; for women — 75,
100, 135 W and above (Table 1).

Gas exchange variables were measured continu-
ously throughout the test using an Oxycon Pro breath-
by-breath gas analyzer (ERICH JAEGER GmbH,
Germany) and terminated after the athlete refused to
continue the exercise. ECG recordings were performed
using the CARDIOVIT CS-200 diagnostic workstation
(Schiller, Switzerland) throughout the test, as well as for
10 min after its completion, to assess the current state
of the cardiovascular system and functional changes
in the cardiac muscle under conditions of maximum
muscle load and during the recovery period. The an-
aerobic threshold (AnT) was determined based on the
dynamics of pulmonary ventilation and the ratio of ven-
tilatory equivalents for CO, elimination and O, uptake
(RER = 1.0). The following parameters, characterising
the efficiency of energy supply mechanisms for muscle
activity, were analyzed:

e N, — peak power output achieved during the test,

e VO, . — maximal oxygen consumption, represent-
ing maximal aerobic capacity, mL/min/kg;

e HR_ ., — maximal heart rate at the point of exercise
termination (exhaustion), bpm;

* Pwr,.— power output at the anaerobic threshold, W;

e VO,,, — oxygen consumption at the anaerobic
threshold, mL/min/kg;

e HR,, — heart rate at the anaerobic threshold, bpm;

* VO,, / VO, . — percentage ratio of oxygen con-
sumption at the anaerobic threshold relative to the
maximal oxygen consumption in the test;

e VE__ — maximum minute ventilation, L/min®.

All listed parameters were selected to determine
model characteristics.

Model characteristics of performance parameters
were determined according to classification cohorts
(Table 2).

Due to the limited sample size of female athletes
from national teams, gender-specific model character-
istics (Table 2). Separating them into a separate group
would have been statistically unreliable, so their perfor-
mance parameters were combined with those of the
men. When interpreting the load test, if women’s results
were “above average”, they were considered “high”.

Statistical data processing was performed using
the Statistica software package, version 23.0 (StatSoft
Inc., USA). Since the studied quantitative parameters
had a non-normal distribution (as confirmed by the
Kolmogorov-Smirnov and Shapiro-Wilk tests), the

4 |drisova GZ. (Author-Compiler). Classification of athletes in Paralympic sports. Moscow: Russian Paralympic Committee; 2020.

5 Order of the Ministry of Sport and Tourism of the Russian Federation dated 15.03.2011 No. 197 “On Approval of the Main Types and Requirements for the
Content of Programmes for Scientific and Methodological Support of Russian National Sports Teams”.

8 Pastukhova IV. Individual Heart Rate Training Zones for the Preparation of Paralympic Athletes with Musculoskeletal Disorders in Winter Sports. Extended
abstract of the dissertation for the degree of Candidate of Medical Sciences. Moscow; 2016.
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Table 1. Exercise testing protocols for winter Ml athletes: aligned with sports and functional Paralympic

classifications

Olympic sports
classification
Sports
medical
classification

Cyclic sports (cross-country skiing)

Speed-strength and game sports
(alpine skiing, para-snowboarding,
sledge hockey)

Lower extremity impairment,
spinal cord injury at all levels
(LW 5/7-12)

Hand ergometry
Protocol: stepwise-increasing test
on an arm ergometer until “exhaustion”,
with a stage duration of 3 min (to achieve
stabilisation of recorded parameters).
The load power was set as follows:
for men — 40, 60, 80, 100 W and above;
for women — 20, 40, 60, 80 W and
above

Hand ergometry
Protocol: stepwise-increasing
test on an arm ergometer until
“exhaustion”, with a stage duration
of 3 min (to achieve stabilisation of
recorded parameters). The load power
was set as follows: for men — 40, 60,
80, 100 W and above; for women —
20, 40, 60, 80 W and above

Upper limb impairment (2-5/7)

Treadmill test
Protocol: stepwise-increasing
test on a HP Cosmos treadmill to
perform maximum muscle work until
“exhaustion”, with a stage duration
of 3 min (to achieve stabilisation of
recorded parameters). The load power
was set at 100, 150, 200, 250 W and
above for both men and women,
corresponding to the belt speed of 9.0,
10.2, 12.8, 14.4 km/h and above per
stage, respectively. The treadmill incline
was set at 1°

Cycle ergometry
Protocol: stepwise-increasing
test on a cycle ergometer (Schiller,
Switzerland) until “exhaustion”
to perform maximum muscle work,
with a stage duration of 3 min
(to achieve stabilisation of recorded
parameters). The load power was
set as follows: for men — 100, 135,
170 W and above; for women — 75,
100, 135 W and above

Table prepared by the authors

percentile table method was applied. This method is
based on non-parametric statistical analysis and is not
constrained by the distribution pattern of the parame-
ters [11, 12]. To interpret the obtained results, the follow-
ing stratification of percentile ranges was adopted [13]:

below the 3rd percentile — the range of very low val-
ues; such indicators are observed in athletes of the
studied groups in 3% of cases. These values may be
considered normal for athletes in their 1st or 2nd year
of training and serve as a starting point for further
athletic development;

3rd—10th percentile — the range of low values, ob-
served in winter sports athletes with Ml in 7% of cas-
es. They may be interpreted as good and high for
athletes in their second to third year of training, dur-
ing the preliminary basic training phase (2—-3 years of
training);

10th—-25th percentile — the “below average” range,
observed in athletes in the selected sports in 15% of
cases. These values may be classified as good and
high in the third to 4th year of training, when transi-
tioning to the special basic training period;
25th—75th percentile — the average range, observed
in winter sports athletes with Ml in 50% of cases.
These values are regarded as good and high during
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the special basic period and when transitioning to
the phase of preparation for top achievements (after
4-5 years of training);

75th—-90th percentile — the “above average” range,
recorded in athletes with Ml in the selected sports
in 15% of cases. They may be interpreted as high
during the phase of athletic improvement, which typi-
cally lasts 2 years;

90th-97th percentile — the high range, noted in win-
ter sports athletes with Ml in 7% of cases. These val-
ues are assessed as high during the phase of athletic
improvement and when transitioning to the phase of
top athletic achievements;

from the 97th percentile onwards — the range of
very high values, observed in outstanding athletes in
cyclic sports in no more than 3% of cases; this cor-
responds to the phase of top athletic achievements.

RESULTS AND DISCUSSION

Based on the obtained data, reference performance
profiles were established for both prospective and active
athletes.

For sitting cross-country skiing athletes (LW 5/7-12),

the core functional capacity components derived from
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Table 2. Characteristic of the studied cohorts

Sports t Number of athletes,
|?or s types, Athletes’ age, n (%) Number of S
unctional M+ m studies Qualification
7 +
classes Males Females
35 ZMS — 12 (34.2%)
MSMK — 9 (25.7%)
Sitting cross-country
, 31.2 +8.08 194 MS — 10 (28.5%)
skiing (LW &/7-12) 25 (71.4%) | 10 (28.5%)
CMS — 3 (8.6%)
Adult 1st-rank athlete — 1 (2.9%)
Standing 31 ZMS — 10 (32.3%)
cross-country .
skiing (LW 2-5/7), 24.3 +7.09 177 MEME— 2 129%)
including visually 21 (67.7%) | 10 (32.3%) MS — 2 (6.4%)
impaired athletes
(B1, B2) CMS — 15 (43.2%)
ZMS — 6 (20.69
09 S — 6 (20.6%)
Alpine skiing and MSMK — 6 (20.6%)
para-
snowboarding* 25+ 71 166 MS — 3 (10.3%)
(SB —LL1, SB — 24 82.2%) | 5 (17.2% :
LL2, SB— UL) (62.2%) (17.2%) CMS — 11 (37.9%)
Adult 1st-rank athlete — 3 (10.3%)
81 ZMS — 9 (11.1%)
Sledge hockey 302 4 61 “00 MSMK — 19 (23.5%)
(LW 5/7-12) 81 (100%) MS — 18 (22.2%)
CMS — 35 (43.2%)

Table prepared by the authors based on their own data

Note. ZMS — Honored Master of Sports; MSMK — International-Class Master of Sports; MS — Master of Sports; CMS — Candidate Master
of Sports; * — the study group included athletes with musculoskeletal impairments (MI) and visual impairments: until 2018, the functional
classes of athletes in this sport were designated as (LW 2-5/7, B2, B3). Athletes with these impairments trained in the same group according
to the same Unified Calendar Plan (ECP). The functional capability requirements, according to the classification, are similar — therefore, we

considered them as a single group.

the incremental exercise testing were stratified into dis-
tinct performance levels, as presented in Table 3.

When assessing heart rate (HR) responses to ex-
ercise (HR at VO, ), specifically in cyclic disciplines,
it is important to keep in mind that HR values tend to
decrease as fitness improves. However, proof that the
test was performed at maximum power is the peak HR,
which should be 180 bpm or higher. This marker is only
reliable when assessing elite athletes and those in the
advanced stages of athletic development who are over
18 years of age. Movement economy parameters are
evaluated in inverse proportion: the higher the value,
the lower the efficiency.

Cross-country skiers competing in the “stand-
ing” category (LW 2-5/7) who performed a treadmill

exercise test showed values close to those of healthy
athletes (Table 4).

Based on the results of exercise testing of alpine
skiers and para-snowboarders with Ml, the model
characteristics of functional state components were
distributed as follows (Table 5).

The model characteristics of the largest group of
sledge hockey players are presented in Table 6.

Model characteristics of performance parameters
reflect the patterns of the athlete training process, en-
able forecasting of sports results and structuring of
the training regimen, and also provide a foundation
for developing and implementing new athlete train-
ing technologies in practice. The model characteris-
tics of performance parameters for athletes with Ml

7 Idrisova GZ. Classification of Athletes in Paralympic Sports. Moscow: Russian Paralympic Committee; 2020.
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Table 3. Model characteristics of performance parameters for cross-country skiers competing in the “sitting”

category (LW 5/7-12)

Percentiles

Parameter Very Low Below Average Above High erry

low average average high

Pwr,, W <31 31-37 37-48 48-92 92-115 115-138 >138
% T,.» % <75 75123 | 12.3-27.2 | 27.2-71.6 | 71.6-87.3 | 87.3-95.3 >95.3
VO, ,, mL O,/min/kg <124 | 12.4-16.2 | 16.2-19.6 | 19.6-31.48 | 31.48-35.14 | 35.14-38.6 | >38.6
HR, bpm <90 90-102 102-123 123-156 156170 170-179 >179
VO, ., mL/min/kg <23.6 | 23.6-275 | 27.5-30.9 | 30.9-411 | 411-456 | 45.6-49.7 | >497
PwrVO, W <63 63-77 77-92 92-135 135-158 158-189 >189
HR VO, .. bpm <148 148-155 1565-163 163-183 183-189 189-198 >198
% ATNO, ., % <372 | 37.2-426 | 42.6-56.3 | 56.3-82.9 | 82.9-92.0 | 92.0-98.2 | >98.2
VE,_ ., L/min <423 | 42.3-49.3 | 49.3-57.1 | 571-91.8 | 91.8-108.5 | 108.5-144 >144

Table prepared by the authors based on their own data

Note. Pwr,.— anaerobic threshold power; T, .

HR, — heart rate at the anaerobic threshold; VO
HR VO

2max

maximal minute ventilation.

2max

— maximal oxygen uptake; Pwr VO

2max

Table 4. Performance model characteristics for standing-category cross-country skiers (LW 2-5/7)

— exercise time at the aerobic threshold; VO, — oxygen uptake at the anaerobic threshold;
— power output at maximal oxygen uptake;
— heart rate at maximal oxygen uptake; % AT/VO, = — percentage ratio of anaerobic threshold to maximal oxygen uptake; VE = —

Percentiles

Parameter Very Low Below Average Above High Vgry

low average average high

S, W <9.0 9.0-11.8 11.8-12.2 | 12.2-16.2 | 16.2-18.5 | 18.5-19.3 >19.3
% T, m % <20.0 | 20.0-44.2 | 44.2-62.2 | 62.2-879 | 87.9-93.3 | 93.3-97.6 >97.6
VO,,, mL O,/min/kg <33.63 | 33.63-37.6 | 37.6-42.3 | 42.3-55.7 | 55.7-61.9 | 61.9-66.9 | >66.9
HR,., bpm <135 135-155 155-166 166-185 185-191 191197 >197
VO,, ., mL/min/kg <1 | 411-43.8 | 43.8-477 | 477-62.9 | 62.9-68.1 | 681-71.5 | >71.5
PwrVvo, W <11.0 11.0124 | 124146 | 146174 17.4-19.2 19.2-21.8 >21.8
HRVO,__, bpm <163 | 163-169 | 169-180 | 180-194 | 194-199 | 199-202 | >202
% AT/NO,, . % <69.2 | 69.2-75.8 | 75.8-82.6 | 82.6-94.9 | 94.9-97.8 | 97.8-98.9 >08.9
VE, .. L/min <r4.7 74.7-83.7 | 83.7-103.4 | 103.4-137 | 137-151.6 | 151.6-168 >168

Table prepared by the authors based on their own data

Note. S, — anaerobic threshold speed; T, . — exercise time at the aerobic threshold; VO
HR,, — heart rate at the anaerobic threshold; VO, . — maximal oxygen uptake; S VO, = — speed at maximal oxygen uptake; HR VO
— percentage ratio of anaerobic threshold to maximal oxygen uptake; VE _ — maximal

heart rate at maximal oxygen uptake; % AT/VO
minute ventilation.

2max

obtained in our study can be applied at all stages
of their long-term training. For instance, at the initial
stages of sports training, low (below 3rd centile) and
below-average (3rd—10th centile) values of model
characteristics may be interpreted as average and
above-average. Meanwhile, at the stages of athletic
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2AT

— oxygen uptake at the anaerobic threshold;

2max

advancement, average centile levels and above-aver-
age values may be considered high. This is due to
the gradual increase in task complexity, development
of functional capabilities, and transition to higher lev-
els of mastery. Applying the obtained parameters
will allow effective management of sports training for
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Table 5. Performance model characteristics for standing-category alpine skiers with musculoskeletal and visual
impairments (B1, B2)

Percentiles
Parameter
Very Below Above . Very
Low Average High )

low average average high
Pwr., W <14 14-51 51-110 110-184 184-212 212-234 >234
% T, m % <17 17229 | 22.9-32.9 | 32.9-69.8 | 69.8-82.2 | 82.2-91.3 >91.3
VO,,, mL O,/min/kg <18.6 | 18.6-22.2 | 22.2-25.3 | 25.3-35.3 | 35.3-40.1 | 40.1-43.0 >43.0
HR,,, bpm <122 122131 131-144 144164 164173 173179 >179
VO,, ... mL/min/kg <28.2 | 28.2-31.7 | 31.7-36.4 | 36.4-44.6 | 44.6-474 | 47.4-52.3 >52.3
PwrVvo, W <123 123-150 150173 173-247 247-272 272-298 >298
HR VO, . bpm <153 153-166 166172 172187 187-190 190-194 >194
% AT/NO,, ... % <472 | 47.2-56.8 | 56.8-65.8 | 65.8-84.6 | 84.6-94.3 | 94.3-95.6 >95.6
VE, ... L/min For speed-strength sports in the group of athletes with

musculoskeletal and visual disabilities, this parameter was not
assessed due to its low informational value.

Table prepared by the authors based on their own data

Note. Pwr,

HR,, — heart rate at the anaerobic threshold; VO
HR VO, . — heart rate at maximal oxygen uptake; % AT/VO

— anaerobic threshold power; T, .

maximal minute ventilation.

— exercise time at the aerobic threshold; VO, — oxygen uptake at the anaerobic threshold;

2max

2max

— maximal oxygen uptake; Pwr VO
— percentage ratio of anaerobic threshold to maximal oxygen uptake; VE_ —

— power output at maximal oxygen uptake;

2max

Table 6. Performance model characteristics for sitting-category sledge hockey athletes (LW 5/7-12)

Percentiles

Parameter Very Below Above . Very

low Low average Average average High high

Pwr,, W <20 20-37 37-57 57-103 103-121 121-139 >139
% Tp % <4.3 43125 | 12.6-25.3 | 26.3-75.3 | 75.3-91.5 | 91.5-975 >97.5
VO, ,, mL O,/min/kg <10.7 | 10.7-14.5 | 14.5-18.3 | 18.3-29.5 | 29.5-341 | 34.1-40.2 >40.2

HR,., bpm <92 92-106 106-120 120-156 156-169 169-181 >181
VO, .., mL/min/kg <22.8 | 22.8-26.0 | 26.0-29.8 | 29.8-38.9 | 38.9-41.3 | 41.3-44.8 | >44.8
PwrVo, W <71 71-89 89-108 108-141 141-153 1563-163 >163
HR VO, .. bpm <141 141-152 152-160 160-179 179-186 186-195 >195
% AT/NO, . % <38.6 | 38.6-45.5 | 45.5-571 | 571-87.2 | 87.2-96.5 | 96.5-98.0 | >98.0
VE, .. L/min <56.0 | 56.0-63.1 | 63.1-75.0 | 756.0-102.5 | 102.5-115.0 | 115-129.6 | >129.6

Table prepared by the authors based on their own data

Note. Pwr,.

HR,. — heart rate at the anaerobic threshold; VO
HR VO, . — heart rate at maximal oxygen uptake; % AT/VO

— anaerobic threshold power; T, .

maximal minute ventilation.

athletes with different training process specifics in a

given sport.

The historical continuity, recognized by the au-
thors as justified, suggests that when addressing the

— exercise time at the aerobic threshold; VO, — oxygen uptake at the anaerobic threshold;

2max

2max

— maximal oxygen uptake; Pwr VO
— percentage ratio of anaerobic threshold to maximal oxygen uptake; VE  —

— power output at maximal oxygen uptake;

2max

functional capabilities of athletes with M, it is essential
to distance oneself as much as possible from nosologi-
cal units. In the absence of complications, such units
do not serve as grounds for disqualifying an athlete
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from competitions or training sessions. In athlete clas-
sification, the primary consideration is to maximize the
equalization of their functional capabilities when per-
forming locomotor actions in the chosen sport.

However, in wheelchair curling and partially in sit-
ting cross-country skiing, it is impossible to completely
disregard nosological impairments when assessing
athletes’ functional capabilities. This is because some
of these impairments directly affect performance indi-
cators, as the majority of athletes have previously sus-
tained a spinal cord injury. Depending on the level of
spinal cord damage, the injury results in lower para-
plegia or tetraplegia. Other causes of disability in this
group of athletes include poliomyelitis and post-polio
syndrome, developmental disorders, leg amputations,
as well as neuromuscular diseases and musculoskel-
etal disorders [14, 15].

In accordance with the Olympic classification,
wheelchair curling is categorized as a precision sport.
According to Order No. 1144n of the Ministry of Health
of the Russian Federation dated 23.10.2020, exercise
testing on a hand ergometer is conducted using the
PWC170 protocol. The purpose of this protocol for this
category of athletes is to identify the cardiovascular sys-
tem’s response to submaximal load, as assessing per-
formance indicators is often not feasible. The HR during
the second load rarely exceeds 30 bpm in such pathol-
ogy, which makes calculating VO, using the Karpman
formula unreliable [16]. Moreover, overall performance
indicators in applied sports are of secondary importance
and do not determine the achievement of high sports re-
sults. Therefore, this athlete cohort was not considered
in this study. In the process of selecting athletes for the
next stages of long-term training, we recommend using
pedagogical model characteristics [9].

The most challenging category of Paralympic athletes
comprises those with spinal cord injuries. These athletes
exhibit significant physiological differences in the devel-
opment of physical capabilities compared to able-bod-
ied athletes. Moreover, these differences are heteroge-
neous and depend on the level of spinal cord damage.
For instance, there is a notable difference in maximal
oxygen uptake (VO,, ) between able-bodied athletes
and athletes with disabilities. VO, _ is an integral indica-
tor reflecting an athlete’s endurance and overall physical
performance based on the power of the aerobic energy
supply mechanism for sport-specific muscle activity. It
depends on both oxygen delivery to tissues (primarily
skeletal muscles) and their oxygen consumption. In ad-
dition, athletes with spinal cord injuries have: a cardiac
output that is 10-25% lower, and a stroke volume that is
15-30% lower than able-bodied athletes.

In cases of cervical spine injury above the level
where the sympathetic trunks originate, tetraplegia and
arterial hypotension are frequently observed, along
with low maximum HR and reduced venous return due
to venous blood stasis. This further decreases cardiac
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output and stroke volume, consequently leading to re-
duced oxygen supply to the tissues. Therefore, con-
ventional hemodynamic parameters — such as HR and
blood pressure (BP) — cannot be used as markers of
physical performance level during exercise testing in
athletes with MI.

Compared to able-bodied athletes, Paralympic
athletes with spinal cord injuries exhibit lower muscle
mass. For instance, in cases of tetraplegia, it is typically
lower than in lower paraplegia. When muscle atrophy
occurs, VO, also decreases. In athletes with para-
plegia, the VO,  value is on average similar to that of
sedentary individuals, while in athletes with tetraplegia
it is even lower.

The presented data account for the low tolerance
of upper limb muscles to physical loads, as a conse-
quence of inadequate blood supply, hypokinetic circu-
lation, and limited aerobic energy capacity. Under load,
the transition to anaerobic metabolism is reached sig-
nificantly faster.

Individuals with spinal cord injuries experience the
influence of several specific factors during physical
training and exercise. These challenges are caused by
damage to the central nervous system and manifest
as motor, sensory, and autonomic dysfunction. Such
specific risk factors include:
unstable trunk position;
hypotensive response to exercise;
orthostatic hypotension;
autonomic dysreflexia;
muscle spasms;
impaired thermoregulation [17].

CONCLUSION

The results of the study can be used by sports medi-
cine physicians to assess the functional capacity of
the examined athletes, provided that exercise testing is
conducted according to the protocols specified in the
article. The theoretical significance of the work lies in
expanding the understanding of physiological ranges
of performance capacity among athletes of varying fit-
ness levels. These findings can be widely applied both
in MBS and in scientific and SMS for high-performance
sports. Furthermore, these findings can be used for
athlete selection (especially for adults) for participation
in winter sports, with the aim of determining the stages
of their long-term training. This is particularly relevant
for participants of SMO who have retained their athletic
physical condition after an injury and subsequent reha-
bilitation. The obtained results may be equally relevant
for children with disabilities who are beginning to train in
winter sports within adaptive sports sections and adap-
tive physical education programmes. The parameters
obtained through hand ergometry hold significant prac-
tical value for athlete selection and training in high-per-
formance sports.
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