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BACKGROUND: Duchenne muscular dystrophy is the most severe and common form among childhood muscular dystro-
phies, characterized by a progressive course. One of the main measures to slow down the rate of progression of the
disease is physiotherapy, but now there are no recommendations to identify the optimal motor regimen, which is effec-
tive and safe for patients with Duchenne muscular dystrophy.

AIM: The aim of the study was to evaluate the effectiveness of regular dynamic aerobic exercise in patients with
Duchenne muscular dystrophy who are capable of independent movement.

MATERIALS AND METHODS: We examined 15 patients with genetically confirmed Duchenne muscular dystrophy aged
49 to 9,0 years (mean age 6,9 years) who did not participate in rehabilitation programs with exercise therapy for
>6 months prior to inclusion in the study. All patients underwent a course of physical therapy, the duration of the
course was 4 months, the course was divided into 2 stages: preparatory stage (individual cardiac functional reserve
51-60% with the number of repetitions of each exercise 6-8 times) and training stage (individual cardiac functional
reserve 61-70% with the number of repetitions each exercise 10-12 times) The duration of the training was 60 minutes.
At the baseline and during dynamic observation after 2 and 4 months, the following were evaluated: 6-minute walk
test, timed function test (time to stand from supine, running 10 m, time to climb and descent 4 stairs).

RESULTS: Statistically significant positive dynamics was revealed: the average values of the distance of the 6-minute
walk at the baseline were 478,2 + 10,1 m, then 489,5+ 11,4 m (p < 0.05) after 2 months and 502,6 + 10,7 m (p < 0.005)
after 4 months. The average values of the time to stand from supine at the baseline was 3,7 £ 0,2 sec., after 2 months —
3,5+£0,2 sec. (p<0.08), after 4 months — 3,5%0,2 sec. (p<0.05). Mean values of time to run 10 m at baseline
4,3+0,1 sec., after 2 months — 4,1 £0,2 sec. (p <0,05), and after 4 months — 4,1 +0,1 sec. (p < 0.005).
CONCLUSIONS: Thus, the regular performance of aerobic physical therapy exercises without weights in combination with
training on an exercise bike can increase endurance and speed in ambulant patients with Duchenne muscular dystrophy.
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NEYEBHASA ®U3KYNBbTYPA Y MALMEHTOB C MbIWEYHON AUCTPODUEN
AOWEHHA: AMHAMUKA TEYEHUA 3ABOJIEBAHUA
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CaHkT-lNeTepbyprckuii rocynapCTBEHHbIM NeAMaTpUYeckuit MeguunMHCKuin yHuBepcutet, CankT-Metepbypr, Poccus

Lnsa yumuposarusa: Cycnos B.M., Jinbepmar /1.H., Cycnosa A., Bypa H.M., Aaynac E.N., PyaeHko O.W. ledebHan Gpu3KynbTypa y NnauueHToB
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AxkTyanbHoCTb. MbiweyHas auctpodusa [ioweHHa — Haubonee Tskenas M pacnpocTpaHeHHas GopMa Cpeau MbIWEeYHbIX
AncTpoduMin AeTCKOro BO3pacTa, XapakTepu3ytowancs nporpeccupyowmm teyeHmnem. OQHOM M3 OCHOBHbIX Mep 3aMensieHuns
CKOpPOCTM NporpeccMpoBaHuns 3aboneBaHusi cuutaeTcs neyebHas dU3KYNbTypa, OAHAKO B HAcToslee BpeMsi OTCYTCTBYIOT
pekoMeHAaLuu, NO3BONIOLLME BbIAENIUTb ONTUMANbHbIA ABUraTE/IbHbIA PEXUM, ABAAIOLWMICS IDDEKTUBHBIM U Be30nNacHbIM
LN9 MALUMEHTOB C MblWeYHOM gucTpoduent [oweHHa.

Llenb — oueHka 3pPeKTUBHOCTU perynspHbIX AUHAMUYECKMX a3pOOHbIX YNPaXXHEHWI Y NALMEHTOB C MbILIEYHON aucTpoduen
[ioweHHa, cnocobHbIX K CAMOCTOATENIbHOMY MepeaBUKEHUIO.

Matepuanbl n metoabl. O6cnenoBaHo 15 nNauMeHTOB C reHETUYECKM NOATBEPXKIAEHHOW MblleYHoM anctpodument [oweHHa
B Bo3pacte oT 4,9 no 9,0 ropa (cpeaHuit Bo3pact 6,9 roga), He NMPUHMMABLWIKMX y4yacTue B peabunMTaLMOHHbLIX Nporpam-
Max c neyebHor Gu3kynbTyport 6onee 6 Mec. 40 BK/OYEHUS B McCiefoBaHue. Bce maumeHTbl Npoxoannan Kypc nevebHo
U3KYNbTYpbl ANUTENbHOCTLIO 4 Mec. Kypc 6bin pasgeneH Ha ABa 3Tana: noarotoButenbHbli (51-60 % vHAMBUAYANbHOMO
(dYHKLMOHANbHOr0 pe3epBa CepALa C MOBTOPEHMEM KAXAO0r0 ynpaxkHeHns 6-8 pas) u TpeHupytowmii (61-70 % nHamsuay-
aNbHOro PyHKUMOHANBHOIO pe3epBa CepAala C NOBTOPEHWEM Kaxaoro ynpaxHeHus 10-12 pas). nntenbHOCTb TPEHUPOBKM
cocTtaBnana 60 mMuH. Ha MCXOQHOM YypOBHE M MpU AMHAMMYECKOM HabnwaeHun vyepes 2 M 4 MeC. OLEHMBANN: AUCTAHLMUIO
6-MWHYTHOrO TecTa XoAbbbl, TECTbl HA BpeMS (NOAbeM C nona, 6er Ha auctaHumio 10 M, NOABEM M CMYCK NO NECTHULE).
Pe3synbratbl. bbina BbiiBieHa CTAaTUCTUMYECKM AOCTOBEPHAS MOJMIOXMTENbHAS AUMHAMMKA: CpefHWMe 3HAYEeHUs AUCTAHLUM
6-MUHYTHOM Xx0A4bbbl Ha mMcxopHom ypoBHe 478,2 +10,1, 489,5+ 11,4 m (p<0,05) uepe3 2 mec. u 502,6 £ 10,7 ™M
(p < 0,005) uepes 4 mec. CpefilHMe 3HAYEHMS CKOPOCTM NOAbEMA C MOja Ha UCXOAHOM ypoBHe 3,7 0,2 ¢, yepe3 2 Mec. —
3,5+£0,2 ¢ (p<0,08), uepes 4 mec. — 3,5+0,2 c (p<0,05). CpepHne 3HaueHns ckopoctu 6era Ha guctaHumio 10 M Ha mc-
xoaHoM ypoBHe 4,3 +0,1 ¢, yepes 2 mec. — 4,1+0,2 c (p<0,05), yepe3z 4 mec. — 4,1+0,1 c (p<0,005).

BbiBoabl. TaknM 06pa3oM, perynsipHoe BbIMOSIHEHME a3POOHbIX YynpaXKHeHWW nedyebHOM GuU3KyNbTypbl 6e3 oTaroweHus
B COYETAHUM C TPEHMPOBKAMM Ha BeSIOTPEHaXepe MO3BOSET NOBbICUTb MOKA3aTeNN BbIHOCAMBOCTM U CKOPOCTM Y NALMEHTOB
C MbllweyHon anctpodmen [ioweHHa HA amMbynaTopHbIX CTaaMax 3aboneBaHus.

KntoueBble cnoBa: MbilleyHas ,EI,MCTpOCbVIﬂ [ioweHHa; neyebHas ¢M3Kyanypa; pea6mnMTau,M;|.
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BACKGROUND

Duchenne muscular dystrophy (DMD) is the most
severe and common form of childhood muscular
dystrophy. The prevalence is 3.3 per 10 thousand
newborn boys. DMD is characterized by a steady
progressive course, weakness, and atrophy with a pre-
dominant lesion in the skeletal muscles of the pelvic
girdle, thighs, and lower legs, which leads to early
disability and loss of the ability to move indepen-
dently at the age of approximately 10—12 years [1, 2,
6, 22]. As the disease progresses, it is characterized
by the involvement of the axial and proximal muscles
of the upper extremities, as well as the development
of cardiac, respiratory, and orthopedic complications.
Exercise therapy (ET) is considered one of the main
measures to prevent disease progression and con-
comitant orthopedic disorders [12, 21]. International
guidelines for the treatment of patients with neuro-
muscular diseases recommended a light (submaximal)
level of physical activity [6]; however, current data
are limited, and only single studies have examined
the efficiency of various training programs, most of
which were conducted with adult patients. There are
no recommendations to identifying the optimal motor
regimen that can be effective and safe for patients
with DMD and other neuromuscular diseases [24].
In the case of an incorrectly selected mode of mo-
tor activity, disease progression can be accelerated.
Patients with an insufficient level of physical activity
do not achieve clinically significant improvement,
whereas excessive exercise may be accompanied by
adverse effects, such as increased pain in the mus-
cles, myoglobinuria, and ultimately deterioration in
motor capabilities due to excessive damage to muscle
fibers and increased nonspecific inflammatory activi-
ties [8, 9]. According to the World Health Organi-
zation recommendations, children should maintain
moderate or vigorous physical activities for at least
60 min daily. Studies have shown that boys with
DMD do not meet these criteria, and their activ-
ity decreases as they grow older, which exacerbates
the disease course [5]. Naturally, after 12 months,
patients with DMD demonstrate negative dynamics
in the 6-min walk distance, with the data varying
from —10.9+69.2 to -25.8+74.3 m [7, 11, 19].
At the age of 8.8 +£2.0 years, patients with DMD
have deteriorated results in the tests for rising from
the floor, running for a distance of 10 m, and climb-
ing stairs from —0.07 to —0.33 s during the follow-up
period of 12 months or remained stable at the age of
5-6.9 years when in the “plateau” phase [4, 6, 17].
The control group performs a 10-m run test in an
average of 3.0 s and rising from the floor test and
climbing on four steps in 1-2 s.

Moreover, dynamic gymnastics (isotonic) involves
movements accompanied by alternating muscle ten-
sion and relaxation, which provides for an aerobic
way of energy supply. This occurs because of an
increase in the activity of the sympathetic nervous
system and a pronounced homeostatic effect, which
is based on the improvement of hemocirculation and
metabolic processes and contributes to an increase in
the functional state of the body [14, 25]. The basis
of the physiological reactions in dynamic gymnastics
is a combination of the rate of motor reactions and
the heart rate [14]. An adequate response to physical
activity is accompanied by recovery and improvement
of hemodynamics and, accordingly, optimization of the
cardiovascular system. Such training significantly in-
creases the functionality of the circulatory system [18].
Moreover, the disrupted balance between excitation
and inhibition in the nervous system, and tension and
relaxation of muscles is restored. Consequently, the
functions of all organs and systems are optimized
[15, 23].

Aspects of dynamic gymnastics in the norm are
as follows: (1) Training of speed endurance of the
muscle, first of all, depends on the speed of move-
ments and not on the load duration. Speed training at
an early age (up to 7 years) helps increase the speed of
innate motor reactions. (2) The muscle mass increases
due to an increase in the number of myofibrils. Muscle
fibers are more often located parallel to the axis. There
is an elongation of the muscle part and shortening of
the tendon part of the muscle fiber. The muscle vol-
ume increases more than with isometric gymnastics.
(3) An increase in dynamic load promotes the stimu-
lation and lengthening of tubular bones [10, 18, 25].
Based on these aspects, dynamic exercises were de-
veloped to maximize the preservation of the affected
muscles and improve hemodynamics and neuroregula-
tion of both the muscles and the child’s body.

The study aimed to evaluate the efficiency of regu-
lar dynamic aerobic exercise in patients with DMD
who can move independently.

MATERIALS AND METHODS

The study was conducted at the St. Petersburg State
Pediatric Medical University. Fifteen patients with ge-
netically confirmed DMD at the age of 4.9-9.0 (mean,
age 6.9) years were examined. Of these patients,
13 took glucocorticosteroid therapy daily at standard
recommended dosages for >6 months.

Inclusion criteria for inclusion were as follows:
(1) male sex, (2) genetically confirmed DMD, (3) abil-
ity to move independently (early and late outpatient
stage), (4) recent participation in rehabilitation ET pro-
grams more than 6 months before the inclusion in the
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study, and (5) opportunity for the parents/guardians
and patients to visit the clinic regularly for rehabilita-
tion courses throughout the study.

At the initial level and during case follow-up after
2 and 4 months, the 6-min walk test and time tests
(rising from floor, 10-m run test, and climbing and
descending the stairs) were performed. The functional
class of the performance tests for time was assessed
on a six-point scale (Tables 1-3).

A neurologist who had specialized training in these
tests performed the assessments. For all patients, the
tests were performed under equal comfortable condi-
tions, taking into account the time of day, with the
patient in comfortable light clothing and shoes. If the
patient showed signs of physical or emotional exhaus-
tion, the test was postponed to another day.

All patients performed a set of exercises, including
the following:

(1) Dynamic aerobic exercises with an emphasis on
the axial muscles, pelvic girdle, thighs, and lower legs

2) Exercises on an exercise bicycle on a model
with a wide seat, a stable back, and adjustment for
patients of different ages

3) Sitting and standing balance training

4) Exercises for shock absorption of the feet

5) Strengthening the stabilizers of the trunk (mus-
culus transversus abdominis, abdominal muscles, and
deep rotators of the spinal column) and lower ex-
tremities

6) Correction of the static stereotype (development
of the skill of correct posture while sitting and stan-
ding)

7) Breathing exercises to increase the range of mo-
tion in the intercostal spaces and improvement of mo-
bility in the costal-vertebral and costal-sternal joints.

The duration of the rehabilitation course was
4 months, which was divided into two preparatory
and training. The trainings were performed under
the supervision of an ET specialist. The intensity
was selected for each patient individually, depend-
ing on age, and heart rate according to the equa-
tion of the individual functional reserve of the heart
(IFRH) = 190—age (years). The intensity of the prepa-
ratory stage was 51%—-60% IFRH with 6-8 repetitions
of each exercise. The intensity for the training stage
was 61%-70% IFRH with 10-12 repetitions of each
exercise. The training session lasted for 60 min with
a frequency of three times a week. Patent application
was filed ™.

Statistical analysis was performed using IBM
SPSS Statistics version 23.0 (IBM Corp., Armonk,
NY, USA). Mean values and confidence intervals were
calculated at p = 0.05; paired Student’s z-test was per-
formed for dependent aggregates.

RESULTS

The average distance in the 6-min walk test was
478.2 £ 10.1 m. During repeated examinations after an
ET course, a statistically significant improvement was
noted, with the average distance of 489.5+11.4 m
(»p<0.05) after 2 months and 502.6+10.7m
(p <0.005) after 4 months (Fig. 1).

The average values of the speed of rising from
the floor at the initial level were 3.7 + 0.2 s. During
case follow-up, improvement was noted, with the aver-
age time of 3.5+ 0.2 s (p <0.08) after 2 months and
3.5+0.2 s (p<0.05) after 4 months (Fig. 2).

* Priority reference No. 2021135761 dated 03.12.2021. Suslov V.M.,
Lieberman L.N., Suslova G.A. “Method of conducting therapeutic
physical culture for patients with neuromuscular diseases”.

Table 1 / Tabnuya 1

Description of the functional class when performing a timed functional test rising from the floor
OnucaHue dyHKLMOHANBHOIO Knacca Npu BbIMOIHEHWM TeCTa Ha CKOPOCTb NpU NoAbeMe ¢ nona

Score / Functional class of motor abilities of the rise from floor test /
bannel @yHKIHMOHAJIbHBIM KJIACC NIPU BBINOJIHEHUH TE€CTa HA MOABEM C I10Ja
1 Unable to stand from supine, even with use of a chair /
He MoOxeT BCTaTh U3 MOJOKEHHUS JICKA, TaXKe C OMOPOI Ha CTYJI
5 Requires chair to stand up from supine /
MoxeT BcTaTh ¢ OOPOM Ha CTYH
3 Rolls over, stands up with both hands “climbing up” the legs /
ITepeBopaunBaeTCs Ha )KHUBOT, BCTACT C ONOPOIl Ha HOrM 00EHMHU pyKaMH
4 Rolls over, stands up with 1 hand support on leg/
IlepeBopaunBaeTrcs Ha JKUBOT, BCTAET C ONOPOM HA HOT'Y OJIHOM pyKOH
5 Rolls to the side and stands up with one or both hands on the floor to start to rise but does not touch legs /
ITepeBopaunBaeTcs Ha OOK M BCTACT C OMOPO Ha MOJI OJHON/IBYMsI pyKaMu, He IPUKAcasCh K HOre
6 Stands up without rolling over or using hands on legs /
Mosxker BcTaTh 6e3 HEpeBOPOTa U OMOPbI HA HOTH
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Table 2 / Tabnuya 2

Description of the functional class when performing a timed functional test run 10 meters distance
OnucaHue byHKLMOHANBbHOTO Kacca npw BbINOJHEHUM TECTa Ha CKOPOCTb Npu 6ere Ha aucTaHumio 10 M

Score / Functional class of motor abilities of the 10 meters run test /
bannst OYHKIMOHAIBHBIH KJIacC IIPU BBIITOJHEHHH TecTa Ha Oer 10 M
| Unable to walk /
He moxer xonuth
5 Unable to walk independently but can walk with knee-ankle-foot orthosis or support from a person /

Mosxket XO0AUTb, HO UCIIOJIB3YET KOJICHHO-TOJICHOCTOIIHBIC OPTE3bl UJIU MMOCTOPOHHIOK IMTOMOIIb

Cannot increase walking speed, highly adapted, wide-based lordotic gait /
3 He MoeT ycKOpuTh X060y, BRIpaXKEHHAs aJalTallMOHHasl TIOXO0Ka C MUPOKO PACCTABICHHBIMU HOraMHK
C MOSICHUYHBIM THIIEPIIOPI030M

Can pick up speed but cannot run, moderately adapted gait /

4 MoKeT yCKOPHTB X0/b0y, He MOKET OeXaTh, yMEpPEHHas a/lalTalluOHHAs TOXOKa

5 Nearly running, but cannot achieve both feet off the ground simultaneously (Duchenne jog)/
«ber» 6e3 oTpeiBa 00enx ctom ot nona (Duchenne jog)

6 Runs and gets both feet off the ground /

HopwmainbHslii 6er ¢ oTpbIBOM 00€HX CTON OT IoJia

Table 3 / Tabauya 3

Description of the functional class when performing a 4-step climbs and descend
Onucanune byHKUMOHANBHOIO Kaacca Npy BbINOJHEHMM TECTA HA CKOPOCTb NPY NOABEME U CNyCcKe HA 4 CTyneHu

Score / Functional class of motor abilities of climb and descend on 4 steps /
bannsl @OyHKIMOHAIBHBII KJIacC IPU BHIIOJIHEHUH TECTA HA MOABEM H CIIYCK Ha 4 CTYNEHH
| Unable to climb/descend 4 stairs /
He MokeT MOTHATHCA/CYCTUTHCS HA 4 CTYNEHU
Climbs/descend 4 standard stairs “marking time” (climbs one foot at a time, with both feet on a step before moving to
) next step), uses both arms on one or both handrails or uses 1 handrail and the other arm pushes on the leg or body /

TloguuMmaetcs/cryckaercst IPUCTAaBHBIMH IIaTaMHM, ONMMHPAsCh 00CMMH pyKaMHU Ha OAWH HMJIU JBa NEpUIa HIIN ONHPAsCh
OJIHOH pyKoOH Ha mepuia, a BTOpoil Ha HOry

Climbs/descend 4 standard stairs “marking time”(climbs one foot at a time, with both feet on a step before moving
3 to next step), using one arm on one handrail or one hand pushing on leg or body /
IogHUMaeTCs/CIIycKaeTest IPUCTABHBIMHY IIAaraMy, OMHPAsiCh OMHOM PyKO# Ha MepHiia UM HOTY

Climbs/descend 4 standard stairs “marking time” (climbs one foot at a time, with both feet on a step before moving
4 to next step), not needing handrail and not using hands to push on leg /
TTopHUMaeTCs/CITyCKaeTCst MPUCTABHBIMY LIaraMy 0€3 TOMOIIH NMEPUJT U ONOPbI Ha PYKH

Climbs/descend 4 standard stairs alternating feet, needs handrail/s for support or uses arms to push on the leg or body /
IMoxpHUMaeTCs/CITyCKAETCs Yepe3 CTYEHbKY, ¢ OMOPOil pyKaMu Ha IepHIia Uid HOT'H

Climbs/descend 4 standard stairs alternating feet, not needing handrail support or using arm to push on the leg /
ITogHUMaeTCS/CIyCKAeTCs Yepe3 CTYNeHbKY 0e3 MepUIT U IIOMOLIH PyK

The mean values of the functional test of rising
from floor were 4.4 £0.2 points at the initial level,
4.8 £0.1 points after 2 months, and 4.8 + 0.1 points
after 4 months.

The average running speed for a distance of 10 m
at the initial level was 4.3 £0.1 s. With the follow-
up, the mean time was 4.1 +0.2 s after 2 months
(»<0.05) and 4.1 £0.1 s after 4 months (p <0.005)
(Fig. 3).

The mean values of the functional test of rising
from floor were 4.4 + 0.2 points at the initial level,

4.8+ 0.1 points after 2 months, and 4.8 +0.1 after
4 months.

The average timing of rising on four steps at the
initial level, after 2 and 4 months, were 2.9 +0.1 s
(Fig. 4). The average values of the functional test of ris-
ing on four steps were 4.9 = 0.2 points at the initial le-
vel, 5.2 + 0.2 points after 2 months, and 5.2 &+ 0.2 points
after 4 months.

The average values of the speed of descent by
four steps at the initial level were 3.4+ 0.2 s. With
the follow-up, the mean time was 2.8 + 0.1 s after
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2 months (p <0.005) and 2.8+ 0.1 s after 4 months DISCUSSION

(p <0.005) (Fig. 5).

The average values of the functional test of descent
by four steps were 4.1 + 0.3 points at the initial level,
4.8 + 0.3 after 2 months, and 4.9 + 0.1 after 4 months.

This study assessed the motor abilities of patients
who regularly performed aerobic exercises and exer-
cised on an exercise bicycle for 4 months. Despite the
average age of the patients, which is characterized by
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the plateau phase or progressive symptoms, improve-
ments in the distance of the 6-min walk test and time
tests were noted in the study group. Improvement was
also noted in performing aerobic exercises using a
hand and foot bicycle ergometer, and an improvement
was registered in the number of pedal revolutions on
an exercise bicycle in 30 patients with DMD after a
course of aerobic training for 24 weeks. An improve-
ment in motor functions of the hands in patients un-
able to walk independently was also found [13].

During the 4-month training in patients with DMD,
a statistically significant improvement in the perfor-
mance of tests for time (rising from floor, 10-m run-
ning test, and descending on four steps) was regis-
tered. The time of climbing on four steps remained
without statistically significant changes and amounted
to 2.9+0.1 s. However, in all time tests, including
the four-step climb, an insignificant increase in the
functional class of the task performance was found
because of an improvement in the movement pattern
and a decrease in the severity or absence of compen-
satory movements during the test. Improvement was a
characteristic of the functional class at the initial level
of 5 points for rising from floor and running 10 m
and 4-5 points for climbing and descending the stairs,
whereas an initial score of less than 3—4 points for all
time tests was characterized by more persistent disor-
ders during case follow-up, which was associated with
a more severe clinical presentation and pronounced
morphological changes in skeletal muscles.

Chronic DMD is characterized by steady deteriora-
tion, despite the rehabilitation measures [3, 11, 16];
however, regular exercise can slow down the progres-
sion of muscle weakness, improve cardiorespiratory
function, reduce the severity of articular contractures,
and improve the quality of life of the patients and
their families [20].

CONCLUSION

Thus, regular performance of aerobic exercise
without weights in combination with training on an
exercise bicycle can improve endurance and speed in
patients with DMD at the outpatient stages of the
disease.
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