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Abstract

Purpose. To evaluate the changes in circumference sizes of bodybuilders using machine and free weight exercises in
conditions of different load regimes at the stage of specialized basic training.

Methods. 64 bodybuilders aged 20+1.2 years were divided into 4 study groups. The stage of specialized basic training
lasted 12 weeks. Group 1 and 2 participants used free weight and machine exercises in conditions of medium-intensity
training load (R =0.58). Group 3 and 4 athletes performed the same exercises in conditions of high-intensity training
load (R =0.71). The changes in circumference measurements (shoulder, hip and shin) were recorded every 30 days.
Non-parametric methods of mathematical statistics were used in the study.

The results. Using free weight exercises in the regime of high-intensity loads (R =0.71) contributed to the greatest
increase in the body circumference (by 4.9%) compared to the initial data. The smallest increase in the controlled
indicators (by 1.8%) was found in athletes using machine exercises in the regime of medium-intensity loads (R_=0.58).
Performing free weight exercises in different load regimes led to more than double increase in the body circumference
measurements. The dependence of the controlled indicators dynamics on the load regimes was observed when using
machine exercises. The dynamics of body circumference depends on the features of the training load regimes but not
on the type of exercises.

Conclusions. At the stage of specialized basic training in bodybuilding, the use of high-intensity training loads (R =0.71)
was the main factor that affected the accelerated increase in body circumference of athletes. Combination of machine
strength exercises with high-intensity loads allowed achieving the most pronounced adaptive changes.

Keywords: bodybuilding, body circumference, strength exercises, specialized basic training, load regime, intensity
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AHoOTAaIA

Bonogumup Moton, Biktop MaHonaki, AHgpin YepHo3y6, BaneHTuH KosiH, Egyapa Cuoxon, AHTOHiIHa CniBak,
Bacunb Wapogi, Ykao Lise. OcobausocTi 3miHM 06BigHUX po3mipiB Tina 60paibingepis nig yac BUKOPUCTAHHAM
BNpPaB Ha TPEHaXKepax Ta 3 Bi/IbHOIO Barolo 06TAXKEHHSA B Pi3HUX PeXKMMaX HaBaHTaXKeHHs

MerTa. Jocnianti 3miHy 06BigHUX po3MipiB Tina y boaibinaepis Ha eTani cneuianisoBaHo-6a30B0Oi NiArOTOBKM B yMOBaXx
BMKOPWUCTAHHA KOMMIEKCIB BNPaB Ha TPEHAXKepax Ta 3 Bi/IbHOI BArok 0O6TAMKEHHA B PI3HUX peXMMaxX HaBaHTAXKEHHA

MeTogu. B gocniaskeHHAxX npuiimanu ydactb 64 60ai6ingepu Bikom 20+1,2 pokis. JocniarKeHHs BigbyBanuco Ha eTani
cneujanizosaHoi 6a30B0oi NiAroToBKM NpoTArom 12 TmxkHiB. ChbopmoBaHo 4 focnigHi rpynv no 16 cnopTCMEHIB B KOXKHIN.
YyacHunKn 1 1a 2 rpyn B yMOBaXxX peXMmMy HaBaHTaXKeHb cepeaHbOi iIHTEHCUBHOCTI (R =0,58) BMKOPMCTOBYBa/IN KOMMIEKC
BNPaB C Bi/IbHOI Baroto 0BTAXKEHHA Ta Ha TpeHaxkepax. BignosiaHi kKomnaekcu Bnpas BMKOPWCTOBYBaN NPeACTaBHUKN
3 1a 4 rpyn, ane B yMmOBax PeXMUMy HaBaHTaXKeHb BUCOKOi iIHTEHCUBHOCTI (R =0,71). KOHTpO/b 33 AMHAMIKOO 06BiAHNX
po3mipis (nneqa CTErHa Ta rominku) Bigbysascs uyepes KoxHi 30 fib. B npoueci AoCniaxKeHb BMKOPUCTOBYBaAU
HernapameTpUYHi MeToAM MaTeMATUYHOT CTAaTUCTUKM.

PesynbTati. BuAB/NEHO, BMKOPUCTaHHA BMPaB 3 BINbHOK Baroio OOTAXKEHHA B PEXMMIi HaBaHTaXKEHb BWUCOKOI
iHTeHcmBHOCTI (R =0,71) cnpusie Hanbinblwomy 3pocTaHHI0 06BigHMX PO3Mipis Tina Ha 4,9% NOPIBHAHO 3 BUXIGHMMM
OAaHUMU. HaiimeHwe 3POCTAaHHA KOHTPOOOUMX NOKAa3HUKIB Ha 1,8% npoTtarom 12 TUKHIB, BUABNEHO Yy CMOPTCMEHIB
B BUKOPWCTaHHA BNPaB Ha TpeHaxepax B PeXMUMi HaBaHTaeHb CepeAHbOl iHTEHCUBHOCTI (R,=0,58). BrkopucTaHHs
BNPaB 3 Bi/IbHOIO Barot 06TAXKEHHA, ajie B Pi3HMX peXKMMax HaBaHTaXKeHb NPU3BOAUTL 40 pI3HI/1LI,I 6inbLue HixK B 2 pa3u
36inbleHHs 06BigHMX PO3MipiB Tina. BiAnoBiAHY 3a1€XKHICTb ANMHAMIKM [OCNiIAKYBaHMX MOKA3HMUKIB Big, 0cobamnsocTei
pPEeXKMMIB HAaBAHTAXKEHHA, CMOCTEPIraEMO ML, 4ac BUKOPUCTaHHA KOMMJIEKC BNPaB Ha TPEHaxKepax. BUparkeHe JuHamika
06BiAHNX PO3MIpIB TiNa 3a/€XUTb Came Bifg, 0cOBAMBOCTEN BUKOPUCTOBYBAHWUX PEXMMIB HAaBAHTAXKEHHS, a He Bij,
KOMMJIEKCY TPEHYBa/IbHUX BNPaB.

BucHoBKMU. Ha eTani cneujianizoBaHo-6a308B0i NigrotoBku B 60A4i6inanHry BMKOPUCTaHHA nig, Y4ac TpeHyBaHb pexumy
HaBaHTaXKeHb BMCOKOI iHTeHcMBHOCTI (R =0,71) € OCHOBHMM GaKTOPOM, AKMIA BNAMBAE Ha NPUCKOpeHe 36iablieHHs
06BigHMX PO3MIpiB TiNla cNOPTCMEHIB. BMKOpMCTaHHH B MPOLLECi TPEHYBA/IbHUX 3aHATb BapiaHTiB NOEAHAHHA KOMMIEKCY
CU/IOBUX BNPaB Ha TpeHaxepax 3 HaBaHTAXKEHHAMMW BUCOKOI iIHTEHCUBHOCTI [03BONAE AOCATTU HalbinbLL BUPaKeHNX
aganTauiiHUX 3MmiH.

KntouoBsi cnoBa: 604i6inguHr, 06BigHI po3mipu Tina, KOMNAEKCU CUIOBUX BNPaB, creLiasizoBaHa 6a3oBa NiAroToBKa
PEXMM HaBaHTAXKEHHSA, IHTEHCUBHICTb

AHHOTAIUA

Bnagumup Moton, Buktop MaHonaku, AHapei YepHo3y6, BaneHTuH KosuH, dgyapa Cusoxon, AHTOHMHA
Cnueak, Bacuawnii Wapogm, Yrkao Lise. Oco6eHHOCTU M3MeHeHUA OXBaTHbIX pa3mepoB Tena 6oaubunaepos npu
MCNONb30BaHUMU YNPaXKHEHUI Ha TPeHarXKepax 1 co CB0604HbIM BECOM OTAroLLEHUA B Pa3/INUHbBIX PEXKMMaX Harpy3Ku

Uenb. ViccnenoBaTb MU3MeHEHWE OXBATHbLIX pa3MepoB Tesa y 6oanbunaepos Ha aTane cneunanmsmMpoBaHHO-6a30BoM
NOArOTOBKM B YC/I0BMUAX MCMO/Ib30BAHNA KOMM/IEKCOB YMNParKHEHWI Ha TPEHAXepax U co CBOBOAHbIM BECOM OTArOLEHUA
B PA3/IMYHbIX PEKMMAX HarpysKu

MeTopgbl. B uccnegoBaHmaAx NpMHUManu ydactue 64 6oanbungepa s sBospacte 20+1,2 net. MiccheaoBaHus NpoBOAMINCH
Ha 3Tane cneuwanmamposaHHoﬁ 62308011 NOATOTOBKK B TeyeHWe 12 Heaesnb. chopMMposaHbl 4 onbITHbIE rpynnbl NO
16 CNOPTCMEHOB B KaXKA0M. YHAaCTHUKM 1 1 2 rpynn B YCIOBUAX PEXMMA HArpPy3oK cpesHel MHTEHCUBHOCTM (R =0,58)
MCMNOb30BaIN KOMMNJIEKC YNPaXKHEHWIM co CBOOOAHbIM BECOM OTATOLEHMA U HA TPEHaKepax. I'Io,a,xop,ﬂu.l,we KOM/IEKCbl
YMpaXKHEHWI UCNOb30BaNW NpeacTaBuTenu 3 1 4 rpynm, HO B YC/IOBUAX PEXMMA Harpy3oK BbICOKOW MHTEHCUMBHOCTM
(Ra=0,71). KOHTpOAb 32 AMHAMMKOM 0XBaTHbIX pa3MepoB (nieda, 6eapa v roneHn) npoxogun yepes Kaxagplie 30 CyTOK.
B npouecce nccnefoBaHuii MCNOb30BAIM HEMApPAMETPUYECKME METOAbl MAaTEMATUYECKON CTaTUCTUKN.

PeayanaTbl BbIABNEHO, YTO MCMONb30BaAHWE YNPaXKHEHUI CO CBOBOAHbIM BECOM OTATOLLEHUA B PEXKMME HArpy3oK
BbICOKON MHTEHCMBHOCTU (R =0,71) cnocobcTByeT HanboNbLIEMY POCTY OXBATHbIX pazMmepoB Tena Ha 4,9% no cpaBHEeHUIO
C UCXOAHBIMU AAHHBIMW. HauMeHbLLMii POCT KOHTPONMPYHOLLNX nokasatenew Ha 1,8% B TeueHune 12 Hegenb O6HaApPYKeH
Yy CMOPTCMEHOB B MCMO/b30BaHNM YNIPaXKHEHUIA Ha TPeHaXepax B PeK1Me Harpy3ok cpeaHei nHteHcnsHocTu (R =0,58).
Mcnonb3oBaHuMe ynpaxKHeHUI co CBOBOAHbBIM BECOM OTATOLLEHMSA, HO B PA3HbIX PEXKMMaX Harpy3oK NpUBOAUT K paaHmu,e
6onee yem B 2 pasa yBe/IMYEHUA OXBATHbIX Pa3mepoB Tena. COOTBETCTBYIOLLYIO 3aBUCMMOCTb AMHAMUKM U3yYaeMblX
XapaKTEPUCTUK OT OCOHBEHHOCTEN PEXKMMOB Neperpyskun, Habatogaem Npu UCNOb30BAHUN KOMMIEKC YNPaXKHEHWUI Ha
TpeHarkepax. BbiparkeHHas AMHAMMKA OXBATHbIX Pa3MepoB Tesla 3aBUCUT MMEHHO OT 0COBEeHHOCTEN UCMO/b3yeMbIX
PEeXMUMOB HarpysKu, a He OT KOMMJIeKCa TPEHMPOBOYHbIX YNPAXKHEHWUIA.

BbiBoab!. Ha s7ane cneunan1smposaqHo- 6a30B0M NOATOTOBKM B 604M6UNAMHIE UCNONb30BaHME BO BpeMsA TPEHMPOBOK
PeXMMma Harpy3oKk BbICOKON MHTeHcuBHOCTH (R =0,71) ABnseTCcA OCHOBHLIM GAaKTOPOM, BAMAIOLMM Ha YCKOpeHHoe
yBe/inyeHve OXBaTHbIX Pa3MepoB Tena CI'IOpTCMEHOB Mcnonb3oBaHye B NpoLecce TPEHUPOBOYHbIX 3aHATMIN BapUAHTOB
COYETaHMs KOMM/EKCA CWUIOBbLIX YMpPaXKHEHW Ha TpPeHaxkepax C HarpysKamu BbICOKON WMHTEHCMBHOCTM NO3BOAAET
006UTbcs Hanbosee BbipaKeHHbIX a8aNTaLMOHHbIX U3MEHEHWA.

Kntouesble cnosa: 60,£I,M6MI'I,CI,MHF, OXBaTHble pa3dmepbl Tes1la, KOMNNEKCblI CUN0BbIX ynpa)+<HeHm71, cneunannsnpoBaHHan
6asoBas noAaroToBKa, peXXmm Harpyskmn, MHTEHCUMBHOCTb
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Introduction

The development of integral models for
improving the training process in bodybuilding
at the stage of specialized basic training has been
of great interest for the past 20-30 years. Not only
leading coaches and professional athletes, but also
scientists pay great attention to this issue. There
is a number of scientific researches related to
studying body adaptative mechanisms to strength
training loads (Cintineo et al., 2018; Benavente
et al., 2021; Sun & Wang, 2022). Scientists in the
field of physical education and sports physiology
have actively studied the issue of developing
effective mechanisms for training load optimization,
quantitative criteria for their assessment and control
of adaptive and compensatory reactions in power
sports (Chernozub et al., 2018; Johnen & Schott,
2018; Zhao & Oleshko, 2022).

Despite the rapid development of
bodybuilding in the world, the question of finding
the newest effective but safe ways to optimize the
training process is one of the priority problems.
It can be solved by in-depth research of load
correction mechanisms and the correspondence of
their parameters to the adaptation reserves of the
body. The solution of this problem also requires
the unification of the efforts of scientists of various
direction (Aerenhouts & D'Hondt, 2020; Alves et
al., 2020).

During the last decades, specialists in
bodybuilding have been debating the question of
the effectiveness of using free weight and machine
exercises at various stages of training (Miller et
al., 2020; Coratella et al., 2022). The analysis of
available scientific literature shows the contradictory
results of research on this issue. This concerns the
influence of these exercises in combination with
different load regimes on the nature of adaptive
changes in bodybuilders at various stages of long-
term training (Shibata et al., 2021; Chernozub et
al., 2023). In turn, there have been no studies of the
impact of various combinations of free weight and
machine exercises on the morphometric indicators
changes at the stage of specialized basic training in
bodybuilding.

The purpose of the study. To evaluate the
changes in circumference sizes of bodybuilders using
machine and free weight exercises in conditions of
different load regimes at the stage of specialized
basic training.

Materials and methods
Participants

64 bodybuilders aged 20+1.2 years were
examined during the research and divided into
4 study groups, 16 athletes in each group. Their
experience in bodybuilding was 5+0.8 years. The
study lasted 12 weeks at the stage of specialized
basic training in Gold Gym, Septem Fitness, Gym
Style fitness centers. The participants of groups 1
and 2 used free weight and machine exercises in
conditions of medium-intensity loads (R =0.58).
The same exercises were used by groups 3 and 4
representatives but in conditions of high-intensity
loads (R =0.71).

In accordance with the Helsinki Declaration
ethical standards, the research was approved by the
ethics committee of Lesya Ukrainka Volyn National
University. According to recommendations of the
Biomedical Research Ethics Committee (WHO
Regional, 2000), a written consent was given by all
study participants.

Measurements

The method of quantitative assessment
of the power load regime. Using this method
(Chernozub et al., 2018) allowed developing training
load regimes with high (R =0.71) and medium
(R =0.58) intensity at the beginning of the study.
To implement this method, the repetition maximum
weight (1 RM), which a person can use when
performing a physical exercise, was determined
taking into account the generally accepted technique.

The load factor (R ), which reflects the
features of the load regime in power fitness, was
determined by the formula:

R =R __—(nQetef ), where

R s the maximum load factor, its value
=1;

n is the specified number of repetitions in a

isR_
set;

Q is the conditional amplitude coefficient.
Strength exercises are performed with full or partial
amplitude. Quantitative values of this indicator are
within 0.8<Q<1;

t is the duration of one repetition during a
physical exercise (s). This indicator is within 3<t<9;

f is an empirical coefficient obtained by
using multiple regression analysis; when the values
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of independent variables (n, t, Q, m) are found
experimentally, the value of f = 0.0098 1/s.

Method of anthropometry (circumferential body
measurements)

The body circumference measurements
(shoulder, hip and shin) were conducted at the
beginning of the study and each month during
the 12 weeks of the research. In accordance with
methodology (Norton, K., & Eston R., 2018),
bodybuilders’ circumference measurements were
made with a centimeter tape.

When measuring the thigh circumference,
the tape was placed on the thigh under the buttock
fold. Circumferential size of the shin was measured at
the place of greatest development of the calf muscle.
The sizes of the right and left shins were added
and divided by two. The shoulder circumferential

measurements under tension were made at the place
of greatest muscle development. The results of the
right and left limbs were added and divided by two.
All measurements were performed at the same time
before the start of the training session according to
the generally accepted methodology. The obtained
results were recorded in the research protocols.

Study organization

At the first stage of study, taking into
account the results of research by modern scientists
in bodybuilding and fitness (Weakley et al., 2017,
Coratella et al., 2021; Mitsuya et al., 2023), 2
complexes of machine and free weight exercises
were developed (Table 1). Using the method of
quantitative assessment of training load, two
different intensity load regimes (A and B) were built
up (Table 2).

Table 1

Complexes of training exercises used by the athletes of the examined groups during the research

Muscle groups

A complex of strength free weight
exercises

A complex of machine exercises

Chest muscles

Basic: barbell chest press lying on a
horizontal bench
Isolated: 30-degree incline dumbbells
press

Basic: Smith machine bench press
Isolated: crossovers on the block; butterfly chest
exercise

Deltoid
muscles

Basic: seated bench press (dumbbells)
Isolated: seated dumbbells curls; seated
dumbbell lateral raise

Basic: overhead press
Isolated: seated block pull; dumbbell lateral raise

Back muscles

Basic: barbell row or deadlift
Isolated: incline bench pulls; dumbbells
hyperextension, pull-ups on the crossbar

Basic: behind the head upper block pulling
Isolated: seated lower block pull; standing pullover
with a rope

Triceps brachii
muscle

Basic: French press
Isolated: close grip bench press; single-arm
dumbbell overhead extension

Basic: machine French press or the upper arm
stretching on the block standing
Isolated: reverse grip single-arm triceps extension;
single-arm extension from the upper block

Biceps brachii

Basic: standing hammer curl
Isolated: seated arm extension with

Basic: bending arms on the Scott bench
Isolated: incline push-ups on the block; single-arm
bending with support on the block

muscle support, 30-degree incline barbell press
Basic: squats with a barbell Basic: leg press in the block
Lower limbs Isolated: lunges with dumbbells; deadlift | Isolated: seated leg extension; bending legs in the
muscles (on straight legs) with dumbbells simulator lying

Notes: 4 models of training sessions were created:
1) performing free weight exercises in conditions of medium-intensity training loads (R =0.58);
2) performing machine exercises in conditions of medium-intensity training loads (R =0.58);

3) performing free weight exercises in conditions of high-intensity training loads (R =0.71);

4) performing machine exercises in conditions of high-intensity training loads (R =0.71)
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Table 2
Strength training load regimes used by the study participants
during the research

Load regimes

Indicators of training load

Regime A Regime B

Full (100%) amplitude without Partial amplitude (90% of

The amplitude of performing the

exercise, %: fixing the PFOJe§U|e at the peak maximum)
point
Conditional coefficient of motion 0.9 0s

amplitude (Q)

Concentric phase — 2 s;
Eccentric phase — 4 s.

Concentric phase — 3 s;

Duration of movement phases .
Eccentric phase — 6 s.

Duration of performing one

repetition (t, s) 6 ?
Duration of rest between sets, s 60 45
The number of repetitions in a set 8-9 4-5
The number of sets in one exercise 4 4
Maximum duration of work in a set 48-54 36-45
(Tmax, s)
- - o
Projectile worl'<|ng mass (m), % of the 63-64 73-74
maximum (1 RM)
Load factor (R)) 0.58 0.71
Level of training load intensity and medium-intensity high-intensity
volume

Energy supply of muscle activity Anaerobic-lactate Anaerobic-alactate

Duration of the training session, min 40-43 30-35

At the second stage, the peculiarities Wallis test, Friedman’s two-factor rank variance

of changes in body circumference sizes were analysis, W-Kendall (Kendall’s concordance
investigated in athletes of all 4 groups. Trainings coefficient) were used.

were held 4 days a week. The results of the studied

morphometric body indicators were compared Results

during the research in order to determine the most
effective training model for the specialized basic

aming or The nature of changes in the studied
stage of training in bodybuilding.

indicators (circumference sizes of the chest,
shoulder, thigh, and shin) in conditions of using a
combination of exercises with load regimes are
presented in Tables 3-5.

The results of changes in the shoulder
parameters of the bodybuilders participating in the

Statistical analysis

Statistical analysis of the research results
was performed using the IBM *SPSS*Statistics 26
program package (StatSoftInc., USA). The median,
interquartile range (IQR) was determined. The

G-Power 3.1.96 program was used to calculate the
statistical power (determining the smallest sample
size for the study). The non-parametric H-Kruskal-

12-week study and using the proposed models of
exercises and training load regimes are demonstrated
in Table 3.
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Table 3

Changes in the shoulder circumferential measurements in bodybuilders of the examined groups during the
study (median, interquartile range (IQR), n=64

Term of observation, months X5 p
Groups df=3
Initial data 1 2 3
1 38|'_|7_52(;'310) 38.60(1.22) 39.35(0.87) 39'519(315/01;68) X?=39.88"""
=c. N Aol o/ 1* A% - *xx
0=0.41 0.4% 1.9% 5 9oz W=0.83
3 38H6_02(;'§8) 39.30(1.03) 40.10(0.67) 4O‘f 3;01;82) X=48.00""
=Z. o/ 1% o/ 1% 270 _ wex
0=0.41 1.8% 2.0% 5 9942 W=1.00
5 38H3_02(;'327) 38.05(1.35) 38.85(1.50) 39';3555/01;97) X2=45.00""
N -0.6%" 2.1%" N W=0.93""
p=0.41 4.0%
4 38ﬁf2(;§5) 39.95(1.18) 40.80(1.23) 41'?%(5/11;15) x>=48.00""
N 2.5%" 2.1%" e W=1.00"""
p=0.41 6.8%

Notes: 1 — difference (%) compared to previous results; 2 — difference (%) in comparison with the initial values; df is
the number of degrees of freedom; H — Kruskal-Wallis criterion; x2 — Friedman'’s test; W is the Kendall’s concordance

coefficient; *— p<0.05; *** — p<0.001

The shoulder circumference sizes in the 3rd
group athletes almost twice exceeded the results
of the 1st group participants during 12 weeks of
the study. These changes indicate the advantage
of using high-intensity loads in combination with
free weight exercises. The change of the controlled
parameters was by 2.8% (p<0.05) higher in the
4th group representatives compared to the results
of the 2nd group athletes. The obtained results

indicated the effectiveness of the high-intensity load
regime (R =0.71) application, regardless of types of
exercises used during the study.

Table 4 presents the results of thigh
circumference measurements in the bodybuilders
participating in 12-week research and using the

proposed combinations

of load regimes and

complexes of machine and free weight exercises.

Table 4

Changes in the thigh circumferential measurements in bodybuilders of the examined groups during the
study (median, interquartile range (IQR), n=64

Term of observation, months ,
Groups z;l(fl—g
Initial data 1 2 3
1 51"?29(19'3? ) 56.10(1.27) 57.20(1.50) 58'?%/11;28) \=41.28""
=003 -1.6%" 1.9%*" e W=0.86""
— (o)
3 5(:"_2;);29';? ) 57.25(1.68) 58.00(1.75) 58&00&/1;28) \2=45.90""
D__O 03 1.8%1* 1.3%1* 3 5-0 20“* W=O.95M*
= (0]
5 53359(29.;3 ) 56.15(2.70) 57.40(2.62) 58-200;1;87) 4621
;_0 03 -0.5%! 2.2%" e W=0.96""
— (0)
4 Si'ffg(lg'gfs ) 59.90(1.47) 60.75(1.18) 61'358$’;87) 2=47.71""
it 0/1* o/1* .0/ _ .
0=0.03 2.4% 1.4% 479020 W=0.99

Notes: 1 — difference (%) compared to previous results; 2 — difference (%) in comparison with the initial values; df is
the number of degrees of freedom; H — Kruskal-Wallis criterion; x2 — Friedman'’s test; W is the Kendall’s concordance

coefficient; *— p<0.05; *** — p<0.001
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The results analysis indicated that the 1st
group athletes had the smallest increase in the thigh
circumference sizes by 1.7% (p<0.05) compared to
the initial data. Thus, using the medium-intensity
loads (R =0.58) regime in combination with free
weight exercises brought to minimal changes in
thigh morphometric parameters of bodybuilders.
However, the dynamics of the studied indicator
increased by 3.5% (p<0.05) in the 3rd group athletes
using a similar set of exercises in conditions high-

intensity loads (R =0.71). The same difference in the
dynamics of bodybuilders’ thigh circumference sizes
was recorded in athletes using machine exercises
depending on the peculiarities of the training load
regime.

The results reflecting changes in the shin
circumference sizes in all groups of bodybuilders
participating in 12-week research and using the
proposed training activities are shown in Table 5.

Table 5

Changes in the shin circumferential measurements in bodybuilders of the examined groups during the study
(median, interquartile range (IQR), n=64

Term of observation, months .
X 7
Groups df=3
Initial data 1 2 3
1 P s 38.10(1.05) 39.00(0.95) Rt X'=41.26""
=0b. _ o/l o/ 1* 70 = "
p=0.08 L 2% 1.2%" e
3 P 39.05(1.02) 39.45(0.92) R e X=45.19"
=6. o1 o/ 1% 170 - kk
0=0.08 L% Lo% 2.6%"" o
2 i 38.55(1.18) 39.40(L15) R X=37.54"
=0. o/1 o/ 1* 7o = o
0=0.08 0-4% Lo% 1.8%" 0T
4 39L|O_06((;§ 3 40.00(0.45) 40.45(0.77) 40'3004(03'178) x'=42.22""
=0. o/ 1* o/1* Yo = o
=0.08 2.5% 1.1% 3.3942"* W=0.88

Notes: 1 — difference (%) compared to previous results; 2 — difference (%) in comparison with the initial values; df is
the number of degrees of freedom; H — Kruskal-Wallis criterion; x2 — Friedman'’s test; W is the Kendall’s concordance

coefficient; *— p<0.05; *** — p<0.001

The shin circumference measurements of
the 3rd group athletes twice exceeded the results
recorded in the st group participants during the
study period. The 1st group representatives used a
similar set of training exercises, but in conditions of
medium-intensity (R =0.58) load regime. Different
dynamics were also revealed in groups 2 and 4
athletes who performed similar machine exercises
but with the load regimes of different intensity.
Thus, the growth of the studied indicator was by
1.5% (p<0.05) in group 4 bodybuilders compared to
the results of group 2 athletes for the same period of
time.

Discussion

The search for effective ways to solve
the problem of improving training activities in
bodybuilding at the specialized basic stage is an
urgent problem today. The process of optimizing
training loads requires to use an integrated approach
with a combination of a wide range of factors
that influence the improvement of bodybuilders’
performance. Currently, there are no clear scientific
justifications for determining the effectiveness of
using machine or free weight exercises (Johnen &
Schott, 2018; Zhao & Oleshko, 2022; Coratella et al.,
2023). There are no data proving the advantages of
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using a particular set of training exercises based on
the control of adaptive body changes in athletes. It is
possible that the problem is not in the effectiveness
of using different exercises, but in the conditions of
load regime in which these exercises are performed.

This study presents the results of changes in
body circumference measurements of bodybuilders
using machine and free weight exercises. It also
contains a thorough study of adaptive body changes
on the background of the muscle mass growth in
different intensity training regimes. This study
complements scientific works (Aerenhouts &
D'Hondt, 2020; Benavente et al., 2021) devoted
to the problems of improving the training system
in bodybuilding. The obtained results expand the
views of scientists regarding the search for new
mechanisms for optimizing power load regimes in
this kind of sport (Alves et al., 2020; Sun & Wang,
2022). This especially applies to the problem of
researching the effectiveness of correlation between
the amount of load indicators and the energy supply
systems of muscle activity. Thus, the data we
obtained coincide with the research results of some
scientists (Coratella et al., 2021; Mitsuya et al.,
2023), which prove that the accelerated muscle mass
growth in bodybuilders occurs only in conditions of
anaerobic loads. However, the mentioned studies
did not specify the variability of using exercises
different in biomechanics and complexity of training
tools. In most cases, the comparative analysis of the
effectiveness of certain sets of machine and free
weight exercises was carried out using identical
loads (Weakley et al., 2017; Shibata et al., 2021). A
number of researchers (Miller et al., 2020; Trindade
al., 2022;) studied the body circumference dynamics
depending on the combination of exercises with
training principles in conditions of 80-85% of 1
RM loads. However, their results are significantly
different from the data obtained in this study. It
is possible that the difference is related to various
resistance levels of the study participants to the
proposed stressful stimuli. One of the justified
reasons for the difference between the results found
in these studies is the use of excessive training loads
before the start of the specialized basic training stage
(Martorelli et al., 2021; Sun & Wang, 2022).

The study results showed that using high-
intensity training loads (R =0.71) at the stage of
the specialized basic training in bodybuilding
contributed to the most pronounced adaptive body
changes. Identified differences between the growth

of body circumference measurements of athletes
depend primarily on the features of the load regime.
Using various machine and free weight exercises is
only an additional factor affecting the performance
of athletes (Barnes et al., 2019; Becker et al., 2021;
Martorelli et al., 2021). The variability of combining
certain load regimes with machine and free weight
exercises in order to achieve the maximum
adaptation effect is of secondary importance.
Accelerated increase in body circumference sizes in
conditions of high-intensity loads and, accordingly,
the muscle mass growth occurs due to hypertrophy
of mainly fast-twitch muscle fibers (Gala et al.,
2020; Ramos-Campo et al., 2021; Jurasz et al.,
2022). It can be assumed that training loads of high
intensity (R =0.71) in terms of energy are mainly
provided by the creatine phosphokinase mechanism
of ATP resynthesis. It is possible that using a
high-intensity load regime will allow to increase
the creatine phosphate reserves in muscles and
thus the effectiveness of the long-term adaptation
process. However, even using high-intensity loads
in combination with free weight exercises does
not cause such changes in body circumference
measurements as performing machine exercises.
Perhaps this happens due to the significant energy
expenditure on stabilizer muscles, the activation of
which is extremely important for performing free
weight exercises. Such energy expenditure leads to
premature body exhaustion and the development
of fatigue in bodybuilders (Mihaita et al., 2022;
Trindade al., 2022; Bauer al., 2023).

Conclusion

1. The use of machine exercises in conditions
of a high-intensity load regime (R =0.71) contributed
to the greatest increase in the parameters of body
circumference sizes in bodybuilders. Expressed
dynamics of body circumference measurements
occurs due to the accelerated growth of muscle
mass in athletes. It is possible that this combination
of exercises with a training load regime allows to
reduce energy consumption because there is no
need to activate a significant number of stabilizer
muscles. The obtained results indicated pronounced
long-term adaptation processes precisely in the
conditions of using the high-intensity load regime.

2. The implementation of research results
in training activities will allow to find effective
ways of optimizing loads taking into account the
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adaptation potential of the body. The development of ~ aimed at determining the peculiarities of adaptation
experimental mechanisms for improving the training ~ processes in bodybuilders using free weight and

process at the stage of specialized basic training machine exercises in combination with different
load regimes.

in bodybuilding will contribute to the accelerated
growth of performance in the shortest possible time.

Prospects for further research. In the
future, it is planned to carry out research using a
complex of physiological and biochemical methods
of body systems diagnosis. This research will be
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