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At C T

Specific impact of sprint training (ST) on bone health has yet to be fully explored, in particular how it affects bone
mineral density (BMD) and bone structure.

Aim. To investigate the ST and bone health relationship between athletes of different training intensities and non-
athletes of different ages.

Materials and methods. A search of databases PubMed, Embase, and Pedro was conducted from January 2009
to August 2023. The full texts of all potentially relevant studies were obtained and evaluated by three independent
reviewers for inclusion.

Results. The comprehensive review of eight studies indicates a positive influence of ST on bone health. Sprinters
show higher cortical and trabecular BMD in the tibia than controls, with a noted age-related decline in BMD. Short-
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distance runners demonstrate significantly better BMD, counter-movement jump performance, and grip strength
compared to long-distance runners. These benefits are consistent across various age groups, including older athletes,
with minimal age-related changes in mid-tibial BMD. ST is also associated with a 21% increase in tibial stress-strain
index, indicating sustained bone strength, and a reduction in fracture risk in the elderly through downregulation of
fracture-related microRNAs.

Conclusion. ST significantly enhances bone health, particularly in improving BMD and bone microarchitecture.
Incorporating ST into exercise routines may benefit athletes and older individuals. Further research is essential to
understand the mechanisms and develop optimal training protocols for bone health.
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A HH O T L 50—

BnusHmne cnpuHTepckux TpeHupoBok (CT) Ha 340pOBbe KOCTE M3YyYeHO He[oCTaTOYHO, B OCOBEHHOCTU BO3AEN-
CTBME HA MUHEPANbHYH NNOTHOCTb KOCTHOI TKaHm (MTTK) 1 cTpyKTypy KOCTeil.

Lenb. M3yuntb B3aumocBs3b CT v 340p0Bbs KOCTel cpean Npo@ecCcMoHanbHbIX CNOPTCMEHOB, TPEHUPYHOLLMXCS
C pPa3HOW MHTEHCWBHOCTbHO, 1 CNOPTCMEHOB-NHO6UTENE Pa3HOro Bo3pacTa.

Marepuanbl n meTogbl. [Touck no 6asam aaHHbIx PubMed, Embase 1 Pedro nposoaunncs ¢ sieapst 2009 no asrycTt
2023 1. bbisin NoMyYeHbl NOJHbIE TEKCTbI BCEX MOTEHLMANbHO PENIEBAHTHbBIX UCCNeL0BaHMNIA U OLEHEHbI MO KpUTepU-
IM BKJTHOYEHNS TPEMSA HE3ABUCHMbIMU PELIEH3EHTAMMU.

Pesynbratbl. KOMNNeKCHbIA 0630p BOCbMW WUCCNEAOBAHWA yKasbiBaeT Ha MNONoOXuTenbHoe BausiHue CT
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Ha 3[40pOBbe KOCTel. Y CnpuHTEpOB HabnofgaeTcs 60aee BbicOKas KOPTUKaNbHas U TpabekynapHas MIMK
60nbliebepLoBOA KOCTH, YEM B KOHTPONBbHOW rpynne, ¢ BO3PAaCTHbIM CHuxeHnem MIIK. CnpuHTepbl 4EMOH-
CTPUPYIOT 3HAYUTENbHO 60ee BbICOKYH MIIK, nyylwiunidi pesynbTaT B TeCTe NpbIXKKa CO BCTPEUHbIM ABVXEHWNEM
M 60NbLLYIO CUY XBaTa NO CPABHEHMIO C 6eryHaMu Ha ANVHHbIE ANCTaHUMK. 3T npeumyllectBa CT 6biau Bbl-
IB/IEHbI B pa3HblX BO3PACTHbIX Ipynnax, BKAKYas CNOPTCMEHOB CTapLIero BO3pacTa, Y KOTOPbIX BO3PACTHbIe
n3meHenna MIK cpefHeid Yacti 601bliebepLOBON KOCTH 6bIAN MUHUMaNbHbIMK. CT Takxe CBSi3aHbl C yBe-
nnyeHnemM Ha 21% WHAEKCa HanpsxeHus-gedopmMaLmny 60MbliebepL0BOA KOCTH, YTO YKa3blBaeT Ha YCTORYM-
BYK MPOYHOCTb KOCTEN W CHWXXEHUE puUCKa NepenoMOoB Y MOXMUIbIX NOAER 3a cYeT nogasneHns mukpo-PHK,
CBSI3aHHbIX C NepenoMamu.

3aknwouenmne. CT 3HaUNTENbHO YKPENNSHOT 3[10POBbE KOCTEN, OCO6EHHO 3a CYET MOBbLILIEHNA MUHEPANbHON
MAOTHOCTY KOCTM W YAYUWEHNA MUKPOAPXUTEKTYPbI KOCTU. BkitoyeHnne CT B nporpaMmy QU3nYecKoi nof-
FOTOBKM MOXET MPUHECTW MOMb3Y Kak CMOPTCMEHaM, Tak U NOXWIbIM N0asaM. [JanbHellwmne nccnefoBaHng
Heo6Xx0AMMbI AN NOHUMaHUSA MEXaHW3MOB 11 pa3paboTKM ONTUMaNbHbIX A1 3[0POBbA KOCTEN PEXUMOB Tpe-
HMPOBOK.

KnioyeBble cnoBa: CrOpTCMEHbI; TPEHUPOBKM, OCTEOMNOPO3; MIOTHOCTb KOCTHOM TKaHW, OCTEOMNEHUS; CNOPT
Py6pukn MeSH:

BET

OU3NYECKASA HATPY3KA

KOCTb M KOCTHbIE TKAHN

KOCTW MJIOTHOCTb

0B30P

Ina uutupoBanua: banv C., MaHga C., CuHrx A, Cunrx C. BnusiHWe CNpUHTEPCKUX TPEHMPOBOK Ha 3[0pOo-
Bbe KocTel: 0630op NnuTepatypbl. CeyeHoBCKMA BecTHUK. 2023; 14(4): 4-16. https://doi.org/10.47093/2218-
7332.2023.14.4.4-16

KOHTAKTHASI UHOOPMAIIV:

ITanga Cyrara, noueHT Kadenpbl pusuorepanuu Yuusepcutera Yanaurapxa, Moxanm, [Tenmka6, Uumgmst.
Appec: T'apyan, Moxanu, [Tenmska6, 140413, Uuaus

Tel.: 08116090083

E-mail: sougataphysio@gmail.com

KouuKT MHTEpecoB. ABTOPHI 3asBJISIOT 00 OTCYTCTBUM KOH(MIMKTA MHTEPECOB.
dunancupoBanme. lccienoBanme He MMeIO CIOHCOPCKON MOAAEPKKY (COOCTBEHHBIE PECYDPCHI).

IMocrymmna: 21.08.2023
Ipunsara: 05.10.2023
Hara meuarn: 30.11.2023

List of abbreviation:

ST - Sprint training

SIT - sprint interval training

BMD - bone mineral density

RST - repeated-sprint training

SSI - stress-strain index
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HIGHLIGHTS K/IOYEBDIE MOJIOXXEHKA

Sprint training enhances bone density and structure, notably
reducing fracture risks in athletes.

Benefits of sprint training span all age groups, effectively countering
bone aging effects.

Enhanced bone health results from mechanical stimuli and
hormonal influences due to sprint training.

Compared to long-distance athletes and sedentary individuals,
sprinters exhibit superior bone health.

Integral for osteoporosis prevention, sprint training is particularly
advantageous for older adults.

Sprint training is crucial in numerous athletic
activities, providing a significant competitive benefit
in the majority of sports and frequently determining
performance success [1, 2]. It requires fast muscular
energy release to move an athlete forward at the highest
possible speed [3]. Sprint training (ST) that combines
running with resistance exercises provides effective
osteogenic stimulus for maintaining bone density,
especially in lower limbs [2, 4-11]. According to studies
conducted on young and older athletes, sprint and
power sports offer an efficient osteogenic stimulus that
strengthens bones [1, 3, 12-14].

Sprint performance has been extensively evaluated
using a range of measurements such as peak, mean, and
total power, a velocity test or time trial measurement
over a set distance [1, 15, 16]. Depending on the phase
an athlete or person is in, ST comprises a variety of
interventions and exercise intensities [17]. Compared
to aerobic training, sprint interval training (SIT)
produces only changes in aerobic fitness and other
body composition parameters in premenopausal women
[18]. It also helps to improve cardiovascular health in
obese people and reduce the inflammatory process in
diabetic patients [19, 20]. The possible preventative
role of ST against osteoporosis and bone health must be
investigated in depth to determine the significance of the
same in preventing these disorders.

Regular ST positively affects the density and
structure of bone, particularly in older and middle-
aged athletes, with direction-specific effects on bone
health [5, 7]. Sprinting has the potential to promote
bone formation through the application of mechanical
stress and the upregulation of growth factors. Sprinters
may have longer forefoot bones due to increased
mechanical stress during sprinting, although further
research is required to establish any correlation with
sprint performance [21].

The effects of repeated-sprint training (RST) on
bone health are currently unknown, but high-impact

CnpuHTEpPCKNE TPEHUPOBKM MOBbILWAKOT MAOTHOCTb U YKPEnsoT
CTPYKTYPY KOCTEl, YTO 3HAUNTENbHO CHUXAET PUCK MepeloMoB
y CMOPTCMEHOB.

MpeumyLiecTBa CMPUHTEPCKUX TPEHUPOBOK PacnpoCTpaHsoTCs
Ha BCe BO3pacTHble rpynmbl, 3QdEKTUBHO NPOTUBOAEHCTBYS 3b-
dekTam cTapeHus KocTeil.

YnyyweHue 3,0poBbsi KOCTEiA B pesynbTaTe CIPUHTEPCKNX TPEHU-
POBOK MPOMCXOAMT 3a CYET MeXaHUYECKUX BO3AENCTBUIA U FOPMO-
HaNbHbIX BAMSHUIA.

Mpyn cpaBHEHUM C GeryHamu Ha AJIMHHbIE AUCTAHLNN U JIIOLbMMU,
BedyLWUMU MaNonoABUXHbIA 06pas XW3HK, CPUHTEPbI AEMOH-
CTPUPYIOT Nyylliee 340pOBbe KOCTEIA.

BkntoyeHne B KOMMneKc Mep no npodunakTMke OCTeonoposa
CMPUHTEPCKUX TPEHUPOBOK GYAET OCOGEHHO MOME3HbIM ANiA Mo-
XWUNbIX NIOAEN.

loading from sprinting has been shown to potentially
prevent age-related bone loss [6, 22]. Sprinters have
been found to have elevated bone density in the hips and
spine compared to endurance athletes and non-athletic
control [11]. Over time, power athletes (such as those
who specialize in jumping and sprinting) appear to better
maintain bone mass compared to endurance athletes,
prominently in men and regardless of any changes in
performance. However, the moment of inertia for a cross-
sectional area does not seem to show the same difference
between male and female athletes [23].

The impact of ST on bone health is attributed to a
combination of factors, incorporating factors such
as exercise intensity and loading, individual body
dimensions, and hormonal attributes [5]. In addition,
ST can make beneficial alterations in muscular activity
patterns, leading to efficiency improvements through
neural pathways and decreased co-contractions [24].
ST can also increase the activity of the enzyme citrate
synthase, which is an indicator of muscle oxidative
potential [25].

Although the processes underlying the favorable
effects of exercise on skeletal health are not yet entirely
known, mechanical stimuli, hormones, cytokines, cell
signaling pathways and noncoding RNAs are believed to
be contributing factors [26].

Bone responds best to exercise throughout
adolescence and reduced physical activity during the
later stages of life is a contributing factor to the decline
in bone mass commonly associated with aging [27, 28].
Regular strength and ST prevent bone deterioration in
adults and provides strong osteogenic stimuli to improve
bone characteristics at loaded sites. Stimuli such as
compression and fluid shear are crucial for osteoblastic
activity and the maintenance of a healthy bone mass and
density [29]. Sprint-trained athletes exhibit observable
structural adaptations as a thickened cortical loaded
area, which is one of the reasons for effective direction-
specific bending strength [30].
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Hence, the objective of this review is to critically
evaluate the current evidence on the impact of sprint
training on bone health, including the effects on bone
mineral density, bone turnover markers, and fracture
risk, to provide a comprehensive analysis of the potential
benefits and limitations of this training modality for
promoting bone health.

MATERIAL AND METHODS
The methodology for conducting this review was
based on the PRISMA 2020 checklist [31].

Eligibility criteria

We adhered to the PICOS framework (Population,
Intervention, Comparison, Outcomes, and Study) for the
design of this study, as described below [32].

Population: Humans of any age, gender, and fitness
level who have undergone sprint training.

Intervention: Sprint training is defined as a high-
intensity exercise protocol that involves short bursts of
maximal effort, with or without additional interventions
of any duration or frequency.

Comparison: Any comparison group, including
sedentary individuals, those engaging in other types of
physical activity, individuals undergoing no intervention,
placebo or any forms of exercise.

Outcomes: Bone health, which may be measured
using various indicators such as bone mineral density,
bone turnover markers or fracture incidence.

Study design: Any experimental and observational
research designs, such as randomized controlled trials,
non-randomized controlled trials, cohort studies, and
case-control studies. However, reviews and conference
abstracts were excluded from the study.

Literature search

A systematic literature search was done in electronic
databases such as PubMed, Embase, Pedro from January
2009 to August 2023. A variety of keywords like
sprinting, exercises, bone health and osteoporosis were
used for the same.

The details of the search strategy are provided in
Table 1.

Study selection
The studies were initially evaluated individually by
all four reviewers (SP) (SB) (SS) (AS). All the studies

that fulfilled the inclusion or eligibility criteria were
included. The difference of opinion was settled by
communication among the four regarding the same. In
this study, a meta-analysis was not conducted due to the
heterogeneity found among the included studies. The
study flow chart is depicted in Figure.

RESULTS

There were 416 studies shortlisted from the databases.
After eliminating the duplicates, animal studies and
studies that were unrelated to the aim, findings were
limited to eight studies. The included studies were
carried out in Finland, Italy, Germany, United Kingdom,
Canada and Australia. The majority of the research relied
on computer tomography to assess the density and other
properties of bone.

D.C. Wilks et al. (2009), in a cross-sectional study
conducted on sprinters, aimed to see if sprinting enables
athletes to maintain bone health till old age. The results
of tomographic scans of the lower and upper limbs, as
well as trabecular bone mineral density (BMD), indicated
that athletes generally had higher cortical and trabecular
BMD in the tibia than controls at all stages of life (p <
0.001). However, these outcomes showed a decline with
age [8, 10].

Another work by U. Gast et al. (2013) studied the
physical activity’s impact on the musculoskeletal and
neuromuscular performance of adult athletes supported
these findings [3]. They used dual X-ray absorptiometry,
single-leg hop, and grip tests as outcome measures to
examine the sprinters and long-distance runners. Short-
distance runners demonstrated significantly greater
BMD (p < 0.0012), countermovement jumps and grip
force (p < 0.027) compared to long-distance athletes.
BMD of athletes was higher than the same-age non-
athlete population [3].

Sprinters of different age groups (40-85 years) were
examined for bone properties by M.T. Korhonen et al.:
bone densitometry and computed tomography values
at the distal and mid tibia. BMD at the tibial level was
generally greater in athletes than referents (p < 0.05),
whereas the other bone characteristics assessed were
almost similar between the groups (p > 0.05). At the mid-
tibia no age-related changes in total BMD were observed.
The findings suggest that middle-aged and older athletes
can benefit from ST, as it has a positive impact on bone
strength and structure [5].

Table 1. Search strategy
Tabnuya 1. CTpaTerus noucka

Search terms / Ycnosus noucka

Boolean Operator / Jlornueckuii Onepatop

Sprint training, Sprint, High intensity interval training OR
Bone and Bones, Bone Density, Bone, Remodeling, Osteoporosis, Bone Regeneration OR
Athletes, Sports, Exercise OR
English AND
2009/01/01-2023/08/31 AND
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Identification of studies via databases and registers

OT60p MCcc/Iex0BaHNMIA 0 6a3aM JaHHBIX

Records identified from:

Online Databases /

Records removed before screening:

Duplicate records removed /

Crartby, OTOGpaHHbIE U3 OHJIATH-0a3 JaHHbIX
(n=416)

A\ 4

Records screened / CKpMHUHT cTaTei

A 4

Crarby, yaajieHHble 10 CKPYUHMHTA:
YIaeHbl TyOIMKaThI
(n=216)

Records excluded / CTaTby UCKITIOUEHBI

(n = 200)

A4

Reports sought for retrieval /

TToMCK TIOJHBIX TEKCTOB CTATEN

A 4

(n=167)

Reports not retrieved / ITosHbIe TEKCTbI HE HalE€HbI

(n=33)

y

Full text assessed for eligibility /

(n=0)

Studies excluded:
Did not focus the sprint training and bone health (n = 24)
Animal study (n=1)/

OI.leHKa IIOJIHOT'O TEeKCTa Ha COOTBETCTBME KPUTEPUIM
(n=33)

A 4

Studies included in review /
HWccnemoBanusi, BKIIIOYEHHbIE B 0630D
(n=38)

FIG. PRISMA 2020 Flow Diagram.
PUC. Bnok-cxema PRISMA 2020.

A randomized control trial examined 72 men
(interventional group n = 40, control n = 32) aged
between 40-85 years over 20 weeks ST program. BMD
measured by computer tomography revealed that the
more consistent athletes (adherence >75%) had better
strength and bone density (p = 0.007) than the controls
included [7]. The results were in accordance with
another work which studied effect of ST on 67 athletes
aged between 19-84 years. The computed tomographic
assessment indicated that sprinters had 21% higher tibial
stress-strain index (SSI) (p < 0.001) than the controls.
No within-group difference was seen in terms of SSI at
the fibula (p = 0.12). Male sprinters appear to maintain
tibial bone strength, more than fibular bone strength, as
they age [6].

Fracture risk can be assessed by specific systemic
markers and molecules derived from bones e.g. micro
ribonucleic acids (miRNAs). V. Sansoni et al. [22] in
their randomized control study found that ST for 8 weeks
downregulates levels of miRNAs related to fracture risk

VICKITIOYEeHHbBIE VCCIIeIOBAHMS:
CrpuHTEpCKIe TPEHVPOBKM U 3[0POBbE KOCTEIH
He UCCIIenoBasnoch (n = 24)

HWccnenoBanye Ha SKUBOTHBIX (n = 1)

(p < 0.001) and concluded that ST plays an important
role in decreasing the risk of fracture in the elderly
population.

A longitudinal study of 10 years of follow-up was
conducted in Finland, and the researchers assessed
the effect of prolonged ST on bone health and aging
in 69 male athletes. Densiometric values derived from
computer tomography at 10 years of training revealed
that well-trained sprinters had better bone properties
than less-trained ones (p < 0.05). The main effect was
seen in lower and mid-tibial trabeculae [30].

All eight researches concluded that ST has positive
benefits on bone health and characteristics. Table 2
summarises the characteristics of the study.

DISCUSSION

This systematic review of the literature uncovered a
total of eight research papers that focus on investigating
the impacts of ST on individuals categorized as healthy,
normal-weight adults, as well as athletes. Subjects
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INTERNAL DISEASES

had better bone characteristics and health than the
population who didn’t make ST part of their routine.
Furthermore, no side effects were observed in all the
subjects that were followed. The link between ST and
changes in the bone is clearly of worldwide interest, as
evidenced by the research evaluated, which came from
different countries of the world, so the focus of the study
was to assess the available research and find the effect
of ST on bone health. Adults between the age group
(45-85) and athletes were included to study effects in
the different study populations and age groups. All the
studies included found a strong significant link between
continuous ST and better bone health. Bone properties
and characteristics were better in people who underwent
ST, and effects were mainly seen in tibia. Bone health
decreased with advancing age, but it was always better
than sedentary people at any point of time.

ST has demonstrated beneficial effects on bone
health and mechanical loading [6, 7, 33]. Sprinting
efficiency and mechanical characteristics, such as
force-velocity-power profile, have shown improvement
with the implementation of resisted ST [33]. For male
sprinters who are in their mid-to late life research has
shown that a twenty-week program involving high-
intensity strength and ST can enhance tibial bone
structure and strength [7].

Studies have demonstrated that ST can enhance human
muscle oxidative potential and boost their capacity for
cycling endurance [25]. The appropriate load for ST,
according to studies, is the one that decreases an athlete’s
velocity by greater than 10% from unloaded sprinting,
as it can cause significant alterations in the sprinting
method of the athlete [34]. Adding weights to sleds has
been employed as a means to enhance sprint acceleration
ability, and it has been observed that relatively heavier
loads could be more advantageous than lighter loads
[35-39]. Overall, ST including resisted ST and heavy
sled towing has been shown to positively affect bone
health and mechanical loading and might be a practical
training strategy for enhancing sprinting performance
and bone health.

Body hormones such as estrogen are regulated
by physical activity, and the role of these in bone
metabolism is a proven fact [40-42]. Physical activity
that stimulates estrogen secretion can imitate the
effects of hormone replacement therapy and can help
osteoporotic menopausal women [43-46]. ST can
have a positive impact on bone health by various
mechanisms, including hormonal changes. Hormones
play a crucial role in bone metabolism, and exercise can
affect hormone levels [22]. For instance, a study found
that RST for eight weeks increased circulating levels of
fracture risk-associated miRNA [22]. A further research
study highlighted the positive effects of consistent
strength training on the structure and strength of bones
in athletes who are middle-aged and above. Furthermore,
the investigation highlighted that exercise loading, body

size, and hormonal characteristics play a significant
role in determining the variations in bone traits among
individuals [5]. In addition, a study revealed that the
various types of sprint interval sessions could impact the
balance of anabolic and catabolic hormones as well as
circulating inflammatory cytokines [47]. Therefore, it
can be concluded that ST can have beneficial effects on
bone health by hormonal changes.

Signaling mechanisms such as Wnt/-catenin, Bone
morphogenetic proteins (BMP), osteoprotegerin
(OPG)/receptor activator of nuclear factor kappa
B ligand (RANKL) govern bone metabolism, and
exercise can stimulate numerous signaling pathways
to influence osteoblastic and osteoclastic activity [26,
48-50]. Noncoding RNAs, including small interfering
RNAs (siRNAs), miRNAs, long intervening/
intergenic noncoding RNAs (lincRNAs), and circular
RNAs (CircRNAs) also have a significant impact on
how bone metabolism is regulated by stimulating bone
cells [51].

Studies have demonstrated that sprinting can enhance
muscle health by activating serine-threonine kinase
and promoting protein synthesis and muscle activity,
additionally, SIT has been found to increase muscle
oxidative potential, cycle endurance capacity and
glycogen content in humans [25, 51-54]. ST induces
metabolic and morphological changes in muscles: it has
also been shown to increase muscle Na(+)-K(+)-ATPase
concentration, which improves K+ regulation [55], to
improve peak performance by 25% [56] and reduce
oxidative stress while enhancing antioxidant defense in
skeletal muscle and heart [57] According to A. Ross and
M. Leveritt (2001), enzyme adaptations are a significant
metabolic adaptation to ST, with the enzymes of all
three energy systems (phosphate metabolism, glycolysis,
aerobic system) exhibiting indicators of training
adaptation [17]. Sprint exercise can result in oxidative
stress and muscle damage; however, training decreases
oxidative stress even more so when exercise is done in
severe acute hypoxia [58]. According to D. Morales-
Alamo et al. (2014) and M. Esbjornsson et al. (2009),
female individuals exhibit a more pronounced serum
growth hormone and insulin response to sprint exercise.
This finding may provide a potential explanation for
the previously observed phenomenon of greater muscle
hypertrophy in women following ST [59, 60]. R. Aaserud
et al. (1998) conducted a study that revealed that
consuming creatine supplements could effectively delay
fatigue onset during repeated sprint running bouts [31].
These findings suggest that sprinting can be a valuable
exercise for promoting muscle health.

Several studies also that measured bone strength
revealed that sprint-trained athletes had greater bone
strength than their active counterparts [4, 8-10]. Another
review by M. Sloth et al. strongly supported the claim that
exercise performance, VO2 max, and aerobic capacity
increase following sprinting. Our work expands previous
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findings by demonstrating that not only strength but also
bone characteristics are more pronounced in sprinters
than in others [53].

The study by M. Sloth et al. on the role of exercise
in preventing osteosarcopenia indicated that the best
defense against the disease is exercise in conjunction
with lifestyle change; however, the exact type, frequency,
and intensity of exercise must be explored further [53].

Most of the research included in this review used
computer tomography and bone densitometry as an outcome
measure to assess bone density and other characteristics,
whereas one study used Dual X-ray absorptiometry, one-
leg hopping, and maximal grip force tests [3]. Different
categories of athletes were also assessed separately, and
effects were in favor of ST in all the categories.

In addition to peripheral quantitative computer
topographic measures, fasting hormonal measurements
of blood concentrations of total testosterone, total
estradiol, and sex hormone-binding globulin were also
obtained. No substantial Harmonic differences were
observed amongst athletes of different ages [5]. Another
author, M.C. Rumpf et al. investigated the type of ST
and concluded that all types of training (specific, non-
specific, and combination) have a good impact on the
performance of athletes [61].

The type of ST and their effects separately should
be examined in future research to guarantee that the
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