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Abstract

In today's world, osteoporosis is a widespread issue that affects not only adults but also children and adolescents.
Various scientific studies indicate that bone strength is determined during childhood as the body matures. This period is
marked by a rapid growth spurt that is influenced by genetic factors, hormonal changes, nutritional habits, and chronic
diseases. With the onset of puberty, there is a rapid increase in the mineral content in the bones, reaching a peak shortly
after the peak increase in growth. Lifestyle choices affect 20-40% of an adult's peak bone mass. It is assumed that exercises
during growth counteract the involutional loss of bone mass at a later age due to an increase in peak bone mass. In turn, this
disrupts the proper formation and mineralization of the bone skeleton, which actively gains peak mass by the age of 18 (up to
90%). In addition, maximizing age-related bone mass can also prevent fractures during growth, especially fractures of the
upper extremities. In order to reduce the chances of experiencing fractures, it is important to implement methods for
enhancing bone health from a young age.

The purpose of the study: to study the literature on the influence of physical activity and sports in children and
adolescents in the development of osteoporosis.

Methods: A systematic search was carried out in the electronic databases PubMed, Google Academy, Cochrane
Library. Key words such as “osteoporosis’, “adolescent”, “dual-energy X-ray absorptiometry”, “exercise”, “sport” were used in
the literature search in databases. This search was limited to English-language studies published within 10 years (2013-
2023).

Results. This review examined the main risk factors for osteoporosis in children and adolescents. The greatest attention
is paid to the effect of physical activity on the bone tissue of children and adolescents and the use of densitometry in a
comprehensive examination for early diagnosis of the disease in order to prevent the development of pathology.
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AkTtyanbHocTb. OCTeonopos B COBpeMeHHOM 06LLecTBe SBMAETCA rnobanbHoi Npobnemoit He TONMbKO B3POCIOro
HaceneHus:, HO 1 B [ETCKOM W MOAPOCTKOBOM BO3pacTe. MHOrOUMCriEHHbIE MCCNeA0BaHUs MoKaskbIBaT, YTo npobrema
KOCTHOI MPOYHOCTY 3aKNafbIBaeTCs elle B AETCKOM BO3pacTe B Nepuog, CO3peBaHus opraHmama, Koraa oTMeyaeTcsl peskiii
CKauoK pocTa 3a KOpOTKW NEPUO BPEMEHY, KOTOPbIM HAMPAMY0 3aBUCKT OT FEHETUYECKMX, FOPMOHAMbHBIX U3MEHEHNH,
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anMMEHTapHbIX MPUYMH W XPOHWYeckux 3abonesaHuir. C Hayamom MOMOBOrO CO3pPEBaAHUS MPOMCXOAUT BbicTpoe
npupaLleHne KOCTHbIX MUHEPAroB, AOCTUraloLLee nika BCKOPE NOCne MUKOBOTO yBenuyeHus pocta. Beibop obpasa xusHu
Bnnsiet Ha 20-40% nWKOBOW KOCTHOM Macchbl B3POCNOro yenoseka. [peanonaraercs, YTO ynpaXHeHWs BO Bpems pocTa
NPOTUBOAENCTBYIOT MHBOMIOLMOHHON NOTEpPe KOCTHOW MaccChl B 6onee no3gHeM BO3pacTe 3a CYET YBENUYEHUS! MUKOBOM
KOCTHOI Maccbl. B CBOKW 0Ouepedb 3TO HapyllaeT NpaBunbHOE (hOPMMPOBAHME W MMHEpanM3aumio KOCTHOrO CKeneta,
kKoTOpast akTMBHO HabupaeT nukoBylo Maccy k 18 rogam (8o 90%). Kpome TOro, Makcummaaumst BO3PaCTHOWM KOCTHON Macchl
MOXET TaKkke NpefoTBpaTUTL Nepenombl BO BPEMS pocTa, 0COOEHHO NMepenioMbl BEPXHUX KOHEYHOCTER. YTobbl cBECTU K
MUHUMYMY PUCK NEPENIOMOB, CTPATErMM YNy4LLEeHUs 300POBbS KOCTEN JOMKHbI ObiTh MPUHATHI B CAMOM PaHHEM BO3pacTe.

Llenb: n3yunTb aaHHble nuTEpaTypbl 0 BAMSHAW (PU3MYECKON aKTUBHOCTM W 3aHATWEM CropTa y feTeil U NoAPOCTKOB Ha
pasBUTME OCTEONOPO3a.

MeTtogbl: poBeaeH cucTeMaTYecKuin MOUCK B 3NeKTPoHHbIX 6asax PubMed, Google Academy, Cochrane Library. B
noucke nuTepatypbl B 6asax gaHHbIX ObiMW MCMOMb30BaHbl Takve KIYeBble CrOBa, Kak «OCTEOMOpO3», «MOAPOCTOKY,
«[BYyX3HepreTnyeckas peHTreH abcopbumomeTpusiy, «usnyeckas Harpyska», «cnopt». OTOT nouck Obin orpaHuueH
aHrMosA3bIYHLIMK UCCnegoBaHNAMM, OnyBnukoBaHHbIMK B TeveHun 10 net (2013-2023r.r.).

PesynbTatbl. B gaHHoM 0630pe Gbinn paccMoTpeHbl OCHOBHbIE (hakToOpbl puUCka pasBUTWS OCTeonopo3a y AeTei w
noapocTkoB. Hanborbluee BHUMaHWe YAENEHO BMAHWIO PM3NYECKOI aKTUBHOCTW Ha KOCTHYIO TKaHb JETEN 1 NOAPOCTKOB U
MPUMEHEHNe [EHCUTOMETPUM B KOMMMEKCHOM 0OCnefoBaHWW [N paHHeil AMarHoCTMkM 3aboneBaHus C  LEeNbl
npeaynpexaeHns passuTHs NaTonorum.

Knroyeebie crmosa: ocmeonopo3, nodpocmok, 08yxaHepeemuydeckasi peHmeeH abcopbuyuomempusi, MUHeparbHas
nAOMHOCMb KOCMU, (hU3U4ecKass akmusHOCMb, CnoOpm.
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OcTeonopo3 3amaHayu KaybIMAacTbiKTa TeK €pecek apampapablH faHa €emec, COHbIMeH katap Oanmanmap MeH
Xacecnipimaep apacbiHaarbl ©3ekTi Macene. XbIHbICTbIK XETiNyAiH bacTanybiMeH XaHe XacecnipiMaik keseHaeri ecy
KapKbIHbIMEH CYMEK MUHepanaapbiHbiH Te3 ecyi baiikanaabl, BUIKTIKTIH eH XoFapbl ©CYiHEeH KelliH ken y3amai WbiHblHa
XeTefi. OMip canTbiH TaHAay epecekTepieri eH kofapbl cyiek MaccacbiHblH 20-40% ocep etefdi. ©cy kesiHZeri
XaTTbIFyNnap Cynek MaccachlH XOoFapbinaTy apKblfbl KeniHri eMipae UHBOMIOUMAMBIK CYAEK MaccachIHbIH, XoFanyblHa Kapchbl
opekeT eTeqi.

KentereH 3epTTeynep kepceTkeHaen, cyitek 6epikTiri Maceneci TinTi 6ananblk WwakTa AeHEHIH XeTinyi kesiHae, Kbicka
YaKbIT illiHae KYPT ecy KapKblHbl 60nFaH ke3ne TybiHAanabl, Oyn reHeTukanbIK, ropMoHanbbl e3repicTepre, ac KopbITy
cebenTepiHe XaHe co3blMManbl aypynapFa Tikenen OainaHbIiCTbl. Byn €3 keseriHge CyWek KaHKaCbIHbIH, AYpbIC
KanbinTacybl MeH MUHepangaHybliH 6y3agsl, on 18 xacka TamaH (90% AeniH) WbIHAAnbIN, eH XoFapbl Maccara xeTefi.
BymaH 6acka, XacTblK Cyliek MaccacbiHblH, WbIHAANYbl ©cy KesiHoe ocipece KON CYWEKTEPIHIH, CbIHYbIH angblH anyra
MyMmkiH 6onagpl. CbiHy KayniH asalTy YLWiH Cyiek AeHCayNbIFbiH XKaKcapTy CTpaTerusnapbl ©Te epTe xacta KabbingaHybl
Kepex.

3epTTey makcatbl: Gananap MeH xacecnipiMaepae OCTEONOPO3AblH, faMyblHa AEHE LWbIHbIKTLIPY XOHE CropTneH
LWy FbINaanyabiH acepi boibiHWa aaebueTTepai 3epTTey.

3eptrey agictepi: PubMed, Google Academy, Cochrane Library anektpoHabl 6asanapbiHaa xyiieni isgey xyprisingi.
ManimeTTep KopblHaH 9aebueTTep i i3neyae «0CTEONOPO3», «KacecmipiMy, «EKISHEPTUAMbIK PeHTreH-abcopOLuromMeTpus»,
KaTTbIFY», «COPT» CUSAKTbI TYHiH ce3nep KonaaHbingsl. byn isgey 10 xbin iwinge (2013-2023) xapusnaHraH aFbinblH
Tininaeri 3epTTeyNepMeH LLekTensi.

Hotmxkenep. Byn wonyna 6ananap MeH acecnmipimgepaeri OCTEOMOpO3AblH, Herisri  Kayin  daktopnapsbl
KapacTbipbinabl. [eHe GenceHainiriHiv, 6ananap MeH acecnipiMaephiH Cyiek TiHiHe ocepiHe XaHe MaToNorusHbIH
pamybiH 6onabipMay MakcaTblHAa aypyabl epTe AnarHocTukanay YLLiH KeeH/ TeKCepyae AEHCUTOMETPUSIHBI KonaaHyFa
YIKeH KeHin beniHei.

TyliHdi ce3dep: ocmeonopos, Xacecnipim, eki-oHepeemukanblk peHmeeH abcopbyuomempusi, cyliek MuHepanobl
MbIFbi30biFbl, hU3UKanbIK XyKmeme, cnopm.
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Introduction.

How we know, physical activity is important for health at
any age and especially for children: it supports muscle tone,
strengthens the immune system, produces the proper
posture, prevents obesity. In addition, physical activity
improves the condition of bone and cartilage tissue.
Hypodynamia, can lead to fragile bones — osteoporosis
(OP), i.e. low physical activity is one of the risk factors for
the development of OP in children. Osteoporosis is a global
problem in modern society not only of the adult population,
but also in childhood and adolescence. The process of
bone modeling begins during fetal growth and continues
until the second decade of human life. Bone mass is
acquired relatively slowly throughout childhood. As we
already know, there are 3 types of bone tissue cells —
osteoblasts, osteocytes and osteoclasts, which are involved
in matrix resorption. It is important to know about the
existence of gender differences in the formation of peak
bone mass. So, in boys, its accumulation continues also
after puberty, and in general, after 15 years, their bone
mineral density (BMD) indicators are higher than in girls. In
female adolescents, the maximum accumulation of bone
mass occurs earlier (+ 1-2 years from menarche) [2]. With
the onset of puberty and a growth spurt in adolescence, a
rapid increment of bone minerals occurs, which reaches a
peak shortly after the peak increase in growth. That is, the
maximum bone mineral content (BMC) achieved during
these years can compensate for age-related bone loss and,
therefore, can reduce the risk of fractures and bone fragility
associated with osteoporosis. In addition, maximizing age-
related bone mass can also prevent fractures during
growth, especially of the upper limb [3].

Numerous studies show [5] that the problem of bone
strength is laid in childhood during the maturation of the
body, when there is a sharp jump in development in a short
period of time, which directly depends on genetic, hormonal
changes, alimentary causes and chronic diseases. In turn,
this disrupts the proper formation and mineralization of the
bone skeleton, which is actively gaining momentum by the
age of 18 (up to 90%), reaching peak mass [5,20]. Lifestyle
choices affect 20-40% of an adult's peak bone mass. It is
assumed that exercises during growth counteract the
involutional loss of bone mass at a later age due to an
increase in peak bone mass [15]. Optimizing lifestyle factors
that are known to affect peak bone mass and strength is an
important strategy aimed at reducing the risk of
osteoporosis or low bone mass later in life [1].

Thus, in order to minimize the risk of fractures,
strategies to improve bone health should be adopted at a
very early age [15].

Aim: to study the literature data on the influence of
physical activity and sports in children and adolescents in
the development of osteoporosis.

Search strategy:

A systematic search was conducted in the electronic
databases PubMed, Google Academy, Cochrane Library for
keywords such as "osteoporosis”, "teenager", "dual-energy
X-ray absorptiometry", "physical activity", "sport". This
search was limited to English-language studies published
from 2013 to 2023. A total of 20 sources have been studied.

The criteria for inclusion in the review were (1) data on
the prevalence of osteoporosis in the world, (2) data on the
causes of osteoporosis in adolescents, (3) studies
published in English, (4) diagnostic studies and their role in
the early diagnosis of osteoporosis, (5) the impact of
physical activity and sports in development osteoporosis.

Exclusion criteria were as follows: (1) studies that
described cases in the adult population; (2) the
unavailability of the full text of the article for review; (3)
studies with low methodological quality, i.e. clinical case
reports, case series and comments; (4) studies published in
languages other than English; (5) Studies in which
densitometry was not performed.

Selection of articles

The search and selection of articles was carried out by
authors who selected and excluded all articles that did not
meet the requirements of the inclusion criteria. The next
stage of our review consisted of the fact that we received
the full texts of the articles, which were reviewed and
analyzed based on their design.

Ethics Statement

Our analysis was based on studies conducted earlier by
other authors; the conclusion of the ethics committee or the
consent of patients was not required.

Results

A search using Pubmed, Google Scholar, and BMJ
revealed 1801 publications on the keywords "Osteoporosis
in adolescents", our search was refined to highlight
research methods and risk factors, on request: "Diagnosis
of osteoporosis in adolescents by dual-energy X-ray
densitometry" and "The effect of physical activity on the
development of osteoporosis”, where 173 articles were
found. The headings and annotations of 173 articles were
checked. The 145 articles were excluded from the
subsequent analysis because they did not correspond to
the main purpose of our literary review (the study was
conducted due to other nosology, for example: oncological,
endocrine diseases, and others) or it was not possible to
obtain the full text of the article (14 publications). The full
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texts of 28 studies were analyzed, and 8 of them were
excluded for the following reason: review articles.

Finally, 20 articles were analyzed according to the
search criteria. Meta-analysis articles were reviewed, on the
influence of certain factors in the development of
osteoporosis in adolescents.

Discussion

Recognizing and diagnosing osteoporosis in children
and adolescents early on can prevent the destruction of
bone tissue and the development of irreversible
complications that can potentially impact their quality of life
in the future. Among the causes of osteoporosis in children,
the most common disease is osteogenesis imperfecta:
more than 24 genes that cause this disease have been
identified [4]. Secondary or acquired osteoporosis develops
in children and adults with chronic systemic diseases due to
the consequences of the disease itself or its treatment.
Consequently, osteopenia in childhood is directly
associated with a high risk of osteoporosis and bone
fractures in the future [5]. Although OP is usually
considered a disease of adults, it is becoming increasingly
obvious that osteoporosis may be associated with childhood
and adolescence. At these stages of life, bone matrix
mineralization occurs, and therefore subjects reach peak
bone mass at the end of this growth phase. If this peak is
not optimal, it will contribute to the development of
osteoporosis in adulthood [8].

Mechanical stress on the human skeleton appears to be
a key factor for increasing the accumulation of minerals in
bones in children and adolescents. In this context, it seems
reasonable that weight training, defined as strength
exercises that create a higher mechanical load on the
human skeleton than everyday life, such as jumping training
or weight training programs, are useful for improving bone
health. In carrying out this literary review, we have carefully
studied the materials of previously conducted meta-
analyses.

According to the results of a meta-analysis conducted in
2013 [7], the effectiveness of training in terms of the
accumulation of minerals in bones significantly depends on
the maturation status of subjects. The physiological
mechanism underlying this observation remains unclear
and should be determined in future studies. In addition, the
usual intake of calcium significantly affected the
accumulation of minerals in the bones caused by exercise.
Thus, physical activity combined with high calcium intake
should be encouraged at prepubescent age to resist
osteoporosis later in life by increasing peak bone mass.

In three trials [16] aimed at determining whether calcium
intake affects the bone response to exercise, a greater
effect of exercise on the mineral content of leg bones was
reported in children who received additional calcium
randomly than in children who received placebo (6 out of 22
suitable studies included boys).

The main problem in the diagnosis of osteoporosis is
that there is no clear clinic that would be characteristic of
this disease. Therefore, knowledge and consideration of all
risk factors is one of the main aspects of diagnosis and
determination of patient management tactics. There are a
lot of risk factors for OP, so far they have not been fully
studied, they determine about 80 factors affecting bone
mineral density, and as is known, the level of BMD is the

main diagnostic criterion of OP, that is, it is an important
predictor of osteoporotic fractures [5]. There is a positive
relationship between the frequency of fractures and the
level of physical activity due to the increased risk of falls
during physical activity. Thus, although physical activity is
crucial for bone modeling, children with higher levels of
physical activity are more likely to have fractures [1]. There
was a significant positive relationship between dietary
calcium intake and total BMD. The strongest association
was observed in light-skinned Americans aged 12-15 years,
Mexican Americans aged 8-11 years and 16-19 years, as
well as at the age of 16-19 years in people of a different
race/ethnicity, in whom calcium intake was increased in
each subgroup. In the analysis of subgroups, the authors
found turning points in the group of 12-15 years, women
and blacks. Their total BMD decreased when dietary
calcium intake exceeded 2.6-2.8 g/day. On the other hand,
there is a chance to initiate intervention programs to
increase peak bone mass in young people, since it has
been observed that physical activity is associated with an
increase in BMD levels. A 2017 study [13] showed that
moderate activity, such as walking, cycling or exercising for
at least 4 hours a week, participating in recreational sports
for at least 4 hours a week, or participating in heavy training
or sports competitions several times a week, can increase
BMD is up to 11% and 13%, respectively, in girls and boys
aged 15-19 years. Studies conducted on former
professional football players have shown that physical
exercise is an important factor not only in increasing, but
also in maintaining bone mineral density [17]. It has been
shown that sports are crucial for healthy bone development,
but not all sports have a positive effect on the mass of the
skeleton. According to their characteristics, sports can be
characterized as osteogenic (exercises with weights) and
non-osteogenic (exercises without weights). In addition to
numerous health benefits, football is considered an
osteogenic sport both in childhood and adolescence, as
bone mass increases. On the contrary, sports such as
cycling or swimming are associated with no changes or a
decrease in bone mass compared to control. This may be
an obstacle to obtaining high peak bone mass, which may
endanger bone health in the future [17]. Taking into account
the different characteristics of exercise and training in
sports practiced during the growth period, it is important to
determine and classify the adaptation of bones and soft
tissues in adolescent athletes. In a study conducted from
October 2013 to May 2018, 625 adolescents (from 10 to 17
years old) from 10 sports (football, basketball, volleyball,
athletics, judo, karate, kung fu, gymnastics, baseball,
swimming) and an unsportsmanlike group were recruited
into the sample [18]. Comparison between the groups
showed that football had the highest BMD of the whole
body (mean * standard error of the mean: 1,082 + 0.007
g-cm -2) and the lower extremities (1,302 £ 0.010 g-cm -2).
Gymnastics showed the highest BMD of the upper
extremities (0.868 + 0.012 g - cm -2) and the whole body
(0.094 £ 0.001 g - cm -3). Swimming showed the lowest
values of BMD in all parts of the skeleton (except the upper
limbs) and BMD of the whole body [18].

Fractures in childhood are common: about half of
children suffer at least one fracture before adulthood. The
overall risk of fractures in the period from birth to 16 years
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ranges from 42% to 64% for boys and from 27% to 40% for
girls. All epidemiological studies have shown that the most
frequent site of fractures is the forearm, which accounts for
almost half of all fractures [7]. ISCD Recommendations for
the diagnosis of osteoporosis in children, updated in 2013
indicates that the diagnosis should not be based solely on
densitometric criteria, but requires the presence of a
clinically significant fracture in the anamnesis [7]. However,
the best treatment for any nosology is disease prevention,
since early diagnosis of osteoporosis can help us determine
the presence of pathology at an early stage of the disease
and prevent the possibility of fracture, complications and
consequences of fractures [10]. DXA remains the preferred
method for clinical measurements of bone density in
children due to its accessibility, reproducibility, speed, low
exposure to ionizing radiation and reliable pediatric
reference data. Methods of three-dimensional densitometry
(QCT, pQCT, HR-pQCT and MRI) provide valuable
information about the volumetric bone mineral density
(BMD), as well as about micro- and macroarchitectonics
[11].

An additional problem in determining osteoporosis is the
inclusion of a threshold value of the Z-index of BMD. The Z-
scores of the BMD differ by as much as 2 standard
deviations (SD) for a given child, depending on the
reference database used to create the Z-score. This
discovery was described by 3 different groups using
pediatric reference data obtained from both Hologic and
Lunar; in the largest of these reports, Z-indicators of BMD
were obtained from all available data published in English
up to and including 2015. This variability of the Z-indices of
BMD obtained from various reference databases
undermines the use of the threshold value of the Z-index as
part of the international definition of osteoporosis in children
[7]. However, diagnostic recommendations used in adults
cannot be directly extrapolated to children due to the
influence of growth and hormonal development on
densitometric measurements and due to differences in the
epidemiology of fractures in children, adolescents and
adults. In contrast to adults, who most often break a hip or
spine, in children most fractures occur on the peripheral
skeleton, especially the upper extremities. From 27 to 40%
of girls and 42-51% of boys get at least one fracture during
growth, and the highest frequency of fractures is observed
at puberty. There are no clear recommendations regarding
the frequency or duration of subsequent DXA
measurements. Children with idiopathic osteoporosis may
experience spontaneous normalization of BMD after
puberty, while adolescents with anorexia nervosa and
related endocrine disorders never achieve normal BMD,
and the risk of fractures increases up to 40 years after
diagnosis [9]. Peak BMD accumulated in early adulthood is
an established factor determining the development of
osteoporosis later in life. Therefore, routine DXA scanning
was proposed after prolonged therapy to detect and correct
BMD deficiency, which ideally reduces the risk of
subsequent fractures.

Clinical, radiological and analytical parameters should
be monitored. It is important to estimate the number of
fractures and episodes of pain. From the point of view of
densitometry, variations of Z-indicators are important. The
optimal frequency for performing DXA is not well defined. It

is recommended to repeat the DXA after a year, and then
every 1-2 years, depending on the patient's condition, with a
minimum interval between checks of 6-12 months [8]. The
interpretation of the results of bone densitometry in children
differs from that in the elderly. The terms "osteopenia” and
"osteoporosis”, based only on the results of bone
densitometry, should not be used in younger patients;
instead, the mineral content or bone density, which falls >2
standard deviations, is marked as "low for age" [11].

According to the updated recommendations of the
International Society of Clinical Densitometry in 2013, the
international group of bone tissue experts "Pediatric
osteoporosis” is determined using 1 of the following criteria:
=1 vertebral fracture occurring in the absence of local
disease or high-energy injury (without or with densitometry
measurements) or low bone density for age and significant
fractures in anamnesis (defined as 22 fractures of long
bones under the age of 10 years or =3 fractures of long
bones under the age of 19 years). Current studies will help
determine indications and best methods for assessing bone
strength in children, as well as clinical factors affecting the
risk of fractures [11]. As many studies have shown, physical
activity together with proper nutrition has a beneficial effect
on bone ftissue, its remodeling and development. Our
children will be able to choose the right profession in the
future based on their health status. As it turned out, the type
of sport also affects the bone tissue positively and
negatively. In accordance with this, based on the patient's
health data, we must correctly direct the child to a particular
sport. There are no scientific data on the impact of sports
and physical activity on the bone tissue of adolescents in
the Republic of Kazakhstan as a whole. This fact requires a
more in-depth further study of the influence of ethnic
predisposition of risk factors and diagnosis of osteoporosis,
which gives us a lot of thoughts about further scientific
activities.

Conclusions

This review focuses on publications that examine the
impact of physical activity on the bone tissue of children and
adolescents. The use of densitometry in a comprehensive
examination helps with the early diagnosis of any disease
that may lead to the development of pathology. The review
indicates that the lifestyle and physical activity of children
significantly affect the development of osteoporosis during
adulthood.
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