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Abstracts

Obijective. The objective of this systematic review of literature was to identify if the musculoskeletal condition and
disorders caused by adaptation on specific movement patterns in sports games is as risk factors of low back pain (LBP).
Data sources. A comprehensive search of articles published in the last 20 years was conducted in four databases
(PubMed®, Google Scholar, Web of Science). Different combinations of keywords such as LBP, muscle imbalance,
muscle strength, muscle endurance, musculoskeletal system and sport game were used, applying the Boolean operators.
After establishing the criteria of selection, 9 studies of 52 initially identified were analyzed. Results. From the
viewpoint of musculoskeletal condition and its functional adaptation as the possible risk factors of LBP in the sports
games it is suggested that the musculoskeletal system, its functional disorders, endurance and maximal strength of the
trunk muscles are not risk factors of LBP in every aspect. The risk factors appear to be muscle imbalances combined
with functional asymmetry of pelvic and its asymmetrical rotation as a result of unilateral overloading, as well as the
low maximal lumbar|[ flexion. Low level of endurance of trunk and core muscles cannot be uniquely identified as a risk
factor of LBP. Similarly, the maximal isometric strength of trunk muscles do not act as a risk factor of LBP, either.
Conclusion. A detailed comparison of data between the sports games, within game, sex or age was not possible. Further
research is necessary. Nevertheless, based on the results of this review, it is obvious that in sports games LBP is a
consequence of functional and structural changes of pelvic and related muscles. There is less evidence for endurance
and maximal isometric strength of trunk muscles to be a risk factor of LBP.

Key words: low back pain, musculoskeletal condition, adaptation, sports games.

Jlioamuaa 3anneranosa, I'adpiena JlynrakoBa. YMoBH afanTauii onopHo-pyXoBOro anapary sik npeguKa-
TOpiB BMHUKHEHHSI 0010 B NONEPEKOBO-KPUKOBOMY Biain1i B cmopTuBHUX irpax. Mema oOocnioycenna —
3’iCyBaTH, YW PO3JAaJH OIOPHO-PYXOBOTO amapary, CIPUYMHEHI aJalTalli€lo J0 KOHKPETHHX PYXOBHX BIpaB y
CIIOPTUBHUX irpax, € (pakTopaMu pHU3HKY BHHHKHEHHs Oomio B momepeky (LBP). [arcepena 360py oanux. Ompa-
I[bOBAHO HAYKOBi CTATTi, OmyOIikoBaHi 3a octanHi 20 pokiB y 4oTHpbox 6asax mammx (PubMed®, Google Scholar,
Web of Science). 3acrocoBano pi3ni komGiHaIli KITOUOBHX CitiB, Taki sk LBP, aumcGamanc m’s3iB, cmiia M’s3iB,
BUTPUBAJIICTH M 5131B, OIIOPHO-PYXOBHI anapar i cnopTuBHa rpa. [licis BU3HaYeHHs KpUTEpiiB BiIOOPY MpoaHaIi30BaHO
JIeB’ATH 13 52 HasBHUX JOCITIIKEeHb. Pe3ynomamu docnioxncenna. 13 oriany CTaHy OIOPHO-PYXOBOTO anapary Ta Horo
(yHKIIOHATBHOI aganTallii sk MOXJIMBUX (aKTOpiB BHHUKHEHHS pu3uKy LBR y crmopTuBHHX irpax MO)keMO BBaXKaTH,
10 ONIOPHO-PYXOBUit anapar, Horo (yHKIOHAIBHI MTOPYIICHHS, BATPUBAIICTh | MAKCMMAJIbHA CUJIa M ’SI31B Tyay0a He €
YHHHUKaMU pu3nKy BuHUKHeHHS LBR. HaToMicTe BHsBIEHO Taki ()aKTOPH PHU3HKY, K TucOATaHC M SI3iB Y MTO€JHAHHI
3 (YHKIIOHANBHOI AaCHMETPIE0 Ta3a Ta HOro acUMETPUYHUM OOEpTaHHSAM Yy pe3yibTaTi OAHOCTOPOHHBOTO
MEPEeBAaHTAKEHHSA, a TAKOXX MaKCHMAalbHO CHJIBHHM 3THHAHHAM Y Tomnepeky. Hu3pkuil piBeHb BHUTPHBAIOCTI M’ SI3iB
Tymy0a ¥ OCHOBHHX M’S3iB OJHO3HAYHO HE € BH3HAa4YaNbHEM (pakTopoMm pm3mky LBR. AHanoriudo, mo MakcUMaibHa
i30MeTpUYHa cuila M’s13iB Tynyba He BUcTynae (akropom pusuky LBR. Bucnosxu. He Branocs neranbHo 3i0patu naHi
mpo ¢Qi3MYHUA CTaH MIX CIOPTHBHOIO TPOIO, a TAKOX I/ Yac TPH, 30KpeMa MOPIBHATH iX 3a CTATTIO UM BiKOM.
Ilepcnekmueu docnioncennsn. OTKe, BUXOIIIH 3 PE3YABTATIB HAIIOTO JOCTIHKEHHS, 0a4MMO, IO OYEBUIHUM € TOU
¢axkr, mo B ciopTuBHEX irpax LBR € HacaigkoM (QyHKIIOHATBHUX 1 CTPYKTYPHHUX 3MiH Ta30BHX Ta CYIYTHIX M s3iB.
MeHI OKa30BUM 3alUIIAETHCA TOW (PakT, MI0 BUTPHUBAIICTH I MAaKCHMalbHa i30METpHYHA CHJIA M SI3iB TyIry0a €
(axropom pusuky LBR.

Kuro4oBi ciioBa: 6inb y onepeKkoBo-KpIKOBOMY BiIIiNIi, CTaH OMOPHO-PYXOBOTO anapary, afanTallisi, ClIOPTUBHI
irpu.

Jiogvmuiia 3anseranosa, I'a6pudna JlynrakoBa. YciIoBHSI aJanTaluy ONMOPHO-ABMIATEeJILHOTO ammnapara
KAaK MPEJUKTOPOB BO3HUKHOBECHHMS 00JIM B MNMOSICHUYHO-KPECTHOBOM OTAeJie B CHOPTHBHBIX HMrpax. Ilens
uccne006anus — BBISICHUTD, SIBIIOTCA JIM (paKTOpaMH pUCKa BO3HHKHOBeHHs 6onu B mosicanne (LBP) paccrpoiicTa
OMOPHO-ABUraTeIbHOIO allapara, BBI3BAHHBIE aJaNTaleil K KOHKPETHBIM JIBUTATENIbHBIM YHOPaXXHEHHSIM B
CHOpTUBHBIX urpax. Mcmounuxku céopa oannax. OOpabOTaHO HAaydIHBIE CTaTbH, OITyOJIMKOBAHHBIE 3a ITOCIEAHUE
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20 mer B uerplpex Oazax naHHBIX (PubMed®, Google Scholar, Web of Science). Ilpumensmuchy pasnudHbIe
KOMOMHAIMK KIIOYEBBIX CIIOB, Takne kak LBP, nucOamaHc MBI, CHIa MBI, BBIHOCIMBOCTH MBIIII, OIIOPHO-
JIBUTATENIbHBIA anmapaTr W cropTHBHas urpa. [lociie ompeneneHusi KpUTepueB 0TOOpa aHAJTU3UPOBAJINCH IEBATH C
52 umeronuxcs uccuenoBanuid. Pesynomamol uccinedoganus. C TOUYKU 3pEHHUS COCTOSHUS OIOPHO-IBHIATEILHOIO
anmapaTta ¥ ero (pyHKIMOHAJBHOW aJanTaliy Kak BO3MOXHBIX (DaKTOpOB BO3HMKHOBeHHs1 pucka LBR B cropTHBHBIX
UTpax MOXKEM CUHTaTh, YTO ONOPHO-/IBUTATENBHBIA ammapar, ero (yHKIMOHAJIbHbIE HApYLICHUsI, BHIHOCIMBOCTb U
MaKCHMaJlbHas CHJIa MBI TYJOBHINA HE sBISAIOTCS (pakTopamm pucka Bo3HHKHOBeHUs LBR. 3aro nabmopmarorcs
crenyronme GakTopsl prucKa, Takue Kak JucOaaHC MBI B COYETaHUH C (DYHKIMOHAJIHHONW acHMMETpHEH Ta3a U ero
ACHMMETPHUYHBIM BpAIllEHUEM B PE3yJIbTaTe OJIHOCTOPOHHEH MEperpy3ky, a Takke MaKCUMaJIBHO CHJIIBHBIM CrHOaHneM
B moscHule. Hu3kuit ypoBeHb BBIHOCAMBOCTH MBI TYJIOBUINA M OCHOBHBIX MBIIII OJHO3HAYHO HE SIBISIETCA
ornpezessomuM ¢paxropom prucka LBR. AHamornmyHo makcuMmanbHas M30METpHYEcKas CWJa MBI TYJIOBHUINA HE
BeIcTymaeT aktopoM prucka LBR. Boieoost. He ynanock netaibHO coOOpaTh JaHHBIC O (PU3UICCKOM COCTOSHHH MEXKTY
CIIOPTHBHOW HWTPOH, a Takke BO BpEMsl WIPbl, B YaCTHOCTH CPaBHUTHh HMX 1O MONy WiH Bo3pacty. Ilepcnexkmuegot
uccnedosanusn. Takum oOpa3oM, UCXOAS U3 PE3yNIHTATOB HAILIETO UCCIIEIOBaHMS, OUCBHIHBIM SBJISIETCS TOT (DAKT, YTO B
ciopTuBHBIX urpax LBR sBisiercst cinencrBueM (QYHKIMOHANBHBIX M CTPYKTYPHBIX W3MEHEHHH Ta30BBIX U COITYT-
CTBYIOUIMX MbIIII. MeHee J0Ka3aTelbHBIM OCTAETCSl TOT (PaKT, YTO BHIHOCIMBOCTh U MaKCHMallbHas M30MeTpUYecKast
CHJIa MBILII TYJIOBHIIA sIBJISTFOTCS (hakTopamu prcka LBR.

KnaroueBble cioBa: 06oib B IMOSCHUYHO-KPECTIIOBOM OTJIENE, COCTOSIHAE OIOPHO-ABUTATEIBHOTO ammapara,
ajlanTanys, CllOpTUBHbIE UTPHI.

Introduction. Although sedentary lifestyle is considered to be one of the risk factors of back pain, on the
contrary, also an extreme training load with a lack of sufficient regeneration might be the cause. The back pain
is a common problem in sports, a low back pain (LBP) especially. The LBP might be caused by the acute
injuries as well as the overuse injuries. However, the fact that the long lasting demands of sport training are
connected with a higher prevalence of LBP is not unequivocal. The research in this area is ambiguous. Some
results confirm the correlation, but the others dispute it [1; 2; 3]. Regarding young athletes, it is well known that
the spine abnormalities and LBP occur around 13 years of age. Prevalence of LBP increases throughout the
growth spurt. The prevalence of repetitive LBP in adolescents occurs most often between 20 to 30 %,
depending on the type of sport. The cause might be also found in cases such as acute and overuse injuries and
repetitive unilateral overload of soft and bony tissues, which is very often underestimated [4; 5]. Certain
predispositions include musculoskeletal imbalance caused by imbalance between bone and ligaments growth,
decreased flexibility, structural changes of spine and load extremes, although this has not always been
confirmed [6].

The causes of back pain are mostly multifactorial. Even risk factors in sports games related to back pain,
mainly LBP, represent a very wide range. The fundamental division is to internal and external factors (table 1).

Table 1
Fundamental Risk Factors of Back Pain in Sports Games [Modified by 7, 8].

Intrinsic Factors
Anatomy
Spinal dimension
Posture
Trunk weight
Biomechanics
Centre of body mass position
Game skill techniques
Biological
Gender
Age
Individual competitive and game activity of player
Hours of gamef/training played
Technique utilized
Level, category and role of the player in the game
Extrinsic factors
Type of the sports game
Training and game conditions
Type of shoes

96



Ounimmniiicbkumii i mpodeciiinuii ciopt

However the range of both internal and external risk factors is much wider. Other familiar internal risk
factors include body height which is significantly above-average in a number of sports games, pain occurred in
the past, acute injuries of back and lower limbs, muscular imbalance, pelvic asymmetry, spine degeneration
and flexibility, untreated microtrauma and back injuries, poor strength, muscular endurance of trunk and core.
Among other external factors belong e.g. history of back pain in the family, incorrect technique utilized, etc.
Due to a multifactoriality, it is often difficult to identify the risk factors without a comprehensive diagnosis.

Methods. A comprehensive search of articles published in the last 20 years was conducted in four
databases (PubMed®, Google Scholar, Web of Science and Scopus). Two independent researchers undertook a
computerized research regarding the specific functional adaptation and musculoskeletal disorders in sports
games with high prevalence of LBP. Different combinations of keywords LBP, muscle imbalance, muscle
strength, muscle endurance, musculoskeletal disorders and the names of particular sports games (tennis, golf,
volleyball, beach volleyball, handball, ice hockey, field hockey, floorball etc.) with Boolean operators and, or
were used. The including criteria were full text in a scientific journal, study in English, and age between 13 and
40 years. Exclusive criteria were abstracts, other sports than sports games, other overuse pains. After
establishing the criteria of selection 9 studies of 52 initially identified were analyzed.

Results. The sports games in association with a nature of the training are connected to specific functional
adaptation and musculoskeletal disorders due to demands on musculoskeletal system, what might serve as a
prerequisite for the overuse injuries and back pain syndromes [9; 6; 10; 11; 12; 13; 14].

As the most common functional parameters representing risk factors of back pain are analysed hip muscle
imbalance together with, inter alia, pelvic asymmetry and lower flexibility of hip joints, spine flexibility and

muscle endurance of trunk and core (table 2).

Table 2

Musculoskeletal Condition and Adaptation as the Predictors of Low Back Pain in Sports Games

Autors Problem Sample Methods Results
1 2 3 4 5
Abdelraouf, Relationship 55 male collegiate Michele’s Functional Significant differences
Abdel-aziem, between core soccer, baskethall, Scale in all tests (p<0,05) to
2016 [19] endurance and handball, and volley- McGill’s core endurance | detriment of the LBP
LBP ball players with non- tests group;

specific LBP; 25 asym-
ptomatic players
(21,542,54 years)

n. s. correlation bet-
ween MFS score and
core endurance of LBP
and non-LBP group;

in LBP group negative
correlation with the
strength of trunk flexor
and extensor (r =-0,54
resp. -0,79; p<0,05)

Bussey, 2009[15]

Prevalence of
pelvic skeletal
asymmetry in
unilateral and
bilateral athletes

20 unilateral female
field and ice hockey
players, speed-skaters
20 bilateral

bilateral athletes
(triathlon, cross-
country, scull-rowing
20 active non elite
athletes

Electromagnetic tracking
device with stylus
(Polhemus fast treck

and Polhemus
Colchester, VT)

Difference in pelvic
asymmetry between
unilateral and bilateral
athletes (p=0,001);
Difference in pelvic
asymmetry between
unilateral athletes and
non-elite athletes
(p=0,01);

n.s. differences
between bilateral
athletes and non-elite
athletes (p=0,716).
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End of the Table 2

1 2 3 4 5
Correira et al., Differences in 28 male and 7 female McGill s tests; Greater flexor
2016 [22] trunk endurance, tennis players Nordic Musculoskeletal (p =0,004) and right-
endurance time, 18,5443 years Questionnaire; side bridge endurance
and fatigue and 15 asymptomatic EMG times (p = 0,043) in
activation in tennis | players; 13 sympto- asymptomatic players
players with and matic players LBP players a greater
without LBP increase in aviEMG
during the right-side
bridge test for the left
ES-I (p = 0,046) and
right EO (p = 0,008).
Grosdent et al., Maximal isometric | 38 top tennis players; Tests of maximal n.s. difference in trunk
2014 [23] strength of trunk; 11 without LBP isometric strength of muscle strength and

pelvic and lumbar
flexion of tennis
players with LBP,
without LBP and
sedentary people

(27,845,5 years);
27 with LBP (24,3+
5,9 years);

22 students (24,8+
4 years).

trunk extensor, rotator,
flexor and lateral flexor
muscles (specific trunk
dynamometers)

Lumbar flexion mobility
(inklinometer).

ratio or lumbar spine
flexibility (all P>0,05)
between LBP and non-
LBP group.

Tennis players in
comparison to
population sport-
specific profile
determined by a non-
dominant trunk lateral
flexor (p=0,02,
F=4,05) and rotators
(p=0,03, F=3,62)
strength significantly
higher than the
dominant side.

Haag et al., 2016
(8]

Trunk endurance
and a maximal
strength of trunk
stabilizers in
players with LBP
and without LBP

18 female ice hockey
players from Bavarian
League U15-U17

8 without LBP, 10 with
LBP

Patients’ history,
physical examination,
questionnaire,

Y Balance Test
(YBT),

Swiss Olympic Test
(SOT),

maximum isometric
strength of the trunk
muscles

Participants without
any LBP non-
significant

better performance in
the SOT and the YBT.
In the

dynamic lateral
isometric muscle
strength test, patients
without LBP had a
statistically significant
(p\0,05) better

result than the other
cohort.

Kujala et al.,
1996 [9]

Lumbar mobility
and occurrence of
LBP in 33 non
athletes) 34 ice
hockey and soccer
players;

Non-athletes (n=33);
Ice hockey and soccer
players (n=34);
Figure skaters and
gymnasts (n=31).

Questionnaire;
modified Burton's test

Predictors of low back
pain:

Male players
participation in sport
and low maximal
lumbar flexion
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End of the Table 2

1 2 3 4 5
follow up (3 years): Female players
29 athletes Decreased range of
motion in the lower
lumbar segment, low
maximal lumbar
extension, high body
weight
Myrer et al., Changes in cross- 12 collegiate volleyball | Ultrasound imaging (GE | Significant decrease in
2014 [21] sectional-area players Logic e); lumbar multifidus m.
(CSA) of lumbar | (19,3+1,3 years). CSAatthe 5"
multifidus at the 4™ vertebral level from
and 5" vertebral 9,6+2,2 cm’t0 9,1+
level in players 2,1 cm? p=0,05) in all
with LBP and players from preseason
without LBP; two to postseason.
$easons Players with LBP sign.
CSA m. multifidus
also at the 4th vertebral
level to compare to
players without LBP
(8,91,7 cm? resp.
9,4+1,9 cm?).
Noormohammad- | Lateral abdominal | 28 adolescent soccer The thickness of external | No significant

pour et al., 2016
[20]

muscle thickness
and function, and
cross sectional area
(CSA) of lumbar
multifidus (LM) in
adolescent soccer
players with and
without LBP.

players; 14 with and 14
without LBP, from the
premier league (age
14,1+1,1/14,3+0,9
years)

oblique, internal oblique
and transversus
abdominis and the CSA
of the LM muscles at L4
level on both sides at rest
and contraction via
ultrasound imaging
(Usl).

Leg length discrepancy,
hamstring flexibility,
active lumbar forward
flexion, and isometric
muscle endurance of
trunk extensors

difference in baseline
characteristics of
participants between
groups,

no significant
difference between
LBP and non-LBP
groups comparing all
measured variables.

Vad et al., 2003
[16]

Correlation
between hip
internal rotation
deficits and low
back pain (LBP)

101 tennis players from
the professional men’s
tennis tour (age 17-37
years) 40 with LBP

The finger-to-floor
distance,

lumbar extension,

90 ° abduction/internal
rotation of shoulder,
FABERE’s distance,
cross-chest distance,
90 ° flexion

LBP groupa 7.6 °
deficit in hip internal
rotation in the lead hip
compared to the non-
lead hip,a3.2°
difference for the
asymptomatic group
(p<0,05).

In LBP group the
difference in
FABERE’s distance
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End of the Table 2

1 2 3 4 5

8,6 cm comparing the
lead and non-lead hip,
asymptomatic group
3,2 cm (p<0,05}.
Lumbar extension
range in the
symptomatic low back
group 11,4 ° versus
20,3 ° for
asymptomatic group
(p<0,05).

The difference in
finger-to-floor distance
not statistically
significant (p=0,12).

Pelvic Skeletal Asymmetry

Pelvic muscle imbalances are produced by imbalance between muscles which control the pelvic
inclination or the pelvis in the frontal plane (pelvic inclination). Pelvic asymmetry has been thought to alter the
body mechanics, what leads to overload of bone and soft tissues. Such a danger occurs particularly in unilateral
sports combined with increased spinal flexion and rotation. These include almost all sports games to a less or
greater extent. This fact has been supported for example by the research results investigating the groups of
female field hockey players, ice hockey players and speed-skaters in comparison with the active university
women and with athletes of bilateral sports (triathlon, cross-country running, single skull rowing). Significant
declines in structural asymmetry have been found in 15 unilateral athletes, 4 bilateral athletes and 6 active
university women, out of 20 participants in each group. Unilateral overloading appears to be a significant
predictor of presumable functional pelvic asymmetry. There is some evidence to suggest that asymmetric body
movement patterns are linked to unilateral sports and pelvic asymmetry [15].

Hip Mobility Deficits

Equally, hip internal rotation deficits and lumbar range of motion deficits in athletes are considered to be a
factor which increases the risk of back injuries and influences sport performance.

The reason is that the deficits in hip motion may result in negative musculoskeletal adaptation. Repetitive
load and pivoting at the dominant hip, the cycle of microtrauma and scar formation might lead to capsular
formation and reduction in range of motion. As a result, these may cause the overuse injuries, LBP and,
eventually, poor performance [16]. This has been confirmed by the research of the aforementioned author in a
group of tennis players. Deficits in lumbar extension significantly correlated with LBP. The deficit in hip
internal rotation in the lead hip comparing to the non-lead hip was in the symptomatic group by 4,4°higher than
in the asymptomatic group. Moreover, the symptomatic group showed smaller distance about by 5 cm between
the knee and the mat on the preferred body side than on the non-preferred side of the body, when compared to
the asymptomatic tennis players. Similarly, the difference in FABERE's distance comparing the lead hip and
non-lead hip was smaller by 5 cm in the symptomatic group than in the asymptomatic. Significant differences
were also found in lumbar extension to the symptomatic tennis players” disadvantage, but not in lumbar
flexion, on the contrary. It suggests that low individual physiological maximum of lumbar extension may
overload the lumbar spine of the athletes that perform the extension very often, what leads to the back pain.

Similarly, the correlation between deficiency in lumbar flexion and LBP has been partially confirmed by a
three-year study of young athletes. At the beginning of the intervention the limited maximal lumbar flexion
served as a predictor of the LBP to a certain extent. It comprised 16 % of variability between the asymptomatic
and symptomatic players [9].

Trunk and Core Muscle Strength and Endurance

Speaking of the functional condition of musculoskeletal system, trunk muscle strength, including core
muscles, is considered to be another risk factor of the back pain. The core muscles play an important role in the
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stabilization of the peripheral joints and reduce the risk of injury during intense physical activity. The core
stability enables an athlete to maximize force production while minimizing loads placed on proximal joints.
Ability to stabilise the core while performing dynamic movements of extremities together with the ability to
absorb the repetitive load by the trunk, play the key role in all sport performance. This is especially important
during complex movements such as running, jumping, throwing and hitting or kicking for example in
volleyball, handball, basketball, soccer etc. [19].

In trained athletes, it acts as a feedback mechanism shortly before the beginning of the movement of the
upper and lower extremities and is the basis for the realization of motor skills. Insufficient trunk control is
proposed to be a contributing factor of the nonspecific LBP [17; 18]. The research results in this field, are
however, not unequivocal. It has been supported for example in the supervised core-strengthening programme
emphasizing the muscles of the trunk, spine and hip extensors in NCAA Division | collegiate basketball,
volleyball and soccer players with LBP. The Programme did not have fully significant impact on the decrease
in prevalence of LBP in both female and male players [17]. However, the test values of core muscle endurance
in collegiate athletes (basketball, volleyball, handball and soccer players) indicate that the players suffering
from LBP showed significantly lower trunk muscle endurance in comparison to asymptomatic athletes [9].

On the contrary, a poor correlation between LBP and abdominal muscle thickness and cross-sectional area
of multifidus has been found in young soccer players. Similarly, there was non-significant difference between
hamstring tightness and isometric muscle endurance of trunk extensors and active forward lumbar flexion
between LBP and non LBP athletes [20]. Despite the aforementioned findings, the multifidus size as a risk
factor of back pain cannot be completely excluded. On the other hand, the study examining female university
volleyball players indicates a significant decrease in multifidus cross section area (CSA) at the 5th vertebral
level in all the players throughout the season. Players with LBP showed significantly smaller multifidus CSA at
the 4th vertebral level compared to players without LBP [21].

Insufficient strength endurance of the trunk muscles is of great importance in the occurrence of back pain,
what has been indicated in quite a few studies. For instance, symptomatic players showed lower activation of
extensor muscles, less co-contraction patterns and less abdominal endurance [22]. By contrast, the differences
have not been found in maximal isometric strength of trunk muscles. When comparing trunk muscle profile in
tennis players, no differences between the players with and without LBP were shown in maximal isometric
strength of extensor, rotator, flexor and lateral flexor trunk muscles and lumbar spine flexibility.

In comparison to sedentary students, the tennis players showed a sport-specific profile determined by a
significantly higher non-dominant lateral flexor and rotator strength than at the dominant side. That could result
from the forehand and service actions which, that in righthanded players involve simultaneously left trunk
rotators and lateral flexors, to generate more power [23].

Conclusion. In general, it would be unfounded to claim that the condition of musculoskeletal system in
sports games acts as a risk factor of back pain, lumbar spine in particular, in all aspects. Most importantly,
muscle imbalances together with functional asymmetry of pelvic and its asymmetrical rotation, which are
produced by unilateral overloading, appear to be the key risk factor of back pain, as well as the low maximal
lumbar flexion, particularly in association with low physiological maximum of lumbar flexion and extension.

On the other hand, the low level of strength endurance of trunk muscles, including core muscles, cannot be
unambiguously considered a risk factor.

Similarly, maximal isometric strength of trunk muscles has not appeared to act as a risk factor of LBP
either
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