LITHUANIAN SPORTS UNIVERSITY

Mantas Mickevicius

EARLY DIAGNOSTICS OF SKELETAL
MUSCLE AND TENDON CHRONIC
DAMAGE RISK FOR CHILDREN AND
ADOLESCENTS ENGAGED IN SPORT

Summary of the Doctoral Dissertation

Biomedical Sciences, Biology (01B), Physiology (B470)

Kaunas 2017



The dissertation was prepared at the Institute of Sport Science and Innovations,
Lithuanian Sports University, in 2012-2016, under the Regulations of the Joint
Doctoral Programme in Biology of the Lithuanian Sports University (LSU) and
the University of Tartu (UT).

Scientific supervisor
Prof. Dr. Sigitas KAMANDULIS
Lithuanian Sports University (Biomedical Sciences, Biology — 01 B)

Scientific consultant
Prof. Dr. Jaak JURIMAE
University of Tartu (Biomedical Sciences, Biology — 01 B)

Doctoral dissertation will be defended at the Biology Science Council:

Chairperson
Prof. Dr. Arvydas STASIULIS
Lithuanian Sports University (Biomedical Sciences, Biology — 01 B)

Members

Prof. Dr. Habil. Jonas PODERYS

Lithuanian Sports University (Biomedical Sciences, Biology — 01 B)

Prof. Dr. Habil. Aleksandras KRISCIOUNAS

Lithuanian Sports University (Biomedical Sciences, Medicine — 07 S)

Assoc. Prof. Dr. Alina SMALINSKIENE

Lithuanian University of Health Science (Biomedical Sciences, Biology — 01 B)
Dr. Helena GAPEYEVA

University of Tartu (Biomedical Sciences, Biology — 01 B)

The doctoral dissertation will be defended in the open session of the Biology
Sciences Council of the Lithuanian Sports University. The defence will take
place on August 25" 2017 at 1 p.m. in auditorium 218.

Address: Sporto str. 6, LT-44221 Kaunas, Lithuania.

The summary of the doctoral dissertation was sent out on July 25" 2017.

The dissertation is available at the library of the Lithuanian Sports University.



LIETUVOS SPORTO UNIVERSITETAS

Mantas Mickevicius

SPORTUOJANCIU VAIKU IR PAAUGLIU
GRIAUCIU RAUMENU IR SAUSGYSLIU
LETINIU PAZEIDIMU RIZIKOS
ANKSTYVA DIAGNOSTIKA

Daktaro disertacijos santrauka

Biomedicinos mokslai, biologija (01 B), fiziologija (B 470)

Kaunas 2017



Disertacija parengta 2012-2016 metais Lietuvos sporto universitete, Sporto
mokslo ir inovacijy institute pagal Lietuvos sporto universiteto (LSU) ir Tartu
universiteto (TU) bendros biologijos mokslo krypties doktorantiiros reglaments.

Mokslinis vadovas
Prof. dr. Sigitas KAMANDULIS
Lietuvos sporto universitetas (biomedicinos mokslai, biologija— 01 B)

Mokslinis konsultantas
Prof. dr. Jaak JURIMAE
Tartu universitetas (biomedicinos mokslai, biologija — 01 B)

Disertacija ginama Biologijos mokslo krypties taryboje:

Pirmininkas
Prof. dr. Arvydas STASIULIS
Lietuvos sporto universitetas (biomedicinos mokslai, biologija— 01 B)

Nariai

Prof. habil. dr. Jonas PODERY'S

Lietuvos sporto universitetas (biomedicinos mokslai, biologija — 01 B)

Prof. habil. dr. Aleksandras KRISCIUNAS

Lietuvos sporto universitetas (biomedicinos mokslai, medicina — 07 S)

Doc. dr. Alina SMALINSKIENE

Lietuvos sveikatos moksly universitetas (biomedicinos mokslai, biologija — 01 B)
Dr. Helena GAPEYEVA

Tartu universitetas (biomedicinos mokslai, biologija — 01 B)

Disertacija bus ginama vieSame Biologijos mokslo krypties tarybos posédyje
2017 m. rugpjucio 25 d. 13 val. Lietuvos sporto universitete centriniy rimy
218 auditorijoje.

Adresas: Sporto g. 6, LT-44221 Kaunas, Lietuva.

Disertacijos santrauka iSsiuntinéta 2017 m. liepos 25 d.

Disertacija galima perzitiréti Lietuvos sporto universiteto bibliotekoje.

Adresas: Sporto g. 6, LT-44221 Kaunas, Lietuva.



CONTENT

INTRODUCTION .....ccutiiieiieeieertesitesieeste e sieereeseesseesseesssessseensaessaens 6
1. RESEARCH METHODS AND ORGANIZATION.........ccceevveueenen. 9
1.1, PartiCIPantS .......cceeeveeieeciieiieiieieesieeseeesreeereeieeseeeseeesenesnnesnseenns 9
1.2. Research methods .........ccvevverieniieiieeiiereccie e 11
1.3. Research organization...........coceecveerieereeneeseessneesieesieeseesenennnes 14
L3.1, StUAY Lt 14

1.3.2, StUAY Il 15

1.3.3. Study I 16

1.4. Mathematical StatiStiCS........ceerevirerireriieerieeeiee e eeree e 17

2. RESEARCH RESULTS.....ootioieieieeeeee et 18

2.1. Bilateral differences in morphological and functional
parameters for children adapted to physical exercise and
suffering from pain in the dominant arm, and children not

eNZAZEd 1N SPOTL.....eeruiiiieiieeiieeriie e ereeereeesre e e e e eereesereeenes 18
2.1.1. Arm muscle contraction torque ............eceeeveerveerverenennne 18
2.1.2. Range of MOtioN .......ccevcvvviieriieriieiieeie e 19
2.1.3. Morphological parameters..........cccceeeevereveecreecreereerenennnes 20

2.2. Bilateral differences in morphological and functional
parameters for children adapted to physical exercise and
suffering from pain in the leg, not suffering from pain,

and children not engaged in SPOTt.........cccvevververerriieerieerieeninns 21
2.2.1. Pain intensity, frequency and description of subjects.....21
2.2.2. Leg muscle contraction torque and co-activation........... 22
2.2.3. Range of MOtion .......ccceeeviiieiiiieriie et 24
2.2.4. Movement stability..........ccceevvieieiieecieerieecee e 25
2.2.5. ProprioCePtion ......c.ccccveeeriieeiiieeriiieeereeereeeereeeeveesevee e 26
2.2.6. Morphological parameters...........c.cecveeveerveeveerreenieenieens 27

2.3. Differences in kinematic and kinetic parameters as well as
mechanical properties of the patellar tendon for adolescents
adapted to physical exercise, suffering and not suffering

FIOM PAINL...eeiiiiiicie ettt ereenseeseaens 27
2.3.1. Morphological and mechanical properties of tendon .....27
2.3.2. Kinematic parameters of vertical jump ...........ccccerueennee. 28
2.3.3. Kinetic parameters of vertical jump ..........ccccccvevvernnnnee. 30
CONCLUSIONS ...ttt st 32
SANTRAUKA ...ttt 33
PUBLICATIONS ...ttt ettt st 37
ABOUT THE AUTHOR .......coteieiriieiieiirieieeeee et 40



INTRODUCTION

Sport and physical activity strengthen muscles, cardiovascular
system, reduce overweight, and improve mood and performance
(Haskell et al., 2007). Regular physical exercises are beneficial for the
cognitive function and increase self-confidence. However, with the
growing competiveness in sport, children, adolescents and young
participants are under increasing psychological pressure to win, and for
this reason physical training is often too intense, frequent and highly
specialized and this may lead to health problems due to traumatic
injuries (Ladenhauf, Graziano, & Marx, 2013).

It is assumed that a single bout of physical exercise has little
effect on the tendons and muscles (Ladenhauf et al., 2013). However, in
practice the exercises applied are not single-bout, but permanent, and
very often another exercise is performed when the body does not fully
recover after the previous one. Permanent overload, biomechanically
incorrectly performed exercises and physical activity in condition of
chronic fatigue may change the material properties of the joints, such as
the knee joint that they become more prone to injuries and associated
pain (Helland et al., 2013). More than half arm and leg injuries occur
not in physical contact with opponents. They are more related to
imbalance of muscle strength and the range of motion, motor control
and muscle activation disorders, changes in tendon mechanical and
morphological characteristics (Gagnier, Morgenstern, & Chess, 2013;
Ladenhauf et al., 2013).

Children playing baseball may be vulnerable to injuries as the ball
is thrown by one side body muscles (Escamilla, Fleisig, Zheng,
Barrentine, & Andrews, 2001). Such asymmetric exercise can cause
functional imbalance, which in the long term results in the appearance
of side-to-side differences in individual muscle groups, tendons and
ligaments (Byram et al., 2010). Previous studies have shown an increase
in glenohumeral external rotation and a decrease in the internal rotation
range of motion (ROM) for the throwing shoulder compared with the
opposite side (Borsa, Dover, Wilk, & Reinold, 2006; Byram et al., 2010;
Donatelli et al., 2000; Wilk et al., 2009). Structural and functional side-
to-side differences of muscles and tendons are more common in the
adult population (Byram et al., 2010; Chen, Lin, Chen, Lin, & Nosaka,
2011; Noffal, 2003). Yet the arm range of motion and strength side-to-
side differences were established for players during their puberty and
growth (Harada et al., 2010; Hurd et al., 2011; Levine et al., 2006;
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Trakis et al., 2008). It remains unclear at what age there may be the
greatest risk of injury, when side-to-side differences occur practicing
sport which involves asymmetric exercise and what is the relationship
between side-to-side differences and the risk of injury. Since the
connective tissue in boys at the onset of puberty can be particularly
sensitive to intense eccentric exercise (Harada et al., 2010), we
hypothesized that regular baseball playing, which often aggravates
joints and muscles on one side, can create asymmetry of individual
muscle groups, tendons and ligaments in young (11-12 years old)
athletes, which makes them more prone to injury compared to those
non-trained.

Adolescents are especially vulnerable to injuries because of the
occurrence of many structural, hormonal, biomechanical and functional
body changes during puberty (Adirim & Cheng, 2003; Cassas &
Cassettari-Wayhs, 2006; Frisch, Croisier, Urhausen, Seil, & Theisen,
2009). Approximately one-third of adolescent injuries are associated
with knee soft tissue damage (Foss, Myer, Magnussen, & Hewett,
2014). Previous studies have shown that up to 54% of adolescent
athletes experience some form of knee pain annually (Calmbach &
Hutchens, 2003; Fagan & Delahunt, 2008; Louw, Manilall, & Grimmer,
2008). In basketball, the incidence of non-contact knee joint injuries in
adolescents is higher than in other sports (Belechri, Petridou,
Kedikoglou, & Trichopoulos, 2001; Caine, Maffulli, & Caine, 2008).
This can be attributed to the fact that during a basketball game there are
rapid and frequent sprints and stops, direction changes and jumps
(Cumps, Verhagen, & Meeusen, 2007; Drakos, Domb, Starkey,
Callahan, & Allen, 2010). Such activities place particularly high stresses
on the knee and the muscle-tendon unit (Cassas & Cassettari-Wayhs,
2006). This causes pain in the most overloaded structures, so research
into athletes’ muscles and tendons, adapted to basketball exercise, can
reveal differences (compared to non-trained adolescents) and provide
new predictive indicators of injuries. We hypothesized that adolescent
basketball players who experienced knee pain would have worse
balance in muscle strength, activation and coordination, lower range of
motion and more common tendon lesions than those basketball players
who did not have pain and adolescents who were not engaged in sport.

Biomechanical and clinical studies support the claim that the
position of the upper part of the body can affect mechanical properties
of femur and tibia, patella and hip joints (Reiman, Bolgla, & Lorenz,
2009). Malfunction of the hips, pelvis and trunk movement control puts

7



more stress on the knee joint, which can result in the incidence of injury
(Cibulka & Threlkeld-Watkins, 2005; Powers, 2010). During the jumps,
side torso movements, excessive hip adduction and internal rotation can
cause the knee joint centre to move medially relative to the foot fixed on
the ground (Hollman et al., 2009). The inward movement of the knee
joint results in an increase in the dynamic knee valgus and increases the
risk of numerous knee injuries (Hewett et al., 2005), including
patellofemoral joint dysfunction (Blackburn & Padua, 2009). The effect
on tendon size and mechanical properties of irregular loading of the
patellar tendon related to an increase in dynamic knee valgus or Q-angle
is not known. However, studies describe alterations in the elastic
properties of patellar tendon with tendinopathy. The tendon can be more
elastic (Helland et al., 2013) or elasticity does not change (Couppé et al.,
2013; Kongsgaard et al., 2010), but the tendon is less stiff. This can be
related to increasing patellar tendon thickness, patellar tendon pain and
functional deficit (De Zordo et al., 2009, 2010; Ooi et al., 2016). As
such pain and decrease in functional strength in the tendons could mean
an end to the athletic career of an athlete, it is important to identify how
global posture, lower limb joint alignment, and movements of the hip,
pelvis, and trunk may change knee loading, tendon morphology, and
mechanical properties. Therefore, we hypothesized that for basketball
players who feel the knee pain due to differences in kinematic and
kinetic parameters the knee loading will be higher and will affect the
mechanical properties of the patellar tendon.

Research aim was to establish the expression of primary
indicators of skeletal muscle and tendon chronic damage in children and
adolescents at increased risk and untrained children and adolescents.

Research objectives

1. Compare side-to-side differences in morphological and
functional indicators for children adapted to physical exercise with pain
in the dominant upper limb and those free of pain.

2. Compare side-to-side differences in morphological and
functional indicators for adolescents adapted to physical exercise with
and without knee pain and untrained adolescents.

3. Compare kinematic and kinetic indicators as well as patellar
tendon mechanical properties for adolescents adapted to physical
exercise with and without knee pain.



Theoretical and practical significance of research. Coaches,
sports medical professionals and physical therapists should pay attention
to the fact that pain in 11-12-year-old baseball players is neither
associated with muscle contraction strength, range of motion nor side-
to-side morphological differences. Knee pain in adolescent basketball
players is associated with greater height, lower lumbar and pelvic
stability, and often accompanied by morphological knee pathologies in
which the risk of developing knee pain increases more than 8 times.
Besides, leg stiffness, valgus knee motion, and Q-angle are associated
with hypertrophic soft patella tendon and idiopathic knee pain in
adolescent basketball players. In the early diagnosis of the risk of injury,
it is particularly important to use the ultrasound methods because
morphological changes can occur even in the absence of persistent pain.

1. RESEARCH METHODS AND ORGANIZATION

1.1. Participants

The experiments were carried out in accordance with the
principles of human experimentation ethics set out in the Declaration of
Helsinki. Participants were familiarized with research aims, methods
and procedures. Written informed consent was obtained from parents or
foster parents. Research protocol was discussed and approved by
Kaunas Regional Biomedical Research Ethics Committee (protocol No.
64/2013). The numbers and characteristics of research participants
involved in each study are given in Table 1.



Table 1. Number, age, body height, body weight, training experience of
participants (mean and SD)

Trau}lng Number of Age  [Body height Bqdy
Study Group experience | participants (years) (cm) weight
(years) () (kg)
With pain
. 45+0.8 14 11.6+0.6 [158.5+£6.3 |54.1£11.9
I | (symptomatic)
Control - 16 11.8+£0.7 | 158.0+7.1 |55.1+10.6
With pain 63+1.6 29 |145+0.6[179.1£8.4 [654+10.6
(symptomatic)
I\ Withoutpain | 5 4 30 [14020.6 1741106 614+ 132
(asymptomatic)
Control - 29 142 +£0.7 |172.2+9.0 [{63.4+15.1
Withpain =~ 65,4 10 |15240.6(1793+84 | 642£9.7
(symptomatic)
III
Withoutpain | ¢ 5 10 |146+08(177.3£80 | 63.6£9.0
(asymptomatic)

Study I. The participants of this study were 14 male baseball
players who 1) participated 4 or more years in baseball activities and 2)
experienced moderate intensity pain during at least two training sessions
in the last month. Baseball players were recruited from the local
baseball league during the off-season preparation phase (November-
December). We used a modified questionnaire by Trakis et al. (2008) to
determine whether a participant could be included in the study or should
be excluded. For the control group physically active boys (n = 16) were
recruited from local high schools from the same grades and of similar
mass and height as the baseball players. Boys in the control group
attended physical education classes 2 times a week, but they did not
participate in any sports training.

Study II. Research participants were 88 adolescents who were
divided into three groups (Table 1) using a modified KOOS
questionnaire (Roos & Lohmander, 2003). The first group (n= 29)
included adolescent basketball players who 1)had participated in
basketball activities for 5 or more years; 2) experienced anterior knee
joint pain during at least two training sessions in the last month. The
second group (n= 30) included basketball players who 1) had
participated in basketball activities for 5 or more years; 2) had not
experienced anterior knee joint pain in the last month. Basketball
players were recruited from the local basketball league at the end of the
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season (in July-August). The third group consisted of 29 healthy
physically active adolescents from Kaunas city secondary schools.
They were of the same age as basketball players. The control group
participants did not play any sport.

Study III. Research participants were 20 adolescents who were
divided into two groups (Table 1) using a modified KOOS
questionnaire. The first group (n = 10) included adolescent basketball
players who had complained of knee pain in the past six months. The
second group (rn = 10) included adolescent basketball players who had
not complained of knee pain in the past six months. All adolescents
participating in the studies had played basketball for 5 or more years.
Basketball players were recruited from Kaunas city basketball league at
the end of the season (in July-August).

1.2. Research methods

Anthropometric measurements. Participants’ body height was
measured using a height rod. Their body weight was measured using the
scales Tanita Body Composition Analyzer TBF — 300 (Japan).

Dynamometry. An isokinetic dynamometer was used for skeletal
muscle strength testing (Biodex Medical System 3 PRO, certified by ISO
9001 EN 46001). Arm muscle concentric-isokinetic and eccentric peak
torque was tested during shoulder internal and external rotation,
shoulder and elbow flexion and extension. Testing shoulder extensor
and flexor muscles, the subjects arm was stretched up, the shoulder joint
was positioned at 0°. Strength was tested through 90° of the ROM,
between the angles of 90° and 180° (0° — arm resting against the side).

Shoulder joint internal and external rotation peak torque was
assessed with the subject’s arm positioned with the shoulder abducted at
90° and turned to the side (Zanca, Oliveira, Saccol, & Mattiello-Rosa,
2011). Strength was tested through 90° of the ROM, between 0° of
internal rotation and 90° of external rotation.

Elbow flexions and extensions were then performed. The
subject’s arm was at shoulder height stretched forward, the joint - at 90°,
the forearm was supinated, holding the lever arm of the dynamometer.
Strength was tested through 110°0f the ROM, between 0° and 110° (0° —
elbow fully extended).

Isometric MVC torque of the knee extensor and flexor muscles
were measured at a 90° knee joint (0°— full knee extension).
Concentric-isokinetic peak torque of the knee extensor and flexor
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muscles were measured performing 3 trials at angular velocities of
60°/s, 240°/s and 450°/s. Eccentric peak torque of the knee extensor and
flexor muscles was measured performing 3 trials at angular velocities of
60°/s and 240°/s. These measurements were taken through 85° of the
ROM, i.e. between 20° and 105° (0° — leg fully extended).

Testing proprioception. Proprioception was assessed using an
isokinetic dynamometer. First we registered knee flexion and extension
MVC, then we established the value of 20% MVC. For the accuracy of
values of the generated force, during the testing, the subjects performed
repeated isometric knee flexion and extension (10 trials with 1-s
intervals) in an attempt to match the required 20% MVC. Proprioception
was established calculating the absolute error size (AE) of knee extensor
and flexor muscle repeated isometric contraction torque applying the
formula (Magill, 2007; Schmidt & Lee, 2005):

AE = Exi—ﬂ/n’

where x;is the torque generated during trial (N-m); T — the target
torque, i.e. the required torque t; n— the number or trials. Aiming at
comparing the data between different subjects, we calculated also the
absolute error (AE) size as a percentage of MVC:

AE (%) = AE*100/(20% MVC).

Goniometry. Measurements of leg and arm range of motion
(ROM) were performed using static passive stretching till the feeling of
discomfort (Sauer, Potter, Weisshaar, Ploeg, & Thelen, 2007).
Measurements were taken using a standard goniometer. Internal and
external rotations of the upper arm (Reinold et al., 2008) as well as the
ROM of elbow flexion and extension were measured. We also
performed knee extension (“90-90” test; Russell & Bandy, 2004),
Prone Knee Bend test (Dutton, 2004), Straight Leg Test (Neto,
Jacobsohn, Carita, & Oliveira, 2014), Internal and External Hip
Rotation (Byrd, 2005) and Slump test (Davis, Anderson, Carson, Elkins,
& Stuckey, 2008).

Assessment of Movement Stability. Assessing the qualitative
stability of movements, we performed the Active Straight Leg Rise Test
(Mens, Vleeming, Snijders, Koes, & Stam, 2001), Single Leg Squat Test
(Bailey, Selfe, & Richards, 2011), Single Leg Hoop Test and Foam
Roller Supine Test.

Ultrasonography. Ultrasonography of the shoulder and elbow
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regions was performed (Harada et al., 2006) using an ultrasound device
(GE Logiq 7, Wuppertal, Germany) with a 7-12 MHz linear probe. We
measured the thickness of the subscapular muscle tendon, supraspinatus
muscle attachment tendon, humeral capitulum, and lateral elbow
ligament, and we performed a stress test aiming at assessing the inner
elbow and upper arm distance. Patella tendon measurements were
performed using an ultrasound device (Esaote MyLab 50 XVision, Italy)
with a 7-12 MHz linear probe. With the subject in a supine position and
the knee bent at 90° angle, we measured the cross-sectional area,
thickness and circumference of the patella.

Electromyography (EMG). A 16 channel MP 150 (Biopac
Systems, Inc., USA) was synchronized with a dynamometer and used to
register electrical activity of rectus femoris muscle and biceps femoris
muscle while performing isometric, concentric and eccentric knee
flexion and extension strength tests. EMG signals were recorded with a
frequency of 1,000 Hz and analysed using computer Acknowledge
software (Acknowledge, Biopac System, CA, USA). EMG signals were
filtered using analogue high-pass (10 Hz) and low-pass (500 Hz) filters
and assessed using the root mean square (RMS) of the EMG signal.

Measurements of the morphological and mechanical parameters
of tendons. During the third study, we registered the length and cross-
sectional area image of the patella tendon using an ultrasonography
device (LS128 CEXT-1Z, Telemed, Vilnius, Lithuania) with a linear 5—
10 MHz probe. Tendon length and cross-sectional area were measured
using image analysis computer software (ImageJ, National Institute of
Health, Austin, TE, USA).

Aiming at evaluating patella tendon mechanical properties
(elasticity and stiffness), the knee extension torque was increased to
80% MVC within 2 s. simultaneously registering patella tendon
elongation using ultrasonography (LS128 CEXT-1Z, Telemed) and the
biceps femoris muscle EMG using Biopac system (MP150WSW, Biopac
Systems) (Maganaris, 2003).

Kinematic parameters of vertical jump. The movement
registration system consisted of two 100 Hz cameras Basler A602fc
(resolution 656 x 490 pixels), connected via FireWire (IEEE-1394) with
a personal computer (Dell Computer Corporation, Round Rock, TX)
and video recording software Templo (Contemplas, Kempten,
Germany). Analysis of jumping technique was performed using the
SIMI movement analysis software (Simi Reality Motion Systems GmbH,
Unterschleissheim, Germany).
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Kinetic parameters of vertical jump. Kinetic variables of vertical
jumps were measured at the frequency of 200 Hz, using a 50 x 50 cm
portable force plate (Kistler, Switzerland, Slimline System 9286) with
software (Qualisys Track Manager v 2.10; Qualisys, Gotenbergas,
Svedija). Variables were assessed in the eccentric, concentric and
landing phases.

Assessment of knee joint function. A modified KOOS
questionnaire (Knee Injury Osteoarthritis Outcome Score) was used to
assess the subjective opinions of experienced knee pain and its
frequency (Roos & Lohmander, 2003). During the research we used a
subscale which included 9 items.

1.3. Research organization

Research was carried out at Lithuanian Sports University,
Institute of Sport Science and Innovations. Research participants were
tested under the same conditions, i.e. at the same time of day, at the
temperature of 21-22°C. The subjects were not allowed to exercise for
at least one day before the tests. They were trained to carry out tests.

1.3.1. Study I

On arrival at the laboratory on the first day of testing, each
subject subjectively evaluated the level and the frequency of pain in the
arm joints in points using a modified Trakis et al. (2008) questionnaire.
After the anthropometric measurements, the subjects’ arm joint range of
motion was measured using a goniometer. Then the warming-up was
carried out, which consisted of 5 arm ergometer rotation for minutes and
stretching exercises for 3-5 minutes. Then the subjects were seated in a
dynamometer chair, where their arm muscle torque was recorded in the
following order: 1) shoulder joint extensor and flexor muscle
concentric-isokinetic and eccentric peak torque; 2) elbow joint extensor
and flexor muscle concentric-isokinetic and eccentric peak torque;
3) shoulder joint muscle internal and external rotation concentric-
isokinetic and eccentric peak torque. On the second day of testing,
ultrasonic measurements of arm joints were taken. Research protocol is
given in Figure 1.
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Figure 1. Protocol of Study I

Note. GM — goniometric measurements; HIER — humeral internal and external rotation;
FFE — forearm flexion and extension; Con — concentric; Ecc — eccentric; FE — flexion
and extension, SMTT — subscapular muscle tendon thickness; TSMT — thickness of
supraspinatus muscle tendon; HHCT - humeral head cartilage thickness; THHC —
thickness of the head of the humerus cartilage; MDUHR — medial distance of ulna and
humerus at rest; MDUHV — medial distance of ulna and humerus during valgus force
test.

1.3.2. Study II

On arrival at the laboratory on the first test day of the second
study, the subject had subjective assessment of the knee pain level and
frequency in points using a modified KOOS questionnaire. After taking
the anthropometric measurements, the subjects’ ROM of legs were
measured using a goniometer. Then the legs were assessed applying
qualitative movement stability tests. Then the warming-up was carried
out, which was a 10 min exercise on a veloergometer (50 W, frequency
70 times/min), after which the surface EMG electrodes were attached.
Then the subjects were seated in a dynamometer chair, where their leg
quadriceps and hamstrings muscles peak torque simultancously with
EMG, was recorded in the following order: 1) in the isometric mode;
2) 20% of MVC; 3) in the concentric mode; 4) in the eccentric mode.
On the second day of testing, knee ultrasonic measurements were
carried out. Research protocol is given in Figure 2.
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Figure 2. Protocol of Study 11

Note. Slump — Slump Test; SLR — Straight Leg Rise Test; KE — Knee Extension Test;
PNB - Prone Knee Bend Test; IEHR — Internal and External Hip Rotation; QAMS —
Qualitative Assessment of Movement Stability; SLS — Single Leg Squat Test; SLH —
Single Leg Hoop Test; FRS — Foam Roller Supine Test; SLR — Straight Leg Rise Test;
MVC — maximal voluntary contraction force; Con— concentric muscle contraction;
Ecc — eccentric muscle contraction; US — ultrasonography; CSAPT — cross-sectional
area of the patellar tendon; TPT — thickness of the patellar tendon.

1.3.3. Study I1I

On arrival at the laboratory on the first test day of the third study,
the subject had subjective assessment of the knee pain level and
frequency in points using a modified KOOS questionnaire. After taking
the anthropometric measurements, the warming-up was carried out,
which was a 10 min exercise on a veloergometer, (50 W, frequency
70 times/min). Surface EMG electrodes were attached on the subjects’
biceps femoris muscle. Then the subject was seated in the Biodex chair,
where his isometric knee extensor and flexor muscle MVC was
registered simultaneously with EMG. Patella length and cross-sectional
arca were examined applying ultrasonography at rest. By means of
ultrasonography, 3 isometric knee extensions and 3 passive knee
extensions were filmed simultaneously with EMG recording and
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goniometry as well as dynamometry.

After muscle function testing and patellar tendon
ultrasonography, the subjects performed 3 vertical jumps on the contact
force plate. At the same time kinematic parameters of the jumps were
recorded using the Contemplas Templo system. After completing the
jumps, 2 video cameras recorded sagittal and frontal planes of the
standing position. Research protocol is given in Figure 3.

Kistler force
plate
(kinetic)

2 video
cameras
(kinematic)

MVC
PTL
PTCSA
Knee extensions
80%
3 passive knee
extensions

1 min
Warm up
1 min
5 min

Anthropometric

Measurements of patella tendon 3 vertical jumps

v

Figure 3. Protocol of Study II1

Note. MVC — isometric maximal voluntary contraction; PT — patella tendon;
PTCSA - patella tendon cross section area.

1.4. Mathematical statistics

Statistical analysis was used to provide means and standard
deviations (SD) of the data described. Shapiro-Wilk test was used to
determine whether the data obtained were normally distributed. During
the research, the effect the side of the body (dominant vs. non-
dominant) and the group (players vs. the controls) was compared using a
two-factor analysis of variance (ANOVA). In case of the group effect,
Tukey Post-hoc Test was carried out to establish the differences between
different groups. Nonparametric Wilcoxon test was used to evaluate the
difference of movement stability test results. Aiming at calculating the
odds ratio, the subjects were divided into low (rated by 3 and 4 points),
and high (rated by 1 and 2 points) stability groups. The relationship
between knee pain and the movement stability (low/high), or
morphological changes (ultrasonography - positive/negative) was
described by the Four-field 2 x 2 contingency table, the statistical
evaluation accuracy was set up at 95% confidence interval (CI). During
the third study, Student ¢ test was used to compare the differences
between the groups with a normal distribution of variables, and
Wilcoxon W test — when the groups could not be assumed to be
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normally distributed. Analysis of the difference between Q-angle and
knee valgus angle was performed using the nonparametric Wilcoxon
signed-rank criterion 2 for related samples. Confidence interval was
determined using the Monte Carlo method. In all cases, the difference
was considered significant when p < 0.05. Calculations are performed
using IBM SPSS v. 20 software (IBM, Armonk, NJ).

2. RESEARCH RESULTS

2.1. Bilateral differences in morphological and functional
parameters for children adapted to physical exercise
and suffering from pain in the dominant arm, and
children not engaged in sport

2.1.1. Arm muscle contraction torque

Arm muscle contraction peak torque of the dominant and non-
dominant arms in the groups of baseball players and the controls was
not significantly different performing the internal and external shoulder
rotation in the concentric and eccentric mode (p > 0.05, Table 2).
However, the eccentric shoulder external rotation peak torque was
higher in the control group comparing the results to those of baseball
players (20.1%; p < 0.05). Accordingly, the ratio of the eccentric
external rotation and concentric internal rotation was higher in the
control group in comparison to that of the baseball players (17.9%,
p <0.05).

In addition, muscle strength in the dominant and non-dominant
arms in subjects did not differ in the elbow and shoulder flexion and
extension regardless of the mode of performance and the group of
subjects (p > 0.05).
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Table 2. Comparison of peak torques between the baseball players and the
control group for the dominant and non-dominant arms.

Baseball players Control group
Test Dominant Nondominant Dominant Nondominant

Mean + SD Mean + SD Mean + SD Mean + SD
Shoulder
Concentric
Internal rotation 317480 28.4+7.6 3254681 295468
(N-m)
External rotation 18.7+3.8 18.0+3.5 24+41 218449
(N-m)
Eccentric
Internal rotation 37.8+9.4 34.1+5.0 39.9+53 394475
(N'm)
External rotation 168+5.6 153+38 19.9+38 20366
(N-m)*
Ratio
IRecc / IRcon 1.23 +£0.26 1.20+0.24 1.31+£0.15 1.37+£0.19
ERecc / IRcon* 0.55+0.05 0.55+0.04 0.64 £0.01 0.70 £ 0.03
ERcon / IRcon 0.65+0.04 0.71 £0.04 0.70 £0.01 0.74 £ 0.03
Shoulder
Concentric
Flexion (N-m) 354+124 329+12.2 352+94 33.0+79
Extension (N-m) 444 +7.8 42.6 £10.8 46.9+9.1 448 +£10.2
Ratio
Flexion / Extension 0.79 £0.04 0.77 £0.06 0.78 £0.04 0.77 £0.03
Elbow
Concentric
Flexion (N-m) 19.5+5.5 17.7+44 19.8+£4.0 18.8 +£3.6
Extension (N-m) 273+5.6 26.7+7.7 27.9+8.2 263+79
Ratio

Flexion / Extension ~ 0.71 = 0.02 0.67 +0.03 0.73 £0.03 0.75 +0.04

Note. ER — external rotation; IR — internal rotation; ecc — eccentric;
con — concentric; * — p < .05, for group effect.

2.1.2. Range of motion

There were no differences in the range of motion between the
dominant and non-dominant arms in both groups (p > 0.05; Table 3).
Shoulder joint internal rotation ROM was significantly lower in baseball
players compared to that of the controls (5.6%; p < 0.05), though
external rotation ROM did not differ between the two groups (p > 0.05).
Elbow flexion and extension range of motion was not different between
the two groups (p > 0.05).
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Table 3. Comparison of the range of motion (deg) between the baseball players
and the control group for the dominant and non-dominant arms

Baseball players Control group

Motion Dominant Nondominant Dominant Nondominant
Mean + SD Mean + SD Mean + SD Mean + SD

Shoulder

Internal 71.9 £ 10 763 +£10.6 79.9+7.8 77.1£7.7
rotation

External 87.9+9.7 88.4+10.8 89.6 + 10.2 88.8 + 7.4
rotation

Total 159.7+159  164.7+18.0  1695+1.,0  166.0+12.8
motion

Elbow

Extension 54+24 46+1.3 57+2.9 5.8+4.4
Flexion 1494 £5.4 151.9+8.0 152.8+5.7 1525452
Total 154.7+6.5 156.5+ 8.4 158.5+7.4 158.4+7.7
motion

Note. * — p <.05, for group effect.

2.1.3. Morphological parameters

Morphological parameters of the dominant and non-dominant
arms measured by ultrasonography, revealed no significant differences
in both the players and the controls (p > 0.05; Table 4). However,
baseball players’ supraspinatum muscle tendon was 0.07 cm thicker,
compared that of the control group (12.2%, p < 0.05). Articular
thickness of the humeral capitulum and ulnar collateral ligament
thickness were greater in baseball players compared with the control
group (respectively 22.2%, 15.4%, p < 0.05). Medial ulnohumeral
distance with no valgus stress was greater in baseball players (17.9%,
p < 0.05), but in case of valgus stress applied the difference between the
groups was not.

There were two cases in which the two ossification centers in the
medial epicondylitis were seen in the dominant baseball players’ arm,
and one case — in subjects of the control group. One of the ossification
centers was established in subjects of both groups in the non-dominant
arm, besides, medial epicondylitis of both arms were established for
three subjects in the control group.
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Table 4. Comparison of ultrasonography measures (cm) between baseball
players and the control group for the dominant and non-dominant arms

Baseball players Control group

Parameter Dominant  Nondominant  Dominant  Nondominant
Mean + SD Mean + SD Mean + SD Mean + SD

Subscapular tendon 0.52+0.06 0.52+£0.06 048+0.09  0.49 +0.09

thickness

Supraspinatus tendon 50\ 09 056£0.07  0.50+007  0.50+0.07
thickness *

Articular cartilage

thickness of the 0184005 0.18+005 0.14+003 0.14%0.03

humeral head *

Ulnar collateral
ligament thickness *
Articular thickness of
the humeral capitulum
Valgus stress test:

Medial ulnohumeral

distance with no valgus  0.14 £ 0.03 0.14 +0.02 0.11 +£0.03 0.12+0.03
stress *

Medial ulnohumeral

distance with applied 0.20+0.06 0.18£0.04 0.17+0.05 0.18+0.03
valgus stress

0.34 £ 0.05 0.31 £0.03 0.28 £0.03 0.27 £0.03

0.22 £0.05 0.22+0.04 0.19 £0.04 0.20 £0.04

Note. * — p <.05, for group effect.

2.2. Bilateral differences in morphological and functional
parameters for children adapted to physical exercise and
suffering from pain in the leg, not suffering from pain,
and children not engaged in sport

2.2.1. Pain intensity, frequency and description of subjects

Asymptomatic players did not complain of any pain, but
symptomatic players’ pain intensity and frequency was assessed by
1.5+ 0.7 points 10.7 + 5.7 days per month. Prevalence of pain in the
dominant and non-dominant leg was not significantly different (8 — in
the dominant leg, 8 — in the non-dominant leg, 13— in both legs).
Symptomatic players were taller than asymptomatic subjects and
controls, respectively 5.0 and 6.9 cm (p < .05 in both cases), and the
body weight did not differ in all groups.

21



2.2.2. Leg muscle contraction torque and co-activation

Indicators of knee extensors muscles isometric MVC, concentric
muscle contraction peak torque at the speed of 60°/s and eccentric
muscle contraction peak torque at the speed of 60°/s were higher for the
dominant leg as compared to the non-dominant one (p < .05, Table 5).

The subjects in the symptomatic and asymptomatic groups
generated higher muscle contraction peak torque rates compared to the
control group by performing concentric contraction during the leg
extension and flexion at the speed of 60°/s, and the eccentric contraction
during leg flexion at the speed 60°/s (p < .05, Table 5).

Besides, symptomatic players achieved higher muscle contraction
torque indicators during knee flexion isometric contractions (18.2%),
and knee extension concentric contractions (11%) as well as leg flexion
(11.3%) at the speed of 240°/s and extension (12.7%), flexion (17%) at
the speed of 60 and 240°s (15.6 and 14.3%) during the eccentric
contraction, compared to players in the control group (p <.05; Table 5).
Symptomatic players also achieved higher indicators of quadriceps
isometric contraction torque (10.1%) and eccentric extension torque
(12.1%) at the speed of 60°/s compared to asymptomatic players
(p =.044, Table 5).

During muscle flexion eccentric contraction at the speed of 60°/s,
lower significance of co-activation was in the dominant leg (17.5%, p <
.05) compared to the non-dominant one. No significant differences in co-
activation between the dominant and non-dominant legs performing
concentric and isometric muscle contractions were established (Table 5).

During isometric flexion of the leg (22.8%) and eccentric
contractions at the speed of 60°/s (20.6%), co-activation of symptomatic
players was lower than that of the controls, and co-activation in
asymptomatic players was lower during concentric leg flexion at the
speed of 60°/s (31.9%) and 240°/s (19.6%) compared to that of controls
(p <.05, Table 5).

Significant differences in co-activation between symptomatic and
asymptomatic groups were observed only in eccentric contractions
during leg flexion at the speed of 60°s (17.8% lower in the
symptomatic group). Co-activation was always lower in leg flexion
compared to leg extension (p < .05).
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2.2.3. Range of motion

Significant difference in the range of motion (ROM) has not been
established in any group of subjects according to the laterality of the
body (Figure 6). Range of motion of symptomatic of players was higher
than that in the control group during knee joint during extension in the
Slump test (p = .020; 18.7%), but lower during hip external rotation
(18.8%, p < .001) and knee fend with subjects lying prone (6.3%,
p <.001). Also in the asymptomatic group of players who felt knee pain
hip external rotation was (15.7%, p < .05) compared to that of the
control group.

ESympt OAsympt BEControl
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SLUMP Straight 90/90 Hip Hip Knee
leg rise internal external bend
rotation rotation

Figure 6. Comparison of the range of motion for basketball players in

symptomatic and asymptomatic groups and controls

Note. * — p < .05 compared to the control group; the data are presented as mean + SD.
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2.2.4. Movement stability

Visual examination revealed that the control group subjects had
higher points single leg squats and active straight leg raise test
compared to basketball players (p < .05, Figure 7). Movement stability
points in the symptomatic and asymptomatic groups of basketball
players did not differ significantly. The summary of results for athletes
engaged and not engaged in sport showed that active straight leg raise
test was the highest knee pain prediction factor indicating a little more
than twice higher risk of pain (95% CI 1.1 to 4.2, p < .05). All stability
test results were associated with an increased risk of knee pain by 1.5
times (95% CI 1.2 to 2.1, p < .05).

ESympt OAsympt BEControl

Stability, points
[\9)

0 | - - ||

Single leg Single leg hop Foam roller Active
squat supine straight leg
raise

Figure 7. Qualitative comparison of movement stability assessment for

basketball players in symptomatic and asymptomatic groups and controls

Note. *— p <0.05 compared to the control group; the data are presented as mean + SD.
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2.2.5. Proprioception

During leg extension at 20% MVC, the absolute error between the
groups did not differ (p > .05), but during leg flexion it was lower in the
symptomatic group of players than in the control group (dominant —
28.5%, non-dominant — 30%, p < .05, Figure 8).

During leg extension, the absolute error was lower in the
dominant than the non-dominant leg (p < .001).

A |
Control : ! '
#
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Asympt
#
I ] |
S t - |
ymp #
0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32
Error, (%)
ONondominant B Dominant
B | | ] |
Control - '

Ay ' |
Sympt — L

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Error, (%)

ONondominant @ Dominant

Figure 8. Relative comparison of the absolute error values for basketball
players in symptomatic and asymptomatic groups and controls performing
isometric muscle contractions at 20% MVC with the dominant and non-
dominant leg

Note. A — leg extension; B — leg flexion; * — p < .05 compared to the control group;
#—p <0.001 comparing the performance with the dominant and non-dominant leg;
the data are presented as mean + SD.
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2.2.6. Morphological parameters

Knee joints of 176 adolescents were examined, among them 44
knee joints were painful and pathology was established in 26 of them.
The most common diagnosis was Osgood-Shlatter disease (50.0%),
muscle semimembranosus bursitis (19.2%), patellar division into two
halves (lat. patella bipartida, 15.4%), patellar tendon tendinitis (15.4%).
Morphological changes were associated with 8.6 fold increased risk of
knee pain (95% CI 3.7 to 19.5, p <.001). Patellar tendon cross-sectional
area and thickness did not differ between the groups.

2.3. Differences in kinematic and kinetic parameters as well as
mechanical properties of the patellar tendon for
adolescents adapted to physical exercise, suffering
and not suffering from pain

2.3.1. Morphological and mechanical properties of tendon

Patellar tendon length and cross-sectional area did not differ
significantly between basketball players who suffered (symptomatic)
and did not suffer (asymptomatic) from knee pain (Table 6). However,
in the symptomatic group, cross-sectional area of the upper part of the
tendon was significantly bigger than that of the middle part (p = .006, CI
0.004 to 0.008), and the lower part (p = .039, CI 0.034 to 0.044), and in
the asymptomatic group, the cross-sectional area of the upper part of the
tendon was significantly bigger than that of the middle part (p = .004, CI
0.002 to 0.005).

Table 6. Patellar tendon length and cross-sectional area (CSA) in the
symptomatic and asymptomatic groups

Symptomatic Asymptomatic p
group group value
Length (cm) 5.22+£045 5.00 £0.45 322
CSA in the proximal part (mm?)  92.65 + 14.60 89.00 £9.75 .530
CSA in the middle part (mm?) 88.33 +12.05*  86.23+8.93"  .530
CSA in the distal part (mm?) 87.64 + 11.45% 86.88 +7.33 484
Mean CSA (mm?) 89.54 + 12.51 87.37+845  .530

Parameters

Note. p — value comparing symptomatic and asymptomatic groups; * — p <.05 compared
to CSA in the proximal part in the symptomatic group; # — p < .05 compared to CSA in
the proximal part in the asymptomatic group
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Absolute tendon stiffness and Young’s modulus absolute were
significantly lower in the symptomatic group as compared to the
asymptomatic group (Table 7). Tendon stress did not differ between the
groups, but in both groups the upper part tendon stress was significantly
lower than the one in the middle part (in the symptomatic group
p = .006, CI 0.004 to .008; in the asymptomatic group p = .015, CI
0.011 to 0.018). In addition, in the symptomatic group there was a
higher tendency to tendon stress in the lower part compared with the
upper part (p =.081, CI 0.074 to 0.088).

Table 7. Patellar tendon mechanical properties in symptomatic and
asymptomatic groups of subjects

Symptomatic Asymptomatic

Parameters p value
group group
Peak force (N) 4242.89 £ 91595 4264.20+£769.83  1.000
Stiffness, absolute (kN/mm) 2.14+0.41 2.89£0.64 .013
Stress proximal tendon (Mpa) 46.64 £ 11.57 48.78 £ 12.11 .597
Stress middle tendon (Mpa) 48.56 £ 11.10 50.24 +£12.03 .650
Stress distal tendon (Mpa) 48.87 £10.49 49.58 £11.06 821
Strain (%) 748 £1.75 7.12+1.47 705
Elongation (mm) 3.92+1.03 3.57+0.85 450
Young’s modulus absolute 1.26 +0.25 1.68 +0.49 034

(Gpa)
Note. p — value comparing symptomatic and asymptomatic groups the data are
presented as mean + SD.

2.3.2. Kinematic parameters of vertical jump

There was no difference of Q-angle in the frontal plane and knee
valgus angle between the healthy and painful legs in symptomatic
subjects as well as right and left legs in asymptomatic subjects.
Regardless of the side of the body Q-angle value was significantly lower
in symptomatic patients (CI from 0.040 to 0.050, Table 8). Knee valgus
angle did not differ between the groups. The ratio of pelvis width and
femoral length was significantly lower in symptomatic subjects
(t=-2.321, p=.032).
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Table 8. Kinematic parameters of patellar tendon jump in the frontal plane

in symptomatic and asymptomatic groups of subjects

Parameters Syrrg‘z)?lrlr)latlc Asyr;fotslr)nanc . ;fue
Pelvis width (m) 0.24 £ 0.02 0.25+0.01 .602
Femoral length (m) 0.50+0.02 0.49 +£0.02 714
Pelvis width/femoral length, % 48.77+3.2 51.65£2.38 .032°
Q-angle (degrees) 8.44 £3.57 10.61 £ 3.94 045"
Valgus angle (degrees) —2.97+2.84 —4.25+2.74 956

Note. p value comparing in symptomatic and asymptomatic groups, data are presented

as mean + SD; * Mann—Whitney U test; ® Wilcoxon W test.

Maximum knee varus and valgus angles in the phases of vertical
jump squats and landing for symptomatic and asymptomatic subjects are
presented in Figure 10. Maximum varus angles in symptomatic subjects

were significantly lower (9.56 £ 9.32°) compared to tho

se in

asymptomatic group of subjects (17.43 £ 13.15°) in the squat phase (¢ =
-2.186, p = .035), but did not differ in the landing phase (respectively
8.99 £ 9.55° and 9.28 + 9.38°). Maximum valgus angle in squat and
landing phases did not differ for subjects in symptomatic and

asymptomatic groups.
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Figure 10. Maximal knee varus and valgus angles (the average of both legs

and SD in the frontal plane in the phases of squat and landing

Note. * —t test p < .05 comparing symptomatic and asymptomatic groups.
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Changes in the distance between the knees in the frontal plane in
the phases of squats and landing phases for symptomatic and
asymptomatic subjects are given in Figure 11. In the squat phase,
symptomatic players’ knees moved inward more compared to
asymptomatic players (3.67 = 3.67 cm, max. 9.76 cm, and 0.35 *
0.73 cm, max. 1.9 cm) (p = .039; CI 0.034 to 0.044), and this group had
a higher tendency of knee movement inwards (3.78 = 3.61 cm, max.
8.40 cm, and 1.16 £ 2.01 cm, max. 4.42 cm) during the landing phase
(p=.057; C10.051 to 0.062).
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Figure 11. Changes in the distance between the knees of the right and the left
legs in the frontal plane during the squat and landing phases of vertical jump

Note. ¥ — Mann—Whitney U test, p <.05 (CI 0.034 — 0.044) comparing value comparing
in symptomatic and asymptomatic groups.

2.3.3. Kinetic parameters of vertical jump

Kinetic parameters of vertical jump are given in Table 9. The
value of leg stiffness in the squat phase was significantly higher in the
asymptomatic group (p = 0.015, CI 0.013 to 0.016). The tendency of
lower leg stiffness was observed in the eccentric phase and higher peak
power in the concentric phase in symptomatic subjects compared to the
asymptomatic group (p =.055, CI 0.049 to 0.061 and p = .055, CI1 0.043
to 0.054).
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Table 9. Kinetic parameters of vertical jump in symptomatic
and asymptomatic subjects

Parameters Symptomatic Asymptomatic 2
group group value

Peak force in the eccentric
phase / body weight 1.09 £ 0.27 1.11 £0.18 .671
Peak force in the concentric
phase / body weight 1.41+0.15 1.32+0.11 400
Peak force in the landing

. + + .
phase / body weight 433 +1.81 4.88 +1.82 759
Eccentric force growth rate
(BW/s) 6.57£3.40 6.37+1.53 671
Peak power of concentric 5.49 4 0.58 500+ 026 055
phase / body weight e SO :

Average leg stiffness
during landing (N/m/kg)
Average leg stiffness in the
eccentric phase (N/m/kg)

290.07 £ 185.16  322.07 £153.68  .015

68.41 £ 19.55 77.25+£9.52 .055

Note. p value comparing in symptomatic and asymptomatic groups;
data are presented as mean + SD.



CONCLUSIONS
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1. Side-to-side changes of shoulder and elbow structure and function

in 11-12-year-old baseball players are not related to pain
occurring during throws, but a small shoulder joint eccentric
external rotation torque and decreased internal rotation range of
motion may have an effect on the occurrence of pain.

. Side-to-side differences of the knee joint structure and function

in14—15-year-old male basketball players are not related to early
diagnosed knee pain. Pain is more prevalent in taller players and
those with smaller pelvic movement stability. In addition, pain is
often accompanied by the knee morphological pathology in which
the risk of developing knee pain increases more than 8 times.

. Q-angle, knee valgus movement and leg stiffness are related to

increased and less stiff patellar tendon and early diagnosed
idiopathic knee pain in 14—15-year-old basketball players. When
intramuscular coordination is lower, pain is felt more often.



SANTRAUKA

Sportas ir fizin¢ veikla stiprina raumeny, Sirdies ir kraujagysliy
sistemy darbg, mazina antsvorj, gerina nuotaikg ir darbinguma (Haskell
et al., 2007). Reguliarts fiziniai pratimai yra naudingi paZintinei
funkcijai ir didina pasitikéjimg savimi. Vis délto, augant konkuren-
cingumui, sportuojantys vaikai ir paaugliai patiria didelj spaudima
laiméti, taigi fizinés pratybos intensyvéja, daznéja ir tampa labiau
specializuotos. Padidéjes ir/ ar nesubalansuotas fizinis krivis sukelia
sveikatos sutrikimy dél patiriamy traumy (Ladenhauf, Graziano, &
Marx, 2013).

Manoma, kad vienkartiniai fiziniai kriiviai maZzai veikia saus-
gysles ir raumenis (Ladenhauf et al., 2013). Visgi praktikoje taikomi ne
pavieniai, bet nuolatiniai fiziniai krGiviai ir labai daznai kitas kravis
atlickamas ne visiSkai atsigavus po prie§ tai buvusio. Nuolatiné
perkrova, biomechaniskai klaidingai atliekami pratimai ir fizinis kraivis
esant nuovargiui gali formuoti létinius klinikinius sausgysliy pakitimus
(Helland et al., 2013). Daugiau nei pusé patiriamy ranky ar kojy traumy
jvyksta ne fizinio kontakto su varzovais metu. Tai labiau susij¢ su
raumeny jégos, judesiy amplitudés disbalansu, judesiy valdymo ir
raumeny aktyvavimo sutrikimais, sausgysliy mechaniniy ir morfo-
loginiy savybiy pokyciais (Gagnier, Morgenstern, & Chess, 2013;
Ladenhauf et al., 2013).

Vaikai, zaidziantys beisbolg, gali biiti jautriis pazeidimui, nes
kamuoliukas metamas dalyvaujant vienos kiino pusés raumenims
(Escamilla, Fleisig, Zheng, Barrentine, & Andrews, 2001). Toks
asimetrinis pratimas gali sukelti funkcinj disbalansg, kuris per ilgesnj
laikg lemia atskiry raumeny grupiy, sausgysliy ir rai$¢iy dvipusiy
skirtumy atsiradimg (Byram et al., 2010). Ankstesniy tyrimy metu
nustatyta didesné¢ kamuoliuka metancios rankos zastikaulio iSorinés
rotacijos judesio amplitudé ir mazesné vidinés rotacijos judesio
amplitudé, lyginant su prieSingos pusés peties sgnariu (Borsa, Dover,
Wilk, & Reinold, 2006; Byram et al., 2010; Donatelli et al., 2000; Wilk
et al., 2009). Raumeny ir sausgysliy struktiiriniai bei funkciniai
dvipusiai skirtumai daznesni suaugusiyjy populiacijoje (Byram et al.,
2010; Chen, Lin, Chen, Lin, & Nosaka, 2011; Noffal, 2003). Visgi
ranky judesio amplitudés ir jégos dvipusiai skirtumai buvo nustatyti
augimo ir brendimo metu (Harada et al., 2010; Hurd et al., 2011; Levine
et al., 2006; Trakis et al., 2008). Lieka neaisSku, kokiu amziaus tarpsniu
galima didziausia traumy rizika, kada pasireiskia dvipusiai skirtumai
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kultivuojant asimetrinés apkrovos sportg ir koks dvipusiy skirtumy rySys
su traumy rizika. Kadangi berniuky brendimo pradZioje jungiamasis
audinys yra ypac jautrus intensyviems ekscentriniams kriiviams (Harada
et al., 2010), kéléme hipoteze, kad reguliariai zaidziant beisbolg, kurio
metu daznai apkraunami vienos pusés sgnariai ir raumenys, jaunesniojo
amziaus sportininkams gali vystytis atskiry raumeny grupiy, sausgysliy
ir rai$¢iy asimetrija, kuri gali lemti didesn¢ traumy rizika, lyginant su
nesitreniruojanciais vaikais.

Paaugliai ypa¢ jautrlis pazeidimui, nes brendimo laikotarpiu
vyksta daug struktiiriniy, hormoniniy, biomechaniniy ir funkciniy
organizmo pokyc¢iy (Adirim & Cheng, 2003; Cassas & Cassettari-
Wayhs, 2006; Frisch, Croisier, Urhausen, Seil, & Theisen, 2009).
Mazdaug trecdalis paaugliy traumy susijusios su kelio sgnario minkstyjy
audiniy pazeidimais (Foss, Myer, Magnussen, & Hewett, 2014).
Anksciau atlikty tyrimy duomenimis, kasmet net iki 54% paaugliy
sportininky patiria kelio sgnario skausmg (Calmbach & Hutchens, 2003;
Fagan & Delahunt, 2008; Louw, Manilall, & Grimmer, 2008). Zaidziant
krepsinj, paaugliy nekontaktinio kelio sgnario traumy skaiCius yra
didesnis negu kity sportininky (Belechri, Petridou, Kedikoglou, &
Trichopoulos, 2001; Caine, Maffulli, & Caine, 2008). Traumos
daznesnés tarp krepSininky, nes Zaidziant daZznai sustojama, keiiama
kryptis, pasokama (Cumps, Verhagen, & Meeusen, 2007; Drakos,
Domb, Starkey, Callahan, & Allen, 2010). Dél tokios veiklos ypac
didelé apkrova tenka kelio sgnario audiniams, raumens ir sausgyslés
kompleksui (Cassas & Cassettari-Wayhs, 2006). Tai sukelia labiausiai
apkraunamy struktiiry skausma, todél krepSinio fiziniams kriiviams
adaptuoty sportininky raumeny ir sausgysliy tyrimai gali parodyti
skirtumus (lyginant su nesportuojanciais paaugliais) ir iSryskinti naujus
traumy prognozavimo rodiklius. Kéléme hipotezg, kad paaugliy
krepsininky, kurie jaucia kelio sgnario skausmus, bus blogesnis raumeny
jégos balansas, aktyvacija ir koordinacija, mazesné judesiy amplitud¢ ir
daznesni sausgysliy pazaidos poZzymiai nei krepSininky, nejaucianciy
skausmo, ir nesportuojanciyjy.

Biomechaniniy ir klinikiniy tyrimy rezultatai patvirtina teiginj,
kad virSutinés kiino dalies padétis gali turéti jtakos S$launikaulio ir
blauzdikaulio, kelio girnelés ir Slaunikaulio sanariy mechaninéms
savybéms (Reiman, Bolgla, & Lorenz, 2009). Sutrikus kluby, dubens ir
liemens judesiy valdymui, labiau apkraunamas kelio sgnarys, ir tai gali
lemti traumos atsiradimg (Cibulka & Threlkeld-Watkins, 2005; Powers,
2010). Atliekant Suolius, liemens Soniniai judesiai, per didelis Slauny
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pritraukimas bei vidiné rotacija gali padidinti keliy suglaudima pédy
atzvilgiu (Hollman et al., 2009). Keliy suglaudimas didina kelio sgnario
valgus kampg ir kelio sgnario traumy rizikg (Hewett et al., 2005), kelio
girnelés ir Slaunikaulio sanario disfunkcijg (Blackburn & Padua, 2009).
Kelio girnelés sausgyslés dinaminés apkrovos poveikis, jskaitant kelio
valgus ar Q-kampo pasikeitimus, sausgyslés dydziui ir mechaninéms
savybéms néra zinomas. Esant tendinopatijai, sausgysl¢ gali buti
elastingesné (Helland et al., 2013) arba elastingumas nesikeicia (Couppé
et al., 2013; Kongsgaard et al., 2010), taciau sausgyslé biina ne tokia
standi. Tai gali biiti susij¢ su padidéjusiu girnelés sausgyslés storiu ir
girnelés skausmu, funkciniu nepakankamumu (De Zordo et al., 2009,
2010; Ooi et al., 2016). Kadangi skausmas ir funkcinés jégos
sumaz¢jimas gali reiks$ti sportininko karjeros pabaiga, svarbu jvertinti,
kaip kiino laikysena, kluby, dubens bei liemens judesiai gali keisti kelio
sgnario apkrova, sausgyslés morfologijg ir mechanines savybes. Todél
kéléme hipoteze, kad krepSinio zaidéjy, kurie jaucia kelio sgnario
skausmus, dél kinematiniy ir kinetiniy rodikliy skirtumo kelio sgnario
apkrova bus didesné ir turés jtakos girnelés sausgyslés mechaninéms
savybéms.

Tyrimo tikslas — iSsiaiskinti griau¢iy raumeny ir sausgysliy
létiniy  pazeidimy pirminiy rodikliy raiska padidintos rizikos,
nesportuojanciy vaiky ir paaugliy grupése.

Tyrimo uZdaviniai

1. Palyginti fiziniams kriiviams adaptuoty vaiky, jaucianciy
dominuojancios rankos skausmg, ir jo nejaucian¢iy dvipusius
morfologiniy ir funkciniy rodikliy skirtumus.

2. Palyginti fiziniams kruviams adaptuoty paaugliy, jaucianciy
kelio skausmg, jo nejaucianéiy ir nesportuojanciy paaugliy dvipusius
morfologiniy ir funkciniy rodikliy skirtumus.

3. Palyginti fiziniams kriiviams adaptuoty paaugliy, jauciancCiy
kelio skausma, ir jo nejaucianciy kinematinius bei kinetinius rodiklius,
girnelés sausgyslés mechanines savybes.

Teoriné ir praktiné tyrimo reiksmé. Treneriai, sporto medikai ir
kineziterapeutai turéty atkreipti démesj ] tai, kad 11-12 mety
beisbolininky skausmas néra susij¢s su raumeny susitraukimo jégos,
judesiy amplitudés ir morfologiniais dvipusiais skirtumais. Paaugliy
krepsininky kelio sgnario skausmas susijes su aukStesniu tigiu, mazesniu
juosmens ir dubens stabilumu, o skausma daznai lydi kelio sgnario
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morfologinés patologijos, kurioms esant rizika atsirasti skausmui kelio
sgnaryje padidéja daugiau nei 8 kartus. Be to, paaugliy krepSininky kelio
Q-kampas, valgus kelio judesys ir kojos standumas yra susij¢ su
paaugliy krepsininky padidéjusia, maziau standzia girelés sausgysle ir
idiopatiniu kelio skausmu. Anksti diagnozuojant traumy rizikg, ypac
svarbu naudoti ultragarso metodikg, nes morfologiniai poky¢iai gali
atsirasti dar nesant nuolatiniam skausmui.

ISVADOS

1.
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11-12 m. beisbolo zaidéjy peties ir alktinés struktiiros bei
funkcijos dvipusiai skirtumai neturi sgsajy su metimo metu
atsirandanc¢iu skausmu, taCiau mazas peties sgnario ekscentrinés
iSorinés rotacijos jégos momentas ir sumazéjusi vidinés rotacijos
amplitudé gali turéti jtakos skausmo atsiradimui.

14-15 m. berniuky krepsinio Zaidéjy kelio sgnario struktiiros bei
funkcijos dvipusiai skirtumai neturi sgsajy su anksti diagnozuotu
kelio skausmu. Skausmas budingesnis aukStesnio Tgio ir
mazesnio dubens judesiy stabilumo Zaidéjams. Be to, skausma
daznai lydi kelio sgnario morfologinés patologijos, kurioms esant
rizika atsirasti kelio sgnario skausmui padidéja daugiau nei 8
kartus.

. Q-kampas, valgus kelio judesys ir kojos standumas yra susij¢ su

14-15 m. krepS$inio Zaidéjy padidéjusia, maziau standzia girnelés
sausgysle ir idiopatiniu anksti diagnozuotu kelio skausmu. Kai
tarpraumeniné koordinacija yra maZesné, skausmas jaucCiamas
dazniau.
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