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Abstract

Background. Basketball is considered to be one of the most popular sports. Besides recreational training sessions,
basketball lovers as non-professional athletes often perform competitions like basketball athletes, characterized by
high intensity. However, the biological changing is limited.

Objectives. This study aimed to analyze the differences between basketball lovers as non-professional athletes and
professional athletes regarding their blood CK-MM levels and their recovery of muscle strength.

Materials and methods. The present study was an analytical observation, involving adult males subjects

(19-29 years old) divided into 2 groups: non-professional athletes (NP, n=9) and professional athletes (PA, n = 9).
The blood CK-MM levels were measured using the ELISA method. The push, pull, leg, and back muscle strength
were assessed with a dynamometer. The data were obtained 3 times: before (pre), 1 hour after the game (post1), and
1 day after the game (post2).

Results. The results showed that there was a higher muscle strength in the PA group compared with the NP group
(p < 0.05). However, in both groups, the recovery of all muscle strength, except push muscle, did not occur after 1
day of the game. This was linear with the level of blood CK-MM in both groups, with a higher level of CK-MM in NP.
Nevertheless, there was insignificance between groups (p > 0.05).

Conclusions. The findings indicate that non-professional athletes have lower strength and a higher trend of blood
CK-MM level compared to professional athletes. However, the recovery of muscle strength and the changing pattern
of CK-MM are similar between the two groups, which reveals that active people, such as non-professional athletes,
have a good adaptation as athletes.

Keywords: muscle strength, CK-MM, basketball, athletes, healthy lifestyle.

Introduction particularly muscular strength, endurance, and reaction
speed. To improve performance in basketball, it is essential

Basketball is a dynamic sport played by two opposing ¢ ¢ on physical fitness, both in terms of health-related

teams that continuously attack and defend to achieve victory

(Salafi et al., 2023). According to Gottlieb et al. (2014),
basketball involves horizontal movements such as sprinting
and changing direction, as well as vertical movements such
as jump shots, rebounds, and dunks.These characteristics
require players to possess optimal physical capacities,
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and skill-related components. Physical fitness in basketball is
critical in supporting performance and preventing injury. It is
influenced by various factors such as physiological conditions,
physical demands during the game, and recovery after the
game (Putera et al., 2023; Asad etal., 2022; Ayubi et al., 2022).
According to Yewen et al. (2024), basketball players need to
have high levels of muscular strength, particularly in the arms,
legs, and back, to support movement efficiency during games.

A tight competition schedule and the high intensity
of the game increase the risk of fatigue and decreased
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performance. Muscle fatigue can impair the effectiveness of
muscle contractions and increase the risk of injury (Goud
et al., 2023). Athletes with well-trained muscles tend to be
more resistant to fatigue due to better neuromuscular and
metabolic adaptations (Schoenfeld et al., 2017). Basketball
movements generally involve dynamic muscle contractions,
including both concentric and eccentric contractions.
Muscular strength plays a key role in various movements
during the game, such as jumping, landing, sprinting,
shooting, dribbling, throwing, and passing (Ferraz et al.,
2021). These movements involve isotonic contractions,
consisting of both concentric and eccentric phases. Eccentric
contractions, which occur when a muscle lengthens while
generating force, contribute significantly to mechanical stress
and microtrauma in muscle tissue. This activity can lead to
skeletal muscle damage and delayed onset muscle soreness
(DOMS) (Hedayatpour et al., 2018). Acutely, eccentric-
induced muscle damage is estimated to account for 10-55%
of all sports-related injuries. The proportion varies by sport,
with approximately 11% in rugby, 16 % in running, and 18%
in basketball (Maffulli et al., 2015). Martinez et al. (2022) also
state that sports involving dominant eccentric contractions
carry a high risk of muscle damage. Such microscopic injuries
trigger the release of biochemical markers such as creatine
kinase (CK), particularly the CK-MM isoform derived from
skeletal muscle. Creatine kinase (CK-MM) is a commonly
used biomarker to detect muscle damage following physical
activity. CK-MM levels increase significantly after high-
intensity exercise, especially activities involving eccentric
contractions (Baird et al., 2012). Lieber (2018) reports that
CK-MM levels increase within 45 minutes after ergometer
testing and return to baseline within 24 hours in trained
athletes, whereas in untrained individuals, elevated CK-
MM levels may persist for up to six days. This demonstrates
differences in muscle recovery capacity and adaptation
between trained and untrained individuals.

Research by Damas et al. (2016) also reports that
repeated resistance training-induced muscle damage can
acutely reduce muscular strength, although it may promote
hypertrophic adaptation in the long term. Similarly, Subagio
et al. (2025) find that the high-load low-repetition (HLLR)
group experiences greater microtrauma compared to the
low-load high-repetition (LLHR) group, as the HLLR
protocol involves lifting heavier loads. In the context of
competitive sports, it is important to understand how muscle
strength and muscle damage biomarkers change before and
after competition. To date, the differences in muscle damage
levels and muscular strength before and after basketball
matches between non-professional (NP) and professional
athletes (PA) remain unclear.

Based on the above background, this study aims to
analyze the differences in muscle damage markers (CK-
MM), as well as the muscle strength of the arms, legs, and
back, between non-professional athletes and professional
athletes.

Materials and Methods

Participants

The subjects recruited for this study were males aged
19 to 29 years old. This study received ethical approval from

the Research Ethics Committee of the Faculty of Medicine,
Universitas Airlangga, with certificate number 138/EC/
KEPK/FKUA/2025.

This study was an analytical observational study. The
subjects consisted of two groups: the non-professional
athlete group (NP) and the professional athlete group (PA).
All subjects signed informed consent forms and agreed to
participate in the study. Each group initially included 10
participants. However, after conducting an outlier analysis
using SPSS based on CK-MM levels, one participant from
the professional group was identified as an outlier, likely
due to non-compliance, and was therefore dropped from
the study. Consequently, one participant from the NP group
was removed through a random draw. Thus, each group
consisted of 9 participants.

Procedure and Protocol Test

Before the matches began, all subjects were not allowed
to perform moderate- or high-intensity exercise from 24
hours before the match until the study was completed.
This restriction was implemented to avoid bias in blood
biomarker results. The basketball matches were played 5 vs. 5
according to FIBA standards (PA vs. PA; NP vs. NP). Subjects
performed a 5-minute warm-up under the supervision of an
instructor before the match started. Each basketball game
consisted of four quarters (4 x 10 minutes), lasting a total of 40
minutes. There was a 1-minute break between quarters. The
matches were officiated by three referees: the head referee,
the second referee, and the scorekeeper. The court used for
the games was standardized for basketball competitions and
maintained at a room temperature between 20 and 22°C.

Anthropometric measurements were taken before
the match to assess body weight and height, which were
subsequently used to calculate body mass index (BMI). Height
was measured using a SECA 213 portable stadiometer, while
body weight was measured using a TANITA Bc545n. BMI
was calculated by dividing weight by height squared (kg/m?).
Arm muscle strength was measured using a shoulder and
arm dynamometer (Dynamometer, TTM, Tokyo, Japan),
while leg and back muscle strength was assessed using a
back and leg dynamometer (Takei 5002 BACK-D, Type
3, Takei, Japan). All muscle strength measurements were
recorded in kilograms (kg). Venous blood samples (3 cc)
were collected from the cubital vein to measure CK-MM
levels and analyzed using the Human CKM Enzyme-
Linked Immunosorbent Assay (ELISA) Kit from BT LAB,
reported in U/L. Blood sample analysis was conducted at
the research laboratory of Universitas Airlangga Hospital.
Muscle strength measurements and blood sampling were
conducted at three time points: before (pre), 1 hour after the
game (postl), and 1 day after the game (post2).

Statistical Analysis

Data analysis was performed using SPSS software. The
data analysis included descriptive statistics to determine
characteristics consisting of means and standard deviations
before the match, one hour after, and one day after the
match. Normality was tested using the Shapiro-Wilk test;
homogeneity was tested using Levene’s test. Differences
between the NP and PA groups were analyzed using the
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independent t-test or Mann-Whitney test. Differences across

time within groups were analyzed using repeated measures
ANOVA.

Result

The characteristics of the participants are presented
in Table 1. The average age of the NP group was younger
than that of the PA group; however, this difference was not
statistically significant (p = 0.59). The NP group had a mean
age of 20.89 + 2.20 years, while the PA group had a mean
age of 23.89 + 3.33 years. Based on Table 1, no significant
differences were found between the NP and PA groups in
terms of age or body mass index (BMI). Therefore, both
groups can be considered to be at equivalent stages of
physiological growth.

Table 1. Participant characteristics

. NP group  PA group "
Variables (n=9) (n=9) P

mean +SD  20.89 +2.20 23.89+3.33

Age (years) 0.59
Median 20 25
mean + SD  24.30 £2.70 24.45+2.68

BMI (kg/m?) 0.95
Median 24.14 24.92

Note: BMI = body mass index; NP = non-professional athletes;
PA =professional athletes; *T-independent test or mann whitney test

The results of the CK-MM levels analysis between the
NP and PA groups are presented in Figure 1. The average
CK-MM level in the NP group before the match was 247.90
+42.90 U/L, while in the PA group it was 246.52 + 37.12 U/L.
One hour after the match, the CK-MM level in the NP group
decreased to 234.45 + 23.24 U/L, whereas in the PA group it
decreased to 211.23 + 30.56 U/L. One day after the match,
the CK-MM level in the NP group slightly increased to
240.31 + 48.55 U/L, and in the PA group it rose to 225.49
+ 31.04 U/L. The results of the repeated measures test on
CK-MM levels between the NP and PA groups showed no
significant difference (p = 0.148).

& [

CK-MM CK-MM

300 300
200 250

100 200

Creatine Kinase (U/L)
Creatine Kinase (U/L)

0 150
Pre Post1 Post2 Pre Postl Post2

B NP group EH PA group =+ NP group - PA group

Fig. 1. The concentration of CK-MM in each group (a) and the
changing of CK-MM (b). Pre = before the game; Post1= 1 hour
after the game; Post2= 1 day after the game

Figure 2a presents arm muscle strength measured
using a push dynamometer in the NP and PA groups. The
average push muscle strength before the match was 25.38
+ 8.58 kg in the NP group and 40.55 + 10.56 kg in the PA
group. One hour after the match, the NP group showed an
increase to 26.50 + 9.94 kg, and the PA group increased to
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Fig. 2. The changing of muscle strength. Pre = before the game;
Postl= 1 hour after the game; Post2= 1 day after the game. *sig.
diff between groups at the same time (p<0.05), t independent test
or mann whitney test. Asig. diff in the same group due to different
time (p<0.05), repeated measures ANOVA

44.55+10.56 kg. However, one day after the match, push
muscle strength decreased to 24.66 + 10.86 kg in the NP
group and to 41.77 + 11.15 kg in the PA group. The pattern of
change in push muscle strength was similar in both groups,
with an increase one hour after the match followed by a
decrease one day after the match. Repeated measures tests
showed no significant differences over time, but there were
significant differences between groups in the overall results
of the push muscle strength measurements (p time = 0.150;
p group = 0.002). Based on the results of post hoc analysis,
there were significant differences between the two groups
before the match, one hour after the match, and one day
after the match (p = 0.004, p = 0.001, p = 0.005 respectively).

The mean arm muscle strength measured using a pull
dynamometer (Figure 2b) in the NP and PA groups before
the match was not significantly different (NP =23.88 + 11.88
kg; PA = 28.66 + 4.18; p = 0.272). One hour after the match,
the NP group had an average of 23.66 + 12.93 kg, while the
PA group increased to 31.22 + 8.31 kg (p = 0.160). One day
after the match, the NP group increased to 25.00 + 12.53 kg
and the PA group increased to 34.66 + 9.04 kg (p = 0.079).
The repeated measures test showed a significant difference
over time in pull muscle strength between the two groups
(p=0.013).

Figure 2c shows that there was a significant difference
in pre-match leg muscle strength between the NA and PA
groups, where the PA group showed higher mean values
than the NP group (NP= 150.88 + 39.04 kg; PA= 224.33 +
49.97 kg). One hour after the match, the NP group had an
average of 151.88 + 48.64 kg, whereas the PA group increased
to 267.44 + 46.54 kg. One day after the match, leg muscle
strength in the NP group increased to 169.00 + 71.37 kg, and
in the PA group to 286.41 * 41.95 kg. Repeated measures
tests showed significant differences over time (p=0.019)
and between groups (p < 0.001) in the overall leg muscle
strength measurement results. Based on the result of post
hoc analysis, there were significant differences between the
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two groups before the match, one hour after the match, and
one day after the match (p = 0.003; p = 0.001); p = 0.002
respectively).

Figure 2d shows the back muscle strength in the NP and
PA groups. The average back muscle strength was higher
in the PA group than in the NP group. The back muscle
strength before the match was 137.94 + 37.66 kg, while in the
PA group it was 207.11 + 30.11 kg. One hour after the match,
the NP group did not experience significant changes, with a
strength of 138.11 + 47.26 kg, while the PA group increased
to 225.77 + 45.68 kg. One day after the match, back muscle
strength in the NP group increased to 160.66 + 60.18 kg, and
in the PA group to 246.35 + 87.07 kg. The repeated measures
test showed no significant difference over time, but there
were significant differences between groups in the overall
results of the back muscle strength (p time = 0.148; p group
<0.001). Based on the results of post hoc analysis, there were
significant differences between the two groups before, one
hour, and one day after the match (p = 0.001; p = 0.001; p =
0.015 respectively).

Discusion

This study aims to analyze the differences in muscle
damage markers as well as the muscle strength of the arms,
legs, and back between non-professional athletes and
professional athletes.

Creatine kinase

Creatine kinase (CK-MM) serves as an indicator for
detecting muscle damage caused by physical activity (Baird et
al.,2012). The CK-MM levels measured before the match, one
hour after, and one day after show no significant differences
between the NP and PA groups. In this study, the average
CK-MM level decreases one hour after the match. According
to Clarkson & Hubal (2002), this decline may result from
increased blood flow after the match, which accelerates
the clearance of CK-MM from the bloodstream. However,
this decrease is temporary, as CK-MM levels typically peak
within 24-72 hours following physical activity (Brancaccio
et al., 2007). In the current study, no peak in CK-MM levels
is observed even 24 hours post-match. Gutenbrunner (2000)
compares CK-MM responses between trained and untrained
individuals using an ergometer test. The results show that the
untrained group exhibits increased CK-MM levels, while the
trained group does not demonstrate a significant rise. In this
study, the NP group trains three times per week, while the PA
group trains ten times per week. Both groups are considered
trained individuals, which may explain why CK-MM levels
do not significantly increase 24 hours after the match.

Arm, Leg, and Back Strength

The results of arm muscle strength during the push
movement, measured before, one hour after, and one day
after the match, indicate that the PA group demonstrates
higher strength compared to the NP group. The push
movement is essential in basketball for activities such as
dribbling, shooting, passing, and rebounding. According to
Murach & Bagley (2016), regular training increases muscle
hypertrophy. In this study, the NP group trains three times

per week, while the PA group trains ten times per week.
Therefore, push strength is greater in the PA group. On
average, push strength increases one hour after the match.
This finding aligns with Finlay et al. (2022), who state that
high-intensity activities such as dribbling, passing, and
shooting enhance neuromuscular activation, leading to a
temporary increase in muscle strength. Pull strength in the
arm muscle also increases after the match in both the NP and
PA groups. According to Lambrich & Muehlbauer (2025),
this occurs because trained athletes tend to have higher
fatigue tolerance after competition. Since both groups in this
study consist of trained individuals, arm muscle pull strength
increases after the match in both NP and PA athletes.

Leg muscle strength plays a crucial role in basketball, par-
ticularly for running and jumping. The results of this study
show that leg and back muscle strength measured before, one
hour after, and one day after the match is higher in the PA
group. This finding is consistent with the study by Schoenfeld
etal. (2017), which explains that intensive and well-structured
strength and endurance training improves muscle strength
and hypertrophy. Increases in leg and back strength after the
match are observed in both groups. This improvement is likely
due to the effect of regular training in enhancing intermuscu-
lar activation and coordination, which contributes to faster
muscle recovery (Franchi et al., 2017; Peake et al., 2016). Mon-
ica (2015) also states that trained athletes tend to have greater
fatigue tolerance after competition. Since both groups in this
study consist of trained individuals, leg and back strength in-
creases after the match in both NP and PA athletes.

Conclusions

This study concludes that professional athletes (PA)
have greater muscle strength compared to non-professional
athletes. The muscles recovery is not occurred after one day
of competition, except push muscle. This pattern of muscles
recovery is similar to the pattern of CK-MM levels, however
insignificantly between groups. This indicates that the non-
professional athletes obtain a good effect as active people.
Nonetheless, further research is needed to better understand
the physiological response mechanisms and the effects of
prolonged training for safety.
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AHani3 nowkogXeHHA m'asiB (KK-MM) ta BigHOBNeHHA M'A30BOI
cunm cepea HenpodecinHnx Ta npodecinHnx 6ackerébonicrie

E6i Max6y6i'A5¢P, JTinik Xepasari'*®PE, [TamasnTi Tinpyx'4“P, Ipdiancsa Ipsagi't®,
Panen Aprapini'*®?, lapgic Meitnap Capi'4®?, Vmyn A3mi'4*“P, Hyp Amukin Moxp 3aki*®”

'YuiBepcutet AtipraHra
*HanionanpHnit yHiBepcuTeT Maaisii

ABTOpCBHKIMIT BKIAM: A — FU3aiH KOCTimKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 7 c., 1 Tabn., 2 puc., 25 mxeper.

Icropia nuranH:A. BackeT60/ BBKAEThCA OFHMM i3 HAMIONY/LAPHINIMX BUAIB ciopTy. OKpiM peKkpealilfHuX TpeHyBaTbHUX
ceciit, moniHoByBayi 6ackeTOOIY, SIKi He € MpodeciiiHNMIU CIOPTCMEHaMM, YaCTO 6epyTh y4acTh Y 3MaraHHsIX, TUIIOBUX L Oac-
KeTOOICTIB, 1110 XapaKTepU3YIOThCA BUCOKOK IHTEHCUBHICTIO. OfHAK 610/I0Ti4HI 3MIHY € 0OMEXEHIMI.

Merta gocnigxenns. Ile focmimkeHHs Maio Ha MeTi IIpOaHali3yBaTi BiIMiHHOCTI MiXK IIOLIiHOByBa4aMM 6ac1<eT60J1y SIK He-
npodeciiiHMMu ciopTcMeHamy Ta Tpodeciitanmu cioprcMenamu moxo pisHa KK-MM (kpeatnHkiHaza M A30BOro i3odepMeHTy,
1[0 3HAXOUTBCA B CKEJIETHMX M 513aX) B KPOBI Ta Bi/fHOB/IEHHS M S130BOI CIIINL.

Marepianu Ta Metopu. I[IpefcraBieHe JOCTIIKEHHS IPOBOAMIOCS y POPMI aHATITUYHOTO CIIOCTEPEXKEHHsI, B IKOMY B3SIII
y4acTb JOPOCIi IPeACTaBHUKM 40/I0Bivoi cTaTi (BikoM 19-29 pokiB), posmnozineHi Ha 2 rpynu: Henpodeciini cnoprcmenu (HII,
n = 9) ta npodeciini cnopremenn (I1C, n = 9). Busnadenns pisasa KK-MM y kpoBi 371ilicHI0BaIOCs i3 BUKOPUCTAHHAM METOLY
imynodepmenTHoro ananisy (IOA). OuiHoBaHHA MOKA3HNUKIB CIIU BifJIITOBXYBAaHHS, TATH, M A31B HIT i CIMHY IIPOBEEHO 32 J10-
HOMOTOK0 ArHaMoMeTpa. OTpUMaHHsI JAHUX 3[iIICHEHO Tpudi: 6e31IocepeHbO meper; rporo (IepefoC/IiIHNIBKII eTaI), Yepes 1
TOAMHY Mic/A rpy (TOCTAOCTIAHUIIBKMIL eTaml) Ta depes 1 ieHb micia rpy (MOCTAOCTIHUIIBKII eTar2).

PesynbraTu. Pesynpratu mokasanm, o B rpymi I1C mokasHuk M 130801 cutu 6yB BUIIMM OpPiBHsHO 3 rpymnoro HIT (p < 0.05).
OpHak B 000X IpyIIax BiffHOB/IEHH: BCi€l M sA30BOI CH/IM, KPiM CHIM M’A31B TIifI Yac BIAIITOBXYBaHH:A, He CIIOCTepiranocs depes 1
menp nicns rpu. e Oymo miniitHO noB’sa3aHo 3 pisHeM KK-MM B kpoBi B 000x rpymax, npudomy pisenb KK-MM 6yB Buumm y
rpyni HII. ITpore 3nauyIoi pisHuii MK rpynaMu He BcTaHOB/IeHO (p > 0.05).

BucHoBKM. PesynmbraTu JOCTiIKeHHA CBif9aTh PO Te, 110 HenpodeciliHi ClTopTcMeHM MaloTh HYDKYi ITOKa3HUKIU CUIU Ta BU-
it pieb KK-MM y xpoBi nopiBHsHO 3 nmpodeciiinnmu cioprcMenamy. OHAK BiTHOB/ICHHSA M 530BOi CM/IM Ta 3MiHa ITaTepHY
KK-MM e nogibunmu B 060X rpymnax, 1o BKadye Ha Ha/Ie)KHY afallTallilo 10 3aHATh CIIOPTOM aKTUBHMX 0Cib, SIK-0T Hempodeciii-
HUX CIIOPTCMEHIB.

KirouoBi cmoBa: m’s30Ba cuna, KK-MM, 6ackeT6011, CHOPTCMEHU, 3[,0POBMIT CIIOCIO KUTTSL.
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