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Abstract

Background: COVID-19 might have a negative impact on sports performance. There are few studies in the literature
that assess how the sports performance of adolescent athletes is affected by COVID-19.

Obijective: This study aimed to compare the sports performance of adolescent overhead athletes who had COVID-19
infection with those who had not.

Methods: The study involved adolescent elite overhead athletes from basketball, volleyball, handball, and tennis. Athletes’
performance were assessed using core muscle endurance, hand grip strength, upper extremity functional performance,
reaction time and agility performance, and the 3-min step test.

Results: Study included 47 adolescent overhead athletes (mean age 15.15+ 1.51 years). The COVID-19 group showed
significantly higher Borg Scale scores and decrease in oxygen saturation levels only after the step test (p=0.02, p=0.02,
respectively). Additionally, COVID-19 group had lower grip strength in both right and left hands compared to the non-
COVID group (p=0.01, p=0.05, respectively). No significant association was found between core muscle power and
endurance, upper extremity functional performance, reaction time and agility performance (p >0.05).

Conclusions: Our results showed reduced hand grip strength and increased fatigue following COVID-19 infection in
adolescent overhead athletes. Time period after COVID-19 infection had a negative correlation with sports performance
and core endurance.
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Introduction process.’ Patients referred to intensive care units may experi-
ence musculoskeletal problems due to systemic inflammation,
mechanical ventilation, sedation, and long-term bed rest.?
Numerous studies have been conducted on the possible
consequences of COVID-19 infection. However, there is

COVID-19 is a highly contagious disease that can be fatal.
A recent study reported a mortality rate of 0.17% among
individuals under 20 years of age.! Symptoms can range
from mild flu-like symptoms to pneumonia with acute
respiratory insufficiency or severe acute respiratory distress
syndrome.? The most common symptoms of COVID-19 are
fever (88.5%), cough (68.6%), myalgia-fatigue (35.8%), Turkey
and shortness of breath (21-9%)'3 Symptoms may persist 2Ahi Evran University, Health Services Vocational School, Kirsehir, Turkey
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still a lack of information on its effect on athletes. Studies
focused on the effects of COVID-19 infection on different
populations may provide valuable information for health pro-
fessionals. The main mechanisms that may result in decreased
performance in athletes could be both derangements in the car-
diorespiratory and musculoskeletal systems, which directly
effect on sports performance, and also physical inactivity in
the course of COVID-19 infection.® Although one may
expect that COVID-19 will reduce the sports performance,
there are limited studies in the literature to support this
claim. The objective of this study was to compare the sports
performance of adolescent athletes who had COVID-19 infec-
tion with those who had not.

Methods

Subjects

This study included 47 adolescent overhead athletes from
basketball, volleyball, handball, and tennis who consented
to participate. Athletes were between the ages of 12 and
20 and had been undergoing sports-specific training at
least twice a week for a minimum of one year. Athletes
who had vertebral, upper, or lower extremity injuries
within the last six weeks and had undergone surgery and
also had pulmonary and cardiovascular disease that can
affect sports performance were excluded from the study.

Study design

This is a descriptive cross-sectional study approved by the
Human Studies Ethical Committee of Atilim University
and conducted at the Healthy Life and Sports Center in
Kirsehir, Turkey. The Clinical Trial Registration Number
is CNCT05298839.

Demographic information

We recorded the demographic information of all athletes,
including gender, age, height, and weight. Additionally,
sports-related information such as sports type, sports
history, injury history, and the frequency of training were
noted. In the COVID group, date of diagnosis, treatment
procedure (home isolation, hospital, intensive care unit),
and persistent symptoms were recorded, together with the
time interval between the date of diagnosis and the date
on which the performance tests were conducted.

Performance assessment

Core muscle endurance. Four tests were used to evaluate core
stabilization. The Sorensen test was used to evaluate extensor
muscle endurance. In the Sorensen test, athletes laid supine,

pelvis fixed and body hanging out of the bed, and they were
asked to maintain this position as long as possible.’
Endurance of the core flexor muscles were measured knees
fixed at 90° and athletes were asked to flex the body up to
60° from the bed and maintain this position as long as possible.
To assess overall core muscle power, athletes laid prone and
asked to raise their body on their forearms and toes (plank),
and maintain this position as long as possible.'® To test the
lateral core muscle endurance, athletes were instructed to
assume left and right decubitus positions and raise their
body using their ipsilateral forearm and foot (side plank).
They were again asked to maintain this position as long as pos-
sible. All tests were terminated when the position was lost, and
the time was verified with a chronometer.”

Hand grip strength. Hand grip strength was assessed using a
Jamar hand dynamometer. The measurement was taken
three times for both the right and left sides while the
subject was seated on a chair with their shoulder adducted,
and elbow flexed at 90 degrees. A 20-s rest was given
between each measurement. The mean value of the three
results was calculated and recorded in kPa.'!

Upper extremity functional performance. The Health Ball
Throwing Test was used to assess the explosive power of
the upper extremity. Athletes hold a 3 kg health-ball with
both hands and asked to throw as far as possible in a hori-
zontal direction. The distance between the starting point and
the first contact point of the ball on the floor was measured
in centimeters.'” The test was repeated three times and the
mean value was recorded.

Reaction time and agility performance. Reaction time was
measured with the ‘Fitlight TrainerTM’ (Fitlight Trainer
Corporation, Thensvej, Risskov, Denmark). Athletes were
instructed to turn off the randomly illuminated LED lights
on the wall by pressing on the lights. The number of
lights turned off and their corresponding reaction times
were recorded in seconds.'?

Agility performance was assessed using the Pro-agility
test. Markers were positioned on the either sides 5 yards
(4.57 m) away from the starting point, and a photocell
gate placed at the starting point to record the athletes’
passing times. Athletes were instructed to first touch the
right marker, then the left marker, and return to the starting
point, and their mean speed was recorded."*

Minutes step test

The test equipment included a step board with a height of 30
cm, an oxygen saturation probe, a pulse-oximeter, a metronome,
and a chronometer. Prior to the test, athletes were informed
about the procedure and given time to adapt to the thythm of
the metronome. They were asked to use their preferred foot.
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Table |. Demographic characteristics.
Non-COVID group COVID group
n=27 n=20
N % n % P
Gender
Female 16 59.3 I5 75 0.26
Male I 40.7 5 25
Dominant Side
Right 22 88.0 I5 78,9% 0.41
Left 3 12.0 4 21.1
Mean Min - Max Mean Min - Max
Age 5.1+ 1.51 12-19 152+ 1.1 12-17 0.64
Height (cm) 169.5+10.4 146—198 168.6 +10.4 155-190 0.53
Weight (kg) 64.7 +13.4 50-103 598+ 17,5 40-105 0.10
BMI (kg/m?) 224+34 17.7-33.9 20.7+43 14.6-30.5 0.10
BMI: Body Mass Index.
Table 2. Types of sports and duration.
Non-COVID group COVID group
n=27 n= 20
Mean +SD Min — Max Mean +SD Min — Max p
Sports year 53+22 2-12 46+2.1 I-10 0.35
Frequency of exercise (day) 12.8 +32 2-150 33+15 2-7 0.07
Duration of exercise (min) 118.8+66.2 60-390 11 +39 60-240 0.35
Sports n % n % p
Basketball 10 37.0 4 20.0 0.30
Volleyball 9 333 12 60.0
Handball 7 259 3 15.0
Tennis I 37 | 5.0

Athletes performed the test by stepping on and off the board in
pace with the metronome for 3 min. At the end of the test,
oxygen saturation, pulse rates, and the Modified Borg Scale
score, which is used to identify fatigue, were recorded."

Data analysis

Data analysis was conducted wusing SPSS for
Windows version 22.0. The distribution of variables was
evaluated using both visual (histogram) and analytical
(Shapiro-Wilk test) methods. Mean =+ standard deviation
values are reported. If the data did not exhibit normal distri-
bution, the correlation between variables was evaluated using
the Mann Whitney U analysis. A significance level of 0.05
was used in this model. Correlations between the time
elapsed after COVID-19 infection and physical performance
tests were assessed by Pearson Correlation analysis. A coef-
ficient of >0.9 reflected a very high correlation, 0.7-0.9 a
high correlation, 0.5-0.7 a moderate correlation, 0.3-0.5
low correlation and 0.3-.00 negligible correlation.'®

Sample size calculation

With reference to Dhokane et al.'” results of aerobic cap-
acity and using G*Power Software (Version 3.1.9.2,
Diisseldorf  University, Diisseldorf, Germany), the
minimum required sample size was calculated as 47 for
the anticipated effect size of 1.11 with the probability
level of 0.05 and statistical power level of 95% [t test].

Results

The study involved 47 young athletes, 27 of whom had not
been infected with COVID-19 (defined as the non-COVID
group) and 20 of whom had been infected (defined as the
COVID group). The two groups did not differ in terms of
demographic data or sports activity level (p>0.05) (see
Table 1 and Table 2).

The mean period after COVID-19 infection was 197 +
102 days for the COVID group. All athletes with
COVID-19 infection received home care, and none required
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Figure |. Frequency of COVID-19 symptoms.

hospitalization. Table 1 shows the frequency of symptoms
in the COVID group, with fatigue (70%), headache
(70%), cough (55%), and musculoskeletal pain (50%)
being the most common symptoms (Figure 1).

In the COVID-19 group, the period after COVID-19
infection showed a moderate negative correlation with
plank and health ball (r=-0.49, p=0.02; r=-0.51, p=
0.02) (Table 3). Athletes in the COVID-19 group showed
significantly higher Borg Scale, O, saturation change, and
lower oxygen saturation levels after 3-min step test (p=
0.02, p=0.02, p=0.02, respectively). There was no differ-
ence in pulse and pulse change between the groups (Table 4).

There was no significant difference between the groups in
terms of core muscle power and endurance (p>0.05).
However, athletes in the COVID-19 group exhibited lower
grip strength in both their right and left hands compared to
the non-COVID group (p=0.01 and p=0.05, respectively)
(Table 4). Additionally, there was no significant difference
between the groups in terms of health ball, strike number,
reaction time, speed, and agility (p=0.18, p=0.59, p=
0.67, p=0.43, p=0.33, respectively) (Table 4).

Discussion

Our study comparing the performance of young athletes
with and without COVID-19 infection, showed that lower
hand grip strength, higher fatigue level after endurance
test and lower oxygen saturation in the COVID-19 group.

The cardiovascular performance was assessed using a
3-min step test. Although the first and last oxygen saturation
levels were within normal limits for both groups, athletes in
the COVID-19 group showed relatively lower levels after
the 3-min test with a higher change in oxygen saturation.
The Borg Scale Scores indicated that the COVID-19
group experienced higher levels of fatigue during the test
period. This could be due to abnormalities in pulmonary
function, such as a disturbance in lung diffusion capacity

Table 3. Correlation between time period after COVID and
physical performance parameters.

r P
Core muscle endurance and strength
Sorenson test (sec.) -.31 0.17
Flexion endurance -.08 0.74
Plank — 4Pk 0.02*
Side plank Right -.30 0.19
Side plank Left —.40%Fk 0.07
Hand grip strength
Right grip mean -.33 0.14
Left grip mean -.36 0.11

Reaction time and agility upper extremity functional
assessment

Number of strikes A7 0.44
Reaction time (sec.) .00 0.9
Health ball (cm) — .5k 0.02*
Speed .34 0.15
Agility S4E 0.01*
Cardiovascular/Pulmonary findings
SpOainitial —-.00 0.90
SpO,last 23 0.32
Pulse initial .08 0.72
Pulse last -.24 0.30
Borg Scale Score -.07 0.75

Pearson Correlation analysis.
p <0.05 *: Statistically significant, **: moderate correlation, ***: low
correlation SpO,. Oxygen saturation.

and decreased lung volumes, as well as general fatigue
and muscle weakness caused by COVID-19 infection.'”'®
Cardiovascular system is one of the most significant indica-
tors of performance in athletes. Lower oxygen saturation
levels after the test may indicate that COVID-19 infection
can cause relative hypoxia in young athletes with no previ-
ous lung disease. CT scans of asymptomatic passengers on
the Diamond Princess cruise ship at the beginning of the
pandemic showed lung opacities in 54% of cases,'” and
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Table 4. Comparison of groups.

Non-COVID group COVID group

n=27 n=20

Mean + SD Min — Max Mean +SD Min — Max p
Cardiovascular/Pulmonary findings
Borg Scale Score 11.7+2.6 7-15 14.1 +2.8 7-19 0.02*
SpO; initial 97.1+0.9 95-99 97.6+0.9 96 - 99 0.07
SpO; last 962+ 1.5 93-99 95.4+2,0 90-99 0.02*
O, change -08=+1.7 -5-3 24+-9.0 (-2.5)-2 0.02*
Pulse initial 1033163 70-132 84+15.5 110-146 0.33
Pulse last 160.6 +29.9 86-205 162-25.4 118-199 0.83
Pulse change -85=+1.7 -5-3 24+-9 2—-(-2.5) 0.45
Core muscle endurance and strength
Sorenson Test 91.4+479 23.6-245.4 71.6+42.7 20-167 0.18
Flexion Endurance 121.6 +68.7 33.5-308 109.8 +£56.3 23-180 0.70
Plank 68.6 +93.4 13-520 523+425 10-180 0.43
Side plank Right 26.6+13.7 5-64 28.1+19 7-72.9 0.67
Side plank Left 28.0+14.5 668 27.6+16.6 10-61.7 0.8l
Hand grip strength
Right grip mean 30.52 +8.06 15.7-52.6 27.8+9.0 17.2-49.3 0.01*
Left grip mean 29.14+8.79 17.5-53.8 27.1+9.6 16.1-51.7 0.05*
Agility and reaction time
Health ball mean 359.6 + 106 236516 348.4+93.1 255-570 0.18
Number of strike 37.1 £5.0 2047 366+34 3042 0.59
Time 0.6+0.1 0.5-1.1 0.6 +0.09 0.5-0.8 0.67
Speed 36+03 2842 3.6+0.4I 2.6-4.5 0.43
Agility 58+0.5 4.9-6.9 6.0+0.6 4.9-7.4 0.33

P values for differences in means between groups calculated using Mann-Whitney U test based.

*: Statistically significant SpO,: Oxygen Saturation.

similar X-ray findings were observed in quarantined asymp-
tomatic or minimally symptomatic patients in the city of
Codogno, Italy.?® The virus can affect the lungs in three
ways: acute respiratory distress syndrome (ARDS) with
diffuse alveolar damage, diffuse thrombotic alveolar micro-
vascular occlusion, and inflammatory mediator-related
airway inflammation.”'® These effects can disrupt alveolar
oxygenation and lead to hypoxia. Although athletes in the
COVID-19 group did not exhibit marked hypoxia, their
oxygen saturation levels were significantly lower than
those of healthy individuals, indicating a disturbance in oxy-
genation, which may reduce the athlete’s sports performance.

Our study also showed that fatigue is one of the most
common symptoms of COVID-19 infection. Fatigue levels
were higher in the 3-min step of the COVID-19 group. A
study examining the recovery of performance and the persist-
ent symptoms in athletes after COVID-19 infection also
found that the most common symptom were fatigue and
decreased performance which have improved within 3
months.?' A systematic review published in 2022 which ana-
lyzed acute and post-acute presentations of COVID-19 in
athletes revealed that fatigue was a common complaint
which could persist permanently.”” The cause of fatigue in
COVID-19 infection has not yet fully understood.”® Some
suggest that it may be caused by direct infection of the skel-
etal muscle cells, which carry high number of ACE2

receptors that the virus can attach to, or by indirect systemic
cytokine release and disruption of homeostasis. Other poten-
tial sources of fatigue might be changes in neurotransmitter
levels, systemic inflammation caused by the virus, and
increased stress levels.**

The Sorensen test, flexion endurance test, and plank and
side plank tests were performed to evaluate core muscle
endurance. The results showed no significant difference
between the groups. This lack of difference may be attribu-
ted to young age of the participants, and low morbidity of
the disease where all athletes were treated at home for
COVID-19 infection with no need for hospitalization.
Additionally, these athletes had a history of regular exercise
and could returned to sports early after COVID-19 infec-
tion. The correlation between the time period after
COVID-19 infection and the plank time may be explained
by relative muscle weakness, which may extend to the post-
infection period.?® To our knowledge, no study has evalu-
ated core muscle endurance after COVID-19 infection,
against which we can compare our results.

We found that hand grip strength is lower in athletes who
had COVID-19 infection. Hand grip strength is commonly
associated with the muscle strength of other muscle groups
and is widely accepted as an indicator of general muscle
power.? Furthermore, lower hand grip strength during ado-
lescence is a well-known indicator of poor health quality
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and is associated with disease and all-cause mortality during
adulthood.?®?’ The risk factors and underlying mechanisms
of muscle loss caused by COVID-19 infection have not
yet been fully described. A study evaluating the effects of
COVID-19 infection on the musculoskeletal system
using magnetic resonance imaging has revealed signs of
muscle edema and atrophy.”® Muscle atrophy caused by
COVID-19 infection may result from numerous interrelated
factors, including degeneration of the muscular structure
triggered by a cytokine storm. Additionally, virus-induced
myotoxicity has been reported in rare cases.'®
Furthermore, the COVID-19 pandemic has led to reduced
physical activity, which may also lead to a decrease in
hand grip strength. Previous studies have shown a negative
correlation between muscle strength and risk factors for car-
diovascular disease in young individuals.?’ Most of the
studies on COVID-19 in athletes have examined lower
extremity muscle strength.***! Our study presents negative
effects of COVID-19 infection on hand grip strength, which
should be considered in athletes engaged in sports where
grip strength is important. Hand grip strength is also an
important factor for performance in overhead sports.
Therefore, these results highlight the importance of specific
exercise program that would increase hand grip strength in
athletes who have recovered from COVID-19.

Many symptoms of COVID-19 such as fatigue, muscle
weakness, joint pain, dyspnea and cognitive disturbances
are known to persist after the infection.”? Agility, which
may be affected by these above mentioned symptoms and
many other additional physical and cognitive factors may
change the correlation between the agility performance
and the COVID-19 infection. However, we have not
found any difference between the agility parameters of the
study groups, but a positive correlation was observed
between the time period after COVID-19 infection and
agility parameters.

To our knowledge this study is the first to evaluate the
performance of adolescent overhead athletes after
COVID-19 infection. It is important to note that a wide
range of factors may impact sports performance, and
COVID-19 can affect multiple systems in the human
body. The study assessed the effects of COVID-19 infec-
tion on sports performance by measuring core muscle
endurance, hand grip strength, upper extremity functional
performance, reaction time, agility, and cardiopulmonary
performance. Future studies that include different per-
formance parameters for various sports are required to
describe the definitive effects of COVID-19 on sports
performance.

Limitations

Our study has some limitations. The first limitation is that
the study included athletes from different sport groups in
the overhead sports group. Study groups should be selected

from the same sports type for more homogenous results.
Secondly, athletes included in the study had a large range
for age (12 to 20 years), which could be a factor that may
affect our results. Borg Scale test, used to describe fatigue
level in the athletes, could be supported by an objective
test such as blood lactate levels after training.

Conclusion

Growing data from clinical studies reveal potential conse-
quences of COVID-19 infection beyond its acute effects.
Our study found that athletes experienced decrease in
hand grip strength and increase in fatigue after
COVID-19 infection. Our study found a negative correl-
ation between the time-period after COVID-19 infection
and certain parameters of sports performance in adolescent
athletes. This finding may serve as a reference for assessing
sports performance after COVID-19 infection and estab-
lishing training programs for the affected type of perform-
ance. Research on various populations, including athletes
from different sports, who have recovered from
COVID-19, could aid in the development of rehabilitation
and exercise programs for post-disease recovery.

Acknowledgments

The researchers would like to express their sincere thanks to the
athletes who voluntarily participated in the study.

ORCID iDs
Naime Ulug https:/orcid.org/0000-0002-3062-1655

Seyde Biisra Kodak (2 https:/orcid.org/0000-0003-2226-6056
Muhammed Thsan Kodak https://orcid.org/0000-0001-7164-
5162

Zehra Can Karahan
Erden Kilig

https://orcid.org/0000-0002-6919-2720
https://orcid.org/0000-0001-6098-9576

Statements and declarations

Ethical considerations

Ethical approval for this study was obtained from Human Studies
Ethical Committee of Atilim University (E-59394181-604.01.02—
13774).

Informed consent
Informed consent was obtained from all participants.

Funding
The author(s) received no financial support for the research,
authorship, and/or publication of this article.

Conflicting interests
The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.


https://orcid.org/0000-0002-3062-1655
https://orcid.org/0000-0002-3062-1655
https://orcid.org/0000-0003-2226-6056
https://orcid.org/0000-0003-2226-6056
https://orcid.org/0000-0001-7164-5162
https://orcid.org/0000-0001-7164-5162
https://orcid.org/0000-0002-6919-2720
https://orcid.org/0000-0001-6098-9576

Ulug et al.

77

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Bhopal SS, Bagaria J, Olabi B, et al. Children and young
people remain at low risk of COVID-19 mortality. Lancet
Child Adolesc Health 2021; 5: e12—ee3.

Ozma MA, Maroufi P, Khodadadi E, et al. Clinical manifest-
ation, diagnosis, prevention and control of SARS-CoV-2
(COVID-19) during the outbreak period. Infez Med 2020;
28: 153-165.

Li LQ, Huang T, Wang YQ, et al. COVID-19 patients’ clin-
ical characteristics, discharge rate, and fatality rate of
meta-analysis. J Med Virol 2020; 92: 577-583.

Van Aerde N, Van den Berghe G, Wilmer A, et al. Intensive
care unit acquired muscle weakness in COVID-19 patients.
Intensive Care Med 2020; 46: 2083-2085.

Leung TW, Wong KS, Hui AC, et al. Myopathic changes
associated with severe acute respiratory syndrome: a post-
mortem case series. Arch Neurol 2005; 62: 1113-1117.
Tsai LK, Hsieh ST, Chao CC, et al. Neuromuscular disorders
in severe acute respiratory syndrome. Arch Neurol 2004; 61:
1669-1673.

Phelan D, Kim JH, Elliott MD, et al. Screening of potential
cardiac involvement in competitive athletes recovering
from COVID-19: an expert consensus statement. JACC
Cardiovasc Imaging 2020; 13: 2635-2652.

Vanhorebeek I, Latronico N and Van den Berghe G.
ICU-acquired weakness. Intensive Care Med 2020; 46: 637-653.
Mayer T, Gatchel R, Betancur J, et al. Trunk muscle endurance
measurement. Isometric contrasted to isokinetic testing in
normal subjects. Spine (Phila Pa 1976) 1995; 20: 920-926.
Bliss LS and Teeple P. Core stability: the centerpiece of any
training program. Curr Sports Med Rep 2005; 4: 179-183.
Lera L, Albala C, Leyton B, et al. Reference values of hand-
grip dynamometry and the relationship between low strength
and mortality in older Chileans. Clin Interv Aging 2018; 13:
317-324.

Borms D and Cools A. Upper-Extremity functional perform-
ance tests: reference values for overhead athletes. Int J Sports
Med 2018; 39: 433-441.

Myers LR, Toonstra JL. and Cripps AE. The test-retest reli-
ability and minimal detectable change of the FitLight
trainer™. [nternational Journal of Athletic Therapy and
Training 2023; 28: 84-88.

AE. B. The reliability and validity of the lane agility test for
collegiate basketball players 2012.

Ferguson B. ACSM’s guidelines for exercise testing and pre-
scription 9th ed. 2014. J Can Chiropr Assoc 2014; 58: 328.
Mukaka MM. Statistics corner: a guide to appropriate use of
correlation coefficient in medical research. Malawi Med J
2012; 24: 69-71.

Mo X, Jian W, Su Z, et al. Abnormal pulmonary function in
COVID-19 patients at time of hospital discharge. Eur Respir
J 20205 55: 2001217.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Laveneziana P, Sese L and Gille T. Pathophysiology of pul-
monary function anomalies in COVID-19 survivors. Breathe
(Sheff) 2021; 17: 210065.

Inui S, Fujikawa A, Jitsu M, et al. Chest CT findings in cases
from the cruise ship diamond princess with coronavirus
disease (COVID-19). Radiol Cardiothorac Imaging 2020;
2:e200110.

Kesilmis IvA M. Quadriceps ve hamstring kas kuvveti
dinamik denge performansimi etkileyebilir mi? Tiirk Spor
Bilimleri Dergisi 2020; 3: 1-7.

Vollrath S, Bizjak DA, Zorn J, et al. Recovery of perform-
ance and persistent symptoms in athletes after COVID-19.
PLoS One 2022; 17: e0277984.

Lemes IR, Smaira FI, Ribeiro WID, et al. Acute and post-
acute COVID-19 presentations in athletes: a systematic
review and meta-analysis. Br J Sports Med 2022; 56:
941-947.

Akseki DEM, Ozarslan S and Pmar H. Patellofemoral agri
sendromu saptanan hastalarda, dizde vibrasyon duyusu, pro-
priyosepsiyon duyusu ile paralel olarak algilanmaktadir: pilot
calisma. Eklem Hastaliklari ve Cerrahisi 2010; 21: 23-30.
Rudroff T, Fietsam AC, Deters JR, et al. Post-COVID-19
fatigue: potential contributing factors. Brain Sci 2020;
10: 1012.

Rantanen T, Era P and Heikkinen E. Maximal isometric
strength and mobility among 75-year-old men and women.
Age Ageing 1994; 23: 132-137.

Ortega FB, Ruiz JR, Castillo MJ, et al. Physical fitness in
childhood and adolescence: a powerful marker of health.
Int J Obes (Lond) 2008; 32: 1-11.

Ortega FB, Silventoinen K, Tynelius P, et al. Muscular
strength in male adolescents and premature death: cohort
study of one million participants. BMJ 2012; 345: ¢7279-
e7279.

Ramani SL, Samet J, Franz CK, et al. Musculoskeletal
involvement of COVID-19: review of imaging. Skeletal
Radiol 2021; 50: 1763-1773.

Ruiz JR, Castro-Pinero J, Espana-Romero V, et al.
Field-based fitness assessment in young people:
the ALPHA health-related fitness test battery for
children and adolescents. Br J Sports Med 2011; 45:
518-524.

Obayashi H, Ikuta Y, Nakashima N, et al. Impact of
COVID-19-related sports activity disruptions on the physical
fitness of Japanese adolescent athletes. Adolescents 2022; 2:
140-149.

Ramirez-Velez R, Legarra-Gorgonon G, Oscoz-Ochandorena
S, et al. Reduced muscle strength in patients with
long-COVID-19 syndrome is mediated by limb muscle
mass. J Appl Physiol 2023; 134: 50-58.

Nalbandian A, Sehgal K, Gupta A, et al. Post-acute
COVID-19 syndrome. Nat Med 2021; 27: 601-615.



	 Introduction
	 Methods
	 Subjects
	 Study design
	 Demographic information
	 Performance assessment
	 Core muscle endurance
	 Hand grip strength
	 Upper extremity functional performance
	 Reaction time and agility performance

	 Minutes step test
	 Data analysis
	 Sample size calculation

	 Results
	 Discussion
	 Limitations
	 Conclusion
	 Acknowledgments
	 Statements and declarations
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


