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ABBREVIATIONS

ACE2: Angiotensin Converting Enzyme 2; DP: Proton 
Density; RTS: Return to sport; SARS-CoV-2: Severe acute 
respiratory syndrome Coronavirus 2; STROBE: Strengthening the 
Reporting of Observational Studies in Epidemiology; TMPRSS2: 
Transmembrane serine protease

INTRODUCTION

Muscle injuries are a serious problem for professional 
athletes, hampered by long recovery periods and absence from 
competition.

The main issue regarding muscle injuries is their accurate 
identification and classification, in order to accurately predict the 
return to the field time for each player [1,2].

An inaccurate estimate of the degree of injury and, 
consequently, an incorrect prognosis, can lead to a premature 
return to the field with an increased risk of re-injury [3,4].

Abstract

Objectives: Muscle injuries are a serious problem for professional athletes, hampered by long recovery periods and absence from competition. The purpose of this study is to 
evaluate if there is any difference in recovery time between SARS-CoV-2 positive and negative professional football players.

Methods: This is a retrospective case-control study. 109 high-level professional athletes with lower limb muscles injuries were studied with MRI. Two groups were formed and who 
tested positive was followed until exhibit negative test. Positive athletes were divided into sub-groups according to the duration of the disease. Linear regression test was performed to 
assess the correlation degree between the variable “disease grade (0-3)” and injury duration and between the variable “injury length (mm)” and injury duration. Analysis of variance 
with ANOVA study was then performed assessing the individual influence of “disease grade” and “injury length” on injury time. 

Results: 26 lesions fulfilled the inclusion criteria. “Injury length” and “injury duration” showed correlation (p = 0, 2026); “disease grade” and “injury duration” showed mild 
correlation (y = 25, 5789 + 7, 1026 x; p = 0, 1). An increasing trend was noted in the correlation between the duration of swab positivity and the injury time.

Conclusions: It is plausible that the generalised inflammatory state may disturb the healing processes by interfering with the cytokine environment; further studies may find 
important information which will have a direct impact on athletes’ systemic therapies aimed at rebalancing body homeostasis.

Over time, numerous classifications have been proposed 
with the goal of providing a prognostic tool in the management 
of muscle injuries. However, these classification systems tend to 
group even very different injuries into broad categories, often 
providing little correlation between the actual severity of the 
injury, its aetiology, treatment and prognostic significance [2,4-6].

In 2012, Mueller-Wolfarth et al., proposed a classification 
to facilitate diagnostic and therapeutic pathways and scientific 
communication [7]; this comprehensive and practical 
classification system has been widely used and integrated into 
other studies, such as that of Calvi M et al. [8], who, based on the 
latter, attempted to discriminate stable from unstable muscle 
injuries by following them over time using contrast medium 
MRI. A number of studies exist in the literature evaluating the 
involvement of muscle tissue in patients with Severe acute 
respiratory syndrome Coronavirus 2 (SARS-CoV-2) infection, 
however there is little information about how this pathology may 
affect the recovery time of professional athletes following injury 
[9-15].
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The purpose of this study is to evaluate the differences 
in recovery time between professional football players who 
tested positive for the infection and simultaneously developed a 
muscle injury, compared to athletes who tested negative for the 
molecular test. The results of this study refer to a period prior to 
the introduction of the vaccine.

MATERIALS AND METHODS

This is a retrospective study based on existing clinical data. 
Patients were not directly involved, provided that written 
informed consent for contrast-enhanced MRI was obtained from 
each of them. Patients also signed a comprehensive consent form 
which satisfied all the requirements of the Declaration of Helsinki 
and the Italian national law for the protection of personal data.

Between November 2020 and March 2021, 109 MRI studies 
of high-level professional athletes with clinically suspected lower 
limb muscles injuries were evaluated. Each athlete complained of 
acute pain in the lower limb with indirect trauma during physical 
activity; the clinical suspicion of a muscle lesion was confirmed 
by the club physician. MRIs specific protocols will be discussed in 
the following sections.

From the initial sample, we selected all athletes who had 
tested positive for SARS-CoV-2 infection by molecular testing 
during the time period between November 2020 and March 
2021. All athletes underwent regular swab monitoring during 
training period and before each official match. All athletes in the 
study were tested with the same molecular test using FLOQ® 
Swabs (COPAN, Brescia, I) in UTM® Universal Transport Medium 
(COPAN, Brescia, I). The research of SARS-CoV-2 RNA was carried 
out by reverse transcription polymerase chain reaction (RT-
PCR) amplification profile with Cobas® SARS-CoV-2 Test on the 
automated Cobas® 6800 Systems (both from Roche Diagnostics). 
The test detects conserved regions for ORF-1a/b and E-gene 
regions on SARS-CoV-2 after RNA automatic extraction. Non-
infectious plasmid DNA containing a specific SARS-CoV-2 
sequence and a pan-Sarbecovirus sequence are used in the test 
as positive control. A non-Sarbecovirus related RNA construct is 
used as internal control. Cut-off of <40 Cycle Threshold (CT) was 
applied for the positivity ot the test, i.e. the presence of SARS-
CoV-2 RNA [16,17].

Each athlete who tested positive on the swab was then 
followed up clinically until exhibit negative test and total disease 
duration (defined as molecular test positivity) was calculated. 
No player ever developed symptoms except for mild flu-like 
syndromes or cold symptoms. The positive athletes were then 
divided into groups according to the duration of the disease (grade 
1/2/3) considering as grade ‘0’ the athletes who always tested 
negative added to some (n=6) ‘’historical’’ cases with injuries 
dating back to the years 2017/2018/2019 when SARS -CoV-
2 infection would have been statistically unlikely. These latter 
cases were not tested with the molecular swab. The ‘historical’ 
cases were randomly selected among the injuries which occurred 
between 2017 and 2019 to equalise the numerosity between the 
study group and the control group; they are not consecutive data. 

On the other hand, the athletes subjected to molecular testing 
were selected consecutively. No athletes in the study were given 
any vaccine before, during the period of positivity nor during the 
3 months after testing negative.

The data concerning the injury duration and the actual return 
to the field were provided by the sports club doctor. In this study, 
only injuries with complete data were included, leaving out 
those occurring at season’s end. Examinations of athletes with 
chronic or recurrent pain or with contraindications to MRI were 
excluded. Urgent need for surgery, complete avulsion injuries, 
presence of concomitant fracture or presence of double lesions 
were considered exclusion criteria. Type 4 injury classification 
[12] were not included in the study.

A radiologist (EAG), with more than 20 years of experience 
in musculoskeletal radiology, retrospectively evaluated all the 
studies. Each lesion was examined in both axial and coronal 
planes using protonal-density (DP)/T2 weighted images with 
and without fat saturation, supported by DWI sequences [3]; 
the grade according to the Mueller-Wohlfarth classification [7] 
and the longitudinal extent of each lesion were assessed, lesion 
length was measured in the coronal plane (Figure 1). Follow-up 
of muscle tears included contrast medium FSE T1 sequences [8].

All images were obtained using a 1.5-Tesla magnet system 
(Philips Ingenia Ambition/Elition, Philips Medical System) with 
a phased array 16 channels body matrix coil. The MRI after the 
injury was performed according to the protocol illustrated in 
Table 1.

Athletes included in the prospective case series received 
either a similar rehabilitation program, or individualized 
rehabilitation at the club or federation. Time to RTS was defined 
as the number of days from injury until the athlete was cleared 
to resume unrestricted training by the treating physician or 

Figure 1 MRI. Coronal STIR TSE weighted image at the level of femurs 
showing a longitudinal tear of right biceps femori having longitudinal 
extension about 9,5 cm.
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physiotherapist at the club or federation. The treating physician 
or physiotherapist making the RTS decision was not blinded to 
the MRI findings.

The sample in study was tested for normality regarding injury 
duration using Pearson’s test. Thereafter, the linear regression 
test was performed to assess the correlation degree between the 
variable “disease grade (0-3)” and injury duration and between 
the variable “injury length (mm)” and injury duration. Analysis 
of variance with ANOVA study was then performed assessing 
the individual influence of “disease grade” and “injury length” on 
injury time. 

This paper is consistent with the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) cohort 
reporting guidelines [18].

RESULTS

Of the initial 109 MRI studies, 26 fulfilled the inclusion 
criteria (Figure 2). We examined 26 high level professional 
football players MRIs. The average age of the selected sample 
was 25 years (SD±6 years; range 19-39). The involved muscles 
are summarized in Table 2, 35% of the lesions were located at 
the myotendinous junction while 65% were at the myofascial 
junction. Molecular test-positive athletes with a positivity lasting 
between 1 and 20 days were a total of five (grade 1); those with 

Figure 2 Flowchart showing athletes selection applying inclusion and 
exclusion criteria.

Table 1: MRI protocol. Sequences used in the study of muscle injuries.

-  Coronal STIR TSE (TR 2700-6000, TE 90, TI 140ms, FOV 400-450x400, Slice thickness 4 mm, Matrix 328x310, ETL 6, TURBO FACTOR 20, NSA 2, SENSE reduction factor 2)

-  Axial TSE dual proton density-weighted SPAIR and without fat suppression (TR 3000-4000, TE-1 5.7 ms, TE-2 80ms, FOV 400X300, Slice thickness 4 mm, Matrix 400x250, 
TURBO FACTOR 18, NSA 2, SENSE reduction factor 2)

-  Axial T1 TSE (TR 520, TE 18, FOV 400X300, Slice thickness 4 mm, Matrix 400x250, TURBO FACTOR 5, NSA 2, SENSE reduction factor 2); Axial DWI (b=0-450-900) (TR 
1759, TE 80-90, FOV 450X400, Slice thickness 4 mm, Matrix 152x133, NSA 4, SENSE reduction factor 2).

-  Axial DWI (b=0 - 450 - 900) (TR 1759, TE 80-90, FOV 450X400, Slice thickness 4 mm, Matrix 152 ×133, NSA 4, SENSE reduction factor 2).
Sequences used in the study of muscle injuries.

Figure 3 Normal distribution of injury duration among athletes.

Figure 4 Graphics showing poor correlation between “injury length” 
of and “injury duration” (p = 0,2026).

Figure 5 Graphics showing mild correlation between “disease grade” and 
“injury duration” in linear regression test (y = 25,5789 + 7,1026 x; p = 0,1)
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a positivity between 20 and 40 days were four (grade 2); and 
those with a positivity greater than 40 days were as many as 
two. Athletes who never tested positive including cases from the 
years 2017/2018/2019 (grade 0) were a total of fifteen. Injuries 
lasted an average of 30 days (SD±22 days; range 5-86) (Figure 
3). Lesions measured in the coronal plane measured on average 
about 60 mm (SD±25mm; range 15-102) and were mostly 
classified as 3a (88%). The sample in study followed a normal 
distribution regarding the injury duration. The linear regression 
test evaluating the correlation between “injury length” and 
“injury duration” showed correlation (p = 0, 2026) (Figure 4). 
The linear regression test evaluating the correlation between 
“disease grade” and “injury duration” showed mild correlation (y 
= 25, 5789 + 7, 1026 x; p = 0,1). An increasing trend was noted in 
the correlation between the duration of swab positivity and the 
injury time (Figure 5).

DISCUSSION

Muscle injuries are one of the most common traumas 
occurring in sports [8,19], represent one of the most frequent 
and most relevant injuries in professional football which is one of 
the major causes of absence from competition [4,8].

In the literature, relationships between SARS-CoV-2 infection 
and various muscle diseases have been described. Many studies 
have recently described persistent symptoms in subjects 

infected with SARS-CoV-2 and hospitalized beyond 3 months 
[20–23]. Although these studies have generically described 
fatigue, myalgias, and persistent joint pain, the severity, type, and 
location of persistent rheumatic and musculoskeletal symptoms 
have not been documented in detail [24].

Some studies suggest skeletal muscle, synovia, and cortical 
bone as potential sites of direct infection by SARS-CoV-2 [15]. 
It has been described that myalgias and generalized weakness 
occur in about 1/2 of symptomatic patients with SARS-CoV-2 
infection. 

Specifically, as described by Omar et al. [25], four main 
categories of muscle injury SARS-CoV-2 infection related were 
detected: myalgias, myositis, myonecrosis, and rhabdomyolysis.

However, some authors have concluded that the pattern of 
muscle pain is not related to the severity of SARS-CoV-2 infection. 
On the contrary in patients with abnormal computed tomography 
(CT) lungs, myalgia have been an important predictor of overall 
disease severity [15].

Several authors have analysed the relationship between SARS-
CoV-2 infection and musculoskeletal disorders, predominantly 
considering patients with moderate to severe disease or requiring 
critical care [11-15,20-24].

Few studies have analysed the impact of mild-to-moderate 

Table 2: Table summarizing involved muscles, location and length extension of the lesion, duration of injury, and molecular test results

List and characteristics of lesions included in the study.

N° Age Involved muscle Lesion site MUNICH Injury duration (RTS 
- days)

SARS-CoV-2 infection 
(Y/N)

Lesion length (coronal plane 
– mm)

1 23 Biceps Femoris Myo-aponeurotic 3A 47 Y 95
2 25 Biceps Femoris Myotendinous 3A 10 Y 60
3 27 Semitendinosus Myofascial 3A 13 Y 15
4 23 Soleus Myotendinous 3A 10 Y 50
5 39 Biceps Femoris Myo-aponeurotic 3A 47 Y 81
6 39 Long abductor Myofascial 3A 15 Y 68
7 38 Soleus Myotendinous 3A 12 Y 30
8 38 Soleus Myo-aponeurotic 3B 34 Y 102
9 25 Medial Gastrocnemius Myo-aponeurotic 3A 86 N 45

10 22 Semimembranosus Myofascial 3A 19 N 54
11 23 Biceps Femoris Myotendinous 3A 22 N 51
12 23 Medial Gastrocnemius Myotendinous 3A 27 N 85
13 21 Long abductor Myofascial 3A 27 Y 23
14 21 Biceps Femoris Myo-aponeurotic 3A 19 Y 45
15 21 Semimembranosus Myotendinous 3A 32 N 46
16 31 Rectus Femoris Myofascial 3A 30 N 75
17 30 Biceps Femoris Myotendinous 3A 19 N 25
18 19 Biceps Femoris Myotendinous 3A 80 Y 100
19 26 Long abductor Myofascial 3A 32 Y 39
20 21 Medial Gastrocnemius Myo-aponeurotic 3A 27 Y 60
21 21 Rectus Femoris Myofascial 3A 25 Y 90
22 20 Rectus Femoris Myofascial 2B 5 N 90
23 20 Biceps Femoris Myo-aponeurotic 3A 13 N 40
24 20 Biceps Femoris Myo-aponeurotic 3A 39 N 60
25 23 Biceps Femoris Myotendinous 3A 85 Y 58
26 23 Semitendinosus Myofascial 2B 25 Y 78

RTS: return to sport
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disease on the skeletal system, and to our knowledge there is 
no available evidence that correlates imaging data with disease 
course [9]. 

Some studies have evaluated the loss of muscle strength in 
patients with SARS-CoV-2 infection [26,27], but again these were 
patients with severe disease. 

Other studies have assessed the impact of the disease from 
a neuromuscular perspective [28], again showing signs of 
myopathy with reduced strength in 55% of individuals. 

The theories that could explain the interaction between 
the viral particles and the striated muscle are essentially two, 
as described by Dos Santos et al. [9], and include either direct 
damage by the virus to the muscle fibres or the so-called cytokine 
storm. However, Disser et al. [15], describe how muscle cells 
only express Transmembrane serine protease 2 (TMPRSS2) 
while lacking the expression of Angiotensin converting enzyme 
2 (ACE2). Both proteins are in fact only expressed by smooth 
muscle and this would supports the cytokine storm theory [29-
32]. 

A further theory, not directly related to the effects of viral 
infection, claims that muscle damage could also be traced back 
to muscle relaxation due to rest period imposed by quarantine, 
which in professional athletes used to rhythms of constant 
high intensity training leads to muscle detraining. Such loss of 
trophism determines a greater possibility of damage when the 
athletes return to training, particularly when the pressure of a 
rapid return leads to excessive training, not weighted on gradual 
recovery [33]. Though this theory is not significant to our study, 
as even during the isolation period due to the positivity, when 
asymptomatic, the athletes underwent regular training.

In our study, we evaluated how the disease impacts the 
healing time of muscle injuries in professional athletes. Based 
on what was described by Järvinen et al. [19] about the muscle 
tissue healing phases, the fibroblast proliferation phase with 
subsequent production of extracellular matrix is crucial in the 
formation of scar tissue. The Granulation tissue that forms in 
this phase is, in fact, an unstable tissue before there is deposition 
of collagen fibres, and premature return to the field would 
predispose to an increased risk of re-injury. 

Scar maturation also depends on a delicate balance between 
matrix production and degradation, with the aim of achieving 
migration of the myofibrils until they rejoin, restoring the 
functional unity of the injured muscle [19,32,34-35]. 

CONCLUSION

The results obtained with our study are in line with what is 
described in the literature regarding the size of the lesion, which 
in fact proved to be of little influence on recovery time regardless 
of the presence or absence of the disease [1-3,8,36]. 

On the other hand, a positive correlation was observed 
between the persistence of the viral load and the period of scar 
instability assessed by gadolinium enhanced MRI.

According to what was previously stated, it is plausible that 
the generalised inflammatory state due to the infection, although 
being subclinical or with little symptomatology, may have been 
sufficient to disturb the healing processes by interfering with the 
cytokine environment [19, 27-32]

Our study certainly has limitations due to the small sample, 
but it remains unique and opens up a never-before attempted 
perspective in the study of variables that may influence healing 
time after muscle injury. Further studies with a larger sample 
size are desirable in analysing the possible interaction between 
an altered cytokine environment and the slowdown in the 
healing time of a muscle injury. The results would in fact have 
a direct impact on the therapy of athletes, who would then not 
only benefit from locoregional therapy, but also from systemic 
therapies aimed at rebalancing body homeostasis.

ACKNOWLEDGEMENTS

All authors contributed to the study conception and 
design. Material preparation, data collection and analysis were 
performed by Marco Calvi and Eugenio Annibale Genovese. The 
first draft of the manuscript was written by Marco Calvi and all 
authors commented on previous versions of the manuscript. All 
authors read and approved the final manuscript.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest. No 
funds, grants, or other support was received. The authors have 
no financial or proprietary interests in any material discussed in 
this article.

REFERENCES
1.	 Noel Pollock, Steven L J James, Justin C Lee, Robin Chakraverty. 

British athletics muscle injury classification: a new grading system. 
Br J Sports Med. 2014; 48: 1347–1351.

2.	 Bruce Hamilton, Xavier Valle, Gil Rodas, Luis Til, Ricard Pruna Grive, 
Josep Antoni Gutierrez Rincon, et al. Classification and grading of 
muscle injuries: a narrative review. Br J Sports Med. 2015; 49: 306–
306.

3.	 Antonia Nocerino, Alberto Aliprandi, Rodolfo Tavana, Stefano 
Mazzoni, Gianni Di Leo, Eugenio Annibale Genovese. Evaluation 
of muscle tears in professional athletes using diffusion-weighted 
imaging and apparent diffusion coefficient: preliminary results. Acta 
Biomed. 2019; 90: 238–244. 

4.	 	Steven B Cohen , Jeffrey D Towers, Adam Zoga, Jay J Irrgang, Junaid 
Makda, Peter F Deluca, et al. Hamstring Injuries in Professional 
Football Players: Magnetic Resonance Imaging Correlation With 
Return to Play. Sports Health. 2011; 3: 423–430. 

5.	 	J Bryan Dixon. Gastrocnemius vs. soleus strain: how to differentiate 
and deal with calf muscle injuries. Curr Rev Musculoskelet Med. 
2009; 2: 74–77. 

6.	 	Manickam Kumaravel, Pritish Bawa, Naoki Murai. Magnetic 
resonance imaging of muscle injury in elite American football 
players: Predictors for return to play and performance. Eur J Radiol. 
2018; 108:155–164. 

7.	 	Hans-Wilhelm Mueller-Wohlfahrt, Lutz Haensel, Kai Mithoefer, Jan 
Ekstrand, Bryan English, Steven McNally, et al. Terminology and 

https://pubmed.ncbi.nlm.nih.gov/25031367/
https://pubmed.ncbi.nlm.nih.gov/25031367/
https://pubmed.ncbi.nlm.nih.gov/25031367/
https://pubmed.ncbi.nlm.nih.gov/25394420/
https://pubmed.ncbi.nlm.nih.gov/25394420/
https://pubmed.ncbi.nlm.nih.gov/25394420/
https://pubmed.ncbi.nlm.nih.gov/25394420/
https://pubmed.ncbi.nlm.nih.gov/31580309/
https://pubmed.ncbi.nlm.nih.gov/31580309/
https://pubmed.ncbi.nlm.nih.gov/31580309/
https://pubmed.ncbi.nlm.nih.gov/31580309/
https://pubmed.ncbi.nlm.nih.gov/31580309/
https://pubmed.ncbi.nlm.nih.gov/23016038/
https://pubmed.ncbi.nlm.nih.gov/23016038/
https://pubmed.ncbi.nlm.nih.gov/23016038/
https://pubmed.ncbi.nlm.nih.gov/23016038/
https://pubmed.ncbi.nlm.nih.gov/19468870/
https://pubmed.ncbi.nlm.nih.gov/19468870/
https://pubmed.ncbi.nlm.nih.gov/19468870/
https://pubmed.ncbi.nlm.nih.gov/30396649/
https://pubmed.ncbi.nlm.nih.gov/30396649/
https://pubmed.ncbi.nlm.nih.gov/30396649/
https://pubmed.ncbi.nlm.nih.gov/30396649/
https://pubmed.ncbi.nlm.nih.gov/23080315/
https://pubmed.ncbi.nlm.nih.gov/23080315/


Central

Calvi M, et al. (2023)

Ann Sports Med Res 10(2): 1203 (2023) 6/6

classification of muscle injuries in sport: The Munich consensus 
statement. Br J Sports Med. 2013; 47:342–350. 

8.	 	Marco Calvi, Marco Curti, Stefano Mazzoni, Lucio Genesio, Rodolfo 
Tavana, Leonardo Callegari, et al. Paramagnetic contrast medium 
in high-level athletes with lower limb muscle injuries: can it make 
the return to sport safer reducing the recurrence rate?. Radiol Med. 
2022; 127: 507–517. 

9.	 	Patty K Dos Santos, Emilly Sigoli, Lorenna J G Bragança, Anabelle 
S Cornachione. The Musculoskeletal Involvement After Mild to 
Moderate COVID-19 Infection. Front Physiol. 2022; 13: 813924. 

10.	 	Auwal Abdullahi, Sevim Acaroz Candan, Muhammad Aliyu Abba, 
Auwal Hassan Bello, Mansour Abdullah Alshehri, Egwuonwu 
Afamefuna Victor, et al. Neurological and Musculoskeletal Features 
of COVID-19: A Systematic Review and Meta-Analysis. Front Neurol. 
2020; 11: 687. 

11.	 	S Bahouth, K Chuang, L Olson, D Rosenthal. COVID-19 related muscle 
denervation atrophy. Skeletal Radiol. 2021; 50: 1717–1721. 

12.	 	Cabañes-Martínez L, Villadóniga M, González-Rodríguez L, Araque 
L, Dìaz-Cid A, Ruz-Caracuel I et al. Neuromuscular involvement in 
COVID-19 critically ill patients. Clin Neurophysiol. 2020; 131: 2809–
2816. 

13.	 	Lucio Cipollaro, Lorenzo Giordano, Johnny Padulo, Francesco 
Oliva, Nicola Maffulli. Musculoskeletal symptoms in SARS-CoV-2 
(COVID-19) patients. J Orthop Surg Res. 2020; 15: 178. 

14.	 	Anna De Rosa, Elena Pinuccia Verrengia, Ivan Merlo, Federico Rea, 
Gabriele Siciliano, Giovanni Corrao, et al.  Acta Myol. 2021; 40: 1–7.

15.	 	Nathaniel P Disser, Andrea J De Micheli, Martin M Schonk, Maxwell A 
Konnaris, Alexander N Piacentini, Daniel L Edon, et al. Musculoskeletal 
Consequences of COVID-19. J Bone Joint Surg Am. 2020; 102: 1197–
1204. 

16.	 Elisabet Pujadas, Nnaemeka Ibeh, Matthew M Hernandez, Aneta 
Waluszko, Tatyana Sidorenko, Vanessa Flores, et al. Comparison of 
SARS-CoV-2 detection from nasopharyngeal swab samples by the 
Roche cobas 6800 SARS-CoV-2 test and a laboratory-developed real-
time RT-PCR test. J Med Virol. 2020; 92: 1695–1698. 

17.	 Joep J J M Stohr, Meike Wennekes, Martijn van der Ent, Bram M 
W Diederen, Marjolein F Q Kluytmans-van den Bergh, Anneke M 
C Bergmans et al. Clinical performance and sample freeze-thaw 
stability of the cobas®6800 SARS-CoV-2 assay for the detection of 
SARS-CoV-2 in oro-/nasopharyngeal swabs and lower respiratory 
specimens. J Clin Virol. 2020; 133: 104686. 

18.	 	Erik von Elm, Douglas G Altman, Matthias Egger, Stuart J Pocock, 
Peter C Gøtzsche, Jan P Vandenbroucke, et al. The Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) 
statement: guidelines for reporting observational studies. Ann Intern 
Med. 2008; 147: 573–577. 

19.	 	Tero A H Järvinen, Teppo L N Järvinen, Minna Kääriäinen, Hannu 
Kalimo, Markku Järvinen. Muscle Injuries: Biology and Treatment. 
Am J Sports Med. 2005; 33: 745–764. 

20.	 	J Antonio González-Hermosillo, Jhanea Patricia Martínez-López, Sofía 
Antonieta Carrillo-Lampón, Dayanara Ruiz-Ojeda, Sharon Herrera-
Ramírez, Luis M Amezcua-Guerra, et al. Post-Acute COVID-19 
Symptoms, a Potential Link with Myalgic Encephalomyelitis/Chronic 
Fatigue Syndrome: A 6-Month Survey in a Mexican Cohort. Brain Sci. 
2021; 11: 760. 

21.	 	Jade Ghosn, Lionel Piroth, Olivier Epaulard, Paul Le Turnier, France 
Mentré, et al. Persistent COVID-19 symptoms are highly prevalent 
6  months after hospitalization: results from a large prospective 
cohort. Clin Microbiol Infect. 2021; 27:1041.e1-1041.e4. 

22.	 	Maddalena Peghin, Alvisa Palese, Margherita Venturini, Maria De 
Martino, Valentina Gerussi, Elena Graziano, et al. Post-COVID-19 
symptoms 6  months after acute infection among hospitalized and 
non-hospitalized patients. Clin Microbiol Infect. 2021; 27: 1507–
1513. 

23.	 Alberto Fortini, Arianna Torrigiani, Serena Sbaragli, Aldo Lo Forte, 
Andrea Crociani, Paolo Cecchini, et al. COVID-19: persistence of 
symptoms and lung alterations after 3-6  months from hospital 
discharge. Infection. 2021; 49: 1007–1015.

24.	 Fatih Karaarslan, Fulya Demircioğlu Güneri, Sinan Kardeş. Long 
COVID: rheumatologic/musculoskeletal symptoms in hospitalized 
COVID-19 survivors at 3 and 6  months. Clin Rheumatol; 2022. 41: 
289–296. 

25.	 Imran M Omar, Jennifer S Weaver, Jonathan D Samet, Ali M Serhal, 
Winnie A Mar, Mihra S Taljanovic. Musculoskeletal Manifestations of 
COVID-19: Currently Described Clinical Symptoms and Multimodality 
Imaging Findings. Radiographics. 2022; 42: 1415-1432.

26.	 Mara Paneroni, Carla Simonelli, Manuela Saleri, Laura Bertacchini, 
Massimo Venturelli, Thierry Troosters, et al. Muscle Strength and 
Physical Performance in Patients Without Previous Disabilities 
Recovering From COVID-19 Pneumonia. Am J Phys Med Rehabil. 
2021; 100: 105–109. 

27.	 	Mario Chueire de Andrade-Junior, Isabel Chateaubriand Diniz de 
Salles, Christina May Moran de Brito, Laerte Pastore-Junior, Renato 
Fraga Righetti, Wellington Pereira Yamaguti. Skeletal Muscle Wasting 
and Function Impairment in Intensive Care Patients With Severe 
COVID-19. Front Physiol. 2021; 12: 640973. 

28.	 	J Agergaard, S Leth, T H Pedersen, T Harbo, J U Blicher, P Karlsson, 
et al. Myopathic changes in patients with long-term fatigue after 
COVID-19. Clin Neurophysiol. 2021; 132:1974–1981. 

29.	 	E Gallardo, I de Andrés, I Illa. Cathepsins are upregulated by IFN-
gamma/STAT1 in human muscle culture: a possible active factor in 
dermatomyositis. J Neuropathol Exp Neurol. 2001; 60: 847–855.

30.	 F J Authier, B Chazaud, A Plonquet, M C Eliezer-Vanerot, F Poron, et 
al. Differential expression of the IL-1 system components during in 
vitro myogenesis: implication of IL-1beta in induction of myogenic 
cell apoptosis. Cell Death Differ.1999; 6: 1012–1021.

31.	 	Laura Forcina, Carmen Miano, Bianca M Scicchitano, Emanuele 
Rizzuto, Maria Grazia Berardinelli, Fabrizio De Benedetti, et al. 
Increased Circulating Levels of Interleukin-6 Affect the Redox Balance 
in Skeletal Muscle. Oxid Med Cell Longev. 2019; 2019: 3018584.

32.	 	M B Reid, Y P Li. Tumor necrosis factor-alpha and muscle wasting: a 
cellular perspective. Respir Res. 2001; 2: 269–272. 

33.	 Evi Wezenbeek, Sander Denolf, Tine Marieke Willems, Dries Pieters, 
Jan G Bourgois, Renaat M Philippaerts, et al. Association between 
SARS-COV-2 infection and muscle strain injury occurrence in elite 
male football players: a prospective study of 29 weeks including 
three teams from the Belgian professional football league. Br J Sports 
Med. 2022; 29: bjsports-2021-104595.

34.	 Dong Yan, Jing Zhang, Wei Liang, Jing Sun, Bao Yue Liu, Wei Tian, 
et al. Magnetic resonance imaging and histopathological analysis of 
experimental muscle injuries in a rabbit. Biomed Environ Sci. 2013; 
26: 841–848. 

35.	 	Walter R Frontera, Julien Ochala. Skeletal muscle: a brief review of 
structure and function. Calcif Tissue Int. 2015; 96: 183–195.

36.	 	Jan Ekstrand, Martin Hägglund, Markus Waldén. Epidemiology of 
muscle injuries in professional football (soccer). Am J Sports Med. 
2011; 39:1226–1232. 

https://pubmed.ncbi.nlm.nih.gov/23080315/
https://pubmed.ncbi.nlm.nih.gov/23080315/
https://pubmed.ncbi.nlm.nih.gov/35286540/
https://pubmed.ncbi.nlm.nih.gov/35286540/
https://pubmed.ncbi.nlm.nih.gov/35286540/
https://pubmed.ncbi.nlm.nih.gov/35286540/
https://pubmed.ncbi.nlm.nih.gov/35286540/
https://pubmed.ncbi.nlm.nih.gov/35492595/
https://pubmed.ncbi.nlm.nih.gov/35492595/
https://pubmed.ncbi.nlm.nih.gov/35492595/
https://pubmed.ncbi.nlm.nih.gov/32676052/
https://pubmed.ncbi.nlm.nih.gov/32676052/
https://pubmed.ncbi.nlm.nih.gov/32676052/
https://pubmed.ncbi.nlm.nih.gov/32676052/
https://pubmed.ncbi.nlm.nih.gov/32676052/
https://pubmed.ncbi.nlm.nih.gov/33517510/
https://pubmed.ncbi.nlm.nih.gov/33517510/
https://pubmed.ncbi.nlm.nih.gov/33137571/
https://pubmed.ncbi.nlm.nih.gov/33137571/
https://pubmed.ncbi.nlm.nih.gov/33137571/
https://pubmed.ncbi.nlm.nih.gov/33137571/
https://pubmed.ncbi.nlm.nih.gov/32423471/
https://pubmed.ncbi.nlm.nih.gov/32423471/
https://pubmed.ncbi.nlm.nih.gov/32423471/
https://pubmed.ncbi.nlm.nih.gov/33870093/
https://pubmed.ncbi.nlm.nih.gov/33870093/
https://pubmed.ncbi.nlm.nih.gov/32675661/
https://pubmed.ncbi.nlm.nih.gov/32675661/
https://pubmed.ncbi.nlm.nih.gov/32675661/
https://pubmed.ncbi.nlm.nih.gov/32675661/
https://pubmed.ncbi.nlm.nih.gov/32383179/
https://pubmed.ncbi.nlm.nih.gov/32383179/
https://pubmed.ncbi.nlm.nih.gov/32383179/
https://pubmed.ncbi.nlm.nih.gov/32383179/
https://pubmed.ncbi.nlm.nih.gov/32383179/
https://pubmed.ncbi.nlm.nih.gov/33221622/
https://pubmed.ncbi.nlm.nih.gov/33221622/
https://pubmed.ncbi.nlm.nih.gov/33221622/
https://pubmed.ncbi.nlm.nih.gov/33221622/
https://pubmed.ncbi.nlm.nih.gov/33221622/
https://pubmed.ncbi.nlm.nih.gov/33221622/
https://pubmed.ncbi.nlm.nih.gov/18313558/
https://pubmed.ncbi.nlm.nih.gov/18313558/
https://pubmed.ncbi.nlm.nih.gov/18313558/
https://pubmed.ncbi.nlm.nih.gov/18313558/
https://pubmed.ncbi.nlm.nih.gov/18313558/
https://pubmed.ncbi.nlm.nih.gov/15851777/
https://pubmed.ncbi.nlm.nih.gov/15851777/
https://pubmed.ncbi.nlm.nih.gov/15851777/
https://pubmed.ncbi.nlm.nih.gov/34201087/
https://pubmed.ncbi.nlm.nih.gov/34201087/
https://pubmed.ncbi.nlm.nih.gov/34201087/
https://pubmed.ncbi.nlm.nih.gov/34201087/
https://pubmed.ncbi.nlm.nih.gov/34201087/
https://pubmed.ncbi.nlm.nih.gov/34201087/
https://pubmed.ncbi.nlm.nih.gov/34125067/
https://pubmed.ncbi.nlm.nih.gov/34125067/
https://pubmed.ncbi.nlm.nih.gov/34125067/
https://pubmed.ncbi.nlm.nih.gov/34125067/
https://pubmed.ncbi.nlm.nih.gov/34111579/
https://pubmed.ncbi.nlm.nih.gov/34111579/
https://pubmed.ncbi.nlm.nih.gov/34111579/
https://pubmed.ncbi.nlm.nih.gov/34111579/
https://pubmed.ncbi.nlm.nih.gov/34111579/
https://pubmed.ncbi.nlm.nih.gov/34091869/
https://pubmed.ncbi.nlm.nih.gov/34091869/
https://pubmed.ncbi.nlm.nih.gov/34091869/
https://pubmed.ncbi.nlm.nih.gov/34091869/
https://pubmed.ncbi.nlm.nih.gov/34713356/
https://pubmed.ncbi.nlm.nih.gov/34713356/
https://pubmed.ncbi.nlm.nih.gov/34713356/
https://pubmed.ncbi.nlm.nih.gov/34713356/
https://pubmed.ncbi.nlm.nih.gov/35867593/
https://pubmed.ncbi.nlm.nih.gov/35867593/
https://pubmed.ncbi.nlm.nih.gov/35867593/
https://pubmed.ncbi.nlm.nih.gov/35867593/
https://pubmed.ncbi.nlm.nih.gov/33181531/
https://pubmed.ncbi.nlm.nih.gov/33181531/
https://pubmed.ncbi.nlm.nih.gov/33181531/
https://pubmed.ncbi.nlm.nih.gov/33181531/
https://pubmed.ncbi.nlm.nih.gov/33181531/
https://pubmed.ncbi.nlm.nih.gov/33776796/
https://pubmed.ncbi.nlm.nih.gov/33776796/
https://pubmed.ncbi.nlm.nih.gov/33776796/
https://pubmed.ncbi.nlm.nih.gov/33776796/
https://pubmed.ncbi.nlm.nih.gov/33776796/
https://pubmed.ncbi.nlm.nih.gov/34020890/
https://pubmed.ncbi.nlm.nih.gov/34020890/
https://pubmed.ncbi.nlm.nih.gov/34020890/
https://pubmed.ncbi.nlm.nih.gov/11556541/
https://pubmed.ncbi.nlm.nih.gov/11556541/
https://pubmed.ncbi.nlm.nih.gov/11556541/
https://pubmed.ncbi.nlm.nih.gov/10556979/
https://pubmed.ncbi.nlm.nih.gov/10556979/
https://pubmed.ncbi.nlm.nih.gov/10556979/
https://pubmed.ncbi.nlm.nih.gov/10556979/
https://pubmed.ncbi.nlm.nih.gov/31827671/
https://pubmed.ncbi.nlm.nih.gov/31827671/
https://pubmed.ncbi.nlm.nih.gov/31827671/
https://pubmed.ncbi.nlm.nih.gov/31827671/
https://pubmed.ncbi.nlm.nih.gov/11686894/
https://pubmed.ncbi.nlm.nih.gov/11686894/
https://pubmed.ncbi.nlm.nih.gov/35487684/
https://pubmed.ncbi.nlm.nih.gov/35487684/
https://pubmed.ncbi.nlm.nih.gov/35487684/
https://pubmed.ncbi.nlm.nih.gov/35487684/
https://pubmed.ncbi.nlm.nih.gov/35487684/
https://pubmed.ncbi.nlm.nih.gov/35487684/
https://pubmed.ncbi.nlm.nih.gov/24215878/
https://pubmed.ncbi.nlm.nih.gov/24215878/
https://pubmed.ncbi.nlm.nih.gov/24215878/
https://pubmed.ncbi.nlm.nih.gov/24215878/
https://pubmed.ncbi.nlm.nih.gov/25294644/
https://pubmed.ncbi.nlm.nih.gov/25294644/
https://pubmed.ncbi.nlm.nih.gov/21335353/
https://pubmed.ncbi.nlm.nih.gov/21335353/
https://pubmed.ncbi.nlm.nih.gov/21335353/

	Effects of SARS-COV-2 Infection on Muscle Injury Healing in Professional Football Athletes, Prelimin
	Abstract
	Abbreviations
	Introduction
	Materials and Methods 
	Results
	Discussion
	Conclusion
	Acknowledgements
	Conflict of Interest 
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2

