
 

  INFLUENCE ON INJURABILITY AND INJURY 

RECOVERY TIME OF SINGLE NUCLEOTIDE 

POLYMORPHISMS (SNPs) IN GENES INVOLVED IN 

CONNECTIVE TISSUE REPAIR 

 

UEFA Research Grant 

Programme 

2012 

Final Report 

Ricard Pruna Grivé 

ricard.pruna@fcbarcelona.cat 

March 2013 

mailto:ricard.pruna@fcbarcelona.cat


2 

 

Abstract 

 

Soft tissue injuries (in muscles, tendons and ligaments) are a key factor in “talent 

selection” due to their great importance in high-level sports. In fact, an athlete with a 

high injurability index may find that the process of natural selection has denied him/her 

the opportunity to compete. 

Epidemiological studies, based on meticulous data collection, are the source of our 

current knowledge of injurability and have become the most reliable way to obtain 

objective information on injurability. However, few serious studies on the etiology of 

injuries have been performed, and no scientific evidence has yet conclusively identified 

potential risk factors related to injurability or interindividual differences in recovery times.  

Muscle injuries represent 10-55% of all sports-related injuries. While it is possible for 

slight injuries to heal completely, serious muscle injuries lead to the formation of scar 

tissue, which weakens the injured muscle even after recovery and which is often 

associated with muscle contractions and chronic pain. Although there are different 

degrees of injury and different treatments for recovery, there is also a large 

interindividual variation in the speed of recovery to a specific kind of injury. This variation 

in recovery time may be due to the presence of single nucleotide polymorphisms (SNPs) 

that can affect an individual‟s response to a specific treatment. Moreover, it has recently 

been suggested that certain individuals are genetically predisposed to suffer certain 

kinds of injuries. Several studies have demonstrated that the presence of certain SNPs 

in genes involved in the repair of muscle tissue can enhance recovery after injury.  

Our Research Group, located in the Unit of Anatomy and Human Embryology of the 

University of Barcelona School of Medicine (Casanova Campus), has a long-standing 

close relationship with the School of Sports Medicine, located in the same Unit. We have 

wide experience in the study of SNPs in genes involved in the repair and regeneration of 

connective tissues. We believe that further study of these SNPs may shed light on the 

tendency of certain individuals to suffer muscle injuries and may identify a gene 

signature to identify individuals with an enhanced injury repair system.  

 

Keywords: genetic polymorphisms, connective tissue, injury, elastin, titin, Sox15, IGF2, 

CCL2. 
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Introduction 

Soft tissue injuries (in muscles, tendons and ligaments) are a key factor in “talent 

selection” due to their great importance in high-level sports. Few studies have focused 

on the cause or etiology of soft tissue injuries, and exhaustive epidemiological studies1 

are the source of our current knowledge of injurability. To date, no scientific evidence 

has conclusively identified potential risk factors to explain interprofessional injurability or 

interindividual variability despite similar programs of injury prevention. At present, 

although epidemiological studies are the best available tools for identifying the type of 

injury and injurability index1-4, they do not allow us to establish a direct relation between 

an injury and its etiology, since there is no scientific evidence of risk factors to explain 

the predisposition of an individual to suffer an injury, the origin of the injury, or even the 

estimated recovery time. Depending on the kind of sport, muscle injuries represent 10-

55% of all injuries2 suffered by athletes. In spite of the fact that small injuries can be 

completely cured, recovery from more serious muscle injuries causes a scar in the 

muscle tissue that decreases muscle function and can lead to muscle contractions and 

chronic pain5. Variability in recovery time from the same type of injury with the same type 

of therapy may be due to the presence of single nucleotide polymorphisms (SNPs) that 

cause some individuals to respond better than others to a specific therapy. Moreover, 

some studies have suggested the existence of a genetic predisposition to suffer certain 

types of injuries4, 6-7.  

A SNP is a DNA sequence variation that is detectable in at least 1% of the population. 

This change gives rise to different alleles, which are the alternative forms of a specific 

gene. A SNP may or may not influence the phenotype, which may be a clinically useful 

marker. SNPs can be found in the intronic (non-codifying), exonic (codifying), or 

promoter regions of a gene. When located in the promoter region, they may or may not 

cause an increase or decrease in the gene mRNA expression levels. When they are 

located in an exonic region, they may or may not cause a change in the amino acid 

sequence of the protein that is produced (Figure 1).  
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Figure 1: Locations and effects of SNPs 

 

Certain SNPs promote tissue repair and regeneration8-10. It has been observed that 

different athletes respond differently to the same treatment, with different recovery 

times; in other words, some athletes recover quickly and well, while others need a 

longer time and do not recover as completely. Recent studies have found that SNPs in 

genes involved in the repair of connective tissue may explain this variation in recovery 

time8-12. Other studies have shown that the presence of certain SNPs in genes involved 

in the repair of muscle12, tendon13-17 or ligament18 tissue may affect injury recovery 

time6,7. 

To date, however, two aspects of this issue have not been investigated: the importance 

of SNPs in genes associated with tissue repair and recovery and the frequency of these 

SNPs in different ethnic groups. In the present project, we have analyzed SNPs in 

genes related to tissue repair (elastin [ELN])19,20, muscle assembly and  force 

transmission (titin [TTN])21, skeletal muscle regeneration (SRY-related HMG-box 

[SOX15])22, muscle damage (insulin-like growth factor 2 [IGF2])9, response to muscle 

damage (chemokine, CC motif, ligand 2 [CCL2])10, ligament ruptures (Collagen type I 

alpha1 [COL1A1] and collagen type 5 alpha 1 [COL5A1])23, and tendinopathy (COL5A1 

and tenascin [TNC])24. Our objective was to evaluate the association of these SNPs with 
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the degree of injury and to examine the possibility of ethnicity-related differences in their 

frequency or effect.  
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Objectives 

Recent studies have found that SNPs in genes involved in the repair of connective 

tissue may explain interindividual variations in degree of injury and recovery time among 

athletes. Other studies have shown that the presence of certain SNPs in genes involved 

in the repair of muscle tissue may affect injury recovery time. We hypothesized that by 

analyzing a large number of SNPs in genes involved in tissue repair, we could identify a 

gene signature associated with lower risk of injurability and shorter recovery time. 

Based on this hypothesis, we identified the following objectives: 

 

1. Select SNPs in genes involved in muscle tissue repair and rengeration. 

2. Compare the frequency of these SNPs in our study population with that 

recorded in the NCBIdb SNPs 

3. Compare the frequency of these SNPs in individuals of different races in 

our study population.  

4. Correlate the presence of these SNPs with the efficacy of injury repair. 

5. Examine a potential association between a SNP-related injury behavior 

pattern and race.  

6. Identify a potential genetic profile to select individuals with a longer or 

shorter recovery time for muscle injuries.  
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Material and methods 

The study was approved by the Ethics Committee of the Hospital Clinic, Barcelona 

(registry no. 2012/7117), and all players gave their signed informed consent 

1. Study population 

Data was collected on injuries suffered by 73 elite football players from Futbol Club 

Barcelona (Barcelona, Catalonia, Spain) over the course of three consecutive 

football seasons. Blood was drawn from these players, and 4mL was used for the 

genetic analyses. Blood was drawn exactly every two months, and the same 

parameters were analyzed in every sample (Appendix I), primarily those related to 

fatigue, since this leads to a greater risk of injurability and a reduced performance.  

All the players had the same amount of work, the same diet and the same ergogenic 

aids. The training field, the playing fields and the injury prevention protocols were 

also identical for all the players. In order to control for the variables that influence 

injury, data on injuries were collected in accordance with the Union of European 

Football Associations (UEFA) protocol (Appendix II). Ultrasound and magnetic 

resonance imaging were used to classify the injuries by anatomic region and 

severity. Injuries were classified as slight, moderate or serious according to the 

number of days the player needed to be absent from training and/or competition: 

slight, 1-15 days; moderate, 16-30 days; and serious, more than 30 days. All these 

parameters, including the evolution of the injury, were supervised by the same 

physician.  

2. DNA extraction 

Approximately 4 mL of whole blood was collected from each subject into EDTA 

vacutainer tubes, and stored at 4ºC until total DNA extraction. Genomic DNA from 

whole blood was isolated using QIAmp DNA Blood Minikit (Qiagen, Valencia, CA) 

following the manufacturer‟s instructions (Appendix III). To measure DNA quantity, a 

NanoDrop ND-1000 Spectrophotometer (Thermo Fisher Scientific INC, Waltham, 

MA) was used. DNA was stored at -20ºC until analyzed. 
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3. SNP selection 

SNPs were selected based on two criteria: 1) a frequency in the general population 

of 0.05-2) and 2) a possible association with tissue repair and regeneration. Table 1 

shows the characteristics of all the SNPs analyzed.  

GENE ASSOCIATION WITH TISSUE REPAIR rsNCBI Reference 

ELN Tissue repair rs2289360 19,20 

TTN 
Muscle assembly 

rs2742327 21 
Force transmission 

SOX15 Skeletal muscle regeneration rs4227 22 

IGF2 Muscle damage rs3213221 9 

CCL2 Response to muscle damage rs2857656 10 

COL1A1 Ligament ruptures rs1800012 23 

COL5A1 
Ligament ruptures 

rs12722 23,24 
Tendinopathy 

TNC Tendinopathy rs2104772 24 

 

Table 1: The eight SNPs included in the study, with their NCBI identification  

 

4. Allelic discrimination analysis 

Primers and probes were obtained from Applied Biosystems (AB; Assays-on-

Demand SNP genotyping product, Foster City, CA). FAM or VIC fluorophores were 

covalently bound at the 5' end of the probe with the MGB quencher attached at the 

3' end (Figure 2). SNP analysis was performed using a real-time polymerase chain 

reaction (PCR) Allelic Discrimination TaqMan Assay (AB) with minor modifications. 

All PCR reactions were run in duplicate, and contained 50 ng of each individual‟s 

DNA; 6.25 µL TaqMan Universal Master Mix (AB); 0.25 µL primers and probes (AB) 

and water for a final volume of 12.5 µL. Real-time PCR was performed on an 

ABIPrism 7500 Sequence Detection System (AB) using the following conditions: 
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50ºC for 2 minutes, 95ºC for 10 minutes, and 40 cycles of amplification (95ºC for 15 

seconds and 60ºC for 1 minute) (Appendix III and IV). For each cycle, the software 

determined the fluorescent signal from the VIC- or FAM- labeled probe. Each PCR 

included a negative control.  

 

 

 

 

 

 

 

 

Figure 2: Allelic discrimination analysis – detection of fluorescent signal. 

 

The fluorescent signal from the VIC- or FAM- labeled probe distinguished between 

heterozygotes, wild-type homozygotes, and SNP homozygotes (Figure 3). For 

example, if the A allele occurred at a frequency of 70% and the T allele at a 

frequency of 30%, the blue dots in Figure 3 correspond to wild-type homozygous 

individuals with the AA genotype, the red dots to SNP homozygous individuals with 

the TT genotype, and the green dots to heterozygous individuals with the AT 

genotype.  

 

Figure 3: Allelic discrimination analysis identified three populations. 

AA 

AT 

TT 
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5. Statistical analyses 

The association between type and degree of injury and the SNPs (in ELN, TTN, 

SOX15, IGF2, CCL2, COL1A1, COL5A1 and TNC) was determined with the Chi-

square test and Fisher‟s exact test when necessary. The association between SNPs 

and injury recovery time was evaluated using a multivariate analysis of variance.  

For descriptive purposes, the SNPs evaluated and their distribution among ethnic 

groups was shown following the crosstabulation table technique. Polymorphism 

frequencies of each gene for each ethnic group were presented as percentages. 

Statistical differences among groups were determined by the Chi-square test and the 

Fisher‟s exact test when SNPs with values ≤0.05 were found. All statistical analyses 

were performed using SPSS version 14.0 or 15.0 for Windows (SPSS Inc., Chicago, 

IL). Significance was set at P<0.05.  
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Results 

1. Blood analyses  

Blood was drawn from the players on a regular basis, both to perform the genetic 

analyses and to record the parameters associated with fatigue. In general, hemoglobin 

levels of ≥15gr/dl indicate that a player is stable, with no decrease in his performance or 

a higher risk of injurability. All the players included in the study met this requirement 

(Figure 4).  
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Figure 4: Hemoglobin levels in a representative sample of players included in the study 

Ferritin levels are the basic index for evaluating iron metabolism. Slightly low levels are 

not well tolerated by high-level athletes since in a very short time, they could develop 

fatigue, leading to lower performance (Figure 5).   
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Figure 5: Ferritin levels in a representative sample of players included in the study 
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Levels of creatine kinase (CK) and transanimase levels are used to measure muscle 

overload and tolerance of muscle load (Figures 6 and 7).Low levels indicate the 

absence of muscle overload and hence a tolerance of the muscle load.  
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Figure 6: Creatine kinase levels in a representative sample of players included in the study 
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Figure 7: Transanimase levels in a representative sample of players included in the study 
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Alterations in protein and albumin levels could be cause for concern, since nitrogen 

imbalance is associated with decreased athletic performance and a higher risk of 

injurability (Figure 8).  
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Figure 8: Albumin levels in a representative sample of players included in the study 

GGT levels can identify a liver problem (Figure 9).  
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Figure 9: GGT levels in a representative sample of players included in the study 

 

2. Characteristics of the study population 

Of the 73 soccer players included in the study, 43 (58.9%) were White, 11 (15.1%) were 

Black Africans, and 19 (26%) were Hispanics. The median age for all players was 26.2 

years (range, 19-35), median weight was 75.6 kilos (range, 64-92), median height was 

1.79 meters (range, 1.66-1.95), and median work load was 16026.55 minutes per year 

(267 hours/season/player), with no significant differences between ethnic groups for any 

of these characteristics (Table 2). 
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Characteristic 
Whites Black Africans Hispanics 

n=43 (58.9%) n=11 (15.1%) n=19 (26%) 

age 25.52 (19-35) 29.11 (20-35) 26.16 (25-34) 

weight 76.44 (64-92) 77.6 (64-92) 72.63 (67-78.5) 

height 179.62 (166-195) 181.3 (172-194) 176.3 (169-189) 

% fat 8.66 (6.9-12.9) 6.5 (6-14.1) 10 (6.2-13.6) 

work load * 15301 16224.3 16554.33 

* minutes in competition or training per player and season 

 Table 2: Main characteristics of the study population 

 

3. Epidemiology and types of injuries 

Thanks to the UEFA protocol for collection of data on injuries (Appendix II), we were 

able to obtain a data base comprising all the injuries suffered by the players, including 

the date of injury, the type and location of the injury, whether it was a re-occurrence of a 

previous injury or a new injury, how the injury occurred (in training or an official match), 

the position of the player on the field at the time of injury, the type of playing surface, 

whether the injury was a result of contact with another player or not. Finally, the severity 

of the injury and the number of days the player was unable to train or play were also 

recorded  

Over the course of the three seasons of the study, a total of 242 non-contact soft tissue 

injuries (NCSTIs) were recorded for all 73 players. Two hundred and three were muscle 

injuries, of which 129 (63.5%) were slight, 69 (34%) moderate, and 5 (2.5%) serious. 

Twenty-four were ligament injuries, of which 15 (62.5%) were slight, 3 (12.5%) 

moderate, and 6 (25%) serious. Fifteen were tendon injuries, of which 7 (46.7%) were 

slight, 7 (46.7%) moderate, and 1 (6.6%) serious (Table 3). 

 

 

 

 



17 

 

Type of injury 
Degree of injury 

N 
slight moderate serious 

muscle 129 (63.5%) 69 (34%) 5 (2.5%) 203 

ligament 15 (62.5%) 3 (12.5%) 6 (25%) 24 

tendon 7 (46.7%) 7 (46.7%) 1 (6.6%) 15 

 

Table 3: Total number of injuries suffered in three football seasons by all players included in the 

study 

 

4. DNA extraction and quantification 

DNA was extracted from the blood samples for the molecular analyses. DNA 

concentrations and sample purity can be seen in Figure 10 and Table 4, which show the 

results for 21 of the players included in the study.  

 

 

 

 

 

 

Figure 10: Agarose gels showing DNA quality 
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SAMPLE ng/µL 260/280 
 

SAMPLE ng/µL 260/280 

1 143.11 1.88 
 

15 56.37 1.85 

2 177.01 1.86 
 

16 220.11 1.85 

3 155.45 1.88 
 

17 136.64 1.88 

4 93.19 1.85 
 

18 187.82 1.84 

5 146.27 1.87 
 

19 189.46 1.87 

8 181 1.83 
 

21 87.18 1.81 

9 229.41 1.85 
 

22 54.57 1.74 

10 182.91 1.85 
 

24 176.05 1.86 

11 164.63 1.81 
 

28 175.67 1.87 

13 171.61 1.83 
 

35 40.24 1.71 

14 184.95 1.87 
     

Table 4: DNA concentration obtained for each µl and the purity of the simple 

determined by NanoDrop ND1000 in a representative sample of players included in 

the study 

 

5. Allele frequencies and genotypes 

Table 5 shows the allele frequencies of the eight genes, both for the present study and 

according to the NCBI dbSNP. The frequency of the SNPs varied among the three sub-

groups in the present study (p<0.0001). 
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GENE GENOTYPE 

POPULATION 

p-value 

TOTAL WHITES BLACK AFRICAN HISPANIC 

Present study Present study HapMap  Present study HapMap Present study HapMap 

N=73 N=43 CEU N=11 YRI N=19 HISP1 

ELN 

AA 27.40% 14% 15.50% 45.45% 40.20% 47.40% n/a 

<0.0001 AG 56.20% 65.10% 65.11% 36.40% 44.20% 47.40% n/a 

GG 16.40% 20.90% 36.40% 18.20% 15.20% 5.20% n/a 

TTN 

AA 50.70% 58.10% 68.10% 27.30% 14.20% 47.40% n/a 

<0.0001 AG 39.70% 37.20% 26.50% 45.50% 46.90% 42.10% n/a 

GG 9.60% 4.70% 5.30% 27.30% 38.90% 10.50% n/a 

SOX15 

TT 58.90% 62.80% 58.40% 36.40% 20.40% 63.20% 52.20% 

<0.0001 TG 31.50% 32.60% 33.60% 36.40% 49.60% 26.30% 34.80% 

GG 9.60% 4.70% 8.00% 27.30% 30.10% 10.50% 13.00% 

IGF2 

GG 38.40% 30.20% 30.10% 45.45% 38.10% 52.60% 43.50% 

<0.0001 GC 43.80% 53.50% 53.10% 27.30% 42.30% 31.60% 21.70% 

CC 17.80% 16.30% 16.80% 27.30% 9.20% 15.80% 34.80% 

CCL2 

GG 43.80% 39.50% 65.20% 54.50% 52.20% 47.40% n/a 

<0.0001 GC 46.60% 48.80% 30.40% 45.50% 34.80% 42.10% n/a 

CC 9.60% 11.60% 4.03% - 13% 10.50% n/a 

TNC 

AA 35.60% 30.20% 31.70% 45.45% 46.70% 42.10% n/a 

<0.0001 AT 43.80% 51.20% 53.30% 36.40% 41.70% 31.60% n/a 

TT 20.50% 18.60% 15.00% 18.20% 11.70% 26.30% n/a 

COL1A1 

GG 71.20% 72.10% - 81.80% 100% 63.20% n/a 

<0.0001 GA 26% 23.30% 100% 18.20% - 36.80% n/a 

AA 2.70% 4.65% - - - - n/a 

COL5A1 

TT - - 24.50% - - - n/a 

<0.0001 TC 65.30% 76.20% 64.20% 18.20% 27.10% 68.40% n/a 

CC 34.70% 23.80% 11.30% 81.80% 72.90% 31.60% n/a 

n/a, not available. 

Table 5: Allele frequencies of the eight genes, both for the present study and according to the 

NCBI dbSNP for Whites (HapMap CEU), black Africans (HapMap YRI) and Hispanics (HISP1).  
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6.  Association of SNPs with degree of injury and recovery time 

When a professional athlete is injured, the most important question for both the 

attending physician and the athlete himself is how long it will take for the player to 

recover. 

 6.1. Muscle injuries and SNPs 

SNPs in IGF2, CCL2 and COL5A1 were associated with severity of muscle 

injuries. The 93 muscle injuries associated with the IGF2 GC genotype were 

significantly less serious than those associated with the IGF2 CC or GG 

genotypes (p=0.032) (Figure 11). 

 

 

Figure 11: Association between IGF2 and degree of muscle injury. Injuries suffered by individuals 

with the GG genotype were more serious, while those suffered by individuals with the GC 

genotype were slight and moderate.  

 

The CCL2 genotypes CC and CG were also associated with less serious muscle 

injuries than the CCL2 GG genotype (p=0.013) (Figure 12). 
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Figure 12: Assocation between CCL2 and degree of muscle injury. The T allele was associated 

with more serious injuries. 

 

Finally, the COL5A1 TC genotype showed trend towards an association with 

more serious muscle injuries (p=0.07) (Figure 13).  

 

Figure 13: Association between COL5A1 and degree of muscle injury. The T allele was associated 

with more serious injuries. 
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6.2. Ligament injuries and SNPs 

The 10 ligament injuries associated with the ELN AA genotype were more serious than 

those associated with the ELN AG or GG genotypes (p=0.09) (Figure 14).  

 

Figure 14: Association between ELN and degree of ligament injury. 

 

SNPs in ELN also showed evidence of a significant association with recovery time. 

Injuries associated with the ELN AG genotype required a shorter mean recovery time 

(24.7days) than those associated with the ELN GG (37.5 days) or AA (83.2 days) 

genotypes (p=0.027) (Figure 15). 
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Figure 15: Association between ELN and recovery time for ligament injuries. 

6.3 Tendon injuries and SNPs 

Although other studies have found a relation between SNPs in COL5A1 and TNC and 

tendon injuries, in the present study, we have not found an association between SNPs 

and tendon injury or recovery time for tendon injuries. This may be due to the small 

number of tendon injuries suffered by the study population.  

 

7.  The potential impact of ethnicity on patterns of NCSTIs 

 

7.1. Interethnic variability in injury patterns 

A total of 242 injuries (203 muscle, 24 ligament, and 15 tendon injuries) were recorded. 

The 43 Whites suffered a total of 124 injuries, the 11 Black Africans 41 injuries, and the 

19 Hispanics 77 injuries. Table 6 shows the distribution of each type of injury in each of 

the three ethnic groups. Interestingly, the Black Africans suffered no ligament injuries.  
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ETHNIC GROUP 
SITE OF INJURY 

TOTAL 
MUSCLE LIGAMENT TENDON 

Whites (n=43) 103 (83.06%) 15 (12.09%) 6 (4.85) 124 

Black Africans (n=11) 36 (87.80%) - 5 (12.2%) 41 

Hispanics (n=19) 64 (83.11%) 9 (11.68%) 4 (5.21%) 77 

  

Table 6: Number and site of injuries in the three ethnic groups studied.  

 

7.2. Interethnic variability in genotypes and allelic frequencies 

As shown in Table 5 above, the frequency of the SNPs varied among the three ethnic 

groups (p<0.0001). The minor genotype of the ELN gene was AA for Whites (14%) but 

GG for both Black Africans (18.1%) and Hispanics (5.3%). The minor genotype of the 

TTN gene was GG in both Whites (4.7%) and Hispanics (10.5%) but AA in Black 

Africans (27.3%). The minor genotype of the CCL2 gene was CC in both Whites 

(11.6%) and Hispanics (10.5%), while among Black Africans, the GG and CC genotypes 

had a similar frequency (54.5% and 45.5%, respectively. The minor genotype of the 

COL1A1 gene was AA for Whites (4.7%), while this genotype was not observed among 

the Black Africans or the Hispanics. Finally, the TT genotype of the COL5A1 gene was 

not detected in any of the subjects.  

7.3. Interethnic variability in the relation between SNPs and injury patterns  

Among the Whites, a near-significant correlation was observed between the pattern of 

muscle injuries and the IGF2 genotype (p=0.059). The presence or absence of the G 

allele identified two groups of individuals; those with the GC or GG genotype showed 

the same pattern of injuries, while those with the CC genotype had a different pattern. In 

addition, there was a correlation between the pattern of ligament injuries and the ELN 

genotype; the presence or absence of the A allele identified two clearly distinct groups 

of individuals: those with the AG or AA genotype showed the same pattern of injuries, 

while those with the GG genotype had a different pattern (p=0.001). Finally, a significant 

correlation was observed between the pattern of tendon injuries and ELN (p=0.05), 
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according to the presence or absence of the A allele, and IGF2 (p=0.05), according to 

the presence or absence of the C allele.  

No relation between SNPs and injury patterns was observed among Black Africans.  

Among Hispanics, there was a correlation between the pattern of muscle injuries and 

the ELN (p=0.032) and IGF2 (p=0.016) genotypes. The G allele of ELN and the C allele 

of IGF2 distinguished groups with different patterns of injuries. 
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Discussion 

At present, epidemiological studies are the most reliable tool for classifying and 

describing the injurability index in a population of elite athletes 25 and no other kinds of 

studies have been carried out to explain the etiology and recovery time of injuries. 

The UEFA model of data collection and statistical validation has been used since 2001 

in all the elite teams that participate in European competitions (UEFA-Champions 

League). In order to use the UEFA model and to participate in UEFA studies, it is 

necessary to have the approval of the UEFA-Nyon Medical Commission 26 both as 

regards the level of commitment and the methodology of data collection. This model 

makes it possible to compare several variables among the 17 participating teams, 

including the total number of injuries, the number of muscle injuries, the number of 

ligament injuries, the severity of the injuries (light, moderate or serious) and the 

situations in which the injuries occur (training or competition).  

To date, an index of injurability has generally been established based on the blood 

analyses of the players. Every two months, blood is drawn and analyzed for levels of 

hemoglobin, ferritin, creatinine, urea, transanimases, CK and other components. An 

athlete is considered to be in a “fragile” state when hemoglobin levels are below 15gr/dl, 

when ferritin levels are below 50ng/ml, when the levels of urea and creatinine are higher 

than the reference levels, when transanimase levels are higher than 60UI/L or when CK 

levels are higher than 600U/L. GGT levels are used to detect a possible muscle injury 

from liver damage. Our results indicate that normal GGT levels were found in the 

majority of the players included in the present study, except two players who suffered 

from hepatitis.  

Nevertheless, this routine method of determining the physical state of an athlete is not 

reproducible, since the medical criteria used by physicians on different teams can vary. 

Therefore, we set ourselves the goal of establishing an objective method to relate the 

severity of an injury to the recovery time needed for the injury, both of which can vary 

greatly. These variations in severity and recovery time of an injury may be due to the 

presence of SNPs, which are variations in the genome of individuals,  

Recent studies have shown that the presence of SNPs in certain genes can modulate 

response to treatment with certain drugs. From 2006 to 2008, several studies suggested 

that SNPs in DNA repair genes could influence response to chemotherapy 27,28. Other 

studies have demonstrated that SNPs in genes involved in repair of muscle tissue could 
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influence injury recovery time8-11, 29. All these studies indicate that genetic variations are 

important in the molecular mechanisms of action related to injury and response to 

treatment.  

Physical activity and sports are normal activities today. Soft-tissue injuries, whether they 

be in muscles, tendons or ligaments, are connective tissue injuries30 and are the most 

frequent type of injury in sports in general and in football in particular. It is well-known 

that interindividual – and even intraindividual – differences exist in the structure and 

function of connective tissue 30. To date, various intrinsic factors have been identified as 

risk factors for injurability, including age 31-33, sex 33-35 and the existence of a previous 

injury 33,36.  

All the players included in this study live within 30 kms of the training field and were thus 

subjected to the same climate and environmental conditions. All the players had the 

same work load, followed the same diet and received the same ergogenic aids. The 

training field, the playing fields and the injury prevention protocols were also the same 

for all the players. Finally, the treatment protocols for each type of injury, including 

medication and physical therapy, were the same for all the players, and all treatment 

was supervised by the same medical team. However, in spite of a strict control of these 

extrinsic factors, the players suffered different injuries, with different recovery times. For 

this reason, we have focused our investigation on genetic factors that could influence 

injurability and recovery time, since the interaction between extrinsic and intrinsic 

factors could be crucial 37-39. 

We first analyzed eight genes related to tissue repair and regeneration to see the 

frequency of SNPs in these genes in the study population. ELN is a key extracellular 

matrix protein that is critical to the elasticity and resilience of many tissues 40. TTN is the 

largest protein described in mammals and is expressed both in heart and skeletal 

muscles. The main role of TTN is to regulate myofibrillar assembly 41 and cell signaling 

42. The SOX family of genes are transcription factors with an important role in 

determining cell destiny during development 43. Several studies have found that SOX15 

plays a fundamental role during myogenic differentiation 44 and that it is crucial for 

skeletal muscle regeneration 22. IGF plays a role in growth and is increased during 

regeneration following injury, leading to activation of satellite cells 45,46. CCL2 is a small 

chemokine produced by macrophages and satellite cells 47. It plays a role in 

inflammation and immunoregulation 10. The expression of CCL2 increases rapidly after 
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muscle damage, and recent studies indicate that it is critical to muscle repair 10,12. The 

major component of tendons and ligaments is collagen, especially type I and type V. 

COL1A1 and COL1A5 encode the large chains that make up collagen 18,23. COL1A1 

encodes the 1 chain of type I collagen 23 and is associated with ligament ruptures 14,30. 

COL5A1 encodes the 1 chain of type V collagen, which is a component of ligaments 

and tendons 48. These molecules work with type I collagen to form heterotypic fibrillins 

in non-cartilage connective tissues 49. TNC is a glycoprotein found in abundant amounts 

in tissues like tendons 14, 50. It is overexpressed in tendinopathies in the Achilles‟ tendon 

50. 

In the present study, we have observed associations between some of the SNPs and 

muscle and ligament injuries but not tendon injuries. Although some of the SNPs 

included in our study had been described as markers for tendinopathy, we have 

examined the potential relation between the SNP and the degree of injury and recovery 

time, which had not been examined in previous studies.  

We have observed a close relation between IGF2 and degree of muscle injury. IGF2 is 

located on chromosome 11p15 and plays an important role in growth. Along with 

fibroblastic growth factor, interleukin-1 , interleukin-6 and transforming growth factor-β, 

IGF2 is increased following an injury as a result of the activation of satellite cells 46. We 

found that the IGF genotype GC acted as a protector against serious injuries, while the 

homozygous GG or CC genotypes were associated with more serious injuries, although 

no relation with recovery time was observed.  

We have also observed a relation between CCL2 and degree of injury. Hubal and 

colleagues had previously shown that SNPs in CCL2 and its receptor were related to 

markers of of muscle injury like CK and myoglobin levels, muscle pain and muscle 

function 10. Our results indicate that the presence of the C allele (CCL2 CC/CG) was 

associated with less serious injuries.  

COL5A1 is a minor component of the collagen of tendons and ligaments 48 and forms 

part of the extracellular matrix of other tissues, including skeletal muscle. These 

COL5A1 molecules connect with collagen type I fibers in non-cartilage connective 

tissue, modulating fibrillogenesis. However, in order for this process to be successful, 

both alleles must be present 49, as shown in studies of tendinopathy, where the 

presence of the C allele has been associated with asymptomatic patients. Our results 

support this theory and indicate that a muscle injury can be more or less serious 
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depending on the composition of the collagen. We have observed that individuals with 

the COL5A1 CC genotype suffered less serious injuries.  

ELN was associated with the degree and recovery time of ligament injuries. In a 

situation of tissue injury, repair and regeneration, the contractile function is lost and 

cellular differentiation leads to an immature phenotype capable of proliferation and 

translocation to the extracellular matrix. The lack of elastin distorts the stability of other 

components of the extracellular matrix, while the presence of the wild-type genotype 

prevents this from occurring. In our study, the wild-type genotype was associated with 

less serious injuries. Individuals homozygous for the A allele had less serious injuries. 

We also observed that individuals with the G allele (GG/AG) had shorter recovery times, 

which could be due to a more efficient elastin function, since altered elastin affects 

elastogenesis and the function of elastic fibers in vivo 20. 

TNC is a glycoprotein found in abundant amounts in tissues subjected to a high tensile 

and compressive stress50,14, such as tendons. It is highly expressed in tendinopathies of 

the Achilles‟ tendon 50. However, we found no significant association between TNC and 

degree of injury or recovery time.  

Based on the large interindividual variation in recovery time for the same type and 

severity of injury, we felt that the effect of race on recovery time could be crucial. We 

therefore analyzed the frequencies of SNPs in different ethnic groups included in the 

study: Whites, Black Africans and Hispanics. A recent study comparing allele 

frequencies in genes related to drug metabolism in Caucasian, Japanese and Chilean 

populations concluded that ethnic variability must be taken into account when assessing 

polymorphisms in order to personalize cancer therapy54. Chowbay and collaborators55 

analyzed polymorphisms in genes encoding drug-metabolizing and drug transporters in 

three distinct Asian populations compared with Whites and Africans. They concluded 

that the pharmacogenetics of drug-metabolizing enzymes were different in Asians 

compared to Whites and Africans, indicating that drug dose requirements for Whites 

and Africans may not be optimal for an Asian population. Another study56 found that the 

different frequencies of CYP1A1 alleles depend on ethnicity and, moreover, that the 

association of certain CYP1A1 alleles with different types of cancer, including lung, 

breast and colon, also depends on racial origin. 
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We have extended this work on interethnic genotypic variability related to the 

pathogenesis and treatment of several diseases by examining the potential differential 

effect of SNPs on patterns of NCMSTIs in three ethnic groups. SNPs in ELN and IGF2 

were related to injurability both in Whites and Hispanics. In the present study, IGF2 was 

related to both muscle and tendon injuries among Whites. However, muscle injuries 

were related to the presence or absence of the G allele, while tendon injuries were 

related to the presence or absence of the C allele.  

Our study has two major limitations. Firstly, the scarcity of genetic studies in sports 

medicine makes it difficult to determine the correct cause-and-effect relationship of our 

findings. Secondly, although there are many genes involved in tissue repair and 

regeneration, logistic limitations obliged us to select only a few for this study. Further 

studies are warranted to determine the clinical significance of the associations between 

SNPs and degree of injury and recovery time observed in our study. The prevention, 

diagnosis and treatment of NCSTIs are key factors in both the daily practice of sports 

medicine and in “talent selection”, due to their great importance in high-level sports, 

especially in football. 
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Conclusions 

 

1. The different frequencies of SNPs in the three populations included in the study 

(p<0.0001) could explain why certain individuals are more predisposed to suffer 

serious injuries and why they have longer recovery times.  

 

2. IGF2 y CCL2 are associated with the degree of muscle injury and ELN with 

recovery time for ligament injuries.  

 

3. Among Whites, there was a significant correlation between the pattern of 

ligament injuries and the ELN genotype and (p=0.001). Moreover a significant 

correlation was observed between the pattern of tendon injuries and ELN 

(p=0.05), according to the presence or absence of the A allele, and IGF2 

(p=0.05), according to the presence or absence of the C allele.  

 

4. Among Hispanics, there was a correlation between the pattern of muscle injuries 

and the ELN (p=0.032) and IGF2 (p=0.016) genotypes. 

 

5. Our results indicate that interracial genotypic differences may be important in the 

study of NCSTIs. 

 

6. The genetic profile based on the SNPs identified in the present study can be 

used to better define the risk of injury of a given individual, possibly helping in 

player selection and allowing more specific treatment and prevention. It may also 

help to identify individuals who will require a longer recovery time following 

injuries. 

 

7. Clinical relevance: The study of SNPs will help identify individuals with greater 

predisposition to injury, who may benefit from targeted preventive measures, and 

those who will require a longer recovery time following a muscle or ligament 

injury. 
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Benefits to UEFA 

 

 

 The members of a professional football team can be genotyped in order to 

identify players with lower risk of injurability and shorter recovery times.  

 

 Measures of injury prevention and methods of talent selection can be 

improved. 

 

 Increasingly, teams are composed of players with different ethnic 

backgrounds. This study shows that patterns of injury differ according to 

race. With this information, teams can customize measures of injury 

prevention to the specific needs of their players. 

 

 Ethnicity could be included in the epidemiological data collected by UEFA 

every year from all the member teams in order to further investigate the 

relationship of ethnicity with the types of injury suffered by the players.  

 
 

Thanks to the support of the UEFA, this first ground-breaking study of genetics in 

professional athletes has been made possible.  
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Publications and presentations derived from this research project 

 

1. We presented our results in the XXXII World Congress of Sports Medicine: 

“Sports Medicine, the challenge for global health: Quo Vadis?” held in 

Rome, Italy on 27-30 September 2012. Appendix V shows the two abstracts and, 

the acceptance letters, as well as an excerpt from an invited lecture by Dr Y 

Pitsiladis, where he referenced our work. 

2. We also presented our results in the IV Muscletech Workshop held in 

Barcelona on 2-3 October 2012 (Appendix VI). 

3. We currently have two manuscripts under review in different journals:  

- Single nucleotide polymorphisms in non-contact soft tissue injuries.Influence 

on degree of injury and recovery time  

- The potential impact of ethnicity on patterns of non-contact musculoskeletal 

soft tissue injuries  

4. 4th European meeting on Sports Medicine and Exercise, Florence, 22-23 

March 2013:  

“The importance of the genetic component in injury” (Appendix VII). 

5. We have submitted an abstract to ECOSEP 2013 to be held in Frankfurt, 

Germany, entitled “Importance of genetic variants and ethnicity in non-

contact musculoskeletal soft tissue injuries. (Appendix VIII). 

6. Our work was unanimously awarded first prize in the 15th National Awards in 

Sports Medicine of the University of Oviedo (ppendix IX) 
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Appendix I: Parameters analyzed in blood 
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Appendix II: UEFA protocol for collection of data on injuries 

 

 

 

 

 

 

 

 

 

 

 

 



42 

 

 

 



43 

 

Appendix III: Protocol for DNA extraction from blood 

1. Pipet 20 μl QIAGEN Protease (or proteinase K) into the bottom of a 1.5 ml 

microcentrifuge tube 

2. Add 200 μl sample to the microcentrifuge tube. Use up to 200 μl whole blood, 

plasma, serum, buffy coat, or body fluids, or up to 5 x 106 lymphocytes in 200 μl 

PBS. 

3. Add 200 μl Buffer AL to the sample. Mix by pulse-vortexing for 15 s. 

4. Incubate at 56°C for 10 min 

5. Briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from the inside 

of the lid. 

6. Add 200 μl ethanol (96–100%) to the sample, and mix again by pulse-vortexing 

for 15 s. After mixing, briefly centrifuge the 1.5 ml microcentrifuge tube to remove 

drops from the inside of the lid. 

7. Carefully apply the mixture from step 6 to the QIAamp Mini spin column (in a 2 ml 

collection tube) without wetting the rim. Close the cap, and centrifuge at 6000 x g 

(8000 rpm) for 1 min. Place the QIAamp Mini spin column in a clean 2 ml 

collection ube (provided), and discard the tube containing the filtrate.* 

8. Carefully open the QIAamp Mini spin column and add 500 μl Buffer AW1 without 

etting the rim. Close the cap and centrifuge at 6000 x g (8000 rpm) for 1 min. 

9. Place the QIAamp Mini spin column in a clean 2 ml collection tube (provided), 

and iscard the collection tube containing the filtrate.* 

10. Carefully open the QIAamp Mini spin column and add 500 μl Buffer AW2 without 

wetting the rim. Close the cap and centrifuge at full speed (20,000 x g;14,000 

rpm) for 3 min. 

11. Recommended: Place the QIAamp Mini spin column in a new 2 ml collection tube 

(not provided) and discard the old collection tube with the filtrate. Centrifuge at 

full speed for 1 min. 

12. Place the QIAamp Mini spin column in a clean 1.5 ml microcentrifuge tube (not 

provided), and discard the collection tube containing the filtrate. Carefully open 

the QIAamp Mini spin column and add 200 μl Buffer AE or distilled water. 

13. Incubate at room temperature (15–25°C) for 1 min, and then centrifuge 6000 x g 

(8000 rpm) for 1 min. 
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Appendix IV: Protocol for genotyping a sample  
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Appendix V: XXXII World Congress of Sports Medicine. 
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Despite the preliminary nature of our results, they were presented at the XXXII World 

Congress of Sports Medicine and were well received. Dr. Y. Pitsiladis cited our work 

in his invited oral presentation and encouraged us to continue this novel line of 

research.  
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Appendix VI. IV Muscletech Workshop 
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Our results were reported in the sports newspapers Mundo Deportivo (04/10/2012) and 

Diario Marca.com 

1. http://www.mundodeportivo.mobi/slowdevice/20121003/fc-barcelona/ricard-

pruna-conferencia-perfiles-geneticos_54352249857.html  

2. http://www.marca.com/2012/10/03/futbol/equipos/barcelona/1349279192.html?a

=2a78e20c3fea7561d1e734ed36afe334&t=1349344684 
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http://www.mundodeportivo.mobi/slowdevice/20121003/fc-barcelona/ricard-pruna-conferencia-perfiles-geneticos_54352249857.html
http://www.marca.com/2012/10/03/futbol/equipos/barcelona/1349279192.html?a=2a78e20c3fea7561d1e734ed36afe334&t=1349344684
http://www.marca.com/2012/10/03/futbol/equipos/barcelona/1349279192.html?a=2a78e20c3fea7561d1e734ed36afe334&t=1349344684
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Appendix VII. European meeting on Sports Medicine and Exercise 
 

 

 



53 

 

Appendix VIII: ECOSEP Congress 
 

Importance of genetic variants and ethnicity in non-contact musculoskeletal soft tissue 

injuries. 

Ricard Pruna
1
; Rosa Artells

2
; Jordi Ribas

2,3
; Bruno Montoro

4
; Mariano Monzo

2 

1
Serveis Mèdics del Futbol Club Barcelona, 

2
Unitat d’Anatomia i Embriologia Humana-Facultat 

de Medicina-UB, 
3
Escola de Medicina Esportiva-Facultat de Medicina-UB, 

4
Departament de 

Farmacia i Tecnologia Farmacèutica-Facultat de Farmacia-UB. 

Background: The prevention, diagnosis, and management of noncontact musculoskeletal soft 

tissue injuries (NCMSTI) related to participation in sport are key components of sport and 

exercise medicine physician. Epidemiological data have demonstrated the existence of 

interindividual differences in NCMSTI severity indicating that those injuries occur as a 

consequence of a combination of both, extrinsic and intrinsic factors, including genetic 

variations. 

Methodology: We examined 8 single nucleotide polymorphisms (SNPs) in the following genes 

(ELN, TTN, SOX15, IGF2, CCL2, COL1A1, COL5A1 and TNC) related to tissue recovery and 

tissue repair in a total of 73 elite european football players population from white, black-african 

and hispanic origin and, at the same time, we have collected NCMSTI suffered by these 

population during three consecutive seasons. Finally we have correlated results with type, degree 

and recovery time in injuries collected and then with the distribution of injuries in the three 

studied populations.  

Results: 242 injuries were recorded (203 were muscle, 24 were ligament, and 15 were tendon). 

The degree of muscle injury was related to IGF2 (P=0.032). Moreover, we observed a close but 

non-significant relation between degree of muscle injury and CCL2 (P=0.1) and COL5A1 

(P=0.07). We also found a close relation between ELN and degree (P=0.09) and a significant 

relation between ELN and recovery time (P=0.027) of ligament injuries.  

The frequency of the SNPs varied among the three sub-groups in the present study (p<0.0001). 

Our results shown a significant relation between ligament injuries and ELN (p=0.001) and a 

significant relation between tendinous injuries and ELN (p=0.05) and IGF2 (p=0.05) in white 
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population. Moreover, we have observed a significant relation between muscle injuries and ELN 

(p=0.032) and IGF2 (p=0.016) in Hispanic population. 

Conclusions: SNPs study constitutes a new field of investigation in Sports Medicine which will 

help us to identify individuals with shorter recovery and those with greater risk of injury. Our 

results are only the pave to demonstrate that these genotyping interracial differences are 

important when studying injuries and let us to indicate that the genetic profile based on the SNPs 

can be use to describe, as objectively as possible each individuals injurability risk and may well 

be a useful tool for football players to receive a more specific treatment and preventive care 

options.  
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Appendix IX: XV Premio Nacional de Investigación en Medicina Deportiva de la 
Universidad de Oviedo 
 

 

http://www.uniovi.es/prensa/actualidad/-/asset_publisher/0001/content/la-universidad-de-oviedo-concede-el-premio-

en-medicina-del-deporte-a-una-investigacion-sobre-

lesione?redirect=%2Fweb%2Funiovi%2Fprensa%2Factualidad%2Ftags%252 
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