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Research Paper: Studying the Predictive Power of 
Common FIFA Pre-Season Medical Assessments 
and Functional Tests With the Rate and Severity of 
Injuries to Elite Football Players

Purpose: The number and severity of injuries in football matches have increased in recent years. 
On average, the injury rate is 10 to 35 injuries per 1000 hours matching, half of which are severe 
and cause more than 4 weeks of absence from football matches. Recent studies have reported 
that pre-season functional tests may predict the future injuries to athletes; however, the related 
findings are contradictory. This study aims to investigate common pre-season musculoskeletal 
assessments approved by FIFA and functional tests to predict the rate and severity of injuries to 
elite football players.

Methods: A total of 92 elite football players aged 17-35 years who were members of three 
professional football clubs were selected for the study using purposeful sampling method. Then, 
five functional tests including the Y-Balance Test (YBT), Functional Movement Screen (FMS), 
Single-Leg Hop (SLH), Carioca and Co-Contraction Tests were performed and the pre-season 
medical assessment forms were collected by the club medical staff. The training and match times 
of the teams were recorded during the research period along with the number of players’ injuries. 
To predict severity and rate of injuries, univariate regression analysis was used.

Results: In total, 3120 hours of activity was recorded. Univariate regression analysis results showed 
that, of functional test, just SLH test could predict the severity of injury (P=0.035), and Carolina test 
(combination of Carioca and Co-Contraction Tests) predicted the injury rate (P=0.010).

Conclusion: SLH test was able to predict mild injuries (time-loss injuries with less than 10 days), 
and Carolina test could predict injury rate. Screening tests for functional and medical activities 
have very limited application in identifying athletes who are at risk of injury in various sports.
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1. Introduction

ootball is one of the most viewed sports in 
the world. Recent statistics from Fédéra-
tion Internationale de Football Association 
(FIFA) show that the number of people who 
are currently playing Football has reached 

270 million [1]. Football is characterized by intense 
physical contact as well as short, fast and non-contin-
uous movements, such as acceleration, deceleration, 
jumps and sudden changes of direction [2, 3]. 

The incidence of injury among male football players 
has been estimated as 10 to 35 injuries per 1000 hours of 
matches. That is, every elite male football player incurs 
approximately one performance-limiting injury per year 
[4]. Zarei et al. reported high injury rate among football 
players in Iranian Pro League (66.8 injuries per 1000 
match hours) [5]. Half of these injuries were mild inju-
ries resulting in less than one week of absence and the 
other half were severe injuries which caused more than 4 
weeks of absence from football fields [6]. Jung et al. cal-
culated the annual cost of football injuries in Switzerland 
as €95 million in 2003 plus a loss of more than 500000 
working days [7]. In another study, the estimated direct 
and indirect costs (medical costs and work absenteeism) 
of injuries in the Netherlands were €1.3 billion a year [8].

Professional sport teams use general medical assess-
ments and functional tests before the start of season to 
identify athletes who are susceptible to injuries. Akturk 
et al. in a study on Dutch active and retired professional 
football players using medical examinations on cardio-
vascular, musculoskeletal and neurological systems, 
recommended improvement and adding to the current 
medical examinations, especially with regard to the 
prevention of potential long-term health problems [9]. 
According to Fuller et al. players with cardiovascular, 
neurological and musculoskeletal risk factors are more 
likely to be injured and affected by intense exercise [10]. 
Hughes et al. in a systematic review, concluded that 
medical screening tests of professional football players 
are defective in predicting and preventing injuries [11].

Functional tests such as lower limb Y-Balance Test 
(YBT), Functional Movement Screen (FMS), and Sin-
gle-Leg Hop (SLH) have been assessed regarding their 
ability to predict injury in various sports and different 
subjects [12-22]. In most studies, lower limb injuries 
have been reported as the most affected part of body 
in professional footballers [23]. Balance disturbance is 
one of the risk factors for increasing the chance of lower 
limb injury. Gonell et al. suggested that Y-BT can be in-

corporated into physical examinations to identify foot-
ball players who are susceptible to injury [21]. Smith 
et al. also found an association between higher than 4 
cm asymmetry in anterior reach for both limbs with in-
creased risk of injury, but they did not find any correla-
tion between the total score of this test with increased 
risk of injury [15]. 

About FMS pre-season test, reports indicate that a score 
of lower than 14 is associated with serious injuries causing 
time loss and missing training and the next match [12]. 
Marques et al. [24] reported that young and elite football 
players (14-20 years) had poor performance in deep squat 
and trunk stability tests also the asymmetry between right 
and left body side was high. Duke et al. [25] used FMS 
test to predict risk of time-loss injury in experienced male 
rugby union athletes and suggested that FMS could be a 
proper predictor for time-loss due to injuries. On the other 
hand, Moran in a systemic review reported that FMS had 
no association with injury prediction [26]. 

About SLH test, there are also different results regard-
ing the predictive power of this test. For example, Bru-
mitt et al. reported that female collegiate athletes with a 
greater than 10% side‐to‐side asymmetry between SLH 
distances had a 4‐fold increase in ankle injury, but SLH 
could not predict injuries in the back or lower limb of 
female student athletes [16]. In literature, no research 
was found on predicting injury in athletes by Carioca 
and Co-Contraction Tests. However, based on the study 
of Brumitt et al. slower performance in Lower Extrem-
ity Functional Test (LEFT), which consisted of Carioca 
Test, made female athletes 6 times more likely to sustain 
a thigh or knee injury [16]. Lephart et al. in a study on 
injured athletes who were ready to return to sport activi-
ties, showed that these athletes could perform co-con-
traction and Carioca Tests significantly at shorter time 
than athletes who were not ready yet.

In light of these results, the mentioned tests are capable 
of identifying athletes who are prone to injury; how-
ever because of conflicting findings, coaches and club 
medical staff are suspicious about using each test or a 
combination of them in identifying athletes at risk of in-
jury. Regarding the popularity of football and the high 
severity and incidence of its injuries as well as the high 
cost of treatment for football-induced injuries, and their 
impact on the reduction of players’ performance and the 
sports clubs’ financial loss, it is necessary to perform a 
complete evaluation and fully examine the musculoskel-
etal system (from medical and functional perspective) 
for predicting the likelihood of injury. In this respect, 
this study aimed to investigate the common medical and 
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functional tests for their ability to predict the rate and 
severity of injuries to elite football players in the first 
mid-season play of 2017-2018.

2. Materials and Methods

The present study is a correlational study, and based on 
the type of data collection method, it is a prospective and 
longitudinal study [27]. Study population consists of Ira-
nian elite football players in professional sport clubs. Of 
them, 97 players were selected from three professional 
clubs. They were 17-35 years old and had been invited 
to the national football team. Five of them were excluded 
from the study because their injuries were not recorded 
by the club medical staff during the mid-season. 

Anthropometric characteristics of subjects were as fol-
lows: Mean (SD) weight=77.15(7.72) kg; Mean (SD) 
height=181(6.23) cm, Mean (SD) age=25.14(14.6) 
years; and Mean (SD) BMI=22.1(98.66) kg/m2. The 
physician of each team recorded the injuries sustained 
throughout the season in the FIFA standard injury report 
form [28]. These forms were collected weekly by the 
researcher. The recorded injuries should be sustained in 
training or during the match, and be in such a state that 
need medical help (medical staff need to take an action 
for their treatment) [29, 30].

Functional Movement Screen test

The Functional Movement Screen tests (Figure 1) con-
sist of seven movement tests which are able to detect 
limits and changes in normal movement patterns. This 
test was designed to provide interaction between move-
ment chain and the necessary sustainability to imple-
ment functional movement patterns. In this test, the sev-
en movement were scored from 1-3 points; if they done 
properly and without compensation, the subject earns 3 
points; if done with some compensatory movements, the 
given score is 2; and if the subjects could not complete 

the movements, the given score is 1. The seven move-
ment patterns are: deep squat, hurdle step, in-line lunge, 
active straight-leg raise, trunk stability push-up, rotary 
stability, and shoulder mobility [31].

Carioca test 

The Carioca Test (Figure 2) requires crossover steps at 
a total distance of 80 feet (24.38 m). The subjects began 
moving from left to right, then reversed direction follow-
ing the first 40-foot (12.19 m) length, thus performing 
the test moving a total of 80 feet (24.38 m) in the mini-
mum amount of time possible [32]. This test may cause 
dynamic pivot shift phenomenon in those with Anterior 
Cruciate Ligament (ACL) injury. Lephart et al. reported 
high reliability (r=0.92 to 0.96) for this test [32].

Co-contraction test

The Co-Contraction test (Figure 3) was performed by 
securing the athlete with a heavy 48 inch (121 cm) length 
of rubber band (Thera band) which was anchored to a 
metal loop secured on a wall 60 inch (152 cm) above the 
floor. The band is stretched twice its recoil length and 
then the subject stands facing the wall with the toes of 
his/her feet on the semicircle. Then he is asked to com-
plete five wall-to-wall lengths of the 180° semicircle 
with a radius of 96 inch (243 cm) from the metal loop in 
the minimum amount of time possible. Each semicircle 
is considered as one length. The test is repeated three 
times and then the average time is calculated [32]. 

This test reproduces the rotational forces at the knee 
that may cause tibial translation. Proper and timely con-
traction of the anterior and posterior muscles of the thigh 
can prevent this tibia subluxation and cause knee stabil-
ity [33]. Lephart et al. reported high reliability (r=0.92 to 
0.96) for this test [32].

Figure 1. FMS Figure 2. Carioca Test
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Single-Leg Hop Test

The Single-Leg Hop Test (Figure 4) is used to evalu-
ate the function, especially in people who are under re-
habilitation after ACL reconstruction and evaluates the 
rehabilitation process. This a proper test for predicting 
the power of athletes’ lower limbs [34]. According to 
Reid et al. [35], the validity and reliability of this test are 
0.82 and 0.93, respectively and it is suitable for patients 
undergoing rehabilitation following ACL reconstruction, 
and thus a proper test for preseason screening.

The Y-Balance Test

The Y-Balance Test is done in three directions of ante-
rior, posteromedial and posterolateral. The subject stands 
on a single leg in the center of Y and tries to reach the 
opposite limb while maintaining the balance. He/she 
touches the furthest possible point by toe in any of di-
rections without error (Figure 5). The distance from the 
contact point to the center is the distance to be reached 
which is recorded in cm. Since this test has a significant 
association with leg length, in order to perform this test 
and normalize the data, before starting to record, the ac-
tual length of the leg was measured by a tape meter from 

anterior superior iliac spine to the medial malleolus in the 
supine position [36].

Medical tests

Some of the common preseason medical tests in Iran 
that have been approved by FIFA are as follow: 1. His-
tory taking; 2. Orthopedic examinations of three parts: 
knee/ankle, upper limb, pelvis/spine; 3. Cardiovascular 
examination by the specialist and angiography fellow-
ship; 4. ECG recording, Echocardiography (according 
to FIFA protocol); 5. Complete blood and urine tests; 
6. VO2 max test, examining maximum aerobic power 
by respiratory gas analysis; 7. Squeeze test (examining 
the risk of injuries in quadriceps, hamstring and groin).1 
They were executed by the trained physicians who had 
experiences of preseason medical examinations for 4 
years at Noorafshar Hospital in Tehran.

In the present study, the injury incidence rate is quantita-
tive, but the severity of the injury is qualitative and nom-
inal in 6 categories: 0=no injury, 1=3-10 days of absence 
from the match, 2=10-30 days of absence, 3=30-90 days 
of absence, 4=90-180 days of absence, and 5=more than 
180 days of absence. The Kolmogorov-Smirnov (K-S) 
test was used to check the data normality. The results 
showed that the data distribution was not normal. Hence, 
to investigate the relationship between the predictability 
scores of five functional tests as well as medical test, we 
employed the univariate regression analysis (ENTER 
method). Statistical analyses were performed in SPSS V. 
22. The significance level was set at 0.05.

3. Results

The Kolmogorov-Smirnov test results showed that the 
variables were not normally distributed. Hence we used 
non-parametric test to evaluate the predictive power of 
variables. The descriptive statistics of the incidence rate 

1. www.FIFA.com

Figure 3. Co-Contraction Test Figure 4. Single-Leg Hop Test

Figure 5. Y-Balance Test
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and severity of injuries to participants are shown in Table 
1. Univariate regression analysis was used to predict the 
time-loss injuries and injury rate by predictor variables.

Results of univariate regression analysis showed that, 
among predictor variables, only SLH test with right leg 
could predict the severity of injury (P=0.035) (Table 2). 
Also, according to the results shown in Table 3, only 
Carolina test (combination of Carioca and Co-Contrac-
tion Tests) could predict the injury incidence rate in foot-
ball players (P=0.010).

4. Discussion

The purpose of this study was to study the pre-season 
functional tests to predict the rate and severity of inju-
ries to elite football players. The results showed that only 
SLH test with right leg could predict the severity of injury. 
Also, the Carolina test was able to predict the injury rate. 

These results are consistent with the findings of some 
studies [15, 26, 37] and contrary to the other study re-
sults [12-14, 25]. The studies of Keisel et al. [12] and 
Butler et al. [14] were retrospective and maybe all of the 
injuries have not been recorded. Also, their sample size 
was small. They reported that their findings could not be 
used to establish cause and effect relationships. Another 
reason may be related to Y-BT test which measures the 

flexibility, strength, and coordination of the lower ex-
tremity muscles, but based on the study of Bakken et al. 
the strength of muscles around knee is a weak screening 
tool to predict lower extremity muscle injuries in pro-
fessional soccer players [38]. However, the hamstring/
quadriceps and thigh adduction/thigh abduction muscle 
ratios can predict injuries in hamstring, quadriceps, and 
thigh adductor muscles [39]. 

According to Butler et al. used Y-BT test to predict low-
er extremity injury in amateur college football players 
[40]. Since the level of competition is also a risk factor 
for injury and amateur players are more likely to sustain 
an injury with more time-loss than professionals, acquir-
ing a low score in this test and considering high injury 
rates in soccer could be a reason for predicting injury in 
this research. Also, since the authors of both studies had 
contributions to the sale profits of Y Balance Test Kit™. 
So it can affect their results, too. Contrary to the previous 
findings, although the Y-BT test may still be appropriate 
in the rehabilitation programs and identifying a defect in 
dynamic postural control following injury, our findings 
did not support this test as a screening tool for predicting 
injury risk in elite football players.

The results of Duke et al. who used FMS test to pre-
dict risk of time-loss injury in rugby athletes, are not 
in agreement with our findings [25]. Also, Chalmers et 

Table 1. Descriptive statistics of the incidence rate and severity of injury in participants

Variable
Statistics

Min Max Mean SD

Time loss (right body side), days 0 >180 20.1(3-10) 88.1(3-10)

Time loss (left body side), days 0 30 5.2(30-90) 64(0-3)

Table 2. Univariate regression analysis results for predicting the severity of injury (time-loss injury)

Variable R2 F df1 df2 P Constant B1

FMS (time-loss injury in right body side) 0.001 0.90 1 90 0.343 2.191 -0.058

FMS (time-loss injury in left body side) 0.001 0.090 1 90 0.765 0.080 0.010

Y-BT (right leg) 0.10 0.952 1 90 0.332 3.350 -0.021

Y-BT (left leg) 0.026 2.412 1 90 0.124 -1.541 0.017

SLH (Right leg) 0.049 4.592 1 90 0.035 -1.296 0.018

SLH (left leg) 0.038 3.480 1 90 0.065 1.394 0.008

Carioca (time-loss injury in right body side) 0.035 3.239 1 90 0.075 4.144 0.091

Carioca (time-loss injury in left body side) 0.027 2.542 1 90 0.114 -1.162 0.044

Medical tests 0.010 1.02 1 90 0.31 2.41 -1.20
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al. found out that football players with asymmetrical 
movements during pre-season FMS testing were more 
likely to sustain an injury during the regular season 
[37], but no association was observed between FMS 
threshold score of ≤14 with injury in elite football play-
ers. Although researchers have reported strong reliabil-
ity for screening tests of functional movements, there 
are many contradictions about the validity of FMS test 
[41, 42]. The use of FMS test to predict the rate and 
severity of injuries from one sport to another and differ-
ences in sample size, statistical tests, and injury defi-
nitions, have provided conflicting results. Therefore, 
more research has to be done on a variety of sports to 
confirm the predicative ability of the FMS.

In the current study, SLH test (with right leg) was able 
to predict the intensity of injury. Since the average in-
jury severity in the right body side was 3-10 days of 
absence, this test was able to predict mild injuries such 
as first degree ankle sprains. This is against the results 
of Brumitt et al. [43]. They reported that the pre-season 
standing long jump and SLH tests in college basket-
ball players cannot predict non-contact time loss lower 
quadrant (such as ACL and ankle sprains) injuries; 
however, they can help sports medicine professionals 
evaluate athletic readiness prior to discharging an ath-
lete back to sport after injury [43]. Their measurement 
was compared to the height of subjects and the distance 
hopped. This was not done in our study. 

Also, they only reported non-contact injuries and the time 
loss in non-contact injuries was more than 10 days. In our 
study, both contact and non-contact injuries were exam-
ined, and it seems that only low-severity contact injuries 
have been predicted. One of the limitations of Brumitt et al. 
study was the absence of homogeneity of the sports where 
athletes of 10 different sports (tennis, football, wrestling, 

etc.) were selected. Thus, the rate and severity of injuries in 
these sports are different and not comparable.

Of different functional tests, only Carolina test could 
predict the injury rate. Since the incidence of lower ex-
tremity injuries in football is high, and it is one of the 
sports full of movements at all directions, most injuries 
to the lower extremity in this sport occur at several lev-
els. Maybe because of the nature of Carioca and Co-
Contraction Tests and the kinematics of the lower ex-
tremity, this simulated test is a mechanism for the most 
of lower limb injuries in football.

In 2014 FIFA World Cup, 63.4% of injuries were con-
tact injuries [44], while there is no contact in any of the 
functional tests, and there is no test that can measure the 
performance of the athlete in contact with another player 
(e.g. the opponent). Also, about 60% of injuries in foot-
ball occur at the last minutes of a match or training dur-
ing muscle tiredness which increase the risk of moderate 
to severe injuries. But athletes do not perform functional 
tests in fatigue conditions, but in the best physical and 
mental state. These factors may be considered as limita-
tions for the functional tests in this research and other 
studies to predict the rate and severity of injuries. 

Hewett in his study concluded that it is difficult to pre-
dict the initial injury by the current tests and it is impos-
sible to predict the player who is the first to be injured 
from an anatomical region [25]. However, it can predict 
secondary injuries (previous injuries), especially in ACL 
and ankle sprain of lateral ligaments [45]. He consid-
ered the kinetics and kinematics of the lower extremity 
(ground reaction force and knee valgus) as the best way 
to predict ACL injury in athletes.

Table 3. Univariate regression analysis results for predicting injury incidence rate

Variable R2 F df1 df2 P Constant B1

FMS 0.001 0.004 1 90 0.95 0.34 0.001

Y-BT (right leg) 0.004 0.38 1 90 0.53 0.72 -0.003

Y-BT (left leg) 0.006 0.51 1 90 0.47 0.79 -0.004

SLH (left leg) 0.001 0.05 1 90 0.82 0.43 -0.001

SLH (Right leg) 0.001 0.05 1 90 0.80 0.44 -0.001

Carioca 0.06 6.29 1 90 0.01 1.47 -0.03

Medical tests 0.01 1.24 1 90 0.26 0.73 -0.36
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This study showed that SLH test can predict the sever-
ity of injury, and the Carolina test was able to predict the 
injury incidence rate. However, the screening tools of func-
tional activities have a very limited application in identify-
ing the severity and rate of injuries to elite football players. 
Because of the nature of injuries and various risk factors 
like previous injury, the researchers must use the tests that 
covers many risk factors of injury and best simulates the 
conditions of injury in training or match.
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