Risk Factors for Injuries in Football
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Background: The injury risk in football is high, but little is known about causes of injury.

Purpose: To identify risk factors for football injuries using a multivariate model.

Study Design: Prospective cohort study.

Methods: Participants were 306 male football players from the two highest divisions in Iceland. Before the 1999 football sea-
son started, the following factors were examined: height, weight, body composition, flexibility, leg extension power, jump height,
peak O, uptake, joint stability, and history of previous injury. Injuries and player exposure were recorded throughout the com-

petitive season.

Results: Older players were at higher risk of injury in general (odds ratio [OR] = 1.1 per year, P = 0.05). For hamstring strains, the
significant risk factors were age (OR = 1.4 [1 year], P < 0.001) and previous hamstring strains (OR = 11.6, P < 0.001). For groin
strains, the predictor risk factors were previous groin strains (OR = 7.3, P = 0.001) and decreased range of motion in hip abduc-
tion (OR = 0.9 [1°], P = 0.05). Previous injury was also identified as a risk factor for knee (OR = 4.6) and ankle sprains (OR = 5.3).

Conclusions: Age and previous injury were identified as the main risk factors for injury among elite football players from Iceland.
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Injuries are more common in football compared to most
other types of sport,'" and numerous studies have been
carried out to investigate the type, location, and severity of
injuries in football »*631013:15:19.27,28.3189.43.47 Qo yera] stud-
ies have also examined selected potential intrinsic (per-
son-related) or extrinsic (environment-related) risk fac-
tors’1,4,5,10,12—17,19,27,28,31,43,47,50,51 Whereas injury mechanisms
rarely have been studied. 5612142284347 Mhege gtudies
have shown that intrinsic risk factors such as increased
age,47 career duration,””*” and previous injuryM’15 seem to
increase the risk of injuries. Some studies also indicate
that mechanical instability in ankles or knees, general
joint laxity, or functional instability predispose players for
new injuries in football,"*"** whereas other studies have
failed to find such results.* Extrinsic risk factors such as
lack of training,'® low training-to-match ratio,'” and play-
ing on a hard surface with high friction™* seem to increase
the injury risk.

Understanding the individual risk factors for injury in
football is important as a basis to develop preventive

§ Address correspondence and reprint requests to Roald Bahr, MD
PhD, Oslo Sports Trauma Research Center, Norwegian University of
Sport and Physical Education, PO. Box 4014, Ulleval Stadion, 0806
Oslo, Norway.

The American Journal of Sports Medicine, Vol. 32, No. 1 Suppl.
DOI: 10.1177/0363546503258912
© 2004 American Orthopaedic Society for Sports Medicine

58

measures. However, a multivariate model is needed to
examine the contribution of the various factors in injury
etiology and to explore their interrelationship.*?
Unfortunately, there are only three studies that have used
a multivariate approach to analyze risk factors for injuries
in football, and they include a limited number of athletes
and risk factors.”™*% Ostenberg and Roos*’ followed 123
female football players at various levels of play over one
season and found that older players, players with general
joint laxity, and players who performed well on a square
hop test were at greater risk of injury using a multivariate
model. Watson® followed 102 players from football, Gaelic
football, and hurling for 2 years and found that player
acceleration, posture, number of musculo-skeletal deficien-
cies, and previous injury were significant predictors of
injury. Taimela et al.”® studied 37 male football players at
various levels of play and found that slow reaction time
and some personality factors correlated with injuries.
Thus, the aim of the present study was to investigate the
incidence of injury, as well as the type, location, and sever-
ity of injuries in elite male football players and to examine
whether different factors (age, body size, body composition,
range of motion [ROM], power, jumping ability, peak O,
uptake, ankle or knee instability, previous injury, or play-
er exposure) could be identified as risk factors for injuries
in a multivariate model.
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MATERIALS AND METHODS

Twenty male football teams participated in the Icelandic
elite league and first division, lasting from mid-May until
mid-September during the 1999 football season, and 17 of
these accepted an invitation to participate in this study.
Each coach selected the 18 best players from his team to
participate. This approach was used because we wanted to
test and follow a well-defined group of first-string players,
that is, the players who were assumed to receive the most
playing time in matches during the following season. A
total of 306 players (mean age, 24; range, 16 to 38 years)
were followed. The players performed a series of testing
procedures and answered a questionnaire about previous
and recurrent injuries (type, location, and severity) just
before the start of the season to establish baseline infor-
mation on potential risk factors for injury. The tests were
conducted and the questionnaire was administered by two
of the authors (AA and SBS). The testing procedures
included the following: peak O, uptake (226 players com-
pleted this test), body composition (n = 228), power testing
(n = 215), jump tests (n = 217), flexibility tests (n = 249),
ankle and knee stability tests (n = 257), and a question-
naire (n = 257). A total of 153 players participated in all of
the tests, and 301 players took part in at least one of the
tests. Peak O, uptake and power/jump testing was done on
separate days.

Injuries were recorded prospectively throughout the
season by the team physical therapist on a special form,
which was collected by one of the authors (AA) once a
month. This form included information about the type and
location of the injury, former similar injuries, the injury
mechanism, duration of the injury, and the exact diagno-
sis. During the same time period, the coaches recorded
individual training exposure, that is, player participation
for every training session (including the duration of each
session) on a special form. Player exposure in matches was
also recorded. A player was defined as injured if he was
unable to participate in a match or a training session
because of an injury that occurred in a football match or
during training. The player was defined as injured until he
was able to play a match or comply fully with all instruc-
tions given by the coach, including sprinting, turning,
shooting, and playing football at full ‘cempo.l’38 The injury
severity was classified in three categories according to
their duration: mild (1 to 7 days), moderate (8 to 21 days),
and severe (more than 21 days). Acute injuries were
defined as injuries with a clear onset as a result of trauma
(for example, tackling, kicking, or sprinting). Overuse
injuries were defined as injuries with an insidious onset
with a gradually increasing intensity of discomfort with-
out an obvious trauma.”’

Peak O, Uptake

The exercise session started with a warm-up period of
about 6 minutes running on a level treadmill (h/p Cosmos,
Quasar med, H-P-Cosmos Sports & Medical GmbH,
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Nussdorf-Traunstein, Germany). The speed was gradually
increased during the first 3 minutes until 70% to 80% of
maximal heart rate was obtained and maintained for the
final 3 minutes. After a 3-minute break when the partici-
pant was allowed to stretch, he was connected to a
mouth/nose piece (Hans Rudolph, Kansas City, Missouri,
model 7940), and O, uptake and CO, production were
measured while he ran for about 2 minutes at the same
speed as the final speed during the warm-up period. The
speed was then increased by 0.5 meter per second every
minute until 4 meters per second was reached, and after
that the inclination of the treadmill was increased by 1.5°
every minute until volitional exhaustion. O, uptake and
CO, production were measured using test instruments
from VacuMed (Ventura, California, model 17620 and
17630) connected to a Macintosh Quadra 650 computer
using a Super Scope II 2.17 program. The meters were cal-
ibrated using gases with known O, uptake and CO, con-
centrations determined by Scholander technique.*® Heart
rate was measured using a Polar Sport Tester PE 4000
pulse meter (Polar Electro oy, Kemoele, Finland). The total
exercise session took about 16 to 20 minutes: 10 to 12 min-
utes for warm-up and stretching and about 6 to 8 minutes
for the test itself.

Body Composition

Skin-fold measurements were taken from six different
areas by the same examiner (SBS): triceps brachii, sub-
scapular, pectoralis major, iliac crest, abdomen, and ante-
rior thigh (Lange Skinfold Caliper from Cambridge
Scientific Industries Inc., Cambridge, Maryland). Because
there is some variation between different formulas for
body composition, the results were calculated using four
commonly accepted formulas,?****? and the average was
used as the final result for body composition (percent body
fat). This was done to reduce the effect of variation
between different formulas and increase the comparabili-
ty between players. Body mass index (BMIL, kg ® m™) was
calculated as the weight (kg) divided by the squared
height (meters).

Power Testing

Maximal average power was measured in the extension
phase of a squat. The player warmed up on a Monark cycle
ergometer for 6 minutes (50 revolutions per minute) at 100
W. Then, a squat test was performed in a Smith machine
(MultiPower, TechnoGim, Torreveccia Teatinge, Italy),
which is a slide machine with a guided horizontal barbell.
The MuscleLab unit (Ergotest Technology a.s., Langesund,
Norway) was connected to the Smith machine with a lin-
ear encoder (ET-Enc-01, Ergotest Technology a.s.,
Langesund, Norway), which measures vertical movement
of the bar as a function of time. The linear encoder is con-
nected to the bar with a cord that rotates a measuring
wheel that generates 512 pulses per each round, measur-
ing distance with a resolution of <0.1 mm. The MuscleLab
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unit counts the pulses with 10 millisecond intervals. The
calculation of velocity, force, and power has been described
in detail by Bosco et al.”

After receiving instructions, the player put on a
weightlifting belt and practiced the technique with light
loads: hands on the bar, grip a little wider than shoulder
width, hips and feet under the bar, and shoulder width
between the feet. After a few practice runs, when his tech-
nique was acceptable, the player rested the bar on his
trapezius and lifted it from the locked position. He took a
deep breath and bent his hips and knees to 90° measured
with a goniometer, stopped observably for 1 to 2 seconds,
and then extended his hips and knees as fast as possible.
Tests were performed with external weights of 20, 40, 60,
and 80 kg. To avoid a fatigue effect on the results at the
highest load, the players were given two attempts at each
weight. The better outcome was used as the result. Pilot
studies indicated that after the players had practiced the
technique, there is minimal difference between test results
with the same load. The players were accustomed to regu-
lar weight training as part of their training program. The
intrarater reliability of this method in our lab ranges
between 4% (light load) and 6% (heavy load) coefficient of
variance (CV) (Gaasvaer JI, personal communication).

Jump Testing

Jump tests were performed right after the power test on a
contact mat (PE, TapeSwitch Corp., New York) connected
to the MuscleLab unit, which measures the height of rise
of the center of gravity above the ground (4, cm) based on
the flight time (¢, seconds), with the formula 4 = tf2 ege
817 The players were instructed to jump and land in
exactly the same place with the body in an erect position
during the jump until landing. The better of two outcomes
was used as the result.

Three types of jumps were tested.” A standing jump (SdJ)
was performed when the player held his hands on the iliac
crest, bent his knees to 90°, stopped there observably for 1
to 2 seconds, and then extended his knees and hips and
jumped as high as he could. No countermovement of the
trunk or knees was allowed. A countermovement jump
(CMJ) was done in the same way but without stopping in
the lowest position. A one-leg countermovement jump
(CMJ one) was also done on each leg. No arm swing was
allowed in any of the jumps. The intrarater reliability
(CV%) of these methods in our lab is 4.3% for SdJ, and 5.3%
for CMdJ (Gaasvaer JI, personal communication).

Flexibility Tests

Flexibility was measured as static ROM for the ham-
strings, adductors, rectus femoris, and hip flexors. Before
the flexibility tests, the players warmed up on a Monark
cycle ergometer, as for the power tests. The tests were per-
formed on an examination table with a wooden surface.
For each test, the players were fixed on the bench with
belts to avoid accessory movements. Three reflex points
were marked on the player for each test, one nearest to the
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TABLE 1
Intrarater Reliability of
Flexibility Tests from 31 Athletes”

Flexibility test Left Right Average
Hamstrings 3.2 2.8 2.4
Hip flexors 1.1 0.9 0.8
Rectus femoris 2.2 2.4 1.7
Hip adductors 3.5 3.2 2.2

“ Results are reported as the coefficient of variance (%)

movement axis for the involved joint and two other proxi-
mally and distally to the joint in the center line of relevant
bones. The predetermined movement was carried out with
the same load for each player, measured with a tension
meter (MIE Medical Research Ltd., Leeds, England) or a
Myometer (Penny & Giles Transducers, Christchurch,
England). ROM was measured based on photos taken with
a JVC digital camera and analyzed using the KineView
movement analysis system (Kine, Reykjavik, Iceland),
except for hip abduction, which was measured with a dou-
ble-armed goniometer. One of the authors (AA, an experi-
enced physical therapist) conducted all of the measure-
ments, and one assistant took all of the photos. For all of
the flexibility tests, the intrarater reliability (CV%) ranged
between 0.9% and 3.5% (Table 1).

Passive Knee Extension (Test for Hamstring Muscles).
The player was in the supine position with a firm lumbar
support. The pelvis and one of the legs were stabilized on
the table with a belt. The hip of the other leg was fixed at
120° flexion with a belt and the player supported against
further hip flexion by pressing with both hands distally on
his anterior thigh. The ankle and foot were relaxed and the
hip was in neutral rotation, abduction and adduction.
Three reflex points were placed on the leg: the lateral
malleolus, the lateral femoral epicondyle, and the major
trochanter. The player performed two hold-relax ham-
string contractions before the knee was extended passive-
ly with an 8-kg load (Fig. 1A). The tension meter was
placed just proximal to the lateral malleolus at a 90° angle
to the calf, as controlled visually.?

Hip Extension (Test of Hip Flexors). The player was in
the supine position with the hips at the edge of the exam-
ination table. Reflex marks were placed on the lateral
femoral epicondyle and major trochanter. The player held
around one knee with both hands and pressed it against
his chest until the lumbar spine reached the bench (tested
with a plastic ruler under the lumbar spine)” (Fig. 1B).
The other leg was relaxed and the angle between the
femur and a line parallel to the bench at the height of the
major trochanter was measured.

Knee Flexion (Test of m. Rectus Femoris). The player was
fixed prone on the examination table with an abdominal
support and a belt over the pelvis. One leg was outside the
bench with the knee kept in 120° flexion and the foot on
the floor vertically below the hip. Reflex points were put on
the contralateral leg lateral malleolus, lateral femoral epi-
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Figure 1. Flexibility measurements: (A) knee extension (test for hamstrings), (B) hip extension (test for hip flexors), (C) knee flex-

ion (test for rectus femoris), and (D) hip abduction (test for adductors).

condyle, and major trochanter. The knee was passively
flexed using a 7-kg load (Fig. 1C).

Hip Abduction (Test of Adductors). The player was
supine with one leg fixed in slight abduction outside the
examination table. The other leg was placed on a sliding
board and passively abducted using a 4-kg load. The ten-
sion meter was placed proximal to the lateral malleolus at
90° angles to the lower leg, as visually controlled (Fig. 1D).
The amount of abduction was measured using a double-
armed goniometer, with the axis 5 cm below the anterior
iliac spine, one arm pointing horizontally 5 cm below the
other anterior iliac spine, and the other arm to the mid-
point of the patella.

Ankle and Knee Stability

The mechanical stability of knees and ankles was tested
manually by one experienced physical therapist, and for
each test the players were classified stable or unstable.>*
For the ankle, the anterior drawer and talar tilt tests for

lateral stability and a medial stability test were per-
formed. For the knee, the Lachmann test, a valgus test for
medial stability, a varus test for lateral stability, and a pos-
terior drawer test were performed.

Statistical Methods

Test reliability has been reported as the group average CV
percentage for paired measurements.” Exposure time in
matches was calculated as the duration of all matches
played by each team during the season multiplied by the
number of players from the team on the field (n = 11).
Exposure time in training was calculated as the time each
team spent in training during the season multiplied by the
number of players present. Injury incidence was calculat-
ed as the number of injuries per 1000 match or training
hours. The standard error of the mean (SEM) for injury
incidence was calculated as the SEM = (Vnumber of
injuries) / (exposure time) x 1000. The difference in injury
rate between the elite league and the first division was cal-



Vol. 32, No. 1 Suppl., 2004 Risk Factors for Injuries in Football 9S
TABLE 2
Number and Location of Acute and Overuse Injuries
Acute
Match Training Overuse Total
Injury location n (%) n (%) n (%) n (%)
Head and neck 5 (3.4) 3 (5.1 0 (0.0 8 (3.3)
Upper extremity 13 (8.8) 2 (3.4) 0 (0.0) 15 (6.1)
Back 4 (2.7) 3 (5.1) 3 (7.9) 10 (4.1)
Abdomen 0 (0.0) 0 (0.0) 6 (15.8) 6 (2.5)
Groin 16 (10.9) 6 (10.2) 10 (26.3) 32 (13.1)
Thigh 39 (26.5) 19 (32.2) 1 (2.6) 59 (24.2)
Knee 22 (15.0) 9 (15.2) 7 (18.4) 38 (15.6)
Lower leg 17 (11.6) 7 (11.8) 7 (18.4) 31 (12.7)
Ankle 15 (10.2) 6 (10.2) 0 (0.0) 21 (8.6)
Foot 7 (4.8) 4 (6.8) 1 (2.6) 12 (4.9)
Other 9 (6.1) 0 (0.0) 3 (7.9) 12 (4.9)
Total 147 (100) 59 (100) 38 (100) 244 (100)
culated with the Z-test: Z = ((d,/t;) — (dy/t,)) / (\/((dl/tlz) + TABLE 3
(dy/t,?)), where d, and d,, represent the number of injuries Injury Severity Shown as the Number of Minor
in the elite league and first division and ¢, and ¢, represent (Lasting 1-7 days), Moderate (Lasting 8-21 days),
the exposure time in the two divisions. SPSS (version 10.0; and Severe Injuries (Lasting >21 days)
SPSS Inc., Chicago, Illinois) was used to compare unin- for Different Types and Locations
jured and injured groups of players, treating potential risk
factors as continuous or categorical variables using uni- Minor Moderate Severe Total
variate logistic regression analysis. For the categorical Type and location n n n n
analyses, the players were grouped for eac'h variable in Muscle strains 93 39 20 5
three groups. The OR and 95% confidence interval (95% Posterior thigh 7 13 1 31
CI) were calculated for the groups of players with the low- Anterior thigh 0 3 4 7
est (>1 SD below the mean) and the highest (>1 SD above Groin 8 11 3 29
the mean) values for each variable, respectively, with the Other 8 5 2 15
intermediate group of players as the reference group. In Ligament sprains 13 20 12 45
the continuous analyses, all variables with P value <0.20 Knee 2 7 11 20
were considered further in a backward stepwise multi- Ankle 7 12 1 20
variate logistic regression analysis to evaluate potential Othe_r 4 1 0 5
predictor variables. Exact P values are generally reported, Contusions 38 9 3 50
and P values of <0.05 were considered statistically signifi- Thigh 16 2 0 18
Lower leg 13 3 1 17

cant. Other 9 4 2 15

Overuse injuries 11 19 8 38

Other injuries 11 12 13 36
RESULTS Total : 96 92 56 244

(39.3) (37.7) (23.0) (100)

During the 4-month competition season, 170 of the 306
players (56%) incurred 244 injuries: 206 (84%) acute
injuries and 38 (16%) overuse injuries (Table 2). The total
exposure of all participating players was 5968 hours dur-
ing matches and 27,871 hours during training. The inci-
dence of acute injuries was 24.6 injuries per 1000 player
hours during matches and 2.1 injuries per 1000 player
hours during training. This corresponds to one injury per
1.2 matches and 19.3 training sessions. No significant dif-
ference was found in the incidence of injury between the
elite and first division or between the first and second half
of matches or training sessions. Ninety-six injuries (39%)
were classified as minor (1 to 7 days), 92 (38%) as moder-
ate (8 to 21 days), and 56 (23%) as severe (lasted more
than 21 days) (Table 3).

Injury Type and Location

Two hundred and one (82%) injuries were located on the
lower extremities. The thigh was the most frequent injury
location (24%), followed by the knee (16%), groin (13%),
lower leg (13%), and ankle (9%) (Table 2).

The most frequent injury type was muscle strains, and
they were typically located in the posterior thigh (n = 31)
or groin (n = 22) (Table 3). The majority of the muscle
strains occurred during matches (n = 55, or 73%). The total
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TABLE 4
Incidence of the Most Common Acute Injury Types®
Match Training Total
Muscle strains 8.4+12 0.8+0.2 22+0.3
Posterior thigh 3.0+0.7 0.5+0.1 09+0.2
Groin 2.7+0.7 0.2+0.1 0.6+0.1
Ligament sprains 55+1.0 04+0.1 1.3+£0.2
Knee 2.3+0.6 0.2+0.1 0.6 +0.1
ACL 0.50+0.29 0.07+£0.05 0.15+0.07

Ankle 2.3£0.6 0.2+0.1 0.6+0.1
Contusions 59+1.0 0.5+£0.1 1.5+0.2
Total acute injuries 24.6 £ 2.0 21+0.3 6.1+04

“ The incidence is reported as the number of injuries per 1000
hours (+ standard error of the mean).

incidence of muscle strains was 8.4 injuries per 1000 match
hours and 0.8 injuries per 1000 training hours (Table 4).

There were 45 ligament sprains, mostly to the knee (n =
20) or ankle (n = 20) (Table 3). More than half of the knee
sprains (n = 11) were severe, including five ACL ruptures
(four total and one partial), one partial PCL rupture, four
medial collateral ligament (MCL) injuries and one lateral
collateral ligament injury. The majority of the moderate and
minor knee sprains were MCL injuries. Fourteen of the knee
sprains occurred during matches and six during training
sessions. More than half of the ankle sprains (n = 12) were
moderate. Of the ankle sprains, 14 occurred during match-
es and six during training sessions. The total incidence of
ligament sprains was 5.5 injuries per 1000 match hours
and 0.4 injuries per 1000 training hours (Table 4).

There were 50 contusions, mostly to the thigh (n = 18) or
lower leg (n = 17) (Table 3). Most of them were minor (n =
38), and the total incidence of contusions was 5.9 injuries
per 1000 match hours and 0.5 injuries per 1000 training
hours (Table 4).

Risk Factors for Injury

The injured group was significantly older than the nonin-
jured group, and match exposure was also higher among
players in the injured group. There was a trend toward
higher maximal average power and lower training/match
ratio in the injured group compared with the noninjured
group (Table 5). In keeping with this, players in the oldest
age group (>1 SD above mean, 29 to 38 years) had a high-
er risk of injury than the intermediate age group. Players
who had the lowest match exposure (>1 SD below mean,
<2.1 hours) incurred significantly fewer injuries than the
intermediate group. The players with the highest exposure
during training (>1 SD above mean, >88.7 hours) showed
a significantly lower injury rate than the intermediate
group, and players with the lowest exposure during train-
ing (>1 SD below mean, <39.1 hours) and highest exposure
during matches (>1 SD above mean, >26.0 hours) also
showed such a trend (Table 5).
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Increased age was found to be a significant predictor
variable in a multivariate logistic regression analysis (P =
0.05) (where match exposures also were included) (Table
6), and for match exposure there was also a trend (P =
0.075). Since the results from the univariate analysis
showed that the P values for height, weight, body fat, BMI,
flexibility, CMJ, SJ, and peak O, uptake were >0.2, these
variables were not included in the multivariate analysis.

Risk Factors for Hamstring Strains

The players who incurred hamstring strains in the study
period were significantly older, and there was a trend
toward higher body fat percentage than in the group with-
out hamstring strains (Table 7). A history of a previous
strain was a significant risk factor for a new strain on the
same side during the study period (Fig. 2). Also, when risk
factors were treated as categorical variables, the oldest
group of players (>1 SD above mean, 29 to 38 years) had a
significantly higher risk of a hamstring strain than the
intermediate group (P = 0.02).

In the multivariate logistic regression analysis (where
previous injury, age, weight, and body fat were included),
age and previous hamstring strains were found to be sig-
nificant predictor variables (Table 6). The regression coef-
ficient for age changed from 0.20 £ 0.05 (univariate analy-
sis) to 0.33 £ 0.09 (multivariate analysis), which indicates
that previous injury is a confounding factor for age. The
regression coefficient for previous injury changed from
2.48 + 0.49 (univariate analysis) to 2.45 + 0.62 (multivari-
ate analysis), which indicates that age is not a confounder
for previous injury. The other variables were not signifi-
cant. Since the results from the univariate analysis
showed that the P values for height, BMI, hamstring flex-
ibility, maximal average power, CMdJ, CMdJ on one leg, Sd,
peak O, uptake, and player exposure were >0.2, these
variables were not included in the multivariate analysis.

Risk Factors for Groin Strains

Players in the groin strain group had significantly higher
body fat than the group without groin strains (P = 0.02).
There was also a trend toward less hip adductor flexibility
and higher maximal average power in the groin strain
group than the group without groin strains (Table 8). A
history of a previous strain was a significant risk factor for
a new strain on the same side during the study period
(Fig. 2). The oldest group of players (>1 SD above mean, 29
to 38 years) had a significantly higher risk of groin strains
than the intermediate group did (P = 0.02).

In the multivariate logistic regression analysis, a previ-
ous groin strain (P = 0.001) and lower ROM in hip abduc-
tion (P = 0.05) were found to be significant predictor vari-
ables for a new groin strain (previous groin strain, hip
adductor flexibility, and hip flexor flexibility were included
in the analysis) (Table 6). There were only small changes
in the regression coefficients for previous groin strains and
ROM in hip abduction from the univariate to the multi-
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TABLE
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5

Comparison Between the Uninjured and Injured Groups of Players With Potential Risk Factors Treated as Continuous or
Categorical Variables Using Univariate Logistic Regression Analyses®

Risk factor as continuous variable

Risk factor as categorical variable

Uninjured Injured >1 SD below mean >1 SD above mean
Mean * Mean + P P P
n SEM N SEM value OR (95% CI) value OR (95% CI) value
Age (years) 168 23.4+0.3 130 24.8+0.4 0.005 0.91 (0.46-1.80) 0.97 2.69 (1.37-5.25)  0.004
Height (cm) 135 180.4+0.5 101 180.9+0.5 0.51 0.63 (0.32-1.26) 0.19 0.87 (0.44-1.64) 0.62
Weight (kg) 134 76.3+0.6 100 76.9+0.6 0.52 0.68 (0.30-1.56) 0.36 1.09 (0.53-2.27) 0.81
Body composition (% fat) 127 104104 101 10.8+0.4 0.53 0.61(0.27-1.38) 0.23 1.22 (0.58-2.55)  0.60
BMI (kg'm™) 127 23.5+0.2 101 23.6+0.2 0.62 0.84 (0.37-1.92) 0.68 0.93 (0.43-2.04) 0.86
Flexibility (sum, in degrees) 141 939+4 108 939+5 0.98 1.00 (0.49-2.03) 0.99 1.37 (0.68-2.77)  0.38
Maximal average power (W) 119 1326+ 18 96 1377+ 20 0.06 0.75(0.34-1.65) 0.48 1.42 (0.66-3.05) 0.37
Counter movement jump (cm) 121 39.2+0.5 96 39.3%0.5 0.99 1.35 (0.64-2.84) 0.43 1.17 (0.52-2.62) 0.70
Standing jump (cm) 121 37.6+0.4 96 37.5+0.5 0.79 1.28 (0.59-2.76) 0.53 0.51 (0.22-1.19) 0.12
Peak O, uptake (mL-kg'min™") 126 62.7+0.4 100 62.6+0.5 0.53 1.09 (0.54-2.19) 0.81 0.66 (0.30-1.42) 0.28
Exposure matches (hours)” 171 124+1.0 130 16.3+0.9 0.004 0.18 (0.09-0.35) <0.001 0.61 (0.34-1.08) 0.09
Exposure training (hours)” 103 65.3+£2.7 101 625+2.2 0.40 0.51 (0.25-1.04) 0.07 0.34 (0.15-0.78) 0.01
Training/match ratio (hours)® 92 29.4+8.3 99 11.9+3.0 0.08 ¢

“ The number of players in the uninjured and injured groups reflects the number of players who completed each of the tests. The odds
ratio (OR; 95% confidence interval [CI]) was calculated for the group of players with the lowest (>1 SD below the mean) and the highest
(>1 SD above mean) values for each variable, respectively, with the intermediate group of players as reference group.

b Exposure during matches and training was calculated for each player.

¢ Because of a high exposure in training but low exposure during matches by some of the players, the standard deviation was very high
and it was not feasible to analyze training/match ratio as a categorical risk factor.

TABLE 6

Significant Predictor Variables for Injuries in Soccer
From the Multivariate Logistic Regression Analysis®

Variable OR 95% CI P
Injured—not injured

Increasing age (1 year) 1.1° 1.0-1.1 0.05
Hamstring strains

Increasing age (1 year) 1.4° 1.2-0.4 <0.001

Previous hamstring strains 11.6° 3.5-39.0 <0.001
Groin strains

Previous groin strains 7.3¢ 2.3-23.2 0.001

Decreased ROM in hip

abduction (one degree) 0.97 0.8-1.0 0.05

“ Odds ratio, 95% confidence interval for odds ratio, and P val-

ues are shown for each variable.

b . . . .
Estimated per person for 1-year increase in age. The estimate
was obtained when age and exposure hours in matches were

included in the multivariate model.

¢ Estimated per leg, when previous hamstring strains, age, weight,
and body composition (% fat) were included in the multivariate

model.

¢ Estimated per leg, when previous groin strains, the amount of
hip abduction, and hip extension were included in the multivariate

model.

variate analysis (see Table 6 for multivariate results and
Table 8 for univariate results). Candidate variables not
entered into the multivariate regression were age, CMJ,

18
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Figure 2. Comparison of the risk of new hamstring (left) and
groin strains (right) among players who previously had sus-
tained such an injury and players with no previous injury.
Each leg has been treated as a separate case. P values were
obtained using univariate logistic regression. Odds ratios
(OR) are presented with 95% confidence intervals.

CMJ on one leg, Sd, and exposure. No significant predictor
variable was found in a multivariate logistic regression
analysis for variables tested per person (height, weight,
body fat, BMI, power, and peak O, uptake).
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TABLE 7
Comparison Between the Group of Players Who Incurred Hamstring Strains and the Group of Players
Who Did Not Incur Hamstring Strains With Potential Risk Factors Treated as Continuous Variables

Using Univariate Logistic Regression Analyses”

No hamstring strain

Hamstring strain

n Mean + SEM n Mean + SEM P value
Age (years) 280 23.8+0.2 18 27.8+0.9 <0.001
Height (cm) 220 180.6 £ 0.4 16 180.6 £ 1.3 0.97
Weight (kg) 218 76.3 £ 0.4 16 789+ 1.7 0.13
Body composition (% fat) 215 10.4£0.3 13 125+14 0.08
BMI (kg-m®) 215 23.6 £0.1 13 24.2+0.5 0.22
Hamstrings flexibility (in degrees) 481 113.2+£0.6 17 116.6 £ 3.7 0.32
Maximal average power (W) 204 1341.0 £ 13.7 11 1398.0 + 46.3 0.34
Counter movement jump (cm) 205 39.3+0.4 12 39.1+1.4 0.87
Counter movement jump one leg (cm) 405 22.0 £ 0.2 13 21.2+1.1 0.41
Standing jump (cm) 205 37.7+£0.3 12 36.7+1.4 0.49
Peak O, uptake (mL-kg-min™) 213 62.6 £0.3 13 61.6£1.0 0.46
Exposure matches (hours) 283 14.0 £ 0.7 18 16.0+2.1 0.48
Exposure training (hours) 189 64.3+1.9 15 59.5+5.6 0.47
Training/match ratio (hours) 176 222148 15 3.9+0.6 0.12

“ The number of subjects in the uninjured and injured groups reflects the players (or, in the case of hamstring flexibility and counter-
movement jump on one leg, the number of legs) who completed each of the tests. SEM, standard error of the mean; BMI, body mass index.

TABLE 8
Comparison Between the Group of Players Who Incurred Groin Strains and the Group of Players
Who Did Not Incur Groin Strains With Potential Risk Factors Treated as Continuous Variables
Using Univariate Logistic Regression Analyses”

No groin strain

Groin strain

n Mean + SEM n Mean + SEM P value
Age (years) 281 24.0 £ 0.2 17 251+1.2 0.27
Height (cm) 226 180.5 £ 0.4 10 183.0+1.4 0.15
Weight (kg) 223 76.4+£0.4 11 79.1+1.2 0.17
Body composition (% fat) 214 10.3£0.3 14 13.1+14 0.02
BMI (kg-m™) 214 23.5+£0.1 14 24.2+0.6 0.13
Hip adductor flexibility (in degrees) 485 43.4+0.2 13 409+1.1 0.08
Hip flexor flexibility (in degrees) 485 179.0 + 0.3 13 176.5 £ 1.4 0.14
Maximal average power (W) 203 1342.0 £ 13.8 12 1440.0 £51.0 0.09
Counter movement jump (cm) 205 39.3+0.4 12 394+14 0.93
Counter movement jump one leg (cm) 407 21.9+0.2 11 23.0+0.8 0.30
Standing jump (cm) 205 37.6+0.3 12 37.3+1.2 0.84
Peak O, uptake (mL-kg™'-min™) 212 62.7+0.3 14 60.7 +1.2 0.13
Exposure matches (hours) 284 14.0 £ 0.7 17 17.1+24 0.30
Exposure training (hours) 191 64.1+1.9 13 60.3 £4.5 0.59
Training/match ratio (hours) 178 21.7+47 13 6.3+2.0 0.41

“ The number of subjects in the uninjured and injured groups reflects the players (or in the case of hip adductor flexibility, hip flexor
flexibility, and countermovement jump on one leg, the number of legs) who completed each of the tests. SEM, standard error of the mean;

BMI, body mass index.

Risk Factors for Ankle Sprains

None of the test variables were significantly different
between those who incurred an ankle sprain during the
season and those who did not. A history of a previous ankle
sprain was a significant risk factor for a new sprain on the
same side during the study period (Fig. 3). Since the num-

ber of injuries was small, no categorical analysis was per-
formed, and since no other variables except previous ankle
sprain showed a P value <0.2, a multivariate analysis was
not performed. In previously sprained ankles, there was an
increased frequency of lateral instability (P < 0.001) and
positive anterior drawer tests (P < 0.001) compared with
ankles without previous injury.
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Figure 3. Comparison of the risk of new ankle (left) and knee
sprains (right) among players who previously had sustained
such an injury and players with no previous injury. Each leg
has been treated as a separate case. P values were obtained
using univariate logistic regression. Odds ratios (OR) are
presented with 95% confidence intervals.

Risk Factors for Knee Ligament Injury

None of the test variables were significantly different
between those who incurred a knee ligament injury during
the season and those who did not. A history of a previous
knee sprain was a significant risk factor for a new sprain
on the same side during the study period (Fig. 3). Since the
number of injuries was small, no categorical analysis was
performed, and since no other variables except previous
knee sprain had a P value of <0.2, neither was a multi-
variate analysis performed. In the group of players with
previous knee sprains, the frequency of medial instability
was significantly higher than among players who never
had sprained their knees (P = 0.02).

DISCUSSION

The main finding of the present study was that previous
injury was consistently identified as the most important
risk factor for injury. Players with former injuries had a
four- to sevenfold increased risk for the four most frequent
injury types—Kknee sprains, ankle sprains, groin strains,
and hamstring strains. The results also showed that older
players were at increased risk of injury, whereas few of the
fitness variables studied could predict injury (except
decreased ROM in hip abduction for adductor strains).

Methodological Considerations

Before examining the results in more detail, there are
some methodological factors that need to be considered.
First, the precision of the reported general incidence rates,
as well as the incidence for specific injury types, depend on
the accuracy of the injury and exposure registration and
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correct diagnoses. Although the quality of Icelandic foot-
ball is high, with a number of player transfers to profes-
sional leagues all over Europe, the clubs have limited
resources. The injury registration was performed prospec-
tively by the team physical therapists, but these were usu-
ally present only before, during, and after matches. They
usually did not attend training sessions, and very few
teams had a team physician present during matches or
training sessions. Although players were instructed to con-
tact their physical therapist if injured, their limited train-
ing attendance may have led to an underestimation of
minor injuries causing players to miss only one or two
training sessions. Also, the injury registration period was
limited to the competitive season. This means that injuries
that occurred before the start of season were not regis-
tered, even if the players could not participate during the
beginning of the season. This means that the absence due
to injury was somewhat higher than indicated by the inci-
dence rates reported. Finally, injury duration was record-
ed to the end of the season, which may have caused an
underestimation of injury severity in cases that occurred
late in the season.

Second, although match participation is a matter of offi-
cial record, the coaches or their assistants recorded train-
ing attendance. Because individual training attendance
records from five of the teams were somewhat incomplete,
training exposure was estimated based on the training
schedule for each of the teams and personal communica-
tion with the coaches.

Third, although this is one of the largest studies of risk
factors for football injuries to date, the main limitation of
a cohort study of this kind is the number of cases and
events. Between 215 and 257 players participated in each
of the tests, and 43% to 46% of these suffered an injury
during the season. However, only 50% of the cohort partic-
ipated in all of the tests, and this limits the usefulness of
the multivariate tests, especially when examining risk fac-
tors for specific injury types with fewer cases. The reason
why players did not participate in testing is in most cases
unknown: Some declined the invitation to be tested, and
others simply did not show up for their appointment.
Although a few could not perform certain tests because of
off-season injuries, we do not know of any bias in recruit-
ment for testing. The main impediment was probably that
many of the players had to travel considerable distances to
Reykjavik for testing on two separate occasions. No differ-
ences were found in age, height, weight, level of play, or
injury rate between players who participated in different
tests and those who did not. For most of the tests, the play-
ers who participated had a significantly higher exposure
during matches than the players who we were unable to
test. This indicates that the most exposed players have
been tested, which increases the validity of the study.

Finally, our ability to measure potential intrinsic risk
factors accurately is a critical aspect for the risk factor
analyses. For the factor that consistently turned out to be
the most important—previous injury—the main limitation
is recall bias, which usually causes an underestimation of
previous injuries or a misclassification because players
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cannot remember the exact injury site. For the physiologi-
cal variables—endurance, muscular power, flexibility, and
so forth—these were measured using established methods
with acceptable reliability, and it is our impression that
the players who were tested were well motivated.
Nevertheless, in most cases we were unable to show any
difference in injury risk between players with high versus
low performance on the various tests. This could be relat-
ed to a lack of statistical power, that is, few subjects or
cases. However, it is important to note that with few excep-
tions, there seemed to be no trend toward a difference in
performance between injured and noninjured players and
no increase in injury risk for the subgroups of players with
the highest (>1 SD above mean) or lowest (>1 SD below
mean) performance on each of the tests. Thus, it appears
unlikely that any of the factors measured are candidate
risk factors.

Injury Patterns

A comparison between previous studies on football
injuries is difficult because of differences in study design,
such as injury definitions and severity categories, regis-
tration methods, level of play, and so forth. Nevertheless,
the high incidence observed—about 25 injuries per 1000
match hours—is in accordance with previous studies on
elite male football players."'®**"3%43 [n the present
study, 56% of the players incurred an injury during the
season. This is lower than in most other studies on male
football players, which have reported that between 65%
and 91% of the players were injured during one sea-
son. 1428383943 Mhe reason for this apparent difference is
probably that the Icelandic football season (the registra-
tion period) is relatively short (4 months) compared to
most other studies (6 to 12 months). However, the rate of
severe injuries is higher than in most previous stud-
ies, 1427283947 904 taken together, the high incidence and
severity result means that on the average, each team suf-
fered from 250 injury days during the 4-month season.
This result, which is a minimum estimate, shows that
there is an urgent need for appropriate injury prevention
measures.

Four specific injury types were identified as the most
frequent: hamstring strains, groin strains, knee sprains,
and ankle sprains. Notably, this pattern differs from most
previous studies in that the incidence and percentage of
hamstring strains is higher than reported previous-
Ly, 21584347 with the exception of two studies.”*" Also, the
incidence and percentage of clinically diagnosed groin
strains were higher than reported before. 1418213843 The
percentage of knee sprains (8.2% of total number of
injuries) was in accordance with other studies (5.9 to
17.0%). 1314272838 We have limited data on the incidence of
ACL injuries in male, elite football, but the incidence in
the present study (0.5 injuries per 1000 match hours) was
similar to a previous Norwegian study (0.41).° On the
other hand, the incidence of ankle sprains (0.6 injuries per
1000 hours) was lower than in a previous study from
Iceland (1.3)' or a study from Swedish first division foot-
ball (1.7 to 2.0)."° Other studies have also shown a higher
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percentage of ankle sprains (11.2% to 21.0%) than the
present study (8.2%)."'>'*2#"%8 The apparent differences
in injury patterns—higher rates of hamstring and groin
strains—could reflect cultural differences in training
habits or playing style specific to elite, Icelandic football.
However, since it appears that the more recent studies also
find more of these injury types, it could reflect the evolu-
tion of football into a faster and more demanding game.

Risk Factors for Injury

Most studies on risk factors for football injuries have used
a univariate analysis to compare injured and noninjured
groups of players.1’4’10’12'17’28’31’51 Because of the complexity
of risk factor analysis and possible interaction between
different risk factors, a multivariate model has been rec-
ommended.””*” The main risk factors identified in the
present study were previous injury and age, and the mul-
tivariate tests showed that although there was some con-
founding, both factors influence injury risk. Previous
injury is associated with increased age but is also an inde-
pendent risk factor for injury. Previous studies have
reported conflicting results on age as a risk factor, some
finding that older players are more prone to injury***’ and
others not.'""?

Previous studies on football players have reported a
high rate of recurrent hamstring strains"*"** and groin
strains,”'®** as well as knee"'* and ankle sprains.>'*'?2%43
In the present study, a previous strain or sprain on the
same side was found to be a strong predictor for a new
injury. In the case of adductor or hamstring strains, this
may be due to changes in the structural or scar tissue for-
mation in the muscle or tendon after injury®*** or inade-
quate rehabilitation as well as too early a return to com-
petitive physical activity after the previous strain.”*>'%*®
For ligament sprains, it has been shown that neuromuscu-
lar control of the ankle joint is reduced in athletes with
persistent instability complaints after injury,‘n’5’37’53 and
even in the immediate recovery period after an acute
injury,® but that this function can be restored with a bal-
ance board training program.?***® Other studies have
shown that mechanical instability in ankles is common
after previous sprains,g’ls’14 and ankle sprains have shown
to be more frequent in players with mechanical instabili-
ty.'® Since functional instability can be rectified with prop-
er training, and this type of training has been shown to be
effective even in preventing ACL injuries in previously
healthy athletes,” it seems reasonable to suggest that the
increased injury risk is at least partly due to inadequate
rehabilitation and early return to sport.

Interestingly, reduced ROM was a significant risk factor
for groin strains but not for the hamstrings.
Unfortunately, we were unable to measure adductor
strength or the strength ratio between the hamstrings and
quadriceps, which are believed to be risk factors for groin
and hamstrings strains, respectivelyf*ﬁ’54 Ekstrand and
Gillquist also found that players with less ROM in hip
abduction were at higher risk of adductor muscle ruptures
or tendinopathy.’ Other studies have not found significant
differences in ROM between players who incurred muscle
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strains and those who did not."” Ekstrand and Gillquist
showed that football players were less flexible in hip
abduction, hip extension, and knee flexion than a control
group.” The reason for this can be the characteristics of
the sport—high intensity, short sprints, with sudden turn-
ing and increasing or decreasing of speed. This places a
high demand on the muscles and can result in muscle
tightness."® Moreover, insufficient attention is often paid
to flexibility training in football."'"*%3

Player exposure has been discussed as a possible risk
factor for injuries in football,"**"* but few studies are
available. Ekstrand et al. found that teams with an aver-
age training incurred the highest injury rate and lower
rates for those who trained less or more."” This is in accor-
dance with the present study in which players in the high-
est and lowest exposure categories had a lower injury rate
than players in the intermediate group. That players who
trained and played football for fewer hours were less
exposed, and therefore incurred fewer injuries, is not sur-
prising. Why players with the highest exposure suffer
fewer injuries is less clear. While it has been suggested
that they are in better physical condition,’*'” our test
results do not seem to support this hypothesis. This group
presumably receives more playing time because they are
thought to be better players by the coach. Perhaps they
have qualities—technique, anticipation, awareness of
their surroundings—that not only make them better play-
ers but also protect them from injury. There was also a
trend that uninjured players had a higher training-to-
match ratio than the injured group did, which is in accor-
dance with previous studies.”® This underlines the
importance of an adequate amount of training in relation
to matches.

Practical Implications

The consistent observation that previous injury is an
important risk factor for the four most common injury
types indicates that more focus needs to be put on rehabil-
itation of injuries, at least in Icelandic football. Although
these are teams that perform on a very high level, and
their principal resource is the players, the financial stand-
ing of the clubs currently limits their ability to establish
an optimal medical support team. The team physicians
mainly serve their teams by being available for referral of
injured players, and the team physical therapists are
rarely able to be present during training sessions.
Although this has not been studied explicitly in the pres-
ent study, the results seem to indicate that the present
level of follow-up of injury rehabilitation is inadequate to
protect athletes from future reinjury. Too early return to
training at high intensity after injuries can also be part of
the explanation for the high risk of recurrent injuries
observed. To take one example, recurrent ankle sprains
can be prevented through a program of balance-training
exercise and taping.3 Tape or an appropriate orthosis
should be worn at least until completion of rehabilitation,
preferably 6 to 10 weeks. The present results, showing that
the risk of knee and ankle sprains was about five times

Risk Factors for Injuries in Football 158

higher among athletes with former injury, indicate that a
more intensive program of medical care may be a sound
investment for the clubs.

CONCLUSION

The injury rate in Icelandic male football is high, with
hamstring strains as the most frequent injury type, fol-
lowed by groin strains, ankle sprains, and knee sprains.
Older players and players with previous injury are at
increased risk of new injuries of the same type and loca-
tion. Players with less ROM for hip abduction also are at
increased risk of groin strains. This calls attention to the
need for adequate rehabilitation of previous injury and
closer medical follow-up of teams at this level to prevent
reinjuries.
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