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ABSTRACT
Background: Ice hockey and football players suffering
concussions might have an increased risk for injuries
afterwards. We aimed to investigate if concussions
predisposed athletes for subsequent sport injuries.
Methods: Patient data were obtained from a data base
established at the University Hospital in Umea,
Sweden. Athletes who had suffered a concussion were
included if they had been aged between 15 and
35 years of age, and played ice hockey, football
(soccer), floorball and handball. They were studied in
terms of all new or previous injuries during 24 months
before and after their concussion. Results were
compared with a control group of athletes from the
same four sports with an ankle injury.
Results: Athletes with a concussion were more likely
to sustain injuries compared with the control group,
both before (OR 1.98. 95% CI 1.45 to 2.72) and after
the concussion (OR 1.72. 95% CI 1.26 to 2.37). No
increase in frequency of injury was found after a
concussion compared with before. This was true for
athletes in all four sports and for both sexes.
Conclusions: This study indicates that athletes
sustaining a concussion may have a more aggressive
or risk-taking style of play than their counterparts. Our
data do not suggest that a concussion injury, per se,
leads to subsequent injuries.

Concussions are a well-documented risk
when participating in contact sports, like ice
hockey, American football, rugby and
soccer.1 Efforts to decrease the risks have
resulted in changes and additions of rules
(such as ‘checking to the head’ in ice
hockey) and improved safety equipment, yet
players keep sustaining concussions.2

Helmets are mandatory in American football
and ice hockey, but in spite of this, a high
concussion rate per athlete exposure has
been reported.2 Concussion can occur after
a direct blow to the head or after a body
trauma where impulsive forces are transmit-
ted to the brain.3 4 Helmets can protect the

brain from a direct blow but do not protect
against impulsive, often rotational forces,
which often occur at accidents causing con-
cussions in ice hockey.5

Already in 1993, Ingersoll reported that
concussion and closed-head injury result in
cognitive and balance defects.6 7 Several
authors have since verified this.8 9–12 Long
and short-term consequences after multiple
mild traumatic head injury can also involve
depression, Alzheimer’s disease, Parkinson’s
disease and chronic traumatic encephalop-
athy (CTE).13–17 Whether concussions can
increase the athlete’s general risk for injury
is unclear.
Preliminary results by Nyberg et al18

showed that professional ice hockey players
in the Swedish Hockey League who sustain a
concussion run a higher risk of sustaining
another serious injury (resulting in an
absence of >28 days) during the first 21 days
after return to play after the concussion.
Recently, Nordström et al19 showed, that
players run a higher risk for injury during
the 1 year after a concussion in a highly

What are the new findings?

▪ Athletes who have sustained a concussion seem
to be more injury prone.

▪ Concussed athletes have more injuries both
before and after they sustained the concussion.

▪ The increased injury risk does not seem to be
dependent on sport or sex.

How might it impact on clinical practice in
the near future?

Athletes with concussion should be more thor-
oughly evaluated, especially concerning their style
of play.
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selected cohort of elite football players participating in
the UEFA Champions League. In their analysis, they
adjusted for the fact that players who subsequently suf-
fered from a concussion were generally more injury
prone than those with other injuries. One possible
explanation to this finding might be that a concussion
causes altered postural dynamics, and a negative effect
on balance,12 20 which may result in an increased risk for
injury. Some studies have shown that these balance
effects are long standing.21 22 It has also been shown that
symptom-free individuals may still have measurable
neuropsychological impairment after a concussion, indi-
cating a long-standing effect of a concussion.23 24

The consequences of a concussion remain poorly
understood. One important question is whether the
findings in elite sport apply to physically active people in
general. A less selected group of athletes may have less
motivation for early and possibly risky return to full activ-
ity. In Nordström’s19 study, athletes with a concussion
returned earlier to full activity, including matches, than
those with other injuries. To address the question of risk
for a subsequent injury after concussions during sport,
we studied a large data base of patients who had pre-
sented at an emergency department with concussion.

METHODS
Patient data was collected from a data base (Umea
Injury Data Base) established in 1985 at the Emergency
Department of the University Hospital in Umea. The
hospital is the only university hospital in northern
Sweden (population 950 000), and the primary hospital
for about 145 000 inhabitants. It is also the only hospital
within a 120 km radius. Thus, all injuries that occurred
in this district were cared for at the University Hospital’s
emergency department, except simple minor injuries,
which were cared for by general practitioners. Thus, the
data base includes all significant injuries in the area. On
arrival at the emergency department, the injured
person, or a relative, was given a questionnaire about the
circumstances of the injury. The questionnaires also
contain written information about the purpose of regis-
tration, and by filling it out they gave their consent to
participate. If needed, when data was implausible or
missing, it may be corrected or completed, using
medical journals as well as police or ambulance reports.
A medical doctor sets all diagnoses in the data base.
The register is part of the European Injury Data Base,

former European Home and Leisure Accident
Surveillance System.

Inclusion criteria
The first step was to select four contact sports; ice hockey,
football (soccer), handball and floorball. After that, con-
cussions in athletes between 15 and 35 years of age in
these four sports between 1995 and 2009 were collected
from the data base. These concussions were classified as
index injuries. In athletes with more than one concus-
sion, the first one was the index injury. Age restriction was
implemented due to the fact that at the age of 15 years,
checking has been introduced in ice hockey; a larger
playing field is used in football (soccer), and a more
organised play can be expected in all four sports. An
upper age restriction was used to sort out individuals who
might have a pre-existing condition that would increase
the risk of injury. Besides, being 35 years old is also the
age when one is considered a veteran in many sports.
Finally, additional injuries were collected from an

observation time of 24 months before and after the
index injury. This means that the study involves injuries
from 1993 to 2011. The clinical end points of the study
were injuries that had occurred during the 24-month
period before and after the index injury. A control
group of athletes with an ankle sprain, but no concus-
sion, was sampled from the same data base, during the
same time period, in the same age span, and in the
same four sports, was used for comparison.
Consequently, they were analysed in the same manner,
with the ankle distortion being the index injury.

Statistical methods and ethics
The athletes were divided into groups; those with injur-
ies before/after their index injury and those without.
The number of athletes with injuries during 24 months
before/after the index injury was used as primary end
point. These numbers were used to calculate an OR to
investigate the distribution of athletes who suffered
injuries after their index injury compared with before,
and also if there was any difference between the concus-
sion group and the control group. A χ2 test was used to
investigate if the injury pattern differed when grouping
based on sex or sport was done. Standard statistics were
calculated in Excel and SPSS V.17.

RESULTS
For the period 1995–2009, the data base included 4961
concussions (2691 men and 2270 women, all ≥15 years
of age). Of these, 699 (14%; 420 men and 279 women)
occurred during the participation in different athletics
and sports, and 281 (40%; 206 men and 75 women) met

Table 1 Number of athletes (per cent of total in the group) with either a concussion or an ankle injury (control group) in the

four different sports

Ice hockey (%) Soccer (%) Floorball (%) Handball (%) Total

Concussion 71 (25) 158 (56) 45 (16) 7 (3) 281

Control 43 (3) 773 (63) 400 (32) 44 (4) 1259
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the inclusions criteria. The mean age was 20.0
±4.7 years.
The control group consisted of 1259 athletes, 885 men

and 374 women. The mean age was of 21.4 ±5.1 years.
The distribution of sports between the concussion and

control groups is shown in table 1. Ankle injuries
occurred significantly less often in ice hockey players
(p=0.000).
Table 2 shows the number of injuries and athletes with

or without injury 24 months before and after the index
injury. There was a higher risk for injury both before
and after the index injury among athletes with concus-
sions compared with the control group. The OR for an
injury was 1.98 (95% CI 1.45 to 2.72) before and 1.72
(95% CI 1.26 to 2.37) after. There were also significantly
more athletes who suffered two injuries or more, both
before and after the concussion, compared with the
control group (before OR 2.39 (95% CI 1.26 to 4.54)
and after OR 2.14 (95% CI 1.14 to 4.01)). No significant
increase could be seen in the number of injured indivi-
duals after the concussion compared with before the
concussion (OR 0.925 (95% CI 0.63 to 1.36)).

DISCUSSION
We found that athletes, regardless of sport or sex, who
sustain a concussion, had a higher risk of injury after-
wards, but this risk was not higher than it was before the
concussion. This means that this study did not support
previous studies indicating that a concussion increases
the risk for new injuries. It rather seems as if concussed
athletes have a ‘risk behaviour’ resulting in a higher risk
for injury. Possibly, a concussion should be noted as an
indicator of a generally increased risk for injury in
sports. Before this can be stated, more studies are
needed.
Our results are both in accordance and opposite to

the study by Nordström et al.19 Like Nordström et al we
found that athletes with concussions were more injury
prone in general, than those with other injuries, but we
did not find any additional increase in risk for injury
during the two following years that were included in our
study. Our study design was different compared with that
of Nordström et al, but the most important difference is
the setting. We only included injuries at an emergency
department, and there was no selection of athletes

Table 2 The odds and OR for an athlete to be injured 24 months before and after an index injury in the concussion and

control groups

Number of individuals with 1 or
2 or more injuries before or
after the concussion

Group Time
Total
injuries (n)

Uninjured
individuals (n)

Injured
individuals (n) n=1 n>1

Concussion

(n=281)

Before 103 211 70 48 22

Odds 0.33 Odds 0.46

OR 1.98 OR 2.39

After 93 215 66 44 22

Odds 0. 31 Odds 0.50

OR 1.72 OR 2.14

Control (ankle

injury) (n=1259)

Before 214 1079 180 151 29

Odds 0.17 Odds 0.19

After 236 1069 190 154 36

Odds 0.18 Odds 0.23

Odds and OR are calculated by comparison with the number of athletes without injury during the same period of time.
The pattern of a higher risk for injury both before and after concussion was seen in all four sports (table 3).

Table 3 Injuries before and after index injury in the concussion and the control groups divided depending on sport

participation

Index injury
Injury before
index injury

Injury after
index injury

Injury before
per index case

Injury after per
index case

Ice hockey Concussion 71 33 32 0.46 0.45

Control 42 10 14 0.24 0.33

Football (soccer) Concussion 158 57 48 0.36 0.3

Control 773 149 160 0.19 0.21

Floorball Concussion 45 10 9 0.22 0.2

Control 400 44 51 0.11 0.13

Handball Concussion 7 3 4 0.43 0.57

Control 44 11 11 0.25 0.25

In addition, a significantly higher risk for injury, both before and after concussion, compared with ankle injury (control group), was found both
in men (p=0.001 and 0.007) and women (p=0.002 and 0.016; table 4).
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depending on their level of participation, elite or at a
lower level.
A higher proportion of the athletes with a concussion

in our study participated in ice hockey. This is a selec-
tion bias related to the design of the study. However, the
most likely explanation is not that ice hockey is more
attractive for ‘high-risk’ individuals, but the simple fact
that ankle injuries are rare in ice hockey as the ankle is
partly protected by the skate. Moreover, the fact that ath-
letes with concussions had more injuries both before
and after was true not only in ice hockey but in all four
contact sports.

Strength and limitations
A strength of the Umeå Injury Data Base is that a
medical doctor examines all injuries and makes all the
diagnoses. For concussions, the importance that the
diagnosis is made by a medical professional has been
stressed.19 25

One shortcoming of using data bases such as ours, is
that certain variables are missing. It was not possible for
us to relate injuries to a quantitative measure of expos-
ure such as number of games, practice, and so on.
Therefore, players were analysed as a group with equal
participation. There was not likely to be any differences
in this respect between the athletes with concussion
compared with those with ankle distortion.
Another circumstance which we assumed to be similar

in both groups was that neither the anterograde nor the
retrograde observational time could be controlled for
the fact that it is unknown if included individuals had
either immigrated to or emigrated from the region, or
continued practicing sports during the complete
follow-up time. With a mean age of 20–21 years, both
immigration and emigration is likely, especially as Umea
is a university city. However, there is no reason to believe
that this pattern differs between athletes with concus-
sions and ankle injuries.

Summary
In summary, players who sustained a concussion were
more likely to suffer injuries when compared with
players with ankle sprain. It seems as if these athletes

were more injury prone, in general, as the concussion
did not increase the risk for new injuries in those
players. The increased injury risk was not linked to type
of sport or sex.

Author affiliations
1Department of Surgical and Perioperative Sciences, Umeå University, Umeå,
Sweden
2Department of Surgical and Perioperative Sciences, Centre of Registries
North Sweden, Umeå, Sweden
3Department of Epidemiology and Global Health, Umeå University, Umeå,
Sweden
4Department of Clinical Neurochemistry Laboratory, Sahlgrenska University
Hospital, Mölndal, Sweden
5Department of Sports Medicine, Department of Community Medicine and
Rehabilitation, Umeå University, Umeå, Sweden
6Department of Health Sciences, Luleå University of Technology, Luleå,
Sweden

Acknowledgements The authors thank Magnus Hellström, Umeå Injury Data
Base, for help with extraction of data from the data base and also Martin
Ferm, statistician, for statistical advice.

Contributors EB—performed all the statistical analyses; wrote the first
manuscript; corrected the manuscript. JL came up with the initial idea;
designed the study and corrected the manuscript. PS critically reviewed the
design; corrected the manuscript. CM designed the study and corrected the
manuscript. YT came up with the initial idea; designed the study; corrected
the manuscript and supervised the process.

Competing interests None declared.

Ethics approval Ethical committee, Umeå Univercity.

Provenance and peer review Not commissioned; internally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Koh JO, Cassidy JD, Watkinson EJ. Incidence of concussion in

contact sports: a systematic review of the evidence. Brain Inj
2003;17:901–17.

2. Marar M, McIlvain NM, Fields SK, et al. Epidemiology of
concussions among United States high school athletes in 20 sports.
Am J Sports Med 2012;40:747–55.

3. Aubry M, Cantu R, Dvorak J, et al., Concussion in Sport Group.
Summary and agreement statement of the First International
Conference on Concussion in Sport, Vienna 2001. Recommendations
for the improvement of safety and health of athletes who may suffer
concussive injuries. Br J Sports Med 2002;36:6–10.

4. McCrory P, Meeuwisse WH, Aubry M, et al. Consensus statement
on concussion in sport: the 4th International Conference on
Concussion in Sport held in Zurich, November 2012. Br J Sports
Med 2013;47:250–8.

5. Biasca N, Wirth S, Tegner Y. The avoidability of head and neck
injuries in ice hockey: an historical review. Br J Sports Med
2002;36:410–27.

6. Ingersoll CD. Long term effects of closed head injuries in sport.
Sports Med 1993;16:342–54.

7. Schneider KJ, Meeuwisse WH, Nettel-Aguirre A, et al.
Cervicovestibular rehabilitation in sport-related concussion:
a randomised controlled trial. Br J Sports Med 2014;48:1294–8.

8. Benson BW, Meeuwisse WH, Rizos J, et al. A prospective study of
concussions among National Hockey League players during regular
season games: the NHL-NHLPA Concussion Program. CMAJ
2011;183:905–11.

Table 4 Women and men with or without another injury

before or after concussion and ankle injury (control)

Concussion Control p Value

Women

With injury before 20 48 0.002

No injury before 55 326

With injury after 19 53 0.016

No injury after 56 321

Men

With injury before 50 132 0.001

No injury before 156 753

With injury after 48 137 0.007

No injury after 158 748

4 Burman E, et al. BMJ Open Sport Exerc Med 2016;2:e000092. doi:10.1136/bmjsem-2015-000092

Open Access
copyright.

 on A
pril 9, 2024 by guest. P

rotected by
http://bm

jopensem
.bm

j.com
/

B
M

J O
pen S

port E
xerc M

ed: first published as 10.1136/bm
jsem

-2015-000092 on 16 M
arch 2016. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1080/0269905031000088869
http://dx.doi.org/10.1177/0363546511435626
http://dx.doi.org/10.1136/bjsm.36.1.6
http://dx.doi.org/10.1136/bjsports-2013-092313
http://dx.doi.org/10.1136/bjsports-2013-092313
http://dx.doi.org/10.1136/bjsm.36.6.410
http://dx.doi.org/10.2165/00007256-199316050-00005
http://dx.doi.org/10.1136/bjsports-2013-093267
http://dx.doi.org/10.1503/cmaj.092190
http://bmjopensem.bmj.com/


9. Broglio SP, Puetz TW. The effect of sport concussion on
neurocognitive function, self-report symptoms and postural control:
a meta-analysis. Sports Med 2008;38:53–67.

10. Collins MW, Grindel SH, Lovell MR, et al. Relationship between
concussion and neuropsychological performance in college football
players. JAMA 1999;282:964–70.

11. Daneshvar DH, Nowinski CJ, McKee AC, et al. The epidemiology of
sport-related concussion. Clin Sports Med 2011;30:1–17, vii.

12. Guskiewicz KM, Ross SE, Marshall SW. Postural Stability and
Neuropsychological Deficits After Concussion in Collegiate Athletes.
J Athl Train 2001;36:263–73.

13. Guskiewicz KM, Marshall SW, Bailes J, et al. Association between
recurrent concussion and late-life cognitive impairment in retired
professional football players. Neurosurgery 2005;57:719–26;
discussion 19–26.

14. Guskiewicz KM, Marshall SW, Bailes J, et al. Recurrent concussion
and risk of depression in retired professional football players. Med
Sci Sports Exerc 2007;39:903–9.

15. Jafari S, Etminan M, Aminzadeh F, et al. Head injury and risk of
Parkinson disease: a systematic review and meta-analysis. Mov
Disord 2013;28:1222–9.

16. Kontos AP, Covassin T, Elbin RJ, et al. Depression and
neurocognitive performance after concussion among Male and
female high school and collegiate athletes. Arch Phys Med Rehabil
2012;93:1751–6.

17. Blennow K, Hardy J, Zetterberg H. The neuropathology and
neurobiology of traumatic brain injury. Neuron 2012;76:886–99.

18. Nyberg G, Hjort Mossberg K, Lysholm J, et al. Subsequent traumatic
injuries after a concussion in elite ice hockey: a study over 28 years.
Curr Res Concussion 2015;2:109–112.

19. Nordströom A, Nordström P, Ekstrand J. Sports-related concussion
increases the risk of subsequent injury by about 50% in elite Male
football players. Br J Sports Med 2014;48:1447–50.

20. Guskiewicz KM. Postural stability assessment following concussion:
one piece of the puzzle. Clin J Sport Med 2001;11:182–9.

21. De Beaumont L, Mongeon D, Tremblay S, et al. Persistent motor
system abnormalities in formerly concussed athletes. J Athl Train
2011;46:234–40.

22. Sosnoff JJ, Broglio SP, Shin S, et al. Previous mild traumatic brain
injury and postural-control dynamics. J Athl Train 2011;46:85–91.

23. Broglio SP, Macciocchi SN, Ferrara MS. Neurocognitive
performance of concussed athletes when symptom free. J Athl Train
2007;42:504–8.

24. Heitger MH, Jones RD, Dalrymple-Alford JC, et al. Motor deficits
and recovery during the first year following mild closed head injury.
Brain Inj 2006;20:807–24.

25. McCrory P, Johnston K, Meeuwisse W, et al. Summary and
agreement statement of the 2nd International Conference on
Concussion in Sport, Prague 2004. Br J Sports Med
2005;39:196–204.

Burman E, et al. BMJ Open Sport Exerc Med 2016;2:e000092. doi:10.1136/bmjsem-2015-000092 5

Open Access
copyright.

 on A
pril 9, 2024 by guest. P

rotected by
http://bm

jopensem
.bm

j.com
/

B
M

J O
pen S

port E
xerc M

ed: first published as 10.1136/bm
jsem

-2015-000092 on 16 M
arch 2016. D

ow
nloaded from

 

http://dx.doi.org/10.2165/00007256-200838010-00005
http://dx.doi.org/10.1001/jama.282.10.964
http://dx.doi.org/10.1016/j.csm.2010.08.006
http://dx.doi.org/10.1227/01.NEU.0000175725.75780.DD
http://dx.doi.org/10.1249/mss.0b013e3180383da5
http://dx.doi.org/10.1249/mss.0b013e3180383da5
http://dx.doi.org/10.1002/mds.25458
http://dx.doi.org/10.1002/mds.25458
http://dx.doi.org/10.1016/j.apmr.2012.03.032
http://dx.doi.org/10.1016/j.neuron.2012.11.021
http://dx.doi.org/10.1136/bjsports-2013-093406
http://dx.doi.org/10.1097/00042752-200107000-00009
http://dx.doi.org/10.4085/1062-6050-46.1.85
http://dx.doi.org/10.1080/02699050600676354
http://dx.doi.org/10.1136/bjsm.2005.018614
http://bmjopensem.bmj.com/

	Concussed athletes are more prone to injury both before and after their index concussion: a data base analysis of 699 concussed contact sports athletes
	Abstract
	Methods
	Inclusion criteria
	Statistical methods and ethics

	Results
	Discussion
	Strength and limitations
	Summary


	References


