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Clinical features and early detection of sport-related
concussion

Hidenobu Ochiai, and Tomohiro Abe
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Aim: Athletes who suffer sport-related concussions but continue playing have a high probability of experiencing more severe symp-
toms with any subsequent concussion. This study used data from the authors’ clinical department to retrospectively investigate the
clinical characteristics of sport-related concussion and factors associated with delays in examinations.

Methods: The study included 38 patients with sport-related concussions who were treated at the authors’ hospital. The sports dur-
ing which the injuries occurred, occasions of injury, factors affecting the time from injury until examination at hospital, and prognoses
were evaluated retrospectively.

Results: Sport-related concussions most frequently occurred in rugby and judo, where tackling, throwing, and other types of physi-
cal contact can result in impacts to the head region at high angular or linear velocity with acceleration. Some subjects showed con-
sciousness disturbance and/or clear subjective symptoms immediately after the injury and were therefore examined at the hospital
rapidly. However, other subjects who suffered amnesia or less obvious symptoms continued to play after the injury and had delayed
examinations. In addition, there was a tendency for examinations to be delayed when an on-site physician was present.

Conclusions: In contact sports where injury-resulting events occur, such as impacts to the head at high angular or linear velocity
with acceleration, athletes should be immediately withdrawn from play and evaluated for concussion, even if there are no obvious
head injuries or symptoms. The immediate ascertainment of symptoms after physical contact would improve the rapid detection of
sport-related concussion.
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INTRODUCTION

IN THE USA, 3.8 million athletes per year experience a
sport-related concussion (SRC),1 which accounts for

5–9% of sport-related injuries.2 If an athlete continues to play
despite suffering a SRC, his or her risk of suffering another
SRC within the same season is increased by approximately
threefold.3 Most patients recover from SRC symptoms
within 7–10 days.4 In addition, symptoms such as conscious-
ness disturbance can increase in severity if another SRC
occurs before full recovery from the symptoms.5 Further-
more, repeated concussions can lead to cognitive function

disorders and chronic traumatic encephalopathy, such as
Parkinsonism.6 In addition, some patients diagnosed with
concussion also have shallow acute subdural hematoma; if
such patients suffer additional head impact, expansion of the
subdural hematoma could occur and can be fatal.7,8 There-
fore, if concussion is suspected while taking part in sports, it
is essential for the athlete to immediately leave the match and
undergo examination at a medical institution. Even if the ath-
lete subsequently resumes play, it is important to give him or
her appropriate instructions in accordance with the “Concus-
sion Consensus Guidelines to Help Safe Return of Athletes
to Play,” which is a graduated return-to-play protocol pub-
lished by the Centers for Disease Control and Prevention.9,10

Trainers who are involved with sport are greatly con-
cerned about SRC.11 The Sport Concussion Assessment
Tool (SCAT), which was developed by the Concussion in
Sport Group, is now widely used as a tool for making such
judgments.12 In addition, Nagahiro et al.13 have made rec-
ommendations for medical professionals about neurosur-
geons’ handling of sport-related external head injuries.
Nevertheless, in clinical practice, examinations by medical
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institutions are often carried out a considerable time after the
injury occurs, and it cannot be denied that medical profes-
sionals are slow in recognizing the importance of rapid
detection of SRC. Furthermore, when there are no obvious
symptoms, such as consciousness loss, marked dizziness, or
other subjective symptoms, there is often uncertainty in
ascertaining the presence or absence of concussion and
whether the athlete should be withdrawn from play.

Considering these issues, we undertook a retrospective
study of SRC cases that were treated at the authors’ institu-
tion. We investigated the clinical characteristics of SRC and
factors associated with delays in examination.

SUBJECTS AND METHODS

OF THE 3,834 cases of head injury examined at the
Department of Traumatology and Critical Care Medicine,

University of Miyazaki Hospital (Miyazaki, Japan), between
April 2012 and March 2016, 58 (1.5%) were sport-related. This
cohort included 50 male and 8 female patients, and the mean
age was 21.9 � 12.5 years. Of these subjects, 38 had concus-
sions and were included in the study. The other 20 patients were
excluded from this study because they had no symptoms sug-
gesting cerebral concussion, only bruises or lacerations of the
scalp. The 38 cases with concussions were evaluated retrospec-
tively; information regarding sports during which the injuries
occurred, the occasions of injury, factors affecting time from
injury until examination at hospital, and prognosis was obtained
from themedical records (Fig. 1).

In this study, only the patients who met the following four
criteria were diagnosed with cerebral concussions: (i) the
patient hit his or her head, (ii) the patient had symptoms sug-
gesting cerebral concussion, such as loss of consciousness,
headache, nausea, vomiting, amnesia, dizziness, vertigo,
blurred vision, and disorientation, (iii) these symptoms did
not exist before the patient hit his or her head, (iv) there were
no intracranial lesions related to the head trauma. All patients
were examined for the absence of intracranial lesions related
to the head trauma by computed tomography scan immedi-
ately after admission. We defined “time from injury to hospi-
tal” as the time from injury to examination by a physician.

Statistical analysis was carried out using GraphPad Prism
(GraphPad Software, La Jolla, CA). Three groups were com-
pared using the non-parametric Kruskal–Wallis test, with sig-
nificant set at P < 0.05. Because the number of subjects in this
study was small, multivariate analysis was not carried out.

RESULTS

THE SPORT RESPONSIBLE for the largest number of
concussions was rugby, which had 18 cases (47.4%),

followed by judowith eight cases (21.1%). Fifty-seven percent
of all patients were injured during matches (Table 1). The
causes of injury included tackling (10 cases, 35.7%), throwing
(eight cases, 21.0%), falling down (seven cases, 18.4%), being

Fig. 1. Flow chart of the patients included in this study.

Table 1. Causative sports for cerebral concussion among

38 cases in Japan

Sports that caused concussion No. of cases (%)

Rugby 18 (47.4)

Judo 8 (21.1)

Soccer 4 (10.6)

Karate 3 (7.9)

Baseball 1 (2.6)

Bicycle race 1 (2.6)

Handball 1 (2.6)

Equestrianism 1 (2.6)

Skate board 1 (2.6)
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kicked (four cases, 12.5%), and other contact (six cases,
15.7%). In three cases, the mechanism of injury was unknown
because of amnesia. The amount of time until arrival at the
hospital differed significantly between subjects who came to
hospital themselves and those who were brought in as emer-
gencies (P = 0.04; Fig. 2). In addition, subjects brought in as
emergencies showed significantly higher rates of conscious-
ness disturbance than those who arrived on their own (Fig. 3).
On examination at the hospital, the symptoms most commonly
associated with concussion-like behavior were headache (with
or without nausea and/or vomiting), followed by amnesia, dis-
orientation/incoherent speech, loss of strength and/or

numbness in the arms, vertigo/dizziness, laceration of the
scalp, blurred vision, and unusual behavior (Table 2).

For 11 subjects, one or more hours elapsed between the
injury and examination at the hospital; three of these delays
were due to the geographical distance between the sport
location and the medical institution. However, for the other
eight subjects, no concussion symptoms were found imme-
diately after their injuries; therefore, the subjects continued
to play. For these subjects, the symptoms that did eventually
lead to medical examination included incoherent speech,
unusual behavior, loss of memory during play, headache,
and vomiting, which presented during an intermission in
play (Table 2). In addition, three subjects were diagnosed as
having SRC when examined after completion of the match;
their symptoms included loss or deterioration of memory.
Furthermore, for four subjects, 4 h or more elapsed between
the injury and examination; their most common symptoms
were headache, nausea, and dizziness (data not shown).

In this study, 18 subjects (46.15%) were hospitalized for
continued observation. However, their symptoms had ceased
by the following day, and their prognosis was favorable.
When an on-site physician intervened at the scene, the time
until examination at the hospital tended to be longer; how-
ever, no significant difference was found in this study. Over-
all, there was wide variability in the time until examination
at hospital (Fig. 4).

DISCUSSION

IN THIS STUDY, rugby and judo resulted in the most
cases of SRC. The most common causes of injury

involved head impact at high angular or linear velocity with
acceleration, such as tackling, throwing, or other physical
contact. Subjects who suffered consciousness disturbance
and/or clear subjective symptoms immediately after injury
were rapidly examined at medical institutions. However,

Fig 2. Time from injury until hospital examination among 38

cases of sport-related concussion. HEMS, helicopter emergency

medical system.

Fig. 3. Consciousness disturbance and method of transport to

hospital among 38 cases of sport-related concussion. HEMS,

helicopter emergency medical system; J.C.S., Japan Coma

Scale.

Table 2. Symptoms other than consciousness disturbance

for hospital admission following sport-related injury

Symptoms Cases

Headache/nausea/vomiting 23

Amnesia/loss of memory during play 8

Incoherent speech/disorientation 6

Weakness/numbness of upper limb 3

Laceration of scalp 2

Blurred vision 1

Unusual behavior 1
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there were also cases of athletes continuing to play after suf-
fering injuries, which resulted in delays in examination.

American football and rugby most frequently resulted in
SRC in the USA, whereas judo and other sports were
reported to cause most SRC cases in Japan.14,15 In these
sports, the most common injuries were head impacts at high
angular or linear velocity with acceleration. The most com-
mon time at which these events occurred was during the first
years of high school and junior high school, which means
that beginners in sports tend to suffer these events.16,17 Con-
sistent with previous findings, our study found that SRC
occurs most frequently in connection with actions such as
jolting of the head, which occurs in rugby and judo.

Rapid detection of SRC during play and rapid examina-
tion at an appropriate medical institution are important in
order to not miss any intracranial hematomas, which can
develop as complications resulting from head injuries. It is
also important to provide appropriate instructions for resum-
ing play in order to avoid increased SRC severity and
chronic traumatic encephalopathy. If consciousness distur-
bance develops after injury and is associated with a superfi-
cial wound and clear subjective symptoms then rapid
examination at a medical institution is required. However, it
is difficult to determine whether rapid examination is
required in situations where a fall or physical contact has
occurred, but the presence of head injury and associated
amnesia is uncertain, and the athlete continues to play.

The 5th version of SCAT, a tool for concussion diagnosis
in the field, is now in wide use among sport coaches, health-
care providers, and field doctors. The use of SCAT involves
making judgments on-site immediately after the injury has
occurred in the following five steps12:

Step 1: Judging the presence or absence of red-flag signs.
Step 2: Ascertaining the subjective symptoms.

Step 3: Testing memory strength using the Maddocks
questions.
Step 4: Assessment on the basis of the Glasgow Coma
Scale.
Step 5: Assessment of the cervical vertebrae.

In addition, after evaluation at the site of injury, evalua-
tion by the following six steps should be carried out at the
first-aid station:

Step 1: Assessment of the athlete’s background.
Step 2: Confirmation of symptoms.
Step 3: Screening of cognitive function.
Step 4: Neurological evaluation.
Step 5: Evaluation of memory retrieval.
Step 6: Overall judgment on the presence or absence of
concussion.
There have also been reports of evaluation methods other

than the above used at locations where SRC occurs.5

Although several different tools are used to make on-site
judgments about concussions, they all share the feature of
initiating confirmation when concussion-related symptoms
are suspected. The 4th and 5th International Conferences on
Concussion in Sport defined concussion as “a complex
pathophysiological process affecting the brain, induced by a
biomechanical force to the head.”9,10 The symptoms vary
but frequently include headache and dizziness. In addition,
symptoms could include amnesia, confusion, balance distur-
bance, blurred vision, photophobia, numbness, emotional
disorder (increasing irritability), and less frequently, con-
sciousness disturbance.9,18–20 Thus, unless a patient clearly
suffers a forceful impact on the head and loses consciousness
or complains of subjective symptoms, even if various symp-
toms are suspected during play, it is difficult to make the
judgment that the athlete should be withdrawn from play in
order to confirm the presence or absence of SRC. Therefore,
the findings in the present study suggest that, when head col-
lision occurs at high angular or linear velocity with accelera-
tion, even if there is no clear head injury, athletes should be
withdrawn from play to ascertain the presence or absence of
concussion symptoms. This will be useful for the rapid
detection of SRC.

Finally, although we could not obtain significance
because of the small sample size in this study, we found that
the time period before hospital examination occurs tends to
be extended if an on-site physician is present. A possible
reason for this is that on-site physicians might have insuffi-
cient recognition of and understanding about concussion; as
a result, the physician might instruct a patient to rest while
being observed by the physician, then allow the athlete to
resume play instead of going to the hospital for examination.
However, this issue requires further investigation.

Fig. 4. Difference in time from injury to hospital admission

among 38 cases of sport-related concussion, grouped accord-

ing to the presence or absence of an on-site physician.
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A limitation of this study is that the number of subjects
was too small for multivariate analysis of potential factors
affecting the time from injury to examination at hospital.

CONCLUSIONS

IN CONCLUSION, IN contact sports where there are
injuries involving head impact at high angular or linear

velocity with acceleration, even if there is no clear head
injury or symptoms, proactive withdrawal of the athlete
from play and ascertainment of the presence or absence of
concussion symptoms will lead to more rapid SRC detec-
tion. On the basis of the current study, even if concussion
symptoms are not clearly evident, it is important to immedi-
ately withdraw athletes from play and ascertain the presence
or absence of concussion symptoms if head impact at high
angular velocity has occurred. The results of this study will
provide useful information for emergency physicians who
are dispatched as on-site physicians at sport events, so that
they can avoid the main pitfalls related to SRC evaluation.
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