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Objective To collect prospective data on concussion incidence, risk factors, duration of symptoms, and return to
school and sport in 5- to 14-year-old American football participants.

Study design We conducted a prospective cohort study over 2 years collecting data during two 10-week fall
seasons. Youth with concussion were followed to determine time to return to school, sport, and baseline level of
symptoms. Logistic regression was used to estimate the risk of sustaining a concussion associated with baseline
demographic factors. Time to return to school, sport, and baseline symptoms were analyzed using Kaplan-Meier
survival curves.

Results Of 863 youth followed (996 player-seasons), 51 sustained a football-related concussion, for an athlete-
level incidence of 5.1% per season. Youth with history of concussion had a 2-fold increased risk for sustaining an
incident concussion (OR, 2.2; 95% CI, 1.1-4.8). Youth with depression had a 5-fold increased risk of concussion
(OR, 5.6; 95% CI, 1.7-18.8). After a concussion, 50% of athletes returned to school by 3 days, 50% returned to
sport by 13 days, and 50% returned to a baseline level of symptoms by 3 weeks.

Conclusions Concussion rates in this study were slightly higher than previously reported, with 5 of every 100
youth sustaining a football-related concussion each season. One-half of youth were still symptomatic 3 weeks after
injury. Further research is needed to address the risk of concussion in youth football. (J Pediatr 2019;207:176-84).

pproximately 45.7 million US youth 6-17 years old play organized sports annually.' Sports involvement provides op-

portunities for social interaction and physical activity, and may decrease the risk of obesity, diabetes, and osteoporosis.”

However, sports are not without risk, and concussion is a growing concern.” Estimates suggest sports and recreation-
related concussions affect up to 1.9 million youth each year.* Although studies have examined concussion in high school-aged
youth,”!" there is scant research on the incidence and natural history of concussion in elementary and middle school aged youth.'*"
Youth in these younger age groups are undergoing rapid brain development including axonal myelination, yielding concern
that brain injuries could have long-term outcomes.'

Youth football is of particular concern, given both the contact involved in routine play and the possible risk of concussion,
suggested by the high rates of concussion in high school and college.”” There are currently 2.8 million football players younger
than high school,"” yet little is known about the risk of concussion in younger youth. Even though a few studies have measured
the concussion incidence in football earlier than high school,'*"* these studies did not examine symptom duration. Studies mea-
suring concussion symptom duration in youth have used clinical populations, and unfortunately not all athletes with concus-
sion seek care.'™* Given the barriers to seeking medical care, concussed youth who present to the medical setting either have
greater severity of injury or greater distress, both of which can affect symptom
duration.” We undertook the current study to measure more accurately both the
incidence of concussion in youth football and the duration of symptoms. We used
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and parent permission forms online, and were then directed
to baseline surveys. Email reminders were sent 4 times to each
participant. Recruitment was also achieved by attending team
and league meetings before the start of the season. Lotteries
of football experiences (tickets to professional football games
or practices) were used as incentives. All procedures were ap-
proved by the Seattle Children’s Institutional Review Board.

Baseline Data Collection

Parents and youth athletes completed online surveys in REDCap
regarding (1) demographics (age, sex, race/ethnicity, and re-
sponding parent education), (2) years of football participa-
tion, (3) history of prior diagnosed concussion, and (4) mental
health history (history of diagnosed depression, anxiety, and/
or attention deficit disorder).

Injury Identification

Study-employed athletic trainers attended all games during the
two 10-week seasons and notified the study team if one of the
athletes sustained a potential concussion. Concussion was
defined based on the Zurich concussion consensus documents.*
Parents and coaches were also asked to contact study staff if
a youth sustained a possible concussion during a practice or
game. Athletes with suspected concussion were called to obtain
additional information, including mechanism of injury, name
of clinician seen, and any diagnoses of concussion. Informa-
tion regarding these potential concussions was reviewed by an
independent clinician overseeing the study to make a deter-
mination of confirmed or not confirmed. Athletes with con-
firmed concussion (and their parents) completed surveys weekly
regarding concussive symptoms, return to school, and return
to sport. Symptom surveys were continued until symptoms re-
solved. Symptom resolution was defined as no more than 3
symptoms greater than preinjury baseline by both child and
parent report, given data suggesting variation in symptoms in
absence of injury.” Surveys regarding returning to school and
sport were continued until the athlete returned to school and
sport, or up to 12 weeks after injury. Of note, parents pro-
vided an exact date of when their child returned to school and
sport, but time to return to baseline symptoms was calcu-
lated based on parent and child report of concussive symp-
toms, which was only measured weekly. Both football seasons
began in August, and thus some concussions (n=11) oc-
curred before the school year began and time to return to school
was not a useful metric for these concussions. These individu-
als were thus excluded from the return to school analysis. Some
individuals might not have had the opportunity to return to
sport if their injury was at the end of the season. Return to
sport time was censored in mid-November, when the season
was complete.

Concussive Symptom Measurement

Health Behavior Inventory (for Subjects 5-12 Years Old). The
Health Behavior Inventory (HBI) is contained in the Sport Con-
cussion Assessment Tool-3 Child Version,* and is a 20-item,
4-point Likert instrument measuring postconcussive symp-
toms. The HBI has demonstrated validity and reliability among
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adolescents and individuals with mild traumatic brain injury
(Cronbach alpha = 0.85-0.94).°'%

Symptom Checklist from the Sport Concussion Assess-
ment Tool-3 (for Subjects 13-14 Years Old). The Sport Con-
cussion Assessment Tool-3 symptom checklist was adapted from
the Post Concussion Symptom Scale and is a 22-item, 6-point
Likert scale survey of concussive symptoms™ with estab-
lished internal consistency (Cronbach alpha = 0.88-94) and test-
retest reliability (Spearman r=0.55).%%

Statistical Analyses

Descriptive analyses of baseline characteristics and missing data
were summarized using baseline data from each partici-
pant’s first year of enrollment in the study, because some par-
ticipants were enrolled in multiple years (Table I). Logistic
regression was used to estimate ORs and 95% CI of sustain-
ing a concussion during the season, including the following
covariates: age, sex, ethnicity, race, responding parent educa-
tion, number of years participating in youth football (includ-
ing current year), and child’s history of concussion, attentional
problems (either diagnosis of attention deficit hyperactivity
disorder/attention deficit disorder or the use of medications
for attention), depression, and headache. For each player-
season, the exposures of interest were baseline characteristics
reported at the beginning of that particular season, and the
outcome was whether a concussion was sustained during that
season. The unit of analysis was the player-season, or each
season played by a participant, and thus participants en-
rolled both years were included twice. Clustering by indi-
vidual was accounted for using a modified sandwich robust
variance estimator for cluster-correlated data. Player-seasons
with confirmed football-related concussions were compared
with player-seasons with no concussion. Player-seasons with
suspected-only concussions were excluded from primary analy-
ses given our inability to confirm concussion status of these
individuals. Owing to the small numbers of concussed players
with a prior history of depression, analyses were presented both
with and without adjustment for depression.

Kaplan-Meier recovery curves were plotted to assess time
to recovery among confirmed sport-related concussions with
3 recovery outcomes: return to school, return to sport, and
return to baseline level of concussion symptoms (by both parent
and youth report). Censoring owing to attrition or study end
was indicated visually. For return to school, only concussions
occurring on or after the first day of school were included. Cen-
soring owing to the end of the season (mid-November) was
also indicated visually. All analyses were conducted using Stata
version 14.2 (StataCorp LP, College Station, Texas).

Of the 2466 families, 9 had no emails on file and 26 had emails
that were either inaccurate or had been closed. Of the remain-
ing 2431, 863 (35%) chose to participate (Figure 1). Of these
863 athletes, 133 were followed for 2 seasons, yielding a total
of 996 player-seasons. During the two 10-week fall seasons,
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Table I. Demographics of 5- to 14-year-old Seattle youth football athletes who sustained a confirmed or suspected football-
related concussion during the 2016-2017 or 2017-2018 seasons*

Confirmed Suspected but not confirmed
All concussion or nonfootball concussion Nonconcussed
(n=863) (n=51) (n=62) (n=750)

Child age (y)

5-7 96 (11.1) 239 8 (12.9) 86 (11.5)

8-10 300 (34.8) 18 (35.3) 32 (51.6) 250 (33.3)

11-12 311 (36.0) 20 (39.2) 16 (25.8) 275 (36.7)

13-14 156 (18.1) 11 (21.6) 6(9.7) 139 (18.5)
Child sex

Male 854 (99.0) 50 (98.0) 62 (100.0) 742 (98.9)

Female 9 (1.0) 1(2.0) 0 (0.0 8 (1.1)
Parental education

Less than high school 7 (0.8) 0 (0.0 0 (0.0 7(0.9

High school/General Educational Development 75 (8.7) 4(7.8) 6 (9.7) 65 (8.7)

Some college, no degree 183 (21.2) 13 (25.5) 19 (30.6) 151 (20.1)

College degree 410 (47.5) 28 (54.9) 26 (41.9) 356 (47.5)

Masters' degree 115 (13.3) 4(7.8) 5(8.1) 106 (14.1)

Professional degree 50 (5.8) 1(2.0 4 (6.5) 45 (6.0)

Prefer not to answer 23 (2.7) 1(2.0) 2 (3.2 20 (2.7)
Child ethnicity

Hispanic or Latino 81 (9.4) 5(9.8) 1(1.6) 75 (10.0)

Not Hispanic or Latino 708 (82.0) 39 (76.5) 58 (93.5) 611 (81.5)

Missing 74 (8.6) 7 (13.7) 348 64 (8.5)
Child race

American Indian or Alaska Native 11 (1.3) 0(0.0) 0 (0.0 11 (1.5)

Black or African American 63 (7.3) 3(5.9) 34.8) 57 (7.6)

White 598 (69.3) 41 (80.4) 37 (59.7) 520 (69.3)

Asian 45 (5.2) 3 (5.9 6 (9.7) 36 (4.8)

Native Hawaiian or Pacific Islander 30 (3.5) 1(2.0 4 (6.5) 25 (3.3)

Two or more races 51 (5.9) 0 (0.0) 8 (12.9) 43 (5.7)

Prefer not to answer 65 (7.5) 3(5.9) 4 (6.5) 58 (7.7)
Years of football participation

1 315 (36.5) 24 (47.1) 26 (41.9) 265 (35.3)

2 174 (20.2) 9 (17.6) 11 (17.7) 154 (20.5)

3 129 (14.9) 8 (15.7) 10 (16.1) 111 (14.8)

4 79 (9.2) 5(9.8) 4 (6.5) 70 (9.3)

5) 31 (3.6) 2 (3.9 1(1.6) 28 (3.7)

6 15 (1.7) 1(2.0) 1(1.6) 13 (1.7)

7 8 (0.9 0(0.0) 1(1.6) 7 (0.9)

Prefer not to answer 12 (1.4) 0 (0.0) 1(1.6) 11 (1.5)

Missing 100 (11.6) 2 (3.9 7(11.3) 91 (12.1)
History of prior concussion

Yes 115 (13.3) 13 (25.5) 8 (12.9) 94 (12.5)

Missing 3(0.3 0 (0.0 0 (0.0 3(0.4)
Diagnosis of ADD/ADHD or use of medications for attention problems

Yes 97 (11.2) 3(5.9) 5(8.1) 89 (11.9)
History of headache

Yes 143 (16.6) 13 (25.5) 10 (16.1) 120 (16.0)

Missing 4 (0.5) 0 (0.0 0 (0.0 4 (0.5)
History of depression

Yes 16 (1.9) 4(7.8) 1(1.6) 12 (1.6)
History of anxiety

Yes 49 (5.7) 239 3(4.8) 44 (5.9)
Year of confirmed football-related concussion®

None 812 (94.1) 0(0.0) 62 (100.0) 750 (100.0)

Year 1 only (2016) 35 (4.1) 35 (68.6) 0 (0.0 0 (0.0

Year 2 only (2017) 16 (1.9) 16 (31.4) 0 (0.0 0 (0.0
Study participation

Year 1 only (2016) 464 (53.8) 33 (64.7) 21 (33.9) 410 (54.7)

Year 2 only (2017) 266 (30.8) 8 (15.7) 22 (35.5) 236 (31.5)

Both 133 (15.4) 10 (19.6) 19 (30.6) 104 (13.9)

ADD/ADHD, attention deficit hyperactivity disorder/attention deficit disorder.

Values are number (%).

*No participants sustained multiple confirmed sport-related concussions during the study.

tParticipants were classified as having a suspected but not confirmed, and/or nonsport concussion, only if they were not confirmed to have a sport-related concussion during enrollment in the
study.
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Figure 1. CONSORT diagram for youth football study, Seattle, Washington, 2016-18.

athletic trainers and study staff identified 113 potential con-
cussions, 53 of which were clinician confirmed, and 2 of which
occurred outside of football and thus were not counted in the
incidence rate, yielding a per-season incidence rate of 5.1% (51
confirmed football-related concussions/996 player-seasons). The
2 individuals with non-football-related concussions (one from
skateboarding and the other from a fall) were not included in
further analyses. Individuals with suspected but not con-
firmed concussions were also not included in any further
analyses.

Characteristics of the initial youth cohort and the concussed
subset are shown in Table I. Multivariable logistic regression
analysis (Table II) suggested that youth with a prior concus-
sion were significantly more likely to sustain an incident con-
cussion (OR, 2.2; 95% CI, 1.1-4.8; P=.04). Concussed and
nonconcussed athletes did not differ regarding history of at-
tention problems, anxiety, or headaches. History of depres-
sion was significantly associated with risk of concussion (OR,
5.6; 95% CI,1.7-18.8), but we presented analyses both with and
without this factor because the number of youth with a history
of depression was small (Table III; available at www.jpeds.com).

Information regarding mechanism was obtained on all 51
of the football-related concussions (see Table III for further
details). Two-thirds occurred during a game and one-third

during practice, and almost one-half (47%) were due to head
to head collisions. Nearly two-thirds (59%) of youth with con-
cussion were removed from play immediately, 24% later the
same game or practice, and 14% (7 athletes) were not removed
from that game/practice. Six of the 7 athletes who were not
removed did not experience symptoms until after the game
(not uncommon for individuals with sport-related concus-
sion). One initially felt symptomatic during the game, but then
had symptoms resolve so did not report until after the game.
The most common concussion symptoms were headache,
fatigue, and difficulty concentrating. A small proportion of
concussed youth (8%) experienced a loss of consciousness.
Time to return to school, sport, and baseline symptoms are
shown in Figure 2. Nearly all youth (90%) returned to school
by 9 days (mean, 6.7 days; median, 3.0 days; IQR, 2-6 days).
Several youth (n = 11) sustained a concussion in the summer
before the start of school and thus were not included in the
return to school analysis. Returning to sport took longer, with
90% back by 1 month (mean, 19.3 days; median, 13.0 days;
IQR, 9-20 days). One youth was concussed near the end of the
season and thus return to sport was censored. Returning to
baseline level of symptoms took the longest, with 90% back
to baseline by 2 months. Of note, youth were not considered
to have returned to baseline level of symptoms unless both
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Table II. Odds of confirmed football-related concus-N
sion vs no concussion during 1 football season associ-
ated with each baseline factor, adjusted for all factors
indicated, accounting for clustering by individual (Seattle,
2016-2018)*"
OR*  (95%Cl) ORS  (95% Cl)
Child age (y)
5-7 1.0 Referent 1.0 Referent
8-10 291 (0.66-12.95) 2.85 (0.65-12.49)
11-12 212 (0.46-9.69) 2.10 (0.47-9.37)
13-14 2.88 (0.57-14.45) 2.78 (0.57-13.48)
Sex
Male 1.0 Referent 1.0 Referent
Female 1.95 (0.26-14.63) 2.25 (0.30-16.79)
Responding parent education
High school or less than 1.0 Referent 1.0 Referent
high school
Some college, no degree 1.42 (0.36-5.56) 1.34 (0.35-5.12)
College degree 1.22 (0.37-4.06) 1.19 (0.36-3.90)
Masters or professional 0.47 (0.10-2.15)  0.47 (0.10-2.17)
degree
Ethnicity
Not Hispanic or Latino 1.0 Referent 1.0 Referent
Hispanic or Latino 1.80 (0.66-4.90) 1.67 (0.66-4.23)
Race
White 1.0 Referent 1.0 Referent
Black or African-American 0.25 (0.03-1.96) 0.27 (0.03-2.14)
Asian 0.86 (0.20-3.68) 0.71 (0.18-2.86)
American Indian, Alaskan 0.19 (0.02-1.5) 0.18 (0.02-1.51)
Native, Native Hawaiian
or Other Pacific Islander,
or >1 race
History of prior concussion 224 (1.05-4.75) 1.98 (0.93-4.21)
History of depression — 5.59 (1.66-18.77)
History of attention problems 099 (0.35-2.77) 0.83 (0.30-2.34)
History of headaches/migraines 1.52 (0.70-3.32)  1.40 (0.61-3.17)
Years playing football (including
current year)
1 1.35 (0.63-2.87) 1.32 (0.62-2.8)
2 1.12 (0.48-2.66) 1.10 (0.46-2.61)
L >3 1.0 Referent 1.0 Referent

Bold values refer to those Odds Ratios which are significant at P < .05.

*Children with suspected but not confirmed concussion were excluded from all analyses.
1The unit of analysis was the player-season; thus, players enrolled both years were included
twice. Clustering by individual was accounted for in all analyses.

FCovariates include all factors shown except for history of depression.

§Covariates include all factors shown.

parent report of child symptoms and child self-report had re-
turned to baseline levels. About one-third of athletes (n =16)
returned to sport before return to baseline level of symp-
toms, using both child and parent report. However, for one-
half of these subjects either the parent or child reported low
levels of symptoms at time of return to sport (HBI total of 10
or less, consistent with normative levels).* Therefore, only 3
athletes returned to sport while clearly symptomatic from both
athlete and parent perspective (2%), two within 1 week of con-
cussion and one 29 days after injury.

We report a higher incidence of concussion in this youth foot-
ball sample (5.1%); the reported rate in prior studies ranged
from 0.9%'>'* to 4.4%." These differences seem to be ex-
plained by data collection methods. Peterson et al relied on
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team managers to provide injury reports, resulting in a very
low reported concussion incidence of 0.9% per season.'
Dompier et al analyzed data from the Youth Football Surveil-
lance System, which used athletic trainer report, and they
described concussion rates for 5- to 14-year old youth of 3.1%-
3.5% annually."” Kontos et al collected data on 8- to 12-year-
old youth using research coordinators present at games and
coach contact weekly, and reported concussion rates more
similar to ours (4.4%)."” For the current study, we provided
athletic trainers for all games and asked parents and coaches
to report concussions that occurred in practice to ensure ad-
equate injury surveillance. It is likely that our estimates were
higher than previous studies'* not due to increased risk, but
to greater identification of injuries given a higher level of
medical surveillance. This finding is consistent with prior work
showing that schools with athletic trainers have higher re-
ported rates of concussion,*’ and supports recommenda-
tions from the American Academy of Pediatrics recommending
athletic trainer coverage as a standard for youth football.** In
the absence of any medical presence, it is likely that some youth
with concussion are not diagnosed, resulting in youth playing
while experiencing concussive symptoms and risking greater
injury and prolonged recovery.”* The higher concussion rates
found in our study may also be due to the combination of con-
cussion legislation and media attention that has resulted in
greater numbers of concussions being diagnosed."*’

We also examined risk factors for football-related concus-
sion in this sample of youth athletes, finding that both history
of prior concussion and history of depression were associ-
ated with greater risk for incident concussion. History of prior
concussion has been reported as a risk factor for concussion
in multiple prior studies,”*" likely owing to its function as a
marker of risk. In other words, a prior history of concussion
suggests a greater propensity to concussion, whether owing to
genetic factors or environmental exposure (such as style of play
or position). To our knowledge, depression history has not pre-
viously been reported as a risk factor for concussion in a pro-
spective manner. Studies have reported an association between
depression and concussion,” as well as increases in risk of de-
pression after either a single or multiple concussions.” ™ In
addition, there is evidence for a relationship between depres-
sion and persistent symptoms of concussion,” and treat-
ments for depression (such as cognitive-behavioral therapy and
medication) have been found to be beneficial for treating youth
with persistent concussion symptoms.” In sum, the relation-
ship between depression and concussion is complex and this
study adds important data on younger players. It is possible
that athletes with a history of depression are more sensitive
to their own symptoms and thus more likely to report them
and be diagnosed with a concussion. It is also possible that a
history of depression is in some manner linked to a greater
susceptibility for concussion, perhaps owing to the increased
risk taking associated with depression.”>”” However, the esti-
mates regarding depression in the current study were based
on small numbers, and further research is needed to confirm
and understand this relationship. Prior studies have reported
that history of headaches™?*” and attention problems> were risk

Chrisman et al



April 2019

ORIGINAL ARTICLES

Return to School
N =39 (12 excluded: 11 were concussed before start of school; 1 had no postconcussion data on return to school)

0.75 1.00
1 1

Proportion returned to school
0.50
1

o

O_ -

(=] T T T T T T T

0 5 10 15 20 25 30
A Weeks since injury
Return to Play
° N =49 (2 excluded: no postconcussion data on return to play). Censoring shown in red.
3 1

Proportion returned to play
0.50
1

0.00
1

o
(&)
-
o

15 20 25 30

B Weeks since injury

Return to Baseline Symptoms
N =50 (1 excluded: no postconcussion data on return to baseline symptoms). Censoring shown in red.

Proportion returned to baseline symptoms
0.25 0.50
1 1

0.00
1

11

@)

15 20 25 30

Weeks since injury

Figure 2. Kaplan-Meier survival curves illustrating A, time to return to school full-time B, time to return to sport and C, time to
return to baseline level of symptoms following concussion in Seattle youth football players, 2016-18.

factors for incident concussion, but they were not significant
risk factors in this study.

There is currently a dearth of studies regarding natural
history of concussive symptoms and return to school and sport
in youth younger than high school. Kerr et al reported 16%

of concussed youth 5-14 years old returned to sport in more
than 1 month, similar to the levels we report here (10% waited
longer than 1 month).*® Studies in clinical populations have
reported more prolonged durations of symptoms, likely because
individuals who seek care for concussion either have more
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severe injury or greater distress, both of which increase the like-
lihood of prolonged symptoms.*® Thomas et al reported that
21% of youth 10-12 years old and 53% of those 13-15 years
old were still symptomatic 28 days after injury.'"® We believe
our estimates are likely more representative of the true natural
history in this age group given that we are sampling directly
from sports teams, but further research is needed in this area.

Three youth in this study were confirmed to have re-
turned to sport before complete resolution of symptoms, which
was not in line with the Zurich consensus guidelines used at
the time.®' It is possible that additional youth might have mini-
mized symptoms, and thus the true number returning while
symptomatic may be greater. Although the return of these youth
was not excessively rapid, with 2 returning 7 days after injury
(an adequate amount of time to complete a graduated return
to sport) and the other 29 days after injury, it is still concern-
ing that they may have played while not fully recovered, which
would place them at risk for more severe injury.® When man-
aging extremity injuries such as fractures and strains, time since
injury is used in combination with clinical examination and
symptom report to determine readiness to return to sport,”
and perhaps a similar strategy should be used for concus-
sion. Further research is also needed to develop and refine ob-
jective measures that would allow us the ability to determine
readiness to return to sport without relying on symptom report.

This study was limited by a moderate participation rate
(35%), which increases susceptibility to bias, because more con-
scientious athletes and parents might have chosen to partici-
pate. However, the group that participated was large (>900
player-seasons), and we were able to obtain follow-up mea-
sures on all individuals in the sample who sustained a con-
cussion. An additional limitation arose from the moderate
number of concussed athletes.” Although we followed a large
number of athletes, concussion is rare and this limited the final
sample size of injured athletes. Given the dearth of studies in
the literature examining concussion in youth football, the
methodologic limitations of those studies, and the complex-
ity of completing prospective cohort studies on relatively rare
injuries, we believe this study adds significantly to the evi-
dence base regarding football-related concussion in youth.

Further longitudinal research is needed with larger samples
to affirm these findings, better understand the appropriate
timing of return to school and sport, and explore potential
means for prevention of both head impact exposure and con-
cussion for youth football athletes. B
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Sensory Isolation Therapy of Autistic Children
Schechter MD, Shurley JT, Toussieng PW, Maier WJ. J Pediatr 1969;74:564-9.

hildren with autism can have sensory symptoms including hyporesponsiveness, hyperresponsiveness, and sensory

seeking.' Fifty years ago, it was perceived that children with autism are disturbed by these sensory experiences
and develop defensiveness. This theory of sensory deprivation in autism formed the basis for sensory isolation therapy.
Schecter et al reported their experiences with sensory isolation therapy in 3 autistic boys. The subjects were kept in a
closed hospital room with a single mattress and a toilet for 40-74 days, provided food throughout the day, and their
activities were viewed through an observation window. Authors observed that they became more sociable and more
interested in people after isolation, which improved interaction with their parents. Later, Schopler and Reicher also
explored the sensory deprivation theory to devise their sensory modulation therapies for children with autism.? This
form of isolation experiment invited ethical concerns, there was no further research beyond the 1970s.

In last 50 years, we have moved far away from the theories of sensory deprivation and “refrigerator mother” to theo-
ries of altered neural connectivity, neuroinflammation, and synaptopathies in the pathogenesis of autism.” Early in-
tensive, structured behavioral intervention remains the mainstay of treatment for addressing the core symptoms of
autism spectrum disorder. Sensory symptoms are handled with sensory integration therapies rather than sensory iso-
lation strategies. If enhanced sensations are provided to the child with a just right challenge, adaptive response takes
place at the level of a synapse leading to a change in behavior.* Sensory integration therapies are often used in con-
junction with other treatments to help a child with sensory problem experience an optimal level of arousal and regu-
lation. Currently approved behavioral strategies also include applied behavior analysis, the treatment and education
of autistic and communication related handicapped children (TEACCH) model of structured teaching, and other sensory
integration therapies including sensory diet.
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(Table III. Characteristics of football-related concus-1
sions in a Seattle youth league, 2016-2018
n (%)
Location
Game 33 (64.7)
Practice 18 (35.3)
Mechanism of injury
Head to head 24 (47.0)
Head to ground 19 (37.3)
Head to body 7 (13.7)
Missing 1 (2.0
Removed from play
Immediately 30 (58.8)
Later that game/practice 12 (23.5)
Not removed during game/practice 7 (13.7)
Missing 2 (4.0)
Loss of consciousness
No 46 (90.2)
Yes 4 (7.8)
Missing 1 (2.0
Grade in school
2 1 (2.0
3 4 (7.8)
4 7 (13.7)
5 9 (17.6)
6 7 (13.7)
7 9 (17.6)
8 14 (27.4)
. J
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