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Abstract

The current treatment of concussion or mild traumatic brain injury (mTBI) is primarily based on expert consensus.
Most clinical practice guidelines advise cognitive and physical rest after injury including withdrawal from normal
life activities such as school attendance, sports participation, and technology use until symptoms resolve. Some
individuals who sustain an mTBI experience persistent physical, cognitive, and mental health problems. Activity
restriction itself may contribute to protracted recovery and other complications. Williamson’s Activity Restriction
Model of Depression, formulated more than 20 years ago, is central to this hypothesis. We review research evidence
for potential harms of prolonged activity restriction and report an mTBI case as an example of how an “activity
restriction cascade” can unfold. According to this model, psychological consequences of removal from validating life
activities, combined with physical deconditioning, contribute to the development and persistence of postconcussive
symptoms after mTBI in some youth. A modification to mTBI guidelines that emphasizes prompt reengagement in

life activities as tolerated is encouraged.
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Introduction

Concussion, or mild traumatic brain injury (mTBI), is a
common injury. At least 3 million cases are reported in
the United States every year.' Recent increased media
attention has raised awareness among youth, parents,
coaches, and school personnel, and the injured are now
encouraged and even mandated to seeck medical
attention.” Concussion therefore represents a major public
health concern, with growing expenditures related to
acute care, education, and management.3 Fortunately, the
majority of individuals recover swiftly."® Parental fears
about concussion may be a contributing factor to
decreased rates of participation in youth wrestling.” The
President of the United States has even weighed in, indi-
cating that “I would not let my son play football.”"

One of the most widely implemented interventions
for concussion is prescribed physical and cognitive rest,
perhaps as an outcome of large-scale multimedia cam-
paigns to disseminate expert consensus guidelines that
advocate rest.'™!" The rationale draws from the basic
science findings with animal models that (@) the brain is
in a state of neurometabolic crisis following injury,'*"*

(b) a second injury during recovery can result in magni-
fied pathophysiology and behavioral deficits,””"” and
(c) animals that are allowed to exercise too soon after
injury do not show the expected exercise-induced
increases in molecular markers of neuroplasticity."®*' A
period of rest, then, is hypothesized to facilitate dynamic
restoration of the acute neurometabolic disturbance fol-
lowing injury and prevent harms associated with exces-
sive neurometabolic demand.
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As part of a concussion management strategy, youth
are frequently removed from sports and physical activity
and instructed to avoid activities that are perceived as
cognitively demanding like schoolwork, cellular phone
use, and videomatchs.*® In our experience from different
regions of the United States and Canada, primary care
providers sometimes discourage exercise and cogni-
tively challenging activities for weeks, months, or even
longer, especially in children. Although well-intentioned,
we believe that in many cases prolonged rest may do
more harm than good, and as with other interventions,
the potential benefits of prescribing long-term rest or
withdrawal from activities should be weighed against
the potential harms. This is our central thesis. The pres-
ent article briefly reviews the basis for prescribing rest
followed by a discussion of the challenges in imple-
menting this intervention, as well as its potential for
negatively impacting recovery from concussion.
Negative consequences of prolonged activity restriction
are discussed, and the rationale for supporting an active
recovery from concussion is provided.

Case

ME was a physically and psychologically healthy
youth until the winter of his second year of high school.
While wrestling, he was injured when another player
elbowed him in the head. He was able to finish the
match, but afterwards experienced a nondebilitating
headache. He reported this symptom to an athletic
trainer a day later, and because of concerns regarding
concussion, he was told to restrict his activity, both
physically and cognitively. He was kept home from
school for 2 weeks, and not allowed to participate in
any wrestling, a sport he had played since childhood.
(In fact, he was intending to transfer schools to improve
his chances of participating at the collegiate level.) He
was seen at a concussion clinic, and recommendations
were made for a partial return to school with accom-
modations. Although exercise was allowed, he was
instructed to immediately stop exercising if he experi-
enced any of a long list of “postconcussive” symptoms
that were delineated in a handout given to the family.
His mood declined and he missed weeks of school.
When he finally attempted to return to play several
months after his initial injury, he experienced mild
headache and dizziness during vigorous exercise.
These symptoms were assumed to be directly attribut-
able to his concussion, and he was told once again to
stop exercising. On transferring schools, accommoda-
tions to allow for breaks and absences if necessary
were put in place, and he was restricted from wrestling.
After 2 weeks at the new school, his mother indicated

that he was transferring back to his previous school,
and he would not be wrestling again because of con-
cerns about the risk of future concussive injury.

The case of ME demonstrates the sequence of events
that some individuals who have persistent symptoms
after a concussion may experience. Virtually all of ME’s
symptomatology, including headaches, dizziness, stress,
and depressive difficulties, were consistently attributed
to ongoing manifestations of concussion. In his case, we
believe that the clinical management itself, including the
implied messaging regarding the dangers of exertion,
almost certainly contributed to his poor functional
outcome.

The Evolution of Rest in Clinical Management
Guidelines for mTBI

Expert opinion on the role of rest in the clinical manage-
ment of traumatic brain injury has varied greatly over the
past century. Early advocacy for rest in the 1920/1930s**
seems to have been countered with skepticism by the
1950s, when several authors cautioned of the potential
psychological” and physiological®® harmful effects of
prolonged rest. However, the first Consensus Statement
on Concussion in Sport introduced “no activity, complete
rest” as the initial step toward return to play following
sport-related concussion.”” This was recommended to
continue until the athlete’s symptoms resolved. The rest
until asymptomatic guideline was endorsed in the next 2
iterations of the Consensus Statement on Concussion in
Sport (2005, 2009). The authors of the fourth edition
Consensus Statement™ acknowledged that the evidence
base for the efficacy of rest is “sparse” and the benefits of
resting for more than 48 hours postinjury require further
study. They add, however, that “it is appropriate to extend
the amount of time of asymptomatic rest” for children.
Recommendations for prolonged rest persist elsewhere.
For example, DeMatteo et al*” recently adapted return to
activity guidelines specifically for children and sug-
gested extending the period of asymptomatic rest.
Primarily citing published expert opinions, this team cre-
ated a protocol that involves resting until asymptomatic
and then encouraging an additional week before allow-
ing activity reengagement. A parallel return to school
guideline® similarly advises no school attendance until
the child is symptom free or after 4 weeks of persistent
symptoms with physician clearance.

Empirical Evidence for Rest After mTBI

In the 1950s, Andreassen et al’® experimented with early
mobilization after mTBI in adults and reported better
clinical outcomes in comparison to previous cohorts that
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had enforced rest for 2 to 3 weeks. The first randomized
clinical trial involved adults who presented to an emer-
gency department with mTBIL*' Six days of prescribed
bed rest had no durable benefit over graded mobilization
starting the day after injury. At follow-up, the (nonsig-
nificant) trend favored the early mobilization group
despite differential dropout that should have favored the
bed rest group.®' Three observational and pre—post stud-
ies have provided mixed evidence for the benefits of
time-limited prescribed rest for adolescents and young
adults who sustain a sport-related concussion.****
Thomas and colleagues® recently published the first
randomized controlled trial of rest following mTBI in
adolescents. They randomized patients presenting to an
emergency department to 5 days of strict rest versus
usual care that consisted of 1 or 2 days of rest followed
by gradual return to activity. The strict rest condition did
not result in better symptom, cognitive, or balance out-
comes at 3 or 10 days following injury. Unexpectedly,
adolescents and young adults in the strict rest condition
actually reported more postconcussive symptoms over
the course of the study. In summary, the most method-
ologically rigorous studies to date have not demon-
strated benefit of an initial period of 5 to 6 days of
complete rest over an earlier return to activity. A system-
atic review came to a similar conclusion.*®

Practical Challenges to Implementing Rest

Defining What “Rest” Is. Although rest is widely pre-
scribed following mTBI, it has never been well defined
and the consistency of definitions across studies and
clinical practice guidelines is poor.****?° Some
authors list specific activities to be avoided (eg, sports,
homework, household chores, outings, phone use, play-
ing a musical instrument, and drawing/artwork>®), while
others simply caution against physical and mental exer-
tion. Anecdotally, we find that parents and certain health
care providers believe that “if some rest is good, more is
better” and so encourage even stricter or prolonged rest
than is advised in practice guidelines. Importantly, there
appears to be universal agreement that rest means with-
drawal from usual preinjury life activities including aca-
demic, social, recreational, and athletic.

Complying With Prescribed Rest. Monitoring withdrawal
from daily activities is challenging and typically relies
on self-report of compliance. Adherence to prescribed
rest in intervention studies is also incomplete.*** That
is, even when children and their parents are aware that
compliance is being measured for a research study, they
have difficulty complying with recommendations for
strict rest.

Activity Restriction Does Not Keep the Brain at Rest. The
presumptive rationale for the recommendation to avoid
cognitive and physical activities is to lessen metabolic
demand in the brain to allow healing to occur. This is
based on the premise rest can minimize neurometabolic
activity. In practice, it is difficult to “turn off” brain activ-
ity. Even when subjects are instructed to lay supine with
their eyes closed and not think of anything in particular,
functional magnetic resonance imaging reveals coordi-
nated brain activity.’” Although experienced meditators
can volitionally reduce their brain activity,” the most
apparent effects of meditation in novice subjects is an
altered pattern of regional brain activation.”** A related
concern after mTBI is that cognitively demanding tasks
will increase brain activation and that this brain activation
is harmful. We could not find studies suggesting that think-
ing, reading, or studying cause neurometabolic demands
or changes in the brain that could be harmful. With regard
to exercise, some rodent studies illustrate that vigorous
exercise (ie, running on a wheel) in the initial days follow-
ing fluid percussion injury to the brain is associated with a
suppression of neuromolecular markers of neuroplasticity
and impaired learning."®*' However, translating these ani-
mal model findings into a recommendation for how long a
human should rest and avoid exercise is difficult.

Determining When Rest Should End. Most recommenda-
tions for rest suggest that the period of activity restric-
tion should only end when an individual is no longer
symptomatic from the concussion. To our knowledge,
there are no published studies illustrating that this prac-
tice leads to better clinical outcomes. In fact, in a large
prospective sport-related concussion study examining
athletes required to be symptom-free before returning to
play and athletes who did not engage in a symptom-free
waiting period, no differences were found for any clini-
cal outcome including risk of reinjury, symptom dura-
tion, cognitive functioning, or postural stability.*’
Several authors have also recently highlighted the feasi-
bility of being able to precisely determine when a patient
has truly become “asymptomatic.”**** A major source
of the challenge is that postconcussion-like symptoms
are nonspecific. They occur often in healthy people and
are affected by daily stress.”* Symptoms following
pediatric mTBI are also associated with multiple other
factors unrelated to injury including the existence of
premorbid symptoms,™ premorbid learning and behav-
joral problems,’"** demographic factors,® maladaptive
coping,” comorbid bodily injury and pain,** and paren-
tal anxiety and family stress.>>* Thus, some postinjury
complaints are apt to be misattributed to persistent neu-
robiological effects of the injury and used as the ratio-
nale for ongoing activity restriction.
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Possible Harmful Effects of Rest

Possible Harm #1: Anxiety, Expectations, and the Nocebo
Effect. Craton N, Leslie O.*®** rather dramatically point
out that “being told to stay home and that a text message
may damage your brain must be quite alarming to
patients.” In addition to provoking anxiety in children
and/or parents, expectations may influence the experi-
ence of postconcussion symptoms.”” The “nocebo”
effect (conceptualized as the causation of sickness by
the expectations of sickness and by associated hyper-
arousal) appears to be a significant component of pro-
longed symptoms after concussion in some people.” If
an individual views concussion as a serious injury that
will produce lasting effects, it may in fact create or exac-
erbate the experience of symptoms after an injury.
Indeed, there is strong evidence from adult studies that
expecting a lengthy recovery may prolong actual recov-
ery from mTBL.>**!

Possible Harm #2: Depression and Other Psychological
Complications. Absent from much of the recent concus-
sion literature (with notable exceptions, see Silverberg
and Iverson®) is a consideration of the psychological
impact of removal from normal life circumstances after
injury, whether self-imposed or prescribed. Contempo-
rary concussion management often involves withdrawal
from everyday activities: school, employment, team
involvement, and/or the use of various communication
technologies (eg, phones, computers).”> Activity with-
drawal has generally been accepted as a key to success-
ful recovery by primary care providers.”

However, substantial evidence suggests that with-
drawal from daily validating activities has an adverse
effect on the ability to cope with illness generally, and
activity withdrawal is associated with psychological
complications. Formally postulated more than 20 years
ago, the “Activity Restriction Model of Depression”
indicates that the degree to which one does not, or is
unable to, participate in one’s typical activities is associ-
ated with the likelihood of postillness/injury-related
depressive symptoms.®*® In adolescents, the ability to
engage in social, recreational, and sporting activities—
and be increasingly independent and autonomous—is
important. Activity restriction in adolescents with chronic
health problems appears to directly contribute to depres-
sive symptomatology.”® Supporting evidence for the
model has been found in several medical conditions,
including amputation, cancer, and chronic pain.%>¢7¢
Similar results have been found in the context of neuro-
logic conditions, with higher risk of depression and
reductions in quality of life found in the face of increased
activity restriction after stroke and multiple sclerosis.®*”"
In other words, restriction from activity is a consistent

determinant of depression after experiencing an injury
or life-modifying medical condition.

Studies with children and adolescents with chronic
health conditions have also found that social and physi-
cal activity restriction can have deleterious effects.
Activity restrictions enforced by schools or parents
appear to reinforce feelings of loneliness and isolation
and represent a threat to a child’s sense of self. In a study
focused on children with medically related chronic pain,
limited ability to participate in social and sporting activ-
ities was among the most distressing consequence of
their health problems.®® Evidence also indicates that
being isolated is uncomfortable for most individuals,
with a recent study finding that a significant number of
individuals choose to experience a noxious stimulus
rather than sit quietly without activities or the ability to
communicate.”” In regard to texting and phone use,
recent evidence suggests that separation from the ability
to communicate with others by modern technology can
itself cause distress.”

In short, the ability to participate in normal activity
appears to be a critical and independent determinant of
psychological well-being for individuals after injury or
illness. Yet contemporary clinical management of con-
cussion does not adequately consider the potential nega-
tive impact of prolonged activity restriction on physical
and emotional health.

Possible Harm #3: Physical Deconditioning. Rest, and spe-
cifically bed rest, results in physiologic changes in
humans after a relatively short period of time.”*”
Deconditioning and exercise intolerance can result after
only 2 to 3 days of bed rest. In fact, an extended period
of bed rest is considered to be contraindicated in a broad
range of medical conditions, including stroke, whiplash
injury, and postprocedural recovery.”® Some of the man-
ifestations of deconditioning mimic those reported in the
postconcussion syndrome and may be misinterpreted by
some as attributable to the concussion itself.

Discussion

Rest is endorsed as the primary intervention for concus-
sion by contemporary practice guidelines and it is pre-
scribed by many clinicians. However, there is limited
and inconclusive evidence that rest improves outcomes
from this injury. The central aim of the present article
was to outline why there is reason to be concerned about
not only a lack of efficacy for prolonged rest, but possi-
ble harms, including protracted recovery and complica-
tions. Moreover, prescribing rest is impractical and
generally unacceptable to patients, especially children.
The effect of withdrawal from normal life activities can
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Figure 1. Theoretical model for prolonged rest and activity
restriction contributing to persistent symptoms.

have iatrogenic effects, leading to some of the very
symptoms typically attributed to concussion itself.

The extensive literature relating to adolescent depres-
sion is relevant to sport-related concussion because pre-
existing mental health problems are a risk factor for
prolonged symptoms following mTBI,>*"" and mild
depression, anxiety, and stress are associated with symp-
toms that are very similar or identical to postconcussion
symptoms.”” A study by Lewinsohn and colleagues is
particularly relevant. These authors examined the asso-
ciation between 44 variables and depression in adoles-
cents.* They found 3 variables were strongly and
specifically related to depression: adolescents with
depression were more self-conscious, they had lower
self-esteem, and they changed or decreased their activi-
ties because of physical illness or injury. This study, and
the broader literature on depression in adolescents, is
important because student athletes who are removed
from social, educational, and sporting activities for pro-
longed periods of time might evolve into mild or greater
depression, and mental health problems following an
injury can disrupt social, recreational, and academic
functioning.

In the first few days following injury, rest and reduced
participation in activities might be beneficial for most
children. However, prolonged rest and activity with-
drawal may exacerbate postconcussion symptoms and
produce new symptoms, at least in some people. As seen
in Figure 1, we propose that an “Activity Intolerance”
cascade may occur in some prone individuals after inap-
propriate concussion education and prolonged activity
restriction. In this model, rapid physical deconditioning

after withdrawal from exercise results in a significant
decrease in exercise tolerance. Withdrawal from validat-
ing activities may, in prone individuals, contribute to
mood deterioration, an increasing sense of vulnerability,
avoidance behavior, and anxiety. When providers attri-
bute these and other persistent symptoms to the concus-
sive injury they often prescribe more rest, not realizing
that prolonged rest can itself cause or reinforce these
symptoms. Finally, on attempts at mobilization and
reengagement, the return of symptoms is often ascribed
to ongoing concussion-related problems rather than pos-
sible deconditioning and psychological factors, and
additional rest is encouraged, further contributing to
functional disruption.

We start our treatment of a child with concussion by
screening for preexisting neurodevelopmental or mental
health difficulties that may complicate the recovery,
such as anxiety, depression, or attention deficit hyperac-
tivity disorder. We then provide reassurance that a good
recovery is expected, because education and reassurance
are a common component of most effective early inter-
ventions®**"*? and may even be one of the active ingre-
dients in 2 wuncontrolled studies of time-limited
prescribed rest.**** This is important given the current
media climate that often sensationalizes the purported
dangers of concussion, with many parents and players
worried about long-term consequences. We discourage a
return to high-risk activities soon after injury because of
vulnerability to reinjury." However, we encourage a
gradual return to activities and exercise as tolerated, and
strongly recommend starting a return to school/work
after only a day or two of rest in most cases. Resuming
activities should ideally be gradual and at a pace that
does not exacerbate symptoms. If symptoms do worsen
with activity, they can be met with reassurance, minor
adjustments to the return to learn plan, and symptomatic
treatment (eg, of headache or sleep disturbance). If
patients continue to experience symptoms weeks or
months after injury, we do not believe that this represents
a contraindication to exercise and activity reengagement.
Indeed, in these cases, some empirical data support the
use of exercise to help reduce symptomatology.®*
Some patients with more significant chronic pain,
depression, or other functionally disruptive symptoms
often need multidisciplinary workup and intervention in
our experience. This may include psychological support,
medical therapy, and facilitated rehabilitation. We are
fairly conservative in decisions to return multiply con-
cussed young athletes to high-risk activities given the
unknown long-term risks associated with repeated con-
cussions to the developing brain. However, we are reas-
suring in discussing the possibility of catastrophic
outcomes with parents, because sport-related head
trauma is an extremely uncommon cause of youth sports

Downloaded from cpj.sagepub.com at UNIV TORONTO on July 18, 2015


http://cpj.sagepub.com/

Clinical Pediatrics

related mortality, less common than sudden cardiac
death and even lightning strikes.*® In brief, for most
young athletes, we believe that the benefit of sports
involvement far outweighs the short- or long-term risks
of concussions, and we encourage a return to sports and
other physical recreational activities in most cases.

We encourage a balanced approach to clinical man-
agement. Using prolonged physical and cognitive rest,
and activity withdrawal, is apt to do more harm than
good. Health care providers can have a positive influ-
ence after concussion, based on their professional status
and ability to reassure and direct patients to constructive
methods of recovery. It is also critical to recognize that
outcomes may be worsened by messaging of serious
injury, long-term debilitation, and the need for with-
drawal from reinforcing everyday activities.
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