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Online Supplemental Material
Behavioral health interventions for persistent postconcussion symptoms (PPCS)

Patients are frequently referred to behavioral health providers such as
neuropsychologists, rehabilitation psychologists, health psychologists and/or psychiatrists,
particularly when they are experiencing cognitive, emotional, or behavioral changes that
accompany PPCS. A referral to a behavioral or mental health provider for evaluation and
treatment is strongly recommended if a patient with PPCS reports the following signs or
symptoms that can adversely affect recovery and quality of life: cognitive symptoms,
emotional/behavioral symptoms (e.g., psychiatric disorder, difficulty coping), excessive
symptoms or worsening symptoms (without underlying medical cause), persisting/chronic pain
(e.g., headache, neck or back pain, etc.), substance abuse/dependence, functional impairment
(e.g., inability to return to work or school), litigation, disability, or workman’s compensation
claims. Once referred, behavioral health providers can implement various behavioral health
interventions for PPCS, though they may be conceptualized in three distinct ways: (a) symptom
management (e.g., symptom reduction), (b) cognitive restructuring, and/or (c) preventative
treatment.

Symptom management

Treatment for PPCS, like many treatments in medicine, is often geared toward symptom
management. Behavioral health specialists help patients develop behavioral programs to
facilitate symptom management (e.g., reduction of pain, improving sleep hygiene, using
moderation during daily activities that exacerbate symptoms). For example, patients with chronic

daily headache or neck pain may benefit from learning progressive muscle relaxation or



biofeedback procedures from a qualified health psychologist. Cognitive rehabilitation may also
prove useful in patients experiencing cognitive difficulties and symptoms (e.g., attentional and
executive dysfunction) that are commonly reported among PPCS patients.

Cognitive restructuring

Cognitive-behavioral health treatments that focus on cognitive restructuring are like
symptom management approaches in that they are delivered to patients that remain symptomatic
beyond the window of normal recovery following mTBI. Patients with well-established PPCS
frequently develop inaccurate or distorted perceptions of their injury, their recovery, their
preserved abilities and their outcome (Ferguson & Mittenberg, 1996; Iverson et al., 2007;
Plourde et al., 2020). Because persistent symptoms are nonspecific to PPCS, and because they
are so prevalent in normal, healthy and/or non-brain-injured persons (Caccese et al., 2021;
Iverson et al., 2015), we know that some patients with PPCS are misattributing symptoms to
their injury that are better explained by another source. For example, attention and memory
concerns post-injury may be more related to narcotic pain medication or a posttraumatic stress
reaction associated with a motor vehicle collision than a mTBI.

Psychotherapies focusing on cognitive restructuring work toward dismantling the
distorted self-perceptions that frequently accompany PCS and replacing them with accurate
appraisals related to one’s injury, recovery, preserved ability and outcome postinjury (Ferguson
& Mittenberg, 1996; Miller & Mittenberg, 1998). Cognitive behavioral therapies can also assist
in attenuating adverse reactions to physiological symptom-driven PPCS and disrupt the negative
feedback loop by which physical symptoms cause emotional distress, which elevates one’s
physiological stress response and compounds symptoms. Ferguson and Mittenberg (1996)

developed a six session structured cognitive behavioral therapy program that helps patients



understand how psychological factors can intensify and maintain PPCS, and facilitates
development of cognitive behavioral techniques to manage stress and cope more effectively with
persistent postconcussion-related symptoms.
Preventative treatment

While symptom management and cognitive restructuring approaches are very important
for patient health and quality of life, treatment approaches focusing on prevention of PPCS are
ideal. Early preventative interventions for PPCS essentially inoculate patients against a purely
neurobiological perspective of concussion, which help them take personal control over aspects of
their recovery that are modifiable, and view their injury, recovery and symptoms as objectively
as possible (Ferguson & Mittenberg, 1996; Miller & Mittenberg, 1998; Mittenberg, et al., 2001).
Active rehabilitation approaches also facilitate optimal recovery and reduce risk for PPCS, likely
through physiological and psychological means (e.g., reducing anxiety related to fears of
provoking and exacerbating symptoms, or inducing further brain injury; Leddy, et al., 2018).
Because psychological and behavioral contributors of PPCS are often modifiable, it should not
be surprising that mTBI patients who receive brief behavioral health or education treatments
very early post-injury (within hours or days) report fewer and less severe PPCS months later
relative to control patients with mTBI who do not receive brief behavioral or educational
interventions (Borg et al., 2004; Comper, et al., 2005; Mittenberg, et al., 1996; Paniak, et al.,

2000; Ponsford et al., 2001, 2002; Rytter et al., 2021) .
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