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Abstract

Concussive brain injury (CBI) is encountered by clinicians in sports medicine, pediatrics,
neurosurgery, neurology, physiatry, and primary care. There is no gold standard diagnostic test for
CBI, nor is there consensus on what neuro-musculoskeletal physical examination (PE) tests should
be performed on patients who have sustained CBI. This paper presents an approach to the history
and PE of the patient who has sustained a CBI that is based on a review of the literature evidence
and the authors’ extensive experience with this patient population. Suggested components include
an elemental neurological exam that emphasizes the oculomotor/ophthalmologic and vestibular
systems, as well as appropriate musculoskeletal assessment of the craniocervical and upper
shoulder girdle complex. The use of supplementary tests for CBI, including assessment of exercise
tolerance using the Buffalo Concussion Treadmill Test and tests of neurocognitive function, can
aid in the differential diagnosis of CBI. The proposed protocol is envisioned for initial and follow-
up assessments in the clinic after CBI, as well as for those with more protracted signs or
symptoms. If symptoms persist beyond 2 weeks in adults or 4 weeks in adolescents, then referral
to a multi-disciplinary center that focuses on CBI is recommended.
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Introduction

Concussive brain injury (CBI) typically results in reversible neurological dysfunction caused
by a direct blow to the head, neck, or elsewhere on the body, with an accelerative or de-
accelerative force transmitted to the head.2 CBI is common in everyday life and is
encountered by clinicians in sports medicine, pediatrics, neurosurgery, neurology, physiatry,
and primary care.3 Outcomes are optimized when patients are seen earlier rather than later
and when they are supported throughout their recovery.? It is of paramount importance to
identify symptom generators given that these patients often have different etiologies for their
complaints that may evolve over time.>~7 Of equal importance is avoiding use of
inappropriate terminology in documenting post-CBI symptoms and signs.8 In this context,
we discourage the use of the term post-concussion syndrome (PCS) given the following
facts:

. A syndrome is a consistent set of findings associated with a condition with
symptom linkage and coupling of symptom resolution.®

. There is no consistency to the signs or symptoms of concussion.
. There is no symptom or set of symptoms that are a-priori diagnostic of CBI.2

After initial assessment, patients with CBI ideally should be seen every few weeks and as
clinically necessary to monitor recovery.10 If they develop persistent symptoms, which some
have referred to as Persistent Post-Concussive Symptoms (PPCS), the frequency can be
reduced provided symptomology and functional status remain stable or are improving. There
is no symptom burden threshold for the diagnostic label of PPCS and careful differential
diagnosis is important so as to not label someone with non-cerebral based impairments as
concussed if their symptoms have an alternate explanation such as cranial trauma or cervical
whiplash. The 5™ Conference In Sport Group (CISG) guidelines defined PPCS as symptoms
persisting for more than 2 weeks in adults and for more than 1 month in children and
adolescents.2 This timeframe, however, has been defined inconsistently across various
studies published on this topic.

There is no gold standard diagnostic test for CBI and no consensus on what tests should be
performed for the neuro-musculoskeletal examination of patients who have sustained CBI.11
Recent literature emphasizes the need for holistic assessment, including musculoskeletal,
given the increased risk of these injuries in the concussion population.12 This paper presents
a detailed assessment methodology for persons with CBI, or claimed CBI, for use in the
outpatient setting by physicians and advance practice providers. Evidence-based medicine
from the published literature has been integrated into the protocol where it is relevant and
available. The proposed protocol is envisioned for initial and follow-up assessments in the
outpatient setting after CBI but not in the acute setting (i.e. sideline or emergency room).

Classification

It is useful to identify predominant signs and symptoms of CBI to begin to understand the
underlying generators and help direct specific treatments* (Figure 1). CBI is a spectrum
disorder, as are the comorbidities that often accompany it. It is therefore not possible to
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place all patients with CBI into specific categories due to the heterogeneity of the
mechanisms of injury (both cerebral and otherwise) as well as the high rate of co-morbid
conditions (i.e., cervical whiplash, depression, anxiety/PTSD, pain, and sleep disruption).
Clinicians must understand that symptoms may be due to more than one post-traumatic
insult. One classification system defines Autonomic/Physiological CBI as persistent
autonomic dysfunction and altered control of cerebral blood flow secondary to the global
cerebral metabolic disturbance that occurs after CBI.13 These patients typically present with
minimal physical examination (PE) abnormalities although they may demonstrate
oculomotor and/or vestibular impairments.14 Autonomic/Physiological CBI patients
frequently experience early exercise intolerance on graded exercise testing (i.e., exercise
limited by symptom exacerbation at < 70% of age-predicted maximum heart rate (HR) on
the Buffalo Concussion Treadmill Test, BCTT).1® Vestibulo-ocular and cervicogenic/
cervicocephalic post-traumatic disorders (PTD) mimic post-CBI symptomatology. These
disorders are not labelled as true post-concussive disorders because they are not considered
to represent ongoing global metabolic and cerebrovascular disturbance of brain function but
rather injuries to the central oculomotor and vestibular sub-systems and/or to the upper
cervical spine, respectively.1® These patients may demonstrate exercise intolerance during
exertion testing but symptom exacerbation typically occurs at a significantly greater
workload (beyond 70% of age-predicted maximum HR) than in Autonomic/Physiological
CBI.17.18 Some patients have primarily affective and/or cognitive symptoms that may be
related to CBI, although other etiologies should be considered. Some of these etiologies
include reactive affective states, sleep-wake cycle disruption, nocebo effects of the
diagnosis, or post-traumatic pain issues. In the authors’ experience, PPCS patients with
primarily affective and/or cognitive impairments are capable of exercising to exhaustion
during graded exercise testing without symptom exacerbation. These patients require an
interdisciplinary team approach to treatment that may include a physician, physical therapist,
psychologist and/or a speech-language pathologist.19:20

The first step in CBI assessment in the outpatient setting is a detailed account of the injury
and a comprehensive medical history. The history should ideally be taken from multiple
sources and should include a validated concussion symptom questionnaire [e.g., the Post-
Concussion Symptom Scale (PCSS)?! and the Post-Concussion Symptom Inventory
(PCSI)22] and assessment of neurocognitive (NC) function and behavior. Symptom
questionnaires have been advocated to facilitate a more thorough systems review and focus
subsequent assessment, but some have questioned the potential downside of symptom
questionnaires since they may reinforce illness behavior and/or create reporting bias that
encourages over-endorsement of symptoms that might not otherwise have been reported on
free recall inquiry.18.23 Information about symptoms is essential to CBI management, but
relying solely on subjective reports is problematic because there can be significant variation
in symptom reporting, from athletes who may under-report symptoms to persons with
potential secondary gain incentives who are more likely to over-report symptom severity and
frequency.24 It is important to document pre-existing medical conditions that may put a
patient at increased risk of developing PPCS or confound assessment relative to
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apportionment of impairment. These conditions include a history of previous CBI, migraine
headaches, learning disorders, psychiatric conditions such as depression and anxiety, and
pre-existing ophthalmological conditions such as strabismus or convergence insufficiency.
425 Other risk factors for developing PPCS include female sex, pre-injury genetic
susceptibility, type of forces applied to the head/brain (rotational is worse than linear),
endocrine influences, secondary gain incentives, degree of exercise intolerance on
systematic testing in the first week after injury, vestibular and oculomotor PE abnormalities,
and the nature and burden of early post-concussive symptoms.26-32

A neurocognitive screen should be performed within the first two weeks, as clinically
indicated, using a standardized assessment tool. The most common is the Standardized
Assessment of Concussion (SAC) of the Sport Concussion Assessment Tool 5 (SCAT5),33
which briefly measures orientation, memory, and concentration. Results of the
neurocognitive screen can be compared with concussion symptom questionnaires for
validation. Neurocognitive assessment is further described under Supplementary Testing.

Depending on the circumstances surrounding the injury, a determination should be made
regarding the need for behavioral assessment as related to risk factors for post-traumatic
psychologic or psychiatric impairment. The more common behavioral changes reported in
the evidence-based literature include acute stress disorder (diagnosable only within the first
30 days post-event), post-traumatic stress disorder (diagnosable only after 30 days post-
event), and/or other anxiety disorders and depression.1934 There are many different methods
to assess behavioral change following CBI; some are brief without high levels of specificity
and sensitivity whereas others are considered gold standards, such as the Minnesota
Multiphasic Personality Inventory or Personality Assessment Inventory. These tests must be
interpreted in context and with familiarity to how persons with post-traumatic impairments
may respond given that these tests were originally designed for psychiatric populations.3°
Some behavioral measures are diagnosis-specific, such as the Trauma Symptom Inventory36
or Detailed Assessment of Post-Traumatic Stress.3” When possible, measures that include
information on reporting validity and response bias should be utilized.

Physical Examination

Following the history and NC/behavioral assessment, clinicians should perform a focused
PE at the initial outpatient visit. PE findings, combined with history and supplementary
testing where indicated, will facilitate differential diagnosis. A comprehensive PE is always
indicated at the initial encounter because some trauma-related abnormalities may develop in
the 24 hours after injury that were not present during initial assessment.?

General Assessment Overview

Assessment in the outpatient setting is different from assessment in the acute setting. In the
acute setting of a suspected CBI (for example, on the field or emergency room), a thorough
and organized physical should first establish the degree of injury to all parts of the body and
with additional focus on the cervical spine. With any unconscious or obtunded patient,
clinicians should consider that the patient has sustained a cervical injury until it can be
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safely ruled out. For the conscious patient, the assessment, ideally, should be performed in a
quiet place to optimize concentration and minimize distractions.

For the sub-acute setting in a multidisciplinary clinic, a general survey should inspect for
bruising, swelling, and/or deformities with special attention to the face, scalp, neck and
shoulder girdles. Persistent rhinorrhea or otorrhea, as well as racoon’s eyes or Battle’s sign,
may suggest a basilar skull fracture and CSF leak, which should provoke neurosurgical
consultation.38 The survey should make note of any musculoskeletal findings including body
asymmetries (e.g., head tilt, shoulder droop, tilted pelvis, leg length discrepancy or
asymmetric gait), postural abnormalities (e.g., forward head posture, rounded shoulders,
stance or pelvic alignment), and observation of cervical and lumbar lordosis. The elemental
neurological assessment should include cognitive-behavioral screening, CN | — XIlI, reflexes,
sensory exam, visual field exam, cerebellar exam, motor assessment including manual
muscle testing of the upper and lower extremities, and assessment of drift.22 The peripheral
neurological examination should include assessment of neuralgic and/or neuritic headache
pain generators such as supra-orbital, auriculotemporal and occipital neuralgia. Trauma to
the neck is a known etiology of occipital neuralgia (which may involve the lesser, greater
and/or third occipital nerves).3 Although there is no consensus on the specifics of the
craniofacial or upper cervical peripheral neurological exam, assessment for
trigeminocervical involvement is critical in the context of diagnosing specific post-traumatic
pain generators, including headache. Tenderness to palpation in any portion of the nerve
branch, and/or a positive Tinel’s sign over the nerve, is strongly suggestive of nerve
sensitization and a neuritic or neuralgic source of pain. Additional evidence of nerve
hypersensitivity (including central sensitization) is pain that refers into the sensory
distribution of the nerve when the more proximal end of the nerve is stimulated.

Buffalo Concussion Physical Exam

The Buffalo Concussion Physical Examination (BCPE) is a brief and focused PE for CBI.10
A sample BCPE assessment form, along with directions on how to perform, is presented as a
supplementary table. After vital signs are measured, the BCPE takes about 5 minutes to
perform and is convenient enough to perform at every visit.

Orthostatic Vital Signs:

Autonomic dysregulation is common after CBI and may present with symptoms of
orthostatic hypotension, dizziness/vestibular dysfunction, postural orthostatic tachycardia
syndrome (POTS), or altered HR and blood pressure (BP) responses at rest and during
exercise.*0 According to the American Autonomic Society, orthostatic hypotension (OH) is
defined as a 20 mmHg or greater reduction in systolic BP or a >10 mmHg reduction in
diastolic BP after 1 and 3 minutes of standing from the supine position.#! Since the
prevalence of OH is between 5-30% in the non-concussed population, this change in BP is
clinically significant when it is accompanied by symptoms of dizziness or lightheadedness.
42 patients with symptoms upon standing may have orthostasis and/or central vestibular
dysfunction.*344 HR response is useful since a rise in HR (>40 bpm standing vs. supine)
with a drop in BP usually indicates hypovolemia whereas lack of HR response is more
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consistent with a central neurogenic cause. Patients with symptoms of dizziness or vertigo
while supine are more likely to have a peripheral vestibular injury and performance of the
Dix-Hallpike maneuver*® and otoscopic examination may be indicated. Orthostatic vital
signs are measured only supine to standing since two-thirds of cases can be missed if
performed in the seated to standing position.#6 Common sources of error for measuring BP
include not maintaining the arm at the level of the heart, using an improperly sized cuff, and
rapid cuff deflation in those with a slow HR.4” To save time in clinical practice, this can be
measured by an allied health professional prior to seeing the physician.

Cervical Examination:

The neck and sub-occipital regions are frequently involved in trauma associated with CBI
and/or in isolated cervical whiplash injuries which present with similar symptoms to CBI,
including headache, dizziness, blurred vision, tinnitus, reduced concentration, and balance
difficulties.*8-50 Physical tests can help differentiate between cervical injury and CBI to
direct appropriate evidence-based treatment. The BCPE includes range of motion and
palpation of the neck and sub-occipital regions for muscle tenderness and spasm. Apart from
this, there are several additional tests for cervical examination that can be performed when
clinically indicated. Given the high incidence of headache in this population, clinicians need
to be aware of the evidence supporting the most useful assessment techniques. A 2016
Delphi study5? concluded that the most useful techniques used by physical therapists for
patients with headache includes the cranio-cervical flexion test, cervical flexion rotation test,
active range of cervical movement, trigger point palpation, muscle tests of the shoulder
girdle, passive physiological inter-vertebral movements, thoracic spine screening, and
combined movement tests. Table 1 presents a comprehensive list of cervical tests, with
directions and reliability, which may be used to assess the neck when clinically indicated.
The cervical flexion rotation test, smooth-pursuit neck torsion test and cervical-joint
reposition error test have been shown to have high reliability and strong diagnostic accuracy
for diagnosing cervicogenic headache, which is often a comorbid contributor or sole cause
of headache in this patient population.52-54 They attempt to minimize visual and vestibular
factors while targeting cervical position and movement-sensory information to help isolate
cervical pathology. The cervical-joint reposition error test identifies damage to muscle
spindles in the neck while the smooth-pursuit neck torsion test is for identifying
cervicogenic disturbances.>® The right and left alar ligament tests assesses the integrity of
the upper cervical spine using lateral flexion, which has been validated to significantly
increase the length of the contralateral alar ligament.%8 The transverse ligament integrity of
the cervical spine can be assessed using the Sharp Purser test.5”:58 Spurling’s test for
cervical radiculopathy is best viewed as confirmatory rather than as a screening test due to
its high specificity and low sensitivity.%9 In patients with cervical instability, Spurling’s test
should be performed with caution due to the provocative stress required.

Head and Face Examination:

Palpation of the face, head, pericranial musculature, temporomandibular joints (TMJ),
muscles of mastication, craniocervical junction, cervical and thoracic spine, and the
shoulders should be performed. To attempt to assess activated trigger points and referred
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pain patterns, the palpation must be carefully performed in a layer-by-layer fashion. Jaw
range of mation and palpation will help evaluate malocclusion, myofascial involvement of
masticatory muscles, TMJ pain or, in rare cases, jaw fracture.60 The TMJ should also be
auscultated, as clinically indicated, for abnormal articular sounds (clicking, popping,
grinding)81-62 Auscultation for bruits should be done as appropriate over the carotids,
temporal arteries, closed eyes, and mastoids to assess for vascular turbulence that might be
due to post-traumatic vascular anomalies such as fistulas or dissections.

Cranial Nerve Examination:

The initial evaluation should entail a neurological examination of all twelve cranial nerves
(CN). This part of the BCPE contains those nerves not assessed during the oculomotor
portion of the examination. Isolated abnormalities may suggest a brainstem lesion and
should prompt further investigation including cerebral MRI with thin cuts of the posterior
fossa. Re-examination of initially normal CN findings on follow-up visits can be omitted;
however, abnormal CN exam findings should be serially assessed. The most commonly®3
affected CN after CBI is CN I; yet, it is frequently not assessed. These patients may present
with complaints of altered taste as opposed to altered smell per se. Standardized tests for
olfaction include the Doty Smell Identification Tests (ideally 40 item) and Green’s Alberta
Smell Test.54 However, these tests may not be available so a good history and a readily
available non-irritating aromatic substance (e.g. coffee grounds) can provide the information
clinicians need without the expense and time of standardized tests.

Oculomotor and Ophthalmological Examination:

Fundoscopy should be performed at the first visit using a standard ophthalmoscope to assess
blurring of optic nerve borders that could indicate increased intracranial pressure (although
this phenomenon is of very low frequency after CBI).55:66 If there are any concerns about
the presence of optic disc pallor (suggesting increased intracranial pressure), the patient
should be immediately referred to ophthalmology for a dilated examination.8” Abnormal
results should prompt immediate neurosurgical referral. New symptoms of floaters and
flashing lights may also be an indication for referral to ophthalmology. Abnormal smooth
pursuits, repetitive saccades, vestibulo-ocular reflex (VOR), near point of convergence
(NPC, binocular vision), and abnormal accommodation (monocular vision) are common
after CBI and should be documented.88 Abnormal and/or symptomatic repetitive saccades
and smooth pursuits (complaints of blurred vision, headache, dizziness and/or non-smooth
motion) may be associated with prolonged recovery.89 Due to age-related changes in the eye
and face, normal NPC values are lower in children (diplopia reported >6 cm from the
forehead) than in adults (diplopia reported >10 cm from the forehead).”® Accurate
performance of these tests requires examiner experience as the specific tests involve
observing for relatively subtle impairments.

Vestibular Examination:

Postural control and motor coordination problems are common after CBI and could lead to
further injuries during sport or work.”? Objective signs of vestibular pathology may not be
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detectable at rest but only upon provocation, potentially pointing to subtle vestibular
pathology.®® The Balance Error Scoring System (BESS) test and the modified BESS are
validated tests that are typically used to assess balance on the sport sideline.”2 For clinicians
in a busy clinic, tandem gait and tandem stance (also referred to as a Sharpened Romberg)
are more useful tests because of their convenience and high inter-rater reliability.”3 Other
tests for vestibular assessment may be considered, including the Nylen-Barany or Hallpike
maneuver,*® head shaking test,”* and the Hennebert’s test.”> Detailed vestibular
assessment’® is indicated if the patient complains of dizziness/lightheadedness in the supine
position. It is important for clinicians to remember that there can be multiple reasons for
post-traumatic dizziness and that a thorough line of questioning can help guide the clinician
to what the generators are for this symptom. Some patients will report true vertigo whereas
others will report a general feeling of wooziness or imbalance. The aforementioned
symptoms should be differentiated from those that suggest a dysautonomic problem such as
lightheadedness on arising. Dizziness complaints can be seen with labyrinthine concussion,
benign paroxysmal positional vertigo, perilymphatic fistulas, post-traumatic endolymphatic
hydrops, and cervicogenic vertigo.

Supplementary Testing

Exercise Tolerance Testing:

Exercise tolerance after CBI may be assessed using a graded exercise test such as the
Buffalo Concussion Treadmill Test (BCTT)’ or the Buffalo Concussion Bike Test (BCBT).
78 The BCTT is safe to perform within the first week in adolescents after CBI7” and early
exercise intolerance at the initial exam is a sensitive indicator of Autonomic/Physiological
CBI.77 The HR at symptom exacerbation will improve as the patient recovers so
classification is based on the initial test in the sub-acute phase. The ability to exercise to
maximum without symptom exacerbation and patient report of a baseline level of symptoms
at rest correlates with cardiovascular and cerebrovascular physiological recovery from CBI.
7T The BCBT is recommended for significant vestibular complaints or other injuries that
prevent them from walking safely on a treadmill. Exercise that rapidly raises HR, for
example, weight lifting or sprinting, is not recommended for assessing CBI patients because
the concussed brain does not tolerate a rapid increase in BP.

Neurocognitive Testing:

As mentioned above, complete CBI assessment must include neurocognitive assessment.
Formal neurocognitive testing performed by a neuropsychologist is not always
recommended but should be considered if the patient complains of persistent cognitive
difficulties. For example, if significant deficiencies are identified at the initial evaluation,
then serial neurocognitive screening should be performed. Computerized neurocognitive
testing (CNT), such as Concussion Vital Signs or the Immediate Post-concussion
Assessment and Cognitive Testing (ImPACT), are an alternative to more comprehensive and
formal neuropsychological evaluation that have been shown to be sensitive to measuring
subtle cognitive impairments after CBI and tracking of same over time.”980 CNT has the
advantage of being time efficient, self-scoring, and with immediate report feedback.
Baseline pre-injury CNT provides a comparison tool that affords even greater accuracy in
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detecting post-CBI neurocognitive impairments.81 However, CNT should not be the sole
determinant in clinical decision-making as there are several concerns regarding invalid
performances®2 and re-test reliability.83 A systematic review®? of IMPACT’s invalidity
indicators suggests that these measures miss invalid performance approximately 20% of the
time when individuals purposefully underperform. It has been shown that remarkably high
rates of athletic trainers, who often utilize these tests, do not double check for baseline
validity and may be inadequately trained to conduct or interpret CNT.8 No matter the
neurocognitive test chosen, clinicians should inform patients of their results and their
functional implications. As appropriate, compensatory strategies for identified cognitive
impairments should be discussed. Advice should be provided based in part on
neurocognitive testing regarding issues such as return to school or work. Formal
neurocognitive testing done by a neuropsychologist should be considered if significant
cognitive difficulties persist beyond 2 months post-injury.84 Such testing can help to more
clearly identify the range of cognitive difficulties as well as the contribution of affective,
pain, and other factors to the profile generated, and can assist with recommending
specifically tailored cognitive compensatory strategies and specialized counseling.8% Formal
neurocognitive testing represents the gold standard for delineating cognitive status but is
time consuming, expensive and requires a trained neuropsychologist.

There is lack of scientific consensus on the definition of recovery from CBI. The latest CISG
guidelines? define clinical recovery from sport-related CBI as a return to normal activities
without any exacerbation of symptoms during step-wise return-to-play and return-to-learn
protocols. The earlier CISG guideline8® stated that a return-to-play protocol should begin
when there is resolution of all post-injury symptoms. Several studies,8” however, have
shown that non-injured people commonly report symptoms on concussion symptom
checklists so return to baseline level of symptoms is preferred.88 There is also inconsistency
between clinical and physiological recovery, with physiological recovery outlasting clinical
recovery in most cases.8 This is due to the variety of measures used to define physiological
recovery from CBI, which include cardiovascular metrics, electrophysiology, and advanced
functional imaging.2 An evidence-based definition of recovery from CBI is important given
the risk of more severe consequences should repeat injury occur before recovery®? and
increased awareness of possible long-term effects.%1 A recent systematic review%2 found that
the most common criteria to define recovery from CBI were self-reported symptoms and
neurocognitive assessment. Physical exertion assessment was less commonly used. This
review concluded that it was most clinically useful to use a combination of criteria to define
recovery from CBI, including return to baseline level of symptoms, baseline level of
cognition, a normal PE (including assessment of cervical, oculomotor, and vestibular
subsystems) and, in certain cases, exercise tolerance testing.

Conclusions

This paper presents a suggested paradigm for a pertinent and practical assessment for
patients following CBI that includes history, neurocognitive and behavioral screen, PE that
includes an elemental neurological exam, oculomotor/ophthalmologic and vestibular
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systems, and musculoskeletal assessment of the cervical region. The proposed evaluation
combines elements of the SCATS5,33 Vestibular/Ocular Motor Screening,5% and BCPE10
while adding greater emphasis to the cervical spine and adjunct tests such as the BCTT/
BCBT. It is recommended that patients should be evaluated every 1-2 weeks until recovery.
If symptoms persist beyond 2 weeks for adults and 4 weeks for adolescents, then referral to
a multi-disciplinary center that focuses on CBI is recommended.?

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Overview of classification and management
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