
COMMENTARY

Time to Change from a Symptom-based
Concussion Assessment to a Structured
Physical Examination

We are pleased to write this editorial on con-
cussion assessment for this issue of Aca-
demic Emergency Medicine. The request

was based on the publication of the article by Subbian
et al. on the evaluation of patients with mild traumatic
brain injury (mTBI) in the emergency department (ED).
This Cincinnati-based group describes a robotic device
that objectively assesses upper-extremity motor and
proprioceptive performance. The results of the study
indicate that impaired motor and proprioceptive
performance are associated with delayed recovery from
concussion.

Our research has focused on physiological aspects of
concussion and mTBI1,2 and therefore we were not sur-
prised by the results from the Cincinnati group. Our
research and that of others has identified a number of
important physiological aspects of concussion, including
dysregulation of the autonomic nervous system3 and
disruption of the autoregulatory control of cerebral
blood flow.4 We have demonstrated that concussed
patients have a variety of physiological irregularities
that are most evident during exercise.2,4–6 It is probably
not realistic nor is it recommended to assess concussed
patients on a treadmill in the ED; however, our research
suggests that many signs of concussion can be revealed
through a focused physical examination, with or with-
out a robotic device.

The standard of care in the ED has been a symptom-
based evaluation and decisions around imaging. The
American College of Emergency Medicine provided
very specific advice about the use of CT and MRI in
20087 and while it may be time to revisit the guidelines
due to recent advances in imaging, these guidelines
have provided sound advice for decision making for
years. The Centers for Disease Control and Prevention
published ED guidelines for the evaluation of the con-
cussed patient in 2006 (the “Acute Concussion Evalua-
tion” [ACE]). The ACE includes a symptom scale and
asks a series of questions about loss of consciousness

and amnesia. The format and information gathered was
current for its time but is due for an overhaul. The ACE
does not include a physical examination of concussed
patients.

While the Cincinnati group identified that poor motor
performance in the ED predicted delayed recovery from
concussion, they did not examine for ocular dysfunc-
tion, vestibular dysfunction, or cervical injury, which we
now know often accompany concussion.8,9 We recently
completed a study with acutely concussed adolescents
and compared their physical examination findings with
adolescents that did not have an injury. Physical find-
ings in concussed patients included cervical tenderness,
abnormal oculomotor performance (e.g., abnormal
smooth pursuits, convergence insufficiency and/or
symptomatic saccades), signs of vestibular dysfunction
(abnormal vestibular ocular reflex [VOR] and/or dizzi-
ness during the VOR), and abnormal tandem gait. Con-
sistent with cardiovascular autonomic dysfunction
reported in mTBI patients,10 some concussed adoles-
cents experienced lightheadedness upon standing
accompanied by an orthostatic drop in systolic blood
pressure and/or rise in heart rate, which we interpret to
be a physiological sign of concussion.

Similar to the approach of Mucha et al.,11 when con-
ducting the physical examination we assess whether the
concussed patient experiences new symptoms or symp-
tom exacerbation. For example, a patient may demon-
strate normal oculomotor function while tracking the
examiner’s finger across the visual field but complain of
dizziness or increased headache, which is an abnormal
response. We have since prepared a written guideline
for a physical examination of the concussed patient that
can be performed by the doctor in less than 10 min-
utes.12 You can think of the current editorial as a pre-
view of our recommended physical examination, albeit
with much less detail.

The advantage of a physical examination in the ED is
the quality of advice that can be provided to the patient
or the patient’s family. Prudent advice includes avoiding
situations that risk further injury (in sport or occupa-
tion),13 several days of rest,14 and extra sensitivity to
worsening symptoms (as per Jagoda et al.7). A neuro-
logically based simple physical examination allows the
ED physician to advise the patient to pursue certain
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avenues with their general practitioner/pediatrician. If
neck injury is suspected, the patient can be advised to
have their doctor examine the neck further and consider
a physical therapy consult. The same holds true for ocu-
lomotor irregularities and signs of vestibular dysfunc-
tion. Concussions associated with cervical, oculomotor,
and/or vestibular problems may herald a longer recov-
ery time and so early identification can lead to timely
intervention and may speed recovery.15

We heartily recommend a movement away from
symptom-based assessments to a physical examination–
based evaluation of concussed patients in the ED. The
physical examination elements are all quite familiar to
physicians; using them merely requires a change in
mindset. Concussion is a medical phenomenon charac-
terized by physiological changes and dysfunction of cer-
tain neurological systems that can be straightforwardly
examined by a medical doctor. And while technology is
advancing the practice of medicine in many areas, we
are not at the point of having to enlist robots to perform
the physical examination doctors learned in medical
school.

Barry S. Willer, PhD
(bswiller@buffalo.edu)
Department of Psychiatry

John J. Leddy, MD
Concussion Management Clinic
Jacobs School of Medicine and Biomedical Sciences
State University of New York at Buffalo
Buffalo, NY

Supervising Editor: Jeffrey A. Kline, MD.

References

1. Ellis MJ, Leddy JJ, Willer B. Physiological, vesti-
bulo-ocular and cervicogenic post-concussion dis-
orders: an evidence-based classification system
with directions for treatment. Brain Inj 2015;29:
238–48.

2. Leddy JJ, Kozlowski K, Donnelly JP, Pendergast DR,
Epstein LH, Willer B. A preliminary study of sub-
symptom threshold exercise training for refractory
post-concussion syndrome. Clin J Sport Med
2010;20:21–7.

3. La Fountaine MF, Gossett JD, De Meersman RE,
Bauman WA. Increased QT interval variability in 3

recently concussed athletes: an exploratory observa-
tion. J Athl Train 2011;46:230–3.

4. Clausen M, Pendergast DR, Willer B, Leddy J. Cere-
bral blood flow during treadmill exercise is a marker
of physiological postconcussion syndrome in female
athletes. J Head Trauma Rehabil 2015 [Epub ahead
of print].

5. Kozlowski KF, Graham J, Leddy JJ, Devinney-Boy-
mel L, Willer BS. Exercise intolerance in individuals
with postconcussion syndrome. J Athl Train
2013;48:627–35.

6. Leddy JJ, Cox JL, Baker JG, et al. Exercise treatment
for postconcussion syndrome: a pilot study of
changes in functional magnetic resonance imaging
activation, physiology, and symptoms. J Head
Trauma Rehabil 2013;28:241–9.

7. Jagoda AS, Bazarian JJ, Bruns JJ Jr, et al. Clinical
policy: neuroimaging and decisionmaking in adult
mild traumatic brain injury in the acute setting. Ann
Emerg Med 2008;52:714–48.

8. Leddy JJ, Baker JG, Merchant A, et al. Brain or
strain? Symptoms alone do not distinguish physio-
logic concussion from cervical/vestibular injury. Clin
J Sport Med 2015;25:237–42.

9. Leslie O, Craton N. Concussion: purely a brain
injury? Clin J Sport Med 2013;23:331–2.

10. Hilz MJ, DeFina PA, Anders S, et al. Frequency
analysis unveils cardiac autonomic dysfunction after
mild traumatic brain injury. J Neurotrauma
2011;28:1727–38.

11. Mucha A, Collins MW, Elbin RJ, et al. A Brief
Vestibular/Ocular Motor Screening (VOMS) assess-
ment to evaluate concussions: preliminary findings.
Am J Sports Med 2014;42:2479–86.

12. Matuszak J, McVige J, McPherson J, Willer B, and
Leddy J. A practical concussion physical examina-
tion toolbox: evidence-based physical examination
for concussion. Sports Health 2016; in press.

13. McCrory P, Meeuwisse W, Aubry M, et al. Consen-
sus statement on concussion in sport–the 4th Interna-
tional Conference on Concussion in Sport, Zurich,
November 2012. Clin J Sport Med 2013; 23:89–117.

14. Thomas DG, Apps JN, Hoffmann RG, McCrea M,
Hammeke T. Benefits of strict rest after acute con-
cussion: a randomized controlled trial. Pediatrics
2015;135:213–23.

15. Leddy JJ, Sandhu H, Sodhi V, Baker JG, Willer B.
Rehabilitation of concussion and post-concussion
syndrome. Sports Health 2012;4:147–54.

2 Willer and Leddy • CONCUSSION PHYSICAL EXAMINATION


