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Presentation Notes
Hello and welcome to the virtual presentation, The Use of Tandem Gait & BESS Test for Concussion Management. I am Jaclyn Morrissette, program director for the AT program at William Paterson University.
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Course Objectives
1. To identify the effects of how sustaining a concussion can have on motor and balance 

function of a patient.

2. Describe the evaluation process of motor and balance function using the tandem gait and 
BESS tests both pre- and post-concussion to properly manage and make return to play 
decisions.

3. Determine return-to-play guidelines following a concussion utilizing the BESS test and 
tandem gait test with modifications (single-task, dual-task) as functional rehabilitation 
techniques that address all deficits a patient may have post-concussion.

Presenter
Presentation Notes
The objectives of this presentation are:
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Concussions

Presenter
Presentation Notes
I will begin with the review, evaluation, and clinical testing of concussions.
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What is a Concussion?
NATA Position Statement: Management of Sport Concussion - A concussion, 
which is a form of mild traumatic brain injury (mTBI), has been defined as a 
trauma-induced alteration of mental status that may or may not involve the loss 
of consciousness.1

McCrory et al., with updates from Patricios et al., defines a sport-related 
concussion as a traumatic brain injury caused by a direct blow to the head, neck 
or body resulting in an impulsive force being transmitted to the brain that 
occurs in sports and exercise-related activities. This initiates a 
neurotransmitter and metabolic cascade, with possible axonal injury, blood 
flow change and inflammation affecting the brain. Symptoms and signs may 
present immediately, or evolve over minutes or hours, and commonly resolve 
within days, but may be prolonged.2

Presenter
Presentation Notes
In the literature, there are a number of definitions for a concussion. The clinical definition the National Athletic Trainers’ Association, or NATA,  uses in its position statement on the management of sport concussion and a consensus statement presented by McCrory et al. at the 3rd annual conference on concussion, which has been updated during the most recent conference on concussion by Patricios et al., are the most cited when defining a concussion. The NATA position statement on the management of sport concussion states: A concussion, which is a form of mild traumatic brain injury (mTBI), has been defined as a trauma-induced alteration of mental status that may or may not involve the loss of consciousness.McCrory et al. with updates from Patricios et al., has a similar definition involving the physiological response that occurs. They define a sport-related concussion as a traumatic brain injury caused by a direct blow to the head, neck or body resulting in an impulsive force being transmitted to the brain that occurs in sports and exercise-related activities. This initiates a neurotransmitter and metabolic cascade, with possible axonal injury, blood flow change and inflammation affecting the brain. Symptoms and signs may present immediately, or evolve over minutes or hours, and commonly resolve within days, but may be prolonged. The words in bold are part of the updated definition since the previous consensus statement in 2016.Both definitions have a main theme in common, there is an altered or impaired brain function as a result of trauma. It is important for an athletic trainer to use, and educate others in using, the proper terminology of concussion and traumatic brain injury and to discourage the use of improper terms such as “bell rung” or “dinged”.Broglio SP, Cantu RC, Gioia GA, et al. National Athletic Trainers’ Association position statement: management of sport concussion. J Athl Train. 2014;49(2);245-265.Patricios JS, Schneider K, Dvorak J, et al. Consensus statement on the 6th International Conference on Concussion in Sport held in Amsterdam, October 2022. Br J Sports Med. 2023;57:695-711.
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Concussion Frequency
The World Health Organization’s (WHO) Collaborating Centre Task Force 
estimate that the annual incidence of concussion is 200 to 300/100,000 
emergency department visits3

◦ Many go unreported – closer to 700/100,0003

It is estimated that 1.6-3.8 million concussions occur annually as a result of sport 
participation4

◦ Many by high school, then college aged students5,6

◦ Account for approximately 5% of all collegiate sport-related injuries7

Presenter
Presentation Notes
Globally, the incidences of concussion have been monitored by a number of healthcare organizations, but the exact number is difficult to narrow down due to the fact that many mild traumatic brain injuries go untreated at hospitals, which is where these organizations obtain their data. The World Health Organization’s (WHO) Collaborating Centre Task Force estimate that the annual incidence of concussion is 100 to 300 per 100,000 emergency department visits, but, as previously mentioned, many go unreported and the number is estimated to be closer to 600 concussions per 100,000 visits.In sport participation, it is estimated that 1.6 million-3.8 million concussions occur annually with a majority of which occur to high school-aged students. Concussions also account for approximately 5% of all sport-related injuries at the collegiate level.3. Lefevre-Dognin C, Cogne M, Perdrieau V, et al. Definition and epidemiology of mild traumatic brain injury. Neurochirurgie. 2021;67(3):218-221.4. Langlois JA, Rutland-Brown W, Wald MM. the epidemiology and impact of traumatic brain injury: a brief overview. J Head Trauma Rehabil. 2006;21:375-378.5. Bryan MA, Rowhani-Rahbar A, Comstock RD, et al; Seattle Sports Concussion Research Collabrative. Sports- and recreation-related concussions in US youth. Pediatrics. 2016.6. Gessel LM, Fields SK, Collins CL, Dick RW, Comstock RD. Concussions among United States high school and collegiate athletes. J Athl Train. 2007;42(4):495-503.7. Daneshvar DH, Nowinski CJ, McKee A, Cantu RC. The epidemiology of sport-related concussion. Clin Sports Med. 2011;30(1):1-17.
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Mechanisms of Concussion
Direct blow to the head or body
◦ Head snap forward, backward, or rotate to the side8

Common in collision or contact sports9

◦ Football, soccer, lacrosse, boxing, ice hockey wrestling10

Not limited to only contact sports 
◦ Baseball, softball, gymnastics, field hockey, volleyball, cheerleading, track

Non-sport related 
◦ Motor vehicle accidents & direct contact with an inanimate object11

Presenter
Presentation Notes
Concussions can have a number of mechanisms, but the most common are direct blow to the head or body contact that causes the head to snap forward, backward, or rotate to the side. If an individual has direct contact to their body which causes any of the aforementioned mechanisms, there is a risk for sustaining head trauma as well. The most common sports where concussions occur in collision sports, such as football, soccer, lacrosse, boxing, ice hockey, and wrestling. In non-sport related concussions, car accidents and direct contact with inanimate objects in the workplace are the most common mechanisms. 8. Berry, D., Athletic mouth guards and their role in injury prevention. Athletic Therapy Today, 2001. 6(5): p. 52.9. Prentice, W.E., Principles of Athletic Training: A Guide to Evidence-Based Clinical Practice, 16th ed. 2017, New York, NY: McGraw-Hill Education.10. Jordan, B., Head injuries in sport, in Sports neurology, B. Jordan, Editor. 1998, Lippincott, Williams and Wilkins: Philadelphia, PA.11. Laker, S.R., Epidemiology of concussion and mild traumatic brain injury. PM R, 2011. 3(10 Suppl 2): p. S354-8.
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Signs & Symptoms12

Dizziness

Headaches

Blurred vision

Abnormal eye tracking

Diplopia

Photophobia

Tinnitus

Delayed verbal & motor responses

Slurred speech

Concentration problems

Memory deficit

Disrupted coordination

Behavioral changes

Loss of consciousness9,13

Presenter
Presentation Notes
While the signs & symptoms of sustaining a concussion are subjective for each individual, the following are a list of the most common as reported by patients. With a concussion, there may be neuropathological changes; however, the acute clinical symptoms largely reflect a functional disturbance rather than a structural injury. A majority of symptoms occur to the visual and cognitive systems, but the verbal and vestibular systems are also frequently affected as a result of a trauma to the head. It is important to mention that while loss of consciousness has been a commonly associated symptom of a concussion, the majority of concussions sustained by athletes do not involved loss of consciousness and should not be the basis for diagnosis and/or return to play. One other thing to mention is the grading of a concussion based on symptoms. Historically, grading of a concussion has been based on symptoms at the time of initial injury, but current guidelines recommend not grading a concussion, as initial presentation does not always predict recovery and an individualized return to play timeline. Clinically, there is a need for diagnostic biomarkers as a more objective means to assess the presence/severity of concussion but this would require further validation to determine their ultimate clinical utility in the evaluation of a concussion.12. McCrory, P., et al., Consensus statement on concussion in sport - the 5th international conference on concussion in sport held in Berlin, October 2016. Br J Sports Med, 2018. 51: p. 838-847.13. Guskiewicz, K.M., et al., Epidemiology of concussion in collegiate and high school football players. Am J Sports Med, 2000. 28(5): p. 643-50.
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Evaluation
Determining level of consciousness

Assessing ABC’s and cervical spine

HOPS
◦ Neurological Exam

◦ Cranial Nerves
◦ Dermatome, myotome, and reflexes 

◦ Coordination (Cerebellar) Tests
◦ Cognitive (Cerebral) Tests

Presenter
Presentation Notes
On-field management of a concussion should begin similarly to any other initial on-field assessment. Determining level of consciousness and assessing the patient’s ABC’s, as well as assessing the cervical spine, if the patients is unconscious or complaining of neck pain, respectively, are the first steps an athletic training should take. If the patient does not present with any of these signs or symptoms, assessing for a head and face injury would the next part of the evaluation process. Like any evaluation, the history, observation, palpation, special tests, or HOPS, model should be followed. Obtaining a good history is key, but can be difficult if the patient has an altered mental state. There are also head injury specific questions that should be asked to determine if there is cognitive involvement. I will address these cognitive questions in the next few slides. While taking the history, it is also important to observe the patient for any other signs and symptoms that may rule in or rule out a concussion, such as slurred speech, difficulty answering questions, eye function, and coordination and motor dysfunction. Observing for any signs of a skull fracture should also be completed at this time. After observation, palpation of the head and face should be completed to rule out any fractures to these structures. The final portion of the evaluation, and probably the most extensive, is special tests. One of the more critical parts of the special tests portion of a concussion assessment is the neurological evaluation. A full neurological exam should be completed, which involves assessing the cranial nerves; dermatome, myotome, and reflex testing; cerebral, or cognitive, testing; and cerebellar, or motor, balance, and coordination, testing. Each of these are discussed in detail on the subsequent slides. 
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Cerebellar (Balance) Tests
Romberg Test
◦ Non-dominant single-leg stance
◦ Tandem stance

◦ Eyes open and closed
◦ Firm and foam surfaces14

Presenter
Presentation Notes
Balance testing is an excellent way to determine if a patient, who may seem to have little-to-no issues with the parts of the evaluation that are more static, is able to move in a more functional manner prior returning to play. If the patient has difficulty standing, these tests should not be performed for the safety of the patient. Documenting that the patient has difficulty standing without aid of another individual would be sufficient in assessing their balance. If the patient is able to stand without assistance following a head injury, there are a series of progressive tests that can evaluate the balance and proprioception of the patient. The Romberg test is an easy sideline test to assess static balance. Over the years, there have been many variances of this test, but the most common modified progression currently used are single, non-dominant leg stance and tandem, or heel to toe, stance. 14. Reimann, B., Relationship between clinical and forceplate measures of postural stability. J Sport Rehabil, 1999. 8(2): p. 71-82.
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Romberg Test

Single Leg Non-
Dominant Stance (eyes 

open/closed)

Tandem Stance Non-
Dominant in Back (eyes 

open/closed)

Tandem Stance Non-
Dominant in Back (eyes 
open/closed) on Foam

Single Leg Non-
Dominant Stance (eyes 
open/closed) on Foam

Presenter
Presentation Notes
Here are photo examples of all of the conditions of the Romberg test. The two main stances performed are single leg non-dominant stance and tandem stance with the non-dominant leg in the back. These positions are performed with both eyes open and eyes closed, on a firm and, ideally, on a foam surface. A positive sign would be one in which the patient begins to sway, cannot keep their eyes closed, or loses balance. This test may not be the most ideal for return to play criteria as it is more of a static test, is more subjective than objective, and does not place a considerable amount of cognitive stress on the patient to complete, which can skew the sway observation by the clinician. Additionally, if the patient has an history of ankle instability or any other chronic lower extremity instability, this may skew the results of the test.
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Cerebellar (Balance) Tests
Balance Error Scoring System (BESS)9

Types of Errors
1. Hands lifted off iliac 

crest
2. Opening eyes
3. Step, stumble, or fall
4. Moving hip into > 30° 

ABD
5. Lifting forefoot or heel
6. Remaining out of 

testing position for > 5 
sec

The BESS is calculated by 
adding one error point for 
each error during the six 20-
second tests.

Score Card 
(# errors)

FIRM 
Surface

FOAM 
Surface

Double-Leg 
Stance 
(narrow stance-
feet together)

Single-Leg 
Stance 
(nondominant 
foot)

Tandem 
Stance 
(nondominant 
foot in back)

Total Scores

Presenter
Presentation Notes
The Balance Error Scoring System, or BESS, is recommended over the Romberg test, as it is a quantifiable clinical battery of tests that uses multiple different stances (double, single, and tandem) and is complete on both a firm and foam surfaces. Each stance is completed twice, once on each different type of surface. The modified version of the test, which is used in SCAT6 concussion assessment, is performed and will be described and demonstrated on the next slide. Once each trial is completed, a score is given based on test performance. There are specific errors the clinician should look for, which are provided by the table on the left, that will adjust the overall score of the patient performing the test. Once the each trial of the test with all of the conditions is completed and all errors are factored in, the score will be recorded on a table, like the table on the right. All of the scores will be combined for a total score which would be compared to the patient’s baseline score.
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BESS Test

Presenter
Presentation Notes
In the modified version of the BESS test, there are three stance conditions on two different surfaces. The stances are double leg, feet together, single leg non-dominant, and tandem stance with non-dominant leg in back. Each of these three stances are performed on a hard or firm surface and then on foam all trails are completed with the patient’s eyes closed. During single-leg stance, patients are asked to maintain the contralateral limb in 20-30 degrees of hip flexion and 40-50 degrees of knee flexion. The patient then tries to stand quietly given the conditions of each trial. Subjects are told that, on losing their balance, they are to make any necessary adjustments and return to the testing position as quickly as possible. Trials are considered incomplete if the patient cannot sustain the stance position for longer than 5 seconds during the entire 20-second trial period. Those trials are assigned a standard maximum score of 10. As previously stated, balance test results during injury recover are best compared with baseline measurements.
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Coordination (Cerebellar) Tests
Upper-limb Coordination

◦ Finger-to-nose test

Presenter
Presentation Notes
A number of tests have been used to determine whether a head injury has affected coordination. These tests include, but are not limited to, the finger-to-nose test for upper-limb coordination and tandem gait to evaluate dynamic balance, speed, and coordination, which are all domains that are commonly impaired after a concussion. When performing the finger-to-nose test the clinician should instruct the patient to sit comfortably on the chair with their eyes closed and their arm (either right or left) outstretched, where the shoulder flexed to 90 degrees and elbow and fingers extended, pointing in front of them. When the clinician gives a start signal, the patient should perform five successive finger to nose repetitions using their index finger to touch the tip of the nose, and then return to the starting position, as quickly and as accurately as possible. The clinician will observe the accuracy of the patient’s actions while the patient completes the test.
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Coordination (Cerebellar) Tests
Tandem Gait15-17

◦ Heel-to-toe walking

Presenter
Presentation Notes
When assessing coordination using tandem gait, participants are instructed to stand with their feet together behind a starting line with their footwear removed. Then, they walk in a forward direction as quickly and as accurately as possible along a 38mm wide, or the width of 1.5 inch athletic tape, 3-meter line with an alternate foot heel-to-toe gait ensuring that they approximate their heel and toe on each step. Once they cross the end of the 3m line, they turn 180 degrees and return to the starting point using the same gait. Patients will fail the test if they step off the line, have a separation between their heel and toe, or if they touch or grab the clinician or an object for balance. In this video, please note how the model steps off the line in a few of her steps. They would be reported as errors and would be taken into consideration in the overall performance of the test. 15. Giorgetti, M.M., B.A. Harris, and A. Jette, Reliability of clinical balance outcome measures in the elderly. Physiother Res Int, 1998. 3(4): p. 274-83.16. Kammerlind, A.S., et al., Reliability of clincal balance tests and subjective ratings in dizziness and disequilibrium. Adv Physiother, 2005. 7: p. 96-107.17. Schneiders, A.G., et al., Normative values for three clinical measures of motor performance used in the neurological assessment of sports concussion. J Sci Med Sport, 2010. 13(2): p. 196-201.
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Coordination (Cerebellar) Tests
Tandem Gait scoring

◦ Heel-to-toe walking
◦ Timed component
◦ Dual Task (Optional)

◦ Modified Serial 7 
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Cognitive (Cerebral) Tests
Baseline measurements vs. post-concussion10,18

◦ Memory recall
◦ Retrograde amnesia - who won last week, where they live, food ate for breakfast 
◦ Anterograde amnesia - game score, last play, 12-15 word recall2

◦ Serial 7
◦ Digits backwards (groups of 3, 4, 5, or 6 numbers)
◦ Months in reverse order – timed2

Presenter
Presentation Notes
The purpose of cognitive testing is to establish the effects of head trauma on various cognitive functions and to obtain an objective measure to assess the patient’s status and improvement. They are best assessed when a baseline, or a measurement prior to concussion, is performed prior to the start of the patient’s athletic season to give the athletic trainer a better idea of how the patient performed the tests in an unaltered state.To test the patient’s memory recall, asking them about who won the game last week, where they live, and what they ate for breakfast are ways to rule out retrograde amnesia, which affects the long-term memory, and asking them about the current game score, the last play, and doing a 12-15 word recall can rule out anterograde amnesia, which affects the short-term memory. The 12-15 word recall consists of the athletic trainer give the patient 12-15 unrelated, one- or two-syllable words to remember. The athletic trainer will then go through other parts of a concussion evaluation to allow for some time to go pass by then ask the patients to recall the 12-15 words. Other common cognitive tests for an on-field concussion evaluation include serial sevens, in which the patient counts backwards from 100 by 7; repeating a list of digits backwards, and naming the months in reverse order under a timed condition.18. Covassin, T., C.B. Swanik, and M.L. Sachs, Sex Differences and the Incidence of Concussions Among Collegiate Athletes. J Athl Train, 2003. 38(3): p. 238-244.
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Sport Concussion Assessment Tool 
(SCAT)
Development & Implementation19,20

◦ Symptom scale
◦ Maddocks’ questions/score

◦ Memory

◦ On-field markers of concussion
◦ Amnesia, loss of consciousness

◦ Return to play

Revisions
◦ SCAT2: 2004 – Glasgow Coma Scale (GCS), alternate 

word lists, BESS (hard surface only)
◦ SCAT3: 2013 – additional physical/objective signs, 

option for foam stances or timed tandem gait
◦ SCAT5: 2017 – more alternative digits, neurological 

screen, modified tandem gait (no timing)
◦ SCAT6: 2023 – longer list words (12-15), adding 

more digits to the digits backward test, add a timed 
component to months backwards, add timed dual 
gait tasks, more robust set of observable signs (i.e. 
falling with no protective action, dazed look, etc.)

◦ SCOAT6 – give HCPs a standardized evaluation tool 
in office21

Children’s SCAT (< 13 yo)22-24

◦ Versions 3, 5, & 6
◦ Child SCOAT6

Presenter
Presentation Notes
Currently, the most widely used on-field test for assessing concussion-related signs and symptoms, cognition, balance, and coordination is the Sport Concussion Assessment Tool, or SCAT. The origin of the SCAT dates back to 1997 when there was a need for an objective and standardized assessment of concussion. At that time, the Standard Assessment of Concussion, or SAC, was developed and included only a cognitive assessment similar to what was described on the previous slide. Since its inception, the SAC has been combined with a standardized symptom scale; sport-specific orientation memory questions, also known as Maddocks’ questions/score, on-field markers of concussion, which included amnesia and loss of consciousness; and guidelines for a systematic, stepwise return to play to create the first iteration of the SCAT. In 2004, the SCAT was modified to include the Glasgow Coma Scale, which assesses eye, verbal, and motor responses; alternate word lists for the immediate & delayed recall of SAC, and a modified version of the BESS consisting of 3 stances on a hard surface. In 2013, another revision occurred, which included additional physical/objective signs, such as blank/vacant look and cervical stability assessment, in addition to having the option to use foam stances or a timed tandem gait task for postural stability. In 2017, further revisions occurred to include more alternative digits for the backwards digit test, a neurological screen section, and removal of the timed element for the tandem gait test due to a high failure rate to complete the task in the allotted 15 second time frame.  The most recent revision came in 2023 where the word recall list was increased from 5 to 12-15 words; more digits were added to the digits backwards test; timed dual gait task was added, the importance of which will be discuss later in this presentation; and a more robust set of observable signs, such as falling with no protective action or having a dazed look either witnessed or observed on video were added to the SCAT. Along with the updated SCAT6, a Sport Concussion Office Assessment Tool (SCOAT) was developed to give HCPs a standardized expansive and age-appropriate clinical guide to a multidomain evaluation in the subacute phase, which is defined as 72 hours to weeks postinjury), with a view to guide individual management.While the SCAT has been a good tool for concussion assessment in adults, some of the criteria had to be modified to children under the age of 13. There is evidence that age affects recovery from concussion, with younger children differing from older adolescents and young adults in recovery time and results of cognitive testing. As a result, when the SCAT3 modification was made, a Child SCAT3 was developed. Since its development, it has also gone through revisions, producing the Child SCAT5 and SCAT6, as well as a SCOAT6. In the future, as more of the adult versions are revised, it is safe to say that modifications will also be made to the Child version and SCOAT version, as well. 19. Yengo-Kahn, A.M., et al., The Sport Concussion Assessment Tool: a systematic review. Neurosurg Focus, 2016. 40(4): p. E6.20. McCrory, P., et al., Summary and agreement statement of the 2nd International Conference on Concussion in Sport, Prague 2004. Br J Sports Med, 2005. 39(4): p. 196-204.21. Patricios JS, Schneider GM, van Ierssel J, et al. Beyond acute assessment to office management: a systematic review informing the development of a sport concussion office assessment tool (SCOAT6) for adults and children. Br J Sports Med. 2023; 57(11):737-748.22. Field, M., et al., Does age play a role in recovery from sports-related concussion? A comparison of high school and collegiate athletes. J Pediatr, 2003. 142(5): p. 546-53.23. Purcell, L., What are the most appropriate return-to-play guidelines for concussed child athletes? Br J Sports Med, 2009. 43 Suppl 1: p. i51-5.24. Anderson, V. and C. Moore, Age at injury as a predictor of outcome following pediatric head injury: a longitudinal perspective. Child Neuropsychol, 1995. 1(3): p. 187-202.
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Do you know the differences between 
SCAT6 and Child SCAT6?
BESS TESTING

  
NONE

TANDEM GAIT
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Balance & Stability

Presenter
Presentation Notes
The next section will discuss balance & stability.
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Balance & Stability
Control of joint posture & motion25

◦ Results from physiological constraints in the body
◦ Muscular & non-muscular tissue
◦ Nervous system’s control of muscle activity

◦ Brain & Spinal cord
◦ Resulting muscle force

◦ Voluntary & involuntary

Develops in stages during childhood25

◦ Learns to integrate inputs from visual and other sensory 
sources

Presenter
Presentation Notes
Maintenance of balance and stability relies on the control of joint posture & motion, which in turn results from physiological constraints provided by muscular & non-muscular tissue as well as from the nervous system’s control of muscle activity, and resulting muscle force. The ability to control balance and stability is one that develops in stages during childhood as the individual learns to integrate inputs from visual and other sensory sources.25. Lloyd, D., T. Ackland, and J. Cochran, Balance and Agility, in Applied Anatomy and Biomechanics in Sport, T. Ackland, B. Elliot, and J. Bloomfield, Editors. 2009, Human Kinetics: Champaign, IL. p. 211-226.
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Sensory Influence
Sensory signals
◦ Initiated by brain, peripheral nervous 

system (PNS), or both

Visual (Eyes)
◦ Vision
◦ Spatial orientation & positions relative to 

environment

Vestibular (Ear)
◦ Head movement & orientation relative to 

gravity

Somatosensory (Receptors)
◦ Location of one body part to another
◦ Awareness in space (proprioception)
◦ Loads
◦ Joint position receptors

◦ Ruffini endings, Golgi receptors, Pacinian corpuscles

◦ Muscle length & tension receptors
◦ Muscle spindles & Golgi tendon organ

Presenter
Presentation Notes
Voluntary and reflexive control of muscle activity relies on the flow of information from sensory systems within the body and the correct interpretation of these signals so that appropriate movements or responses are initiated by the brain or peripheral nervous system, or both. The visual, vestibular, and somatosensory systems are involved in the control of balance and stability. Visual receptors, or the eyes, provide information on a person’s spatial orientation and positions relative to his or her environment, as well as objects and other people in the field of view. Vestibular apparatus provides a perception of the head’s movement and orientation relative to gravity through parts of the inner ear. Somatosensory receptors provide information regarding the relative location of one body part to another and of the body in space, an awareness of the body’s movements, or proprioception, and knowledge of the loads experienced by the person. These receptors include joint position receptors, such as the Ruffini endings, golgi receptors, and Pacinian corpuscles, as well as the muscle length and tension receptors, which are muscle spindles and golgi tendon organs. These three sensory systems provide information for a continuous update of movements resulting from voluntary activations patterns and contribute to reflexive and reactive actions.
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Brain Functions

VISUAL

Presenter
Presentation Notes
Certain centers of the brain have the ability to use and integrate sensory information from the visual, vestibular, and somatosensory areas differently depending on the task being performed or the demands on the situation. These neural centers can also change the action of the sensory stimuli depending on the movement and joint torques that need to be generated. The adaptive use of sensory information is based on continuous update of the expected sensory information and actual information. The ability to filter and adjust the use of the sensory information is based on learning, thus emphasizing the role of training to incorporate balance and stability tasks. All sensory information involves delays between the actual stimulating event and the neural signal and muscle activation response, with ramifications for the speed of response and therefore the effectiveness of the response. This has a large role to play in sport, especially when dynamic balance and stability have to maintained in movements that occur at high speed, as in sports like football, soccer, hockey, and basketball. For example, Imagine you are running down the side walk and it is uneven in places. To not trip over the a raised portion, you see where the obstacle is, you adjust your stride to not step on or get your toe caught in the sidewalk, while maintaining your speed and coordination to continue running forward.
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Age Considerations26

Ages 4 to 6
◦ Integration of all systems can overload brain

◦ Balance & coordination may suffer

Ages 7 to 10+
◦ More reliant on somatosensory & vestibular systems
◦ Fewer postural adjustments
◦ Concentrate on other tasks (ball movement, monitoring 

opponents)
◦ Process information related to developing strategies and 

tactics

Presenter
Presentation Notes
From recent research, we know that clear phases exist in the development of static balance among children. Shumway-Cook and Woolacott stated that visual dominance in balance control appears to recur at transitional points in human development. From the ages of 7 to 10 and beyond, a child is more reliant upon somatosensory and vestibular feedback in balance control as compared to earlier stages of life where the integration of all systems can overwhelm the sensory system. Until these systems integrate better, balance and coordination can suffer. Children in these age groups exhibit mature control responses whereby the amplitude of postural adjustments during maintenance of balance diminishes and the levels of muscular activity become less variable. As the ability to integrate all sensory information improves and the reliance on visual cues for balance control diminishes, the visual system can be freed to concentrate on other tasks such as monitoring opponents and movements of a ball, implement or target. Furthermore, since the somatosensory information is dealt with at a subconscious level, the brain is free to process information related to developing strategies and tactics. 26. Shumway-Cook A, Woolacott M, Rachwani J, Santamaria, V. Development of posture and balance control, in Motor Control: Translating Research into Clinical Practice, A. Shumway-Cook and M. Woolacott, Editors. 2023, Lippincott, Williams & Wilkins: Baltimore, MD.
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Evaluating Gait Post-
Concussion

Presenter
Presentation Notes
I will now begin to discuss the influence of concussion on gait beginning with the evaluation process post-concussion.
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Balance & Motor Symptoms 
Associated with Concussion27-31 
Short-term 
◦ Balance & static postural control
◦ Gait unsteadiness & dynamic postural control

Long-term
◦ Altered postural control
◦ Gait impairment
◦ Increased risk of lower extremity injury

Clinical symptoms vs. Balance & Gait alterations

Presenter
Presentation Notes
Concussion are not associated with alterations on standard structural imaging, but can result in a vast range of acute neurophysiological signs and a multitude of symptoms that may persist for differing lengths of time.As previously mentioned, there are many short term effects of sustaining concussion. Those having to do with balance, gait, and postural control are decreased balance and static postural control, and gait unsteadiness and dynamic postural control. These symptoms will most likely be part of a list of other signs & symptoms that are associated with a concussion and may not be the focus of immediate on-field or sideline testing if the patient’s other symptoms are severe enough to prevent the performance of these tests. These test should then be assessed when the patient has the ability to complete these tests without injury to be able to compare results with baseline. This is important to be able to assess where the patient is and parameters around when they would be able to return to play. Possible long term consequences of a concussion are altered postural control, gait impairment, and increased risk of musculoskeletal injury. Studies have revealed that even if clinical symptoms have subsided, balance and gait have still been shown to be altered from 10 days post-concussion up to 2 months. 27. Buckley, T.A., et al., Altered gait termination strategies following a concussion. Gait Posture, 2013. 38(3): p. 549-51.28. Howell, D., L. Osternig, and L.S. Chou, Monitoring recovery of gait balance control following concussion using an accelerometer. J Biomech, 2015. 48(12): p. 3364-8.29. Howell, D.R., L.R. Osternig, and L.S. Chou, Dual-task effect on gait balance control in adolescents with concussion. Arch Phys Med Rehabil, 2013. 94(8): p. 1513-20.30. Oldham, J.R., et al., Altered dynamic postural control during gait termination following concussion. Gait Posture, 2016. 49: p. 437-442.31. Parker, T.M., et al., Gait stability following concussion. Med Sci Sports Exerc, 2006. 38(6): p. 1032-40.
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Evaluation of Gait Post-Concussion
Number of objective tools to evaluate concussions32-36

◦ Concussion in Sport Group (CISG) recommends most recent version of SCAT

SCAT 37 
◦ ≥ 13 y/o
◦ 8-12 y/o – use the Child SCAT
◦ Adapted as new knowledge develops

Tandem gait modifications38

◦ No timing in previous versions (SCAT2, SCAT5)
◦ “One size does not fit all”

◦ Timing added back
◦ Compare to baseline
◦ Dual-task (modified Serial 7 or counting backwards by 3 for Child version)

Presenter
Presentation Notes
Concussion assessment and management continue to evolve, especially since the late 1990’s and early 2000’s. With the large number of objective tools now available, clinicians may find it challenging to select the most effective assessments for their setting. The Concussion in Sport Group, or CISG, is one international organization that has collaborated on several consensus statements to provide guidelines for evaluation and management of concussions. As previously mentioned, these guidelines were developed into the Sport Concussion Assessment Tool, or SCAT, to aid healthcare professionals in this process. The general SCAT is for patients aged 13 and older and the Child SCAT is for children 12 and younger. As of the time of this lecture, the most recent version of both of these SCATs is the 5th edition, which was released in 2017. Changes to each version to create the most recent version of this tool have been adopted as a result of the current state of knowledge and will continue to be modified as new knowledge develops. An example of the changes from the previous version of the SCAT is during the tandem gait test. In the previous versions, SCAT2 & SCAT5, there was no specific time where the test needs to be completed in and the focus is on the patient not deviating from the line on the floor while performing the test. In the SCAT3, there was a 14 second time limit, but it was found a baseline study of this test on high school athletes that 75% of them failed the test with this time limitation. The timing factor was removed for the SCAT5, however, the SCAT6 added the timing component back in, but to compare to an individual’s baseline time not a specific “one size fits all” standard time. Additionally, an optional dual task gait component has been added to the SCAT6 where a patient performs the gait task while verbally repeating the Serial 7 or months of the year backwards.32. McCrory, P., et al., Consensus statement on Concussion in Sport - The 4th International Conference on Concussion in Sport held in Zurich, November 2012. Phys Ther Sport, 2013. 14(2): p. e1-e13.33. McCrea, M., et al., Standardized assessment of concussion in football players. Neurology, 1997. 48(3): p. 586-8.34. Riemann, B.L. and K.M. Guskiewicz, Effects of mild head injury on postural stability as measured through clinical balance testing. J Athl Train, 2000. 35(1): p. 19-25.35. Eckner, J.T., J.S. Kutcher, and J.K. Richardson, Pilot evaluation of a novel clinical test of reaction time in national collegiate athletic association division I football players. J Athl Train, 2010. 45(4): p. 327-32.36. Galetta, K.M., et al., The King-Devick test and sports-related concussion: study of a rapid visual screening tool in a collegiate cohort. J Neurol Sci, 2011. 309(1-2): p. 34-9.37. Sport concussion assessment tool - 5th edition. Br J Sports Med, 2017. 51: p. 851-858. 38. Santo, A., et al., Clinical Utility of the Sport Concussion Assessment Tool 3 (SCAT3) Tandem-Gait Test in High School Athletes. J Athl Train, 2017. 52(12): p. 1096-1100.
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Balance Testing
BESS
◦ Clinically feasible
◦ Low reliability39,40

◦ Interrater – 0.57
◦ Intrarater – 0.74

◦ Low sensitivity – 0.34
◦ Negatively influenced by:41-43

◦ Affected by ankle instability
◦ Acute fatigue after exertional activities
◦ Testing environment

Presenter
Presentation Notes
As stated earlier, concussion results in balance impairments; thus researchers and clinicians have emphasized the use of balance assessments to measure concussion-related impairments. Specifically, balance impairments after concussion have long been quantified using postural-control, or quiet-stance based tasks. The BESS test, which is part of the SCAT, is a clinically feasible assessment to test balance, however there are substantial limitations including low interrater and intrarater reliability values of 0.57 and 0.74, respectively. It also has a low sensitivity of 0.34, which is  a measurement to rule out a concussion. Finally, the BESS test is also negatively influenced by ankle instability, acute fatigue after exertional activities, and testing environment. Even with these limitations, it is still the most commonly used functional test for balance following a concussion.39. Finnoff, J.T., et al., Intrarater and interrater reliability of the Balance Error Scoring System (BESS). PM R, 2009. 1(1): p. 50-4.40. McCrea, M., et al., Standard regression-based methods for measuring recovery after sport-related concussion. J Int Neuropsychol Soc, 2005. 11(1): p. 58-69.41. Docherty, C.L., T.C. Valovich McLeod, and S.J. Shultz, Postural control deficits in participants with functional ankle instability as measured by the balance error scoring system. Clin J Sport Med, 2006. 16(3): p. 203-8.42. Fox, Z.G., et al., Return of postural control to baseline after anaerobic and aerobic exercise protocols. J Athl Train, 2008. 43(5): p. 456-63.43. Rahn, C., et al., Sideline Performance of the Balance Error Scoring System during a Live Sporting Event. Clin J Sport Med, 2015. 25(3): p. 248-53.
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Gait Testing
Tandem Gait 15-17

◦ Clinically feasible
◦ Highly reliable – ICC 0.97
◦ Evaluates cerebellar activities44

◦ Dynamic balance
◦ Gait speed
◦ Coordination

Presenter
Presentation Notes
Prior to the SCAT 5 publication, the alternative test to the BESS test was the tandem gait test. The newer SCAT, the SCAT6, now has the tandem gait test as part of the coordination and balance section of the tool, which forces the clinician to have the patient perform both tests with an optional dual task gait test. In contrast to the BESS test, tandem gait is a clinically feasible and highly reliable assessment tool, with an interclass correlation value of 0.97. It is used to evaluate dynamic balance, speed, and coordination, all domains commonly impaired after a concussion. The tandem gait test was initially developed to assess balance in individuals with cerebellar ataxia, or inflammation of the cerebellum, and has also been utilized to identify impairments in essential tremor and aging populations. As previously discussed, the cerebellum is a critical structure involved in controlling posture and balance, particularly during coordination of movements, thus if the cerebellum is affect by a concussive injury, a task requiring coordination such as tandem gait could reveal impairments. 44. Oldham, J.R., et al., Normative Tandem Gait in Collegiate Student-Athletes: Implications for Clinical Concussion Assessment. Sports Health, 2017. 9(4): p. 305-311.
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Single-Task vs. Dual-Task 
Testing

Presenter
Presentation Notes
The following section will discuss and analyze the differences in single-task and dual-task gait specific testing to aid in return to play decisions for clinicians. 
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Single-Task Balance & Gait Deficits
Increased sway during balance 
and gait
◦ Inability to balance
◦ Inability to stay on the line

Slower tandem gait velocities

All compared to baseline testing

Presenter
Presentation Notes
A number of motor deficits can be detected using single-task testing. A single-task activity or test is where a patient only performs one task that allows the brain to solely focus on that task, whether its motor or cognitive. Examples of these tasks are the BESS, the tandem gait, and the word recall tests. The BESS and tandem gait tests allow the patient to only focus on balance and walking, respectively, which tests the motor system, but not the cognitive system. Word recall tests assess cognition and short-term memory, which tests the cognitive system, but not the motor system. Single-task tests are good for initial baseline screening, post-injury comparison to baseline, and early cognitive, balance, and gait rehabilitation post-concussion. During a balance test, such as the BESS test, postural sway during balance is assessed based on the test’s guidelines to see how the patient performs compared to their baseline testing. An individual who may have sustained a concussion and is unable to or has difficulty with balance during the test will present with an increase in postural sway, which is an indicator of decrease motor capabilities as a result of the injury. Similarly, the tandem gait test assesses postural sway but during ambulation, which is a more functional movement. The tandem gait test can also be tested to see if there are any differences in gait speed by timing the test and comparing it to the baseline time. These tests must all be performed prior to injury on each patients, as they will not have as much clinical meaning to make decisions for rehab and return to play if there is no baseline values to compare it to. 
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Dual-Task
Require dividing attention to multiple stimulus30,45,46

◦ Motor task
◦ Cognitive task

Sport-specific

Return-to-play
◦ Decrease risk of further injury

Example
◦ Tandem gait with reciting the months backwards or Serial 7 (SCAT 6)

Presenter
Presentation Notes
Dual-task assessments provide a method to monitor simultaneous completion of a motor and cognitive task and have been used to monitor balance control recovery after concussion. They have also proven to be reliable and may be better at detecting persisting deficits following a concussion compared to single-task assessments.During most athletic activities, especially the ones where a majority of concussions are sustained, an athlete must not only contribute to the motor demands of their respective sport, but be able to make cognitive decisions on what to do with the ball or puck or how to move or cut in a route to receive or handle a ball or puck. All of these are examples of dual-task activities that require dividing attention to multiple stimulus sources to complete the activity.As previously mentioned, when evaluating a concussion and making return to play decisions there are many factors to consider. In return to play decisions, making sure the patient has been thoroughly screened to be sure no residual symptoms are lingering that may affect their performance or put them at risk for further injury can be critical. While the tandem gait test is a good test for evaluating for a concussion, the stand alone test may not be the most ideal when returning a patient to play. Adding a cognitive test, such as reciting the months of the year backwards or the Serial 7, can make the test more difficult and can help determine if the patient has any lingering motor or cognitive symptoms. More details about return-to-play decision will be discussed later in the lecture.45. Yogev-Seligmann, G., J.M. Hausdorff, and N. Giladi, The role of executive function and attention in gait. Mov Disord, 2008. 23(3): p. 329-42.46. Register-Mihalik, J.K., A.C. Littleton, and K.M. Guskiewicz, Are divided attention tasks useful in the assessment and management of sport-related concussion? Neuropsychol Rev, 2013. 23(4): p. 300-13.
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Dual-Task Balance & Gait Deficits
Altered motor control
◦ Focus more on cognitive task
◦ Disrupted gait patterns (speed, transition from SS to DS, frontal plane sway)29,47 

◦ Less suited for high-demand situations  ↑ rate of musculoskeletal injury48-52

Altered cognitive response
◦ Slower response times

Detect persistent post-concussion deficits beyond self-reported 
symptoms resolution53

◦ fMRI demonstrated diminished neural networking efficiency in adolescents54

May yield more accurate index of readiness to RTP than ST55,56

◦ Baseline norms for ST assessment, deficits still present with DT57,58

Presenter
Presentation Notes
Unlike single-task deficits, which focus mostly on the motor OR cognitive systems, dual-task deficits result from simultaneous testing to force the brain to divides its focus and function to both systems. The addition of a cognitive activity or test, such as the Stroop test or Serial 7, puts more demand on the brain during balance or gait to test its function during a more high-demanding situation. The patients may also demonstrate altered gait patterns if they focus more on the cognitive activity, which can potentially lead to further injury if returned to play too soon. Data from a study indicated that during dual-task walking, participants with concussion displayed less peak medial-lateral acceleration than control participants during 55-75% of the gait cycle. This period represents the transition from double-support to single-support phases based on conventional gait analysis patterns and where the body is adjusting its stability from two feet on the ground to one foot on the ground. Persistent gait modifications reflect an altered motor control system that is less suited for high-demand situations such as competitive athletics, and may be a contributing factor in the high rate of musculoskeletal injuries following concussions. 47. Andriacchi, T.P., J.A. Ogle and J.O.Galante, Walking speed as a basis for normal and abnormal gait measurements. J Biomech, 1977. 10(4): p. 261-8.48. Dingwell, J.B. and J.P. Cusumano, Nonlinear time series analysis of normal and pathological human walking. Chaos, 2000. 10(4): p. 848-863.49. Brooks, M.A., et al., Concussion Increases Odds of Sustaining a Lower Extremity Musculoskeletal Injury After Return to Play Among Collegiate Athletes. Am J Sports Med, 2016. 44(3): p. 742-7.50. Lynall, R.C., et al., Acute Lower Extremity Injury Rates Increase after Concussion in College Athletes. Med Sci Sports Exerc, 2015. 47(12): p. 2487-92.51. Cross, M., et al., Professional Rugby Union players have a 60% greater risk of time loss injury after concussion: a 2-season prospective study of clinical outcomes. Br J Sports Med, 2016. 50(15): p. 926-31.52. Nordstrom, A., P. Nordstrom, and J. Ekstrand, Sports-related concussion increases the risk of subsequent injury by about 50% in elite male football players. Br J Sports Med, 2014. 48(19): p. 1447-50.



Population 
Considerations
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Presenter
Presentation Notes
In the next section, I will discuss how sustaining a concussion can affect different populations to understand its influence on age through the lifespan and gender. 
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Age Differences: Adolescents vs. 
Young Adults
Concussed vs. Controls28,59-61

◦ No differences in gait speed for adolescents; YA were slower (48-72 
hours)32,55,62,63

◦ Both adolescents & YA had increased medial-lateral sway during a dual-task 
assessment31,52,64-69

Baseline differences
◦ Normative values age-based70,71

◦ Longer RTP for adolescents based on symptoms & testing
◦ ≤2.5 days to return to baseline for verbal memory, visual memory, & reaction time71

Presenter
Presentation Notes
In examining the literature, there have been noted differences between performance and return to play timelines comparing adolescents and young adults.  Gait velocities of adolescents was not significantly different between concussion and control subjects tested in a number of studies, whereas young adults with a concussion had a slower gait velocity than controls, most notable in the first 48-72 hours after injury. Both young adults and adolescents had an increased medial-lateral displacement while walking with a cognitive task compared to controls.�There have also been recorded baseline differences between age groups on three of the neurocognitive indexes during ImPACT testing; not surprising since baseline normative values on ImPACT, such as verbal memory, visual memory, and reaction time, vary as a function of age and normative values are age-based.59. Cossette, I., M.C. Ouellet, and B.J. McFadyen, A preliminary study to identify locomotor-cognitive dual tasks that reveal persistent executive dysfunction after mild traumatic brain injury. Arch Phys Med Rehabil, 2014. 95(8): p. 1594-7.60. Howell, D.R., et al., The effect of cognitive task complexity on gait stability in adolescents following concussion. Exp Brain Res, 2014. 232(6): p. 1773-82.61. Fino, P.C., A preliminary study of longitudinal differences in local dynamic stability between recently concussed and healthy athletes during single and dual-task gait. J Biomech, 2016. 49(9): p. 1983-1988.62. Fino, P.C., M.A. Nussbaum, and P.G. Brolinson, Locomotor deficits in recently concussed athletes and matched controls during single and dual-task turning gait: preliminary results. J Neuroeng Rehabil, 2016. 13(1): p. 65.63. Parker, T.M., et al., The effect of divided attention on gait stability following concussion. Clin Biomech (Bristol, Avon), 2005. 20(4): p. 389-95.64. Catena, R.D., P. van Donkelaar, and L.S. Chou, Cognitive task effects on gait stability following concussion. Exp Brain Res, 2007. 176(1): p. 23-31.65. Catena, R.D., et al., Spatial orientation of attention and obstacle avoidance following concussion. Exp Brain Res, 2009. 194(1): p. 67-77.66. Catena, R.D., P. van Donkelaar, and L.S. Chou, The effects of attention capacity on dynamic balance control following concussion. J Neuroeng Rehabil, 2011. 8: p. 8.67. Chen, H.L., T.W. Lu, and L.S. Chou, Effect of concussion on inter-joint coordination variability under conditions of divided attention and obstacle crossing. J Med Biol Eng, 2015. 35: p. 28-33.68. Parker, T.M., et al., Gait stability following concussion. Med Sci Sports Exerc, 2006. 38(6): p. 1032-40.69. Parker, T.M., et al., Recovery of cognitive and dynamic motor function following concussion. Br J Sports Med, 2007. 41(12): p. 868-73; discussion 873.70. McCrory, P., et al., Consensus statement on concussion in sport - The 3rd international conference on concussion in sport held in Zurich, November 2008. PM R, 2009. 1(5): p. 406-20.71. Zuckerman, S.L., et al., Recovery from sports related concussion: Days to return to neruocognitive baseline in adeolescents versus young adults. Surg Nerurol Int, 2012.3:p. 130.
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Gender Differences
Females 
◦ Females may report more concussion symptoms72

◦ Greater memory impairments73

◦ Require longer duration of time for symptoms 
resolution74

◦ Cadence & stride length differences during dual-task 
assessment75

Males
◦ Report more symptoms with amnesia or 

confusion76,77




Presenter
Presentation Notes
In addition to age considerations, gender differences have also been found post-concussion in symptom reporting, cognitive abilities, and motor control. After concussion, females may report more concussion symptoms, demonstrate greater visual memory impairments acutely post-concussion, and require longer duration of time to achieve full symptom resolution compared to males. Males are more likely to report amnesia and confusion/disorientation as a primary symptom of concussion. A majority of the gender differences are in clinical symptom presentation, however, there are reports of differences in motor capabilities post-concussion. Howell et al. discovered that cadence is the biggest difference between genders with concussed females walking with significantly slower cadences than female controls and males with a concussion. As a result, clinical presentation and recovery following concussion may vary between genders. 72. Kontos, A.P., et al., A revised factor structure for the post-concussion symptom scale: baseline and postconcussion factors. Am J Sports Med, 2012. 40(10): p. 2375-84.73. Covassin, T., P. Schatz, and C.B. Swanik, Sex differences in neuropsychological function and post-concussion symptoms of concussed collegiate athletes. Neurosurgery, 2007. 61(2): p. 345-50.74. Miller, J.H., et al., Predictors of delayed recovery following pediatric sports-related concussion: a case-control study. J Neurosurg Pediatr, 2016. 17(4): p. 491-6.75. Howell, D.R., et al., Dual-task gait differences in female and male adolescents following sport-related concussion. Gait Posture, 2017. 54: p. 284-289.76. Frommer, L.J., et al., Sex differences in concussion symptoms of high school athletes. J Athl Train, 2011. 46(1): p. 76-84.77. Brown, D.A., et al., Differences in Symptom Reporting Between Males and Females at Baseline and After a Sports-Related Concussion: A Systematic Review and Meta-Analysis. Sports Med, 2015. 45(7): p. 1027-40.
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Recommendations 
for Return to Play Post-
Concussion

Presenter
Presentation Notes
The final section of this lecture will cover recommendations for return to play post-concussion.
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Timing of Return to Physical 
Activity
Testing
◦ DT vs. ST53

Early return60

◦ Less gait stability, slower velocity

Symptoms may be resolved, but motor control disruptions still 
exist28,60,78,79

◦ Symptom resolution = RTP criteria32,80

◦ Decreased motor cortex function > recovery time79,81

Presenter
Presentation Notes
As previously mentioned, gait stability deficits have been documented to persist for a longer duration of time following concussion under dual-task conditions than under single task conditions. The length of time from concussion to resumption of pre-injury level of physical activity is significantly associated with dual-task stability up to 2 months post-injury. In a study by Howell et al., it was found that early returners to activity tended to exhibit less gait stability than later returners as indicated by greater and faster motion of the center of mass in the frontal plane during dual-task walking. This suggests that frontal plane gait stability is sensitive to the timing of RTA-day and may not be fully recovered when an individual gains clearance to return to physical activity. In another study by Howell et al. in an adolescent population, increased frontal plane COM sway and decreased gait velocity were found, which also suggests worsening frontal plane COM control after return to activity. This may be due to motor control disruptions that persist despite symptom resolution, which is one criteria often recommended to determine readiness for returning to physical activity. Although the time course of complete recovery remains unknown, decreased motor cortex function has been shown to require greater recovery time than clinical symptoms resolution.78. Baker, C.S. and M.E. Cinelli, Visuomotor deficits during locomotion in previously concussed athletes 30 or more days following return to play. Physiol Rep, 2014. 2(12).79. Powers, K.C., M.E. Cinelli, and J.M. Kalmar, Cortical hypoexcitability persists beyond the symptomatic phase of a concussion. Brain Inj, 2014. 28(4): p. 465-71.80. Harmon, K.G., et al., American Medical Society for Sports Medicine position statement: concussion in sport. Clin J Sport Med, 2013. 23(1): p. 1-18.81. Miller, N.R., et al., Acute and longitudinal changes in motor cortex function following mild traumatic brain injury. Brain Inj, 2014. 28(10): p. 1270-6.
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Clinical Decisions
Gait parameter assessment
◦ Pre- & post-concussion
◦ Dual-task

◦ Tandem gait
◦ Cognitive task

◦ Always compare to baseline measurements

Presenter
Presentation Notes
While many different ways to determine if a patient is ready to return to play have been discussed, many of them are not clinically feasible. 3D motion capture may be the best method to determine differences in gait parameters pre- and post-concussion, but is expensive and ideally performed in a lab. Accelerometers are a good alternative, more cost effective, and can be used in pretty much any setting. They can detect changes in postural sway more as a quantitative measurement and measure gait velocity without the use of any timing devices. If using either of these methods are not fiscally possible, performing any of the dual-task activities mentioned in this presentation can be a good alternative. As previously discussed, the tandem gait test with a cognitive activity is an excellent method to use when determining if a patient is ready to return to participation in their sport. The stand-alone test can easily be incorporated into concussion baseline testing, with timing of the test recorded to have an objective measurement for post-concussion assessment. If an athlete has sustained a concussion, the baseline values can help with determining if the patient is ready to return to play. Gait velocity can be measured and postural sway can be assessed while the patient performs the test and the clinician measures the time it takes for the athlete to complete the test and visually assess any postural sway they may have. 
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Gait Rehabilitation
Assessment tests now become 
rehabilitation exercises

Progression
◦ Static balance (eyes closed, foam 

surface)  ST Gait  DT Gait  RTP
◦ Asymptomatic
◦ No frontal plane sway
◦ Return to baseline speed with 

tandem gait

Presenter
Presentation Notes
While there is not much documented in the literature about formal gait rehabilitation following a concussion, it can be safe to say that similar to vestibular and neurocognitive rehabilitation, the tests used to assess gait after a concussion can also be used as rehabilitation exercises post-injury. Just like any rehabilitation program, proper progressions should be used to make sure a patient has mastered a task with no symptoms exacerbation before moving onto a more difficult task. A logical progression for gait rehabilitation would be to work on static balance techniques, such as the Romberg and BESS tests first, since static balance is the foundation for dynamic movements. Once a patient is comfortable with balance tasks with eyes closed and on a foam surface, single task gait exercises, such as tandem gait, can be introduced. Moving on from single task, dual task gait is the next progression. Adding a cognitive task to the tandem gait will challenge the patient beyond the basic motor task to be sure there are no lingering motor deficits once the cognitive component has been introduced. When the patient can complete this dual task exercise with no frontal plane COM sway and at their baseline speed, they will be ready to return to normal activities.
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Summary
Clinical Symptoms

Cognitive & Motor Deficits

Subjective Criteria for:
◦ Assessment
◦ Population Considerations
◦ Return to Play Decisions

Presenter
Presentation Notes
In summary, concussion is an injury that can affect many systems of the brain. These systems can result in clinical symptoms and cognitive and motor deficits that will affect patients in many different ways. Being able to able identify a concussion and understand the effects it can have on the motor and cognitive systems can help a clinician with proper testing and return to play decisions. Also, understanding that a concussion is not a one-size-fits all injury and that all aspects must be individually tailored to each person, regardless of age, sport, or ability.



© 2023 By Jaclyn Morrissette, PhD, ATC© 2025 By Jaclyn Morrissette, PhD, ATC

References
1. Broglio, S.P., et al., National Athletic Trainers' Association position statement: management of sport concussion. J Athl 
Train, 2014. 49(2): p. 245-65.
2. Patricios J.S., et al. Consensus statement on the 6th International Conference on Concussion in Sport held in 
Amsterdam, October 2022. Br J Sports Med. 2023;57:695-711.
3. Lefevre-Dognin C, Cogne M, Perdrieau V, et al. Definition and epidemiology of mild traumatic brain injury. 
Neurochirurgie. 2021;67(3):218-221.
4. Langlois, J.A., W. Rutland-Brown, and M.M. Wald, The epidemiology and impact of traumatic brain injury: a brief 
overview. J Head Trauma Rehabil, 2006. 21(5): p. 375-8.
5. Bryan MA, Rowhani-Rahbar A, Comstock RD, et al; Seattle Sports Concussion Research Collabrative. Sports- and 
recreation-related concussions in US youth. Pediatrics. 2016.
6. Gessel, L.M., et al., Concussions among United States high school and collegiate athletes. J Athl Train, 2007. 42(4): p. 
495-503.
7. Daneshvar, D.H., et al., The epidemiology of sport-related concussion. Clin Sports Med, 2011. 30(1): p. 1-17, vii.
8. Berry, D., Athletic mouth guards and their role in injury prevention. Athletic Therapy Today, 2001. 6(5): p. 52.
9. Prentice, W.E., Principles of Athletic Training: A Guide to Evidence-Based Clinical Practice, 16th ed. 2017, New York, 
NY: McGraw-Hill Education.

Presenter
Presentation Notes
The next eight slides are the references used in this lecture to support the information presented.



© 2023 By Jaclyn Morrissette, PhD, ATC

10. Jordan, B., Head injuries in sport, in Sports neurology, B. Jordan, Editor. 1998, Lippincott, Williams and Wilkins: 
Philadelphia, PA.
11. Laker, S.R., Epidemiology of concussion and mild traumatic brain injury. PM R, 2011. 3(10 Suppl 2): p. S354-8.
12. McCrory, P., et al., Consensus statement on concussion in sport - the 5th international conference on concussion in 
sport held in Berlin, October 2016. Br J Sports Med, 2018. 51: p. 838-847.
13. Guskiewicz, K.M., et al., Epidemiology of concussion in collegiate and high school football players. Am J Sports 
Med, 2000. 28(5): p. 643-50.
14. Reimann, B., Relationship between clinical and forceplate measures of postural stability. J Sport Rehabil, 1999. 
8(2): p. 71-82.
15. Giorgetti, M.M., B.A. Harris, and A. Jette, Reliability of clinical balance outcome measures in the elderly. Physiother 
Res Int, 1998. 3(4): p. 274-83.
16. Kammerlind, A.S., et al., Reliability of clincal balance tests and subjective ratings in dizziness and disequilibrium. 
Adv Physiother, 2005. 7: p. 96-107.
17. Schneiders, A.G., et al., Normative values for three clinical measures of motor performance used in the 
neurological assessment of sports concussion. J Sci Med Sport, 2010. 13(2): p. 196-201.
18. Covassin, T., C.B. Swanik, and M.L. Sachs, Sex Differences and the Incidence of Concussions Among Collegiate 
Athletes. J Athl Train, 2003. 38(3): p. 238-244.
19. Yengo-Kahn, A.M., et al., The Sport Concussion Assessment Tool: a systematic review. Neurosurg Focus, 2016. 
40(4): p. E6.



© 2023 By Jaclyn Morrissette, PhD, ATC

20. McCrory, P., et al., Summary and agreement statement of the 2nd International Conference on Concussion in Sport, 
Prague 2004. Br J Sports Med, 2005. 39(4): p. 196-204.
21. Patricios JS, Schneider GM, van Ierssel J, et al. Beyond acute assessment to office management: a systematic 
review informing the development of a sport concussion office assessment tool (SCOAT6) for adults and children. Br J 
Sports Med. 2023; 57(11):737-748.
22. Field, M., et al., Does age play a role in recovery from sports-related concussion? A comparison of high school and 
collegiate athletes. J Pediatr, 2003. 142(5): p. 546-53.
23. Purcell, L., What are the most appropriate return-to-play guidelines for concussed child athletes? Br J Sports Med, 
2009. 43 Suppl 1: p. i51-5.
24. Anderson, V. and C. Moore, Age at injury as a predictor of outcome following pediatric head injury: a longitudinal 
perspective. Child Neuropsychol, 1995. 1(3): p. 187-202.
25. Lloyd, D., T. Ackland, and J. Cochran, Balance and Agility, in Applied Anatomy and Biomechanics in Sport, T. 
Ackland, B. Elliot, and J. Bloomfield, Editors. 2009, Human Kinetics: Champaign, IL. p. 211-226.
26. Shumway-Cook A, Woolacott M, Rachwani J, Santamaria, V. Development of posture and balance control, in Motor 
Control: Translating Research into Clinical Practice, A. Shumway-Cook and M. Woolacott, Editors. 2023, Lippincott, 
Williams & Wilkins: Baltimore, MD.
27. Buckley, T.A., et al., Altered gait termination strategies following a concussion. Gait Posture, 2013. 38(3): p. 549-51.
28. Howell, D., L. Osternig, and L.S. Chou, Monitoring recovery of gait balance control following concussion using an 
accelerometer. J Biomech, 2015. 48(12): p. 3364-8.
29. Howell, D.R., L.R. Osternig, and L.S. Chou, Dual-task effect on gait balance control in adolescents with concussion. 
Arch Phys Med Rehabil, 2013. 94(8): p. 1513-20.



© 2023 By Jaclyn Morrissette, PhD, ATC

30. Oldham, J.R., et al., Altered dynamic postural control during gait termination following concussion. Gait Posture, 
2016. 49: p. 437-442.
31. Parker, T.M., et al., Gait stability following concussion. Med Sci Sports Exerc, 2006. 38(6): p. 1032-40.
32. McCrory, P., et al., Consensus statement on Concussion in Sport - The 4th International Conference on Concussion 
in Sport held in Zurich, November 2012. Phys Ther Sport, 2013. 14(2): p. e1-e13.
33. McCrea, M., et al., Standardized assessment of concussion in football players. Neurology, 1997. 48(3): p. 586-8.
34. Riemann, B.L. and K.M. Guskiewicz, Effects of mild head injury on postural stability as measured through clinical 
balance testing. J Athl Train, 2000. 35(1): p. 19-25.
35. Eckner, J.T., J.S. Kutcher, and J.K. Richardson, Pilot evaluation of a novel clinical test of reaction time in national 
collegiate athletic association division I football players. J Athl Train, 2010. 45(4): p. 327-32.
36. Galetta, K.M., et al., The King-Devick test and sports-related concussion: study of a rapid visual screening tool in a 
collegiate cohort. J Neurol Sci, 2011. 309(1-2): p. 34-9.
37. Sport concussion assessment tool - 5th edition. Br J Sports Med, 2017. 51: p. 851-858. 
38. Santo, A., et al., Clinical Utility of the Sport Concussion Assessment Tool 3 (SCAT3) Tandem-Gait Test in High School 
Athletes. J Athl Train, 2017. 52(12): p. 1096-1100.
39. Finnoff, J.T., et al., Intrarater and interrater reliability of the Balance Error Scoring System (BESS). PM R, 2009. 1(1): 
p. 50-4.
40. McCrea, M., et al., Standard regression-based methods for measuring recovery after sport-related concussion. J Int 
Neuropsychol Soc, 2005. 11(1): p. 58-69.
41. Docherty, C.L., T.C. Valovich McLeod, and S.J. Shultz, Postural control deficits in participants with functional ankle 
instability as measured by the balance error scoring system. Clin J Sport Med, 2006. 16(3): p. 203-8.



© 2023 By Jaclyn Morrissette, PhD, ATC

42. Fox, Z.G., et al., Return of postural control to baseline after anaerobic and aerobic exercise protocols. J Athl Train, 
2008. 43(5): p. 456-63.
43. Rahn, C., et al., Sideline Performance of the Balance Error Scoring System during a Live Sporting Event. Clin J Sport 
Med, 2015. 25(3): p. 248-53.
44. Oldham, J.R., et al., Normative Tandem Gait in Collegiate Student-Athletes: Implications for Clinical Concussion 
Assessment. Sports Health, 2017. 9(4): p. 305-311.
45. Yogev-Seligmann, G., J.M. Hausdorff, and N. Giladi, The role of executive function and attention in gait. Mov 
Disord, 2008. 23(3): p. 329-42.
46. Register-Mihalik, J.K., A.C. Littleton, and K.M. Guskiewicz, Are divided attention tasks useful in the assessment and 
management of sport-related concussion? Neuropsychol Rev, 2013. 23(4): p. 300-13.
47. Andriacchi, T.P., J.A. Ogle and J.O.Galante, Walking speed as a basis for normal and abnormal gait measurements. J 
Biomech, 1977. 10(4): p. 261-8.
48. Dingwell, J.B. and J.P. Cusumano, Nonlinear time series analysis of normal and pathological human walking. Chaos, 
2000. 10(4): p. 848-863.
49. Brooks, M.A., et al., Concussion Increases Odds of Sustaining a Lower Extremity Musculoskeletal Injury After 
Return to Play Among Collegiate Athletes. Am J Sports Med, 2016. 44(3): p. 742-7.
50. Lynall, R.C., et al., Acute Lower Extremity Injury Rates Increase after Concussion in College Athletes. Med Sci 
Sports Exerc, 2015. 47(12): p. 2487-92.
51. Cross, M., et al., Professional Rugby Union players have a 60% greater risk of time loss injury after concussion: a 2-
season prospective study of clinical outcomes. Br J Sports Med, 2016. 50(15): p. 926-31.



© 2023 By Jaclyn Morrissette, PhD, ATC

52. Nordstrom, A., P. Nordstrom, and J. Ekstrand, Sports-related concussion increases the risk of subsequent injury by 
about 50% in elite male football players. Br J Sports Med, 2014. 48(19): p. 1447-50.
53. Howell, D.R., L.R. Osternig, and L.S. Chou, Return to activity after concussion affects dual-task gait balance control 
recovery. Med Sci Sports Exerc, 2015. 47(4): p. 673-80.
54. Sinopoli, K.J., et al., Imaging "brain strain" in youth athletes with mild traumatic brain injury during dual-task 
performance. J Neurotrauma, 2014. 31(22): p. 1843-59.
55. Kleiner, M., et al., Dual-Task Assessment Protocols in Concussion Assessment: A Systematic Literature Review. J 
Orthop Sports Phys Ther, 2018. 48(2): p. 87-103.
56. Teel, E.F., et al., Balance and cognitive performance during a dual-task: preliminary implications for use in 
concussion assessment. J Sci Med Sport, 2013. 16(3): p. 190-4.
57. Howell, D.R., et al., Single-Task and Dual-Task Gait Among Collegiate Athletes of Different Sport Classifications: 
Implications for Concussion Management. J Appl Biomech, 2017. 33(1): p. 24-31.
58. Fino, P.C., et al., Detecting gait abnormalities after concussion or mild traumatic brain injury: A systematic review of 
single-task, dual-task, and complex gait. Gait Posture, 2018. 62: p. 157-166.
59. Cossette, I., M.C. Ouellet, and B.J. McFadyen, A preliminary study to identify locomotor-cognitive dual tasks that 
reveal persistent executive dysfunction after mild traumatic brain injury. Arch Phys Med Rehabil, 2014. 95(8): p. 1594-7.
60. Howell, D.R., et al., The effect of cognitive task complexity on gait stability in adolescents following concussion. Exp 
Brain Res, 2014. 232(6): p. 1773-82.



© 2023 By Jaclyn Morrissette, PhD, ATC

61. Fino, P.C., A preliminary study of longitudinal differences in local dynamic stability between recently concussed and 
healthy athletes during single and dual-task gait. J Biomech, 2016. 49(9): p. 1983-1988.
62. Fino, P.C., M.A. Nussbaum, and P.G. Brolinson, Locomotor deficits in recently concussed athletes and matched controls 
during single and dual-task turning gait: preliminary results. J Neuroeng Rehabil, 2016. 13(1): p. 65. 
63. Parker, T.M., et al., The effect of divided attention on gait stability following concussion. Clin Biomech (Bristol, Avon), 
2005. 20(4): p. 389-95.
64. Catena, R.D., P. van Donkelaar, and L.S. Chou, Cognitive task effects on gait stability following concussion. Exp Brain Res, 
2007. 176(1): p. 23-31.
65. Catena, R.D., et al., Spatial orientation of attention and obstacle avoidance following concussion. Exp Brain Res, 2009. 
194(1): p. 67-77.
66. Catena, R.D., P. van Donkelaar, and L.S. Chou, The effects of attention capacity on dynamic balance control following 
concussion. J Neuroeng Rehabil, 2011. 8: p. 8.
67. Chen, H.L., T.W. Lu, and L.S. Chou, Effect of concussion on inter-joint coordination variability under conditions of divided 
attention and obstacle crossing. J Med Biol Eng, 2015. 35: p. 28-33.
68. Parker, T.M., et al., Recovery of cognitive and dynamic motor function following concussion. Br J Sports Med, 2007. 
41(12): p. 868-73; discussion 873.
69. Parker, T.M., et al., Balance control during gait in athletes and non-athletes following concussion. Med Eng Phys, 2008. 
30(8): p. 959-67. 109. Kontos, A.P., et al., A revised factor structure for the post-concussion symptom scale: baseline and 
postconcussion factors. Am J Sports Med, 2012. 40(10): p. 2375-84.
70. McCrory, P., et al., Consensus statement on concussion in sport - The 3rd international conference on concussion in sport 
held in Zurich, November 2008. PM R, 2009. 1(5): p. 406-20.



© 2023 By Jaclyn Morrissette, PhD, ATC

71. Zuckerman, S.L., et al., Recovery from sports related concussion: Days to return to neruocognitive baseline in 
adeolescents versus young adults. Surg Nerurol Int, 2012. 3:p. 130.
72. Kontos, A.P., et al., A revised factor structure for the post-concussion symptom scale: baseline and postconcussion 
factors. Am J Sports Med, 2012. 40(10): p. 2375-84.
73. Covassin, T., P. Schatz, and C.B. Swanik, Sex differences in neuropsychological function and post-concussion symptoms of 
concussed collegiate athletes. Neurosurgery, 2007. 61(2): p. 345-50.
74. Miller, J.H., et al., Predictors of delayed recovery following pediatric sports-related concussion: a case-control study. J 
Neurosurg Pediatr, 2016. 17(4): p. 491-6.
75. Howell, D.R., et al., Dual-task gait differences in female and male adolescents following sport-related concussion. Gait 
Posture, 2017. 54: p. 284-289.
76. Frommer, L.J., et al., Sex differences in concussion symptoms of high school athletes. J Athl Train, 2011. 46(1): p. 76-84.
77. Brown, D.A., et al., Differences in Symptom Reporting Between Males and Females at Baseline and After a Sports-Related 
Concussion: A Systematic Review and Meta-Analysis. Sports Med, 2015. 45(7): p. 1027-40.
78. Baker, C.S. and M.E. Cinelli, Visuomotor deficits during locomotion in previously concussed athletes 30 or more days 
following return to play. Physiol Rep, 2014. 2(12).
79. Powers, K.C., M.E. Cinelli, and J.M. Kalmar, Cortical hypoexcitability persists beyond the symptomatic phase of a 
concussion. Brain Inj, 2014. 28(4): p. 465-71.
80. Harmon, K.G., et al., American Medical Society for Sports Medicine position statement: concussion in sport. Clin J Sport 
Med, 2013. 23(1): p. 1-18.
81. Miller, N.R., et al., Acute and longitudinal changes in motor cortex function following mild traumatic brain injury. Brain 
Inj, 2014. 28(10): p. 1270-6.



© 2023 By Jaclyn Morrissette, PhD, ATC

Thank You!
Jaclyn Morrissette, PhD, ATC
morrissettej1@wpunj.edu

Presenter
Presentation Notes
Thank you for attending this presentation. If you have any questions regarding the content that was present, please feel free to reach out to me at morrissettej1@wpunj.edu.

mailto:morrissettej1@wpunj.edu


© 2023 By Jaclyn Morrissette, PhD, ATC© 2023 By Jaclyn Morrissette, PhD, ATC

Learning Lab
• Station 1
•BESS Testing

• Hard Surface
• Foam Pad

• Station 2
•Tandem Gait Testing

• Simple Task
• Serial 7’s

• Station 3
•Dual Task

• Complex
• Ball
• Free
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