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Background  
There is no clinical tool that assesses multiple components of postural control 
potentially impacted by sport-related concussion (SRC). 

Objective  
To develop and assess the feasibility and construct validity of the Functional Assessment 
of Balance in Concussion (FAB-C) battery. 

Study Design   
Cross-sectional study. 

Methods  
Tests for inclusion in the FAB-C battery were identified through a search of the literature. 
The feasibility and construct validity of the battery was assessed with a convenience 
sample of active individuals (13–24 years) with and without a SRC. Feasibility outcomes 
included battery completion (yes/no), number of adverse events, time to administer 
(minutes) and cost of the battery (Canadian Dollars). Construct validity was assessed by 
examining correlations between tests included in the battery, and describing differences 
[mean (standard deviation), median (range) or proportion] in outcomes between 
uninjured participants and participants with SRC. 

Results  
Seven tests were included in the FAB-C battery. All 40 uninjured participants [12 female; 
median age 17 years] completed the FAB-C assessment compared to 86% of seven 
participants with SRC [1 female; median age 17]. No participants demonstrated adverse 
effects. The median administration time of the battery was 49 minutes (range 44-60). The 
cost of the battery was low (~$100 Canadian Dollars). Limited correlations (r<0.7) 
between tests in the battery were observed. A greater percentage of uninjured 
participants (52% to 82%) passed individual tests in the battery compared to participants 
with SRC (17% to 66%). 

Conclusion  
Although promising, the FAB-C battery requires further evaluation before adoption for 
widespread clinical use. 
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Level of Evidence    
Level 3b 

INTRODUCTION 

Adequate balance control is required for safe sport partic
ipation.1 Postural control is a complex task requiring con
tinuous interaction and adaptation between sensory, mo
tor and cognitive functions. The components of postural 
control have been conceptualized to include: (1) movement 
strategies, (2) control of dynamics, (3) sensory strategies, 
(4) cognitive contributions, (5) orientation in space, and (6) 
biomechanical elements.2 Postural impairments may result 
from deficits in one or more of these components.3 

Sport-related concussion (SRC) is a traumatic brain in
jury induced by a biomechanical force.4 Impaired postural 
control is a common sign of SRC, presenting in up to 80% 
of athletes who suffer a SRC.5 Accordingly, postural control 
assessment is critical for SRC diagnosis and return-to-sport 
(RTS) decisions. The most commonly used clinical (i.e., 
non-instrumented) postural control assessment tools for 
SRC, the Balance Error Scoring System (BESS) and modified 
Balance Error Scoring System (m-BESS) are relatively in
expensive and easy to administer.4,6 These tools are based 
on the premise that SRC postural control impairments are 
the result of sensory deficits alone, which have been shown 
to resolve within three to five days following injury.7 How
ever, more sophisticated laboratory assessments of postural 
control have demonstrated that SRC postural control im
pairments are also associated with motor and cognitive 
deficits that may persist beyond five days.2 Given that typi
cal standing balance tests are unable to challenge cognitive 
and motor resources, additional tests are required to evalu
ate the potential postural control consequences of SRC.8‑10 

Given the inadequacies of common clinical tests and 
limited feasibility of using laboratory measures in clinical 
settings,11 it is plausible that an athlete may be cleared 
for RTS despite ongoing postural control impairments. This 
may increase their risk of future injury.12 In response to 
this problem, there is a need for comprehensive clinical 
methods to assess postural control following SRC.4,9,10 The 
primary objective of the current study was to describe the 
development of a comprehensive battery (the Functional 
Assessment of Balance in Concussion or FAB-C) that as
sesses the sensory, motor, and cognitive components of 
postural control that may be impacted by a SRC. Secondary 
objectives were to examine the feasibility of administra
tion, and construct validity (i.e., correlations between indi
vidual tests included and the ability to identify differences 
in performance between uninjured active individuals and 
those who had recently RTS following SRC) of the battery. 

METHODS 
DEVELOPMENT OF THE FAB-C BATTERY 

The development of the FAB-C battery was guided by a re
cently proposed model of postural control assessment fol
lowing SRC.13 This model proposed that a comprehensive 

assessment of postural control following a SRC should in
clude clinical tests that challenge sensory strategies, con
trol of dynamics, movement strategies, and cognitive con
tributions components of postural control under 
single-task, dual-task, and sport-specific testing para
digms. 
To identify tests that challenge these multiple compo

nents of postural control under various testing paradigms 
for possible inclusion in the FAB-C battery, the research 
team initially searched the literature to identify existing 
clinical tests with established clinometric properties. This 
list was reduced by comparing existing clinical tests’ pur
poses (i.e., the evaluated component of postural control) 
and clinimetric properties. Findings from the steps afore
mentioned were used to develop an unrefined version of the 
FAB-C battery, which was further examined for feasibility 
and preliminary construct validity. 

TESTING THE FAB-C BATTERY 

PARTICIPANTS 

A convenience sample of active (Cincinnati Sports Activity 
Scale level one or two),14 youth (13–17 years old) and 
young adult (18-24 years old) athletes who either recently 
returned to sport (RTS) following SRC or without a con
cussion were recruited from private physiotherapy clinics, 
sport organizations, through advertisements, social media, 
or word of mouth between December 2017 to May 2019. 
Participants with SRC must have been diagnosed with SRC 
as per the 5th International Consensus on Concussion in 
Sport4 and returned to sport (i.e., unrestricted return to 
practice, game, or competition) within the 60 days prior to 
testing. Uninjured participants were individuals who had 
not been diagnosed with SRC within the prior year. Partic
ipants were excluded if they were not active in recreational 
or competitive sport; reported a history of lower extrem
ity injury that caused absence from recreational/sport ac
tivities greater than one week within the last three months; 
had inner ear or sinus infection over the week prior to test
ing, uncorrectable (i.e., neither with vision glasses nor con
tacts) vision dysfunction at time of testing, history of cog
nitive deficits such as concentration abnormalities, history 
of attention deficit hyperactivity disorder; or were non-
English speakers. Ethics approval (No: Pro00077091) was 
acquired from the University of Alberta Health Research 
Ethics Board, and informed consent and/or assent was ob
tained from all participants prior to testing as appropriate 

PROCEDURES 

Data were collected at either a university lab or a private 
physiotherapy clinic. On the day of testing, participants 
completed study questionnaires that gathered demographic 
and medical history information. Participants were famil
iarized with the FAB-C testing protocol and performed a 
warm-up (i.e., 1 minute of sidestepping, one minute of jog
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ging backward, and three minutes of jogging forward)15 

prior to data collection. The lead investigator, who is a 
physical therapist with seven years of experience in SRC 
management, scored the participants’ performance as they 
completed three trials of the FAB-C battery. Short rest 
breaks (i.e., one to two minutes) were provided between tri
als as needed. The lead investigator also recorded all feasi
bility outcomes of interest. 

OUTCOMES 

A questionnaire adapted from the Sports Concussion As
sessment Tool–5th edition (SCAT5)16 was used to collect 
information on participants’ sex, age, primary sport and 
medical history (i.e., history of previous concussions, cur
rent medications, number of days since injury, number of 
days since RTS, the health care provider who made a di
agnosis of SRC, and the health care provider who made a 
RTS decision). Feasibility outcomes included the number of 
participants who completed the entire assessment, poten
tial for adverse events (i.e., falls, near-miss falls, injury, or 
increased symptoms), and burden (i.e., the cost of required 
equipment and time required to complete the assessment). 
FAB-C scores included the individual scores from the tests 
that made up the battery. 

ANALYSIS 

Descriptive statistics [mean (standard deviation), median 
(range) or proportion as appropriate] were used to summa
rize all FAB-C clinical test outcomes. To evaluate the fea
sibility of the FAB-C, the percentage of participants who 
completed the entire FAB-C battery, the percentage of par
ticipants who demonstrated adverse events during and/or 
after testing, average time (in minutes) required to ad
minister the FAB-C battery, and cost (in Canadian Dollars) 
of equipment required were calculated. Data from partic
ipants who completed the entire testing battery were in
cluded in the analysis. To evaluate the construct validity 
of the FAB-C, a multitrait Spearman’s correlation coeffi
cient matrix was used to examine correlation patterns be
tween clinical tests included in the FAB-C battery to iden
tify whether they assessed similar or unique components of 
postural control.17 The non-parametric Spearman’s corre
lation was used given the small sample size in this study. If 
the Spearman’s correlation between two clinical tests was 
0.7 or higher, it was assumed that one of them could be re
placed with another clinical test based on tests’ purposes 
and clinimetric properties.18 An α level of 0.001 was chosen 
to judge significance to account for multiple comparisons. 
Differences in performance on the FAB-C battery between 
uninjured participants and participants who had recently 
RTS following SRC were calculated and reported using basic 
descriptive statistics [mean (standard deviation), median 
(range) or proportion as appropriate]. All analyses were 
performed using IBM SPSS 25 for Windows (Armonk, New 
York). 

RESULTS 
DEVELOPMENT OF THE FAB-C BATTERY 

The literature search identified 13 clinical tests that were 
cited as appropriate in individuals SRC and were potential 
tests for inclusion in the FAB-C battery. Appendix 1 shows 
the tests with their purposes and established clinometric 
properties as well as the decisions used to include or omit 
each test in the FAB-C. This list was reduced to seven tests 
taking into consideration a tests’ purpose(s) and clinomet
ric properties. These seven included the Balance Error Scor
ing System, Tandem Gait Test, and Clinical Reaction Time 
Tests in both single and dual-task (concurrent cognitive 
task) testing conditions. As no sport-specific testing para
digms were identified, the research team developed a Sport-
Related Movement Control Test using the scale develop
ment framework of Johnson and Morgan (Figure 1).19 

Finally, the research team incorporated a symptom check
list (The Post-Concussion Symptom Inventory)20 to ensure 
the FAB-C was comprehensive. A full description of these 
tests follows. 
The Balance Error Scoring System. This test is commonly 

used to measure the sensory strategies component of pos
tural control following SRC.4 The test involves the comple
tion of three 20-second stance trials (i.e., double leg, single 
leg, tandem stance) on firm and foam surfaces. These are 
scored based on the number of errors committed (i.e., total 
score ranges from 0 – 60). For the dual-task condition, par
ticipants were asked to subtract by seven from a randomly 
assigned number while performing the test.21 The research 
team scored both the single- and dual-task Balance Error 
Scoring System by averaging the number of errors a partic
ipant commits from three testing trials to obtain the most 
reliable scores.22 

The Tandem Gait Test. The test is currently an accepted 
measure of the control of dynamics component of postural 
control following SRC,4 and involves walking in a forward 
direction as fast and accurately as possible down and back 
along a 38mm-wide three-meter line using an alternate 
foot heel-to-toe gait. During the test, the administrator 
records the time (in seconds) required for participants to 
complete the test, as well as the participants’ ability to 
complete the test (i.e., pass/fail). For the dual-task condi
tion, participants were asked to spell-out a five-letter word 
backward while performing the test.21 To obtain the most 
reliable scores for both the single- and dual-task Tandem 
Gait Test, the research team scored the time assessment by 
averaging time across three testing trials, and the pass/fail 
assessment based on a participant’s performance in trial 
three.22 

The Clinical Reaction Time Test. The participants were 
asked to catch a numbered rod as quickly as possible. Drop 
distance is converted to speed. For the dual-task condition, 
participants were asked to verbally spell a five-letter word 
backward while waiting for the testing apparatus to fall.23 

The research team scored both the single- and dual-task 
Clinical Reaction Time Test by averaging reaction time (in 
milliseconds) across three testing trials to obtain the most 
reliable scores.22 
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Figure 1. The development of the Sport-Related Movement Control Test         
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Figure 2.   
The design of a sport-related movement control test that involves running and turning 
for postural control assessment following sport-related concussion. The gray area shows 
the starting point. Five paths are arranged on the floor in a semicircle at different angles 
(0, 45, and 90 degrees) from the midline. The length and width of each path are stan
dardized at 170 and 38 centimeters, respectively. A tested individual is asked to run from 
the starting point, pass beyond the endpoints (tape-strips that are shown as double lines 
in the figure) at the end of each path with both feet, turn around, and run back to the 
starting point. The order of endpoints is randomly assigned by the examiner (each end
point has a different colour of tape). Total time an injured athlete needs to complete the 
task (moving through five paths) and the ability to stay within the assigned paths (pass/
fail) are record. A tested individual fails if steps off the assigned path. 

Sport-Related Movement Control Test. The test includes 
both a ‘Turn and Go’ (i.e., a sport-related movement control 
measure which involves forward running with repeated 
turning in five different directions within a limited base-of-
support), and ‘Lateral Shuffle’ (i.e., a sport-related move
ment control measure which involves side-shuffle and 
backward running in five different directions within a lim
ited base-of-support) components (Figure 2). Both tests’ 
components are scored based on time (in seconds) required 
for participants to complete the components (i.e., running 
in five directions), as well as the participant’s ability to 
complete the components (i.e., pass/fail). The research 
team scored the time assessment by averaging time across 
three testing trials, and the pass/fail assessment based on a 
participant’s ability to pass all three testing trials to obtain 
reliable scores (Figure 2). 
The Post-Concussion Symptom Inventory. The Post-Con

cussion Symptom Inventory Self-assessment (ages 13 – 18) 
was used to document participants’ symptoms before and 
after testing. This version of the Post-Concussion Symptom 
Inventory has been validated for use with individuals fol
lowing SRC, with acceptable test-retest reliability (intra
class coefficients [ICC] = 0.65–0.89).20 

TESTING THE FAB-C BATTERY 

PARTICIPANT CHARACTERISTICS 

Uninjured (Table 1): Of 59 individuals who expressed inter
est in study participation, seven did not meet the inclusion 
criteria (history of concussion within the year prior to test
ing), three declined to participate (time constraints), and 
nine did not respond to communications, leaving a sam
ple of 40 participants. The majority (70%) of uninjured par
ticipants reported hockey, basketball, ringette, or soccer as 
their primary sport and two (5%) participants reported cur

rent use of antibiotics for ongoing dermatological condi
tions. 
Previous SRC with RTS in past 60 days (Table 1): Of nine 

individuals who expressed interest in participating in the 
study, one did not meet the inclusion criteria (history of 
lower extremity injury that caused absence from recre
ational/sport activities greater than one week within the 
last three months), and one declined to participate (time 
constraints), leaving a sample of seven participants. The 
majority (85%) of recently concussed participants reported 
football and hockey as their primary sport. Four (57%) par
ticipants were initially diagnosed with SRC by a physician, 
and three (43%) by an athletic therapist. Three (42%) and 
four (58%) participants RTS based on clearance from a 
physician and a physical therapist, respectively. The most 
frequently reported criteria for making RTS decision in
cluded symptoms resolution (43%), individual ability to 
perform physical tasks while being symptom-free (28.5%), 
or both (28.5%). 

FEASIBILITY 

All (100%) uninjured participants completed the entire as
sessment on the FAB-C (see Table 2). No participants 
demonstrated adverse events during and/or after adminis
tering the FAB-C battery. The median total time needed to 
administer the FAB-C battery was 49 minutes (ranging from 
44 to 60 minutes). The cost of equipment required to ad
minister the FAB-C battery was ~$100 Canadian Dollars. 

CONSTRUCT VALIDITY 

Correlations between clinical tests included in the FAB-C 
battery ranged from -0.33 to 0.84 (see Table 3). Non-signif
icant correlations between the Balance Error Scoring Sys
tem, Tandem Gait Test, Clinical Reaction Time Test, and 
Sport-Related Movement Control Test were observed. De
spite the high correlation between the Turn and Go and 
Lateral Shuffle components of the sport-related movement 
control test (r = 0.84, p < 0.001), the research team decided 
to keep both in the FAB-C battery given that each com
ponent involves a different set of movements required for 
sports participation (i.e. forward running with repeated 
turning versus backward running and side shuffle). The re
search team, therefore, did not remove any clinical tests 
from the FAB-C battery. Appendix 2 presents the final FAB-
C battery inclusive of scoring, examiner, and patient in
structions. 
All (100%) uninjured participants and six (86%) partic

ipants who had recently RTS following SRC completed the 
entire FAB-C testing. One (14%) recently concussed partic
ipant withdrew after data collection due to the reproduc
tion of SRC symptoms including headache, dizziness, and 
reported sadness. The percentage of uninjured participants 
who passed the single-task Tandem Gait Test, dual-task 
Tandem Gait Test, Turn and Go test, and Lateral Shuffle 
Test were 67%, 82%, 60%, and 52%, respectively; compared 
to 50%, 66%, 0%, and 17% of participants who had recently 
RTS following SRC, respectively (Table 2). 
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Table 1: Participant Characteristics (n=47).    

Characteristics 
Uninjured 

(n=40) 
Injured 

(n=7) 

Sex (female), n (%) 12 (30%) 1 (14.2%) 

Age (years), median (min-max) 17 (13–24) 17 (13-20) 

History of previous concussion (yes), n (%) 13 (32.5%) 4 (57%) 

Current medication (yes), n (%) 2 (5%) 0 (0%) 

Days since injury to return-to-play, median (min-max) NA 31 (9-40) 

Days since return-to-play to testing, median (min-max) NA 34 (9-46) 

Note. None of the recruited participants reported sport-related concussion related symptoms at baseline. 

Table 2. Summary Statistics for Participant Performance on the FAB-C battery (n=46).           

Task Uninjured (n=40) Injured (n=6) 

BESS-ST (number of errors) 16 (26) 15 (10) 

TGTT-ST (seconds) 19 (14) 16 (8) 

TGTE-ST (% passing) 67 50 

CRT-ST (millisecond) 250 (80) 238 (73) 

BESS-DT (number of errors) 14 (30) 13 (21) 

TGTT-DT (seconds) 19 (23) 17 (10) 

TGTE-DT (% passing) 82 66 

CRT-DT (millisecond) 250 (110) 230 (60) 

Turn and Go (seconds) 18 (8) 17 (5) 

Turn and Go (% passing) 60 0 

Lateral Shuffle (seconds) 17 (9) 17 (4) 

Lateral Shuffle (% passing) 52 17 

Note. None of the recruited participants reported sport-related concussion related symptoms after performing the FAB-C battery. Values are presented as median (range) unless oth
erwise noted. Data from one injured participant who did not complete the entire testing protocol was excluded from the analysis. BESS: Balance Error Scoring System, CRT: Clinical 
Reaction Time, DT: dual-task, FAB-C battery: the Functional Assessment of Balance in Concussion battery, Lateral Shuffle: a sport-related movement control measure that involves 
side-shuffling and backward running, ST: single-task, TGTT: Tandem Gait Test (time), TGTE: Tandem Gait Test (error), Turn and Go: a sport-related movement control measure that 
involves forward running and turning. 

DISCUSSION 

This paper introduces the FAB-C battery aimed at assessing 
different components of postural control relevant to SRC. 
The battery consists of seven performance-based clinical 
tests and a symptom checklist intended to be used in com
bination (and not in isolation) to determine a patient’s pos
tural control assessment. The battery appears safe, feasible 
and inexpensive (i.e., its cost is comparable to the cost of 
the Balance Error Scoring System, which is commonly used 
for postural control assessment in SRC).6 However, the to
tal time required to administer the battery is lengthy (44 – 
60 minutes). 
Although the FAB-C battery requires a considerable ad

ministration time, a comprehensive battery of tests that in
cludes evaluation of various components of postural con
trol that may be affected by SRC is needed and may help 
professionals to identify areas of ongoing dysfunction.4 In 
addition, specific components of postural control may ben
efit from targeted rehabilitation and may also identify addi
tional areas that may increase the risk of subsequent mus
culoskeletal injuries and concussion.4 Moreover, the time 
required to administer the battery is comparable to that re

quired to administer a comprehensive assessment of mo
tor skills in individuals with SRC (e.g., Bruininks-Oseretsky 
Test of Motor Proficiency Second Edition) yet with a lower 
associated cost.50 To reduce the time of administration, fu
ture studies should examine the clinical utility of using to
tal versus subdomain scoring of the FAB-C battery. 
Data analysis showed limited correlations between indi

vidual tests included in the FAB-C battery. This indicates 
that each test assesses a different component of postural 
control and the tests should not be used interchangeably 
or in isolation when examining a patient’s postural control. 
The analysis also showed that all uninjured participants 
were able to complete the entire FAB-C battery; and passed 
the single-task Tandem Gait, dual-task Tandem Gait, Turn 
and Go, and Lateral Shuffle tests whereas only a proportion 
of recently RTS participants (Table 2). This observation 
provides preliminary evidence of the construct validity of 
the FAB-C battery to identify postural control impairments 
in youth and young adults who had recently RTS following 
SRC. This observation also supports previous studies sug
gesting that some athletes with SRC may RTS with residual 
postural control deficits.12,24 
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Table 3. Multitrait Spearman Correlation Matrix among Postural Control Tests in Healthy Control Participants (n=40).              

1 2 3 4 5 6 7 8 9 10 11 12 

1. BESS-ST - 

2. TGTT-ST 0.09 - 

3. TGTE-ST 0.42 * -0.19 - 

4. RT-ST -0.30 0.18 -0.14 - 

5. BESS-DT 0.63 ** 0.10 .41 -0.06 - 

6. TGTT-DT 0.18 0.52 ** -0.03 0.11 0.25 - 

7. TGTE-DT 0.27 0.15 0.54 ** -0.01 0.29 0.01 - 

8. RT-DT -0.10 0.18 -0.01 0.15 -0.12 0.01 0.14 - 

9. Turn and Go (second) 0.26 0.14 0.21 -0.13 0.19 0.08 0.38 * 0.03 - 

10. Turn and Go (%pass) 0.19 0.07 0.18 0.13 0.29 0.07 0.00 -0.14 -0.23 - 

11. Lateral Shuffle (second) 0.29 0.15 0.24 -0.11 0.20 0.21 0.36 * 0.04 0.84 ** -0.17 - 

12. Lateral Shuffle (%pass) 0.12 -0.12 0.19 -0.07 0.04 0.13 -0.01 0.34 * -0.33 * 0.35 * -0.18 - 

Note. Numbers in the top raw represent the same measures listed in the first column. Dashes along the diagonal represent perfect correlation (r = 1.0). *Correlations are significant at 0.05 level (2-tailed). ** Correlations are significant at 0.001 level (2-tailed). BESS: Balance 
Error Scoring System, CRT: Clinical Reaction Time, DT: dual-task, ST: single-task, Lateral Shuffle: a sport-related movement control measure that involves side-shuffling and backward running, TGTT: Tandem Gait Test (time), TGTE: Tandem Gait Test (error), Turn and Go: a 
sport-related movement control measure that involves forward running and turning. 
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Future studies examining the proposed FAB-C battery in 
samples of individuals diagnosed with SRC of varying age, 
sex, gender, and sporting history are required before wide
spread use in clinical and clinical research settings. At this 
point, there is a need for studies examining the effect of 
different sources of variance (e.g., age, sex, and history of 
SRC) within individual clinical tests included in the FAB-
C battery. Findings from these studies inform subsequent 
studies evaluating the clinimetric properties (i.e., validity 
and reliability) of the FAB-C battery. If the FAB-C battery 
is valid, reliable, and can differentiate which components 
of postural control are affected by a concussion, it could be 
used to inform the design and evaluation of rehabilitation 
strategies (i.e., selection of exercises that target affected 
components). Future studies may also examine the clini
cal utility capturing the accuracy of cognitive responses in
cluded in the battery. 

STRENGTHS AND LIMITATIONS 

To the research team knowledge, the current study presents 
the first clinical assessment of postural control that aims at 
differentiating between various potentially affected compo
nents of postural control following SRC. This study, how
ever, has limitations. Specifically, the research team re
cruited uninjured athletes who had not experienced a SRC 
over the year prior to testing, and analyzed data from only 
participants who completed the entire assessment, which 
introduced potential selection bias.25 The clinical tests 
used under the dual-task and sport-specific domains of the 

FAB-C battery have not been previously validated, which 
introduced potential measurement bias.25 Finally, the gen
eralizability of the our findings from the current study is 
limited as the majority of the recruited sample involved un
injured athletes (85%), male athletes (63%), and athletes 
who played hockey, ringette, basketball, or soccer (60%). 

CONCLUSION 

The proposed FAB-C battery aims at differentiating be
tween the potentially affected components of postural con
trol following SRC. The results of this study indicate that 
the battery appears safe, feasible, inexpensive, and demon
strated preliminary construct validity to identify postural 
control impairments in youth and young adults who had 
recently RTS following SRC. Further studies evaluating the 
clinimetric properties and clinical utility of the FAB-C bat
tery are required before adoption for widespread use in 
clinical settings. 
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