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Background  
It is unknown if differences exist for normalized velocity (m/s) and step length (m) when 
measured using clinically accessible tools, such as the 10-Meter Walk Test (10MWT) and 
a timed gait analysis (TGA), and costly equipment, such as the GAITRite® electronic 
walkway system, in healthy adolescent athletes. 

Purpose  
The purpose of this study was to compare normalized velocity and step length data using 
low- and high-tech equipment during single- and dual-task gait. The investigators 
hypothesized that there would be no significant differences between data collected using 
the 10MWT, TGA, and GAITRite®. 

Study Design   
Cross-sectional, repeated-measures study design. 

Methods  
A convenience sample of healthy male (n=23) and female (n=20) adolescent athletes aged 
14-18 years were recruited from a local high school. A three-way mixed analysis of 
variance analyzed normalized velocity (m/s) and step length (m) data measured with the 
10MWT, TGA, and GAITRite® while participants walked at a self-selected speed with and 
without a visuospatial cognitive task. All data were collected in the participants’ school 
setting. A three-way mixed ANOVA was used to analyze data. 

Results  
No significant interactions between assessment tool, walk condition, or sex were found. A 
main effect of walk condition (p<0.0001) and sex (p<0.0004) was found for normalized 
velocity (i.e., females walked faster than males). Normalized velocity was also 
significantly decreased when measured with the 10MWT compared to the GAITRite® 
(p<0.007) and the TGA (p<0.03). 

Conclusions  
Normalized velocity may be generalizable between the TGA and GAITRite®, but not the 
10MWT. Therefore, the TGA may be a viable adjunct to current multimodal assessments 
of gait following concussion in the absence of costly equipment. 
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Level of Evidence    
Level 2 

INTRODUCTION 

Comprehensive assessment of adolescents with sport-re
lated concussion (SRC) has shown to be complex, time con
suming, and partially dependent on costly, clinically in
accessible computerized equipment when measuring 
spatiotemporal parameters of gait, such as velocity and 
step length.1‑4 Until recently, the widely accepted model 
for concussion assessment was comprised mainly of neu
rocognitive testing, symptoms checklists, and a neurologi
cal exam.1,2 Specifically, standardized assessments such as 
the Sport Concussion Assessment Tool, 5th Edition (SCAT5) 
were held as the “mainstay”3 of concussion evaluations due 
partially to their low-tech (i.e., no costly electronic de
vices required) and sideline friendly nature.1‑3 While cog
nition, oculomotor function, gross sensorimotor coordina
tion, gait, vestibular function, and balance are all important 
components of the neurological assessment, these single-
task tests featured in tools like the SCAT5 may not fully 
capture changes in functional movement, such as the abil
ity to simultaneously perform gait and cognitive/visuospa
tial activities, that is typical during return to everyday ac
tivities.4,5 Changes in functional movement may include 
altered neuromechanical responsiveness, perception-ac
tion coupling, and decreased processing speed when am
bulating while performing an additional task rather than 
performing tasks individually.5‑7 Furthermore, changes in 
such functional gait activities could be exacerbated by the 
cognitive and motor demands of athletic participation.5,6 

To that end, dual-task models that combine cognitive and 
motor demands may be an important form of assessment 
to help identify post-concussion deficits, such as decreased 
gait speed, changes in cadence, and altered single or dual-
limb stance times, that manifest during daily life as well as 
athletic play.4‑9 To utilize these models, clinical compari
son values must be available to clinicians who are working 
with concussed athletes. 
Investigators have examined and reported dual-task data 

for gait in adolescents using auditory, visuospatial, and 
cognitive tasks in both healthy4 and concussed athletes.5‑9 

Additionally, normative spatiotemporal gait data for ado
lescent athletes with concussion have been published.9 Pre
liminary reference values specific to the adolescent popu
lation for the dual-task cost (DTC) associated with walking 
while completing a visuospatial memory task with altered 
visual attention have been published.4 These data may 
more closely resemble the everyday tasks that involve ma
nipulation of an object with visual attention on the object 
rather than the broader environment experienced in both 
daily activity and in athletic play; and, many of these data 
were generated using expensive computerized equipment 
that may not be available in clinical or sideline settings.4‑10 

In recognition of increasingly available dual-task data, 
the 6th International Conference on Concussion in Sports, 
held in Amsterdam on October 2022, updated the SCAT5 to 
incorporate optional timed dual gait tasks within the newer 

Sport Concussion Assessment Tool, 6th Edition (SCAT6) us
ing the clinically feasible Tandem Gait Test (TGT).11 Mod
erate practice effects have been identified among healthy 
adolescents12 and young adults13 as well as pediatric ath
letes with concussion14 when performing the TGT. Addi
tionally, literature has reported inconsistent administra
tion protocols for the TGT,13 and the authors of the present 
study are not aware of any studies comparing the TGT 
against validated computerized technology to assess im
portant spatiotemporal parameters of gait. Indeed, many 
assessments used to derive spatiotemporal data in liter
ature have been completed using an expensive piece of 
equipment not readily available to most clinicians which 
may create a significant barrier to utility of these clinical 
comparison values. Data generated through more tradi
tional or clinically feasible tools could be helpful in provid
ing useful information to more clinicians in a variety of set
tings. 
Similar to the TGT, the 10-Meter Walk Test (10MWT) is a 

well-established and standardized measure of gait speed15 

with high test-retest reliability when measuring comfort
able and fast gait speed (ICC = 0.95-0.96) and step length 
(ICC = 0.91-0.98) in adolescents and adults with brain in
jury.16 Psychometric properties have also been established 
for the 10MWT specifically among populations with mild 
traumatic brain injuries (mTBI), which include concus
sion.17‑19 More importantly, Cleland et al20 reported that 
among adults with a history of cerebrovascular accident 
(CVA), the 10MWT demonstrated fair-to-moderate agree
ment (ICC = 0.46-0.89) during comfortable walking speeds 
and high agreement (ICC = 0.91-0.96) during maximal 
walking speeds with the GAITRite® portable walkway, a 
valid and reliable21‑23 “gold standard”24 computerized 
walkway system with software capable of deriving spa
tiotemporal parameters of gait. These findings suggest that 
clinically accessible assessments of gait such as the 10MWT 
may be valid for examining the effects of neuromuscular in
sults on spatiotemporal parameters of gait. However, stud
ies do not exist that implement such conditions with in
clusion of the dual-task model in a sample of adolescent 
athletes with or without sport-related concussion (SRC). 
Additionally, the 10MWT does not assess other spa

tiotemporal parameters of gait, such as stride length, ca
dence, or step length.18 Nevertheless, clinicians such as 
athletic trainers and physical therapists routinely assess as
pects of gait including pertinent changes in velocity, gait 
biomechanics, step length, stride length, and potential dis
crepancies in weight bearing between the lower extremi
ties. Therefore, an analysis form with relevant formulas for 
calculating critical gait parameters may be a clinically rel
evant adjunct for the 10MWT. Given that walking speed 
and step length, compared to other parameters, have been 
found to strongly correlate with prolonged symptom recov
ery in athletes with concussion,25 it is important to discern 
if clinical assessments of gait, whether via a validated tool 
or clinical calculations (i.e., TGA), differ in practical util
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Table 1. Results of inter-rater reliability testing.      

Outcome Measure Interclass Correlation 
Coefficient 

10MWT average gait speed ICC3,k = 0.946* 

TGA (distance traveled) ICC3,k = 0.941* 

TGA (average time for 
completion) 

ICC3,k = 0.936-0.980* 

TGA (average step count) ICC3,k = 0.996-1.00* 

Abbreviations: 10MWT, 10-Meter Walk Test; TGA, Timed Gait Analysis. *ICC3,k values 
equal to or greater than 0.90 are considered excellent. 

ity from computerized equipment for assessment of such 
parameters. Additionally, without research that first estab
lishes baseline data among healthy adolescent athletes us
ing such a gait assessment battery, clinically feasible as
sessments following SRC may continue to be limited in the 
proper and efficient evaluation of dual-task gait paradigms. 
Therefore, the purpose of this study was to compare nor

malized velocity and step length data using low- and high-
tech equipment during single- and dual-task gait. The in
vestigators hypothesized that there would be no significant 
differences between data collected using the 10MWT, TGA, 
and GAITRite®. 

METHODS 

PARTICIPANTS 

Prior to data collection on subjects for the current study, 
inter-rater reliability was established for the primary inves
tigators using each outcome measure (Table 1). A conve
nience sample of 10 healthy undergraduate students from 
the University of Central Arkansas were recruited for re
liability testing based on results from an a priori power 
analysis that determined 10 participants were required to 
achieve 90% power with an alpha of 0.05. Intraclass corre
lation coefficient interpretations were based upon clarifica
tion provided by ten Hove et al.26 

For data collection, the authors of this cross-sectional, 
repeated-measures study utilized a convenience sample of 
healthy male (n=23) and female (n=20) athletes between 
the ages of 14-18 years old, who were recruited from a re
gional high school in Central Arkansas. The Institutional 
Review Board at the University of Arkansas for Medical Sci
ences approved the study. All participants and guardians 
provided written informed assent and consent respectively 
to participate. Participants were included based upon their 
enrollment in junior varsity and varsity athletic programs 
(football for boys and soccer for girls). Athletes were in
cluded in the study if they were healthy (determined by 
a sports physical examination performed by a physician), 
participating in sport programs through their school, were 
between the ages of 14-18 years old, and had a completed 
informed consent from the parent/guardian. Participants 
were excluded if they had a diagnosed concussion in the 
last three months, two diagnosed concussions in the last 

year, or a recent lower extremity injury that affected pos
tural stability. 

PROTOCOL 

All data collection was performed on a section of the ath
letes’ outdoor high school running track. Participants were 
randomly assigned to take their place in line for data col
lection at a GAITRite®, 10MWT, TGA, or leg length mea
surement station, each of which was operated by a research 
team member. The four stations were established in a single 
line, so participants moved to the next station after com
pleting data collection at the first one. Each participant’s 
leg length was measured as the distance from greater 
trochanter to floor for each leg to calculate normalized ve
locity, thereby accounting for variability in participants’ 
morphology. This normalized velocity was calculated by 
dividing each athlete’s velocity values derived from the 
10MWT, TGA, and GAITRite® by their mean leg length (av
erage of right and left leg length) and converting all val
ues to meters per second (m/s). Normalized velocity and 
step length were assessed using the GAITRite® and TGA, 
while the 10MWT only assessed velocity. Both parameters 
were assessed by instructing each of the athletes to walk at 
a self-selected speed during undivided attention trials first 
and divided attention trials second. During each divided at
tention trial, a visuospatial memory task was given to the 
participants to complete on a hand-held tablet (Microsoft 
Surface Pro, 2016) while walking. The tablet, rather than 
participants’ own cell phones, was used to achieve nov
elty and required attention to the device. The task (Pat
tern Memory by ProProfs.com, available at www.memory-
improvement-tips.com), similar to the visuospatial memory 
tasks commonly included in the neurocognitive testing 
used in concussion management, consisted of a one-second 
period of time to view a pattern of shapes arranged spatially 
on the tablet screen. After one second, the shapes disap
peared. The person completing the task was instructed to 
place the shapes in the original position relying upon vi
suospatial working memory. For the current study, partici
pants who typically wore corrective eyewear (e.g., glasses or 
contact lens) wore them during the assessment. All partic
ipants were allowed three practice attempts with the hand-
held tablet to learn the task in static stance. 
The 10-Meter Walk Test: The 10MWT assesses self-se

lected walking speed in meters per second (m/s) over a dis
tance of six meters.15 Participants were asked to walk at 
their own typical walking speed for a total of four trials15: 
two without the tablet activity and two with the tablet ac
tivity. A member of the research team documented the time 
it took to walk a marked distance. The two trials for each 
walking task (with or without the tablet activity) were av
eraged for velocity and used in data analysis. For this as
sessment, participants walked a total of 10 meters; how
ever, only the intermediate six meters were used for data 
collection, as the first and last two meters accommodate ac
celeration and deceleration.15 

The Timed Gait Analysis: The TGA is comprised of rele
vant formulas commonly used in clinical environments as 
part of physical therapists’ broader skillsets to assess gait 
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biomechanics over a distance of six meters. For the pur
poses of this study, participants were asked to walk at their 
own typical walking speed for a total of four trials, two 
without the tablet activity and two with the tablet activ
ity. A member of the research team documented the time it 
took to walk a marked distance and how many steps were 
taken to achieve that distance during single- and dual-task 
trials. Then, the two trials for each walking task (with or 
without the tablet activity) were averaged to calculate ve
locity (m/s) and step length (m), and these means were used 
for data analysis. Like the 10MWT, the first and last two 
meters were used to accommodate acceleration and decel
eration. 
The GAITRite® Walkway System: The GAITRite® was 

used to derive gait velocity (cm/s) and step length (m) 
data.20‑24 Participants were asked to walk a total distance 
of 10 meters at their own typical walking speed for a total 
of six trials,23,24 three without the tablet activity and three 
with the tablet activity. Subjects initiated the task two me
ters prior to stepping onto the pathway to account for ac
celeration and allow the task to continue throughout the 
entirety of the sensor pathway. A member of the research 
team utilized the GAITRite® software, which averaged the 
three gait trials under each walk condition providing means 
for velocity (m/s) and step length (m). 

STATISTICAL METHODS 

All data were analyzed using nlme: Linear and Nonlinear 
Mixed Effects Models R package version 3.1- 164.27 De
scriptive analysis, including means and standard devia
tions, was used to summarize all participant data. Assump
tions of normality, homogeneity of variances, and 
sphericity were tested. A three-way mixed analyses of vari
ance (ANOVA) was conducted to explore the impact of walk 
status (walking with or without the dual task condition), as
sessment tool (10MWT, TGA, or GAITRite®), and sex (male 
or female) on normalized velocity values. A similar three-
way mixed ANOVA was conducted to assess the influence 
of the same variables without the 10MWT on step length 
values. Walk status and assessment tool were within-sub
jects variables while sex was a between-subjects variable. 
The level of statistical significance was set at p < 0.05. Post 
hoc analysis was performed using Tukey’s HSD adjustment 
for multiple comparisons. 

RESULTS 

Demographic information including age, sex, and race/eth
nicity for all participants is presented in Table 2. 
The means and standard deviations for single and dual-

task efforts are summarized in Tables 3 and 4 for normal
ized velocity and step length, respectively. Data for one fe
male subject was excluded due to missing values. Thus, 23 
males and 19 females contributed data for analysis. 
There was no significant interaction effect between walk 

status, assessment tool, and sex for normalized velocity (p 
> 0.369) using the GAITRite®, 10MWT, and TGA or step 
length (p > 0.530) using the GAITRite® and TGA. However, 

Table 2. Participant demographics by sex, race, and       
ethnicity.  

Males (n=23) Females (n=20) 

Mean Age 
(Years (± SD)) 

16.3 (± 0.82) 16.2 (± 1.12) 

Race 

Caucasian 8 15 

African American 15 1 

Two or More 0 4 

Ethnicity 

Hispanic 0 0 

Non-Hispanic 23 20 

Abbreviations: SD, standard deviation 

there was a significant main effect for walk status when 
measuring normalized velocity (estimate = 0.185, SE = 
0.0148, p < 0.0001) and step length (estimate = 0.067, SE = 
0.00492, p <0 .0001) with both males and females walking 
with decreased velocity and shortened step length during 
dual-task activity. There was only a significant main effect 
for sex when measuring normalized velocity (estimate = 
0.206, SE = 0.0538, p < 0.0004) with females walking with 
significantly increased velocity but not statistically signifi
cantly different step lengths compared to males. 
When measuring normalized velocity, there was a signif

icant main effect for assessment tool between the 10MWT 
and the other two tools (10MWT/GAITRite®, estimate = 
0.0772, SE = 0.0243, p <0 .0074 and 10MWT/TGA, estimate 
= 0.0612, SE = 0.0232, p < 0.03); However, there was not a 
significant difference between the TGA and GAITRite® (es
timate = 0.016, SE = 0.0178, p > 0.65) for normalized ve
locity. When measuring step length, there was a significant 
effect for assessment tool when comparing the TGA and 
GAITRite® (estimate = 0.0489, SE = 0.00579, p <0.0001). 

DISCUSSION 

The current study sought to examine the potential addition 
of clinical assessments of gait, such as the 10MWT and 
TGA, in multimodal assessments of concussion. Lowe et 
al4 previously explored spatiotemporal parameters of gait 
among healthy adolescent athletes using computerized 
technology, the GAITRite® Walkway System. Additionally, 
authors have previously utilized similar technologies to as
sess parameters of gait among adolescent25,28 and colle
giate29‑31 athletes with and without concussion. However, 
such high-end, computerized instruments may not be read
ily available during clinical assessment of concussion. 
Similar to findings presented by Lowe et al,4 the current 

study found a significant main effect for walk status sug
gesting that males and females both walked significantly 
faster during single-task trials compared to dual-task trials 
using all three assessment tools. Significant differences be
tween walk conditions were not surprising, given prior find
ings highlighting a significant dual-task cost (i.e., the 
change from a focused-attention single-task relative to a 
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Table 3. The means and standard deviations of normalized velocity (m/s) when male (n=23) and female (n=19)                
subjects walked without (single-task) and with (dual-task) a concurrent visuospatial cognitive task using each               
assessment tool.   

Single-Task Dual-Task 

Assessment Males Females Males Females 

10MWT 1.32 (0.204) 1.55 (0.256) 1.12 (0.243) 1.30 (0.233) 

TGA 1.37 (0.152) 1.56 (0.248) 1.18 (0.168) 1.36 (0.192) 

GAITRite® 1.37 (0.161) 1.59 (0.213) 1.22 (0.193) 1.40 (0.213) 

Abbreviations: 10MWT, 10-Meter Walk Test; TGA, Timed Gait Analysis. 

Table 4. The means and standard deviations of step length (m) when male (n=23) and female (n=19) subjects                 
walked without (single-task) and with (dual-task) a concurrent visuospatial cognitive task using only the TGA                
and GAITRite®.   

Single-Task Dual-Task 

Assessment Males Females Males Females 

TGA 0.67 (0.054) 0.66 (0.063) 0.61 (0.066) 0.61 (0.060) 

GAITRite® 0.72 (0.072) 0.71 (0.066) 0.65 (0.072) 0.65 (0.065) 

Abbreviations: TGA, Timed Gait Analysis 

divided attention dual-task condition) in spatiotemporal 
parameters of gait in healthy adolescent and collegiate ath
letes.4,7,25 Also consistent with previous data, females in 
this sample of adolescent athletes walked faster than their 
male peers.4 Furthermore, results demonstrate that overall, 
normalized velocity (m/s) was significantly different when 
measured using the 10MWT as opposed to both the TGA 
and GAITRite®, suggesting that the 10MWT may not be 
used interchangeably with the other two tools in a mul
timodal clinical assessment battery for this population. 
These results are similar to those of Kim et al.24 which 
showed lack of agreement between the 10MWT and 
GAITRite® when measuring gait speed for adults with 
chronic ankle instability. 
When assessing step length, the current study revealed, 

like previous work,7 that during a single or dual task walk
ing activity, there was no significant main effect for sex. Re
garding dual task cost, however, the data from the current 
study suggest that these adolescent male and female ath
letes shortened their step length during a dual-task walking 
activity when assessed by both the TGA and the GAITRite®. 
Of note, there were significant differences between the TGA 
and GAITRite® when assessing step length, suggesting that 
these tools may not be used interchangeably. The authors 
hypothesize that these differences may be rooted in the 
ability of the GAITRite® to measure exact differences in 
step length, while the TGA provides a mathematical esti
mate of step length based upon an assumed symmetrical 
gait. 
The findings from this study should be interpreted con

sidering its limitations. The generalizability of the results 
to racial/ethnic groups is limited, as no Hispanic students 
were assessed, and an unequal sample of Caucasian and 
African American participants were represented in the male 
and female groups. Additionally, only male football and fe

male soccer players were selected from a single high school, 
which potentially limits generalizability across region and 
sport. A formal power analysis was not performed prior 
to data collection. Rather, investigators aimed to recruit a 
convenience sample of at least 30 athletes to promote an 
approximately normal distribution. Athletes completed as
sessments for each of the tools in random order based on 
arrival time, length of lines for testing, and/or instruction 
by researchers; however, no formal randomization tech
nique was incorporated. Therefore, threats to internal va
lidity may exist. Furthermore, each subject was assessed in 
the company of fellow peers, which may have influenced 
results due to behavioral factors despite detailed and con
sistent instruction by researchers regarding execution of all 
tasks. Future studies may benefit from larger and more di
verse sample sizes. 

CONCLUSION 

Over the past two decades, consensus statements have been 
made from organizations studying concussion data calling 
for more comprehensive dual-task assessments of balance 
and gait for adolescent athletes with SRC.1,2,11 Most of the 
spatiotemporal gait data from dual-task assessments have 
been captured using costly computerized equipment, which 
may not be clinically feasible in non-experimental settings. 
This study’s findings suggest that measurements of nor
malized velocity were not significantly different between 
the TGA and GAITRite®, providing a more clinically feasi
ble option for collecting these data. Future work with larger 
sample sizes and increased diversity across sport, race, and 
ethnicity may provide more information about the viability 
of clinical assessments like the 10MWT, TGA, and the TGT. 

Clinical Assessment of Spatiotemporal Parameters of Gait when Performing a Visuospatial Cognitive Task

International Journal of Sports Physical Therapy



© The Author(s) 

Submitted: October 07, 2024 CDT. Accepted: February 22, 2025 
CDT. Published: April 01, 2025 CDT. 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre

ativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

Clinical Assessment of Spatiotemporal Parameters of Gait when Performing a Visuospatial Cognitive Task

International Journal of Sports Physical Therapy



REFERENCES 

1. McCrory P, Meeuwisse W, Dvořák J, 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. 
2017;51(11):838-847. doi:10.1136/
bjsports-2017-097699 

2. Harmon KG, Drezner JA, Gammons M, et al. 
American Medical Society for Sports Medicine 
position statement: concussion in sport [published 
correction appears in Br J Sports Med. 2013 
Feb;47(3):184]. Br J Sports Med. 2013;47(1):15-26. 
doi:10.1136/bjsports-2012-091941 

3. Nicholson CA, Weber KM, Pieroth EM. Sideline 
assessment of concussion. Oper Tech Sports Med. 
2022;30(1):1-8. doi:10.1016/j.otsm.2022.150893 

4. Lowe L, Gokun Y, Williams DK, Yates C. 
Spatiotemporal parameters of adolescent gait when 
performing a visuospatial memory task. Int J Sports 
Phys Ther. 2019;14(5):753-760. doi:10.26603/
ijspt20190753 

5. Chmielewski TL, Tatman J, Suzuki S, et al. 
Impaired motor control after sport-related 
concussion could increase risk for musculoskeletal 
injury: implications for clinical management and 
rehabilitation. J Sport Health Sci. 2021;10(2):154-161. 
doi:10.1016/j.jshs.2020.11.005 

6. Howell DR, Osternig LR, Chou LS. Return to 
activity after concussion affects dual-task gait 
balance control recovery. Med Sci Sports Exerc. 
2015;47(4):673-680. doi:10.1249/
MSS.0000000000000462 

7. Howell DR, Osternig LR, Chou LS. Dual-task effect 
on gait balance control in adolescents with 
concussion. Arch Phys Med Rehabil. 
2013;94(8):1513-1520. doi:10.1016/
j.apmr.2013.04.015 

8. Howell DR, Osternig LR, Chou LS. Adolescents 
demonstrate greater gait balance control deficits after 
concussion than young adults. Am J Sports Med. 
2015;43(3):625-632. doi:10.1177/0363546514560994 

9. Lowe L, Castillo F, Allen M, Israel M, Yates C. 
Spatiotemporal parameters of gait among adolescent 
athletes with concussion when performing a 
visuospatial cognitive task. Int J Sports Phys Ther. 
2023;18(2):338-347. doi:10.26603/001c.71361 

10. McKay MJ, Baldwin JN, Ferreira P, et al. 
Spatiotemporal and plantar pressure patterns of 1000 
healthy individuals aged 3-101 years. Gait Posture. 
2017;58:78-87. doi:10.1016/j.gaitpost.2017.07.004 

11. Patricios JS, Schneider KJ, Dvorak J, et al. 
Consensus statement on concussion in sport: the 6th 
International Conference on Concussion in Sport-
Amsterdam, October 2022. Br J Sports Med. 
2023;57(11):695-711. doi:10.1136/
bjsports-2023-106898 

12. Howell DR, Brilliant AN, Meehan WP 3rd. Tandem 
gait test-retest reliability among healthy child and 
adolescent athletes. J Athl Train. 
2019;54(12):1254-1259. doi:10.4085/
1062-6050-525-18 

13. Santo AL, Joyce ME, Lynall RC. Tandem gait test-
retest reliability among healthy physically active 
young adults. PMR. 2023;15(9):1098-1105. 
doi:10.1002/pmrj.12909 

14. Van Deventer KA, Seehusen CN, Walker GA, 
Wilson JC, Howell DR. The diagnostic and prognostic 
utility of the dual-task tandem gait test for pediatric 
concussion. J Sport Health Sci. 2021;10(2):131-137. 
doi:10.1016/j.jshs.2020.08.005 

15. Moore JL, Potter K, Blankshain K, Kaplan SL, 
OʼDwyer LC, Sullivan JE. A core set of outcome 
measures for adults with neurologic conditions 
undergoing rehabilitation: a clinical practice 
guideline. J Neurol Phys Ther. 2018;42(3):174-220. 
doi:10.1097/NPT.0000000000000229 

16. de Baptista CRJA, Vicente AM, Souza MA, 
Cardoso J, Ramalho VM, Mattiello-Sverzut AC. 
Methods of 10-meter walk test and repercussions for 
reliability obtained in typically developing children. 
Rehabil Res Pract. 2020;2020:4209812. doi:10.1155/
2020/4209812 

17. Watson MJ. Refining the ten-metre walking test 
for use with neurologically impaired people. 
Physiotherapy. 2002;88(7):386-397. doi:10.1016/
S0031-9406(05)61264-3 

18. van Loo MA, Moseley AM, Bosman JM, de Bie RA, 
Hassett L. Test-re-test reliability of walking speed, 
step length and step width measurement after 
traumatic brain injury: a pilot study. Brain Inj. 
2004;18(10):1041-1048. doi:10.1080/
02699050410001672314 

Clinical Assessment of Spatiotemporal Parameters of Gait when Performing a Visuospatial Cognitive Task

International Journal of Sports Physical Therapy

https://doi.org/10.1136/bjsports-2017-097699
https://doi.org/10.1136/bjsports-2017-097699
https://doi.org/10.1136/bjsports-2012-091941
https://doi.org/10.1016/j.otsm.2022.150893
https://doi.org/10.26603/ijspt20190753
https://doi.org/10.26603/ijspt20190753
https://doi.org/10.1016/j.jshs.2020.11.005
https://doi.org/10.1249/MSS.0000000000000462
https://doi.org/10.1249/MSS.0000000000000462
https://doi.org/10.1016/j.apmr.2013.04.015
https://doi.org/10.1016/j.apmr.2013.04.015
https://doi.org/10.1177/0363546514560994
https://doi.org/10.26603/001c.71361
https://doi.org/10.1016/j.gaitpost.2017.07.004
https://doi.org/10.1136/bjsports-2023-106898
https://doi.org/10.1136/bjsports-2023-106898
https://doi.org/10.4085/1062-6050-525-18
https://doi.org/10.4085/1062-6050-525-18
https://doi.org/10.1002/pmrj.12909
https://doi.org/10.1016/j.jshs.2020.08.005
https://doi.org/10.1097/NPT.0000000000000229
https://doi.org/10.1155/2020/4209812
https://doi.org/10.1155/2020/4209812
https://doi.org/10.1016/S0031-9406(05)61264-3
https://doi.org/10.1016/S0031-9406(05)61264-3
https://doi.org/10.1080/02699050410001672314
https://doi.org/10.1080/02699050410001672314


19. Tyson S, Connell L. The psychometric properties 
and clinical utility of measures of walking and 
mobility in neurological conditions: a systematic 
review. Clin Rehabil. 2009;23(11):1018-1033. 
doi:10.1177/0269215509339004 

20. Cleland BT, Arshad H, Madhavan S. Concurrent 
validity of the GAITRite electronic walkway and the 
10-m walk test for measurement of walking speed 
after stroke. Gait Posture. 2019;68:458-460. 
doi:10.1016/j.gaitpost.2018.12.035 

21. Wondra VC, Pitetti KH, Beets MW. Gait 
parameters in children with motor disabilities using 
an electronic walkway system: assessment of 
reliability. Pediatr Phys Ther. 2007;19(4):326-331. 
doi:10.1097/PEP.0b013e3181577d6d 

22. Sorsdahl AB, Moe-Nilssen R, Strand LI. Test-
retest reliability of spatial and temporal gait 
parameters in children with cerebral palsy as 
measured by an electronic walkway. Gait Posture. 
2008;27(1):43-50. doi:10.1016/j.gaitpost.2007.01.001 

23. Morrison SC, Ferrari J, Smillie S. Are 
spatiotemporal gait characteristics reliable outcome 
measures in children with developmental 
coordination disorder? Pediatr Phys Ther. 
2012;24(1):46-50. doi:10.1097/
PEP.0b013e31823dbeed 

24. Kim H, Kum D, Lee I, Choi J. Concurrent validity 
of GAITRite and the 10-m walk test to measure gait 
speed in adults with chronic ankle instability. 
Healthcare (Basel). 2022;10(8):1499. doi:10.3390/
healthcare10081499 

25. Howell DR, Osternig LR, Chou LS. Consistency 
and cost of dual-task gait balance measure in healthy 
adolescents and young adults. Gait Posture. 
2016;49:176-180. doi:10.1016/j.gaitpost.2016.07.008 

26. Ten Hove D, Jorgensen TD, van der Ark LA. 
Updated guidelines on selecting an intraclass 
correlation coefficient for interrater reliability, with 
applications to incomplete observational designs. 
Psychol Methods. 2024;29(5):967-979. doi:10.1037/
met0000516 

27. Pinheiro J, Bates D, R Core Team. Nlme: linear 
and nonlinear mixed effects models. r package 
version 3.1-164. The comprehensive r archive 
network. November 27, 2023. Accessed March 15, 
2024. https://cran.r-project.org/web/packages/nlme/
nlme.pdf 

28. Howell DR, Stracciolini A, Geminiani E, Meehan 
WP 3rd. Dual-task gait differences in female and 
male adolescents following sport-related concussion. 
Gait Posture. 2017;54:284-289. doi:10.1016/
j.gaitpost.2017.03.034 

29. Berkner J, Meehan WP 3rd, Master CL, Howell DR. 
Gait and quiet-stance performance among 
adolescents after concussion-symptom resolution. J 
Athl Train. 2017;52(12):1089-1095. doi:10.4085/
1062-6050-52.11.23 

30. Howell DR, Oldham J, Lanois C, et al. Dual-task 
gait recovery after concussion among female and 
male collegiate athletes. Med Sci Sports Exerc. 
2020;52(5):1015-1021. doi:10.1249/
MSS.0000000000002225 

31. Howell DR, Buckley TA, Berkstresser B, Wang F, 
Meehan WP III. Identification of post-concussion 
dual-task gait abnormalities using normative 
reference values. J Appl Biomech. 2019;35(4):290-296. 
doi:10.1123/jab.2018-0454 

Clinical Assessment of Spatiotemporal Parameters of Gait when Performing a Visuospatial Cognitive Task

International Journal of Sports Physical Therapy

https://doi.org/10.1177/0269215509339004
https://doi.org/10.1016/j.gaitpost.2018.12.035
https://doi.org/10.1097/PEP.0b013e3181577d6d
https://doi.org/10.1016/j.gaitpost.2007.01.001
https://doi.org/10.1097/PEP.0b013e31823dbeed
https://doi.org/10.1097/PEP.0b013e31823dbeed
https://doi.org/10.3390/healthcare10081499
https://doi.org/10.3390/healthcare10081499
https://doi.org/10.1016/j.gaitpost.2016.07.008
https://doi.org/10.1037/met0000516
https://doi.org/10.1037/met0000516
https://cran.r-project.org/web/packages/nlme/nlme.pdf
https://cran.r-project.org/web/packages/nlme/nlme.pdf
https://doi.org/10.1016/j.gaitpost.2017.03.034
https://doi.org/10.1016/j.gaitpost.2017.03.034
https://doi.org/10.4085/1062-6050-52.11.23
https://doi.org/10.4085/1062-6050-52.11.23
https://doi.org/10.1249/MSS.0000000000002225
https://doi.org/10.1249/MSS.0000000000002225
https://doi.org/10.1123/jab.2018-0454

	Clinical Assessment of Spatiotemporal Parameters of Gait when Performing a Visuospatial Cognitive Task
	Background
	Purpose
	Study Design
	Methods
	Results
	Conclusions
	Level of Evidence
	INTRODUCTION
	METHODS
	Participants
	Protocol
	Statistical Methods

	RESULTS
	DISCUSSION
	CONCLUSION
	References


