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Abstract
Background The GAITRite® system is one of the gold standards for gait electronic analysis, especially for older adults. 
Previous GAITRite® systems were composed of an electronic roll-up walkway. Recently, a new GAITRite® electronic 
walkway, named CIRFACE, was commercialized. It is composed of a changeable association of stiff plates, unlike 
previous models. Are the gait parameters measured similar between these two walkways among older adults and 
according to the cognitive status, the history of falls, and the use of walking aids?

Methods In this retrospective observational study, 95 older ambulatory participants (mean, 82.6 ± 5.8 years) were 
included. Ten spatio-temporal gait parameters were measured simultaneously with the two GAITRite® systems 
in older adults while walking at comfortable self-selected pace. The GAITRite® Platinum Plus Classic (26’) was 
superimposed on the GAITRite® CIRFACE (VI). Comparisons between the parameters of the two walkways were 
performed using Bravais-Pearson correlation, between-method differences (corresponding to bias), percentage errors 
and Intraclass Correlation Coefficients (ICC2,1). Subgroup analyses were performed according to the cognitive status, 
the history of falls in the last 12 months and the use of walking aids.

Results The whole walk parameters recorded by the two walkways were extremely correlated with a Bravais-Pearson 
correlation coefficient ranging from 0.968 to 0.999, P < .001, indicating a very high correlation. According to the ICC2,1 
calculated for absolute agreement, all gait parameters had excellent reliability (ranging from 0.938 to 0.999). Mean 
bias for 9 parameters out of 10 were ranged from − 0.27 to 0.54, with clinically acceptable percentage errors (1.2–
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Introduction
The GAITRite® system is an instrumented gait analyzer 
with resistive pressure sensors. It was used to analyze gait 
parameters in younger, older and geriatric populations [1, 
2] well as in patients suffering from minor or major Neu-
roCognitive Disorders (NCD) related to various etiolo-
gies such as Alzheimer Disease (AD), vascular or mixed 
diseases [3, 4], but also Parkinson disease [5, 6]. During 
the two past decades, a growing number of studies inves-
tigated relationships between spatio temporal gait param-
eters and age, gender [7–9], domain-specific cognitive 
decline (e.g. declines of episodic memory and executive 
functions) [10], frailty [11, 12], history of falls [4, 13], 
use of walking aids including canes [13, 14] and rollators 
[15], and lower-limb characteristics like physical capaci-
ties [15, 16] or lower-limb length [17]. These researches 
reinforce the interest of providing a robust gait analysis of 
the older patients during standard evaluation in medical 
practice. Walking 4 to 14 m at comfortable self-selected 
pace was the condition most frequently studied so far. 
Other conditions can be investigated such as walking as 
fast and safe as possible, walking as slow as possible or 
walking at its own speed while performing a cognitive 
task simultaneously (i.e., dual-task paradigm).

To our knowledge, first studies on accuracy and reli-
ability of GAITRite® were performed in 2001 in a case 
study among younger women [18]. Since 2005, the GAI-
TRite® was considered as one of the gold standards in gait 
analyses with very high accuracy and reliability in older 
adults [19]. This technology was also considered as gold 
standard for metrological validation studies of other sen-
sors like the ones wearable (laser [20], pressure [21]), 
ambient (ultrasound [22]) or vision based (depth cam-
era, smartphone camera [23], infrared camera and web-
cam [24]). During the two past decades, the GAITRite® 
system was composed of a roll-up electronic walkway 
(e.g., Platinum Plus Classic (PPC), RE, Basic and Safari) 
with a length ranging from 4 to 10  m, 0.9  m wide and 
0.5 cm high. The walkway encapsulated multiple resis-
tive pressure sensors (between 14,000 and 30,000 sensors 
depending on the walking length) arranged in a grid with 
a spatial resolution of 1.27 cm and a sampling frequency 

from 60 to 240 Hz (see for example: https://biometrics.fr/
web/24-gaitrite-et-cirface).

Since 2016, GAITRite® has commercialized a new sys-
tem named CIRFACE. This new system is based on the 
same technology as the roll-up walkway (multiple resis-
tive pressure sensors arranged in a grid with a spatial 
resolution of 1.27  cm) but the walkway is composed of 
a changeable association of stiff plates. This technology 
has the ergonomic advantage of being more adaptable to 
variable spatial organizations from one geriatric care unit 
to another compared to the roll-up walkway GAITRite® 
(which is not adjustable in length). Note that beyond the 
analysis of walking on a straight line, this system can ana-
lyze several walking situations, including turning around, 
with and without obstacles, going up and down stairs and 
other more complex walks such as ZigZag, T, L, 8 and 
circle. Until now, only two studies have used this recent 
walkway system, the first one in patients with incomplete 
spinal cord injury [25], and the second one in patients 
with multiple sclerosis [22].

To ensure comparability between the results of studies 
using these different walkways (e.g., in a meta-analytic 
process), to confirm that their respective external struc-
ture does not influence the result of the gait analysis and, 
to confirm the lack of impact between using a roll-up 
walkway GAITRite® or the GAITRite® CIRFACE among 
older adults, it may be relevant to compare directly the 
performance of both walkways. In the geriatric popula-
tion (including inpatients), cognitive decline is a very 
common pathology [26] and it influences walk param-
eters. Oliveira et al. [27] showed differences in velocity, 
gait cycle time, step length, and cadence during a walk at 
self-selected pace between Cognitively Healthy Individu-
als (CHI) and patients with mild cognitive impairment 
(i.e., minor NCD), compared to patients with AD. Veloci-
ties are often comprised between 0.95 and 1.25  m.s− 1 
for CHI and patients with minor NCD [1, 2, 8, 9, 17, 27, 
28], whereas they are lower for major NCD (often under 
0.95 m.s− 1 [27–29]). In addition, the results from Savica 
et al. [30] suggested that the decline in spatiotempo-
ral gait parameters during a walk at self-selected pace 
(e.g., velocity, cadence, stride length, swing time, stance 

10.1%). Step length showed a substantially higher bias (1.4 ± 1.2 cm), nevertheless the percentage errors remained 
clinically acceptable (5%).

Conclusion When walking at comfortable self-selected pace, the standard spatio-temporal walk parameters 
provided by both the GAITRite® PPC and the GAITRite® CIRFACE seem similar and very highly correlated in older adults 
with various cognitive or motor status. The data of studies using these systems can be compared and mixed with a 
very low risk of bias in a meta-analytic process. Also, the geriatric care units can choose the most ergonomic system 
according to their infrastructure without affecting their gait data.

Trial registration NCT04557592 (21/09/2020).
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time, support base) were all predictive of the decline in 
memory, executive, language and visuospatial abilities in 
older patients with various neural and vascular disorders. 
In the same way, falls are also a very common condition 
in geriatric patients with potential severe consequences 
on gait parameters [4, 13]. Walking with a walking aid 
changes gait parameters [31] and capturing gait param-
eters with a walking aid should be a technological issue 
that should also be challenged [13, 14]. Older patients 
with history of fall and/or using a walking aid have low 
velocities (under 0.85  m.s− 1 [13, 14]). Last, these cogni-
tive and motor declines may be associated. Patients with 
a major NCD and fall history have the most severe gait 
impairments (e.g., velocities under 0.65 m.s− 1 [13, 29]).

Taken together, it may be relevant to compare the roll-
up walkway GAITRite® and the GAITRite® CIRFACE in a 
sample of older (in)patients, including several severities 
of cognitive and motor declines.

Thus, the main objective of the present study was to 
compare the standard spatio-temporal gait parameters 
measured with a roll-up walkway GAITRite® and the 
GAITRite® CIRFACE among older inpatients. Due to the 
heterogeneity of inpatients in geriatric care unit, and the 
great interest of provide a robust gait evaluation in this 
type of medical unit, the secondary objectives were to 
compare gait parameters according to: (i) the cognitive 
status, (ii) the history of falls, and (iii) the use of a walking 
aid.

Methods
Study design
The design of this study was observational and retrospec-
tive. It was conducted in the geriatric day care and mem-
ory consultation units of a French University Hospital 

between June 17, 2019 and February 26, 2020. In these 
two units, patient’s walk was systematically assessed 
using the GAITRite® as usual assessment to complete the 
geriatric and cognitive assessments.

Participants
The population of the study was composed of older 
ambulatory participants aged over 74 and with various 
NCD status (without NCD, with minor NCD, with major 
NCD due to AD), with or without history of falls in the 
last 12 months, and with or without walking aid. Data 
were extracted if the participant did not refuse the use of 
its data.

Apparatus
The GAITRite® PPC (26’) roll-up electronic walkway was 
used in this study (CIR Systems Inc., USA). Its dimen-
sions were 884  cm long (793  cm active length), 90  cm 
wide (61 cm active width) and 0.6 cm high. It was com-
pared to the GAITRite® CIRFACE (VI) electronic walk-
way composed of 12 plates (CIR Systems Inc., USA). Its 
dimensions were 576 cm active length (48 cm per plate), 
111 cm wide (96 cm active width), 5.5 m² in total active 
area, and 3 cm height.

Procedure
The two versions of the GAITRite® walkways were super-
imposed (see Fig.  1 to view experimental design). The 
GAITRite® CIRFACE was placed directly on the ground. 
The active capture zone of walk was 576  cm long. In 
order to secure the participant and to limit the effects 
of acceleration and deceleration at the beginning and at 
the end of the walk, an additional plate of the GAITRite® 
CIRFACE, without sensor, was placed before (55  cm 

Fig. 1 Experimental design (overview). The GAITRite® CIRFACE is in orange color. The GAITRite® Platinium Plus Classic is in grey
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long) and after (85  cm long) the GAITRite® CIRFACE 
active capture zone. The GAITRite® PPC was placed on 
the CIRFACE, starting at the same level as the GAITRite® 
CIRFACE’s non-active capture zone, and finishing at 
253 cm beyond the active capture zone. Both GAITRite® 
systems were initialized before the patient started to 
walk. Thereby, patient’s walk was recorded by both walk-
ways at the same time. Before starting to walk, the patient 
was sited in front of the walkway to prevent pre-fatigue. 
Then, the professional caregiver (nurse and/or medical 
student) asked him to stand up and to stand on the first 
plate without sensor. Then, he instructed him to walk on 
the walkway at his usual, comfortable speed (including 
cane or rollator if necessary) to the mark (which corre-
sponded to the last plate without sensor of the GAITRite® 
CIRFACE). One trial was recorded of each patient.

Data collected
Clinical measurements
Participants’ characteristics were collected during the 
consultation by a medical doctor and/or a neuropsychol-
ogist, including age, gender, weight, the use of a walking 
aid, history of falls in the last12 months, Mini Mental 
State Examination score (MMSE, scored over 30, the 
higher the better, cut-off 26) [32], Frontal Assessment 
Battery score (FAB, scored over 18, the higher the bet-
ter, cut-off 15) [33], and mini Geriatric Depression Scale 
(mini GDS, scored over 4, the lower the better, cut-off 1) 
[34]. Note that to establish a precise cognitive diagnosis, 
the medical doctor and/or the neuropsychologist per-
formed, as usual assessments, the MMSE, the FAB, the 
mini GDS, but also the basic and the instrumental activi-
ties of daily living. Depending of the results of these first 
explorations, they could complete the assessments using 
other cognitive tests more specific to a cognitive func-
tion (e.g., fluency tests, memory tests, cognitive flexibility 
tests) or to behaviors (e.g., delirium, apathy, mood disor-
ders). With this strategy, they could establish a diagnosis 
of probable NCD and/or AD.

NCD status was collected to differentiate three sub-
groups: Cognitive Healthy Individual [CHI], minor NCD 
and AD.

Gait measurements
Spatio-temporal gait parameters were collected from the 
two GAITRite® systems, including the following stan-
dard parameters: velocity, cadence, step time, step length, 
stride time, stride length, support base, swing time, 
stance time and stride velocity. These gait parameters 
were chosen because of their relevance in characteriz-
ing the gait of older adults in two dimensions (length and 
width) [4, 8, 35].

Each GAITRite® system was connected to its own 
computer but they used the same gait analysis software 

produced by GAITRite®. Footprints were automatically 
detected and recorded by the software. Then, to check 
the correspondence of the footprint acquisitions between 
the two systems, the walks from the GAITRite® PPC were 
manually compared to the walks from the GAITRite® 
CIRFACE, and manually post-treated to have compara-
ble data. For example, the first(s) and last(s) step(s) from 
the PPC were manually deleted to start the record with 
the same foot and to match the number of steps of the 
CIRFACE.

All the data collected were centralized by a data 
manager.

Statistical analyses
In order to maximize the chance to obtain a normal 
distribution of the data to use parametric tests, and to 
compare three subgroups of patients according to their 
cognitive status, it was necessary to include 30 partici-
pants per group, i.e., 90 participants in total. The sam-
pling method was probability sampling in which the 
sample was stratified according to the cognitive status 
of the patients (3 stratifications). A 10% margin of error 
was added to take in account possible technical concerns. 
Thus, we had to include 100 participants.

Categorical variables were described using numbers 
and percentages, and quantitative variables using means 
and standard deviations, as appropriate. Comparisons 
among the different cognitive status, among participants 
with and without history of fall and among participants 
with and without walking aids were performed using 
Chi² test for categorical variables (or exact Fisher test 
if appropriate), and Kruskal-Wallis analyze of variance 
for independent sample or Student t test for quantita-
tive variables (or Mann-Whitney U test if appropriate). 
Correlations between the parameters of the two walk-
ways were performed using Bravais-Pearson correla-
tion. Between-method differences (± Standard Deviation 
[SD]), corresponding to bias, were presented with 95% 
Limits Of Agreement (LOA) calculated as:

 LOA = meanbias ± 1.96 × SDbias  (1)

using the Bland-Altman method [36].
Percentage errors (PE) were calculated as:

 

pe = 100 × (1.96 × SDbias)/
((meanGAITRitePPC + meanGAITRiteCIRFACE)/2)

 (2)

and were considered clinically acceptable if < 30% [37].
Intraclass correlation coefficients (ICC2,1) were cal-

culated to determine the absolute agreement between 
the mean gait parameters measured by the two systems. 
To interpret ICC values we used benchmarks suggested 
by Shrout and Fleiss [38] (> 0.75 excellent reliability, 
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0.40–0.75 fair-to-good reliability and < 0.40 poor reli-
ability). A two -sided P-value < 0.05 was considered sig-
nificant. Every statistical analysis was performed by a 
scientist and with SPSS (version 20; SPSS, Inc., Chicago, 
IL).

Results
Participants
One hundred and two participants were preselected. 
Four of them (1 CHI and 3 patients with minor NCD) 
were excluded because of missing data and three of them 
because of walk data which appeared miss-recorded. 
Finally, the study included 95 patients which represent 
190 walks to compare. The mean age was 82.6 ± 5.8 years 
old, and 67 patients (70.5%) were women. The mean 
weight was 65.6 ± 14.0  kg, and the mean velocity (i.e., 
the walking speed) was 82 ± 22  cm/s. Among the par-
ticipants, 14 (14.7%) walked with a walking aid and 59 
(62.1%) fell at least once in the last 12 months. Regarding 
their cognitive functions, the mean MMSE was 23.4 ± 4.9, 
the mean FAB was 14.3 ± 3.0 and the mean mini GDS was 
0.4 ± 0.7. Statistical comparisons between the participants 
according to their cognitive, fall and walking aid status 
were detailed in Table  1. CHI sub-group had 12.1% of 
participants using a walking aid and 78.8% of participants 
with a history of fall. Minor NCD sub-group had 11.5% of 
participants using a walking aid and 34.6% of participants 
with a history of fall. AD sub-group had 19.4% of partici-
pants using a walking aid and 66.7% of participant with a 
history of fall (see Additional File 1).

Gait measurements on the whole sample
Mean biases for 9 parameters out of 10 including veloc-
ity, cadence, step time, stride time, stride length, support 
base, swing time, stance time and stride velocity, were 
ranged from − 0.27 to 0.54, with clinically acceptable 
percentage of errors (1.2–10.1%, Table  2). Step length 
showed a substantially higher bias (1.37 ± 1.19 cm), nev-
ertheless the percentage of errors remained clinically 
acceptable (4.7%, Table 2). There were no systematic dif-
ferences in favor of an overestimation or underestimation 
of one system compared to the other (Table 2).

Limits of agreement were considered narrow for the 
whole set of gait parameters (Fig. 2).

All of the walk parameters recorded by the two walk-
ways were extremely correlated regarding velocity, 
cadence, step time, step length, stride time, stride length, 
support base, swing time, stance time, and stride veloc-
ity with a Bravais-Pearson correlation coefficient ranging 
from 0.968 to 0.999, P < .001, indicating a very high cor-
relation (Table 2). According to the ICC2,1 calculated for 
absolute agreement, all gait parameters had excellent reli-
ability (ranging from 0.938 to 0.999, Table 2).

The GAITRite® CIRFACE provides similar data to the 
GAITRite® PPC in the whole sample.

Gait measurements according to cognitive status
Mean biases, LOA and PE were very similar to those 
of the whole sample (see Additional File 1). All of the 
walk parameters according to cognitive status were very 
highly correlated for CHI, participants with Minor NCD 
and participants with AD (respectively, Bravais-Pearson 

Table 1 Description of the participants included in the study
Whole 
sample
(N = 95)

Groups according to cognitive status Groups according to falls status Groups according to walking 
aid status

CHI
(n = 33)

Minor 
NCD 
(n = 26)

AD
(n = 36)

P-value‡ No falls
(n = 36)

Falls
(n = 59)

P-value$ No aid
(n = 81)

Walking 
aid
(n = 14)

P-value$

Age (years) 82.6 ± 5.8 80.9 ± 6.3 82.6 ± 5.2 84.1 ± 5.5 0.064 81.1 ± 6.2 83.5 ± 5.5 0.056 81.9 ± 5.6 86.8 ± 5.4 0.003

Female gender 67 (70.5) 21 (63.6) 17 (58.6) 31 (86.1) 0.030 23 (63.9) 44 (74.6) 0.268 55 (67.9) 12 (85.7) 0.220

Weight (kg) 65.6 ± 14.0 70.8 ± 15.1 65.6 ± 12.6 60.9 ± 12.4 0.029 67.2 ± 13.2 64.7 ± 14.4 0.380 65.4 ± 13.6 66.9 ± 16.5 0.785

Velocity (cm/s) 81.6 ± 21.8 90.0 ± 24.1 76.5 ± 20.6 77.6 ± 18.4 0.033 83.0 ± 21.8 80.8 ± 22.0 0.631 85.2 ± 21.1 60.9 ± 12.9 < 0.001

Walking aid 14 (14.7) 4 (12.1) 6 (20.7) 7 (19.4) 0.622 2 (5.6) 12 (20.3) 0.049 0 (0) 14 (100) -

Fall at least one 
time in the last 
12 months

59 (62.1) 26 (78.8) 12 (41.4) 24 (66.7) 0.002 0(0) 59(100) - 47 (58.0) 12 (85.7) 0.049

MMSE (/30)* 23.4 ± 4.9 27.1 ± 2.4 24.9 ± 2.9 19.2 ± 4.6 < 0.001 23.3 ± 4.8 23.4 ± 5.1 0.931 23.7 ± 4.8 20.9 ± 5.3 0.070

FAB (/18)† 14.3 ± 3.0 16.0 ± 2.8 14.6 ± 2.5 12.7 ± 2.9 < 0.001 14.4 ± 2.8 14.2 ± 3.2 0.720 14.5 ± 2.9 12.6 ± 3.4 0.085

Mini GDS (/4) 0.4 ± 0.7 0.3 ± 0.6 0.6 ± 0.8 0.3 ± 0.7 0.033 0.3 ± 0.6 0.4 ± 0.8 0.905 0.4 ± 0.7 0.4 ± 0.6 0.870
Data are presented with mean ± standard deviation (m ± sd) or number and percentage n(%) as appropriate; AD: Alzheimer Disease; CHI: Cognitive Healthy Individual; 
FAB: Frontal Assessment Battery; Mini GDS: Mini Geriatric Depression Scale; MMSE: Mini Mental State Examination; NCD: NeuroCognitive Disorder

*: 6 data were missing

†: 20 data were missing

‖: data from the CIRFACE walkway were presented are presented in cm/s
‡ : Comparison were performed using Chi square test or Fisher exact test for categorical variables, Kruskal-Wallis analyze of variance for quantitative variables
$ : Comparison were performed using Chi square test or Fisher exact test for categorical variables, Student T test or Mann-Whitney test for quantitative variables
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correlation coefficient ranging from 0.976 to 0.999, 
P < .001, from 0.943 to 1, P < .001 and from 0.980 to 1, 
P < .001 ; ICC2,1 ranging from 0.946 to 0.999, from 0.929 
to 1 and 0.944 to 0.999, Table 3).

The GAITRite® CIRFACE provides similar data to the 
GAITRite® PPC regardless of the cognitive status of the 
participants.

Gait measurements according to walking aid
Mean biases, LOA and PE were very similar to those of 
the whole sample (see Additional File 1). All of the walk 
parameters according to walking aid status were very 
highly correlated for participants without walking aid 
and those using walking aid (respectively, Bravais-Pear-
son correlation coefficient ranging from 0.963 to 0.999, 
P < .001 and from 0.973 to 1, P < .001; ICC2,1 ranging from 
0.930 to 0.999 and from 0.869 to 1, Table 4).

The GAITRite® CIRFACE provides similar data to the 
GAITRite® PPC regardless of the walking aid status of the 
participants.

Gait measurements according to fall status
Mean biases, LOA and PE were very similar to those of 
the whole sample (see Additional File 1). All of the walk 
parameters according to fall status were very highly cor-
related for participants with at least one fall for the last 
12 months and participants without fall for the last 12 
months (respectively, Bravais Pearson correlation coef-
ficient ranging from 0.989 to 0.999, P < .001 and from 
0.957 to 1, P < .001; ICC2,1 ranging from 0.950 to 0.999 
and from 0.927 to 0.999, Table 5).

The GAITRite® CIRFACE provides similar data to 
the GAITRite® PPC regardless of the fall status of the 
participants.

Discussion
Comparison between Systems
This validation study showed that the GAITRite® CIR-
FACE provides similar data to the GAITRite® PPC for 
the spatio-temporal gait parameters of velocity, cadence, 
step time, step length, stride time, stride length, support 
base, swing time, stance time and stride velocity. Mean 
biases and PE were extremely small to consider differ-
ences between systems. Moreover, these differences were 
not systematically in favor of an overestimation or under-
estimation of one system compared to the other. It seems 
difficult to suggest an effect of the superposition of the 
two systems. These differences seem to be due to a ran-
dom effect.

This study demonstrates that all of these spatio-tem-
poral gait parameters provided both by the GAITRite® 
PPC and the GAITRite® CIRFACE were very highly cor-
related (with r ≥ .943 and ICC2,1 ≥ 0.927, P < .001) whether 
in the total population or in subgroups (CHI, participants 
with Minor NCD or AD, participants using a walking 
aid or not, and participants with history of falls or not). 
These results were higher, as expected, to those compar-
ing GAITRite® systems to other gait parameter analysis 
systems [20–24], which used GAITRite® systems as ref-
erence tool (PPS and CIRFACE). The main explanation 
is that both GAITRite® PPC and CIRFACE systems use 
the same technology, and this tend to confirm that their 
respective external structure does not influence the 
result of the gait analysis. Note that vision-based sensors 
appear to be another type of technology capturing spa-
tiotemporal gait parameters with relevance [23, 24], but 
GAITRite® systems appears to be the technology that can 
compute the most gait parameters.

Table 2 Comparison between the roll-up and the plate walkways
Roll-up system
GAITRite® PPC
Mean (SD)

Plates system
GAITRite® CIRFACE
Mean (SD)

Bias*
Mean (SD)

95% LOA PE Pearson Corr. ICC(2,1)

Velocity (cm/s) 81.07 ± 21.48 81.61 ± 21.81 0.54 ± 2.01 -3.41; 4.49 4.9 0.996 0.995

Cadence (step/min) 97.77 ± 12.87 97.97 ± 12.99 0.20 ± 1.08 -1.91; 2.32 2.2 0.997 0.996

Step time (s) 0.63 ± 0.09 0.62 ± 0.09 0.00 ± 0.01 -0.01; 0.01 1.9 0.998 0.998

Step length (cm) 49.42 ± 9.69 50.79 ± 9.16 1.37 ± 1.19 -0.96; 3.70 4.7 0.994 0.982

Stride time (s) 1.25 ± 0.13 1.24 ± 0.19 0.00 ± 0.01 -0.02; 0.02 1.6 0.999 0.998

Stride length (cm) 99.32 ± 19.39 99.04 ± 19.37 -0.27 ± 0.61 -1.48; 0.93 1.2 0.999 0.999

Support base (cm) 10.72 ± 3.80 10.76 ± 3.70 0.04 ± 0.55 -1.04; 1.13 10.1 0.989 0.989

Swing time (s) 0.42 ± 0.05 0.41 ± 0.05 -0.01 ± 0.01 -0.04; 0.01 6.0 0.968 0.938

Stance time (s) 0.82 ± 0.15 0.83 ± 0.15 0.01 ± 0.01 -0.02; 0.04 3.1 0.996 0.994

Stride velocity (cm/s) 82.01 ± 21.84 81.96 ± 22.14 -0.05 ± 1.41 -2.80; 2.70 3.4 0.998 0.998
* Difference between Roll-up and Plates system (Plates-Roll-up)

LOA : Limits Of Agreement

PE : Percentage Error

cm: centimeter; m: meter; min: minute; s: second

ICC : Intraclass Correlation Coefficient for absolute agreement

All Pearson correlations and ICCs were significant at P < .001
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Gait parameters in our studied populations
Gait parameters in our study seem to describe poor per-
formances in all our subgroups comparing to literature 
studies. To clarify our discussion, we will give examples 
only on velocity parameter, which substantially reflected 
gait performances. Indeed, this gait parameter seems to 
be the most relevant to distinguish older persons accord-
ing to their cognitive status, fall history, and walking aid 
use [4, 13, 27]. To our knowledge, only Roman de Mettel-
inge & Cambier [13] reported lower velocities in patients 

living in residential aged care facilities with similar age 
and cognitive level than those of our study (velocities 
without walking aid equal to 67 cm/s and velocities with 
walking aid equal to 42.5 cm/s).

Concerning our CHI, velocities were 90  cm/s. Most 
studies reported higher velocities for CHI of similar age 
(between 100 and 120 cm/s) [1, 2, 8, 9]. Two hypotheses 
could underlie these results. Firstly, our experimental 
design did not provide sufficient precautions to exclude, 
on gait parameters analysis, the effects of acceleration 

Fig. 2 Bland-Altman plots for comparison between the Roll-up system GAITRite® PPC and the Plates system GAITRite® CIRFACE. Dotted lines indicate bias 
(mean difference between the 2 methods) and also upper and lower 95% limits of agreement (± 1.96 SD of the bias)
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and deceleration phases during walking due to the initia-
tion and stop of the walk. Indeed, studies on CHI cited 
above ordered patients to start and stop walking at a dis-
tance comprised between 1 and 2  m of active capture 
zone, comparing to 55 and 85 cm in our study. As a result, 

in the conditions of our study, some recorded gait data 
(such as average the velocity) during the walk at comfort-
able self-selected pace over a distance of approximately 
6 m may have been artificially underestimated. It would 
have been interesting to increase the walking distances 
before and after the active capture zone to better com-
pare our results with other studies. Secondly, our study 
was conducted in geriatric units of a university hospital, 
mainly taking care of older adults with physical declines. 
Indeed, 78.8% of CHI had a history of fall, which is par-
ticularly high. Moreover, in addition to CHI with history 
of falls or those using a walking aid, some of CHI could 
present physical frailty syndrome undiagnosed. Other 
studies including patients with physical frailty syndrome 
reported similar velocities but all patients presented a 
cognitive decline [11, 12]. It would have been interesting 
to test the physical capacities of the lower limbs and/or to 
diagnose the presence of frailty syndrome in our study to 
confirm this second hypothesis.

Concerning our patients with minor NCD, velocities 
were 76.5  cm/s. Our results seem to be close to those 
reported in the literature, within the limit of finding 
comparable age groups. The studies including septuage-
narian patients with MCI (between 73 and 76 years old) 
[17, 28, 39], reported higher velocities (between 95 and 
117 cm/s) whereas those including octogenarian patients 
with MCI reported similar velocities. For example, Goyal 
et al. [40] reported a velocity of 80 cm/s in their 78-years-
old patients with MCI, and De Cock et al. [17] reported 
a velocity of 76 cm/s in their over-80-years-old patients 
with MCI. Due to greater precautions also taken in these 
studies design compared to our study (the start and stop 
of the walk between 1 and 2  m of active capture zone), 
we can hypothesize that the inclusion of acceleration and 
deceleration phases in the gait analysis have less impact 
when gait performances are poorer.

Concerning our patients with AD, velocities were 
77.6  cm/s. Our results seem like those reported in the 

Table 3 Correlations between the roll-up and the plate walkways according to cognitive status
CHI Minor NCD AD
Pearson Corr. ICC(2,1) Pearson Corr. ICC(2,1) Pearson Corr. ICC(2,1)

Velocity 0.994 0.994 0.999 0.999 0.994 0.994

Cadence 0.995 0.995 1 1 0.995 0.995

Step time 0.999 0.999 1 1 0.995 0.995

Step length 0.996 0.989 0.991 0.967 0.992 0.977

Stride time 0.999 0.999 1 1 0.997 0.997

Stride length 0.999 0.999 1 0.999 1 0.999

Support base 0.976 0.974 0.996 0.997 0.995 0.995

Swing time 0.985 0.946 0.943 0.929 0.980 0.944

Stance time 0.998 0.996 0.995 0.993 0.994 0.991

Stride velocity 0.997 0.996 1 1 0.999 0.999
AD: Alzheimer Disease; CHI: Cognitive Healthy Individual; NCD: NeuroCognitive Disorder

All Pearson correlations and ICCs were significant at P < .001

Table 4 Correlation between the rollup and the plate walkways 
according to walking aid status

No aid Walking aid
Pearson 
Corr.

ICC(2,1) Pearson 
Corr.

ICC(2,1)

Velocity 0.995 0.994 1 1

Cadence 0.996 0.996 1 0.999

Step time 0.997 0.997 1 1

Step length 0.994 0.983 0.973 0.869

Stride time 0.998 0.998 1 1

Stride length 0.999 0.999 1 0.999

Support base 0.989 0.988 0.993 0.993

Swing time 0.963 0.930 0.990 0.975

Stance time 0.995 0.991 1 0.998

Stride velocity 0.998 0.998 1 1
All Pearson correlations and ICCs were significant at P < .001

Table 5 Correlation between the roll-up and the plate walkways 
according to falls status

Non faller Faller
Pearson 
Corr.

ICC(2,1) Pearson 
Corr.

ICC(2,1)

Velocity 0.995 0.995 0.997 0.996

Cadence 0.996 0.996 0.997 0.997

Step time 0.997 0.997 0.999 0.999

Step length 0.992 0.979 0.994 0.983

Stride time 0.998 0.998 0.999 0.999

Stride length 0.999 0.999 1 0.999

Support base 0.989 0.989 0.990 0.990

Swing time 0.989 0.950 0.957 0.927

Stance time 0.996 0.993 0.997 0.995

Stride velocity 0.999 0.999 0.997 0.997
All Pearson correlations and ICCs were significant at P < .001
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literature, within the limit of finding comparable groups 
of disease severity. Callisaya et al. [28] reported similar 
velocities in patients with mild AD and MMSE score at 
22/30. Finally, Callisaya et al. [28] and Camicioli & Licis 
[29] reported lower velocities in patients with moderate 
AD and MMSE score at 15–16/30.

Limits of the study
From a metrological point of view in human movement 
analysis and considering the discussions above, this study 
presents some methodological limitations. However, it is 
important to note that this study aimed to compare two 
GAITRite® systems which used the same technology. The 
study interest was to know if standard gait parameters 
were similar between these two systems to allow future 
inter-study comparisons. Also, the choice of a hetero-
geneous geriatric population allowed us to verify these 
similarities in a sample with a wide range of cognitive and 
motor status. this heterogeneity is a major characteristic 
of geriatric care units. Our experimental design seems 
sufficient to answer the present research question, that is 
reflected by the low mean bias and the very high corre-
lations found (r ≥ .943 and ICC2,1 ≥ 0.869) for all spatio-
temporal gait parameters.

However, even if this study didn’t analyze directly 
the validity of the GAITRite® CIRFACE system, but 
rather analyzed this level of similarity with an elec-
tronic roll-up walkway GAITRite® (already accepted as 
gold standard), to extend the comparison at his extreme 
robustness, it would have been interesting to include in 
our study several elements used to validate this type of 
technology, especially: (i) more walking conditions (fast 
and slow walking conditions) to confirm the correla-
tion levels in every circumstances; (ii) more distance to 
cover when walking per trial which would include more 
steps in the analysis (8 to 10  m); (iii) more precautions 
to exclude acceleration and deceleration phases of active 
capture zone (the start and stop of the walk 2 m before 
and after); (iv) more trials for each walking condition (3 
trials) to test repeatability; and (v) more physical lower 
limb examinations (frailty diagnostic tests) to facilitate 
results interpretation between our subgroups and litera-
ture results. Yet, such an experimental design should be 
taken with caution in geriatric clinical practice. Indeed, 
we sometimes find that carrying out a single trial for a 
very aged patient can be compared to a quasi-maximal 
physical effort.

Conclusion
When walking at comfortable self-selected pace, the 
standard spatio-temporal walk parameters provided by 
both the GAITRite® PPC and the GAITRite® CIRFACE 
seem similar and very highly correlated in older adults 
with various cognitive or motor status. As a result, it 

seems possible to us that, for the walk at comfortable 
self-selected pace condition : (i) the data of studies using 
these systems can be compared and mixed with a very 
low risk of bias in a meta-analytic process and, (ii) the 
geriatric care units can choose the most ergonomic sys-
tem according to their infrastructure without affecting 
their gait data. Further studies are needed to confirm our 
results for other walking conditions.
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