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Objective: In patients with Parkinson’s disease, 
limited sit-to-stand, walk and turn contribute 
to decreased independence and quality of life. 
The 20-meter Ambulation Test (AT20) evaluates 
walking a total of 20 m, over a 10-m distance, back 
and forth between 2 chairs, starting and ending in a 
seated position. The aim of this study was to evalu-
ate test-retest and inter-rater reliability of the AT20 
in patients with Parkinson’s disease.
Methods: Patients with idiopathic Parkinson’s 
disease performed the AT20 in 3 conditions: free 
speed, fast speed, and with large steps, twice 
1  week apart. The total number of steps and the 
time to complete the task were recorded manually 
by 4 independent raters. The main outcome criteria 
were the test-retest and inter-rater intraclass cor-
relation coefficients and coefficients of variation for 
speed, step length and cadence in the 3 conditions. 
Results: Twenty participants completed the 2 visits. 
Across all conditions, test-retest and inter-rater 
intraclass correlation coefficients for step length 
and speed were > 95%. Test-retest and inter-rater 
coefficients of variation were < 0.08.
Conclusion: The AT20 is a reliable ambulation test in 
Parkinson’s disease, with excellent test-retest and 
inter-rater reliability for step length and speed in 
all 3 conditions: at free speed, fast speed, and with 
large steps. The AT20 might be useful to assess 
ambulation in parkinsonism in clinical practice.

ambulation in persons with Parkinson’s disease (1). 
However, there are additional features that are equally 
important in altering functional capacities and perceived 
quality of life. Weakness, predominating in extensor 
muscles, challenges the patient’s sit-to-stand capacity, 
i.e. their access to walking (2, 3). Impaired axial rotation 
of the spine, with reduced dissociation between head, 
trunk and pelvis rotation increases the risk of falling 
(4, 5) and perceived disability (6). Finally, repeated 
movements (such as walking steps) may deteriorate 
in amplitude and regularity if the number of required 
repetitions is sufficient (7, 8) and walking velocity may 
deteriorate over longer distances (9). Overall, real-life 
ambulation combines standing up from a chair, linear 
walking for several metres and turning to sit down, 
which are also affected in subjects with Parkinson’s 
disease. It therefore seems appropriate to assess all of 
these components, in order to better evaluate real-life 
ambulation capacities in patients with Parkinson’s 
disease. Therefore, a functional ecological test  

LAY ABSTRACT
In patients with Parkinson’s disease, limited sit-to-
stand, walk and turn contribute to decreased autonomy 
and quality of life. The 20-meter Ambulation Test (AT20) 
evaluates walking for a total of 20 m, over a 10 m dis-
tance, back and forth between 2 chairs, starting and en-
ding in a seated position. The aim of the current study 
was to evaluate test-retest and inter-rater reliability for 
speed, step length and cadence measurement using the 
AT20 in subjects with Parkinson’s disease. Twenty pa-
tients with idiopathic Parkinson’s disease performed the 
AT20 in 3 conditions: free speed, fast speed, and with 
large steps, twice 1 week apart. The total number of 
steps and the time to complete the task were recorded 
manually by 4 independent raters. The AT20 is a relia-
ble ambulation test in Parkinson’s disease, with excellent 
reliability between tests and between raters in all 3 con-
ditions: free speed, fast speed, and with large steps. 
The AT20 might be useful in clinical practice to assess 
ambulation disorders in patients with parkinsonism.
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(i.e. assessment of the patient own abilities in daily 
life), which includes a sufficient walking distance 
and numbers of turns, stand-to-sit and sit-to-stand, 
may be a sensitive test to assess ambulatory function 
in parkinsonism. 

A number of laboratory-based gait measures have 
been reported to be valid and reliable in assessing gait 
parameters in patients with parkinsonian syndromes, 
but these are time-consuming, expensive and have little 
applicability in clinical routine (10–13). On the other 
hand, simple, reliable and quantified clinical walking 
tests (i.e. non-instrumental measurement) have been 
suggested to assess gait in patients with Parkinson’s 
disease, such as the timed up-and-go test (14–16), 
5- to 10-m walk tests (15–18), the L-test (19) and the 
6-min walk test (16, 17). However, these tests usually 
involve short walking distance, potentially hampering 
the observation of mild festination, in particular in 
mild to moderate stages of the disease (9), or do not 
incorporate sit-to-stand and u-turn tasks, which are 
systematically associated with walking in daily life. 
The L-test meets these criteria, but requires large spa-
ces, which are often not available in clinical centres 
(19). Finally, the reliability of these walking tests may 
vary, depending on testing conditions, such as walking 
at comfortable speed or with an imposed gait condi-
tion (e.g. fast velocity or large step length), the use of 
walking aids or dopaminergic medication state.

In an attempt to better reflect real-life functional 
mobility in patients with Parkinson’s disease, we 
have developed the 20-meter ambulation test (AT20, 
Fig.  1), to evaluate the 3 main parameters of gait 
(speed, step length and cadence) without sensors 
placed on the patient. The AT20 is thus a modified 
timed up-and-go test, which evaluates walking over a 
total of 20 m, walked over a 10-m distance, back and 
forth between 2 chairs, starting and ending in a seated 
position, with 2 u-turns, 2 sit-to-stands and 2 stand-to-
sit transfers. The 2 main changes that distinguish the 
AT20 from the timed up-and-go test are the increase in 
walking distance and the formalization of 3 conditions 
of test (formalization is allowed by the longer distance 
used) to perform quantitative comparisons and ratios 

to estimate: the natural walking of the patient (free 
speed), the ability to accelerate and the step length 
regulation during speed increase (fast speed) (20), 
and the ability to lengthen steps (with large steps).
The relatively long distance used in the AT20 (20 m) 
thus enables an overview of the real-life ambulation 
capacities in patients, including the difficulties occur-
ring across step repetitions (step length decrement, 
festination, and freezing). The patient is always tested 
in the clinically defined levodopa-off state, without 
the use of walking aids. 

The aim of the current study is to evaluate test-retest 
and inter-rater reliability for speed, step length, and 
cadence measurements, using AT20 at free speed, 
at fast speed and with large steps, in patients with 
Parkinson’s disease. 

METHODS

Ethics
This prospective, non-interventional protocol to 
evaluate the reliability of assessments routinely per-
formed at our centre was conducted in the Analysis 
and Restoration of Movement laboratories at Henri 
Mondor Hospital, Créteil, France, and registered at 
Agence Nationale de Sécurité du Médicament et des 
produits de santé (ANSM registration number, ID-
RCB: 2017-A00367-46). The study was carried out 
in accordance with The Code of Ethics of the World 
Medical Association (Declaration of Helsinki 1975), 
and Good Clinical Practice guidelines. All partici-
pants were informed about the study and attested 
in writing to their non-opposition to the use of their 
anonymous data for this research. The study complied 
with all mandatory laboratory health and safety pro-
cedures. The manuscript meets the Strengthening the 
Reporting of Observational Studies in Epidemiology 
guidelines (21).

Inclusion criteria 
Subjects were invited to participate in the study if they 
were diagnosed with idiopathic Parkinson’s disease, 
based on the United Kingdom-Parkinson’s Disease 
Society Brain Bank (UK-PDSBB) criteria (7), were 
ambulatory, able to walk over a distance of 20 m 
without aids or anti-Parkinson’s medications, and did 
not have any intercurrent medical condition preventing 
them from participating in 2 consecutive ambulation 
tests twice 1 week apart.

Procedures
Following classical guidelines, assessments were 
performed in the clinically defined off status after 

Fig. 1. The 20-m ambulation test (AT20). The AT20 evaluates walking 
over a 20 m total distance back and forth between 2 chairs, 10 m apart, 
starting and ending in a seated position.

2x10 meters

Start/Arrival
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Ambulation test in patients with Parkinson’s disease p. 3 of 7

withdrawal of levodopa for 12 h (“off” phase of the 
medication cycle), or of dopaminergic agonists or 
slow-release forms of levodopa for 24 h. The AT20 
started with the subject seated on the first chair. They 
were asked to stand up, walk a distance of 10 m, make 
a 180° turn then sit in the second chair, stand up again, 
walk 10 m back to the starting point, turn 180° and 
sit back down on the first chair. The total number of 
steps was counted manually, including the small steps 
necessary for each u-turn. The time of completion was 
measured using a stopwatch, from the onset of the sit-
to-stand task (“backside lifted off “) to the end of the 
stand-to-sit task (“backside back on”). 

In the current study, participants performed the 
AT20, with shoes and without assistive devices or 
human assistance, in 3 conditions in the following, 
systematic order: at “natural” speed (free speed), at 
maximal safe speed (fast speed), and while using steps 
that were as long as possible (with large steps). Those 
3 tests were run twice 1 week apart (test and retest) 
by 4 independent raters with a mean (95% CI) of 7 (1) 
years of experience in evaluating gait with parkinso-
nism: 1 physician, 2 physiotherapists and 1 engineer 
in biomechanics. The 4 raters participated together in 
a single specific training session, in which the AT20 
methods were agreed upon before the start of the study.

Outcome measures
This study determined the mean ambulation characte-
ristics, speed, step length and cadence (step frequency) 
from the time recorded, and the number of steps was 
counted manually over the whole ambulation test, at 
free speed, maximal speed, and with large steps. Am-
bulation speed was calculated by dividing the length of 
the walkway (i.e. 20 m) by the elapsed time, measured 
using the stopwatch, and the cadence was calculated by 
dividing the total number of steps by the elapsed time. 
The parameter step length was defined as the total num-
ber of metres covered in the test (i.e. 20 m) divided by 
the total number of steps, counted as described above; 
thus the “angular” displacement of each u-turn was not 
accounted for with this definition of step length.

Statistical analysis
For all dependent variables, data normality was 
tested using Kolmogorov-Smirnov tests. Descriptive 

statistics were used to present the mean, minimal 
and maximal values and 95% confidence intervals 
(95% CI) for the variables considered (age, time 
since diagnosis, ambulation speed, step length, and 
cadence), or median and interquartile differences 
depending on the conditions of normality. For this 
reliability study, the number of subjects was arbi-
trarily set at 30. Inter-rater reliability was assessed 
using intraclass correlation coefficients (ICC (2, 1), 
absolute agreement) (22, 23), coefficients of varia-
tion (standard deviation over mean) and mean abso-
lute differences between ambulation parameters at 
the first (test) and the second (retest) session for each 
rater. The assumption was that raters were randomly 
selected among rehabilitation professionals and that 
the results could be generalized to any similar raters 
in the field. The level of agreement was defined as 
excellent above 90%, good between 75% and 90%, 
moderate between 50% and 70%, and poor below 
50% (24). To assess test-retest reliability, intraclass 
correlation coefficients, coefficients of variation 
and mean absolute differences were calculated for 
the ambulation parameters measured in the 2 ses-
sions 1 week apart for each condition. Coefficients 
of variation and mean absolute differences were 
compared between the 3 conditions (free speed 
vs fast speed vs large steps) and the 3 parameters 
measured (speed vs step length vs cadence) using 
repeated measures analysis of variance (ANOVA) 
and Bonferroni corrections.

RESULTS

Participants
Among the 30 patients with idiopathic Parkinson’s 
disease enrolled in the study to participate in the test 
and retest visits, 3 missed the first appointment (visit 
“test”) and another missed the second appointment 
(visit “retest)”. Among the 26 participants who made 
the 2 visits, 6 patients were in the clinically defined 
“on” status within less than 12 h of taking levodopa 
at the first visit (test) or at the second visit (retest). 
Overall, the data from 20 patients could be analysed for 
the study (mean (95% CI) [minimum value–maximum 
value], age 65 years (4) [50–80], time since diagnosis 

Table I. Ambulation parameters

Parameters
Free speed Fast speed Large steps

Test Retest Test Retest Test Retest

Speed (m/s) 0.92 (0.14) 0.94 (0.13) 1.23 (0.20) 1.28 (0.19) 1.09 (0.16) 1.10 (0.15)
Step length (m) 0.56 (0.07) 0.58 (0.07) 0.66 (0.08) 0.58 (0.09) 0.79 (0.10) 0.82 (0.10)
Cadence (step/s) 1.60 (0.11) 1.59 (0.10) 1.80 (0.15) 1.84 (0.13) 1.36 (0.09) 1.34 (0.08)

Results are expressed in mean (95% confidence interval; 95% CI) in 20 subjects with Parkinson’s disease evaluated by 4 raters, at test, and retest for each 
condition. 
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6 (2) [2–17] years). Mean walking ambulation para-
meters at test and retest are shown in Table I.

Test-retest reliability
The test-retest and inter-rater reliability results are 
presented by condition (free speed, fast speed, and 
with large steps) in Fig. 2. Across all conditions, 
mean test-retest intraclass correlation coefficients 
were all greater than 76% (speed, 0.96 (0.01); step 
length, 0.96 (0.02); cadence, 0.84 (0.03), Fig. 2A). 
Mean test-retest coefficients of variation were 0.06 
(0.07) for speed, 0.04 (0.04) for step length, and 
0.05 (0.04) for cadence (Fig. 2B). Mean test-retest 
absolute differences were 0.08 (0.08) m/s in speed, 
0.04 (0.04) m in step length, and 0.11 (0.10) step/s 
in cadence (Fig. 2C). 

Inter-rater reliability
Mean inter-rater intraclass correlation coefficients 
were all greater than 95% (speed 0.997 (0.003); step 
length 0.99 (0.01); cadence 0.96 (0.02), Fig. 2A). Mean 
inter-rater coefficients of variation were 0.01 (0.01) 
for speed, 0.02 (0.02) for step length, and 0.03 (0.02) 
for cadence (Fig. 2B). Mean inter-rater absolute dif-
ferences were 0.02 (0.02) m/s for speed, 0.02 (0.02) 
m for step length, and 0.05 (0.03) step/s for cadence 
(Fig. 2C). 

Effects of conditions and measurements on test-
retest reliability
The test-retest coefficients of variation were similar 
in all conditions and for all walking parameters (non 
significant). However, the test-retest mean absolute 

Fig. 2. Intraclass correlation coefficients, coefficients of variation and mean absolute differences. The results are expressed in mean (SD) of the 
4 raters and the 20 patients for (A) the intraclass correlation coefficients, (B) coefficients of variation, and (C) mean absolute differences. Mean 
absolute differences are expressed in m/s for speed, m for step length and step/s for cadence.
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differences proved lower for the step length parameter 
(ANOVA, measurement effect, p = 8.10–6; Bonferroni, 
step length vs speed, p = 0.006; step length vs cadence, 
p = 5×10–6; Fig. 1C) and higher for cadence at fast 
speed compared with the other conditions and the other 
measurements (ANOVA, condition*measurements, 
p = 0.04; Bonferroni, cadence at fast speed walking vs 
each other measurements, p < 0.01).

DISCUSSION

Test-retest and inter-rater reliability of manually cal-
culated speed, step length and cadence measurements 
in the AT20 were found to be excellent in patients with 
Parkinson’s disease in each of the 3 tested walking 
conditions: free speed, fast speed, and with large steps, 
step length being the most reliable parameter.

AT20: a reliable manual evaluation of ambulation
The current overall reliability results are at least as good 
as those collected from previous studies using electronic 
equipment for 2- or 3-dimensional spatial-temporal mea-
surements (12, 13) or clinical routine tests (14–18). The 
multiple tasks of ambulation used in AT20 (2 full turns, 2 
sit-to-stand and 2 stand-to-sit transfers) and its relatively 
long distance thus do not seem to impact, and may even 
improve, the previously reported reliability of ambula-
tion assessments in patients with Parkinson’s disease. 
This study found that gait performances of subjects 
remained quite stable 1 week apart: the differences in 
speed were mostly below the known minimal detectable 
change (16, 17). In addition, the 2 additional “imposed” 
gait patterns (fast speed and large steps conditions), 
which therefore involved internal cueing (25), did not 
seem to affect reliability. Therefore, the more compre-
hensive evaluation of ambulation of AT20 vs the timed 
up-and-go test, due to the longer distance and 3 condi-
tions tested, might be of considerable interest for the 
follow-up of patients with Parkinson’s disease. Lastly, 
having such moderately advanced patients walk in the 
practically-defined “off”-medication state and without 
the use of walking aids, imposed maximal strain on the 
neuromuscular system, which proved to be feasible and 
safe, and probably helped to optimize the reliability of 
the assessments (26). Further investigations could test 
the reliability of the AT20 in the “on”-medication state 
and/or with the use of walking aids, and evaluate the 
modifications of ambulation with these chemical and 
physical assistances.

Step length: a valuable measurement in Parkinson’s 
disease
In contrast to most of the walking tests in the literature, 
the methodology of the current study did not require 
to separate straight-line walking from turning, since 

all steps were counted, from the first sit-to-stand to 
the last stand-to-sit, u-turns included. The AT20 thus 
takes into account the number of steps used to cover 
the distance of 20 m and the 2 u-turns, which makes 
measurements of step length and cadence easy, in 
the same way, speed calculation is quite easy using 
a stopwatch. The current study shows that cadence 
measurement at fast speed might have slightly lower 
reliability, while step length is the most reliable test-
retest and inter-rater measurement for all walking con-
ditions (test-retest mean absolute differences, p < 0.01). 
The cadence measurement is impacted by the potential 
cumulated lack of accuracy of 2 manual measures, of 
the number of steps and the number of seconds using 
a stopwatch, in potentially difficult conditions, such as 
with festination or freezing of gait episodes, or faster 
walking; this may explain the lesser reliability. Yet, the 
reliability of the cadence measurement remains good 
in all conditions tested (ICC > 75%).

Specifically, the measurement of step length is a 
functional assessment of parkinsonian hypometria and 
is highly test-retest and inter-rater reliable, making 
it highly relevant in the assessment of parkinsonian 
ambulation. In addition, step length regulation is 
impaired in Parkinson’s disease, while the ability to 
modulate ambulation cadence is relatively preserved 
(20, 26). Of note, freezing episodes were not specifi-
cally inventoried; the clinician counted each step used 
for the whole ambulation task, i.e. when each foot was 
completely “off the ground”, whether or not it occurred 
during freezing episodes. A systematic video analysis 
classically complements the AT20 to discriminate the 
performances of each ambulation tasks (27), with an 
expected increase in step consumption during u-turns 
(28), and the possibility of detecting episodes of free-
zing of gait.

Three test conditions for better understanding of 
ambulation impairments in Parkinson’s disease
In patients with Parkinson’s disease, the ability to walk 
is classically tested at comfortable speed; investigators 
do not assess walking abilities at fast speed as often 
(20). The AT20 tests 3 walking conditions that chal-
lenge the patient, the latter 2 providing 2 different 
types of cueing: 1: free speed; 2: fast speed; and 3: 
with large steps. Ambulation uses considerable atten-
tion, becoming less automatic from the early stages of 
the disease (29). Thus, walking ability at free speed is 
an essential marker of the disease at any stage, which 
reflects everyday walking well. Walking at faster speed 
leads the patient to achieve faster, and if possible larger, 
coordinated movements. In patients with Parkinson’s 
disease, besides the presence of bradykinesia and 
hypometria on each movement, fast walking is limited 
by the failed temporal and spatial scaling of movements 
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according to the targeted walking speed (20), which is 
almost automatic in healthy subjects. This condition of 
test might exacerbate the difficulties already present in 
comfortable walking, or reveal those that are not yet 
perceptible, and thus may contribute to better charac-
terization of the ambulation difficulties in the early 
stages. In addition, the relative contribution of step 
lengthening to ambulation speed increase (observed 
comparing free and fast walking speed) is a marker 
of advancement of Parkinson’s disease (20). The final 
condition of the test, walking with large steps, requires 
the patient to focus attention on step amplitude; the 
degree of functional hypometria in the lower limbs is 
then measurable alone, by calculating the difference 
between natural step length and maximal step length, 
therefore showing a form of “step length reserve”. 
Overall, this step-wise evaluation may end up guiding 
rehabilitation care: for example, towards re-learning 
to walk with increased attention (in case of step length 
impairment associated with normal cadence at free 
speed, or of lack of step length modulation between 
free and fast speed) using a cueing method (30), or 
towards motor strengthening for improving range of 
motion of hip, knee and ankle flexion-extension (in 
case of poor step length reserve when walking with 
large steps) (31).

Study limitations 
The study was not designed to evaluate potential va-
riations in the reliability of the AT20 with the stage 
of Parkinson’s disease or time since diagnosis, as 
the small sample size does not allow stratification 
to explore the effects of the severity of motor disor-
ders on the reliability of the test. The only inclusion 
criterion related to motor ability was the ability to 
walk for a distance of 20 m without assistance or 
any anti-Parkinson drugs. In fact, the relatively good 
mean speed of free ambulation (0.92 m/s) suggests 
that the participants were in the early to moderate 
stages of the disease. The use of the AT20 could be 
challenged in more advanced stages of the disease, 
when the walking perimeter becomes small. Given 
the number of missing data, results may need to be 
confirmed using a larger sample (at least 30 subjects) 
(24). In addition, ecological validation of the AT20 
may be important in the future. This would involve 
validating the results of the AT20 against the num-
ber of steps performed in daily life (pedometer) and 
ambulation classifications related to disease stage.

CONCLUSION

In the clinic, the performance of the AT20 in the 3 
tested conditions reveals the state of spontaneous 

walking (free speed), the management modalities of 
the need to accelerate (fast speed walking), and sponta-
neous hypometria by measuring the step length reserve 
(walking with large steps). The results of this study 
may be used as the basis of choice of outcome criteria 
in future clinical trials in patients with Parkinson’s 
disease.

The authors have no conflicts of interest to declare.
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