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Abstract

Background Sit-to-stand (STS) movement is useful for

evaluating lower limb muscle function, especially from

force platforms. Nevertheless, due to a lack of standard-

ization of the STS movement (e.g., position, subject’s in-

structions, etc.), it is difficult to compare results obtained in

previous studies.

Aims The aim of the present study was to determine the

most relevant condition, parameters, and number of trial to

perform STS movements.

Methods In this study, STS mechanical (maximal and

mean force, impulse) and temporal parameters were mea-

sured in the vertical, medio-lateral and antero-posterior

axes using a force platform. Five STS conditions (i.e., with

or without armrests, variation of the height of the chair and

the movement speed) were analyzed to evaluate repeata-

bility of different standardized procedures.

Results Most of the mechanical and temporal parameters

were influenced by the STS condition (p\ 0.05).

Regarding vertical axis, results showed a strong to perfect

repeatability for all parameters (0.72\ ICC\ 0.9) for

only one condition: STS performed as rapidly as possible

with a 90� knee angle when seated, without using armrests.

Regardless conditions of performance, our results also

showed that the most repeatable parameters were mean and

peak force in medio-lateral axis, and the impulse measured

in the three directions. Three trials should be performed to

reach high repeatability.

Conclusion Our results suggest that the fast condition,

with a 90� knee joint angle, with arms crossed over the

chest, is the most reliable condition to evaluate perfor-

mance during STS movement.

Keywords Sit-to-stand movement � Repeatability �
Reliability � Force platform

Abbreviations

ANOVA Analysis of variance

CV Coefficient of variation

GRF Ground reaction force

ICC Intraclass correlation coefficient

IMP Impulsion

SEM Standard error of the mean

STS Sit to stand

TTOT Total time

Introduction

Standing up from a chair, so-called sit-to-stand (STS)

movement, is one of the fundamental daily living activities

performed by an individual that calls upon coordination

and accurate balance control [1]. STS requires coordinated

interaction of body segments to move the body’s center of

mass of an individual in a horizontal and vertical direction

by balancing above a small support [2]. It is considered as a

functional prerequisite for many daily tasks and
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consequently independent life [3, 4]. Indeed, STS is con-

sequently often used during clinical assessments as it has

been reported to be a relevant tool for the evaluation of leg

muscle function [5], and individual motor ability [6]. This

test is associated with limited physical burden placed on

participants and low risks of induced disorders [7, 8].

Clinically, STS is often used to evaluate the imbalance

especially in the elderly [4], hemiparetic [9] and amputee

[10, 11] populations. This kind of evaluation is also con-

ventionally used as an indicator of postural control [12],

and as a mean to assess the risk of falling associated with

muscle strength in the lower limbs [13]. Moreover, STS

evaluation allows assessing strength of knee flexors and

extensors and/or hip concentric and eccentric mode without

the use of specific scientific equipment. It provides infor-

mation on the physical profile of subjects and functional

limitations of the lower limbs. In the elderly, it is an ob-

jective measure of physical ability to identify people at

high risk of falling [14], related with the level of autonomy

of the elderly.

Parameters associated with the performance of a STS

movement (e.g. force, velocity, impulse, etc.) can easily be

determined using a force platform [15]. However, no

consensus has been established yet to standardize the initial

position and subjects’ instructions during STS. Indeed,

previous studies [16, 17], have demonstrated that vertical,

antero-posterior and medio-lateral ground reaction forces

(GRF) are not influenced by the position of the arms

(crossed over the chest, setting free, or hands on knee),

unlike height of chair set and/or use of arm rest clearly and

foot position, during STS performance. Due to this lack of

standardization in the STS procedures [16], some discrep-

ancies are observed when comparing results from previous

studies. In general, each study tried to find its own pa-

rameters, with available laboratory equipment and varied

purposes [15]. Moreover, inter-individual differences exist

in performing STS movement [18], reflecting the use of

different strategies [19, 20] which influence force and

moment components [21]. Generally differentiated by the

degree of trunk flexion before the separation of the seat (i.e.

seat off) [22], measuring the horizontal linear momentum

required moving from a stable position (e.g. before seat-

off) to unstable position (e.g. after seat-off) takes all sense.

This observation shows the importance of studying the data

in the three axes (i.e., antero-posterior, medio-lateral and

vertical) during STS movement, and be able to refer to

relevant way. To our knowledge, no parameters were

shown to be relevant to discriminate individual specific

behavior during STS movement.

The purpose of the present study was twofold: (1) to

determine the most relevant and reliable parameters to

assess the STS movement from a force platform and (2) to

evaluate the repeatability of different standardized

procedures to identify the necessary number of trials to get

a reliable assessment.

Materials and methods

Subjects

Twenty-one male subjects (i.e., student, member of

laboratory, and staff university), aged from 21 to 60 years

volunteered to participate in this study. The

mean ± standard deviation age, height and body mass

were 33.9 ± 12.3 years, 1.79 ± 0.07 m, 79.1 ± 12.3 kg,

respectively. All subjects answered to a call of volunteer to

participate in the study, and they accepted to realize the

experimental protocol after being informed on it. Subjects

reported no lower limbs injury and/or feel pain. They were

not wearing prosthesis and declared to have neither neu-

rological problem (i.e., AVC) nor drug treatment. Anyone

recognizing injuries were excluded from the study. All the

subjects were devoided of any lower limbs and/or lumbar

pathologies. All the volunteers were informed about the

experimental procedure that conformed to the Declaration

of Helsinki (last modified in 2004).

Material

Ground Reaction Force measurements were performed

using a force platform (9286BA, Kistler Group, Win-

terthur, Switzerland) placed under the feet of the subjects.

Analog signals issued from the force plate were amplified

by charge amplifiers (Kistler type 5691A1). Force signals

were linear (\±0.2 %) over a range of 0–10 kN in the

vertical axis, and of -2.5 to 2.5 kN in the antero-posterior

and medio-lateral axis. Data were collected using BIO-

WARE V5.1.0.0 software, and recording was performed at

100 Hz. Data processing was performed using MATLAB

scripts (R2008b, The Mathworks, Natick, Massachusetts,

USA) to extract each parameter of interest. Signals were

filtered digitally with a 10-Hz low-pass Butterworth filter

(4th order) with zero phase lag.

Protocol

Subjects were asked to perform STS movements in five

conditions: (1) as rapidly as possible with a 90� knee angle

when seated (STS1); (2) at comfort speed with a 90� knee

angle when seated (STS2); (3) at comfort speed from a

standard chair (H = 48 cm) using armrests (STS3); (4) at

comfort speed, from a 40 cm-heighted chair without arm-

rests (STS4) and (5) at comfort speed from a 59 cm-

heighted chair without armrests (STS5). Except during

STS3, arms were crossed over the chest to standardize the
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lift chair position. Before the movement began, the chair

height was adjusted for every subject to reach a standard-

ized seated position with a 90� knee angle. The knee angle

was evaluated and controlled by a medical goniometer

(accuracy 1�) composed of two arms (stationary and

moveable arms). The center of the goniometer was aligned

with the knee joint center. A hash marks on the center of

the goniometer allowed measuring precisely the joint range

of motion. Range of motion was controlled by placing the

stationary arm on the thigh (aligned with a virtual line

traced between the knee and the great trochanter), whereas

the moveable arm was placed on the shank (aligned with a

virtual line traced between the knee and the ankle) to reach

a knee angle of 90�. Measurements were all realized in the

same way and by the same operator. Three trials, spaced by

5 s rest, were performed for all conditions. Whatever the

condition, a 1-s break was asked to the subjects when they

reached the standing position, to clearly identify the end of

the movement. The different testing conditions were

spaced by 2 min of rest and were randomized to prevent

any fatigue process or experimental influences.

Data analysis

According to Etnyre and Thomas [15], the STS movement

(Fig. 1) begins with a relief phase and ends when GRF

normalized relatively to the body weight is equal to 1,

which means that the subject is standing. For each condi-

tion, as classically done, the following parameters were

determined from the force–time evolution: peak GRF

(Fpeak, in N kg-1), average GRF produced during the

complete STS (Fmean, in N kg-1), time to reach Fpeak (T1,

in s), STS total time (TTOT, in s); STS Impulse (Imp, in

N kg-1 s) which correspond to the area under the force–

time curve during the total STS movement. Each parameter

was analyzed according to the vertical (Z), medio-lateral

(X), antero-posterior (Y) axes.

Statistical analysis

Data are presented as means ± standards deviations.

Skewness and Kurtosis analysis were used to verify the

normality of distribution and homogeneity of variance in

the data sets. A one-way factorial ANOVA was applied to

determine the effect of the STS conditions on the force

platform parameters (Table 1). A one-way ANOVA with

repeated measures was used to analyze trials repeatability,

and to determine the number of trials necessary to obtain

reliable results. Scheffe post hoc comparisons were carried

out to identify any significantly different trials and condi-

tions. Intraclass correlation coefficient (ICC) was used to

represent agreements between trials. ICC was calculated

across all trials to examine the reliability of force platform

parameters. ICC was interpreted as follows: ICC less than

0.5 indicates poor to fair agreement; 0.5–0.6 moderate

agreement; 0.7–0.8 strong agreement; and [0.8 almost

perfect agreement [23]. Because of ICC dependence on

inter-subjects homogeneity, standard error of the mean
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Fig. 1 Typical example of a

sit-to-stand (STS) vertical

force–time curve recorded from

a force platform (modified from

Etnyre and Thomas 2007, and

Yamada 2010)
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(SEM), which corresponds to an absolute reliability index

unaffected by inter-subject variability was taken into ac-

count [24]. SEM was expressed as a percentage of the

average value for comparison between tasks. Coefficient of

variation (CV %) was also computed to give information

on the data stability between individuals rather than be-

tween trials [25]. The acceptability threshold is usually set

at 10 % [26]. For all statistical procedures, significance

threshold was set at p\ 0.05.

Results

Whatever force platform parameters, no significant differ-

ences were observed between right and left sides, meaning

that there was no asymmetry during STS. Consequently,

parameters related to the force platform corresponded to

the combined recordings from the two force plates (i.e., as

if only one force plate was used).

STS parameters

Values of measured parameters during all STS conditions

are presented in Table 1. Most of the mechanical and

temporal parameters appeared to be significantly different

for each condition (p\ 0.05). More precisely, speed of

movement (STS1 vs. STS2), chair-height variation (STS2

vs. STS4 vs. STS5), and using or not armrest (STS2 vs.

STS3) induced significant differences in the collected pa-

rameters. For example, vertical force (FZPeak) was greater

for the highest speed of movement (1.85 N kg-1 during

STS1 vs. 1.27 N kg-1 during STS2) and for the lowest

height of the chair (1.37 N kg-1 during STS4 vs.

1.22 N kg-1 during STS5). On the other hand, the use of

armrest decreases FZPeak (1.27 N kg-1 during STS2 vs.

1.02 N kg-1 during STS3). Moreover, temporal data

showed a decrease in execution time (TTOT) with the in-

crease of the height of chair (1.71 s during STS4 vs. 1.54 s

during STS5) and speed of movement (1.06 s during STS1

vs. 1.73 s during STS2).

Repeatability

ICC values for all parameters and all STS conditions are

presented in Table 2.

Strong to perfect repeatability was observed for the

impulse in all axes under each condition

(0.79\ ICC\ 0.97). Regarding the vertical axis, ICC

showed a strong to perfect repeatability for all parameters

(0.72\ ICC\ 0.9) during STS1 (fast movement condi-

tion). Regarding medio-lateral axis, all parameters pre-

sented strong repeatability (0.82\ ICC\ 0.98) whatever

the STS condition is. In the antero-posterior axis, strong

repeatability (0.71\ ICC\ 0.81) was found for all force

Table 1 Data recorded using the force platform for all conditions

STS1^ STS 2m STS 3� STS 4d STS 5h

Temporal data

TTOT (s) 1.06 ± 0.11 1.73 ± 0.24d 1.63 ± 0.34 1.71 ± 0.25m 1.54 ± 0.16

T1 (s) 0.58 ± 0.09 0.91 ± 0.17 1.11 ± 0.30 0.84 ± 0.09 0.76 ± 0.16

Vertical data (Z)

FZPeak (N kg-1) 1.85 ± 0.15 1.27 ± 0.10h 1.02 ± 0.06 1.37 ± 0.09 1.22 ± 0.08m

FZMEAN (N kg-1) 0.46 ± 0.10�h 0.55 ± 0.06dh 0.43 ± 0.08^ 0.56 ± 0.06mh 0.49 ± 0.09^md

ImpZ (N kg-1 s) 313 ± 82.4h 366 ± 88.6d 261.3 ± 79.8 353 ± 81.7m 319 ± 76.7 ^

Medio-lateral data (X)

FXPeak (N kg-1) 5.6E-2 ± 4.26E-2 3E-2 ± 4E-2 2E-2 ± 1.6E-2 7.9E-2 ± 7E-2 1.7E-2 ± 1E-2

FXMEAN (N kg-1) -2.2E-2 ± 1.8E-2 -3.4E-2 ± 1.7E-2 -2.8E-2 ± 1.5E-2d -2.9E-2 ± 6E-2� -3.9E-2 ± 2E-2

ImpX (N kg-1 s) -16 ± 13.8m� -18 ± 13�^ -18 ± 10.9m^ 12.8 ± 14.9 25.2 ± 13.6

Antero-posterior data (Y)

FYPeak (N kg-1) 9E-2 ± 3E-2 5E-2 ± 2E-2d 6.4E-2 ± 3E-2 4.7E-2 ± 3E-2mh 4.5E-2 ± 2E-2d

FYMEAN (N kg-1) 1.2E-2 ± 1E-2m� 1E-2 ± 1E-2^ 1.5E-2 ± 1E-2^ 3.5E-3 ± 2E-2 4.5E-3 ± 2E-2

ImpY (N kg-1 s) 7.5 ± 8.3 4.8 ± 6.3 6.8 ± 8.1 1.7 ± 1.3 3.2 ± 11.3

STS1: fast condition, STS2: comfort speed, STS3: allure of comfort using armrest, STS4 and STS5: the STS movement at a comfortable allure

without armrests from initially seated in a chair height of 40 and 59 cm, respectively

Fpeak: peak GRF, Fmean: average GRF produced during the complete STS, T1: time to reach peak GRF, TTOT: STS total time Imp: corresponds to

the area under the force–time curve during the total STS
^ No significantly differences with STS1, m no significantly differences with STS2, � no significantly differences with STS3, d no significantly

differences with STS4, h no significantly differences with STS5
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platform parameters during STS2 and STS4

(0.78\ ICC\ 0.88). Only FYPeak parameter, for STS1 and

STS3, has a moderate (ICC = 0.60) and a poor repeata-

bility (ICC = 0.36), respectively.

Considering the influence of the height of the chair, our

results showed the same repeatability levels during STS2,

STS4 and STS5 for all parameters except FZPeak.

Regarding the use of armrest, the repeatability is strong

for all parameters during STS2 and STS3 in the medio-

lateral axis. In the antero-posterior axis, FYPeak presented a

poor agreement when armrests were used (STS3,

ICC = 0.36). In the vertical axis, the repeatability was

similar for FZMEAN and ImpZ whereas the use of armrests

was associated with a poor agreement for FZPeak (STS3,

ICC = 0.35).

The comparison between STS1 vs. STS2 showed that

the STS performed as fast as possible (STS1) is more re-

peatable that when performed at the comfort speed (STS2).

Indeed, vertical and temporal data are all repeatable for the

fast condition (STS1, 0.72\ ICC\ 0.90) contrary to the

comfort condition when one datum is repeatable.

Temporal parameters (TTOT and T1) were highly re-

peatable (0.76\ ICC\ 0.84) under STS1 and STS3 con-

ditions but less repeatable during STS2, STS4 and STS5

(0.45\ ICC\ 0.65).

Coefficient of variation (CV %) and standard error of the

mean (SEM %) are presented in Table 3. Considering SEM

% values, all parameters measured in three axes and during

all STS conditions, exhibited low dispersion calculation

(SEM \16 %) except the impulse in medio-lateral and

antero-posterior axes. All CV % values were upper 10 %

except FZPeak parameters.

Number of trials to get repeatable measurements

Results of the ANOVA regarding the number of trials

needed to show no significant differences are presented in

Fig. 2.

For all the other parameters, the STS condition allowing

more homogenous data is STS5. Furthermore, during

STS5, all parameters required only one trial to achieve

relevant measurements except T1 that required three trials.

When antero-posterior axis only is considered, results

highlight the fact that using a single trial is relevant for all

parameters and all STS conditions except for the impulse

during STS1.

Discussion

STS parameters

The first purpose of the present study was to determine the

most relevant and reliable parameters to assess the STS

movement using a force platform while taking the STS

condition into account. Results showed that instructions

and STS procedures greatly influence the mechanical pa-

rameters obtained from a force platform. Indeed, FZPeak,

was significantly greater under STS1 than under STS2.

Similar results were obtained when the armrests were used

as suggested by Etnyre and Thomas [15]. Analyzing FZPeak,

these authors showed significant differences between arms

crossed over the chest and hands-on-armrests conditions.

Our results also highlighted a decrease in the GRF, rein-

forcing the need to standardize a seated position to be able

to compare results from different studies.

When considering the impact of the height of chair on

STS parameters, STS2 can be excluded because the height

of chair is people-dependant. One can observe that at

comfort speed, the temporal parameters (T1 and TTOT) and,

mean and peak forces in the three axes, except FZMEAN and

FYPeak, values are influenced by the height of chair. A

19 cm difference on the height of chair causes an increase

of 12 % of the time to rise of the chair. This result confirms

that lowering the height of the seat makes the STS move-

ment difficult or even unsuccessful [19, 22, 27] because

angulations of the knee becomes smaller than 90�. Overall,

the lower the chair seat was, the smaller the knee angle and

Table 2 ICC values for temporal and force parameters between the

three trials for each conditions

Conditions STS 1 STS 2 STS 3 STS 4 STS 5

TTOT (s) 0.76b 0.62 0.82a 0.65 0.65

T1 (s) 0.84a 0.55 0.80b 0.51 0.45

Vertical data (Z)

FZPeak (N kg-1) 0.81a 0.67 0.35 0.64 0.73b

FZMEAN (N kg-1) 0.72b 0.56 0.50 0.49 0.66

ImpZ (N kg-1 s) 0.90a 0.79b 0.83a 0.85a 0.97a

Medio-lateral data (X)

FXPeak (N kg-1) 0.89a 0.86a 0.86a 0.96a 0.98a

FXMEAN (N kg-1) 0.83a 0.85a 0.82a 0.88a 0.9a

ImpX (N kg-1 s) 0.86a 0.83a 0.89a 0.87a 0.85a

Antero-posterior data (Y)

FYPeak (N kg-1) 0.60 0.71b 0.36 0.78b 0.71b

FYMEAN (N kg-1) 0.77b 0.78b 0.79b 0.88a 0.87a

ImpY (N kg-1 s) 0.78b 0.81a 0.77b 0.88a 0.92a

ICC for three trials. a ICC\ 0.8: perfect agreement, b 0.7\
ICC\ 0.8: strong agreement, 0.5\ ICC\ 0.6: moderate agreement,

ICC[ 0.5: poor to fair agreement

STS1: Fast condition, STS2: comfort speed, STS3: allure of comfort

using armrest, STS4 and STS5: the STS movement at a comfortable

allure without armrests from initially seated in a chair height of 40

and 59 cm, respectively

Fpeak: peak GRF, Fmean: average GRF produced during the complete

STS, T1: time to reach peak GRF, TTOT: STS total time Imp: corre-

sponds to the area under the force–time curve during the total STS
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Fig. 2 Number of trials needed to show no significant difference between trials

Table 3 Coefficient of

variation (CV) and standard

error of the mean (SEM) values

for temporal and force

parameters between the three

trials during each conditions

CV Coefficient of variation,

SEM Standard error of the mean

Conditions STS 1 STS 2 STS 3 STS 4 STS 5

CV (%) SEM (%) CV SEM CV SEM CV SEM CV SEM

TTOT (s) 14 16 17 1.7 19 1.8 14 1.7 15 1.3

T1 (s) 25 1.72 20 2.2 22 2.7 17 1.19 17 1.31

Vertical data (Z)

FZPeak (N kg-1) 10 2.4 6 0.8 5 0.7 7.2 0.7 6 0.8

FZMEAN (N kg-1) 18 2.1 11 1.45 18 2.1 10 1.42 17 2

ImpZ (N kg-1 s) 24 3.2 27 6 32 6.7 25 5.3 31 6.2

Medio-lateral data (X)

FXPeak (N kg-1) 79 8.9 119 20 87 15 90 11 91 11.7

FXMEAN (N kg-1) 82 9.1 64 8.8 50 7.1 118 10.3 52 7.6

ImpX (N kg-1 s) 89 11.3 66 16.7 58 18.4 117 26.2 49 8.7

Antero-posterior data (Y)

FYPeak (N kg-1) 38 4.4 60 8 46 6.25 69 10.6 55 8.8

FYMEAN (N kg-1) 88 8.3 123 20 110 13.3 351 5.7 214 4.4

ImpY (N kg-1 s) 87 12.9 19 33.3 111 26 511 151.2 239 64
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the longer the distance to stand up were, resulting in a

longer execution time. Moreover, this movement forms a

low position required a greater FZPeak and FXPeak. Thus,

‘‘the height of a chair seat affects the burden on the lower

limbs during STS’’ [7] and in view of factorial ANOVA

results, reference position to evaluate lower limbs force

must not be established from a fixed height of the chair seat

but rather from an identical reference position for all sub-

jects (i.e., to begin the STS movement from a knee angle

fixed at 90� when seated). This result is in agreement with

the hypothesis formulated by Pérennou et al. [28] on the

fact that a normalization of the reference position relatively

to the size of the subjects would be desirable. Moreover,

variation in the height of the chair seat can result in an

altered strategy to rise on chair [16, 22]. Indeed, when the

initial seated position is modified, one can observe a de-

crease in the hip angular velocity, and an increase in trunk

knee and ankle angular displacement [27, 29, 30]. Indeed,

when the initial seated position is lowest, this leads to an

increase of the angular displacement. Consequently, a

seated position with a 90� knee joint angle can be recom-

mended for all population.

Considering the impact of the STS speed, our results are

in agreement with those of Kerr et al. [31] for comfort

speeds. Our results showed a variation of 60 % duration of

movement between comfort and fast speed demonstrating

compliance with the instructions. Consequently, determi-

nation of the speed of the STS movement is important to

consider. Moreover, influence of the STS movement ve-

locity modified the hip flexion, knee extension and ankle

dorsiflexion joint moment [32]. A faster STS gave a shorter

flexion and momentum-transfer phase [33, 34]. Time to

perform the STS movement is a parameter fluently used in

clinical evaluation to assess patient ability and the effi-

ciency of prevention or rehabilitation programs. More, both

conditions could be useful, one for training (comfort) and

the other for evaluation (fast). Indeed, comfort speed seems

to give more subjective data than maximum speed which

can be explained considering that subjects can adjust their

speed in comfort condition of a STS to another, while they

can not do so under condition of maximum speed. Even if

people with disorders (e.g., elderly subject) were less able

to increase the speed of their STS movement [35, 36], the

maximum speed instruction seems clearer than comfort

speed condition.

Overall, the aforementioned results are in accordance

with the literature [7, 15, 28, 31]. Our study also revealed a

speed effect (STS1 vs STS2) for all parameters except to

FYMEAN, an influence of the use of armrests (STS2 vs

STS3) for all parameters, and an effect of the height of the

chair (STS4 vs STS5) except for FZMEAN and FYPeak pa-

rameters for vertical and antero-posterior axes.

Repeatability

The second purpose of the present study was to evaluate

the repeatability of different standardized procedures to

identify the number of trials that are necessary to get

relevant and reliable data. It is recommended not to use the

ICC as the unique indicator of reliability [26]. Indeed, if

subject’s parameters differ little from each other, ICC will

be low even if the inter-assay variability is low. High ICC,

with low SEM is considered an adequate way to determine

the most pertinent parameters and conditions to realize an

efficient assessment.

Regardless conditions of performance, our results

showed that the most repeatable parameters are mean and

peak forces in the medio-lateral axis, and the impulse in the

three axes.

Nevertheless, STS movement is principally defined by an

upward body transfer which could explain that only few

changes are observed in the medio-lateral axis. For this

reason, the vertical component of the parameters extracted

from the force platform is usually considered as the most

interesting parameters to evaluate the lower limb. Our results

showed that mechanical parameters measured in this axis

exhibited high ICC values and were most repeatable during

the fast speed condition (STS1). This is in accordance with

the GRF reliability observed by Yamada and Demura [5].

Few studies were interested in antero-posterior data [1,

15, 37]. The original contribution of the present study is to

consider also data obtained on this other axe. Repeatability

is good for antero-posterior data except peak force when

armrests were used (STS3) and during the fast condition

(STS1). This suggests that antero-posterior data could be

interesting additional measures, to quantify imbalance

during the STS movement mostly in frail people.

Interestingly, under STS3 condition, repeatability is

strong for all parameters, except for force parameters in the

vertical axis. This result may be explained by the strength

of arms applied on the armrests, which varies with the

considered trials.

When aiming at getting the most repeatable data, it

appears that the fast condition is the most appropriate in

view of the vertical parameters and temporal parameters.

Fast (STS1) and armrests (STS3) conditions are those that

allowed the greatest reliability for T1 and TTOT. These re-

sults are in agreement with several studies which showed

that the best reproducibility is reached when the movement

speed is imposed, allowing a better comparison between

studies [38, 39].

The high CV values for all parameters and during all

conditions except FZPeak, show the heterogeneity of the

population of this study, including subjects aged from 21 to

60 years old. Results of the present study are then
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independent of subjects’ age. Indeed, heterogeneity asso-

ciated with the good measurements repeatability confirmed

that the selected condition is not applicable only to a

specific population, but allows for further investigation and

extrapolation for any type of population.

Number of trials to get repeatable measurements

Independently of all parameters, it was observed that the

number of trials required for the data to be repeatable is

higher when the height of the chair decreased (STS4 vs.

STS5). The same result was found when considering the

speed of the STS movement (STS1 vs. STS2). To limit the

intra- and inter-subject variability in STS performance, it is

suitable to reduce many constraints (e.g., initial position,

speed condition…) [16]. These results are in agreement

with those obtained by Hopkins [40] and suggest that three

STS trials should be performed to reach high repeatability.

Practical application

Even if the selected population enclosed a large part of the

adult period [21–60 year old], and is not an intuitively

representative sample of individuals typically evaluated

with the sit-to-stand test (STS), its statistical distribution

was normal, indicating that the tested population can serve

as a baseline data. Our purpose was to get this baseline data

that could be of interest during pathological or aging

population’s assessment.

Considering subjects who are able to perform all the

proposed tests, our results suggest that the fast condition,

with a 90� knee joint angle, with arms crossed over the

chest (STS1) was the most relevant procedure to reach

reliable data to evaluate performance during STS move-

ments. Indeed, the vertical axis is the most important axis

to consider for STS movement analysis in view of the fact

that this test is defined by a body transfer mainly in this

axis [31] and STS1 was the only condition which is re-

peatable for all parameters in the vertical axis.

However, if subjects present some motor functional

limitations due to pathology or aging for instance, STS3

can be performed with particular interest to all platform

parameters except FZPeak, FZMEAN and FYPeak. Neverthe-

less, as it was reported in the present study, the vertical data

were the most interesting data considering the STS

movement used for a lower limb evaluation. The use of

armrest would make necessary, in parallels with postural

data, the measurement of the strength applied by the arm

on the armrests to use force parameters in the vertical axis.

For this purpose, using armrest cannot be recommended to

minimize the impact of upper limb use on data measure-

ments. This recommendation is in agreement with recent

studies in which authors asked subjects to cross his arms

over his chest systematically [17, 37].

Some authors [17, 37, 41] also proposed interesting

solutions (1) to analyze the STS sequencing and (2) to

compare pathological populations, in different conditions

from those obtained in our study, especially considering the

height of the chair. On one hand, Galli et al. [17] showed

differences between healthy and hemiplegic populations

while the seat height was adjusted for each subject to be

equal to 110 % of the distance between the head of the

fibula and the lateral malleolus (i.e. knee angle 67� ± 5�).
On the other hand Papa and Cappozzo [41] adjusted the

seat height at 80 % of the subjects’ leg size. These results

are in agreement with ours, supporting that normalization

of the reference position relative to the subject’s height is a

crucial methodological point during STS movement [28],

even if the normalization process remained to be

standardized.

Limitations of the research

Depending on daily activity, it has been shown that mean

number of STS released by every subject ranged from 42.8

to 49.3 per day [42]. However, standing up from a chair is

almost part of a goal-oriented behavior [16] and aims at

introducing a novel motor task. For this reason, it would be

interesting to verify whether our results are consistent with

a sit-to-walk movement [1].

Our results showed no significant differences between

the two lower limbs, because the participant of this study

was devoided of any pathology. Measures of symmetry

during movement could provide useful informations con-

cerning functional activities among patients with disorders

[43] and could potentially be used to alert clinicians to

early detect pathology stages which would presumably

affect subjects asymmetrically.

Finally, STS movement is often associated with elec-

tromyography and kinematic data for a complete analysis

of this movement. Complementary studies are needed to

complete the present analysis.

Conclusion

To conclude, this study put forward the importance of the

standardized position, the characteristics, and the instruc-

tion given to the subjects when performing STS test. Our

results also allowed determining the more relevant/reliable

parameters that should be extracted from such tests for the

follow-up of specific population.
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