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ABStR ACt

High amounts of sitting increase the risk of non-communicable 
disease and mortality. Treadmill desks make it possible to reduce 
sitting during the desk-based workerʼs day. This study investi-
gated the acute effect on postural stability of interrupting pro-
longed sitting with an accumulated 2-h of light-intensity tread-
mill desk walking. Twenty-one sedentary adults participated in 
this randomized acute crossover trial, with two 6.5 h conditions: 
1) uninterrupted sitting and 2) interrupted sitting with accumu-
lated 2 h light-intensity treadmill desk walking. Pre- and post-
condition, participants performed four postural stability tests 
on a pressure plate (bipedal and unipedal standing stance, eyes 
open and eyes closed). Anteroposterior center of pressure am-
plitude showed a significant condition x time interaction in bi-
pedal eyes closed (F(1,20) = 4.62, p = 0.046) and unipedal eyes 
open (F(1,20) = 9.42, p = 0.006) tests, and mediolateral center 
of pressure amplitude in bipedal eyes closed (F(1,20) = 6.12, 
p = 0.023) and bipedal eyes open (F(1,12) = 5.55, p = 0.029) tests. 
In the significant interactions, amplitude increased pre to post 
condition in the uninterrupted sitting condition. The accumu-
lated 2 h light-intensity treadmill desk walking ameliorated the 
negative effect of 6.5 h prolonged sitting on postural sway, sup-
porting workplace treadmill desk use.

Introduction
The detrimental associations of sedentary behavior with cardio-
metabolic disease and mortality risk are well established [1, 2]. Sed-
entary behavior is defined as any waking behavior characterized by 
an energy expenditure  ≤ 1.5 metabolic equivalents (METs), while 
in a sitting, reclining or lying posture [3]. For large numbers of the 
population, desk-based jobs result in prolonged sitting and de-
creased levels of activity, with desk-based office workers spend-
ing > 70 % of their working hours seated [4]. Individuals who sit for 
8–11 h/day, or > 11 h/day, are at a 15 and 40 % increased risk of 
death in the following 3 years, respectively [5]. In light of such sta-
tistics, an expert statement on reducing prolonged periods of sed-
entary work recommends that desk-based employees should ini-
tially accumulate a minimum of 2 h/day of light-intensity activity 
(standing or light walking) during working hours [6].

The use of an active workstation, such as a treadmill desk, in-
corporates physical activity into the office workerʼs day and could 
enable the achievement of the recommended 2 h of light activity. 
Torbeyns and colleagues [7] and Benatti and Ried-Larsen [8] re-
viewed active workstation interventions, identifying benefits to 
health markers such as body composition, glucose, lipids and mood 
in most longitudinal studies. In acute experimental studies, inter-
rupting prolonged sitting with multiple, short bouts of light-inten-
sity walking imparts beneficial postprandial cardiometabolic re-
sponses [9, 10]. Using a treadmill desk has shown limited effects 
on work performance and cognition in both chronic and acute in-
terventions [11]. While studies have addressed the effect of differ-
ent sitting positions on muscle activation and posture [12] and 
walking workstations on gait [13], limited research has examined 
biomechanical outcomes of interrupting sitting time. Miller and 
colleagues [14] reported walking and standing to elicit the same 

871

D
ow

nl
oa

de
d 

by
: B

ru
ne

l U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.

Published online: 07.10.2019 brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Brunel University Research Archive

https://core.ac.uk/display/362654669?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:laura.charalambous@beds.ac.uk


Charalambous L et al. Effects of Interrupting Sitting … Int J Sports Med 2019; 40: 871–875

Orthopedics & Biomechanics Thieme

accumulated knee joint load, supporting the use of walking breaks 
due to greater energy expenditure over standing.

Maintaining postural stability is a sensorimotor process which 
includes: 1) functional integration of sensory afferent information 
from visual, vestibular and somatosensory systems, 2) central pro-
cessing of sensory information, and 3) selection of motor respons-
es [15]. Impaired postural stability is a risk factor associated with 
falls and can also negatively affect social interaction and mental 
health in older adults [16]. Low physical activity levels have been 
associated with falls during walking in men < 45 years old [17]. Since 
physical activity affects all levels of this sensorimotor process, pos-
tural stability is a good candidate health variable to further under-
stand the effects of prolonged sitting.

Physical activity, even of low intensity, is reported to have an 
acute, short lasting (5–20 min) negative effect on postural stabil-
ity [18], while being physically active has a chronic positive effect 
[19]. Exercise affects all three levels of the sensorimotor process 
[20]. Fatigue from cycling [21, 22], running or walking [20, 23–25], 
rowing [26] and triathlon events [27] all reduced postural stability 
acutely. The duration of any exercise induced fatigue on stability is 
dependent on the type of exercise, intensity, duration and type of 
muscle contractions involved. In young healthy adults, the time 
course effects of treadmill exercise on postural sway are short last-
ing, returning to baseline levels within 5–20 min, depending on the 
exercise intensity [18, 25, 28]. Proprioception has been reported 
to be the most important sensorial system for maintaining postur-
al stability, particularly during normal fixed surface conditions 
[15, 29]. From a chronic perspective, it appears that being more 
physically active increases the use of these stimuli, thus allowing 
for more efficient postural adaptation [30]. However, there are no 
studies that have investigated the short-term effects of prolonged 
sitting or interruptions in sitting time on postural stability.

The aim of this study was to investigate the acute effect of in-
terrupting prolonged sitting with an accumulated 2 h of light-in-
tensity treadmill desk walking on postural stability.

Materials and Methods

Participants
Twenty-one sedentary adults, 10 females and 11 males (mean ± SD 
age: 36.8 ± 11.0 years; height: 1.72 ± 0.07 m; mass: 78.0 ± 16.4 kg; 
body mass index: 26.4 ± 4.4 kg/m2), participated after providing writ-
ten informed consent. Participants were injury-free at the time of 
testing and in the preceding 12 months, and were sedentary 
for  ≥ 7 h/day as determined using a validated domain-specific sitting 
time questionnaire [31]. Exclusion criteria were self-reported diabe-
tes, known blood-borne diseases, pregnancy, being a current or re-
cent smoker, allergy to foods in the standardized meals provided and 
any health issues limiting the ability to engage in the activity bouts.

Participants wore clothing that did not restrict leg movement 
and performed the stability tests barefoot. Participants refrained 
from moderate-to-vigorous physical activity for at least 72 h be-
fore testing, and did not consume alcohol or caffeine for at least 
24 h prior to testing. The study met the ethical standards of sports 
and exercise science research [32] and approval was granted by the 

University of Bedfordshire School of Sport Science and Physical 
 Activity Ethics Committee.

Protocol
This was a randomized, two-treatment acute crossover trial. Par-
ticipants attended the University of Bedfordshire Sport and Exer-
cise Science Laboratories on three separate occasions; a familiari-
zation session and two experimental days separated by  ≥ 7 days. 
During the familiarization session, height (stadiometer; Harpenden 
98.602, Holtain Ltd., Crymych) and mass (electronic weighing 
scales; Tanita Corp., Tokyo, Japan) were measured. The treadmill 
desk (Lifespan TR800-DT5, Strength Master, Salt Lake City, USA) 
was set to an ergonomically appropriate height for each participant 
according to manufacturer guidelines (90 ° elbow flexion and 0 ° 
wrist flexion/extension when typing on a keyboard). A light-inten-
sity walking speed that yielded between 6 and 9 (7.14 ± 0.65) on 
the Borg Rating of Perceived Exertion (RPE) scale [33] was deter-
mined for each participant in order to standardize exertion during 
the interrupted sitting condition. The treadmill desk walking speeds 
selected by the participants ranged between 1.5 and 3.5 km/h 
(2.20 ± 0.42 km/h). To check the set-up and ensure comfortable 
walking bouts, participants then walked for 15 min on the tread-
mill desk while typing on a laptop computer [34]. To familiarize par-
ticipants with the postural stability tests, participants performed 
two trials of each test [35].

On experimental days, participants attended at 08:30 follow-
ing an overnight fast. Participants travelled to the laboratory via 
motorized transport in order to minimize prior physical activity. 
The two randomized 6.5 h experimental conditions were: (1) Un-
interrupted sitting: participants remained seated and refrained 
from excessive movement, and (2) Interrupted sitting: participants 
interrupted their sitting with 20 min bouts of standardized exer-
tion treadmill desk walking at 20, 80, 140, 200, 260 and 320 min 
(total of 2 h of light-intensity walking). Two standardized meals, 
both providing 30 % of estimated daily energy requirements for 
each participant, were consumed at 0 h (breakfast) and 3 h (lunch). 
Physiological measures (activity levels, blood pressure, glucose, in-
sulin and triglycerides) were taken, and the findings for these out-
comes are published elsewhere [36]. When sitting or walking, par-
ticipants read, talked, watched DVDs or worked on a computer. To 
ensure participants remained sedentary, they were pushed in a 
wheelchair when visiting the toilet or the food consumption area.

Postural stability tests were conducted on a pressure plate (RS 
Footscan, RSscan International, Olen, Belgium; 0.58 m × 0.42 m; 
33 Hz) immediately pre and post each 6.5 h experimental condi-
tion. Participants were barefoot and stood upright, feet together, 
with their hands on their hips (iliac crests). The four stability tests 
were bipedal and unipedal stance with eyes open and eyes closed. 
The supporting leg(s) maintained neutral hip and knee positions 
(0 ° flexion). In the unipedal tests, the preferred supporting leg was 
used and the non-supporting leg was raised behind the participant, 
with neutral hip and 90 ° knee flexion. To avoid inclusion of postur-
al movements while the participant was stabilizing the body into 
position, measures commenced after an initial 5 s period, which 
included a verbal 3 s countdown by a researcher. For each stability 
test, a 30 s trial was recorded following the countdown with the 
participants instructed to “stand as still as possible” [37]. Three at-
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tempts of each test were recorded with 30-s rest periods between 
attempts and 1 min rest periods between tests [38]. During rest 
periods, the participant sat on a chair next to the pressure plate. In 
the eyes open tests, participants focused on an eye-level cross 
marked on the wall 3 m away. The order of tests was consistent (bi-
pedal eyes open; bipedal eyes closed; unipedal eyes open; unipedal 
eyes closed). Trials were excluded if hands were removed from hips, 
eyes opened (eyes closed tests) or non-supporting leg touched the 
floor (unipedal tests).

Data and Statistical analysis
Pressure plate data were exported into Microsoft Excel 2010 (Mi-
crosoft Corporation, Redmond, USA) for calculation of postural sta-
bility variables. SPSS version 22.0 (SPSS Inc., Armonk, N.Y., USA) 
was used for all statistical analyses.

For each 30 s attempt, total distance travelled of the center of 
pressure (CoP; CoP distance) and maximum displacement of the 
CoP in the mediolateral (ML; ML CoP amplitude) and anteroposte-
rior (AP; AP CoP amplitude) directions were calculated. Mean and 
standard deviation (SD) values were calculated for the three at-
tempts of each test. Within-participant inter-attempt reliability 
was deemed acceptable for all variables in the bipedal stance eyes 
open and eyes closed and unipedal eyes open tests (intra-class cor-
relation coefficient, ICC, r > 0.7 and coefficient of variation, CV, 
< 20 %) [39]. The unipedal eyes closed test results were not deemed 
reliable and thus not reported here (ICC < 0.6 and CV > 20 % for all 
variables) [39].

A Repeated Measures Factorial ANOVA was conducted to inves-
tigate the main effects of time (pre v post) and condition (uninter-
rupted sitting v interrupted sitting) and the condition × time inter-
action effect on the dependent variables (CoP distance, ML CoP 
amplitude and AP CoP amplitude). The alpha level for a statistical-
ly significant effect was set at p < 0.05.

Results
There were no significant condition x time interactions found for 
CoP distance in any of the postural stability tests (▶table 1). AP 
CoP amplitude showed a significant interaction for 2 of the 3 pos-

tural stability tests reported: bipedal eyes closed, F(1,20) = 4.62, 
p = 0.046 and unipedal eyes open, F(1,20) = 9.42, p = 0.006. Biped-
al eyes open did not show a significant interaction, F(1,20) = 3.45, 
p = 0.077. ML CoP amplitude also showed a significant interaction 
in two of the three tests: bipedal eyes closed, F(1,20) = 6.12, 
p = 0.023, and bipedal eyes open, F(1,12) = 5.55, p = 0.029. For each 
of the significant interaction effects, the uninterrupted sitting con-
dition showed a significant mean increase in CoP amplitude be-
tween the pre and post condition measures, whereas the interrupt-
ed sitting condition did not change.

There was a significant main effect of time on ML CoP amplitude 
(decrease pre-post for both conditions) in unipedal eyes open, 
F(1,20) = 5.53, p = 0.030, but no significant interaction effect for 
this variable, F(1,20) = 0.03, p = 0.868. There was no significant 
main effect of condition for any variable.

Discussion
The main finding of this study was that an accumulated 2 h of light-
intensity treadmill desk walking ameliorated the negative effect of 
6.5 h prolonged sitting on postural stability. This was evidenced by 
CoP amplitude increasing pre-post in the uninterrupted sitting con-
dition but not changing when sitting was interrupted with light 
treadmill desk walking. These findings can be interpreted as the in-
terrupted sitting condition having a positive effect on postural sta-
bility since small amplitude shifts in the CoP during quiet standing 
are considered to indicate an effective postural control system [40]. 
Maintaining balance is a complex task where the central nervous 
system must integrate visual, vestibular and proprioceptive infor-
mation while modulating commands to the neuromuscular system 
[41]. Prolonged sitting had a negative effect on these systems, an 
effect that was ameliorated by light treadmill desk walking for 
20 min each hour over the course of a day. This could potentially be 
an effective strategy for improving physical health and wellbeing 
in office workers and lowering the risk of falls [42, 43].

The positive effects of interrupting sitting with treadmill desk 
walking compared to prolonged sitting are evident in the present 
study. Fatiguing aerobic and anaerobic running sessions have pre-
viously been shown to have an acute but short lasting ( < 13 min) 

▶table 1 Mean ± SD postural stability variables during each task for the uninterrupted sitting and interrupted sitting conditions.

Uninterrupted sitting Interrupted sitting sig.

Bipedal eyes open Pre Post Pre Post

AP CoP amplitude (mm) 16.1 ± 8.9 22.6 ± 12.5 22.1 ± 17.3 18.2 ± 12.2

ML CoP amplitude (mm) 13.6 ± 7.4 19.6 ± 7.6 13.0 ± 4.3 10.4 ± 4.1  * 

CoP distance (mm) 650.6 ± 199.1 633.9 ± 160.2 662.7 ± 185.8 599.1 ± 144.8

Bipedal eyes closed

AP CoP amplitude (mm) 18.6 ± 6.5 21.6 ± 10.0 24.1 ± 27.3 24.6 ± 18.2  * 

ML CoP amplitude (mm) 14.8 ± 8.0 20.3 ± 8.1 14.6 ± 5.7 15.4 ± 7.5  * 

CoP distance (mm) 660.5 ± 107.1 649.9 ± 139.2 646.9 ± 138.2 614.3 ± 159.3

Unipedal eyes open

AP CoP amplitude (mm) 40.5 ± 11.6 52.7 ± 22.9 45.6 ± 24.6 41.4 ± 18.1  * 

ML CoP amplitude (mm) 34.3 ± 13.9 30.3 ± 8.5 32.8 ± 10.5 28.2 ± 8.1  * * 

CoP distance (mm) 1060.5 ± 315.7 933.2 ± 285.0 1148.5 ± 421.8 996.9 ± 266.8

An asterisk ( * ) indicates a significant interaction (p < 0.05) between time (pre-post) and condition (sitting-walking desk). A double asterisk ( * * ) 
indicates a significant main effect of time (pre-post) in both conditions. There was no significant main effect of condition.
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negative effect on postural stability in young adults [18]. Acute 
negative effects of physical activity were not evidenced in the pre-
sent study, probably explained by the lower intensity and the  
50 min period of sitting between the final walking bout and stabil-
ity tests allowing a full recovery.

The underlying causes of the adverse effect of uninterrupted 
(prolonged) sitting may be explained by the proprioceptive and 
neuromuscular control aspects of postural control. For both AP and 
ML directions, prolonged sitting may cause a reduction in muscle 
tone in the muscles used to control sway. In unperturbed healthy 
participants, sway is largely modulated by an ankle strategy [44]. 
Within this strategy, the anterior (tibialis anterior) and posterior 
(soleus, gastrocnemius) lower leg muscles are largely responsible 
for controlling sway in the AP [45] and peroneus longus in the ML 
[46]. For the more challenging unipedal tasks, a hip strategy involv-
ing the hip abductor and adductor muscles may have also been 
employed [47]. A further mechanism responsible for the protec-
tive effects of interrupting sitting on stability may be potentiation 
due to the walking exercise [48]. The bouts of activity will have 
caused stimulation of the proprioceptive sensory receptors, such 
as muscle spindles and Golgi tendon organs. These mechanorecep-
tors provide crucial sensory feedback, which enables the accurate 
performance of complex motor tasks such as gait and balance. 
While sedentary, the receptors are challenged infrequently, as 
there is little movement to report on, whereas the bouts of activ-
ity would have stimulated the receptors, which then provide com-
plex dynamic feedback on both joint movement and limb position. 
Further research to investigate the causes of the protective effect 
of interrupted sitting on postural stability is warranted, including 
the use of electromyography to identify lower limb muscle activity 
during static balance and more dynamic tasks.

Limitations and Future considerations
Consistent with the findings of Pinsault and Vuillerme [38], three, 
30 s postural stability measurements were sufficient to ensure the 
reliability of standard CoP measures for three of the four tests. How-
ever, for the eyes closed unipedal test, CV % was greater than 20 % 
for all variables and in many attempts the participants did not com-
plete the 30 s time period. It appears that this task was too difficult 
for the sedentary participants studied, informing the future selec-
tion of postural stability tests for this population. In the test that 
elicited the largest ML CoP amplitudes (unipedal eyes open), both 
conditions elicited an improvement pre-post (significant effect of 
time). More familiarization with this challenging task may be a ben-
eficial addition to future studies employing unipedal tests to re-
move any potential learning effect. CoP distance has been previ-
ously identified as a strong predictor of falls [43], but this was not 
significantly affected by the conditions in the present study. This 
may be due to a large inter and intra participant variability in this 
global measure and further underlines a lack of universal agree-
ment as to which CoP variables should be used to assess postural 
stability [49].

Research should consider the effect of interrupting prolonged 
sitting with light walking in an elderly population for whom pos-
tural stability is lower and risk of falling is higher, often due to dec-
rements in their proprioceptive and neuromuscular systems [42]. 
Investigating the postural stability effects of interrupted sitting 

with other forms of physical activity (e. g., body weight resistance 
exercise) may justify alternative modes of exercise for a wider range 
of population groups.

Conclusion
Interrupting prolonged sitting with an accumulated 2 h of light-in-
tensity treadmill desk walking ameliorated the negative effect of 
prolonged sitting on postural stability. This suggests that using 
treadmill desks to interrupt and reduce sitting during the work day 
has acute neuromuscular benefits that could lead to a reduction in 
the risk of falls.

Conflict of Interest

The authors declare that they have no conflict of interest.

References

[1] Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and 
mortality from all causes, cardiovascular disease, and cancer. Med Sci 
Sports Exerc 2009; 41: 998–1005

[2] Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, 
Khunti K, Yates T, Biddle SJ. Sedentary time in adults and the 
association with diabetes, cardiovascular disease and death: 
Systematic review and meta-analysis. Diabetologia 2012; 55: 
2895–2905

[3] Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V,  Latimer-
Cheung AE, Chastin SFM, Altenburg TM, Chinapaw MJM. Sedentary 
Behavior Research Network (SBRN) – Terminology Consensus Project 
process and outcome. Int J Behav Nutr Phys Act 2017; 14: 75

[4] Clemes SA, OʼConnell SE, Edwardson CL. Office workersʼ objectively 
measured sedentary behavior and physical activity during and outside 
working hours. J Occup Environ Med 2014; 56: 298–303

[5] van der Ploeg HP, Chey T, Korda RJ, Banks E, Bauman A. Sitting time 
and all-cause mortality risk in 222 497 Australian adults. Arch Intern 
Med 2012; 172: 494–500

[6] Buckley JP, Hedge A, Yates T, Copeland RJ,  Loosemore M, Hamer M, 
Bradley G, Dunstan DW. The sedentary office: An expert statement on 
the growing case for change towards better health and productivity. 
Br J Sports Med 2015; 49: 1357–1362

[7] Torbeyns T, Bailey S, Bos I, Meeusen R. Active workstations to fight 
sedentary behaviour. Sports Med 2014; 44: 1261–1273

[8] Benatti FB, Ried-Larsen M. The effects of breaking up prolonged sitting 
time: A review of experimental studies. Med Sci Sports Exerc 2015; 47: 
2053–2061

[9] Bailey DP, Locke CD. Breaking up prolonged sitting with light-intensity 
walking improves postprandial glycemia, but breaking up sitting with 
standing does not. J Sci Med Sport 2015; 18: 294–298

[10] Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, 
Shaw JE,  Bertovic DA, Zimmet PZ, Salmon J, Owen N. Breaking up 
prolonged sitting reduces postprandial glucose and insulin responses. 
Diabetes care 2012; 35: 976–983

[11] Ojo SO, Bailey DP, Chater AM, Hewson DJ. The impact of active 
workstations on workplace productivity and performance: A 
systematic review. Int J Environ Res Public Health 2018; 15: 417–430

874

D
ow

nl
oa

de
d 

by
: B

ru
ne

l U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



Charalambous L et al. Effects of Interrupting Sitting … Int J Sports Med 2019; 40: 871–875

[12] Ellegast RP, Kraft K, Groenesteijn L, Krause F, Berger H, Vink P. 
Comparison of four specific dynamic office chairs with a conventional 
office chair: Impact upon muscle activation, physical activity and 
posture. Appl Ergon 2012; 43: 296–307

[13] Grindle DM, Baker L, Furr M, Puterio T, Knarr B, Higginson  J. The 
effects of walking workstations on biomechanical performance. J Appl 
Biomech 2018; 34: 349–353

[14] Miller RH, Edwards WB, Deluzio KJ. Energy expended and knee joint 
load accumulated when walking, running, or standing for the same 
amount of time. Gait Posture 2015; 41: 326–328

[15] Horak FB. Postural orientation and equilibrium: what do we need to 
know about neural control of balance to prevent falls?  Age Ageing 
2006; 35: Suppl 2 ii7–ii11

[16] Rubenstein LZ. Falls in older people: epidemiology, risk factors and 
strategies for prevention. Age Ageing 2006; 35: Suppl 2 ii37–ii41

[17] Mertz KJ, Lee DC, Sui X, Powell  KE, Blair SN. Falls among adults: The 
association of cardiorespiratory fitness and physical activity with 
walking-related falls. Am J Prev Med 2010; 39: 15–24

[18] Fox ZG, Mihalik JP, Blackburn JT, Battaglini CL, Guskiewicz  KM. Return 
of postural control to baseline after anaerobic and aerobic exercise 
protocols. J Athl Train 2008; 43: 456–463

[19] Enoka RM. Neural adaptations with chronic physical activity. J Appl 
Biomech 1997; 30: 447–455

[20] Lepers R, Bigard AX, Diard JP , Gouteyron JF, Guezennec CY. Posture 
control after prolonged exercise. Eur J Appl Physiol Occup Physiol 
1997; 76: 55–61

[21] Derave W, De Clercq D, Bouckaert J, Pannier JL. The influence of 
exercise and dehydration on postural stability. Ergonomics 1998; 41: 
782–789

[22] Gauchard GC, Gangloff P, Mallie JP, Perrin PP. Effects of exercise-
induced fatigue with and without hydration on static postural control 
in adult human subjects. Int J Neurosci 2002; 112: 1191–1206

[23] Bove M, Faelli E, Tacchino A, Lofrano F, Cogo CE, Ruggeri  PP. Postural 
control after a strenuous treadmill exercise. Neurosci Lett 2007; 418: 
276–281

[24] Thomas KS, VanLunen BL, Morrison S. Changes in postural sway as a 
function of prolonged walking. Eur J Appl Physiol 2013; 113: 497–508

[25] Nardone A, Tarantola J, Galante M, Schieppati  M. Time course of 
stabilometric changes after a strenuous treadmill exercise. Arch Phys 
Med Rehabil 1998; 79: 920–924

[26] Springer BK, Pincivero DM. The effects of localized muscle and 
whole-body fatigue on single-leg balance between healthy men and 
women. Gait Posture 2009; 30: 50–54

[27] Nagy E, Toth K, Janositz G, Kovacs G, Feher-Kiss A, Angyan L , Horvath 
G. Postural control in athletes participating in an ironman triathlon. 
Eur J Appl Physiol 2004; 92: 407–413

[28] Nardone A, Tarantola J, Giordano A, Schieppati M. Fatigue effects on 
body balance. Electroencephalogr Clin Neurophysiol 1997; 105: 
309–320

[29] Peterka RJ. Sensorimotor integration in human postural control.  
J Neurophysiol 2002; 88: 1097–1118

[30] Perrin PP, Gauchard GC, Perrot C, Jeandel C. Effects of physical and 
sporting activities on balance control in elderly people. Br J Sports Med 
1999; 33: 121–126

[31] Marshall AL, Miller YD, Burton NW, Brown WJ. Measuring total and 
domain-specific sitting: a study of reliability and validity. Med Sci 
Sports Exerc 2010; 42: 1094–1102

[32] Harriss DJ, Macsween A, Atkinson G. Standards for ethics in sport and 
exercise science research: 2018 update. Int J Sports Med 2017; 38: 
1126–1131

[33] Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports 
Exerc 1982; 14: 377–381

[34] Alderman BL, Olson RL, Mattina DM. Cognitive function during 
low-intensity walking: A test of the treadmill workstation. J Phys Act 
Health 2014; 11: 752–758

[35] Nordahl SH, Aasen T, Dyrkorn BM, Eidsvik S, Molvaer OI. Static 
stabilometry and repeated testing in a normal population. Aviat Space 
Environ Med 2000; 71: 889–893

[36] Champion RB, Smith LR, Smith J, Hirlav B, Maylor BD, White SL, Bailey 
DP. Reducing prolonged sedentary time using a treadmill desk acutely 
improves cardiometabolic risk markers in male and female adults. J 
Sports Sci 2018; 36: 2484–2491

[37] Zok M, Mazza C, Cappozzo A. Should the instructions issued to the 
subject in traditional static posturography be standardised?  Med Eng 
Phys 2008; 30: 913–916

[38] Pinsault N, Vuillerme N. Test-retest reliability of centre of foot pressure 
measures to assess postural control during unperturbed stance. Med 
Eng Phys 2009; 31: 276–286

[39] Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive 
statistics for studies in sports medicine and exercise science. Med Sci 
Sports Exerc 2009; 41: 3–13

[40] Era P, Konttinen N, Mehto P, Saarela P, Lyytinen H.  Postural stability 
and skilled performance – A study on top-level and naive rifle 
shooters. J Appl Biomech 1996; 29: 301–306

[41] Enoka RM. Neural strategies in the control of muscle force. Muscle 
Nerve Suppl 1997; 5: S66–S69

[42] Piirtola M, Era P. Force platform measurements as predictors of falls 
among older people – A review. Gerontology 2006; 52: 1–16

[43] Lord SR. Aging and falls: Causes and prevention. J Musculoskelet 
Neuronal Interact 2007; 7: 347

[44] Blenkinsop GM, Pain MTG, Hiley MJ. Balance control strategies during 
perturbed and unperturbed balance in standing and handstand. R Soc 
Open Sci 2017; 4: 161018

[45] Winter DA, Powell F, Frank JS, Powell C, Zabjek KF. Unified theory 
regarding A/P and M/L balance in quiet stance. J Neurophysiol 1996; 
75: 2334–2343

[46] McCullough MB, Ringleb SI, Arai K, Kitaoka HB, Kaufman KR. Moment 
arms of the ankle throughout the range of motion in three planes. 
Foot Ankle Int 2011; 32: 300–306

[47] Bisson EJ, McEwen D, Lajoie Y, Bilodeau M. Effects of ankle and hip 
muscle fatigue on postural sway and attentional demands during 
unipedal stance. Gait Posture 2011; 33: 83–87

[48] Bishop D. Warm up II: Performance changes following active warm up 
and how to structure the warm up. Sports Med 2003; 33: 483–498

[49] Paillard T, Noe F. Techniques and methods for testing the postural 
function in healthy and pathological subjects. Biomed Res Int 2015; 
2015: 891390

875

D
ow

nl
oa

de
d 

by
: B

ru
ne

l U
ni

ve
rs

ity
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.


