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Abstract
The aim of this study was to use sEMG to measure the neuromuscular activity during the TUG task in water, and
compare this with the responses for the same task on land. Ten healthy subjects [5 males and 5 females [mean ±
SD]: age, 22.0 ± 3.1 yr; body mass, 63.9 ± 17.2 kg. A telemetry EMG system was used on the following muscles on the
right side of the body: the quadriceps – rectus femoris [RF], long head of the biceps femoris [BF], tibialis anterior [TA],
gastrocnemius medialis [GM], soleus [SOL], rectus abdominis [RA] and erector spinae [ES]. Each subject performed
the TUG test three times with five minutes recover between trials in water and on dry land. The % MVC was
significantly different (p < 0.05) for majority of the muscles tested during the TUG water compared to dry land. %
MVC of RF [p = 0.003, t = 4.07]; BF [p = 0.000, t = 6.8]; TA [p = 0.005, t = 5.9]; and SOL [p = 0.048, t = 1.98]; RA
[p = 0.007, t = 3.45]; and ES [p = 0.004, t = 3.78]. The muscle activation of the trunk and the lower limb [VM RF, BF,
TA, GM and SOL] were lower in water compared to dry land, when performing a TUG test.
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Introduction
Aquatic exercise is commonly used in rehabilitation settings and the unique features of movement in water may
provide an alternative option for people unable to exercise successfully on land (Batterham et al. 2011). Understanding the physics and physiological components of
water therapy is crucial for effective management of
various musculoskeletal, neurological and cardiopulmonary pathologies (Becker 2009). Water has unique properties include higher density, buoyancy, hydrostatic
pressure, viscosity and thermodynamics (Harrison et al.
(Harrison and Bulstrode 1987); (Hall et al. 1990). Each
of these key components can stimulate different physiological and biomechanical responses to exercise when
comparing water to dry land training (Alberton et al.
2011). Clinically, aquatic therapy programs that included
closed chain exercise, such as squats, gait, step-ups and
turn, have significantly enhanced patient’s mobility and
functional outcomes in hip and knee osteoarthritis
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(Fransen et al. 2007) as well as hip and knee replacements (Rahman et al. 2009).
The frequently used Timed Get-Up-and-Go Test
(TUG) is a clinical tool to assess mobility and risk of falling (Weiss et al. 2011); (Menz 2003); (Lamoth et al.
2011); (Beauchet 2005); (Berg 1992); (Salarian et al.
2009). The clinical relevance of the TUG test is based on
the integrating of basic functional task, such as getting
up and down transitions, and transitions that require balance as the patient turns or walk in straight line (Rogers
1998). These basic functional tasks are relevant to activities in daily living and are commonly associated with
falls (Tinetti, 1988).
Researchers have used various methods to assess
patent’s functional movement techniques, including:
video analysis (Mazza et al. 2005), optoelectronic systems
(Hughes et al. 1996), goniometry (Itokazu et al. 1998)
and accelerometers (Goulart et al. 1999). Despite these
methods being used widely in clinical studies, clinicians
have only focuses on time and ignore any other deficiency of the kinematics and kinetics movement patterns.
Furthermore, the total time to perform a series of complex activities were analysed without separate the movement patterns throughout the tasks. (Salarian et al.
2010); (Zampieri 2011).
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Gait training and falls prevention in water is the most
used program in aquatic therapy (Cuesta-Vargas 2012);
HyDAT Team (2009). TUG test is one of most used instruments for assessment in the context of evidence based
clinical reasoning. Changes in muscle activity in an aquatic
environment around the trunk and lower limb have been
studied using treadmill walking (Barela et al. 2006), running (Haupenthal 2010), hopping (Triplett et al. 2009) and
trunk exercises (Bressel et al. 2011). The TUG test is used
in aquatic programs for trunk and lower limb rehabilitation, however the neuromuscular characteristics of the
TUG movement in water have not been previously
described.
The surface electromyographic [sEMG] signal represents the electrical signal generated by skeletal muscles
and detected over the skin surface (Merletti et al. 2009).
The sEMG was highly correlated to the muscle force,
however the largest disadvantage of predicting the
muscle force from sEMG was that the force generated by
a muscle cannot be directly measured non-invasively
(Disselhorst-Klug et al. 2009), but can provide information on muscle activation and neural control strategies
which are important in rehabilitation (Merletti et al.
2009). The aim of this study was to use sEMG to measure the neuromuscular activity during the TUG task in
water, and compare this with the responses for the same
task on land.

Methods
Subjects

Ten healthy subjects [5 males and 5 females [mean ± SD]:
age, 22 ± 3.1 yrs; height, 172 ± 9.0 cm; body mass, 63.9 ±
17.2 kg] agreed to participate in this study. The Research
Ethics Committee from the Faculty of Nursing, Physiotherapy, Podiatry and Occupational Therapy, University of
Málaga [Spain] approved this study. All volunteers were
explained the procedures and potential risks and written
informed consent were obtained prior to data collection.
Experimental procedures

Subjects participated in two sessions: (i) familiarization
and (ii) test session. The sessions were conducted at least
one hour apart.
Familiarization session

Familiarization was conducted to orientate the subject
with the protocol for the TUG test both in water and on
dry land. During this session, the subject received verbal
feedback from the investigators regarding their form in
the TUG test.
Timed-get-up-and-go test

Each subject performed the TUG test three times with
five minutes recover between trials. All subjects used an
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armless chair and were instructed not to use their arms
to stand up. Although in traditional TUG an armchair is
used (Podsiadlo & Richardson 1991), we used an armless
chair. Previous studies explored using armless chairs.
Using armless chairs could reduce the variability between subjects by eliminating the choice to use or not to
use the armrests to arise (Salarian et al. 2010).
TUG test was conducted on 3 meter walkway. The beginning and end of the test was determined by 2.5 centimeter green tape markings on the floor. This was shown
to the subject prior to the start of the testing protocol.
Subjects were instructed to sit straight and their posterior
side touching the back of the chair. After the tester signalled the start of the trial, subjects rose from the chair
and walked at their fastest walking speed to the end of the
3 m. Once this was reached the subject turned around
and returned back to the starting chair, turned around and
sat down. The subjects were instructed not to run during
this protocol. The performance time was recorded using a
stop-watch. No feedback was provided during the exercise
to the participant and the same investigator visually
determined accurate execution of each repetition. If the
exercise was performed incorrectly, it was repeated. Participants began each set on the verbal command “go”.
Test session

The EMG devices were not removed between the TUG
testing trials. A telemetry EMG system was used [ME
6000, Mega Electronics Ltd, Kuopio, Finland] on the following muscles on the right side of the body: the rectus
femoris [RF], long head of the biceps femoris [BF], tibialis anterior [TA], gastrocnemius medialis [GM], soleus
[SOL], rectus abdominis [RA] and erector spinae [ES]. For
each muscle, three disposable adhesive circular Ag – AgCl
electrodes [Lessa, Barcelona, Spain] were placed on the
muscle along the line of the muscle fibres. Anatomical
guidelines for electrode placement were followed according to Perotto et al. (2005). The inter-electrode distance was set at 2 cm. Before electrode placement, the
skin surface was shaved (if needed) and cleaned with alcohol pads to minimize skin resistance (Silvers et al. 2011).
For consistency, the same investigator prepared all of the
subjects. The EMG leads were connected to a transmitting
unit via customized cables.
Maximum voluntary isometric contraction [MVC] tests
were performed in order to estimate maximal EMG amplitude for each muscle. The MVC tests were conducted on
dry land for 5 seconds (s) before the performance of the
TUG test on dry land. The MVC values were used for further normalization of the EMG signal (Alberton et al.
2011). The electrode placement and tests were conducted
in accordance with current recommendations for the use
of surface EMG (Perotto et al. 2005). After the MVC tests
the subjects completed three repetitions for the TUG test
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on dry land using the same starting position, chair height
and instructions as per the familiarization session. The
EMG system was manually triggered before the command
to record 5 s of data for each set. The EMG system was
then put into a waterproof cover and placed around the
trunk of the subject with a rubber band. The room
temperature was consistently at 24°C. The order of tests
was always land-water. Subjects remained at rest at least
for 15 min before starting the water procedure.
After the dry land procedure, the subject performed the
same task in the water, inside a swimming pool with a
depth of 1 m. The same instructions were used as per the
dry land testing procedure. Ambient temperature was
33°C and the water temperature was 30°C. The transmitting unit was positioned above the water at all times during the TUG test.
Data processing and reduction

Data were filtered post-storage and the signal processed
with a low-and high-pass filters (bandwidth =20Hz,
attenuation=60dB and maximum frequency=500Hz). Maximum voluntary isometric contraction (MVC) tests were
performed in order to estimate maximal EMG amplitude
in root mean square (RMS) for each muscle. The MVC
values were used for further normalization of the EMG
signal.
Statistical analysis

SPSS v15.0 was used for all statistical computations. Descriptive statistics [mean, standard deviation, minimum
and maximum] were calculated for age, height, and Body
Mass Index [BMI]. Standard procedures were used to calculate means and SDs. The Kolmogorov-Smirnov test
showed a normal distribution of the data (P > 0.05). Each
dependent variable [RF, BF, TA, GM, SOL, RA and ES
muscle activity [%MVC [%]] was analyzed using a paired
t-test to compare these values between the two conditions
[water and land]. For all statistical comparisons, the α
level was set at 0.05.

Results
The waterproofing appeared to successfully maintain the
integrity or the sEMG recordings in all conditions
(Table 1). The % MVC was significantly different (p <
0.05) for majority of the muscles tested during the TUG
water compared to dry land. % MVC of RF [p = 0.003,
t = 4.07]; BF [p = 0.000, t = 6.8]; TA [p = 0.005, t = 5.9];
and SOL [p = 0.048, t = 1.98]; RA [p = 0.007, t = 3.45];
and ES [p = 0.004, t = 3.78] (Table 2). The GM was higher
on the dry land condition compared to in water, but not
with significant differences [p = 0.823, t = 0.23].
A plot with simple EMG signals recorded in water and
dry land for each muscle is shown in the Figure 1.

Page 3 of 6

Table 1 Descriptive characteristics of the 10 subjects
Minimum Maximum Mean Std. Deviation
Age

19

30

22.0

160

187

172.8

9.0

40

52

45.9

4.3

Weight

57.5

86.6

67.8

10.1

Body Mass Index

19.9

24.8

22.6

1.7

Height
Knee-ground distance

3.1

Discussion
The aim of this study was to measure the neuromuscular
responses using EMG during the performance of a TUG
test in water and dry land environments in healthy subjects. As far as the authors are aware this the first study to
analyze this functional task in water. The main finding of
the present study was that there were significant differences in the muscle activation of all muscles measured
during the performance of the TUG task between the two
environments, based differences in amplitude of EMG signals. The leg muscles activation of RF, BF, TA, SOL was
significantly lower in the water. The GM was an exception
and there was no significant difference between activation
when comparing water to dry-land testing conditions.
The activity of the leg muscles measured in this study
was lower in water than on dry land that corresponded
to previous study that examined muscle activity in
stance phase during walking at slower speeds (Barela et al.
2006; (Masumoto et al. 2004); (Masumoto et al. 2008);
(Chevutschi et al. 2007). The differences in water and dryland TUG muscle activation could be a result of the reduced weight bearing component of walking in the water
condition. This was possibly due to buoyancy in the water
condition. Immersed to the waist level resulted in
off-loading and weight bearing of approximately 50%
(Harrison et al. 1987). Therefore, less lower limb muscle
activation in this study could be a result of less weightbearing load in the water condition.
Researchers have identified that hydrostatic pressure
when immersion in water changed the cardiovascular
function, reduced lung volumes and increase breathing
workload. This was a result of centra hypervolaemia (Hall
et al. 1990); (Weston et al. 1987); (Choukroun et al. 1989).
Furthermore, there was some interaction of the trunk
muscle motor control related to posture and also the diaphragm and respiratory function (Gandevia et al. 2002).
The influence of reduced lung volumes and increased
work of breathing on postural stabilizing mechanisms and
trunk activity with functional tasks in water is unknown.
Postural responses in anti-gravity environments such as
water are also not fully understood. The influence of delayed anticipatory responses (Dietz et al. 1989) and load
receptor response in the legs related to extensor muscle
activity (Dietz et al. 2000) may have also have some influence on the TUG test in water.
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Table 2 Paired samples test of % of maximal voluntary contraction in land and water environment
Muscle

Mean land

SD land

Mean water

SD water

Means paired difference

SD Paired difference

RF

23.60

16.32

4.70

8.24

18.90

14.65

BF

15.70

6.78

4.70

5.14

11.0

5.12

TA

29.50

7.32

6.40

9.39

23.10

12.35

GM

24.60

7.1

21.80

34.74

2.80

38.3

SOL

33.30

9.27

18.80

20.84

14.50

23.05

RA

8.40

6.20

5.40

3.8

19.2

16.04

ES

25.60

17.5

6.40

2.50

3.00

2.74

RF=quadriceps – rectus femoris, BF= long head of the biceps femoris, TA=tibialis anterior , GM=gastrocnemius medialis, SO=soleus, RA=rectus abdomini,
ES=erector spinae.

Surface EMG in water has been used in research for
many years. Several studies investigated the muscle activation and identified that there was no differences in force
output however there was reduced muscle activity via
sEMG (Poyhonen et al. 1999); (Pinto et al. 2010); (Silver
et al. 2011). A published recent tool allows a feature evaluation based on different models (e.g., linear, quadratic and
exponential) allowing a better understanding of the EMGforce relationship (Andrade et al. 2012). Although there
could be some minor issues related to EMG signal factors
the most likely explanation is that the weightlessness or

buoyancy effect on neuromuscular system is still not fully
explained (Poyhonen et al. 1999).
The results presented in this study are useful in describing the functional movement of the TUG test in water to
aid clinical decision-making in aquatic rehabilitation programs. Less muscle activity in the lower limb may allow
people with reduced lower leg strength to successful completion of the TUG movement by controlling the movement in water. The limitation of this study was the
findings were based on differences in amplitude of EMG
signals only and force was not measured directly. Future

WATER

LAND

Figure 1 A plot with simple EMG signals recorded in water and dry land for each muscle is shown.
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studies should consider measuring force and kinematics
(tridimensional displacements, linear and angular velocity,…) that may be relevant related to the TUG movement in water. Also, optimal electrode positioning could
be used follow the new approach (Barbero et al. 2012),
however the limitation induced by a electrode positioning
can be counterbalanced by using a paired protocol. The
results of this study apply only to young and healthy subjects therefore should not be generalized to a population
with musculoskeletal injuries or in the elderly. Another
possible limitation of this study is the lack of randomization of the TUG test performance order between
water and dry land. Future research will investigate other
populations and additionally functional tasks in order to
provide more information to guide aquatic rehabilitation.

Conclusions
Time up and go test are widely used in both dry land
based and aquatic rehabilitation. This study was the first
to describe the neuromuscular responses in healthy subjects during the performance of the TUG test in water.
The muscle activation of the trunk and the lower limb
[VM RF, BF, TA and SOL] were lower in water compared
to dry land, when performing a TUG test.
Competing interests
The authors declare that they have no competing interests.
Authors’ contribution
All authors were fully involved in the study and preparation of the
manuscript. All authors read and approved the final manuscript.
Author details
1
Department of Physiotherapy, University of Malaga, Av de Martiricos s/n,
Malaga 29071, Spain. 2School of Clinical Science, Faculty of Health Science,
Queensland University Technology, Queensland, Australia. 3Centre for
Healthy Activities, Sport and Exercise at the University of Sunshine Coast,
Sunshine Coast, Australia.
Received: 20 February 2013 Accepted: 2 May 2013
Published: 10 May 2013
References
Alberton CL, Cadore EL, Pinto SS, Tartaruga MP, da Silva EM, Kruel LFM (2011)
Cardiorespiratory, neuromuscular and kinematic responses to stationary
running performed in water and on dry land. Eur J Appl Physiol
111(6):1157–66
Andrade AO, Andrade CI (2012) On the relationship between features extracted
from EMG and force for constant and dynamic protocols. Conf Proc IEEE Eng
Med Biol Soc 2012:3392–3395. doi:10.1109/EMBC.2012.6346693.
Barbero M, Merletti R, Rainoldi A, SpringerLink (Online) (2012) Atlas of muscle
innervation zones: Understanding surface electromyography and its
applications. Springer, Milan; New York
Barela AM, Stolf SF, Duarte M (2006) Biomechanical characteristics of adults
walking in shallow water and on land. J Electromyogr Kinesiol 16:250–256
Batterham S, Heywood S, Keating J (2011) Systematic review and meta-analysis
comparing land and aquatic exercise for people with hip or knee arthritis on
function, mobility and other health outcomes. BMC Musculoskelet
Disord 12:123
Beauchet O, Dubost V, HerrmannF R, Kressig RW (2005) Stride-to-stride variability
while backward counting among healthy young adults. J Neuroeng
Rehabil 2:26
Becker BE (2009) Aquatic therapy: Scientific foundations and clinical rehabilitation
applications. American Acad Physical Med Rehabil 1:859–872

Page 5 of 6

Berg KO, Maki BE, Williams JI, Holliday PJ, Wood Dauphinee SL (1992) Clinical and
laboratory measures of postural balance in an elderly population. Arch Phys
Med Rehabil 73:1073–1080
Bressel E, Dolny DG, Gibbons M (2011) Trunk Muscle Activity during. Exercises
Performed on Land and in Water. Med Sci Sports Exerc 43(10):1927–32
Chevutschi A, Lensel G, Vaast D, Thevenon A (2007) An electromyographic study
of human gait both in water and on dry ground. J Physiol Anthropol 26
(4):467–73
Choukroun ML, Kays C, Varene P (1989) Effects of water temperature on
pulmonary volumes in immersed human subjects. Respir Physiol 75:255–265
Cuesta-Vargas AI (2012) Aquatic Physiotherapy: A Much Used and Little Studied
Treatment Modality. J Novel Physiother 2:e120. doi:10.4172/21657025.1000e120
Dietz V, Duysens J (200) Significance of load receptor input during locomotion: a
review. Gait Posture 11:102–110
Dietz V, Horstmann G, Trippel M, Gollhofer A (1989) Human postural reflexes and
gravity – an under water simulation. Neurosci Lett 106:350–355
Disselhorst Klug C, Schmitz Rode T, Rau G (2009) Surface electromyography and
muscle force: limits in sEMG-force relationship and new approaches for
applications. Clin Biomech (Bristol, Avon) 24(3):225–235. doi:10.1016/j.
clinbiomech.2008.08.003. Epub 2008 Oct 11
Fransen M, Nairn L, Winstanley J, Lam P, Edmonds J (2007) Physical activity for
osteoarthritis management: A randomized controlled clinical trial evaluating
hydrotherapy or Tai Chi classes. Arthritis Care Res 57(3):407–414
Gandevia S, Butler J, Hodges P, Taylor J (2002) BalancingActs: Respiratory
sensations, motor control and human posture. Clin Exp Pharmacol Physiol
29:118–121
Goulart FR, Valls-Sole J (1999) Patterned electromyographic activity in the sit-to
-stand movement. Clin Neurophysiol 110:1634–1640
Hall J, Bisson D, O’Hare P (1990) The Physiology of Immersion. Physiotherapy 76
(9):517–521
Harrison R, Bulstrode S (1987) Percentage weight-bearing during partial
immersion. Physiother Practice 3:60–3
Haupenthal A (2010) Loading forces in shallow water running at two levels of
immersion. J Rehabil Med 42:664–669
Hughes MA, Myers BS, Schenkman ML (1996) The role of strength in rising from
a chair in the functionally impaired elderly. J Biomech 29:1509–1513
Itokazu M, Uemura S, Aoki T, Takatsu T (1998) Analysis of rising from a chair after
total knee arthroplasty. Bull Hosp Joint Dis 57:88–92
Lamoth CJ et al (2011) Gait stability and variability measures show effects of
impaired cognition and dual tasking in frail people. J Neuroeng Rehabil 8:2
Masumoto K, Takasugi S-I, Hotta N, Fujishima K, Iwamoto Y (2004)
Electromyographic analysis of walking in water in healthy humans. J Physiol
Anthropol Applied Human Sci 23(4):119–27
Masumoto K, Shono T, Hotta N, Fujishima K (2008) Muscle activation,
cardiorespiratory response, and rating of perceived exertion in older subjects
while walking in water and on dry land. J Electromyogr Kinesiol 18(4):581–90
Mazza C, Zok M, Croce UD (2005) Sequencing sit-to-stand and upright posture
for mobility imitation assessment: Determination of the timing of the task
phases from forces platform data. Gait Posture 21:425–431
Menz HB, Lord SR, FitzpatrickR C (2003) Age-related differences in walking
stability. Age Ageing 32:137–142
Merletti R, Botter A, Troiano A, Merlo E, Minetto MA (2009) Technology and
instrumentation for detection and conditioning of the surface
electromyographic signal: state of the art. Clin Biomech 24(2):122–34
Perotto AO (2005) Anatomical Guide for the Electromyographer: The Limbs and
Trunk, 4th edn. Charles C Thomas Publisher, Springfield, IL 62704
Pinto SS, Liedtke GV, Alberton CL, da Silva EM, Cadore EL, Kruel LFM (2010)
Electromyographic signal and force comparisons during maximal voluntary
isometric contraction in water and on dry land. Eur J Appl Physiol 110(5):1075–82
Podsiadlo D, Richardson S (1991) The timed ‘Up & Go’: a test of basic functional
mobility for frail elderly persons. J Am Geriatr Soc 39:142–148
Pöyhönen T, Keskinen KL, Hautala A, Savolainen J, Mälkiä E (1999) Human isometric
force production and electromyogram activity of knee extensor muscles in
water and on dry land. Eur J Appl Physiol Occup Physiol 80(1):52–6
Rahman A, Bauer CG, Nitz JC (2009) A Specific Inpatient Aquatic Physiotherapy
Program Improves Strength After Total Hip or Knee Replacement Surgery: A
Randomized Controlled Trial. Arch Phys Med Rehabil 90(5):745–755
Rogers MA, PhillipsJ G, Bradshaw JL, Iansek R, Jones D (1998) Provision of
external cues and movement sequencing in Parkinson’s disease. Motor
Control 2:125–132

Cuesta-Vargas et al. SpringerPlus 2013, 2:217
http://www.springerplus.com/content/2/1/217

Page 6 of 6

Salarian et al (2009) Analyzing 180° turns using an inertial system reveals early
signs of progress in Parkinson’s Disease. Conf Proc IEEE Eng Med Biol Soc
2009:224–227
Salarian A et al (2010) iTUG, a sensitive and reliable measure of mobility. IEEE
Trans Neural Syst Rehabil Eng 18:303–310
Silvers WM, Dolny DG (2011) Comparison and reproducibility of sEMG during
manual muscle testing on land and in water. J Electromyogr Kinesiol
21(1):95–101
Team HDAT (2009) The HyDAT Project UK Aquatic Physiotherapy Data Collection.
Chartered Society of Physiotherapy, London
Tinetti ME, Speechley M, Ginter SF (1988) Risk factors for falls among elderly
persons living in the community. N Engl J Med 319:1701–1707
Triplett NT, Colado JC, Benavent J, Alakhdar Y, Madera J, Gonzalez LM, Tella V
(2009) Concentric and impact forces of single-leg jumps in an aquatic
environment versus on land. Med Sci Sports Exercis 41(9):1790–1796
Weiss A et al (2011) An instrumented timed up and go: the added value of an
accelerometer for identifying fall risk in idiopathic fallers. Physiol Meas
32:2003–2018
Weston C, O’Hare J, Evans J, Corrall R (1987) Haemodynamic changes in man
during immersion in water at different temperatures. Clin Sci 73:613–616
Zampieri C, Salarian A, Carlson-Kuhta P, Nutt JG, Horak FB (2011) Assessing
mobility at home in people with early Parkinson’s disease using an
instrumented Timed Up and Go test. Parkinsonism Relat Disord 17:277–280
doi:10.1186/2193-1801-2-217
Cite this article as: Cuesta-Vargas et al.: Electromyographic responses
during time get up and go test in water (wTUG). SpringerPlus 2013 2:217.

Submit your manuscript to a
journal and beneﬁt from:
7 Convenient online submission
7 Rigorous peer review
7 Immediate publication on acceptance
7 Open access: articles freely available online
7 High visibility within the ﬁeld
7 Retaining the copyright to your article

Submit your next manuscript at 7 springeropen.com

