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Article History Abstract

Balance beam apparatus are easy to assemble structures that require
minimal tools. Test parameters usually include beam path time and leg
displacement. Task performance allows assessment of balance-related
motor skills, provides a functional indicator of differences in motor
performance between young and old animals, and examines the
therapeutic effects of age, disease, locomotion, coordination, and
balance between groups, and comparison becomes possible. Balance
tests are used to assess fine motor coordination and balance in rodents,
especially motor skills (brain injury, genetic manipulation, and/or drug
therapy). It helps scientists understand basic biological studies. It also
shows why some diseases disrupt balance and coordination. Using the
balance beam test is very practical and significance. This test is used to
assess balance, anxiety, and stroke patterns, Parkinson's disease,
Huntington's disease, multiple sclerosis. Researchers use these tests not
only to diagnose diseases and injuries, but also for possible treatments.
If the treatment works, the number of walks should decrease and the
survival time of the mice should increase. In this review we focus on
balance beam model apparatus, procedure and its pharmacological
applications.
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INTRODUCTION:

In the Balance beam test, the animal's performance can be measured by measuring how long it takes the
mouse to cross the balance beam, the maximum distance, how often the hind legs leave the top of the balance
beam, and how it moves several times it falls [1, 2]. However, manual analysis of mouse behavior is difficult
due to low inter-observer reliability, as well as very labor-intensive, sensitive to observer flow, and limited
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sensitivity. There is a limit to reproduction and reproduction from the results. [4,5]. Recent advances in
computational neuroscience make it possible to automate the analysis of animal behavior by predicting the
animal's position (localization) and behavior in the recorded video (behavior classification). ] However,
using this automatic method often requires extensive computing knowledge and programming skills [4, 9].
The balance beam apparatus has a simple structure, requires minimal tools, and is easy to assemble (Figure
1). Test parameters typically include beam path time and leg displacement. Project performance allows
assessment of motor skills related to balance, showing motor differences between young and old animals,
age, disease, and functional effects on motor performance and coordination between groups. This allows
comparison of effects and balance [10-13].

Over time, the mechanism of balance checks and tests has undergone many changes. One of the first
applications of measuring balance and coordination was to characterize locomotor performance in aged
animals [13]. The first balance beam tests the animal's ability to stand on a narrow pole for 3 minutes. This
study was conducted for three consecutive days and the waiting time for the results was used as the outcome
variable [10]. In the new version of the balance beam test, a flat plate or a circle or a horizontal or curved
line. This test requires rats to learn to walk on a beam without additional training, because it can reduce
fertility [15]. Tests were performed 1 or 2 days after training or when the rats retained the learned memory
[11]. The measurements obtained from the balance beam are (1) the distance fixed on the balance beam
(usually 80 cm), (2) the number of foot rotations (on video recording), and (3) the mass in some cases. The
number of breaks or points required to do this with the mouse. In fact, it is easy to gauge whether the animal
has successfully passed the test before stopping midway, will be lost at the start line, or crosses the beam
before entering the safe house. However, when testing animals using a balance beam, the reliability of
measuring the primary outcome (i.e., transit time) is questionable due to unavoidable interference caused by
breaks and vibrations. There is sex. Although well-developed thorough balance protocols provide a useful
guiding model, there is no standard analytical strategy that accounts for potential performance biases that
occur naturally in animal performance [1,10,11,16].

Camera 1 10cm 80 cm 10cm

60 cm

(a)
Figure 1: (a) Schematic representation of the balance beam test, (b) Illustration of hindpaw displacement
defined as hindfoot landing on the beam.

(b)

Procedure:

The method used in this study was adapted from a previously developed protocol. Briefly, the balance beam
device (Figure 1) consists of two simple wooden beams 1 meter long and 6 mm or 12 mm wide. The lamp is
suspended by a strong tube 50 cm above the ground. Place the safe house on opposite sides of the two poles
and add bedding to encourage the entry of rodents. A 25 cm deep net was placed under the beam to prevent
rats from being injured if they fell onto the beam. The target distance for the rat test was defined as an
additional 10 cm from the starting line and 80 cm mark from the beam. If the mouse stops or disappears
before entering the safe house, complete the line. Rats were exposed to intermittent or stretched three times
in each test session and five times in the second test session [2]. The time from the start line to the finish line
is measured by a stopwatch and the movement of the legs is recorded by a video camera. A video camera
was positioned 50 cm from the end of the beam to view the rat from behind. As shown in Figure 1, this
position allows photographing the entire length of the camera beam and allows observing the movement of
the frog's right and left legs [1,2,11].
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Applications of the Balance Beam Test:

The balance beam test is practical and fun. The researchers used the balanced beam test to investigate the
effects of neurological disorders. In diseases or brain injuries that reduce the capacity of the motor cortex, the
balance function of the beam is reduced. In other words, in the model of disease or injury, less time is spent
on radiation before more foot slips or falls [17,18,19]. Perez Polo et al observed rats with moderate and
severe surgically induced brain injuries. After the injury, it was found that the duration of standing and
walking of the mice in the beam was significantly reduced. In addition, affected individuals have
significantly impaired forelimbs and hindlimbs [20].

Researchers use these tests not only to diagnose diseases and injuries, but also to develop treatments. If the
treatment is effective, the number of foot movements should be reduced and the time spent on the mouse
should be increased [21]. The balance beam walking test helps measure coordination and balance [22]. The
result is usually calculated by determining the frequency of hindfoot slips, the time needed to cross the beam,
the number of falls while walking the entire distance of the beam, and the distance in it. Pay attention to the
time of rest, the number of left and right turns, and the number of left and right feet [23,24].

Since its development and widespread acceptance, balance reflex tests have been used primarily to
investigate age-related movement disorders, central nervous system disorders, and genetic and
pharmacological manipulations. This test has been used to assess balance beam, anxiety, stroke, Parkinson's
disease, Huntington's disease and multiple sclerosis [25].

Balance Beam Test for Parkinson’s disease (PD):

The most common motor neurodegenerative disease substantia nigra pars compacta (SNc), Parkinson's
disease, is characterized by progressive loss of dopaminergic neurons (DA) and intracytoplasmic a-synuclein
(a-syn) inclusions. This is called Levi's body [25-28]. It is an incurable disease diagnosed based on clinical
criteria and motor symptoms [29, 30]. PD deficiency occurs when approximately 40-60% of DA neurons die
and 30-40% of DA content is lost, leading to major motor symptoms (bradykinesia, resting tremor, muscle
stiffness, postural instability). Therefore, the potential to slow disease progression or achieve neuroprotection
may be lost [31].

Development of new disease-modifying therapies for PD relies on animal models. In this generation, a
significant loss of DA is required to observe changes in motor function in animal models of PD. Reliable
early detection of symptoms of movement disorders is important for early evaluation of potential therapeutic
interventions [33]. Therefore, various behavioral tests have been developed to screen for movement disorders,
among which the balance test is particularly useful for detecting subtle deficits in motor and balance skills
that cannot be detected by other motor tests. It is effective for measuring balance and equilibrium and can be
used for the early detection of motor deficits in PD mouse models [35].

DeepLabCut is an open-source learning tool that can train a low-characteristic deep neural network to track
user-defined features, control animal behavior, and achieve human landmark accuracy [36]. DeepLabcut
Toolbox provides a graphical user interface (GUI) that helps researchers with minimal programming skills
prepare annotations, evaluate networks, and analyze new videos. DeepPlebcut animal tracking output files
can be loaded into other programs such as Simple Behavior Analysis (SymBA) for further analysis. SImMBA
is an open source method with a graphical user interface that uses DeepLubcut to create a random forest
algorithm for accurate classification of behavioral patterns from videos using user-generated poses and
annotations. SIMBA was developed to predict social behavior in rodents, but has been adapted to study
different behaviors in different experimental protocols [9,37].

Balance Beam Test for Huntington’s disease (HD):

Huntington's disease (HD) is a neurodegenerative disease caused by a single mutation in the gene encoding
the Huntington protein. HD is characterized by insidious and progressive neurodegeneration of midbrain
neurons mainly in the caudate nucleus and cortical atrophy with abnormalities in other brain regions [38,39].
This disease causes motoric, cognitive and psychiatric symptoms leading to death after 15 years [40]. There
is considerable evidence that exercise and a more active lifestyle have beneficial effects on the symptoms
and prognosis of several diseases, including Alzheimer's disease and Parkinson's disease [41,42]. These
studies show that exercise improves patients' daily functioning, sometimes after years of follow-up. In
addition to these modulatory effects as measured by cognitive and motor assessments, there is evidence that
exercise can slow the rate of neuropathology [43]. Until now, there is only one randomized controlled trial of
physical activity in HD patients showing some functional benefits with minimal intervention [44].

Small animal studies using HD mouse models have shown that exercise can improve some aspects of motor
and cognitive impairment [45]. Spontaneously induced R6/1 mice showed reduced physical activity during
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tail suspension, delayed motor activation in the static beam test, and changes in cognitive performance.
However, this cycle is not affected by functional defects caused by other genes [46]. Studies using normal
(middle-aged and elderly) mouse and rat models of exercise-induced neurological dysfunction have shown
that it improves learning. However, this effect was absent in a study of rats bred for high wheel performance
[47]. Studies on motor and cognitive performance have used hippocampal interstitial spatial learning tests in
HD rat strains [48]. However, these types of tests do not correlate with striatal neuropathology in HD.
Therefore, although there is evidence that exercise training in the HD mouse strain may be beneficial in the
clinical population; Previous studies used behavioral tests with low reliability and low translational value
[49].

Balance Beam Test for Anxiety:

Anxiety may be important in gymnastics, particu- larly during balance beam performance, where elements of
high difficulty are performed on a 10 cm wide beam at a height of 125 cm. Factors such as risk of injury
(Kolt & Kirkby, 1994; Magyar and Chase, 1996; Sands, 2000; Tofler, Stryer, Micheli, & Herman, 1996) and
the subjective scoring system of the judges (Krane & Williams, 1985; Weiss, Wiese, & Klint, 1989)
contribute to anxiety. Gymnasts perceive less anxiety in their own training facility than in a competition
facility (Gould, Petlichkoff, & Weinberg, 1984; Kerr & Pos, 1994; Matheson & Mathes, 1991; Williams,
Frank, & Lester, 2000). indicating an increase in anxiety when situational factors become more unfamiliar.
Several studies have suggested that Anxiety may be important in gymnastics, particu- larly during balance
beam performance, where elements of high difficulty are performed on a 10 cm wide beam at a height of 125
cm. Factors such as risk of injury (Kolt & Kirkby, 1994; Magyar and Chase, 1996; Sands, 2000; Tofler,
Stryer, Micheli, & Herman, 1996) and the subjective scoring system of the judges (Krane & Williams, 1985;
Weiss, Wiese, & Klint, 1989) contribute to anxiety. Gymnasts perceive less anxiety in their own training
facility than in a competition facility (Gould, Petlichkoff, & Weinberg, 1984; Kerr & Pos, 1994; Matheson &
Mathes, 1991; Williams, Frank, & Lester, 2000). indicating an increase in anxiety when situational factors
become more unfamiliar. Several studies have suggested that This attention can be important in competitive
gymnastics, especially when performing difficult balances with a height of 10 cm and a height of 125 cm.
Factors such as injury risk [50,51] and judges' subjective scoring systems are of concern [52]. Gymnasts
report less anxiety in the training arena than in the competition arena [53,54]. Anxiety increases when risk
factors are more unusual. Some studies show that anxiety can impair balance in gymnastics. Weinberg and
Gould (1995) suggested that anxiety causes muscle tension and decreased coordination [55]. From a more
clinical perspective, McKee and Mcllroy (1996) showed that anxiety negatively affects balance parameters
measured by posturography [56].

Unexpected events (loss of balance, falls, etc.) during balance beam exercises can have a significant impact
on a person's anxiety. As explained by Hardy's catastrophizing theory, this event can have a significant
impact on the level of cognitive anxiety and confusional results [57,58]. This theory states that performance
is influenced by physiological arousal and cognitive anxiety. The relationship between physiological arousal
and performance for low learning is inverse. On the other hand, if the psychological anxiety is high, the
relationship will be destroyed. This means that once your physiological arousal reaches optimal levels, your
productivity (unfortunately) drops dramatically. Finally, it is cognitive anxiety that determines the effect of
physiological arousal on motor performance. Fazi and Hardy (1988) found that physiological arousal is
negatively related to performance only when the level of psychological stress is high. This theory asserts that
the relationship between anxiety and performance is dynamic and can change within seconds. To understand
the temporal dynamics of this competitive anxiety, continuous anxiety measurements during performance are
needed [59].

The measurement of physiological parameters such as heart rate, skin conductance, and muscle activity
allows a systematic analysis of the relationship between physiological arousal and performance [60].
Physical passion is also part of the theory of separation. However, measuring physiological parameters alone
is not enough to show the true nature of the relationship between anxiety and athletic performance. There is
general agreement that anxiety is a multidimensional construct and that physiological and psychological
aspects should be examined simultaneously. Lovazza, Bortoli, Nouge integration of physical and
psychological parameters. For example, heart rate was measured in shooting competitions and emotions were
measured by interviewing the athletes before and during the competition [62,63].

Balance Beam Test for Strock:

Stroke is the most common diagnosis among adults. Between one-third and one-half of people over 65 fall at
least once a year. People living in long-term care facilities experience an average of 1.7 falls per year, and
Available online at: https://jazindia.com 1685




Journal of Advanced Zoology

10% to 25% of falls have serious medical consequences. More than 200,000 kidney fractures occur in the
United States each year, with a 6-month mortality rate of approximately 20%. Half of the elderly who have
experienced at least one fall admit to persistent fear of falling, and 25% have reduced their activity level.
Consequently, decreased mobility due to fear or trauma can lead to decreased independence [64].
Additionally, more than 50% of hemiplegic patients experience long-term or permanent hand disability due
to upper extremity paralysis [65]. Previous studies have shown that balance training and upper extremity
training have beneficial effects on balance function in stroke patients. Balance exercises involving upper
extremity movements lead to changes in the center of gravity on stable and unstable surfaces, and changes in
balance, such as changes in walking speed and direction, lead to improvements in balance [66]. Lower arm
motor impairment is positively correlated with upper arm motor impairment in stroke patients [67].

Balance Beam Test for traumatic brain injury (TBI)

The method presented here is designed to detect dysfunction in specific brain regions induced by
experimental traumatic brain injury in mice. We will discuss four different behavioral tests. First, a simple
neurological assessment called NeuroScore can be done without special equipment, but it requires
experience. This test detects defects in reflexes. Second, the beam balance test showed an inability to balance.
This task requires the operator to score the mouse on a standard scale and requires little operator training
[68]. The light balance test requires a narrow beam and is sensitive to defects in the vestibular system. The
third test assesses vestibular motor coordination. Although this test is known as the beam-walking task and
requires the rats to be prepared beforehand, this method is more objective than the previous two steps. . This
difference is due to the time needed to cross the thin beam and reach the safe. The beam walking test requires
a longer beam than the balance beam and escape box. This test measures motor coordination and balance
deficits that affect the brain and areas related to movement. The working memory version of the Morris
Water Maze (MWM) primarily tests hippocampal and prefrontal cortex function, or executive function. A
version of the Morris Water Maze has also been shown to be used to detect contextual memory deficits [68].
This method was selected based on the records established in the literature. Each of them worked for many
people in different laboratories with different mice for many years. However, until recently, activity up to 2
weeks post-injury was considered the "survival™ time point. Therefore, to develop a behavioral method to
investigate the chronic effects of TBI in rodents, we evaluated this particular method for its sensitivity in
detecting post-traumatic TBI deficits. Although many rodent brain injury models exist today, the FP1 model
is one of the most widely used and used in this work. This model was first published in the 1950s, and since
then more than 1000 papers have used FPI in rats [69,70]. The neuropathology of this type of injury has been
well described by us and others. Briefly, neuronal damage in the hippocampus was demonstrated in a dose-
dependent manner using Fluoro-Jade staining immediately after injury, ie 24 to 48 hours. General atrophy,
including thinning and surface loss of the internal capsule and cortex, has been reported [71-74]. Normal
beam balance is sensitive to balance post-injury and long-term post-injury test deficits. The balance's
vulnerability to brain damage decreases over time. This is because the affected person has difficulty
balancing the rays as they age and gain weight. It is then rotated for balance on the broad side of the beam
[75].

CONCLUSION:

Balance tests are used to assess fine motor coordination and balance in rodents, particularly motor skills (in
the absence of brain damage, genetic manipulation, and/or drug therapy), and are used to help scientists
understand basic biology. It also shows why some diseases disrupt balance and coordination. The researchers
used the balanced beam test to investigate the effects of neurological disorders. Radiation performance is
reduced as a response to diseases that reduce athletic performance or damage to the cerebral cortex. The
balance beam test is practical and fun. Researchers have used the balanced reflex test to study the effects of
stroke, Parkinson's disease, Huntington's disease, and traumatic brain injury.

REFERENCES:

1) Orenduff M. C., Rezeli E. T., Hurstin, S. D. & Pieper C. F. Psychometrics of the balance beam
functional test in C57BL/6 mice. Comp. Med. 2021;71(4):302-308.

2) Brooks S. P. & Dunnett S. B. Tests to assess motor phenotype in mice: A user’s guide. Nat. Rev.
Neurosci. 2009;10(7):519-529.

3) Isik, S. & Unal, G. Open-source software for automated rodent behavioral analysis. Front.
Neurosci. 2023;17:1149027.

Available online at: https://jazindia.com 1686




4)
5)

6)
7)

8)

9)

10)
11)
12)
13)
14)
15)

16)
17)

18)

19)

20)

21)

22)

23)
24)

25)

26)

27)

28)

29)

Journal of Advanced Zoology

Mathis M. W. & Mathis A. Deep learning tools for the measurement of animal behavior in
neuroscience. Curr. Opin. Neurobiol. 2020;60:1-11.

Nilsson, S.et al. Simple behavioral analysis (SimBA)—an open source toolkit for computer
classification of complex social behaviors in experimental animals. BioRxiv, 2020;4:65-89.

Anderson D. J. & Perona P. Toward a science of computational ethology. Neuron 2014;84(1): 18-31.
Mathis A. et al. DeepLabCut: Markerless pose estimation of user-defined body parts with deep
learning. Nat. Neurosci. 2018;21(9):1281-1289.

Mathis A., Schneider S., Lauer J. & Mathis M. W. A primer on motion capture with deep learning:
Principles, pitfalls, and perspectives. Neuron 2020;108(1):44-65.

Bidgood R., Zubelzu M., Ruiz-Ortega J.A. et al. Automated procedure to detect subtle motor alterations
in the balance beam test in a mouse model of early Parkinson’s disease. Sci Rep 2024;14:862.

Brooks SP, Dunnett SB. Tests to assess motor phenotype in mice: a user’s guide. Nat Rev Neurosci
2009;10:519-529.

Carter RJ, Morton J, Dunnett SB. Motor coordination and balance in rodents. Curr Protoc Neurosci
Chapter 2001;8:8.12.

Tung VW, Burton TJ, Dababneh E, Quail SL, Camp AJ. Behavioral assessment of the aging mouse
vestibular system. J Vis Exp. 2014;5:1-11.

Wallace JE, Krauter EE, Campbell BA. Motor and reflexive behavior in the aging rat. J Gerontol
1980;35:364-370.

Volpi E, Nazemi R, Fujita S. Muscle tissue changes with aging. Curr Opin Clin Nutr Metab Care
2004;7:405-410.

Luong TN, Carlisle HJ, Southwell A, Patterson PH. Assessment of motor balance and coordination in
mice using the balance beam. J Vis Exp 2011;5:1-3.

Deacon RMJ. 2013. Measuring motor coordination in mice. J Vis Exp 2013;8:e26009.

Meredith GE, Kang UJ. Behavioral models of Parkinson’s disease in rodents: A new look at an old
problem. Movement Disorders 2006;21(10):1595-606.

Luong TN, Carlisle HJ, Southwell A, Patterson PH. Assessment of Motor Balance and Coordination in
Mice using the Balance Beam. Journal of Visualized Experiments 2011;49: 2376.

Curzon P, Zhang M, Radek RJ, Fox GB. The Behavioral Assessment of Sensorimotor Processes in the
Mouse: Acoustic Startle, Sensory Gating, Locomotor Activity, Rotarod, and Beam Walking. In:
Methods of Behavior Analysis in Neuroscience (Buccafusco, J. J., ed) Boca Raton (FL) 2019.
Perez-Polo JR, Rea HC, Johnson KM, Parsley MA, Unabia GC, Xu GJ, Infante SK, DeWitt DS,
Hulsebosch CE. Inflammatory Consequences in a Rodent Model of Mild Traumatic Brain Injury.
Journal of Neurotrauma 2013;30:727-740.

Schaar KL, Brenneman MM, Savitz SI. Functional assessments in the rodent stroke model.
Experimental and Translational Stroke Medicine 2010;2(13):98-102.

Chen W, Xia M, Guo C, Jia Z, Wang J, Li C, Li M, Tang X, Hu R, Chen Y, et al: Modified behavioural
tests to detect white matter injury-induced motor deficits after intracerebral haemorrhage in mice. Sci
Rep. 2019;916958.

Castillo JT, Welch GW and Sarver CM: Walking a high beam: The balance between employment
stability, workplace flexibility, and nonresident father involvement. Am J Mens Health. 2012;6:120-131.
Sawers A and Ting LH: Beam walking can detect differences in walking balance proficiency across a
range of sensorimotor abilities. Gait Posture. 2015;41:619-623.

Lingyi Huang, Donggiong Xiao, Hao Sun, Yi Qu, Xiaojuan Su. Behavioral tests for evaluating the
characteristics of brain diseases in rodent models: Optimal choices for improved outcomes (Review).
Mol Med Rep 2022;25: 183.

Koprich, J. B., Johnston, T. H., Reyes, M. G., Sun, X. & Brotchie, J. M. Expression of human A53T
alpha-synuclein in the rat substantia nigra using a novel AAV1/2 vector produces a rapidly evolving
pathology with protein aggregation, dystrophic neurite architecture and nigrostriatal degeneration with
potential to model the pathology of Parkinson’s disease. Mol. Neurodegener. 2010;5(1):1-12.

Boix, J., von Hieber, D. & Connor, B. Gait analysis for early detection of motor symptoms in the 6-ohda
rat model of Parkinson’s disease. Front. Behav. Neurosci. 2018;12:39.

Willard, A. M. et al. State transitions in the substantia nigra reticulata predict the onset of motor deficits
in models of progressive dopamine depletion in mice. Elife 2019;8:e42746.

Bourdenx, M. et al. Lack of additive role of ageing in nigrostriatal neurodegeneration triggered by a-
synuclein overexpression. Acta Neuropathol. Commun. 2015;3(1):1-15.

Available online at: https://jazindia.com 1687




30)
31)
32)
33)

34)

35)
36)
37)
38)

39)

40)

41)
42)
43)

44)

45)

46)

47)

48)
49)

50)
51)

52)

53)

54)

Journal of Advanced Zoology

Kelly, R.et al. Time-course of alterations in the endocannabinoid system after viral-mediated
overexpression of a-synuclein in the rat brain. Molecules 2022;27(2):507.

Sharma, M. & Burré, J. oa-Synuclein in synaptic function and dysfunction. Trends
Neurosci. 2023;46(2):153-166.

Blesa, J., Foffani, G., Dehay, B., Bezard, E. & Obeso, J. A. Motor and non-motor circuit disturbances in
early Parkinson disease: Which happens first?. Nat. Rev. Neurosci. 2022;23(2):115-128.

Recasens, A., Ulusoy, A., Kahle, P. J., Di Monte, D. A. & Dehay, B. In vivo models of alpha-synuclein
transmission and propagation. Cell Tissue Res. 2018;373:183-193.

Kolacheva, A., Bannikova, A., Pavlova, E., Bogdanov, V. & Ugrumov, M. Modeling of the progressive
degradation of the nigrostriatal dopaminergic system in mice to study the mechanisms of
neurodegeneration and neuroplasticity in Parkinson’s disease. Int. J. Mol. Sci. 2023;24(1):683.
Orenduff, M. C., Rezeli, E. T., Hursting, S. D. & Pieper, C. F. Psychometrics of the balance beam
functional test in C57BL/6 mice. Comp. Med. 2021;71(4):302—-308.

Brooks, S. P. & Dunnett, S. B. Tests to assess motor phenotype in mice: A user’s guide. Nat. Rev.
Neurosci. 2009;10(7):519-529.

Nath, T. et al. Using DeepLabCut for 3D markerless pose estimation across species and behaviors. Nat.
Protoc. 2019;14(7):2152-2176.

Rosas, H.D., Hevelone, N.D., Zaleta, A.K., Greve, D.N., Salat, D.H., Fischl, B. Regional cortical
thinning in preclinical Huntington disease and its relationship to cognition. Neurology 2005;65:745-747.
van den Bogaard, S.J., Dumas, E.M., Ferrarini, L., Milles, J., van Buchem, M.A., van der, G.J., Roos,
R.A. Shape analysis of subcortical nuclei in Huntington's disease, global versus local atrophy—Results
from the TRACK-HD study. J. Neurol. Sci. 2011;307:60-68.

Tabrizi, S.J., Scahill, R.l., Durr, A., Roos, R.A., Leavitt, B.R., Jones, R., Landwehrmeyer, G.B., Fox,
N.C., Johnson, H., Hicks, S.L., Kennard, C., Craufurd, D., Frost, C., Langbehn, D.R., Reilmann, R.,
Stout, J.C. Biological and clinical changes in premanifest and early stage Huntington's disease in the
TRACK-HD study: the 12-month longitudinal analysis. Lancet Neurol. 2011;10:31-42.

Abbott, R.D., White, L.R., Ross, G.W., Masaki, K.H., Curb, J.D., Petrovitch, H. Walking and dementia
in physically capable elderly men. JAMA 2004;292:1447-1453.

Cruise, K.E., Bucks, R.S., Loftus, A.M., Newton, R.U., Pegoraro, R., Thomas, M.G. Exercise and
Parkinson's: benefits for cognition and quality of life. Acta Neurol. Scand. 2011;123:13-19.

Nocera, J.R., Altmann, L.J., Sapienza, C., Okun, M.S., Hass, C.J. Can exercise improve language and
cognition in Parkinson's disease? A case report. Neurocase 2010;1-6.

Khalil, H., Quinn, L., van Deursen, R., Dawes, H., Playle, R., Rosser, A., Busse, M. What effect does a
structured home-based exercise programme have on people with Huntington's disease? A randomized,
controlled pilot study. Clin. Rehabil. 2013;27:646-658.

Wood, N.I., Glynn, D., Morton, A.J. “Brain training” improves cognitive performance and survival in a
transgenic mouse model of Huntington's disease. Neurobiol. Dis. 2011;42:427-437.

Pang, T.Y., Stam, N.C., Nithianantharajah, J., Howard, M.L., Hannan, A.J. Differential effects of
voluntary physical exercise on behavioral and brain-derived neurotrophic factor expression deficits in
Huntington's disease transgenic mice. Neuroscience 2006;141:569-584.

Griesbach, G.S., Hovda, D.A., Gomez-Pinilla, F.Exercise-induced improvement in cognitive
performance after traumatic brain injury in rats is dependent on BDNF activation. Brain Res.
2009;1288:105-115.

Potter, M.C., Yuan, C., Ottenritter, C., Mughal, M., van Praag, H. Exercise is not beneficial and may
accelerate symptom onset in a mouse model of Huntington's disease. PLoS Curr. 2010;2: RRN1201.
D.J. Harrison et al. Exercise attenuates neuropathology and has greater benefit on cognitive than motor
deficits in the R6/1 Huntington's disease mouse model. Experimental Neurology 2013;248:457—-469.
Sands, W. A. Injury prevention in women’s gymnastics. Sports Medicine, 2000:30:359-373.

Tofler, I. R., Stryer, B. K., Micheli, L. J., & Herman, L. R. Physical and emotional problems of elite
female gymnasts. New England Journal of Medicine, 1996;335:281-283.

Weiss, M., Wiese, D. M., & Klint, K. A. Head over heels with success: The relationship between self-
efficacy and performance in competitive youth gymnastics. Journal of Sport and Exercise Psychology,
1989;11:449-451.

Kerr, J. H., & Pos, E. H. Psychological mood in competitive gymnastics: An exploratory field study.
Journal of Human Movement Studies, 1994;26:175-185.

Williams, D. M., Frank, M. L., & Lester, D. Predicting anxiety in competitive sports. Perceptual and
Motor Skills, 2000;90:847-850.

Available online at: https://jazindia.com 1688




55)
56)
57)
58)
50)
60)
61)
62)
63)

64)

65)

66)

67)

68)
69)
70)
71)
72)

73)

74)

75)

Journal of Advanced Zoology

Weinberg, R. S., & Gould, D. Arousal, stress, and anxiety. In R. S. Weinberg & D. Gould (Eds.),
Foundations of sport and exercise psychology 1995;8:91-113.

Maki, B. E., & Mcllroy, W. E. Influence of arousal and attention on the control of postural sway.
Journal of Vestibular Research, 1996;3:53-59.

Hardy, L. A catastrophe model of anxiety and performance. In G. Jones & L. Hardy (Eds.), Stress and
performance in sport 1990;5:81-106.

Hardy, L., & Parfitt, C. G. A catastrophe model of anxiety and performance. British Journal of
Psychology, 1991;82:163-178.

Fazey, J. A., & Hardy, L. The inverted-U hypotheses: A catastrophe for sport psychology. Leeds, UK:
BASES/National Coaching Foundation 1988.

Collins, D. (1992). Psychophysiology and sport performance. In S. J. H. Biddle (Ed.), European
perspectives on exercise and sport psychology 1992;98:154-178.

Martens, R., Vealy, R. S., & Burton, D. Competitive anxiety in sport. Champaign, IL: Human Kinetics
1990.

Robazza, C., Bortoli, L., & Nougier, V. Emotions, heart rate and performance in archery: A case study.
Journal of Sports Medicine and Physical Fitness, 1999;39:169-176.

Robazza, C., Bortoli, L., & Nougier, V. (2000). Performance emotions in an elite archer: A case study.
Journal of Sport Behavior, 2000;23:144-163.

Ruth Ann Geiger, Jeffery B Allen, Joanne O'Keefe, Ramona R Hicks, Balance and Mobility Following
Stroke: Effects of Physical Therapy Interventions With and Without Biofeedback/Forceplate
Training, Physical Therapy, 2001;4(1):995-1005.

Yamamoto H, Takeda K, Koyama S et al. Relationship between upper limb motor function and
activities of daily living after removing the influence of lower limb motor function in subacute patients
with stroke: a cross-sectional study. Hong Kong J Occup Ther. 2020;33(1):12-7.

Song JM, Kim JS, Kim SM. The effect of balance training with upper extremity exercise on the
improvement of balance performance after stroke. Korea PT. 2007;14(4):75-83.

Fujita T, Sato A, Togashi Y et al. Identification of the affected lower limb and unaffected side motor
functions as determinants of activities of daily living performance in stroke patients using partial
correlation analysis. J Phys Ther Sci. 2015;27(7):2217-20.

Sell SL, Johnson K, DeWitt DS, Prough DS. Persistent Behavioral Deficits in Rats after Fluid
Percussion Injury. J Neurotrauma. 2017;34(5):1086-1096

Gurdjian ES, Lissner HR, Webster JE, Latimer FR, Haddad BF. Studies on experimental concussion:
relation of physiologic effect to time duration of intracranial pressure increase at
impact. Neurology. 1954;4:674-681.

Anonymous. US National Library of Medicine. 2017. (last accessed Jan. 9, 2018).

Hellmich HL, Capra B, Eidson K, Garcia J, Kennedy D, Uchida T, et al. Dose-dependent neuronal
injury after traumatic brain injury. Brain Research. 2005;1044:144-154.

Bramlett HM, Detrich WD. Long-Term consequences of Traumatic Brain Injury: Current Status of
Potential Mechanisms of Injury and Neurological Outcomes. J. Neurotrauma. 2015;32:1-15.

Pierce JES, Smith DH, Trojanowski JQ, Mcintosh TK. Enduring cognitive neurobehavioral and
histopathological changes persist for up to one year following severe experimental brain injury in
rats. Neuroscience. 1998;87(2):359-369.

Smith DH, Chen XH, Pierce JES, Wolf JA, Trojanowski JQ, Graham DI, Mcintosh TK. Progressive
atrophy and neuron death for one year following brain trauma in the rat.J
Neurotrauma. 1997;14(10):715-727.

Hausser N, Johnson K, Parsley MA, Guptarak J, Spratt H, Sell SL. Detecting Behavioral Deficits in
Rats After Traumatic Brain Injury. J Vis Exp. 2018 Jan 30;(131):56044.

Available online at: https://jazindia.com 1689




