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ABSTRACT

Objective: Stroke remains a leading cause of adult disability worldwide, significantly impacting gait and dynamic balance. This study evaluates the
effectiveness of metronome training combined with core strengthening exercises on improving these parameters in stroke patients.

Methods: A randomized controlled trial was conducted with 40 participants aged 45-60, six months post-stroke, and experiencing walking
disabilities. Participants were randomly assigned to two groups: Group A (metronome training with core strengthening and general balance
exercises) and Group B (core strengthening and general balance exercises only). Data were collected at four intervals over eight weeks using the
Tinetti test and Timed Up and Go test.

Results: Group A showed significant improvements in the Tinetti scores (mean difference: 3.95, p<0.001) compared to Group B. Similarly, the
Timed Up and Go test results favored group a (mean difference: 0.95, p<0.001), indicating better gait and dynamic balance outcomes with the
combined intervention.

Conclusion: Incorporating metronome training with core strengthening exercises significantly enhances gait and dynamic balance in stroke

patients, suggesting a valuable addition to rehabilitation protocols.
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INTRODUCTION

Stroke, as defined by the World Health Organization, is characterized
by rapidly developing clinical signs of focal or global disturbance of
cerebral function, lasting 24 h or longer, or leading to death, with no
apparent cause other than vascular origin. This definition
encompasses subarachnoid hemorrhage but excludes subdural
hemorrhage, transient ischemic attacks (TIAs), or hemorrhage or
infarction caused by tumors or infections [1]. Silent cerebral infarcts
are also not included. Stroke remains the leading cause of adult
disability and the third leading cause of death in the Western
Hemisphere, with significant long-term disabilities affecting
approximately 50% of survivors [2].

The sudden onset of a stroke results in the rapid loss of brain
function due to an interruption in blood supply, which can be caused
by either ischemia or hemorrhage. This leads to a wide range of
impairments, including motor, sensory, perceptual, and cognitive
deficits [3]. These impairments can severely limit the rehabilitative
potential of individuals, creating numerous challenges in daily
functioning and overall quality of life. Stroke survivors often struggle
with asymmetrical posture, abnormal body balance, and difficulties
in weight transfer, making it challenging to maintain balance and
postural control while standing upright [4].

Impaired trunk control is particularly problematic as it affects
steady walking and increases the risk of falls. Stroke survivors often
exhibit asymmetric movement patterns, which disrupt midline
orientation, spatial awareness, and proper vertebral alignment [5].
This impacts trunk rotation, trunk-to-extremity movement, anterior-
posterior pelvic tilt, and essential protective and equilibrium
reactions. Effective rehabilitation strategies are critical to address
these issues and enhance the quality of life for stroke survivors [6].

One promising approach in stroke rehabilitation is the use of
metronome and core strengthening exercises. The integration of
rhythm and movement through auditory cues like metronomes can
significantly enhance motor function. Recent studies have
highlighted the neurobiological connections between music, rhythm,

and the human brain [7]. The auditory system's rapid and precise
processing of temporal information allows it to serve as an effective
stimulus for motor performance. Rhythmic auditory stimulation
(RAS) has shown substantial benefits in improving gait and upper
extremity function in stroke patients by synchronizing motor
responses with rhythmic auditory cues [8].

Furthermore, core strengthening exercises play a crucial role in
improving balance and gait in stroke patients [9]. The core,
comprising muscles of the back, abdomen, diaphragm, pelvic floor,
and hip girdle, acts as the body's stabilizing center. Strong core
muscles facilitate proper posture, movement, and the efficient
transfer of forces through the body. Weakness in these muscles,
common in stroke survivors, can lead to thoracic bending and a
posterior shift in the center of gravity, exacerbating balance and gait
issues [10].

Incorporating core strengthening exercises into rehabilitation
programs has been shown to enhance trunk control, stability, and
overall functional mobility. This approach not only targets the
physical impairments caused by stroke but also addresses secondary
issues such as respiratory function and overall muscle coordination
[11]. By combining metronome-based rhythmic auditory stimulation
with targeted core strengthening exercises, rehabilitation programs
can offer a comprehensive and effective strategy for improving gait
and dynamic balance in stroke patients [12].

This article aims to explore the quantitative impact of these
interventions on gait and dynamic balance, providing evidence for
their efficacy and offering insights into optimizing stroke
rehabilitation strategies [13]. Through a detailed analysis of the
physiological and functional outcomes associated with these
exercises, this study contributes to the growing body of research
focused on enhancing the recovery and quality of life for stroke
survivors.

MATERIALS AND METHODS
Study design: This study is a randomized controlled trial.

Source of data: Data will be collected from eligible community dwellers.
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Sample: A total of 40 participants, both male and female, were included.

Sampling technique: Participants were selected using a simple
random sampling method.

Sample size: Forty participants were chosen.
Selection criteria

Inclusion criteria

e Age:45-60yold

e Right hemiplegic, six months post-stroke

e Walking disability but able to stand and transfer
e Spasticity grade 2 (modified Ashworth scale)
e Extension synergy type

Exclusion criteria

e Cognitive or hearing impairments

e Cardiovascular or cardiopulmonary issues

e Orthopedic conditions

e Use of walking aids

Data collection tools

e (Client information and assessment sheets

e Consent form

e General instruction sheet

e Timed Up and Go test

e Tinetti test

e Data collection sheet

Materials used

® Metronome

Methodology

Participants were randomly assigned to two groups:
Group A

e Metronome training combined with core strengthening and
general balance and gait exercises.

Group B
e (Core strengthening and general balance and gait exercises only.

Data will be collected over eight weeks on days 1, 30, 60, and 90.
Outcome measures include the Tinetti gait and balance score and the
Timed Up and Go test.

Procedure
Core strengthening exercises (Both groups)
e Bridging

e Knee Rolling
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e Single Leg Drop-Outs
e Single Leg Bridging
e Four-Point Kneeling

General dynamic balance and gait training exercises (Both
groups)

e Heel Raises (Holding On)

e Side Stepping (Holding On)

e Single Leg Standing

e Backwards Walking

e  Parallel Bar Walking

Group a specific

e Incorporates metronome training into the above exercises.
Assessment

e Timed Up and Go test: Measures the time taken to stand, walk
three meters, turn, return, and sit down.

e Tinetti test: Assesses balance and gait through various tasks.
RESULTS

The statistical analyses conducted on the different interventions
aimed at improving balance and mobility metrics provided clear
insights. Two main groups were compared: Tinetti A, which involved
metronome training with core strengthening, and Tinetti B, which
solely focused on core strengthening.

Table 1 analysis

The mean scores of the Tinetti performance in Group A were
significantly higher (M = 22.30, SD = 1.04) compared to Group B (M
= 18.35, SD = 1.43). This demonstrates a notable enhancement in
balance when metronome training was integrated with core
strengthening exercises.

Table 2 analysis

Similar patterns were observed in the Timed Up and Go (TUG) test
results. Group A, which combined metronome training with core
strengthening, displayed better mobility with a lower mean time (M
= 11.45, SD = 0.81) compared to Group B, which only engaged in
core strengthening (M = 12.40, SD = 0.69).

Paired differences and T-tests for tinetti

The paired differences for the Tinetti test between the groups
highlighted a significant improvement, with a mean difference of
3.95 (95% CI, 3.15 to 4.75; t(38) = 9.993, p<0.001). This result was
consistent, regardless of whether variances were assumed equal or
not, indicating robustness in the observed effect of the combined
intervention over core strengthening alone.

Paired differences and T-tests for TUG test

For the TUG test, the mean difference was also significant at 0.95
seconds (95% CI, 0.47 to 1.43; t(38) = 3.987, p = 0.00015). This
finding reaffirms that the inclusion of metronome training
significantly enhances mobility along with core strengthening.

Table 1: Descriptive statistics of mean, std deviation for treatment of tinetti

Group N Mean Std. deviation Std. error mean
Tinetti A (metronome training with core strengthening) 20 22.3000 1.04378 0.23340
Tinetti B (core strengthening) 20 18.3500 1.42672 0.31902

Table 2: Descriptive statistics of mean, std deviation for treatment of tug test

Group N Mean Std. deviation Std. error mean
TUG test B (core strengthening) 20 12.3963 0.68807 0.15386
TUG test A (metronome training with core strengthening) 20 11.4462 0.81379 0.18197
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Table 3: Descriptive statistics of paired differences, T-test, DF and P value of tinetti

Equality of Levene's test for  Levene's test t-test for df Sig. (2- Mean Std. error 95% confidence  95% confidence
variances equality of for equality of  equality of tailed) difference  difference interval of the interval of the
variances F variances Sig. means T difference lower  difference upper
Tinetti Equal 1.863 0.180 9.993 38 0.000 3.95000 0.39528 3.14979 4.75021
variances assumed
Tinetti Equal variances 1.863 0.180 9.993 35 0.000 3.95000 0.39528 3.14737 4.75263
not assumed
Table 4: Descriptive statistics of paired differences, T-Test, DF and P value of TUG test

Equality of variances Levene's Test Levene's test t-test for df Sig. (2- Mean Std. error 95% Confidence 95% Confidence

for equality of for equality of equality tailed) difference  difference interval of the interval of the

variances F variances Sig. of means difference lower difference

T upper

TUG TEST Equal 0.744 0.394 3.987 38 0.00015  0.95000 0.23830 0.46760 1.43240
variances assumed
TUG TEST Equal 0.744 0.394 3.987 37 0.00015 0.95000 0.23830 0.46716 1.43284
variances not assumed
DISCUSSION CONCLUSION

This study aimed to investigate the effects of combining metronome
training with core strengthening exercises on gait and dynamic
balance in stroke patients. The results indicate that incorporating
rhythmic auditory stimulation (RAS) with traditional core exercises
significantly enhances rehabilitation outcomes [14].

The integration of metronome training leverages the brain's
auditory-motor synchronization capabilities. Previous studies have
demonstrated that rhythmic cues can facilitate motor performance
by engaging neural circuits responsible for timing and coordination.
Our findings align with these studies, showing that participants in
Group A, who received metronome training, exhibited notable
improvements in both Tinetti and Timed Up and Go test scores
compared to those in Group B [15].

The core strengthening component addressed the crucial need for
trunk stability in stroke patients. Strong core muscles are essential
for maintaining posture, facilitating movement, and preventing falls.
The exercises used in this study, such as bridging and single-leg
bridging, effectively targeted these muscles, contributing to
improved balance and gait stability [16].

The significant improvements observed in Group A can be attributed
to the synergistic effects of RAS and core strengthening. Rhythmic
auditory cues likely enhanced the participants' ability to perform
core exercises more effectively, leading to better overall outcomes.
This combination not only improved physical parameters but also
potentially boosted participants' confidence in their mobility,
further aiding their rehabilitation [17].

These results suggest that incorporating metronome training into
stroke rehabilitation programs could provide substantial benefits.
The metronome's rhythmic cues likely helped participants achieve
more consistent and stable movements, which are critical for gait
improvement. Moreover, the enhanced trunk control from core
exercises provided a stable foundation for these movements [18].

It is important to note some limitations of this study. The sample
size was relatively small, and the study duration was limited to eight
weeks. Future research with larger sample sizes and longer follow-
up periods would help to validate and expand upon these findings.
Additionally, exploring the impact of different frequencies and
durations of metronome training could provide further insights into
optimizing this intervention.

Overall, the combination of metronome training with core
strengthening exercises offers a promising approach to improving gait
and dynamic balance in stroke patients. This study contributes to the
growing body of evidence supporting the use of rhythmic auditory
stimulation in rehabilitation and underscores the importance of
targeted core exercises. Implementing these findings in clinical
practice could enhance the effectiveness of rehabilitation programs,
ultimately improving the quality of life for stroke survivors.

This study demonstrates that combining metronome training with
core strengthening exercises significantly improves gait and
dynamic balance in stroke patients. These findings highlight the
potential of rhythmic auditory stimulation as a valuable addition to
stroke rehabilitation protocols, offering a comprehensive strategy to
enhance recovery outcomes.

FUNDING

Nil

AUTHORS CONTRIBUTIONS

All the authors have contributed equally
CONFLICTS OF INTERESTS

Declared none

REFERENCES

1. Mehrholz ], Thomas S, Elsner B. Treadmill training and body
weight support for walking after stroke. Cochrane Database Syst
Rev. 2017;8(8):CD002840. doi:
10.1002/14651858.CD002840.pub4.

2. Thaut CP, Rice RR. Rhythmic auditory stimulation (RAS). In:
Thaut MH, Hoemberg V. Editors. Handbook of neurologic music
therapy. Oxford: Oxford University Press; 2014. p. 100-10.

3. Chay, Kim Y, Chung Y. Immediate effects of rhythmic auditory
stimulation with tempo changes on gait in stroke patients. ] Phys
Ther Sci. 2014;26(4):479-82. doi: 10.1589/jpts.26.479, PMID
24764615.

4. Goo YM, Kim TH, Lim JY. The effects of gluteus maximus and
abductor hallucis strengthening exercises for four weeks on
navicular drop and lower extremity muscle activity during gait
with flatfoot. ] Phys Ther Sci. 2016;28(3):911-5. doi:
10.1589/jpts.28.911.

5. Kasten FH, Dowsett ], Herrmann CS. Sustained aftereffect of a-
TACS lasts up to 70 min after stimulation. Front Hum Neurosci.
2016;10:245. doi: 10.3389/fnhum.2016.00245, PMID 27252642.

6. Thaut MH, McIntosh GC, Prassas SG, Rice RR. Effect of rhythmic
auditory cuing on temporal stride parameters and EMG patterns
in hemiparetic gait of stroke patients. Neurorehabilitation and
Neural Repair. 1993;7(1):9-16. doi:
10.1177/136140969300700103.

7. Pelton TA, Johannsen L, Chen HL, Wing AM. Hemiparetic
stepping to the beat: asymmetric response to metronome phase
shift during treadmill gait. Neurorehabil Neural Repair.
2010;24(5):428-34. doi: 10.1177/1545968309353608, PMID
19952366.

8. Schaefer RS, Morcom AM, Roberts N, Overy K. Moving to music:
effects of heard and imagined musical cues on movement related
brain activity. Front Hum Neurosci. 2014 Sep 26:8:774. doi:
10.3389/fnhum.2014.00774.

70


https://doi.org/10.1002/14651858.CD002840.pub4
https://doi.org/10.1589/jpts.26.479
https://www.ncbi.nlm.nih.gov/pubmed/24764615
https://doi.org/10.1589/jpts.28.911
https://doi.org/10.3389/fnhum.2016.00245
https://www.ncbi.nlm.nih.gov/pubmed/27252642
https://doi.org/10.1177/136140969300700103
https://doi.org/10.1177/1545968309353608
https://www.ncbi.nlm.nih.gov/pubmed/19952366
https://doi.org/10.3389/fnhum.2014.00774

10.

11.

12.

H.Rana et al.

Bernatzky G, Bernatzky P, Hesse HP, Staffen W, Ladurner G.
Stimulating music increases motor coordination in patients
afflicted with morbus parkinson. Neurosci Lett. 2004;361(1-
3):4-8. doi: 10.1016/j.neulet.2003.12.022, PMID 15135879.
Magee WL, Clark I, Tamplin ], Bradt ]J. Music interventions for
acquired brain injury. Cochrane Database Syst Rev. 2017 Jan
20;1(1):CD006787. doi: 10.1002/14651858.CD006787.pub3.
Rubinstein TC, Giladi N, Hausdorff JM. The power of cueing to
circumvent dopamine deficits: a review of physical therapy
treatment of gait disturbances in parkinsons disease. Mov
Disord. 2002;17(6):1148-60. doi: 10.1002/mds.10259, PMID
12465051.

Willems AM, Nieuwboer A, Chavret F, Desloovere K, Dom R,
Rochester L. Turning in parkinsons disease patients and
controls: the effect of auditory cues. Mov Disord.
2007;22(13):1871-8. doi: 10.1002 /mds.21445, PMID 17595036.

14.

15.

16.

17.

Int J Curr Pharm Res, Vol 16, Issue 5, 68-71

. Roerdink M, Lamoth CJ, Van Kordelaar ], Elich P, Konijnenbelt M,

Kwakkel G. Rhythm perturbations in acoustically paced treadmill
walking after stroke. Neurorehabil Neural Repair. 2009;23(7):668-
78.doi: 10.1177/1545968309332879, PMID 19307435.

Coubard OA. Neurocognitive basis of rhythmic entertainment. Acad
Radiol. 2014;21(10):1254-65. doi: 10.1016/j. acra.2014.05.014.
Bangert M, Altenmuller EO. Mapping perception to action in
piano practice: a longitudinal DC-EEG study. BMC Neurosci.
2003;4:26.doi: 10.1186/1471-2202-4-26, PMID 14575529.
Calabro RS, Naro A, Russo M, Bramanti P. The role of robotics in
post stroke rehabilitation. Expert Rev Med Devices.
2017;14(6):467-71. doi: 10.1080/17434440.2017.1332982.
Chen CL, Chen HI, Cheng PT, Chen SC, Chung CY, Wong MK. Effects of
a functional task oriented program on limb performance and
balance in children with cerebral palsy. Dev Med Child Neurol.
2011;53(6):541-7. doi: 10.1111/j.1469-8749.2011.03970.x.

71


https://doi.org/10.1016/j.neulet.2003.12.022
https://www.ncbi.nlm.nih.gov/pubmed/15135879
https://doi.org/10.1002/14651858.CD006787.pub3
https://doi.org/10.1002/mds.10259
https://www.ncbi.nlm.nih.gov/pubmed/12465051
https://doi.org/10.1002/mds.21445
https://www.ncbi.nlm.nih.gov/pubmed/17595036
https://doi.org/10.1177/1545968309332879
https://www.ncbi.nlm.nih.gov/pubmed/19307435
10.1016/j.%20acra.2014.05.014
https://doi.org/10.1186/1471-2202-4-26
https://www.ncbi.nlm.nih.gov/pubmed/14575529
https://doi.org/10.1080/17434440.2017.1332982
https://doi.org/10.1111/j.1469-8749.2011.03970.x

	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	FUNDING
	AUTHORS CONTRIBUTIONS
	CONFLICTS OF INTERESTS
	REFERENCES

