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Abstract— Hemorrhagic strokeis a highly debilitating condition with several rehabilitations’ problems.
Transcutaneous Electrical Nerve Stimulation (TENS) has long been an indispensable tool in stroke
rehabilitation. Thus, this study aimed to discern the effects of TENS, specifically intensive TENS therapy
for 2 weeks, on a motor-impaired haemorrhagic stroke patient’s recovery, on top of 6 weeks of
conventional physiotherapy. We want to elucidate the effect of TENS and conventional physiotherapy on
serum Creatine Kinase and serum Troponin T. Our outcome measures were serum Creatine Kinase, serum
Troponin T, and modified Barthel Index scores. This was a pre-post convenient sampling controlled
interventional study, conducted in the Hospital UniversitiSains Malaysia, with 10 control subjects and 10
TENS-therapy subjects.The intervention group underwent both intensive TENS therapy and conventional
physiotherapy for 2 weeks, then 4 weeks of conventional physiotherapy. The control group underwent 6
weeks of conventional physiotherapy.All three outcome measures of each participant were measured before
and after 2 weeks of intensive TENS therapy and 6 weeks of conventional therapy. Results indicated that
serum Creatine Kinase and serum Troponin T were relatively unaffected by 2 weeks of intensive TENS
therapy and 6 weeks of conventional physiotherapy (serum CreatineKinase: p = 0.521) (serum Troponin T:
p = 0.632). The same also applied to 6 weeks of conventional physiotherapy alone (serum CreatineKinase:
p = 0.572) (serum Troponin T: p = 0.921). On the contrary,
modifiedBarthellndexscorecomparisonsdidshowsignificantincreases in interventiongroup (p = 0.040) as
comparedtocontrolgroup. This study currently acts as a pilot study and the results of this study, which
demonstrated no change in blood biomarkers but improved activity of daily living scores in haemorrhagic
stroke patients, shall be treated as preliminary results for future research on intensive TENS therapy.
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1. Introduction

The International Classification of Diseases - 11 (ICD-11) defines stroke as the presence of acute
neurological dysfunction'. This dysfunction is a result of either ischemia or haemorrhage; it can be sensory
or motor in nature or both, and this is determined by imaging or pathology”.Haemorrhagic stroke can occur
due to direct trauma and damage to intracerebral blood vessels, or due to spontaneous bursting or leaking of
cerebral blood vessels secondary to an acute hypertensive crisis, or a vascular malformation such as an
aneurysm or arteriovenous malformation (AVM).Because of their contrasting etiologies and
pathophysiologies, both subtypes of stroke have opposing management principles. However, the clinical
result is almost similar: loss of blood circulation to the part of the brain distal to the site of vascular insult,
death of the cerebral cells in the involved region, and ultimately loss of neurological function of that
cerebral region®**.

Transcutaneous electrical nerve stimulation, or TENS, encompasses delivering pulses of electrical current to
the skin of a patient via a device, with the goal of inducing the production of nerve impulses in afferent
nerves under the skin. A battery-powered, hand-held device generates the electrical current and passes
through conductive pads to reach the skin. The procedure is non-invasive, and the strength (amplitude) of
the electricity given can be increased or decreased to achieve a balance between painful overstimulation of
the muscles and overt lack of stimulation. One can also modulate the frequency, duration and pattern of
electrical current pulses, depending on the patient’s clinical rehabilitative needs. Three different techniques
of TENS are regularly used: conventional TENS (low amplitude, high frequency), acupuncture-like TENS
(high amplitude, low frequency) and intense TENS (high amplitude, high frequency) "',

Conventionally, TENS aims to alleviate different forms of chronic pain. Lately, due to increasing evidence
of its benefit to motor impaired patients, more and more recovery centres began adopting TENS in their
rehabilitation regimes for stroke patients. With its relatively economical price, convenience and ease of
handling, TENS would be a boon to any motor recovery programme.

Studies as early as 1984 demonstrated increases in muscle protein biomarkers Creatine Kinase and Troponin
post-exercise ** . As most forms of traditional physiotherapy are essentially exercise-based, an important
question arises: What is the significance of these biomarkers in exercise?

CK has long been a general marker of muscle damage, found in the cytoplasm and mitochondria of cells
with high-energy demand such as skeletal and cardiac muscles™ ** *°. Chronic stroke patients are common
victims of cachexia and muscle wasting, especially without proper rehabilitation and physical therapy. The
decrease in their muscle mass can be reflected through the decrease in serum CK compared to non-ill people
¥ Thus, it is for these reasons that we wish to use CK to monitor a stroke sufferer’s progress through
physiotherapy with and without TENS.

There are two known isoforms of cardiac Troponin, Troponin I and Troponin T. Both isoforms are elevated
specifically in the presence of cardiac injury *°. The phenomenon of post-exercise Troponin release was first
hinted at in a 1987 study on post-exercise muscle enzyme changes, where a small percentage of subjects
were found to have increased Troponin levels despite having no history of cardiac disease *’. Several factors
have been identified to predispose to higher post-exercise Troponin, but some studies also show conflicting
evidence: underlying cardiovascular or renal disease, higher exercise intensity, less training experience, late
sampling and low assay sensitivity. Among the factors with conflicting associations are age and exercise
duration * %32,
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TENS has already shown various physical benefits to a stroke patient’s rehabilitation in the aspects of
spasticity and paresis. However, no study has yet objectively measured the effect of TENS on muscle
growth in the form of biomarkers, nor measure any improvements it might have on activities of daily living.
The concept of TENS improving muscle growth in motor-impaired haemorrhagic stroke patients is that
repeated efferent peripheral nerve stimulation and the resultant repeated muscle contraction will act as a
form of repeated exercise, causing increased muscular strength. This would explain why TENS
complements conventional physiotherapy. This premise was first explored by Azman and Azman in 2017,
though their focus was more on direct electrical muscle stimulation, they acknowledged that the same
concept can be applied to TENS *.

In this study, we studied the suitability of intensive TENS therapy for chronic stroke patients by measuring
the changes in 3 outcomes: activities of daily living via modified Barthel index, skeletal muscle
improvement via serum Creatine Kinase, and cardiovascular disease risk via serum Troponin T.

3. Methodology

This study is a pre-post convenience sampling single-blinded controlled interventional study, conducted in
the Department of Neurosciences and Rehabilitation Medicine Unit, Hospital UniversitiSains Malaysia.
The study population includes outpatient haemorrhagic stroke patients with motor impairments in Hospital
UniversitiSains Malaysia, from November 2020 to March 2021.

We used non-probability convenience sampling method to recruit subjects for our study. We recruited 20
haemorrhagic stroke patients with half of the participants in the intervention group and the other half in the
control group. Unfortunately, 1 of the 10 interventional subjects decided to withdraw from the study due to
health issues, while another 3 subjects were lost to follow up.

We interpreted changes in serum Creatine Kinase as a representation of changes in muscle mass, and
changes in serum Troponin T as a measure of future cardiovascular disease risk. Once subjects were
recruited, we used the modified Barthel Index of Activities of Daily Living (MBI) to assess the activities of
daily living of each subject.

The TENS was delivered using a Miutar Mini massager machine unit with two conductive pads that
stimulate the lower arm of the subject’s affected side (spastic or paresis). Electrical stimulation was given
in bursts with each pulse having a pulse width of 230 microseconds, at 115 Hz for 15 minutes per session.
Intensive TENS therapy was implemented by administering TENS for 20 minutes a day, Sunday through
Thursday (5 days a week) for 2 consecutive weeks for a total of 10 sessions. After each session, we assess
patients for any potential side effects of TENS application such as skin irritation from the adhesive and
chest pain for possible cardiac effects.

All subjects from both groups underwent 6 weeks of conventional physiotherapy, once a week, which
constitutes different physical exercises and therapies specific to their motor impairment, including
stationary cycling, heat therapy, and limb strengthening exercises. The intervention group underwent both
intensive TENS therapy and conventional physiotherapy for 2 weeks, then 4 weeks of conventional
physiotherapy. The control group underwent 6 weeks of conventional physiotherapy. The control group
were not given sham stimulation as conventional physiotherapy also includes occasional TENS therapy,
which most patients are already accustomed to. The reason we implemented only 2 weeks of intensive
TENS therapy is to see the long-lasting physiological benefit of 2 weeks of intensive TENS therapy, in
addition to the 6 weeks of conventional physiotherapy in a hemorrhagic stroke sufferer’s rehabilitation
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plan. After the completion of 6 weeks intervention (6 sessions in total), we reassessed all subjects for their
activities of daily living and took their blood again for comparison and analysis with the baseline values.

We used descriptive statistics to better consolidate the data we collected: the subjects’ modified Barthel
Index scores, their serum Creatine Kinase and serum Troponin T levels before and after intervention. We
used paired T test and repeated measures ANOVA to compare the mean differences between the two
groups. Within this study, ‘significant’ refers to significance with p < 0.05. We used box-plot and Shapiro-
Wilk test to make sure there are no outliers and the data distributed normally for each group. The data was
analysed with SPSS version 24.

4. Results

After going through our inclusion and exclusion criteria, 20 subjects were successfully recruited into our
research, with a total of 4 dropouts as stated earlier, 3 from the intervention group and 1 from the control
group. Themean (SD) age of our research subjects was 54.75 (13.94) years, with 8 (50.0%) ofthem being
male and 8 (50.0%) of them female.

In this study, pre-intervention modified Barthel Index scores of all haemorrhagic stroke subjects average at
60.31.Intervention subjects reported a higher amount of improvement in modified Barthel Index scores
relative to control subjects, with their average modified Barthel index score increasing from 42.86 to 53.57,
a statistically significant increase (p = 0.047). The increase in index score sismostly in the categories of
Self-dressing (3 subjects) and Bowel control (3 subjects). None of the subjects reported worsening in ADL
scores. As a comparison, control subjects reported some but not significant change in activities of daily
living before and after the study, with their modified Barthel Index scores reflecting this at ameagre
increase from 73.90 to 75.00 score (p = 0.347).

In the control group, thelevelof serum Creatine Kinase only marginally increased from 100.67 U/L on
average, to an average of 102.33 U/L, which is statistically insignificant compared to the control
group’spre-CK levels (p = 0.874).In the intervention group, serum Creatine Kinase level decreased from
100.57 U/L to an average of 74.86 U/L post-intervention (p = 0.385). However, this is due to an outlier
result of one of the subjects having a decrease in post-intervention serum Creatine Kinase of 186 U/L,
without which the average serum Creatine Kinase difference is an increase of only 1.0 U/L (p = 0.900), a
highly insignificant result.

Compared with pre-intervention levels, the serum Troponin T levels in the intervention group maintains
from 10.91 ng/L, to 10.65 ng/L post-intervention. This is statistically not significant (p = 0.815).Similar to
the intervention group, the average level of serum Troponin T in the control group remains relatively
insignificant and stagnant from 6.82 ng/L to 7.58 ng/L after 6 weeks (p = 0.498).

Compared to changes in serum Troponin T (p = 0.815) and serum Creatine Kinase (p = 0.385), the increase
in modified Barthel index scorepre- andpost-ITT in the intervention group is statistically significant (p =
0.047).
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Table 4.8: Pairedsamples T test for Control Group
Paired Samples Test

Paired Differences

95% Confidence
Std. Std. Interval of the Sig.
Deviatio | Error Difference (2-
Mean n Mean Lower Upper t df | tailed)
PreCK -
-1.67 30.46 10.15 -25.08 21.74( -.16| 8 .874
PostCK
PreTropT -
=75 3.19 1.06 -3.20 .70 -71] 8 498
PostTropT
PreBI -
-1.11 3.33 1.11 -3.67 145 -1.00] 8 347
PostBI
Table 4.9: Paired samples T test for Intervention Group
Paired Samples Test
Paired Differences
95% Confidence
Std. Std. Interval of the Sig.
Deviatio | Error Difference (2-
Mean n Mean Lower Upper t df | tailed)
PreCK -
25.71 72.68 27.47 -41.50 92.93 94 6] .385
PostCK
PreTropT
- 27 2.92 1.10 -2.43 2.97 251 6] 815
PostTropT
PreBI -
-10.71 11.34 4.29 -21.20 -23| 250 6| .047
PostBI

Analysis via repeated measures ANOVA demonstrated no significant differences between pre and post
serum Creatine Kinase (p = 0.321) and serum Troponin T levels (p = 0.520) of control and intervention

groups. However, modified Barthel Index score comparisons do show significant increases in intervention
subjects (p = 0.029).

5. Discussion

Our results suggest that haemorrhagic stroke patients utilizing Intensive Tens Therapy show significant
improvement in their modified Barthel Index scores. The increase in scores is most significant in the
categories of Self-dressing and Bowel control. Although TENS application can explain improvement in
ability to comb and brush their teeth (fine motor control), it does not adequately explain bowel control
improvement. TENS was not applied on S3 - S5 dermatome areas, thus this finding might be coincidental,
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secondary to prolonged self-training. Nonetheless, a possible indirect connection for future research cannot
be denied.Among 8 out of the 10 control subjects have no change in modified Barthel Index score after 6
weeks of conventional physiotherapy. However, 5 out of 7 intervention subjects have increased modified
Barthel Index scores after 2 weeks of intensive TENS therapy, in addition to the 6 weeks of conventional
physiotherapy.

There appears to be no significant difference in serum Creatine Kinase levels before and after Intensive
TENS Therapy among haemorrhagic stroke subjects. This demonstrates that Intensive TENS therapy does
not significantly improve muscle mass. In fact, there is decreased serum CK post-intervention in 3 out of 7
(42%) of the intervention subjects. Kang, Jeon and Lee in 2015 demonstrated that TENS does not
positively improve muscle fatigue, by showing that there is no significant change in serum CK level before
and after 20 minutes of TENS stimulation. Our study, although applied in a longer period of time of 2
weeks with 20 minutes of TENS in each session, appears to support their findings.

Among haemorrhagic stroke subjects receiving conventional physiotherapy, our study does not show any
significant difference in serum Creatine Kinase. Furthermore, 5 out of 10 (50%) of the control subjects
actually have decreased serum Creatine Kinase levels after 6 weeks of physiotherapy. We may infer that
Creatine Kinase may not be a good measure of muscle improvement in our study due to the relatively low
intensity exercises compared to previous studies **. Perhaps, the exercises experimented upon in previous
studies, which focused on the effect of significant strenuous exercises on biomarker changes in normal
functioning subjects, are of sufficient magnitude to demonstrate CK increases, while the stressors involved
in physiotherapy and intensive TENS therapy are of a relatively milder nature in motor-impaired
individuals.

There does not appear to be any significant difference in serum Troponin T levels among haemorrhagic
stroke subjects before and after Intensive TENS Therapy. The absence of significant change in the serum
cardiac Troponin levels before and after intervention displayed that intensive TENS therapy does not
adversely affect cardiac cells in anyway.Serum cardiac Troponin T levels also show no significant
difference before and after 6 weeks of conventional physiotherapy in haemorrhagic stroke patients without
Intensive TENS Therapy. As is the case with serum Creatine Kinase, the low exercise intensity nature of
physiotherapy and intensive TENS therapy may be the contributing factor to the lack of significant serum
Troponin T level increase. As an extension of this hypothesis, the involvement of only peripheral muscles,
anatomically distant from the heart, may also explain the absence of an effect on the cardiac muscles.

Modified Barthel index scores show significant improvement as compared to Creatine Kinase and Cardiac
Troponin. This would imply that, in regards to monitoring a haemorrhagic stroke patient’s response to
TENS use, and more specifically Intensive TENS Therapy, activities of daily living is a better indicator of
motor improvement compared to Creatine Kinase. In fact, the lack of significant change in serum Creatine
Kinase both in the control and intervention groups pragmatically eliminates it as a measure of muscle
improvement post-conventional physiotherapy and TENS in the short term.Furthermore, the lack of
significant difference in serum Troponin T levels highlight the safety of Intensive TENS Therapy with
regards to the heart in haemorrhagic stroke patients. Better activities of daily living scores attained from
physiotherapy-level exercise do not translate to worsening cardiac-related morbidity in future.

6. Conclusion and Future Recommendations

6.1 Conclusion



Sapporo Medical Journal

Volume 55, Issue 12, December 2021

This study currently acts as a pilot study for future research on intensive TENS therapy and the precise
settings for optimum rehabilitation results. The results of this study shall be treated as preliminary study
results for research to come.

As reflected by the modified Barthel Index scores, intensive TENS therapy is undeniably an important
element in any haemorrhagic stroke patient’s recovery plan. This new therapy modality is also not
debilitating or stressful to the heart, as evidenced by the lack of change in serum Troponin T.

In contrast, serum CK is not a reliable measure of a person’s skeletal muscle recovery through
rehabilitation, regardless of the use of TENS. This can be observed through the lack of change in serum
CK, even in patients going through conventional physiotherapy alone.

6.2 Limitations of this Study

One impertinent limitation of this study resulting in skewing of the results is due to its small sample size.
Compounded by the low incidence of haemorrhagic stroke as compared to ischemic stroke, this results in a
shrunken sample size for this study.Another limitation is that we did not have the resources to investigate
for the presence of neuromuscular diseases in this study. Doing so would have allowed us to analyze and
factor in the effect of neuromuscular disease on the post-intervention change in serum Creatine Kinase.

6.3 Recommendations for Future Research

One proposed suggestion would be to increase the duration of intensive TENS therapy on participants and
observe the changes in both biomarkers and activity of daily living (ADL) scores. A longer study may
reveal better results in ADL scores, and even more significantly, may even show a different result in terms
of the biomarker changes. In a similar note, future research can also involve the same duration of both
intensive TENS therapy as well as conventional therapy, instead of a shorter duration intensive TENS
therapy.Furthermore, increased funding might have allowed for studying the effects of conventional
physiotherapy on both stroke as well as neuromuscular diseases.

6.3 Funding

This research was funded by the Fundamental Research Grant Scheme
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