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Abstract

We developed an eccentric contraction induced electrical stimulation (ES)
training system. The purpose of this study was to investigate whether the ec-
centric contraction induced ES enhance the knee extension torque compared
with typical ES. Twenty-two young untrained men (age: 23 + 3 years) in the
acute response trial (single training) and seven untrained men in the long pe-
riod training trial (for 6 weeks) were studied. We measured muscle thickness
and knee extension torque evoked by ES with eccentric contraction training
system (ES + ECC) or ES alone for the quadriceps muscle of men. The levels
of pain and discomfort were evaluated using numeric rating scale (NRS) and
heart rate variability. The knee extension torque of ES + ECC was higher than
that of ES alone in the acute response trial. There were no significant differ-
ences in the levels of pain and discomfort between ES and ES + ECC. Addi-
tionally, ES + ECC training for 6 weeks was effective on the quadriceps muscle
thickness and knee extension torque. In contrast, the ES alone training failed
to increase muscle thickness and knee extension torque. These results suggest
that eccentric contraction induced ES would have the potential to become an
effective intervention to promote muscle strengthening.

Keywords

Eccentric Contraction, Muscle Strengthening, Neuromuscular Electrical
Stimulation, Middle Frequency

1. Introduction

Resistance exercise can be effective for muscle strengthening [1]. The effect of
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resistance exercise is known to be dependent on the intensity of muscle loading
[2]. Exercise involving eccentric contractions has a greater effect for muscle
strengthening because the high intensity of muscle loading can be generated ec-
centric contraction compared to concentric or isometric contractions [3] [4].
The previous studies have suggested that eccentric exercise has advantages com-
pared with concentric training, e.g., increases in peak torque and strength-related
performance parameters [5] [6]. Therefore, eccentric exercise might have an ef-
ficient exercise for muscle strengthening compared to concentric or isometric
exercise.

It has been well established that electrical stimulation (ES) can be effective to
induce muscle strengthening [7] [8] [9] [10]. The effectiveness of ES is deter-
mined by the intensity of muscle loading, as well as resistance exercise [11] [12]
[13]. The electrical stimulation-induced muscle loading is influenced by the cur-
rent intensity, current frequency, and waveform [12] [14]. ES with low frequency
direct current is commonly used in electrical stimulation therapy [14]. However,
it has been suggested that ES with low frequency direct current cannot elicit
muscle contraction in the deep portion of the limb due to its low conductivity
[11]. Slow fiber muscles locate in the deep portion of the extremities and the
trunk mainly, and fast muscles locate in the superficial portion [15]. Deep por-
tion of muscles have an important muscle function, e.g., joint stability and
maintaining posture [16]. Our previous study suggested that middle frequency
electrical stimulation could induce strong contraction to skeletal muscle located
deep portion of calf muscles compared with low frequency electrical stimulation
[13]. Therefore, ES with middle frequency has a potential to be the effective in-
tervention for deep muscle strengthening.

In contrast, ES causes pain and discomfort [17]. Additionally, the levels of
pain and discomfort by ES depend on current intensity [17]. Therefore, the in-
tensity of ES could not increase for strong muscle contraction and it is necessary
to develop new methods for muscle strengthening without pain in the deep por-
tion of the extremities. As a solution of problem with ES for muscle strengthen-
ing, it has reported that ES combined voluntary eccentric contraction which an
agonist performs a voluntary concentric contraction against an electrically sti-
mulated antagonist was developed [18]. However, this eccentric contraction
training has some limitations [19]. The patients who have severely affected with
neuromuscular diseases might not be adequate the eccentric contraction because
they need to be able to generate agonist muscle forces to overcome the resistance
provided by the electrically stimulated antagonist. Additionally, this eccentric
contraction could not set the joint range and maintain a constant angular veloc-
ity to the joint. To improve those problems, we developed an ES with eccentric
contraction system. The purpose of this study was to investigate the acute re-
sponse whether eccentric contraction induced electrical stimulation training sys-
tem enhance muscle knee extension torque compared with typical electrical sti-

mulation method and to evaluate the long period training the effects.
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2. Materials and Methods
2.1. Participants

This study recruited twenty-two young untrained men (mean age + SD: 23 + 3
years, height: 176 + 7 cm, mass: 67 * 7 kg, respectively) who responded to an in-
vitation to participate in the acute response trial (Experiment 1) and seven
young untrained men (mean age + SD: 23 + 8 years, height: 175 + 9 cm, mass: 67
* 3 kg, respectively) who responded to an additional invitation to participate in
6-weeks training trial (Experiment 2). In the acute response trial, the subjects
were measured in the left limb. In the long period training trial, the subjects
were trained the both limbs. The subjects were free from known cardiovascular,
neurological, or orthopedic problems, volunteered to participate in the study.
The subjects were asked to avoid stimulants (e.g. alcohol, caffeine, chocolate)
and exercise on the test day, and did not perform any intense exercise 2 days
prior to the tests. The subjects were informed of all the procedures, purposes,
benefits, and risks of the study and signed an informed consent form, which was
approved by the Medical Ethical Committee of Kobe University in accordance
with the Declaration of Helsinki. We measured Experiment 1 from February in
2015 to April in 2015 and Experiment 2 from July in 2015 to September in 2015.

2.2. Electrical Stimulation with Eccentric Contraction System

Our eccentric contraction induced electrical stimulation system consists of two
parts: 1) a continuous passive movement (CPM) device for the knee joint; and 2)
a ES device with controller. The CPM device includes an actuator (EASMS6,
oriental motor, Tokyo, Japan) to generate knee movements with a set velocity
which can set freely and an exoskeleton to fix the limb. The exoskeleton was de-
signed to allow the knee joint ROM from 5° (fully extended) to 100° (flexed).
The ES device (ES-360, Ito, Tokyo, Japan) was used to stimulate the quadriceps
femoris muscle focus on vastus intermedius (VI) muscle only while the knee
joint was flexing; thus, VI muscle could perform eccentric contractions without
voluntary contraction. A controller was used to link the CPM and the ES device,
controlling the knee joint movement using the current intensity modulation
function and triggering the knee joint was in flexion only while (Figure 1).
During the training, the subject was required to maintain supine position and
the start position with hip and knee joint angles were fixed at 30° and 5°, respec-

tively.

2.3. ES Procedures

The effects in the acute response trial compared between before and after exer-
cise session (a single bout training) in Experiment 1. In addition, the long period
training trial compared between before the first training and after 48 h from the
last training day in Experiment 2. One burst of electrical stimulation was deli-
vered every 3 sec (time on: 1 sec and time off: 2 sec) for 1 min, followed by 5 min of

rest. Exercise which included six consecutive stimulation sessions was performed.
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(a) Start Position (d)

(c)

Electrical stimulator ~ Controller
B Y4 | BT

Figure 1. Apparatus for eccentric contraction induced ES exercise and its application. (a)
Schema of moving during ES exercise; (b) Electrical stimulator using ES; (c) Actuator
controller (1: start, 2: current up, 3: current down, 4: emergency stop); (d) Pictures of mov-
ing during ES exercise.

Eccentric contractions were induced at an angular velocity of 30°/sec as de-
scribed previously [18]. In this study, we set stimulated time at 1 second. It has
been suggested that quadriceps femoris muscle play a crucial role of flexion an-
gle from 0° to 30" on walking [20]. Additionally, VI muscle is crucial to the dy-
namic stability control and may make the greatest contribution to knee exten-
sion during dynamic contractions [21] [22]. To stimulate at flexion angle from
0° to 30°, we set stimulated time at 1 sec. The electrical stimulation (carrier fre-
quency: 2500 Hz; and burst modulated frequency: 100 Hz) was delivered through
a pair of 9 x 5 cm gelcoated electrodes attached to the region of the VI muscle
belly following described [23].

2.4. Torque Assessment with ES

At first, isometric knee extension torque was recorded at MVC using Cybex
(CYBEX NORM, CYBEX Division of LUMEX, New York, USA) set at 0°/sec
angular velocity as the subjects sat strapped a chair. Subjects completed 3 max-
imal isometric repetitions of the dominant limb for 10 sec at 5° of knee flexion
(full knee extension, 0°) to match the knee flexion angle of start position. Each
maximal isometric repetition was followed by a 3 min rest interval. During vo-
luntary contractions, participants were encouraged verbally and received visual
feedback during each repetition. The greatest peak torque achieved was deter-
mined as the maximal voluntary contraction torque. After determined MVC
force, the current intensity determined. Current intensity was increased gradu-
ally and was determined as the subject’s maximum tolerance current level, but

no more than 80 mA, with the system start position; the mean value was 49.5 +
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5.3 mA. Maximal tolerated intensity was identified as the intensity of stimulation
received when the subject said that he could no longer tolerate an increase in in-
tensity. After the intolerance current level set, we set the current intensity in-
duced 30% MVC force considered comfortable and safety in the present study.
The quadriceps muscle torque of maximum voluntary contraction was shown 97
+ 9 N-m. The quadriceps muscle torque of the ES was shown 37 + 4 N-m, and

confirmed that the intensity of ES was set 30% MVC force approximately.

2.5. Muscle Thickness with Exercise

While subjects reclined on the training system for the assigned posture with start
position, the thickness of the VI muscle was measured with an ultrasound image
device with 9 MHz linear transducer (EUB-415, HITACHI medico, Tokyo, Ja-
pan) at rest (REST), at MVC, and at stimulated electrically (ES) respectively.
Seven healthy untrained men were recruited for the reliability analysis. The in-
traclass correlation coefficients (ICC) for the test-retest reliability of the muscle
thickness measurements were 0.991 (95% CI 0.971 - 0.996) for the vastus inter-
medius; these results indicated a high degree of reproducibility in measuring

muscle thickness of these muscles.

2.6. Torque Assessment with Exercise

In order to evaluate acute response with the developed training system, a dyna-
mometer (GT-30, OG giken, Okayama, Japan), which was incorporated in de-
veloped training system as to adhere the front part of the ankle, was used to
measure at MVC, during peak flexion torque at with (ES + ECC) and without
training system (ES).

2.7.Pain Evaluation

To evaluation of pain during using training system, NRS (Numeric Rating Scale)
scores was compared between rest condition (REST), ES with (ES + ECC), and
without training system (ES). Additionally, to evaluate the subjects intolerance
current, NRS was compared between the current intensity was 10% down from
30% MVC force (20% MVC), 30% MVC (30% MVC), and 10% up (40% MVC).
For the NRS, the pain intensity was rated on a numerical scale from 0 to 10 (0 =
no pain and 10 = worst pain imaginable). The electrocardiogram (ECG) signals
were obtained from a portable ECG recorder (Check My Heart, Daily Care Bio-
Medical, Chungli, Taiwan) and transferred to a computer loaded with heart rate
variability (HRV) analysis software. HRV sampling frequency is 250 samples/sec
and measured for 5 min. The two components of power of the R-R Interval
(RRI: ms-ms), low frequency (LF: 0.04 - 0.15 Hz) and high frequency (HF: 0.15 -
0.4 Hz), were calculated. The participants were allowed to set supine position
comfortably on a training system in a quiet environment for 5 min, as a rest
condition. Then, the record of the ECG signal for HRV analysis started. LF/HF
ratio was measured at rest (REST), at ES, and at stimulated electrically (ES +
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ECC) respectively. To measure the change of HRV during training, we set the

last training period for 5 min.

2.8. Training Protocol with Electrical Stimulation with Eccentric
Contraction Training System

The previous studies have suggested that it was necessary to induce muscle
strengthening at least 50% MVC [24] [25]. In addition, the pain was depended
on current intensity [26]. Therefore, in the long period training trial, the current
intensity was set at 50% MV C with eccentric contraction induced electrical sti-
mulation (current intensity: 36 + 7 mA, NRS: 5 + 1). The subjects were trained
with training system on the right limb and only ES training on the left, three
times per week for 6 weeks following the previous study [18]. Pre and post
training, subjects were measured thickness of VI muscle and maximum knee ex-
tension torque of the both limbs. Before starting first of the training and after 48
h from last training, subjects reclined supine position and the thickness of the VI
muscle was measured with an ultrasound image device with 9 MHz linear trans-
ducer. The captured images were measured using the Image J software (NIH,
Bethesda, MD, USA). The values pre and post training of the VI muscle were
used to calculate the change value of thickness. After measured the thickness of
the muscles, isometric knee extension torque was measured at maximum knee
extension torque using Cybex (CYBEX NORM, CYBEX Division of LUMEX) set at
0°/sec angular velocity as the subjects sat strapped a chair. Subjects completed
maximal isometric repetition of the right and left limbs for 10 sec at 60° of knee
flexion (full knee extension, 0°) respectively. Each maximal isometric repetition
was followed by a 3 min rest interval. During voluntary contractions, subjects
were encouraged verbally and received visual feedback during each repetition.
The greatest peak torque achieved was determined as the maximal knee exten-
sion torque. The values of pre (right limb: Pre-ES, left limb: Pre-ES + ECC) and
post (right limb: Post-ES, left limb: Post-ES + ECC) torques were compared be-

tween pre and post, right and left limb, respectively.

2.9. Data Analysis

Data were presented as mean + SD. In the acute response trial, the thickness of
the VI muscle and quadriceps muscle torque, LF/HF measures were obtained for
subjects with one-way repeated measures analysis of variance (ANOVA). When
a significant difference was found post hoc comparisons were performed using a
Bonferroni correction. In the long period training trial of isometric knee exten-
sion torque compared pre and post training, differences were assessed by two-way
analysis of variance (ANOVA). The Tukey-Kramer post-hoc test was performed
if the two-way ANOVA indicated a significant difference. Student’s t-test was
performed to compare the VI muscle thickness compared pre and post training.
Statistical significance was set at P < 0.05. To achieve a significant difference at a

= 0.05 and with 80% power, the necessary and sufficient n was calculated using
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the mean and SD from a pilot study involving similar experimental groups and

from a previous study on the effects of muscle thickness [19].

3. Results

3.1. Experiment 1

3.1.1. The Thickness of the Vastus Intermedius Muscle

The thickness of the VI muscle was thicker in the MVC (P < 0.05) and the ES (P

< 0.05) than in the REST condition (Figure 2). In addition, there were no signif-
icant differences between the MVC and the ES.

3.1.2. The Thickness of the Vastus Intermedius Muscle
The quadriceps muscle torque of MVC was higher than in the ES and the ES +
ECC (Figure 3). Whereas, the quadriceps muscle torque of the ES + ECC was
higher than the ES, and was approximately 69% MVC force.

*

The thickness of VI (cm)

REST MvC ES

Figure 2. The muscle thickness of vastus intermedius muscle using ultrasound image in
the acute response trail at the rest (REST), MVC, and during ES (ES). The thickness is
measured and is presented as the mean + SD. *indicate significant difference compared to
REST at P < 0.05.

120 »

80 =

40 = T

Quadriceps muscle torque (N-m)

0 = v
MvC NMES NMES+ECC

Figure 3. The quadriceps muscle torque with MVC, ES, and eccentric contraction in-
duced ES (ES + ECC) in acute response trial. The quadriceps muscle torque is presented
as the mean + SD. * and 1 indicate significant difference compared to MVC and ES, re-
spectively, at P < 0.05.
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3.1.3. Numeric Rating Scale (NRS) Related Increased Current Intensity

The NRS was higher in the 30% MVC force trial than in the 10% down trial in
which 10% current down from the current of 30% MVC force was used, and lower
than the 10% current up trial in which 10% current up from the current 30%
MVC force was used (Figure 4). Therefore, our results suggested that 30% MVC
force induced the current intensity would be suggested maximum tolerance cur-

rent level in the present study.

3.1.4. The Changes in the LF/HF Ratio of HRV

The LF/HF ratio of HRV in the ES was higher than that in the REST (Figure 5).
Whereas, there were no significant differences in the LF/HF ratio of HRV be-
tween the ES and the ES + ECC.

10 *1.

Numetric Rating Scale

20%MVC 30%MVC 40%MVC

Figure 4. Numetric rating score (NRS) with ES of maximum tolerance current (10% up),
the current induced 30% MVC force (30% MVC), and the current 10% down from 30%
MVC force (10% down). The subject’s maximum tolerance current level was identified as
the intensity of stimulation received when the subject said that he could no longer tole-
rate an increase in intensity. NRS is presented as the mean + SD. * and 1 indicate signifi-
cant difference compared to the current 10%down from 30%MVC force and 30% MVC
force, respectively, at P < 0.05.

109

Numetric Rating Scale

REST ES ES+ECC

Figure 5. Numetric rating score (NRS) with ES (ES) and eccentric contraction induced
ES (ES + ECC) and rest condition (REST). NRS is presented as the mean + SD. * indicate
significant difference compared to REST at P < 0.05.
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3.1.5. Numeric Rating Scale (NRS) of ES with Eccentric Contraction

The NRS score in the ES and the ES + ECC was higher than that in the REST
(Figure 6). Additionally, there were no significant differences between the ES and
the ES + ECC trials.

3.2. Experiment 2

The Effects of ES with Eccentric Contraction for Long Period Training
The change value of VI muscle thickness in the ES + ECC after 6 weeks training

was higher than in the ES (Figure 7). There were no significant differences knee

2w *
|
9
E
I |
I
i
3
o
0
REST ES ES+ECC

Figure 6. The changes in the LE/HF ratio of HRV at the rest (REST) and during ES (ES)
and eccentric contraction induced ES training (ES + ECC). The ECG signal was recorded
for heart rate variability (HRV). Frequency fluctuations of HRV were calculated from
HRV and identified in the range of 0.04 - 0.15 Hz (low frequency, LF) and high frequency
(HF) fluctuations in the range of 0.15 - 0.4 Hz. The LF/HF ratio of HRV was calculated as
the ratio relative the LF and HF. The LF/HF ratio is presented as the mean + SD. * indi-
cate significant difference compared to REST at P < 0.05.

0.2 =

0.1 =

Changes of VI thickness (cm)

ES ES+ECC

Figure 7. The muscle thickness of vastus intermedius muscle using ultrasound image in
the long period training trial. The changed values after training for 6 weeks are shown in
the only ES (ES) and ES with eccentric contraction system (ES + ECC). The thickness is
measured and is presented as the mean + SD. # indicate significant difference compared
to ESat P < 0.05.
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extension torque between Pre-ES and Pre-ES + ECC (Figure 8). However, the
knee extension torque of the Post-ES + ECC was higher than the Pre-ES + ECC.
Additionally, the Post-ES + ECC was higher than the Post-ES. In contrast, there

were no significant differences between the Pre- and the Post-ES.

4. Discussion

The main finding of the present study is the promotional effects eccentric con-
traction training using the training system synchronized ES on the enhancement
of loaded muscle torque without enhancing the pain and discomfort induced ES.
In addition, eccentric contraction induced ES for 6 weeks training was effective
on muscle strengthening. In contrast, the only ES training failed on muscle streng-
thening. Therefore, our findings suggest that eccentric contraction induced ES
might be not only more effective training for muscle strengthening than only ES
training, but also available to avoid the increases of pain and discomfort induced
by high intensity electrical stimulations which are usually selected to cause
strong muscle contraction.

The present study demonstrated the increases of thickness of VI during ES as
well as that during MVC in Experiment 1. Recently, ES with middle frequency
burst-modulated alternating current has also been used to stimulate skeletal
muscles, as well as low frequency direct current [14]. Petrofsky et al reported
that middle frequency alternating current has higher conductivity than low fre-
quency direct current [11]. We have shown that ES with middle frequency
burst-modulated alternating current elicited muscle contraction in the deep
muscle of rat hindlimb [13]. In the present study, the ES with middle frequency
burst-modulated alternating current increased the thickness of VI. Therefore, it
is suggested that ES with middle frequency burst-modulated alternating current

could be induce effective contraction on deep muscle.

5m
e *
E; t
= a
£
Z

s 44
<2
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® L
3}

(2]

=}

g 3
»

o

[}
Q

=
°

g
g 0

Pre Post ES Pre Post ES+ECC

Figure 8. The quadriceps muscle torque ES and eccentric contraction induced ES in the
long period training trail. The values of pre (right limb: Pre-ES, left limb: Pre-ES + ECC)
and post (right limb: Post-ES, left limb: Post-ES + ECC) torques were compared between
pre and post, right and left limb, respectively. The quadriceps muscle torque is presented
as the mean + SD. * and t indicate significant difference compared to Post-ES and Pre-ES
+ ECC, respectively, at P < 0.05.
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Our results showed that the muscle torque of the ES + ECC was shown ap-
proximately 69% MVC force although that of ES alone was shown 30% MVC
force in the experiment 1 In the present study, we have developed the ES with
eccentric contraction system from two points of view. First point was to enhance
the promotional effects of muscle strengthening by using eccentric contraction
system. The principle of overload is generally recognized as fundamental to the
strengthening process, meaning that when the target muscle was loaded with re-
sistance training, the muscle will adapt to become able to enhance the effects of
training involving physiological changes e.g. muscle hypertrophy or neural adap-
tations following increased muscle loading [19] [27]. It has been suggested that
eccentric contraction exercise could enhance the loading to target muscle in
comparison with isometric and concentric contraction [28]. The results of present
study showed that the muscle loading with ES was increased by using eccentric
contraction system. Therefore, it has been suggested that ES with eccentric con-
traction system in this study would be effective for enhancement the effect of ES
alone, which lead to muscle strengthening.

Our results (Figure 4) showed that 30% MVC force was nearly tolerance max-
imum current intensity for training. However, the muscle loading need at least
50% MVC force to induce muscle hypertrophy for the healthy subjects [24]. In
contrast, muscle loading induced electrical stimulation could also be enhanced
by increasing electrical current intensity. However, the increase of pain and dis-
comfort level depends on current intensity during electrical stimulation. It has
been reported that some subjects complained severe pain with electrical stimula-
tion for muscle strengthening [29]. This pain could be so uncomfortable that
many subjects prefer not using this modality even though there was good thera-
peutic [29]. Thus, current intensity which was set for ES must be considered a
balance between tolerance pain and maximum muscle loading. To suppress in-
creased severe pain and discomfort level was our second point. In the present
study, the results of NRS were no significant differences between ES and eccen-
tric contraction induced ES at current intensity of 30% MVC. Additionally, the
results of LE/HF ratio were no significant differences between ES and eccentric
contraction induced ES trial. Heart rate variability (HRV) has been used as a
biomarker of autonomic nervous system function. HRV is a reliable method to
obtain information on sympathetic and parasympathetic contributions to heart
rate, and several studies have shown that pain increases sympathetic activity [30]
[31]. Frequency fluctuations of HRV in the range of LF are considered to be
markers of sympathetic and parasympathetic nerve activity, and HF fluctuations
are considered markers of parasympathetic nerve activity [30] [31]. Additionally,
the LF/HF ratio is considered an index of sympathetic nerve activity and as an
index of pain and discomfort due to activated sympathetic nerve following in-
creased pain and discomfort level [31] [32]. Therefore, in the present study, the
results of LF/HF were suggested that the pain and discomfort induced ES could
not be enhanced by eccentric contraction induced ES. It has been suggested that

nociceptor on the skeletal muscle which was a receptor detected nociceptive sti-
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mulus, e.g. electrical stimulation and muscle stretch located fascia mainly. The
nociceptor was related muscle pain and discomfort. In addition, a high-threshold
mechanical receptor, which was one of a nociceptor, related the muscle extension
[33]. Whereas, high-threshold mechanical receptor detects by muscle to over-
stretching [34]. In the present study, quadriceps femoris muscle would not be
overstretched because the knee angle was moved at flexion angle from 5° to 30°.
Therefore, ES with eccentric contraction system was not enhanced the intensity
of pain and discomfort induced by ES.

The results of present study showed that ES with middle frequency could be
induced effective muscle contraction on deep muscle, and promotional effect by
ES with eccentric contraction system was found in the VI muscle thickness after
6 weeks. In contrast, the only ES training failed on muscle strengthening. The
results showed that although ES was induced muscle loading insufficiently for
muscle strengthening, ES with eccentric contraction system was induced the
muscle loading sufficiently for muscle strengthening at the same time as sup-
pressing increased current intensity. Therefore, it has been suggested that eccen-
tric contraction induced ES would lead to muscle strengthening without sever
pain and discomfort even if using only ES induced insufficient muscle loading
for muscle strengthening.

The present study has been conducted with limitations. First, the present
study was conducted with the healthy men. Therefore, it is unclear that the re-
sults of the present study apply the neuromuscular patients, disuse atrophy of
the lower limbs of patients, and loss of skeletal muscle mass induced during ag-
ing (sarcopenia). Second, the protocol such as current intensity and angular ve-
locity is unknown in effective therapy using eccentric contraction for various pa-

tients. Therefore, we plan to perform further studies to answer to the question.

5. Conclusion

Eccentric contraction induced ES enhanced muscle torque in the quadriceps fe-
moris muscle in comparison to ES alone. Additionally, eccentric contraction in-
duced ES did not increase pain and discomfort. Moreover, eccentric contraction
induced ES for 6 weeks training trial showed to be effective for muscle strengthen-
ing. These results suggest that eccentric contraction induced ES would have the

potential to become an effective intervention to promote muscle strengthening.
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Abstract

Introduction: Health care associated infections (HAIs) are likely to be the
most common complication of hospital care. World Health Organization (WHO)
estimates these infections to occur among 7% - 12% of the hospitalized pa-
tients globally, with more than 1.4 million people suffering from infectious
complications acquired in the hospital at any time. Keeping this in mind, the
present study was conducted to delineate the level of knowledge, attitudes,
and practices (KAP) for the use of proper disinfection procedures among the
final year undergraduate medical students in a tertiary care hospital and teach-
ing institute. Methodology: Present study was conducted at Government
Medical College, Surat, a tertiary care hospital and teaching institute. The par-
ticipants who gave consent were provided with a pre-tested questionnaire that
included several questions on knowledge attitude and practices on hospital
acquired infections and its control practices. Analysis of the answers was done
based on KAP score. Result: 80 students who consented were included in the
study. 75% of the study population had correct knowledge about the most
common health care associated infections (HAIs), being infection of venous
access, urinary tract infection, respiratory infections and surgical site infec-
tions, based on their current knowledge on hospital acquired infections. Ma-
jority of study participants agreed with the fact that the inappropriate applica-
tion of disinfection procedures increases the risk for a health care worker of
either acquiring or transmitting a HAI from/to a patient. >90% participants
had a good attitude towards risk of getting or transmitting any infectious dis-
ease by a Health care worker (HCW) while working and the utility of the ap-
plication of disinfection procedures during work would reduce the rates of
HALI Practices of the students towards disinfection during performance of
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certain medical procedures ranged from 10% to 88% of the times showing
poor practices of the medical students in following disinfection practices. Con-
clusion: In the present study the knowledge of medical students for the most
common cause of hospital acquired infection was satisfactory. The overall at-
titude of the students was satisfactory as the mean score was 8. The practices
of the students for the application of disinfection during performance of cer-
tain medical procedures were also satisfactory, although time to time training
and tutorials of these students can help in increasing their knowledge, attitude
and practices.

Keywords

Hospital Acquired Infection, Medical Students, Knowledge Attitude and
Practices (KAP) Score

1. Introduction

Healthcare associated infection, alternatively also called “hospital acquired infec-
tion” (HAI), or “nosocomial infection” refers to the infection occurring in pa-
tients after admission at the hospital for a reason other than that infection; an
infection that was neither present nor incubating at the time of admission. This
includes infections acquired in the hospital but appearing during hospital stay or
after discharge, and also occupational infections among staff of the facility [1]
[2] [3]. As a general timeline, infections occurring more than 48 hours after ad-
mission are usually considered hospital acquired. The Hospital Infection Society
of India (HISI) finds the latter justified in the Indian scenario, as most of the
time it is difficult to make out whether an infection was acquired outside the
hospital or inside a specific healthcare set-up [4]. HAIs are likely to be the most
common complication of hospital care. World Health Organization (WHO) es-
timates these infections to occur among 7% - 12% of the hospitalized patients
globally, with more than 1.4 million people suffering from infectious complica-
tions acquired in the hospital at any time [1] [2] [5]. Moreover, the burden of
HAISs is higher in developing countries [6]. In 2007, the INICC conducted a pros-
pective surveillance in 7 Indian cities to determine the rate of HAL. An overall
HALI incidence rate of 4.4% corresponding to 9.06 infections per 1000 ICU-days
was reported [7]. Lately, there are increasing reports from different parts of the
country revealing varying HAI incidence rates across various healthcare setups.
HAIs account for major causes of death, functional disability, emotional suffer-
ing and economic burden among the hospitalized patients [2] [3]. The increased
length of stay for infected patients is the greatest contributor to cost. The increased
use of drugs, the need for isolation, and the use of additional laboratory and
other diagnostic studies also contribute to costs. In India, the extravagant use of
antibiotics and antibiotic resistance adds to the expenditure as well as mortality

following HAI [8]. Additionally, in India, infections due to multi drug resistant
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organisms increase mortality and also warrant the use of high end antibiotics
like Carbapenems and new generation Tetracyclines which increase the health
care expenditure [3].

Keeping the above aspects in mind, the present study was conducted to deli-
neate the level of knowledge, attitudes, and practices for the use of proper disin-
fection procedures among the final year undergraduate medical students in a
tertiary care hospital and teaching institute. The students regularly attended the
in-patient and out-patient clinics along with operation theatres, so assessment of

their knowledge, attitudes, and practices for HAI is of crucial importance.

2. Material and Method

The present study is a cross sectional study that included 80 final years under
graduate medical students, regularly attending in-patient and out-patient clinics
along with operation theatres. It was conducted at tertiary care hospital and
teaching institute after ethical clearance. Selection was done on random basis
and identities of participants were decoded. The participants who gave consent
were provided with a pre-tested questionnaire that included several questions on
knowledge attitude and practices on hospital infection prevention, skin disinfec-
tion and hand washing, waste disposal, universal precautions and nosocomial
infection. Each of the fields was given a score, the KAP score. The questionnaire
was designed such that it included a series of items divided in the following sec-
tions: 1) knowledge about the frequency of the HAIs and the disinfection prac-
tices; 2) attitudes towards the utility of guidelines/protocols and perception of
the risks of acquiring or transmitting HAIs; 3) practices and behaviors with an-
tisepsis/disinfection procedures; and 4) sources most frequently used to receive
up-to-date information about disinfection procedures. The series of answers to
the knowledge questions about disinfection practices were arranged by asking
respondents to indicate their agreement with true or false statements on a three
point Likert-type scale (ie., agrees, uncertain, disagrees), and about the fre-
quency of the HAIs were as “yes” and “no” choices. Responses to all items as-
sessing attitudes evaluated relating level of agreement or disagreement were on a
ten-point Likert-type scale ranging from “1” to “10”, meaning “not likely at all”
and “very likely” for the two questions on the perceived risk for a HCW to ac-
quire from a patient or to transmit to a patient a HAI and for the question to-
wards the utility of guidelines/protocols for disinfection procedures meaning
“not at all” and “very much”. Responses to all items assessing the behaviors eva-
luated whether or not they perform antisepsis/disinfection procedures in their
working activity were as “yes” and “no” choices. All data were added to Micro-

soft excel sheet and percentages of different responses were analyzed.

3. Result

80 participants who consented were included in the study. All the participants

were final year MBBS undergraduate students who regularly attended the in-patient
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and out-patient clinics along with operation theatres as a part of their clinical
teaching curriculum. In the present study, participants had good knowledge and
attitude but poor practices towards different aspects of hospital acquired infec-
tions and its control measures.

75% (60 participants) of the study population had correct knowledge about
the most common HAIs being infection of venous access, urinary tract infection,
respiratory infections and surgical site infections, based on their current know-
ledge on hospital acquired infections as shown in Table 1. Also about 94% of the
participants correctly knew that the inappropriate application of disinfection
procedures increases the risk for a health care worker of either acquiring or trans-
mitting a HAI from/to a patient.

The percentage of the respondents who had appropriate knowledge on the
questions of most common HAIs and inappropriate disinfection causing HAI is
shown in Table 1.

Attitudes towards the utility of guidelines/protocols for disinfection proce-
dures, measured on a ten-point Likert scale ranging from 1 to 10 with higher
scores indicating more positive attitudes as shown in Table 2. Responses from
the study participants showed a mean score of 7 with the highest score being 9
and the lowest being 4. >90% participants had a good attitude towards risk of
getting or transmitting any infectious disease by a HCW while working and the
utility of the application of disinfection procedures during work would reduce
the rates of HAIL

Practices of the students towards disinfection during performance of certain
medical procedures ranged from 10% to 88% of the times (Table 3). >80% of
the participants practiced disinfection procedures during certain medical pro-
cedures like insertion venous catheter, urethral catheter and intramuscular or intra-

venous injections. <50% answered that they followed disinfection procedures

Table 1. Table showing the percentage of the respondents who had appropriate know-
ledge on the questions of most common HAIs and inappropriate disinfection causing
HAL

% of favourable

Sr. No Question
response

1 Which of the following are the most common HAIs? 75

2 Disinfectant should be applied for the specified contact time. 88

3 Inappropriate disinfection procedures increase the risk of getting HAIs o4
among hospitalized patients.

4 Inappropriate disinfection procedures increase the risk of transmitting 61
HAIs among hospitalized patients.

5 Inappropriate disinfection procedures increase the risk of getting HAIs 50
among healthcare workers (HCWs).

p Inappropriate disinfection procedures increase the risk of transmitting 66
HAIs among HCWs.

; Alcohol-based hand-rubbing should be performed before manipulation of 4
intravenous devices or insertion of a urethral catheter.
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Table 2. Table showing the attitude of the study population towards risk of the HCW in
getting/transmitting an infectious disease while working and that application of disinfec-
tion procedures can reduce the HAI rates.

. % of respondents with
Sr. No. Question
answer scale > 5

How do you perceive your risk of getting an infectious disease

1 94
while working?

) How do you perceive your risk of transmitting an infectious 9
disease while working?

3 How would you rate the utility of the application of 95

guidelines/procedures for disinfection procedures?

Table 3. Table showing the percentage frequency of disinfection practices followed dur-
ing certain medical procedures.

Percentage (%) disinfection

Sr. No. Question was performed
1 Peripheral venous catheterization 86
2 Insertion of a urethral catheter 88
3 Biopsy 31
4 Surgical wound care 64
5 Intramuscular injection 81
6 Blood culture collection 25
7 Intravenous injection 81
8 Intra-arterial injection 10
9 Skin contamination with body fluids 81
10 Contamination of working surfaces with body fluids 65

during certain medical procedures like while taking a biopsy, blood culture col-
lection or during an intra-arterial injection. However the significant difference
in the answers might be due to the fact that the study population in majority had
final year MBBS undergraduate students who might not have performed/attended
such above mentioned procedures. Analysis of Knowledge, Attitudes and prac-
tices are shown in Figure 1 & Figure 2 of hospital acquired infections and in-
fection control practices as answered by final year MBBS undergraduate stu-
dents.

Figure 1 & Figure 2 shows that KAP analysis of students revels that attitude
towards infection control practices found well but because lack of knowledge,
people are not able to perform right practices. Regular trainings and efforts to

increase knowledge may work for control of health care associated infections.

4. Discussion

Health care-associated infections have long been recognized as crucial fac-

tors undermining the quality and outcomes of health care delivery. Developing
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Figure 1. Average percentage of knowledge, attitude and practice in certain aspects of
hospital acquired infections and infection control practices as answered by final year
MBBS undergraduate students.

100%
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70%
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40%

Percentage

30%

20%
10%
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Knowledge Attitude Practice
B Favourable 73% 94% 61%

B Unfavourable 27% 6% 39%

Figure 2. Average percentage of favorable and unfavorable responses in knowledge, atti-
tude and practice towards certain aspects of hospital acquired infections and infection
control practices as answered by final year MBBS undergraduate students.

countries were reported to have up to 20 times the risk of contracting a noso-
comial infection compared to developed countries. Thus, spread of infection
serves as a major source of worry for managers in health care practice, particu-
larly in developing countries where the health care system is already overstretched
[4].

Although infection is most prevalent in patients upon admission, health care
workers also act as potential vectors for pathogenic agents. Hospitals provide a
favorable transmission pathway for the spread of nosocomial infections, owing
partly to poor infection control practices among health workers on one hand

and overcrowding of patients in most clinical settings on the other.
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In the present study, participants had good knowledge and attitude but poor
practices towards different aspects of hospital acquired infections and its control
measures. 75% of the participants stated that the infection of venous access, uri-
nary & respiratory tract infections and infection of surgical site as the most
common HAIs based on their current knowledge. Attitude towards the utility of
guidelines/protocols for disinfection procedures was measured on a ten-point
Likert scale ranging from 1 to 10 with higher scores indicating more positive at-
titudes. The overall attitude of the students was satisfactory as >90% agreed for
risk of getting or transmitting any infectious disease by a HCW while working
and the utility of the application of disinfection procedures during work would
reduce the rates of HAIL The practices of the students for the application of dis-
infection during performance of certain medical procedures were unsatisfactory.
The practice of disinfection was inadequately followed during certain procedures
like intra-arterial injections, biopsy, blood culture collection, etc. The reason be-
hind this might be that the students were undergraduate final year medical stu-
dents so they might not have attended or been able to do such procedures more
frequently.

Information regarding to the newer/changing guidelines for infection control
practices was given to the medical students by either their colleagues or other
medical journals. <50% participants had attended any educational course for
disinfection during the past one year. So it would be better if there are regular
workshops/seminars for the learning of newer guidelines as these undergraduate
students are the future of clinical practice that need to be kept updated for their
infection control practices.

Few studies have reported on medical student’s knowledge of standard pre-
cautions or sharp injuries [9] [10] [11] and noted a lack of adequate knowledge
of standard precautions [11]. In one survey, 27% of participating health care
students reported insufficient emphasis on teaching about infection control in
their training program, whilst 50% expressed a desire for more emphasis on iso-
lation procedures during their training [12]. Certain other studies [13] [14] have
detected poor adherence to universal precautions among multiple health care
providers. In a study by, it was found the general medical practitioners and
medical college students had sufficient knowledge and attitude towards noso-
comial infections. Also both these groups practice approach towards nosocomial

infection was not sufficient and it needs improvement [15].

5. Limitation

As the study population contained majority of under graduate final year medical
students, they lacked the practice of performing certain procedures like intra ar-
terial injection, biopsy, blood culture collection, etc. Also if other health care
workers like resident doctors or nursing staff would have been included in the
study, it would have given more informative results as these HCWs are the ones

who are in constant contact with the patients.
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