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ABSTRACT

In this study, it was investigated that how the abdominal ultrasonography (USG) affect the ECG (for heart rate)
and EMG data and whether it would be possible to apply both ECG and EMG simultaneously while applying
USG. ECG and EMG data were recorded at least 15 seconds before and after 10 seconds during the USG
procedure in 12 dogs. The biosignal recording system was set for 1 channel EMG and 1 channel ECG. The
common mode rejection ratio of the amplifiers was over 85 dB. The transmission band of the EMG amplifier
was set to 5-450 Hz according to the amplitude analysis, and the transmission band of the ECG amplifier was set
to 0.5-40 Hz for heart rate detection. The system's 12-bit Analog digital converters were averaged 128 consecutive
sampling data and transferred to the Android 7.0-based recording system. Then datas were processed with Matlab
2018 analysis program. As a result, when the EMG and ECG datas of the dogs included in the study were
evaluated, a significant contraction was detected in the affected muscle groups, also heart rates increased
statistically. However, it was observed that such applications did not cause any complications that would affect
the patient's health.
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Abdominal Ultrasonografi Uygulanan Képeklerde EKG ve EMG Bulgularinin Degerlendirilmesi

(074

Bu ¢alismada, képeklerde uygulanan abdominal ultrasonografinin, es zamanl uygulanan EKG (kalp hizt icin) ve
EMG (kas kasilmast i¢in) verilerini ne sekilde etkiledigi arastirilmig, ayrica USG uygulanirken ayni anda hem EKG
hem de EMG uygulanmasinin her hangi bir komplikasyon olusturup olusturmayacaginin ortaya konulmas: da
amaclanmistir. Esaote My Lab Five VET marka renkli Doppler Ultrasonografi cihazi ve bu cihaza ait 5.0/8.0
MHz multi frekanslarinda tarama yapabilen mikrokonveksprob kullanilarak yapilan 12 kopekteki USG islemi
esnasinda en az 15 saniye 6ncesi ve 10 saniyesi sonrast EKG ve EMG verileri kayit altina alinarak degetlendirildi.
Biyosinyal kayit sistemi, 1 kanal EMG ve 1 kanal EKG verisi i¢in ayarlandi. Amplifikatorlerin ortak giiriiltiden
kurtulma orant 85 dB’in tizeri idi. EMG amplifikat6rinin gegirme bandi amplitid analizine uygun sekilde 5-450
Hz, EKG amplifikat6riinin gecirme bandi ise 0.5-40 Hz olarak ayarlandi. Sistemin 12-bit Analog dijital ¢eviricileri
128 kez ardigik 6rneklemenin ortalamasint alarak veriyi, Android 7.0 temelli kayit sistemine aktardi. Veriler daha
sonra Windows temelli bir bilgisayarda Matlab 2018 bilimsel analiz programu ile islendi. Sonug olarak calismaya
alinan koépeklerde EKG verileri degerlendirildiginde kalp hizinin istatistiksel olarak arttigt ayrica EMG sonuglatina
gore de etkilenen kas gruplarinda anlamli derecede kasilma saptandi. Ancak bu tiir uygulamalarin hastanin saglhigint
etkileyecek herhangi bir komplikasyona yol agmadigi gorildi.
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INTRODUCTION

Ultrasonography (USG) is the technique of examining
soft tissues with high frequency sound waves (Nyland
et al. 2002). With this method; the identification of
the abdominal pathologies, imaging, recording of the
images and taking biopsies can be applied by the
surgeons (Alkan 1999, Sindak and Biricik 2000).

Electrocardiography (ECG) is the recording of the
electrical signal that develops during the beating of
the heart muscle (Tilley 1979, Basoglu 1992), which
created by the action potentials that occur during the
contraction (depolarization) and  relaxation
(repolarization) of the heart. Electromyography
(EMG) is a technique that results from physiological
changes in muscle fibril membranes, develops,
records and analyzes myoelectric signals. Superficial
kinesiological EMG records signals from the targeted
muscle with electrodes adhered to the skin.
Superficial EMG focuses on exercise selection,
training, functional movements and neuromuscular
activation of muscles in postural positions.
Kinesiological EMG applications are used in
laboratory conditions to understand the contraction
patterns of the muscles, to measure the amount of
activation of the muscles, to evaluate the muscle
synergistic activation profile and to define the
formation of fatigue (Basmajian and De Luca 1985,
De Luca 1997, Cerrah et al. 2010).

In this study, the aim was emphasized to
determination of heart rate frequency via ECG
technique and analysis of muscle contraction by
quantitative processes by EMG during abdominal
USG examination in healthy dogs which were
handled to Afyon Kocatepe University (AKU)
Veterinary Faculty Animal Hospital. Also, to reveal
any complications that arises whether ECG and
EMG application at the same time concurrently while
applying USG.

MATERIAL and METHODS

The study was performed under the approval dated
numbered 49533702/16 of the local ethics committee
for animal experiments of Afyon Kocatepe
University, in Turkey.

The material of the study consisted of 12 dogs
between the ages of 1-9 who were brought to AKU
Veterinary ~ Faculty =~ Animal  Hospital  for
ovariohysterectomy, castration operation and general
examination. General examination was performed to
all dogs than after a 30-minute rest period; they were
taken to the USG room following the shaving of the
hair in the abdominal region.

USG, EMG and ECG Examinations

All dogs were placed in the lateral position and then
the mid part of the M. biceps femoris muscles was
clipped. After the skin was wiped, Ag / AgCl sticky
electrodes were parallelly placed to the muscle fibers.
The distance between two electrodes was 2 cm away
from. For the ECG, two electrodes were sticked to
both sides of the heart. After the EMG and ECG
recording system was connected, waited for 5 minutes
until the dog calmed down in this position. Later,
Hsaote My Lab Five VET color Dopplet
Ultrasonography device and a micro-convex probe
capable of scanning at 5.0 / 8.0 MHz muld
frequencies of this device were used at least 15
seconds before and 10 seconds after the abdominal
USG examination. These signals were used in data
analysis. The modular prototype device produced for
this study was used for ECG and EMG examinations
(Figure 1). The biosignal recording system was set for
1 channel EMG and 1 channel for ECG recording.
The common mode rejection ratio of the amplifiers
was higher than 85 dB. The transmission band of the
EMG and ECG amplifier were 5-450 Hz and 0.5-40
Hz respectively. 1000 Hz sampled signals transferred
to a Windows-based computer for analysis with the
Matlab 2018 (Mathworks, USA) software. Artifact
rejection and rms (root-mean-square) filters were
applied to the EMG signals. Then, the maximum
value of the first 5-second of the processed EMG; the
maximum value of the first 5-second of the processed
EMG before the USG probe touched the dog and the
maximum value of the 5-second of processed EMG
after the USG probe touched the dog (excluding the
I-second portion after touch) were used in the
statistics (Figure-1). Heart rates were calculated from
the same 5-second ECG segments as range (= max-
min) using QRS wave peaks. In this way, the data of
5-second intervals; rest, the probe was labeled before
and after touch.

Statistical Analysis

Descriptive statistics of the data obtained were
determined by determining the average and standard
deviation values. In dogs with abdominal USG,
statistical findings of heart rate were evaluated with
the ECG device by Student-t test. The EMG findings
detected in the same dogs were processed with the
Mann Whitney-U test and the data before and after
the examination were statistically revealed.

RESULTS

ECG Measurements

Variance analysis for repeated measurements was
used for evaluating the heart rate period statistics
(Geisser-Greenhoused correction was also applied).
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The periods of the heart rates after touching the
probe was reduced (p <0.01) when detecting by
duration (milliseconds). It means that number of
heart rates was significantly increased in 12 cases after
the probe touched. When the number of heart beats
taken 15 seconds before and 10 seconds after the
probe touched (Table 1, Figure 2).

EMG Measurements

According to the data obtained from the electrodes
placed on the M. biceps femoris of the study group dogs,
when the muscle activation values occurred 15
seconds before the probe was touched and 10
seconds after being touched, it was observed that the
muscle activation values increased statistically in ten
cases after the probe was touched (p <0,02) (Table 2,
Figure 3, Figure 4).

Figure 1. Prototype moduler ECG and EMG device.
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Figure 4. Raw EMG signal from a dog. P: USG probe touch artifact

Table 2. EMG Datas in Dogs
EMG (MikroVolt)

Table 1. Heart rate period in dogs
Heart Beat Period (ms)

Rest Before Touch After Touch Rest Before Touch After Touch
498 567 542 20 21 7
697 697 652 62 61 102
526 666 607 85 93 124
08 o 545 126 381 478
640 620 ) 118 147 165
505 661 517 153 173 146
519 601 54 267 362 770
679 673 676 51 53 58
679 753 538 30 29 39
1029 906 983 30 47 68
960 1005 958 434 651 1232
“01 681 ) 207 308 390

251



DISCUSSION and CONCLUSION

When faced with a live source of stress, the body
shows war or run away response due to the activation
of the sympathetic nervous system. As a result of the
physical and chemical changes in the body during the
war or run away response, the condition develops as
the acceleration of heartbeat, high blood pressure,
acceleration of breathing and sudden secretion of
adrenaline (Giigli 2001). Even if stress is experienced
for a short period of time, it could cause permanent
results in a short time such as tension and increased
heart rate (Kahn and Cooper 1993). In this study, the
results of the increase in heart rate following the
probe contact were formed in all dogs with ECG
accompanied by USG, and results consistent with the
findings of sudden cardiac increase in environmental
compliance were obtained.

Fear could be divided into two sections which are
called conditionally and unconditionally. Stimuli that
cause an unconditional fear response generate fear
without the creature's learning experience related to
these stimuli. In conditions of conditional fear, it is
now possible for the organism to emerge conditional
fear responses in the living as a result of the
temporal-spatial matching of a previously neutral
stimulus with an unconditional stimulus (such as
electric shock). The main reactions used in measuring
conditional fear used in the studies conducted are
freezing behavior, tachycardia and ultrasonic
vocalization (Borszcz 1995, Fendt and Fanselow
1999). In this study, USG application was accepted as
an external stimulus and although the sound and light
control was provided in the environment, following
the touching of both the supine position and a solid
material such as a probe to the abdominal muscles,
the heart responds to this situation, which will
increase the number of beats per minute.

EMG measurement results can be affected by many
factors. Unlike invasive needle or thin wire EMG,
where probes can be placed precisely in specific areas
of the muscle, SEMG shows the total signal of target
and nearby muscle activities. The formation of cross
talk from other active muscles caused by skin
movement is another problem. In addition, extensive
research has proven the importance and validity of
surface EMG measurements in humans (Bockstahler
et al. 2012). Expressed as the maximum average and
minimum average ratios to compare muscle activity
data, a lower Min-average ratio is a rather low
maximum activity value (indicative of less muscle
activity during the rest phase) or a significantly higher
average activity value (Zaneb et al. 2009). In this
study, surface EMG was used to measure muscle
activity during USG in dogs. Apart from these, the
extent to which stress and excitement factors will
affect muscle activation during the USG examination
of the dogs, and considering the external factors,

when we look at the EMG results obtained in 12
cases, it was determined that the amplitude showed
significant increases after the probe touch. As a result,
it was observed that the muscle contractions of the
dogs increased excessively in accordance with the
previous literature data (p <0.02).

As a result; portable ECG and EMG device provides
convenience to veterinary clinicians and academicians
due to its compact structure. It was concluded that
the device used in the study can be used safely in
dogs for neuromuscular diseases and in detecting
physiotherapy effectiveness above muscle activity.
When the ECG data of the dogs included in the study
were evaluated, the number of beats per minute was
statistically increased and quantitative data were casily
detected. In addition, according to the results of
EMG, significant contraction was determined in the
muscle groups, and in dogs, muscle contractions were
displayed graphically by EMG during USG. It has
been demonstrated that ECG and EMG
examinations performed simultaneously with USG
application can be easily applied in dogs. Thus, it is
thought that veterinarians will save time by applying
multiple advanced technical diagnostic methods at the
same time. In veterinary clinics, as the time spent in
both diagnosis and treatment lengthens, this creates a
stress factor on patients. For this reason, in our study,
multiple diagnosis methods were used simultaneously,
and the time spent in patients in veterinary clinics and
hospitals was shortened and thus, the stress factor on
patients was tried to be minimized. However, it was
also observed that the application of all three
diagnostic methods at the same time did not cause
any complications in affecting the patient's health.
Nevertheless, the determination of heart rate
especially with ECG and muscle contractions with
EMG will shed light on further researches.
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