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ABSTRACT

In this study, a direct observation was carried out on pregnant women in several months of
pregnancy by detecting fetal age, fetal length, fetal weight, and normal reactivity of fetal heart
beats on ultrasonography. Ultrasonography is a tool that applies the working principle of vibration
and waves to the world of health in which mechanical waves that require a medium to propagate.
The results showed that the condition of fetal age two to three months in early pregnancy, the
transducer on ultrasonography is difficult to detect the weight and length of the fetus. It is mainly
because the propagation medium is still tiny, but in conditions of fetal age at four to nine months,
the transducer on ultrasonography is able to detect the weight value and fetal length displayed on
the ultrasound monitor screen. Therefore, it can be concluded that the working principle of
mechanical waves in ultrasonography is one of the developments in physics in the world of
technology.
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INTRODUCTION

The development of science and technology is increasingly being used to obtain
convenience. As a result, the development of the IT has an impact on the advancement of various
aspects in human life. One aspect affected by the development of the IT is health. An example of
the application of the IT in health sector is the use of medical devices that use computer
applications, one of which is Ultrasonography (USG). Ultrasonography is a method of choice for
early diagnosis of Development Dysplasia of the Hip (DDH) in newborns and infants. It is simple
and noninvasive method for visualization of the hip. While treating the DDH, it gives possibility
for multiple performances and for monitoring (Pavel, 2013).

Ultrasonography is a medical examination procedure that utilizes the ultrasound waves.
Ultrasound waves themselves are sound waves with high frequencies of more than 20,000 cycles
per second (20 kHz). These inaudible human waves can be transmitted in the form of beams and
can be used for inspection of body network scanning. The ultrasound pulse type used for medical
examinations has a frequency range of 2 MHz to 10 MHz. The pulse duration is around 1 micron-
second and the pulse repeats around 1000 times per second. Whereas in physics, the term
“ultrasound” includes all acoustic energy with a frequency above the human hearing (20,000
Hertz), its general use in medical imaging involves a group of frequencies that are hundreds of
times higher.
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Ultrasonography could visualize structure the architectural details of soft tissues and
organs. The image produced in sonogram is created using a high-frequency sound wave and is
displayed as real-time slices of images similar to histological images. High-frequency sound wave
(20 MHz) is commonly used in the medical services for dermatological examination. This method
is known as dermatosonograpy, while 30-100 MHz was used for eye examination. However, such
high-frequency transducer is not available in most medical facilities. The most commonly
available transducer in medical facilities are 3-15 MHz transducers that used for obstetrical
examination and imaging of other internal organs (Fakhrul Ulum, et al 2017). Appearing in the
sonogram of a baby in her mother's womb, it shows the image of the head of a fetus in the womb.

The main benefits of ultrasound examination are non-ionizing radiation, able to distinguish
abnormalities / diseases that are solid or cystic, able to measure the volume of tumors or certain
organs such as the kidneys, ovaries and uterus. The diagnosis of tumor can be done by triple test
approach that is clinical, mammography, and aspiration cytology. Because mammography
facilities do not exist in all regions so ultrasonography (USG) can be used as an alternative. Tumor
detection through ultrasound image still has the disadvantage that some medical practitioners such
as radiology specialist still rely on visual observation in image reading so that only get subjective
result so as to make possible mistake in making the diagnosis. A good imaging must be followed
by a good image analysis process to obtain an accurate and informative diagnosis. Therefore, we
need a computer software system that can identify tumor effectively, quickly, and accurately (Fafi
Rahmah, 2018).

Performing diagnostic procedures or therapy can be done with the support of
ultrasonography (for example for biopsy or discharge). Usually use a handheld probe that is placed
on top of the patient and moved: aqueous gel ensures harmony between the patient and the probe
(Figure 1).
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Figure 1. Transducer Work Illustration
Source: prinsiptransduser.com

These reflected sound waves are recaptured by the transducer and passed to the ultrasonic
machine, which will calculate the distance of the reflecting network with the probe based on the
speed of sound in the network. Then, the ultrasonic machine displays the sound waves reflection
on the screen in the form of a signal. The results of the reflection (echo) of the waves are then
detected by a transducer which converts the acoustic waves to an electronic signal to be processed
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and displayed on a monitor screen with a greyish or black and white scale image. An ultrasound
monitor is a screen that is used to display images from computer data processing, while an
ultrasound machine is part of an ultrasound system whose function is to process data received in
waves. The ultrasound machine is the center of ultrasound control so that there are the same
components as the CPU on the computer, where the ultrasound works to convert waves into
images. The machine on ultrasound is used as a data processor.

The sound signal received by the transducer will be converted into an electrical signal and
will be sent to the machine. Computers convert electrical signals into image data and reconstruct
images, and the processed computer will be then displayed on the monitor. In ultrasound
equipment, the monitor screen is one of the media output from the image obtained after an
electrical signal from computer processing, and then the ultrasound results are printed with a
printer which is the media output of the image obtained from computer processing on ultrasound.

Some terms that we need to know in reading the results of USG (Dewi, 2020) include:

1.  GA (Gestational Age): shows the estimated gestational age measured based on the length of
the limbs, legs, or head diameter, and detects the development of fetal organs.

2.  GS (Gestational Sac): the size of the pregnancy sac, in the form of a black sphere. This
usually appears on the results of a first trimester ultrasound photo.

3. CRL (Crown Rump Length): is a measure of the distance from the head to the baby's feet. It
Is also commonly used by doctors to measure the fetus in the early trimester of pregnancy.

4.  BPD (Biparietal Diameter): is the size of the left and right temple which usually used to
measure the fetus in trimesters two or three.

5. FL (Femur Length): is a measure of the length of a baby's thighbone.

6. HC (Head Circumferential): is the size of the head circle.

7. AC (Abdominal Circumferential): is the size of the baby's stomach circumference and when
combined with BPD they will produce an estimated weight of the baby.

8.  FW (Fetal Weight): is the weight of the fetus in the womb.

9.  FHR (Fetal Heart Rate): is the baby's heart frequency.

10. LMP (Last Menstrual Period): is the count of the first days of the last menstrual period, and
usually used as a reference for the age of the fetus in the womb.

11. EDD (Estimated Delivery Date): is an estimated delivery based on the menstrual date. We
may be more familiar with the term HPL (Estimated Birth Day).

An indicator of ultrasound examination of fetal conditions is to determine the fetal heart rate
(FHR) in the uterus. Fetal heart rate is one measure that could determine the fetus in a healthy
condition or not alive, and the normal examination of the fetal heart rate using ultrasound
examination ranges from 120-160 beats per minute (bpm). The gestational age that can be detected
by the fetal heart rate (DJJ) through ultrasound recording is at 2 months of gestation (Arif, 2012).

RESEARCH METHODS

This study was conducted at the Mother Child Hospital (RSIA) Ananda Lubuk Linggau by
making direct observations on 20 patients with a classification of 7 patients at 1-3 months
gestation, 3 patients at 4-6 months gestation, and 10 patients at 7-9 months gestation. In early
pregnancy, most pregnant women are still in a normal condition (feeling happy), where this
condition also affects the fetus condition, except in some cases for example the release of blood
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spots during the pregnancy which shows weakness in the womb that can also negatively affect the
fetus. In the final months of pregnancy, the 7" month until birth, the fetal heart rate is increasing,
and this condition can be displayed on an ultrasound monitor. The scheme of how ultrasound works
can be seen in Figure 2.
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Figure 2. Ultrasonography Working Scheme
Source: Author’s Documentation

a. Ultrasound Transducer

Ultrasonic waves are produced and detected by equipment known as transducers. The transducer
on the ultrasound plane functions to convert electrical energy into ultrasound waves that cross the
patient’s body tissues. This transducer will also receive the reflected ultrasound waves and convert
them back into electrical energy. Antika (2017) states that the modality imaging process is started
with the pulse ultrasound waves transmitted into the patient then partially reflected ultrasound
wave or reflected by the body network creating echo received by the transducer. Inside the
transducer, a crystal is used to capture the reflected waves that are transmitted by the transducer.

The received wave is still in the form of an acoustic wave (reflection wave). Hence the function of
the crystal is to convert the wave into an electronic wave that can be read by a computer so that it
can be translated as an image or displayed on a CRT screen in the form of a greyish- or black and
white scale image display (Asriyanto, 2012).

b. Monitor, Machine, and Printer of Ultrasound

The ultrasound monitor is a screen that is used to display images from computer data processing,
while the ultrasound machine is a part of the ultrasound system where the function is to process
data received in waves. The ultrasound machine is the center of ultrasound control so that there
are the same components as the CPU on the computer, where the ultrasound works to convert
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waves into images. The machine on ultrasound is used as a data processor. The voice signal
received by the transducer will be converted into an electrical signal and will be sent to the
machine. Computers convert electrical signals into image data and reconstruct images. Then the
processed computer will be displayed on the monitor (Figure 3).

-

Figure 3. Ultrasonography Examination Process

RESULTS AND DISCUSSION

Ultrasound imaging exists in a variety of basic images, including the amplitude mode (A-
mode) explaining the process of the first reflection to occur as a pulse which was sent by the
transmitter. A-mode display illustrates the relationship of amplitude of body network depth (Fig.4).
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Figure 5. B-Mode Process
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The second, Brightness mode (B-mode) is a mode that the waves echo and amplitude as
colors. Color adjusts from amplitude (black, white, grey). This mode is used in sonography. In B-
mode ultrasonic, one array is linear of transducers simultaneously scanning an object through the
body that can be viewed as a two-dimensional image on the screen (Figure 5). The third is M-
mode (Motion mode), where the amplitude and frequency change from one to the XY axis. This
diagram is usually specific to heartbeats. This diagram is often seen with B-Mode. M-mode
ultrasound is used for certain uses in studying both normal and abnormal heart rate beats. Some
examples of ultrasound records categorized as having normal fetal heart rates can be seen from the
recording results of Mrs. Rahayu and Mrs. Rian as follows:
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Figure 8. USG Recording Result of Mrs. Rian
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Figure 9. Printed Result of USG Recording of Mrs. Rian

According to the result of ultrasound recordings from Mrs. Rahayu on Figure 6 and Figure
7 shown on the monitor screen and ultrasound printing, it is seen that the condition of the fetus is
good. This is observed from the normal fetal heart rate (FHR) about 137 bpm, the length of the
baby's thigh bone (FL) 7.53 cm, the baby's abdominal circumference (AC) 31.94 cm, the left and
right temple (8), 8 cm and estimated fetal weight (BPD.AC.FL) 2,998 grams at 35 weeks and 4
days fetal age. Whereas in Figure 8 and Figure 9 are the results of Ms. Rian's ultrasound recordings,
seen on the screen and the ultrasound print showing that the fetus is in good condition. This is
observed from the normal fetal heart rate (FHR) about 141 bpm, the length of the baby's thigh
bone (FL) 7.27 cm, the circumference of the baby's abdomen (AC) 33.55 cm, the left and right
temples (BPD) 9,08 cm and estimated fetal weight (BPD.AC.FL) 3,202 grams at 36 weeks and 6
days fetal age.

The following categories of DJJ wave abnormalities (DJJ values below 130 bpm and above
160 bpm) are characterized by an imbalance of the generated wave amplitude (not in rhythm).
Here are some observations of abnormalities in fetal heart rate we can see from the ultrasound
recording of Mrs. Yohana and Mrs. Ayu, as follows:
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Figure 10.Printed Result of USG Recording of Mrs. Yohana
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Figure 11.Printed Result of USG Recording of Mrs. Ayu

Figure 10 is the result of ultrasound recording of Ms. Yohana, seen from the ultrasound
print showing that the condition of the fetus is very small and there is a pulse abnormality fetal
heart. This is observed from the normal fetal heart rate (FHR) around 188 bpm, the length of the
baby's thigh bone (FL), the baby's abdominal circumference (AC), the left and right temple (BPD)
and the estimated fetal weight (BPD.AC.FL) is difficult to detect at 8 weeks and 2 days fetal age.
Figure 11 is the result of the USG recording of Mrs. Ayu, and the ultrasound print shows that the
condition of the fetus is still too small at 7 weeks and 4 days with normal fetal heart rate (FHR)
normal about 171 bpm. In addition, the length of the baby's thigh bone (FL), the baby's abdominal
circumference (AC), left and right temple (BPD) and estimated fetal weight (BPD.AC.FL) have
not also been well detected by ultrasound devices.

CONCLUSION

Ultrasonography is a tool in the medical world that utilizes ultrasonic waves, which is
sound waves that have a high frequency (250 kHz - 2000 kHz). Looking at the functions and
workings of ultrasonography, it can be said that the performance of ultrasonography is identical to
receiving data in the form of mechanical waves, which in their propagation require a media
(intermediary). Therefore, it can be concluded that there is a grouping in observations from ultra-
sonographic examination (USG), which is in the first condition of fetal age 4-9 months. The
ultrasound device can detect fetal age, fetal weight, fetal length, and placental condition because
the propagation medium is in the form of lumps (hard), so that the transducer will receive the wave
reflection. The results are then displayed on the monitor screen while in the second condition of
fetal age 2-3 months the ultrasound device is difficult to detect fetal weight, fetal length and
placenta because it is caused by the fetus (as a propagation medium) which is still too small so that
the reflected waves are difficult to read by the transducer.
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