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Preface
Light in the Darkness

I can clearly remember when I was exposed to rheumatology thirty years ago, Chinese
rheumatology was only in its starting stage. After over 20 years of continuous efforts, auto-
antibody detection, which was in exploration phase by that time, is now very mature and
widely used. A variety of reliable methods of auto-antibody detection have been established
and the detection process has been standardized, which prepared the prerequisite for the rapid
development of rheumatology in China. As we enter the twenty-first century, new imaging
techniques for the diagnoses and treatment of a variety of rheumatic diseases are gradually being
explored and utilized. In 2003, for the first time I studied musculoskeletal ultrasound during
my work in the United Kingdom. In 2007, I worked in the Amsterdam Medical Center, the
Netherlands, and applied imaging techniques in daily work. These experiences inspired me to
promote the new imaging techniques in Rheumatology in China.

I must admit that promoting imaging techniques in Chinese rheumatology was very
challenging after I returned to Beijing in 2008. By that time, there was almost no available
information about imaging technology in rheumatology, no ultrasound equipment and no experts
in this field in China. Fortunately, we were very fearless. We borrowed ultrasound equipment,
we took the lead to apply the technology in our daily care of patients, we never ceased to
practice, we sum up our experience and then train young doctors to apply the technology. More
fortunately, we met several rheumatologists from Hong Kong and received their enormous
and selfless support and help. After nearly two years of preparations, we organized our first
nationwide imaging training in rheumatology in 2010. The course was very successful and highly
recognized by peers. After that, we continued this training every year. As of today, we have
completed over 30 nationwide trainings in total.

After several years of accumulation, we put the standardized operational norms and our own
experience into a book, Musculoskeletal Ultrasound in Rheumatology: Standardized Operation
and Application, which was published in September 2013. It is the first musculoskeletal
ultrasound book in rheumatology in China and has provided tremendous help in practical
operation. It was so welcomed by peers that every copy quickly sold out.

In recent years, we have completed the musculoskeletal ultrasonic scanning for nearly
one hundred thousand patients in our department. We have also carried out a few scientific
research projects, trained over a thousand doctors and set up a national imaging group. A couple
of our young team members have become EULAR endorsed trainers. With the development
of musculoskeletal ultrasound in China as well as the recent progress in the application of
musculoskeletal ultrasound worldwide, we feel the urgent need to publish an updated reference
book about the musculoskeletal ultrasound for Chinese rheumatologists.

Musculoskeletal Ultrasonography in Rheumatology: Fundamental and Practice is a
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summary of many years of our clinical experience. This book includes recent advances in
musculoskeletal ultrasonography in rheumatology, and therefore has more clinical values. In
addition, considering the status quo of rheumatology’s development in the Asian-Pacific region
and the possible opportunities for more international exchanges and cooperation, we decided to
publish a Chinese/English bilingual version.

A decade has gone by since we started exploring the field of imaging in rheumatology.
During the past ten years, a variety of imaging techniques have been gradually incorporated into
the classification criteria of several rheumatic diseases. We have strong faith that new imaging
techniques will be the wings for the diagnosis and treatment of rheumatic diseases to soar toward
a new height. I believe imaging in rheumatology will bring light to the darkness and bring
wellbeing to more patients, like what autoantibody testing did in these thirty years. I wish for
rheumatology development to continue in China!

Thanks to my colleagues for their contributions to this book: Dr. Xuerong Deng, Dr. Yan
Geng, Dr. Lanlan Ji, Dr. Xiaohui Zhang, Dr. Zhibo Song, Dr. Guangtao Li, Dr. Yanjie Hao, Dr.
Wei Zhou, Dr. Yu Wang, Dr. Juan Zhao, Dr. Ting Li, Dr. Jiaxin Li, Dr. Lan Gao, Dr. Qianru
Zhang, Dr. Xiaoying Sun, Dr. Hong Huang, Dr. Liujun Wang and Dr. Xia Ye.

I am also very grateful for the help the two experts from the Hong Kong Rheumatology
Association: Dr. Gavin Lee and Dr. Carmen Ho.

Lastly, I thank Chenyao Zhang and Valentina Yunqi-Yang Joseph for diligently editing the
English version of the book.

This book is a witness to 10-year establishment anniversary of rheumatology department,
Peking University First Hospital.

We appreciate all of you for supporting us throughout these years!

Zhuoli Zhang
August 39, 2017
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F—r PEAE AL
The Basis of Clinic Ultrasound

£—T BERNmHE
The History of Ultrasound

AT e H AN RBEER K. DRFRHERSHEE, MERED
Reginald A. Fessenden & P i1 55— B (1%, A B T80 g B2 AR uKIL . XSS
FESE— R B R A R P T i B TR E T v K RE . Tl b, @A RN B H T
FHREBRE G, MREE RARIRE .

There was a long history since sound wave and its characteristics were discovered. In
1912, the Canadian scientist Reginald A. Fessenden invented the first Sonar-sound navigation
and ranging machine to detect icebergs within two nautical miles after the sank of Titanic. This
machine started to be applied in detecting enemy submariners in the World War I and World War
I1. Ultrasound was used in the industrial level to discover the structural flaws of metals, such as
fissures or damages.

—, BERAEF FFH A (The Early Application of
Ultrasound in Medicine )

SRR R B ER N T B 2R AR et g 2B BE4E Karl Dussik. i T 1942 4222500 H
P B A il R EA T E AL, AE 20 tAS 50 4R, ST MY John Julian Wild #—B R T
A RIS K B BB . B A BEORTE IR R IR, ASBEA R B3 [ A% Hr 3R i 4
PR Tan Donald, 7ESS —UCHE AR R &AL R A KR X SO EoR, ZR e ul
#| John Julian Wild, Tii/5EHE T — RIS TS EAAZH E PR A, 1958 4F, lan
Donald 4RTE Lancer 2% b HPE T S BARA DR EBM0 CF . 25, HAEEHE™
FHET, ERNAT-RISWRARTE . #R0 R0 E WA LR R LR/ NE

Ultrasound was first applied in medicine by a Viennese neurologist Karl Dussik. In 1942, he
tried to locate brain tumors using ultrasound. In 1950s, Professor John Julian Wild of Cambridge
University further discovered type A ultrasound which referred to amplitude and type B ultrasound
which referred to brightness. Moreover, Professor Ian Donald in the Department of Gynecology
and Obstetrics in Glasgow had played an important role in the development of clinical application
of ultrasound. He got familiar with radar and ultrasound technology in the World War 11, and after
meeting Prof. John Julian Wild in London he started a series of study of ultrasound in diagnostic
medicine. In 1958, Professor lan Donald published an article in Lancet on the detection of ovarian
cyst by using ultrasound. Since then, use of ultrasound in obstetric medicine had become increasingly
popular, which including the diagnosis of placenta previa, detecting fetus in early pregnancy and
measuring the size of fetal head.
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=, LA F#A 5 69 & & ( The Development of
Musculoskeletal Ultrasound )

1958 4F, K. T. Dussik &R T HHARHILA . B#% . PH K FH A B PR EREE
FULAE# RGO R EEE TR, R A RNATFEASH. ., HHEE AR B K
E— R BAGH E—1HFr. D. G. McDonald T 1972 4F 5 iE%S Bt ( LFK Baker 2 ) 5
T BCER R K R R AT RIS BT A

In 1958, K. T. Dussik published the first article about ultrasound characteristics of muscle,
skeleton, cartilage and adjacent tissues of joint, which lied the foundation for the future development
of musculoskeletal ultrasound. Further progress was not made until the evolution of ultrasound probe,
computer technology and type B ultrasound. In 1972, D. G. McDonald described the sonographic
features of Baker cyst and deep venous thrombosis of lower extremity.

A 20 tit2g 70 4EAGR, WIAEHRGEA BHHEMR, S04SR E AR B AR RSt
FERCh Hop 4L . 1978 4F, P. L. Cooperberg X2 X545 48 ( rheumatoid arthritis, RA )
ARZE, AN AR A SRR 7S R T TR . 1988 4F, L. De Flaviis HIKEE T KTk
HIRFTT RAETRILAYM S . fBEEZ &) (power Doppler, PD) ) Bk R MEHAE AR T.
R TR TR

Since 1970s, with the continued improvement of hardware and imaging techniques, musculoskeletal
ultrasound had gained increasing attention. In 1978, P. L. Cooperberg described the sonographic appearance
of rheumatoid arthritis, such as synovial hypertrophy and joint effusion. In 1988, L. De Flaviis published the
first article describing bone erosion of rheumatoid arthritis. Subsequently, the availability of power Doppler
technique became a useful tool for the research of inflammatory diseases.

W E AN B R A B R R i TR Z T, b 7E SR M . A ERAHE
B35 il e s i B A A AN 5 B 55 D T TR Z 5Tk BUFE, AMUGEXWEFE,
REFERGER, BAER AR EHEER. R R RE R LA B
HWER DG, EEXIBHFEAE 2012 FFRFES EREER T HEMIEREDL

The European countries had done a lot on the development of musculoskeletal ultrasound;
and they contributed to a great extent in the promotion and training of musculoskeletal ultrasound
application, as well as standardizing the scanning position and method of different joints. To date,
not only rheumatology department, but also other departments including diagnostic radiology,
ultrasound, orthopedics, sports medicine, anesthesia, pain clinic and rehabilitation showed a lot of
interests in musculoskeletal ultrasound. The American College of Rheumatology had also released
specific clinical recommendations on the use of musculoskeletal ultrasound in their annual meeting
in 2012.

=, WA F#HA Z 8 ZEF @ ( The Developing Direction of
Musculoskelual Ultrasound )
FEERHE R, RITAGIABHESRSAN LR, =485, feRE2 %Mk,
ARG BB A R R A SN R B M. B S HRE 2, (USSHIERA TG,
WEMEP AR USBERMTERE, BEE, JfEl. EA8LH.
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With breakthroughs in technology, we believe that musculoskeletal ultrasound will advance
further. 3D ultrasound, optimization of power Doppler and data processing of images are the areas
of interest for further development. We hope that with more mature technology and lowering of
production cost of USG devices, more healthcare workers could provide patients with less expensive,

more convenient, more accurate and efficient treatment.

£ BERIVESMIR
The Basic Concepts of Ultrasound Wave

PR L. AR R E R R, DA, AR R
PUMIR S A B 75 PRI R 4, WO RS e, 7R . YRS AR R
20 ~ 20 000Hz F¥R3l, FEHMES PRGBS R ZE AU E () i, TR
7o BRI o TR AT LA 3 (4 45 545 B N B9 AR SRR A S iR 2l , P P R SRS 8 8 2 B R 7 R
##id 20 000Hz Y EURM A, A A B LERE RS W T P

Sound wave is a mechanic wave. The production of sound wave needs two conditions, one is
sound source and the other is the media which could spread the mechanic vibration. On the basis of
frequency, sound waves are divided into three types: infrasonic wave, audible wave and ultrasonic
wave. When the vibrating source produces a vibration with the frequency between 20 to 20 000Hz, it
could raise dilatational wave in elastic media, thus it could spread to human ears and cause the feeling
of sound. The vibration in the range of hearing is called audible vibration and the dilatational wave
raised by audible vibration is called audible wave. Ultrasonic wave is more than 20 000Hz. Some of
the physical concepts about sound wave is as below.

(—) $i* (Frequency )

P A2 A BRI ] B A B R A R R R I R ECE . — UL SRR, B R 2%
(Hz) , 1Hz EP&&MRsN 1 A (c/s)
Frequency is the number of complete dilatational waves through a certain point of media during
a certain period of time; and it is often represented as f. The unit of frequency is Hertz (Hz), and 1Hz
refers to 1 cycle of vibrate per second (c/s).

( —) 7 (The Speed of Sound )

PR AR AL [H A A (LIS ) fEN P AL R, — BN C .
RS 51 Ui B RS G, TS A SR TR, — ok, B R B AT
BN, TEBARHRBOR, TERRH RO, BN, FsErEss P4 340m/s, TEZK 978 1500m/s,
TFE& B 292 4500m/s. 7E AL PRI E STEKPRIE, 2954 1500m/s,

The speed of sound is defined as the distance travelled per unit time by a sound wave as it
propagates through an elastic medium which is represented by C. The speed of sound depends on the
density and elasticity of its media, but does not depend on the frequency of sound. Generally, sound
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travels most slowly in gases, faster in liquids, fastest in solids. For example, the speed of sound is
about 340m/s in air, 1500m/s in water, 4500m/s in medal. The velocity of sound in human soft tissue
approximately equals to that in water, which is about 1500m/s.

(=) %K (Wavelength )

FRBTEAEREIT, P/ AE &R 64 LA AR ] ) B sl Z TRl A B2, BIVAS A — 1> 52 % A 3 P B
R, FROMK, MAERR. BHC, AESHRZ A BTN R, THARERWT:
C=f"2

When sound wave spreads, the length between two adjacent points at the same state of
oscillation, in other word, the distance that it covers during one complete cycle, is called wavelength,
which is represented by A. There is close connection between wavelength, the speed of sound and
frequency, which could be described as: C =f"-A.

(19) J&8 (Cycle)

P M P A% 9% o AR SIS B (7 AR IR ) B s ( B —Se I )2z [ 22 o e 1] B JR 8
M TR, WRsEE, AE. DAXFoR: T=1/

Cycle is the time that sound wave takes to cover two adjacent points at the same state of
oscillation (a complete wavelength) and is represented by 7. The higher the frequency is, the shorter
the cycle is. The relation is described as: 7=1/f.

—. M keI 4L ( The Physical Characters of Ultrasonic Wave )

(—) JimE ( Directivity )

RS U — M A O[], R T AR o, MIRARE, /N T RE A ( Ak TR A R )
MBS, (EERERT Rt AE S b T — 05, KR FEd, A S8R,
P B B SR R TR T R/ M DR AT B T e, RO AR

The ultrasonic wave is different from other sound waves, for its frequency is extremely high
and its wavelength is a lot shorter than the diameter of the transducer (piezoelectric crystal plate of
probe). During propagation, ultrasonic wave concentrates in one direction like the plane wave. The
distribution of its sound field forms a narrow cylinder column, and the width of sound field is similar
to the size of the transducer piezoelectric crystal plate. In this way, the ultrasonic wave has significant
directivity, which is called the ultrasonic beam.

(=) %539 ( Reflection and Transmission )

AR TP S AR E A B e, T REEE A B R AR, B SR
Jr iR AR A, — A RE R h LA 15— T, BCBPSS (reflection ) , HJ7 [l SR
R E AL, RFAMASAASE. ARG RAEMEER, I EAS S RE®RE
kM, 5 —foraeRae s Rm, HEAS A, TS (transmission) , MUB, ATy
] P REA AR O, HOAf BE /M S 3T 5E . P RETE A mAL RS 53t i BEAE, 5AH
AUREREASE, (H G20 D I BE 5 I AT JS A SR A P BEL2E e i A BT AN [l o

When the ultrasound travels through the surface between two tissues, the propagation direction of the
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ultrasound will change due to its difference in sound speed in the tissues. Some of its energy will return to
the medium it oriented, which is called reflection. The direction of reflection depends on the angle between
the sound beam and the surface; and the reflection angle equals to incident angle. If the beam goes vertically
into the surface, it will return along the way it comes. Other parts of its energy can penetrate the surface into
the second medium, which is called transmission. In this way, the direction of the sound beam might change,
and the angle of changing depends on the transmission rate. In the surface, the sound energy of reflection
and transmission together remains, and is equal to incident energy. However, the amount of reflection is in
accordance with different acoustic impedance between the two mediums.

ABH (acoustic impedance ) B PHATAR, 25 T4 B 1% B 15 5 761200 W P A& 1 2 1Y)
FeM., Wi pEAEE RN, WAL AT, BAR AL, Rk, FHEAZEEK,
WU A TETAL R SRR, A A R

Acoustic impedance is also called acoustic impedance rate, and it equals to the density of media
multiply by ultrasonic velocity in the certain media.The smaller the acoustic impedance difference of
the two media is, the less reflection in the media and the more transmission into the second medium.
Otherwise, the larger acoustic impedance difference of the two media is, the more reflection in the
media and the less transmission into the second medium.

( =) " 55k ( Absorption and Attenuation )

7 U RN A A PO F : BE B R R ISR, 7 A A e AR AR T R R AR R S
Ko H 5 PR 4 (o 7 RE R 5 B S (1 1 I T S e 5 , R IR PR O B B . P RS B AR
&, foFrAddRsh, RS FRERREHESHMS T, MAENTE RN, BT W
BESE" B B TS BRI/, 75 A IRIRZE TSR, A BN P RE A HAR R F B Al ,
XANTES S AL RE I L B A S PR R W SRR

The attenuation of sound wave is categorized into two kinds: range attenuation and absorptive
attenuation. When sound wave disseminates forward, reflection, refraction and scattering weakens the
sound energy as the distance grows. This phenomenon is called range attenuation. When sound wave
propagates in media, the molecules vibrates, and these molecules can transmit sound energy to other
molecules. While the inner friction or viscosity weakens the sound energy, the amplitude of sound
wave gradually decreases. The absorptive effect of media to sound energy is called absorption; and
the absorption during propagation in media is called absorptive attenuation.

WSO VR R SR AR . A RAERE . SRV RE AR RE B R R A
UK F .

The absorption and attenuation level depends on factors including the frequency of ultrasound,
the viscosity, thermal conductivity, the temperature of media and communicating range.

7S AR A DA B R MR MSCRR B S B T A A RR P R AR . AR, AR
KR SRR, RGO, AREIZ IR, RERRUD,
BN RIS, (B EAMEZ IS, TIRETEITILES .

The absorption level of ultrasonic wave in biological media is associated with characters of
media and ultrasonic frequency. Generally speaking, the more water that the media contains, the less
absorption ultrasonic wave is. When the frequency of ultrasound is higher, the absorption is greater.
After the sound energy is absorbed, the reflection became weaker due to a weaker energy. But after
the compensation of electrocircuit, it can still be observed clearly.
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(/9) Z&#EM (Doppler Effect )

ZHE ¥ ( Doppler ) RN /2 B 1 | ) H 22 K Doppler 75 W42 2 BRiz st R B, B4R ER
SRR B AF AR BN, AT BRI o 5 R SR I 22 . BRI R (i
) ATHERARX IZ S A E . S T M E N, A A SO BE R A, (B ARA]
H BB, ZE ST LIRBOX SE(E S, T LA MZE s s . F T2l g
PR 2 ~ 10MHz, i 4 Atz sl 7 A 1 235 SR — R 0.5 ~ 10kHz. RS it 46 A £
RS A/ (fy ) BIVAT S Hh i 0 A1 3

Doppler effect was discovered by Austrian physicist Doppler when he was observing the star
movement. He found that when the star was moving relatively to the Earth, the receiving light wave
frequency and the launching frequency appear to be different. According to the frequency difference,
we can calculate the velocity of the relative movement. When ultrasound is used to detect the blood
flow, although the back-scattering power of the blood cell is weak, it can still create the Doppler
effect. The Doppler diagnostic apparatus can capture these signals and analyze the velocity of the
blood cell movement. We use the 2-10MHz to diagnose, the movement of the cell can create the
frequency shift 0.5-10kHz.According to the frequency shift (f;), we can calculate the blood flow
velocity and the blood flow volume.

A FH 255 B AR S REA T A P AN, oK 22 RS I ME R R R i R R thk,
IR 23 ) ( spectral Doppler ) , FL5G kB FIESERY URRZEAY ,  FEDEF TS ok b 53 4
R, B s B SRR T . K/, BILIAR AARISL, . KETEER, A
WA E ) (color Doppler) . FiEZE#M7EMBEMT A M SHEREFMAEEEX, MEEE
LRI B8 R MR A TT 1) . BREE, . ARG MFEZMER. @2 E B
P AR A A0 L B Y TR B A M e T 5 AP R 1

Using the Doppler effect to conduct the ultrasound test, the Doppler frequency shift can
show its size through the amplitude above or below the zero line, which is called Spectral
Doppler, including pulse mode and the continuous mode. In the pulse mode Doppler test, the
frequency shift direction and size of the point on the scanning line are showed by the pseudo
color coding using the colors of red, blue, green and so on, which is called the Color Doppler.
Spectral Doppler is very important in observing the blood flow direction and the velocity, but the
Color Doppler can show the direction, the velocity, the trends and regurgitation or bypass or not.
The use of the ultrasound Doppler technique in the clinical work makes revolutionary changes in

the noninvasive detection of the heart disease.

(1) 8 S5 M (Scatter and Back Scatter )

LA PRBRR TR, FHEARMHSFmE, {858 8055 Bk B
IR 248 7S SO B s /) 7 el 4 L P BELAS [ ) S8 T o D) 2 7 A S, L RE 1 1) 4%
AT gESt, Wk T (5 AGE A A 180°) MU I FR O 1) HCHT B BLSS (back
scatter ) . ERT, Al [ BUN 6915 S 2 xSRI A A S XU S S DR (CRFEHE
THOLT BT DR BEBF O (6 ) #EAT R, B aT LU £ 07 ek — 40 XSt R . AR 1E
[l AR B 1 BN R FR R 1) IO U 3h 8 39 70 A i B2 A0 B BE T 1) S B O A
BESE, AT LAV AR . AT 0 BURE S 2T SR TR — TP e 57 . UM



Sn BRI ALR
B 1 7

When ultrasound acoustic beam meets tissue planes with bigger wavelength and different
acoustic resistance, the instrument shows image by receiving reflected waves. When ultrasound
acoustic beam meets tissue planes with the wavelength far less than the ultrasound and the different
acoustic resistance, the energy will radiate into different directions, the scattered wave towards
the probe is called back scatter (the angle of incidence is 180°).At present, to test the signal of the
back scatter is to collect the power spectrum of the radio-frequency signal in the relevant zone (the
square of the intensity of the scatter wave in different frequencies) to integrate. This integration can
real-time show in the way of the curve method or the two-dimensional way. To calculate the back-
scatter integration index, the back scatter cardiac cycle rangeability and the transmural back scatter
integration gradient according to the back scatter integration is able to evaluate the characteristics of
human tissue. It is a specific, sensitive and accurate way to evaluate the characteristics using the back-
scatter signal.

() JEZLMEEHR ( Non-linear Transmission )

P A R i RS B bR AR AL RE AR, (Hoy T R AR, 8w B O LA
7 ORI RS B PR R A A TR P AR AR B B B A, WA RO RIS, B B AR A B Y 4R
Pefei. YA BB AMM A (HR ) wr, HAERE LAERIP R, 8o & M
WABOE KM E, AEE XM ERE T PRI EERE. EERANEAES LMY, A
MAELRME R S A 2. FE R FAITT R AR R E R, BIEMRk ., ST~
RS . P RAG S FE AR MRS BRI R, ARAERAEES TR TAERG T
R A I

The process of the wave transmission is actually non-linear. However, in order to simplify
the problem, we usually assume it is linear. In the process of the wave transmission, when the wave
meets the interface, the reflection and the refraction may take place. This is a linear transmission
in the medium.When the wave meets the irregular interface (tissue), the harmonic component
increases, the attenuation coefficient gets bigger and the waveform distortion may happen, which
makes the transmission non-linear. In the process of the traditional ultrasonic signal, the non-
linear signal is usually ignored. As the electronic and computer technologies develop, as well as
the development of the ultra-wideband probe, the broadband digital beam emitter, the expand
signal processing technology and the frequency fusion technology, the research of the non-linear

signal made much progress.
=, AR 55 KA ( Acoustic Type of the Human Tissue )

QNATRT IR, HE S E A 5T b A5 R e 8 B A B & AR RO, RO AR RN SR S PR
NEEHEFHNZ VAV RR. AMEASFARRHAL, SWEZR, HESRFIEARK
AR PR R A i 2 W R R R SR B A K A B . S A L RS R
T (FEI11) .,

As we have mentioned, when the ultrasound meets the interface during the transmission,
the reflection will happen. The reflection depends on the difference of acoustic impedance of the
two materials at reflective interfaces. The Human body has various kinds of tissues; the structure

7



8

DG RO LPA) il i —— Bl 5 S

is complex; and have distinct acoustic characteristics. The often-probed tissue organ, the relevant
density, the sound velocity and the acoustic impedance are listed as follows (Table 1-1).

R 11 AGFEALAFE, SEREERMER

Table 1-1 The density, the sound velocity and the acoustic impedance of the human tissues

HAGE W i sound FBH AT acoustic
tissues and organs density ( g/cm’) velocity (m/s ) impedance ( X 10°g/mm’ - s )
Il blood 1.055 1570 1.656
I ¥ #L cerebrospinal fluid 1.000 1522 1.522
Kl cerebrum 1.038 1540 1.599
/M cerebellum 1.030 1470 1514
{A3# body fluid 0.9973 1495 1.492
ALA ( #{E ) muscle ( mean value ) 1.074 1568 1.684
JHFIBE liver 1.050 1570 1.648
AL (H{H) soft tissue ( mean value ) 1.016 1500 1.590
HEH fat 0.955 1476 1.410
H-# bone 1.800 3380 6.084

FRATTHRAE 75 BELAR 22 KN SRS N AR B SR S, O AR S, Sy E SR Ak
oyl 4Fh, LR AN SE.

We divided human tissue and organs into four kinds according to the acoustic impedance and the
uniformity coefficient of the tissue in order to provide a reference in the ultrasonic examination.

(—) KRG ( Areflexia )

WA R (ofsmk . M. My, oK. RESE) BHys), WEHSREA 271
FE, BME A EGRAAE—Sm , BREATE AR Y5, AEREMAR, A LR AE,
HEH R 0, BoBAZR, MM XIS . AR BERAR SHREX, £
R (IR E5 ) BN, SRR SRR AR R ROARE i, PRI I 75 R e RS X .
TR Wb, FERERTREF S S 516 %, SEHFREA S A TR BLA, 0O P IR
AE B N AR 5534 )8 T I R L

All liquids (including blood, pus, bile, ascites, urine and so on) are uniform texture. All
interfaces have the same acoustic impedance, even if we assume an interface with a different
acoustic impedance, but because it is the same substance, the acoustic impedance stays the same,
so when we calculate using the formula above, the reflection coefficient is also 0, thus when
the ultrasound passes, there is no reflection. It shows dark field when using the low sensitive
detection, when we increase the sensitivity (enlarge the gain), it is still the same. This reflection
type is the characteristic of the liquids, so we call it no echo area or opaque dark area of the



