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Introduction to Musculoskeletal Ultrasonography
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Principle and Comprehension of Ultrasound Imaging

Sang-Jin Shin, M.D., and Byoung-Jin Jeong, M.D.,
Department of Orthopedic Surgery, Ewha Womans University School of Medicine, Seoul, Korea

Ultrasound is a sound wave beyond the audible frequency. Owing to technological development, the extent of use of ultrasound in
orthopaedics is expanding. Ultrasound is produced by a piezoelectric effect and matter is requires for propagation. According to the
characteristics of matter, the velocity of propagation differs and the images are the overall result of the interaction of reflection, refraction,
absorption, scattering, transmission, and attenuation. The most important device is the transducer, which differs according to the array of
piezoelectric elements and shapes the way it used and where it is used. Mode B is currently the most common image and many images
which help to make diagnosis easier, such as doppler flow imaging, extended field of view imaging, compound imaging and three-
dimensional imaging, are under developments. Ultrasound produces variable artifacts and during interpretation of ultrasound images,
artifacts could interfere with correct diagnosis. In order to avoid creation of artifacts, profound knowledge of each artifact is needed.
Therefore, precise understanding and interpretation of the ultrasound image is essential for proper diagnosis and use of ultrasound.

Key words: ultasonography, ultrasound imaging, principle of ultrasonography
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Table 1. Speed of the Sound Wave and Acoustic Impedance
Material Acoustic impedance (g/cm”-sx10°)  Speed (m/s)
Air 0.0004 331
Fat 1.38 1,450
Water 1.54 1,540
Liver 1.62 1,549
Blood 1.61 1,570
Muscle 1.70 1,585
Cortical bone 7.80 4,080
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Figure 1. Reflection. When an ultrasound wave is directed at a right
angle to the interface, the wave is reflected toward the sound source.
These interfaces are called specular reflectors, and the angle of
reflection (Or) of a sound wave is equal to the angle of incidence (0i).
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Figure 2. Transverse scan of the long head of the biceps tendon. Echogenicity at perpendicular scan to biceps tendon (A: arrow) is different from that

of non-perpendicular scan (B: arrow).
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Refraction
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Figure 3. Refraction. When an ultrasound wave strikes at the interface
between two media at an angle other than 90°, the transmitted wave is
refracted. When the velocity of an ultrasound wave in media 1 is greater
than that in media 2 (C1>C2), the angle of reflection is decreased, and
when velocity of an ultrasound wave in the media 1 is less than in media
2 (C1<C2), the angle of reflection is increased.
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Figure 4. Scattering. When the ultrasound wave encounters an irregular
interface, it scatters in many directions.
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Figure 5. Attenuation. The display shows a gradual loss of the intensity
of a signal as it passes from superficial to deep tissue.
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Tissue Attenuation at 1 mHz (dB /cm)
Water 0.002
Blood 0.180
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Muscle 1.500
Cortical bone 10.000
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Figure 6. Various types of ultrasound
transducers.



329

= O
EX-E,;

ray probe), T4} B1E ©=AHannular array probe) ¥ O] XA uY
& == 2Hmatrix array probe)2 T-ESHCE T A gEAR=
170e] & AHE ol 85t Ao ol AFSEA] etk
A ujg g2 256512702 oFd E- & Ao 9lo,
BE N Awrt 2802 Hof 9ok YAk} vl erEate A
& u|d et E o 2R 64-12872] oFA BR 2 Ao gl o
FAA /\]7l~— T Z+7Fo) obH B o A7|A AT E
o F2 =23 244

=13

Q1S 24

=270

/\]X]-

19

13

d
i

so 2 o b
& oZ:

d

B
SO

ot
>,
o & I‘Sﬂ
o s
1o
o
39,
2
o2
ox 4

2o N2

o
O
>

3

fr d
oz

| -{g:
N
rE

o

A
e O{N
il
i
rr

N

2

I o

o

-2}

o
) oz o2
I
2
2

ox ¥
[a5) .
=

ol

o
o =

ox
ofll
r>~
a

(

M
o
ol

2 = dll g
o pu

ro

fru
:(’)g
o2
oz
o
rlo

o

o

o

~
>
=2
o
oo

¢

o

(1) A9 B=AHlinear probe): A1/
&) Fefjo|ot, AAF o] 25t
23 27 0] ko] AFE Th

() FAE g=AHsector probe): 142t HE Al oz ZFAt
Ot AIZARE e WA 02 SH4e] o] Fopxith A4 #
+9] Aol F71 ‘IH—v—Oﬂ Atzto] A7]= @dol glov; Az B
9] 7] ko] uf-%- 8ol st

() 5% ©=AHconvex probe):
z]_g] AL 7]_1 %h:,HE A HHOﬂ
:Lg] /\l—o] =9 H;HZ-— E]—Z:x].gl

A

0 gEtel BT 9
Wale ALg T BAY B

& Bekshal 920 B

3
Al
=

S Syt Eelo] BEsh] thEol] LAz nopo] ol
ghSo] 2]0] M5 So] e Hels At o S AgET

@ 71ek: 1 Qo= Afrhe]E g-E2Htrapezoid probe) S0] §)
3, AR o] wheb =EZ3-8(doppler), HA-(acupuncture), 5>
£8 BEAE 9lo0], Abg 9110] met 217G rectal), WAIEE

(endoscopic), L &=-8-(urethral), Z-&(vaginal) 52| ©=A7} It

A-mode= 253 94
(A=) /el HW*Q—J
AFgol ZFael 1o J*H%—
Z4ol= skt g§EA1e H]'O‘:O] 2=

317] H2o] AR 7o) AR gkert,

HA
d=
=1

l_.l_.“l

O Z
=)

M-mode= A-mode®] H3He Pl 2 F2]o]= YA 9] A= E

el e 9 ofsh

ARYE WSkE EAISH
o) ol-g=u, efote] 4=
W02 gol thals 9

518

YARSS A(do 9] 8712 FA|oh=
Zou 2k ulof A AMESh= Wolth, Z
YEAF A1 2 0] 2120 H]2|5ht, Z|Fofl= 256 ©]
Alggteh B3 7] SAde AARE IR 9

Uepiet

=>é

B-mode= Hoz 9
ISR 7} HE0

7

5t

25

il

1=
=1

]

a

Z}
A}o]

o

[flig
=

Ak

ol
£ 2

=

=
(o)==}

Al
o

< o™ ZA7F 220l 9lS mf o]
%5011 vlellote] Fabkge
= =t =59 5k
842 d Christian Dopp er7} SIS ol%ii A E G A8l 2
£ So] &} HOo 2 FRo|H Fukprt FUISHL, &
TEApo| A HolA42 Fulsr} Zhaghch= Zoloh 914
}%1:4% Z5uko] =22 avhk= Pt SO dllg
H AAG7t tp7te=A] HolX|=X]E HHot=

4
At WS4 F \%a—c‘gw

r’}/\] ZAp7F pAlshd, 9 %
—‘—Eoﬂ olsff ezl o] A, FAl Fuppet A4 Futa=o] 2b
0|2 =Z2] ¥ Fub(doppler shift frequency)2kil T}, 2|2
o] a7t EAY 7 20t HhE s =& HTF AA

1 =Y Zo] 245 EEY Wl Aotk vk =9t
=g Mok vlestn WAk S22t HﬂL
ol WARIth dukdoz =gef Y2

=&

Figure 7. Doppler image obtained from the wrist (radial artery and ulnar
artery). Courtesy of Philips Healthcare.
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acoustic shadowing posterior to echogenic calcific deposits.



Figure 10. Anisotropy. Long axis scan of the Achilles tendon. (A) Normal hyperechoic tendon. (B) When the transducer is angled along the longitudinal

axis of the tendon, causing hypoechogenicity (arrow) from anisotropy.
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Figure 11. Reverberation. The display shows ultrasound echoes being
repeatedly reflected when a needle is inserted into subacromial space.
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