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A Study on the Reflectivity according to the
Material of Biopsy Gun Needle Used in Ultrasound Biopsy

Hoon Kim"?-Cheong-Hwan Lim"

YDept. of Healthcare, Hanseo University
2P Dept. of Radiology, Hallym University Dongtan Sacred Heart Hospital

Abstract The examination needle used in ultrasound biopsy is a medical device used to determine whether there is an
abnormality in the tissue. Typically, stainless steel is the standard material used for such needles; however, this study
wanted to identify a material that could better enhance sound compared to traditional stainless steel. In this study, six
types of needle materials available with the biopsy gun were inserted into pork and ultrasound images according to the
curved probe and linear probe were evaluated using ultrasound equipment. The findings revealed significant improve-
ments in ultrasound acoustic enhancement with alternative materials compared to stainless steel (p{0.05). The results re-
garding the depth of each ultrasound image using the curved probe showed that tungsten and brass had high sound en-
hancement(p¢0.05), while with the linear probe, sound enhancement was high in brass, pla, aluminum, and cop-
per(p€0.05). Due to these results, the previously used stainless needle showed lower ultrasound acoustic enhancement
than the five types of materials being compared. Consequently, the outcomes of this study provide valuable insights for
the development of new needle technologies aimed at minimizing patient risks and improving diagnostic accuracy.,

Key Words : Ultrasound biopsy, Stainless steel, Stainless needle, Ultrasound image, Curved probe, Linear probe, Ultrasound
acoustic enhancement
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ZSTRE AN TIBY SRl AT A AR 3 TR 990 Al AeR 2guh gt Bk
Sll= AF-o] glom 917ke] AA| ZAS A= Al&o||w (ultrasound guided intervention) %23} AH|o] wid=z
SN APUIZ 30 Ofst Hololl TSI APBET I8N 2SN o)) 4j8isk gute] Slelsled o] of

: g, vl B s A S TSl Sjile] s ARt
o A= A|[2] W, A, W, APA 59 Ikt ) E5TRE o83t FA Al ohE ek Ak et
oloflw ZHHA, 4, %»oh TEAA, A G aRt gzier Blaste] dARRKreal time) AlEo] Zhsdt, Ao w
28, fEe) 3], 2o} wWelshy £4e AAztom v 80 ARekR, 371Kl AN 1 glo] Wy R¢jo] oist
gAlo g 7 glsh= Zgt o)k JAHdiagnostic imaging) ofd ou|R|&E F& 4= o, A4 E3fe] vlurt 7hset &
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Qlal} 2t de] AR QIeH5-7]. 25719 f=
E]—i;(]___ /\]&_op— th J,]. ;dx].;d E ZT—;‘(]
1, <& 7% (free hand) Al 7FA17}F SAEH8, 9],
3} fiesh SAkEolA BRse] ARl Wkt 23t
Aztog AR 4 Q= S o R HRs9] 9]
Q/dollA EAsHA  HolR] gla=thH HA} Fjol|A]
HRsS YSIoh Witk shaA] AARE A7 SEA A5F0] nlA|
(lidocaine), 27| H{air bubble)S FAlSle] 281} Ao
A 1 9| Z(Hyper echoic) 31 W= FE-& 30 & vl
e 22 5 Qloh olFR 239 ol QlolA 7HE Sast
Fag- ks QRIS At aiste], HapAel YR
AolcH8,10—-13]. oJuff =& AHo| AFEEE wWo 4 =
(Biopsy gun) $IA|S] 22L& S|55f= H] A== 71kl
Z2] AR B SHo) 2] AFfek= g0 Slof vhks w719
A o] AL Al e R B WSS sh7] S1sl
A AR Aete]o] QIeH10], A B2 ARl Sk 240
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ARRlsto] 252l /\l%"— P E=tl, A3 & vk (Biopsy
gun needle)o] A 2] 41QJElo] ekt 91|} 2o/} 2t

QlE]ojopt A XHH«] BEES =Y 4 UHl4,15].

Z25UHE o 8% 24 Aol v A Al =
vzl offt jIS| Rkl o= YiF-E HEALR SokeA| ¥l
HRs 0N doful= AlhiAle] ofsf iz W WA
= Hof BuskAu £, Zlolof| whE vhse] Hgo] Kol
o= 789 ERTH10,12]. webA] ZZells Bl WA
(resonance) & %°17] I3l vHs2] &S AEA sAY H]-—
FHo| St 22 Ik 5 vhe Y #ue 557
SRl QCHI0]. bAoA 22ks 258 wof] 2 AR
He AHIQlE]A vlE(stainless needle)o] 253t GAFoA]
SE|A Hol= T IFdA o= Holx] o= TS FsHAl
St oleRt TR Al B5 Al Shate] Fakg Ty 2kEo)
EORAl HaL SAA Al Al AlsAbe] ofete2 2efshAl €
tH11,12],

b 2 =2ollie 253 ol vlsd Aes 54
sto] ghate) Hakg s S WAL, Akl wolds

s Il me

Fig. 1. curved probe,
linear probe
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Fig. 2, Stainless, Brass, Copper,
PLA, Aluminum, Tungsten

AR olET oA AFgEE vk A e A
@—% HAL 7)e) maK s,

1. ch o e

1. gty

H A3 gl AW|(IU22, Philips Medical System,
Netherlands)@} E&A= 24 Z&2H(curved probe), A%
ZZ2H(linear probe)& AMEFOM, Fig. 13} Pt}

ZA) A4S vhs(needle) A2 Stainless, Brass, Copper,
PLA(Polylactic acid), Aluminum, Tungsten®2 Fig. 29}
2.

2. g+ 4d

Z2u} 9] HpHoll= In—Plan approach(Lateral approach)
2} Out—of—Plan approach(Coaxial approach) HHo] 9.0
w, 2 ¢ Lo 4= In—Plan approach HHAl0 2 #iz|117] ¢t
of| Hhz(needle)& A & 233} FAolA D2 vhs9] Zlo]

of met 2 5sIsithFig. 3). BFAN= linear probeE
AREBIO] 4 em, 3cem Zolof W2 AR FESIAHFig. 4),
curved probeS ARESH] 7em, 5cem Zlo]of w2 FARS 3
S518IckFig. 5). A AMgSaL = A F HhRs(Biopsy
gun needle) AEE StainlessS ARESIFOH, H|wslaIA}
Slk= 5714 A== Fig, 29k At =HR]a7] kel Eol curved
probe, linear probeS ARRSI0] 2232 HEE-S AM(scan)
gt & IS Fssiolnt

1) Philips TU229] 2k4| H7} QLAB(General imaging

analysis general imaging ultrasound quantification

software) Toolo] AREEIQICH17,18]. A& 2407 QLABY]
Coverd Prote Liney e
. fd e Gt
03 =
.'. kL f 120

Fig. 3, Ultrasound biopsy
method
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Fig. 5. Imaging at 7 cm, 5cm depth using curved probe

7= dlojE|(Intensity data)S E-83t0] Z22u} Ate] vl
LR oA T4 J(region of interest, ROI) Imm?*e] Al&
7% (Signal intensity, SDE Z4st51, A()e) <&l A
Fet

Nmberof ROI Ilxels

Rror= (Total Pizels — Background Ilzel s)

A1)

2) Image J T2 1S A}835}o] A% off ZR&H|(Signal to
noise ratio, SNR)E Z45190H21]. SNRo| 242 =3t
AE7} A F=5isk S UeRlaL A E gAY A
o] Aal=l=d], 4l(2)f <&l gt

Mean ST of ROI
SD of Background ST

SNR = 212

3) Image J RIS AR5} HRz(needle) Azl T
B4 97 (Average gray level, AGL)E Z45}o] B7I515ict
[16]. B+t 817 froll oheth SlAE 13 Batghe Al(3)el <fa]

i

AGL= Lilzip(zi) 21(3)

i=0

A BAL8 SPSS Ver, 22.00BM Co, Chicago, USA)2
ol-g5t3lom Ao mE 23u; S B 21l I
%] EAREA(One—way anova)S AAISITE  AlZ7t
95%= A1l FelEkE 0.05 tTR] 95 BAKCRE &+
ool b= whoz wdsiich

1) Philips QLAB ] ¥ %Y(region of interest, ROI)

Philips AH]2] QLAB Tool-2 -85} ROIo|| thst vl
2ol 4157} = (signal intensity, SDE 4% -2 Fig.
63} 2},

2) Image J B4 HY(region of interest, ROI)2] SNR

Image JE Alais}o] 4] dof| tigt 100 pixelS A3t
T vk 3 9 339 ol EFEHAKStandard
deviation of background) SI9] H4S =75} SNRS

AR R Fig. 7 2k

3) Image J Hx(brightness)

Image J Ver. 54i(NIH Co, USA)E ©]-83}o] AGLe] &=
2 =4slo] B3l O Fig 81} Zth

Fig. 7. Image J

Fig. 6. QLAB Fig. 8. Image J
Signal intensity SNR brightness
measurement
. 2 =

Z25)E o185t 22 HAfA In—Plan approach procedure
2 6714 vk= AR, curved probe®} linear probeE ARES}H
o] FHimage)S F53F F 212t Zlolol| whE A At g
539}, 24 WiRell we Aike oeat 2.

1. QLAB T2z 2AM
1) Curved probe SI

Curved probe 7 cmol4| S7gt dlolg] ghe] &4 At 9
F27|HN A ARESR= Stainless AT} BlwWsto] Tungsten A
oA 42,5242 SI7}F 71 =7 EAE9lon EAdoz &
Ot Ao ® UERITHp<0.05), (Table 1).

Curved probe 5cmelA S4%E dlolg 3te] #4 2,
HE ZAoA Stainless AARTE =& SIE BEARQch
Tungsten A 40,5182 7 &=9kon, SAZF R &
Ot e o® Uehdth(p<0.05), (Table 2).
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Table 1, S| of the image acquired at a depth of 7 cm with the curved probe of QLAB analysis

Division Mean+SD Min Max F P Duncan
Brass" 8.184+1.287 6.586 9.782

Stainless” 14.6861,005 13.438 15.934

Copper* 20.124%+6.453 12,13 28.154 ; alb, c(c,

— - 38.735 (.001

Aluminum 25.1321+3.626 20.63 29,634 d{d, e(f
PLA® 28.642+2.471 25,574 31,709

Tungsten' 42,524+6,860 34.006 51.041

pL05, “pC.01, T pCool

Table 2, S| of the image acquired at a depth of 5cm with the curved probe of QLAB analysis

Division Mean+SD Min Max F el Duncan
Brass® 17.410%6.387 11.679 25,091
Stainless” 16.436£3,840 12,785 20.757
Copper® 37.336+5.419 28,487 42.265 I
P 28,498 o0l a, bete,
Aluminum® 37.35244.726 30,743 42,191 d, f
PLA® 29.842+3,385 26.098 35.075
Tungsten' 40,518+1,414 38.673 41,593

P05, “pCo1, T pCool

2) Linear probe SI A SIZF =9kom, E3], Tungsten AR 14,6142 7
A EAEQ o, SAR R Jogh Ao E e A=

Linear probe 4 cmol|4] 783t djofg] 7] &4 A}, 9] o191E1(50.05). (Table 3
T8 MK . , aple .

F7|HA ABR= Stainless A&} vlaste] HE Ao

Table 3, S| of the image acquired at a depth of 4 cm with the linear probe of QLAB analysis

Division Mean+SD Min Max F P Duncan
Brass® 14.412%7.023 8.872 26.221
Stainless” 7.766+1,202 6,094 9.077
Copper® 13.86843.701 9.072 18.863

1 2.422 0.065 n/a

Aluminum® 10,228+2.702 7.803 13,272
PLA® 11,072£3.734 6.436 15.108
Tungsten' 14,61412,934 10.21 17.677

pL05, "peo1, T pl.oo1

Table 4, S| of the image acquired at a depth of 3cm with the linear probe of QLAB analysis

Division Mean+SD Min Max Welch P Duncan
Brass® 28.748%+5.706 20,522 33.103
Stainless” 15.360%1,245 13.584 17.095
Copper® 26,490£9,030 13.647 36.432 4580 004" b{a, ¢, d,
Aluminum* 22.862:+6,181 14,546 30.537 ' ' e, f
PLA® 29.062+2,839 26,106 33.627
Tungsten' 24.668+2.674 21.257 28.288

€05, "p<.01, " p( 001
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25T} 22 A AMEEl= Biopsy Gun Needle®] Ajde] whE ¥hARE A+t

Linear probe 3 cmolA+ &43%t dlolg kel 4 24
I}, 2E 24 Stainless ARELE =2 AT 7= (signal
intensity, SDE E4=|9)th PLA(Polylactic Acid) AJ&ol|
Al 29,0622 7V =om, FARCE fokt R eR v
ERSTHp<0.05), (Table 4).

2. Image J T2 22X
1) Curved probe SNR

Curved probe 7 cmol|4 743t dlo]g kel 4 A} 9
F7|ol| A ARESR= Stainless AT} vlWS}o] Brass A&
oA 85.737= SNRo| 7Fg =7 BA=|glom, FAX R

Fofeh g o ® YehdtH(p<0.05), (Table 5).

Curved probe 5 cmollA] Z74%t Hlo]g] ge] +4] Aat, &
£ AHollA] Stainless AR 2 SNRE £A4E QY
Brass 204 40,449F SNRo| 7F4 =7 BAE)gleon &
AR oRZ O o2 Uehthp<0.05), (Table 6).

2) Linear probe SNR

Linear probe 4 cmollA] S74%t dlold ko] &4 2,
Brass A2 21,070, Aluminum A2 21,2442 SNRO|
7V A Ao, AR FoR Al os Ut
LA I 20.05), (Table 7).

Table 5, SNR of the image acquired at a depth of 7 cm with the curved probe of Image J analysis

Division Mean+SD Min Max F P Duncan
Brass® 35.737%15.573 22,444 54,031
Stainless” 16.793+3.080 11,779 19.775

Copper* 17.302+5.6169 10.419 25.882 . b.c d e

3.837 011 oD

Aluminum® 18.213+5.633 13,545 27.897 f(ae, f
Pla® 25.485+6.,062 20,658 35.535
Tungsten’ 29,281£10.665 17.629 39.016

<05, “pC01, T peool

Table 6, SNR of the image acquired at a depth of 5cm with the curved probe of Image J analysis

Division Mean+SD Min Max F P Duncan
Brass' 40,449+12 424 27.038 54,175
Stainless” 19.51314.443 12.935 23.662
Copper* 30,731413,722 18.128 48,252 . b, ¢, d, elc,
i 2.810 .039 d, e, f(a,
Aluminum® 26.62618,436 17.231 39.262 o f
Pla‘ 26,76018,074 17.324 38.651
Tungsten' 33.942+6,988 24,336 42,542

P05, “peot, T pgoot

Table 7, SNR of the image acquired at a depth of 4 cm with the linear probe of Image J analysis

Division Mean+SD Min Max F p Duncan
Brass® 21.070£5,984 14,239 23,684
Stainless” 16,621£5,243 9.562 22.903
Copper® 15.033+3.844 9.645 17.916
Aluminum® 21.244+9 560 11.819 36.987 20 4 na
PLA® 16,564£7.245 10.159 25,449
Tungsten’ 14,505+6,968 8.432 23.449

€05, "p<.01, " p( 001
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Table 8, SNR of the image acquired at a depth of 3cm with the linear probe of Image J analysis

Division Mean+SD Min Max F 0 Duncan
Brass® 27.816+4.154 22.617 33.321
Stainless” 14.625+4.321 10.111 21.477

Copper® 18,062+3.805 13,308 23.330 ) b, ¢, d,

. 3.331 .02 f{c, d, e, f(a,

Aluminum* 20.79519.134 11.799 34,244 d e f
PLA® 23.87315.213 18.378 30.529
Tungsten’ 21,124+5.131 16,398 27.774

€035, "pCo1, T p.ool

Linear probe 3cmoA =73t dlojg] o] B4 A},
Brass AJ&ojA] 27 81622 SNRo| 7P &7 B4% %o,
FAACE Fofst Aoz YERITHp<0.05), (Table 8).

3) Curved probe brightness

Curved probe 7 cmol|A &5t dlo]g] g 24 Al 9]
F7|HoA A= Stainless AR} vl Tungsten A
ZoflA] 165,692 &7t 7P A BAEoH, SAKOR
Frofeh g o® yehdth(p<0.05), (Table 9).

Curved probe 5 cmellA 5783t Ho|8] gre] &4 A}, 9
"27]Hol|l A ARESl= Stainless AH2T} W)W &S] Tungsten A
HofA 137,482 =7t 71 w7 BAEglen, SARCR

ot o= UERITHp<0.05), (Table 10).

4) Linear probe brightness

Linear probe 4 cmof|4] S35t glofg] 3] 4 Az, 9]
F7)1o)| A AMESR= Stainless AR} HwE1] Aluminum
Aol 110,252 Hx=7F 7Y A BAE 90w, FAK S
2 Folet A o= YeRdtHp0.05), (Table 11).

Linear probe 3 cmoll4] 7%t dlofg] gfe] 4 Axt, <]
27| AR8B= Stainless A&T}t v]wale] Aluminum
Aol 142,148 Hx7t 7 A A= 0w, FAK S
2 ot A os VERITHp0.05), (Table 12).

Table 9, Brightness of the image acquired at a depth of 7. cm with the Curved Probe of Image J analysis

Division Mean+SD Min Max F p Duncan
Brass® 114.09%14.975 88.253 124,76
Stainless” 72.73+12.801 54,052 83.254
Copper® 97.8318.409 89.928 109.43 b
PP 36.603 (001 e, ela,
Aluminum? 140.69+14.847 119.103 153,624 e(d(f
PLA® 108.55£3,242 105.349 113,909
Tungsten' 155.09+6,164 147.403 164,031
pL.03, “pLo1, T pool
Table 10, Brightness of the image acquired at a depth of 5cm with the Curved Probe of Image J analysis
Division Mean+SD Min Max F p Duncan
Brass® 88.14+22.107 57.755 119.831
Stainless” 93,524,485 87.786 99.675
Copper® 121,79+12.697 105.901 137.373
e 9.411 (0,001 2, b,
Aluminum* 120.58+6.167 112.242 125.612 (c, d, f
PLA® 99.72+15,698 80,16 122.375
Tungsten’ 137.48+15,225 123.339 159.657

€05, "p<.01, " p( 001
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ARl A== Biopsy Gun Needle®] Ao w2 WhARE 97+

Table 11, Brightness of the image acquired at a depth of 4 cm with the Linear Probe of Image J analysis

Division Mean+SD Min Max F P Duncan
Brassa 79.36221,542 50.862 111,476
Stainlessb 77.75114.967 57.838 94.373
Copperc 92.29£12.959 72,307 107.42 a, b, e, f(a,
4,570 .005** .
Aluminumd 110,25+13.764 96,768 127.618 b, ¢, f{c, d
PLAe 63.39%16.897 51.089 91.697
Tungstenf 76119.487 52.313 98.191

pL.05, “pC.ot, T pC.oot

Table 12, Brightness

of the image acquired at a depth

of 3 cm with the Linear Probe of Image J analysis

Division Mean+SD Min Max F 0 Duncan
Brassa 128.6+20.643 102.93 152,583
Stainlessb 113,910,529 99.822 127.259
Copperc 126,36+10.378 118,338 133.005 b, e(a, b, ¢
4,880 .003* P
Aluminumd 142,141+27 591 119,725 190,311 f(a, ¢, d, f
PLAe 95,9144, 632 91,007 101,748
Tungstenf 122,28+7.901 113.571 132,358

P05, “pCo1, T pCool

Qo] Aglolit AIX

v. o #

el 22 AR 900

Sl29d(computed tomography; CT), %

& (mammography) HAF &
HAARE Adgshar Qi 1 %, CTE

MO 714 o] Hak 4 9= OT

z2il{ultrasound),
tjorst AH|S ALES)o]
o83t 22| HARY] H9-

o] 44

FolA B, AR5 A viAvks 59 A e A
geeol oS AN} Mgk F k] viAvks &
] A FEH o &2 A Bles 2T 4 qlrt
[13,19]. w=bA CT #|t=sfof] #] W Zeke: ffsise A3
Aol mAERs F1l AR Q] Hajooh,
Z2TRE AR AFES A CT AFs3 At ol &
o] AlR¥sh= WHelH, CTef thaA] Aol WAYsH«] oot
sjEAdeo] gitke Aol Apoldoltt4l.

Z20hE ARERE A A FHbiopsy gun)o] 22
of AfdElo] 25uk Yol HeRt YRS Hoigomi 4
2t PA| F5= Al shRh 2aut vhse] oA He
7H53R=t] 89t Kol o= 797t HAlsHA| Het, o)
o ks, AAE sl A (target) & = 9= BEC]
HolH2 SmRItH7,16]. webA 2 A7 259 GolA
Holi= A4 ¥ vhse] 2 Sl vl & He A oo 2
874& AN, FA SJm71aelM AMsh= 83 Fbiopsy

gun) AJZ¢] Stainless®?} B|@}IA}F 1= Bl=(needle) A
2] 5Z&F(Brass, Copper, PLA(polylactic acid), Aluminum,
Tungsten)& AMESIo] AL APt dA AR 59
Stainless &2 71go] Hefslal, 7FAo] AAY EA -
ot 4= Q= ARG Amet AdEstals QARH19,22], A =
2 HAARE Algstar Sl @Ak Fare] A Aeole} widtst
7lolli= ohar ofe Fo] Utk

webs, & =rollA A9 ARE 2| Sl thaatt 22
At HS AT WA, Philips dH]olA Algsl=
QLAB A% 73w B3 = a2 ITmage J T2 1300 & SNR
Ao}, v R, Image JE ©l83lo] HREES] WEE
probe FFH} Zlolo]| wet EAJsIGIT o= 29E[17,18],
oVJEH19] == Harslelt, o]HAH 2019 =t Rarsto]
ZgH FRo| e Zlold Ak AT

7|2 Stainless®| A% At Aulol] mEH, 22 Hx ﬂ«] =
F 57 5714 HlaL Azl s 2A UrEP’LEP. H]
ARt 571A] F79] AP 7]E StainlessHr} %63: 570l
Fels 2aE A9t Z2STHultrasound) Z2HAF Al AlE
Sl AFsF A vl = vREe Aol et 9 B2t
L curved probeo4] Tungsten¥}t Brass®] Ajdo] 714 &3

Z7}o] &7 Vet linear probe= Brass, PLA(Polylactic
acid), Aluminum, CopperolA] 23 Z7}o] =A] YePich,
Algorithm Parameters®] tgt ¥ £} Zlo] A-H20]+= 94
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AE Qe
o] B7hke =slARH21], 2 Ahe Tt glolol wE I REFERENCES
W o} Hhs(needle) o] AlZFA(visual) Holl F4E L

Al ST,

2 AT A AA| AF83kE] o] AMER= AsE A
HRsAE ARRSEA] QIR 7F vlsssiA| Alkslr] $1sl 3D
ZE o gslo] Atellnt. AL 5572 AuE 7HAL
HhsE Aldbsto] Atsiolar, dA o577 |delld ARgskaL 9l
= Stainless Al 3D =Y YA AlES v w3t Ay} ohh
ustA] S5k ol| ofrkzo] it TLeEE g AR8SkE vt
L3l 71 9Asla Qs uise)] sjdke] A A7 (Tissue
biopsy)‘—’J A F5 A = AtollA] EHXI 53t AlgkEl &
S offdsto] A83tchd, Akl A4 At eAf B
H AR AlREr, olof & =-S5 Farsto] A3k
XJ?%%EI ow, olefdt At Axk= =7 4t
A el 71o1d Zlos sk

1

fu

V.2 E

QU 22 Aol A= 84 F(Biopsy gun)& o183t
o] A A= AlERRE A F AR Stainless®} Bl
QTSR S 571 ks ARE olgslo] et 2ol
o}, QLAB £4j9] 2ud Zlojo A% et 7 95t
A2 curved probedll A= 7 em@} 5 cmollA] 25 Tungsten
©F YEREA, linear probe 4 cm= Brass, 3 cm+= Brass®}
PLA(Polylactic acid)7} 7] YERITE Image J #40llA
SNRo] 7P 945t ZHR-& curved probeoA= 7 cm} 5
cmolA 25 Brass® WERATE linear probeolA 4 cme=
Brass®} Aluminum®| 7F A YRR, 3 cmollA+= Brass
7F A UERTh Image J 404 H717F 7P 92t A
L curved probe: 7 cm@} 5 cmolA 5 Tungsten® 2 Lt
EPA, linear probe® 4 cm@} 3 cmoAlE 25 Aluminum
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