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KORMERREREEN TS, SHREF £ T EXRNRE ARHHREERRX.
HERGERBEFERRDERN—FIEFELRTR, HES T RGBSR BN
=, JUAREMN A THARESSE MMERINEEME, FoBEINREEEZ RTINS TR,
RAER, BEMRANFLR T —RIAERGRNRE BSERIAEHERGRSE. 58
HBENREANSRESHEAZS, SINEEXTRMER S H R T i AGES
K, URIEKRTHASKSLS, AT AERAREXRTRESHTHNER, EPEEFHILER
K —A&L PA/US R 5 TR REL, BRIFNIRKNHRI=.

XA KURR, XDRMRE, KEHR AFRN, BENEK SREHEK
FE>ES RA459

Abstract

This decade has witnessed a growing prevalence of chronic arthritis all around the world.
Early diagnosis of arthritis can be essential for timely treatment and better prognosis.
Photoacoustic (PA) imaging (PAI), the multi-functional imaging technique, has been applied
for visualizing the morphological structures of peripheral joints, and the small vessels in small
joints. Blood oxygenation, and other perfusion indexes can also be calculated by PAI, allowing
functional evaluation of the joint tissues. The exogenous PA contrast agent, targeted with
some specific molecular biomarkers, enabling molecular imaging with the use of PA
modalities. several photoacoustic computed tomography (PACT) modalities have been
developed for joint imaging, including some dual-modality systems, which integrate a PA
system with other imaging methods. Taking advantage of the stability and maturity of
commercial US units, the co-registration of PA and ultrasound (US) systems with a portable
probe can be an essential step for the future clinical translation and promotion. Currently, the
researchers are making efforts to eliminate the reflection artifacts, and to enhance the quality
and speed of PA image acquisition.
Key words joint imaging, inflammatory arthritis, photoacoustic imaging, photoacoustic effect,

ultrasonography
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EEREHCERNXTEBLORERZIEGK, Hf, NEMIEIHMERMXTER €
FEBEXT R (osteoarthritis, OA) FNKMIE X T5 & (rheumatoid arthritis, RA)F KK, BK
E. XHEUEAEREREE MMM AN ZRABEKER ., 72005 FEE—TI%
FABKZMIAEER, 29860 s ZIMAFEANETERER ERBEAXTER.
WRxA, FHNANTHAYATY, WREBENRAEAY (disease-modifying antirheumatic
drugs, DMARDs) T IXERBH LA TR MR T EBA, H—ERERGIHEHNTIEZRME
ERERR, Y AT, FRAMXDTRENERERTEE, "EALGRERESHMEURNE
RiE, FEEUN KT RETHETNEETTES. Bit, NBFERGRANNET#HT
B PEMR. NfLIMED R MEERROISHRTUEITE, SEBTIRKISITI®S. B

ESATT, MEXDANEGTE.

2. ImARE AR RERRRERITN T
ERERAMNEMXTREMTFERRETFREEEN X &i8E (conventional
radiography, CR) . ITE /LT 2 A& (computed tomography, CT) . #3t4R B &5 A (magnetic
resonance imaging, MRI), ERAGREARZ BFIFE OA K RA ZIRXT. " XA ERFE
FHERE T HRIEFNEM™E, 1 OA XHALAMX T EREE KB TEAFRARTK,
ME RA BEXTANBRAMRE (BRBRIBE. BERM). VRKEBRARKMRK
T (X, BARX). BEAMBREURBERIEMRE. RELFEHENAERENR, H
RERNEMAE, HNEEERTEHTHAIXSKISH. ©7 ERXEREX TILHE
M ARENAERN, 1987 FXENERFSTIERN RA FEEIAA CR Z212HT RA KR FE
SO, FFE W EIMEHITR. " T CR SRR ERE] T HEX DR MEREINSHHN A,
CT HFABAT R DR MARNZH, —RIEA—FHIKETFR TUBIESZEEER,
BRZMABTHRETRE. WARBURBRE. MR NRARKSHIHE, 2l
REBERRZNANEGLHAR. " BEESFISEEMXTAELAMRE, MRITTUE
AT RN RN, SEHHEREFE T NS MESUR M, T SE AT IY
BRRAMXTHEABRARANE, BIEBEL. BEASREL. BEXUREHEARE, &
IR R MR E AN X DRIRR LB RRIREHE, KB E ¥ E 2T ITE K
WESHEHERIARPEETRA. " BESLTYHRANNH, BENEBEISH
MERS, BEERXHRMEKFMRER, HIXBFSHFERITHE TN ERENE
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HITIHE, 7 T, BERGRERARNAR, FEAGRARMEN BTIRER, AXTHLHE
RIS R ITAVBIE, JeFEAUR, BIRREIEIEAK (diffuse optical imaging, DOI),
KAREDTHFEZR. © " EHEKN DO G TMITEEAMAEAMIEEENIELE,
DURTRREXTMERE, MExM. HEMERRNREE, “ BFEE (contrast-
enhanced ultrasound, CEUS) RIEFREGHRZMNIMKE BEFRAZ—, HWERS
MRIFN T HEXTRESU A ENER, 5RIER CEUS TXBEA M RESHTRE,
HouBTEEMFEETHMERESE, NBEFREZETUAREAXRTRNDFHE.
(20 22-29
FREMBEIHELGFRARTHTADESE. BIERINESR G IXHRESHERYF
AT REURMY, ERMTTRNIMLEIMESE. MIERINERER, FEERS/IX
TR FRNORBRFTTE. KERGERANAERBRX—B#E, KRE—FEFEFE LN
ISP RN TG R LN, IREEENT, AEEEN R RREXTHER TR
BE T R B EIRKN ANE.

3. AFBRBEAFESRERS

FHEREEAR (PA) —MERTEIMXFEMERA, HFREANXFRR, BETET
SEE AR HE SR AFESHTRER. " AFERNRET 1886 F£H Alexander Graham
Bell 2, “ HALRWEIOPTEKABLBHEAEEE LF, FERemiK, AEE
W, EREEFRE—REIENBER  ZREF KT HEER EETHNBER.
B% BUEGERRENER EZINFESHERAEFES. “ (A1) XFEMR
BRESTHERNBERGRNNS, EERBRALCFRHMENER . X248 L AREFMZ(E
DR,

HAE R R G T ERBOER R AR KBS G SRR IRRRE M.~ —
% 2 1 F Q-switched neodymium-doped yttrium aluminum garnet (Nd:YAG) R 5 2Hx%
8% (optical parametric oscillator, OPOYE A B K AR IIR. " AN 4RE (LED) thaTfEH
KERGHEENRER. 7 AERRGEHE—RIIAFZFER RAFERIHEARAETM,
WEREUBRITERER. ¥ BEESERERLRERTE hIHNARREESH
BARMEA B REEHRIE (CMUT), ™ KERBROEENSR KB D HFITEYBRE K

% (photoacoustic computed tomography, PACT), YtEEMB1& (photoacoustic microscopy,
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PAM), IARIEFRHERE (photoacoustic endoscopy, PAE).™ HH, PACT 2 A MM
BFRA, BIRERLHFI TSR R AR EXNEGRLERETTREEESEMLA 2D
% 3D Bfg., GIRBENE T, EAFREET PACT WEiLRMIGKATHAT . &
PA RGith o] U EE T HMPE R RGMM S HEMRGEF S, 201 US, DOI. OCT #l MRI, ™
0

BB TRRENXEET, AERG T RN LIS FERE. &R, ™ RIRMEX
BEFOREANAEA. BEONIEAR. 2%, KFERE. Y FAZEK PAl B
SFARBENAEAR, TUTENSEBENES-ERBRADNENSE. 7 XERGER
BRENSTTFHEFREFNNANS. ™ ARABEERES FHINRELEEF, 1
XM FAERBG. T EEFXAFINEM BEFINHRFNIES, TEMKDEBIR
&4 (indocyanine green, ICG)™ ™, gk & Fit™, BEEYKHEE (single-walled carbon

nanotubes, SWNTs)&, !

4. AEBBREAREXTREFHRR
E+ER, BE PA RALKR, BREAEXTHETHNEANHRREZHES . PA
RNARERSNZ=EMHENBERARE, BETRORE FHRNKT. XFERERNE

TRNBEFEN, RUNRSHHTEENE, RERFNERELIS.

4.1 XFEEIRBEIIAR (PACT)

15 E SMF A TR FF & B9 5T XS R 5 B B9 PACT RGERIER SRR . AR A LR AKIE
RETSEIRENR 1 From. 2006 &, BHARAKFHARKEF R T ZTITHTXTAKR 3D PACT
ARG, FERRBEPHYERRAG (PE) EHETTRE. ¥ ZEFRENEELEH
NdYAG Mtk Gi#%, FARMBERLGAXTHITS iRk, Sd4385% 30 Bk, o
EWETXTEEAR, BIEEAK. BB, LR, 1E. BEERE, FRUEALKANMIES
2. Y HRERAZRAEENE T XHAXRBEERXBRXFES, KUWEHALE
FSHgm,

A—PREBTEAEKRFNAREABAERNABA T EE 3D PACT XEMKRRSE,
FHTT X HRBEMAGAEFLS, " BERLBYNE T, MIWMIgE X
ZHBR WRERUAF=ZHXTES MR BEEE M. ZBARERHHARTRA
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EREBERLIIESTZ R G T80, FREEETAGRES KGR, ©

M EHRFR, PACT JURFHNETXTEABARNESEN, SEIR. BEE.
MEMRIESE, XEBRETUBIEBBERNETNETRRERE. © SHWMRRA
T PACT MHMEMFEMENERERS, X—HABNXTERNIZHEEENE.
Peter Van Es FiR 117 BCH FIAHEFB AR LFIFER PACT RS, MFHEXTOLEHTE
%, V7 BEAXPATEBENRR. KEE. R TRALRMENTEMER, SRMLIR
EMMEE 15mm BERA/NNE, BS5ARFTE. Sergey Ermilov B R T XTI
MERAERE PACT R4, ™ ZRGEMDERASHAIINRL, i@ 360° ek USRI =
HRR WAXDHOEETRSNOFE, BT BERELHERG R~ NIERNREET R

4.2 RFERBSEFERBHEE—IURZS PA/US BIRR S

KEESMEFESHHBEERS (RL) #H, 2RGELETRNSEIMAHRE
TRHNEGRER, HOUEAFRGEMERMNBEEG L, SI PA/US IESHE, It
ZEESHGTTEFORRIAMBRAFXTREMRNARZ—, EFRNEXHARNE 2 Fr
o
421 PA/US BTZH&

BT RZREBAE PACT MIBHEMTEAL R (ultrasound tomography, USCT) EE&ZE
B BT R, FB PACT/USCT BUESME RS, B £IKER PACT FilB A& NE Rk
BRLERELMINERSR. " MILAN OFRI &7 AHERRIE, W1t T @R TFAGFREEY
RHRH PAUS MMEBRFSE, WFEXDTRAMBMODEHTEESEHR.

422 HXEBRBRABETERLERYE

HTBEZERENSENLIERY, HESHRSEERNE 2O A, R E
HERGEZHAEREKR, RITER. MERRONEER, HIRKEAXERE. A7 HE
BARMH—SIRERENY, —EHRBERNBAERARSTHRUBEL GRS, WET HE
M—1&L PA/US BIESTE R ARG . RMBESHERGERLFESEGEZBERNER,
T AEFEGESAEESHAMIERET EXAAENEEM RN ERFRLERE
RGENREMSFR A WAIRSREREE B TARE. BEREEENTN, hEHR
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R T HAEXTRGRHAIR A,

Wang SEEBHFERGERRESTHABHENE, " FNALIIESHERGEN %
T R NRABEX T T 1064nm F 532nm MBUEKAEE, ERMREXERFNE T
BEAENRFES. 7 EHREANENEEX T LA BN ENER#TTHR. @ &
EZRRBYWATEXTRINRNAFESHATHEN T, 35 microPET RARFELE
R—. ZANHE—SINZRGHIT 7 EE T ARKTRENBIE, HIRE T EMOAGET
BRDAFER.
4.2.3 REFRCFHRLN—AL PA/US EBRES

BABRERRFEEEGEBERL, MH—EUEER PAUS KL, EFESEIHE
AR, hEREESRRECRIET B, Et—&4 PA/US SRLZIEEZ IEE PA/US
FHREGHRIES. K Daoudi M P.J. van den Berg %7E 2014 £ L T —MEENEE KL
FReGNBERL. " ZRGERT —RIZLIAENEEER LT AE T, I
RGBS TRLN, BRI FRARGERAERER, EFSHRARAMR—.
ZARZURNSEEMNEBRELFRE HFRAFEGUAEAERMNEEFERL,
A RA T RARNLE RBREEN, A — P IENZRETFEHAEFRLINREER
KEMBENA, HREFRTHXGRITHHAR. " HRENFZRGENT 10 BXTHLE
EMEEANFIEXDHTTRE, HERBWETXTRORFES, ERKP, PAES
BEEMN, BS5 PDUS ¥ EENDFHITFE B

BHIBAZHEANERE Z AT TR AL T BB FRAFR LIRS PA/US &
BEG. " MRENAIZRGD IX X T & BEM R BANFIEXT T 580nm B
KBRFN 532nm. 1064nm FUFK B K. 580nm HiFK BRI INER MCP X RNMLIER
27, MBEEKBGESINEBMESELS. FREAAXTREZFNMT N R DA B
EHBRNBALMEEZR, FIERZRAGTNEENTM ., BREFKMXTHNINEENRE
s, " 2P A — 5 E A LED IR PA / US RERILIR, FEAIINIRER
SIEMRLLE PA T US B EEG. FIBIZRRTNE RRAERA 5mm MFERILE,
FEFRFIEXTOETELR SHOR R ESHENEOLRSELL, LED ERAANE,
FEAMKN A, BZHRARN PAI EXSKPHIERN AT EERANE.

M 2015 FiE, JERIBFEREREFRAREARFIERAE. BEHASBRE T
REEFFREERLN PAUS STRERKE—BRUTEE, BAFREH D BEERKASH
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BAEGIES (L9-3U, Mindray Bio-Medical Electronics Co., Ltd., China), R AlfEKS %8
AW BRI EFBERES, HEILFNEREMER. (B 2) Z¥BTAE
RLEiAT T FRBRE DAL RE DLW IR R ATHARAE 5. ™ M ERAT S B BASE XS 2%

RBMXTBREFT REHR, MPTHRERER, 1% PAUS SIESHERGEWNNETR
BEADHNERRYNE R, HFESRKTFAFRIFNERME. (B 3) FIFIZRSEI RA
BENEDHITEEIN, BHEEERFEDNETN. AT ERBAMETNEAESNER
KEIERINE.

ZEEFRAMEFRERRNTERRRES

BT SBEMREE, ATRENIEME, KERAETEXHHEERERA (Diffused
optical tomography, DOT) B&ZR—FKRFE. XiL FEL T EE PACT M DOT KX F#E
BFa, PIFHBRLIIEECHFES. ARTEGERRFLERILES, BEHR
PA #1 DOT B&. ZRFAEAGRKXTHNKNRE, XBEAEERMEBTINEK PACT # DOT
Ex, FAARENDZR G AT REXTRE.

4.4 SNRMRFERHIEXTREPEN A
BRTY HEXRTHROUSRT R0, —EMREXATINEMEAFERH, BXFXT
RARBARR BY B2 T 5 FREKF. ™ —IEA5H Etanercept (i TNF $EmZ5%) 43
THEEEINEMAFEE ARSI L, FFEHEREXT, & 600nm FIK THTHE
Bfg. HRXKIALRANATAESRERES TRIFEZTAXRE, RHRTFH AWK
M PAI D TRET UENXTRAYSE

A B FH K HE B B 1 (Seminaphthorhodafluor, SNARF-5F) 2 —F4§ 5k A pH &
BAZRL, T SRR E AN BMARN pHE, 1Z2 FREB TR BFHEXTRHEK.
RN TRUHE RIS EXTREBALSE, THUTEAFES. BRALRBI pH A,
XK R MR HWEZ M INE.

R —ME LINEME BB FIELINX 5 EHA (near-infrared fluorophore) E4RIE
RBCR B HHEBBEE FHE (polyanionic dendritic polyglycerol sulfate, dPGS), F A L-
selectin/P-selectin f¥ 7R M E &), TTEEEENRMRE . FZRERFFEREBHIHEX
TREENROBATRERAT, #TAFRR, ERAUNE PAGSERERESTRR/

[FELLAEBAN]



R, B5i#838 MR FIARFLERERF. ™

BERRKIN, AFRITATHRNMAAMSEELTTH (Clofazimine, CFZ)7E 450nm &
KRB RFEES, TATAERG. ' CFZ AERMBENESE, FLTEIESEBERM
ZHTAETT N, MREEBEXAFEHMBUGRAIES CFZ JNBTXESTHME, Fit
—IHIERAEZS PA/US B R GE EXHE5 CFZ IARE), SiMREI R PARFIEXATHITER,
B BEBRNAFRES, RTAERARTAT CFZair X RNAYIEN.

5 REXVHERARE

BAERARBEETRRUERREEES TIRARE L, BERESHARARTITS
AAEBERGETE, HIRREFHERLFRLNNE, HFERKENHTERFH
R, BREXTER AEHHRNOEBRUREEONEEIBFEN I B4 e HENISHTX
THEROFAREEETAMAYTIRN, hERERRESAE. EA—IHENTR
FRA, &K PAIBGOHERRTENRAT NS ETENRERFETR, MR, FAiLE
BEHA—SHABuE. Y BT RE—SRSEREAOERZ, ERIETREEER
EMZHENHEXER, MXTHBRARFNBFESTREILERGEEME RN
%, BHRNARHRERELIE AT hERETER,

BB X NFERBEX TR IEERT N ANERARRS, BEMRGFERRME. &%,
UARSZHELTRESNE, BANEBEROLERD SHERNENBIERR. 75, HR
BAFERBRERHMEANL T EH ARG, (UERRSHMTFRITEA—M, mARNHER
HHERTHE, BAXERERSHES LY. BEEYNREHBEMILAREHEA (B
MRS G SMI %) MNLEMRLEE—LRF. LERRN—KEHENEDEBIE
MINEERR, EXMRWBH—SINANARE, RIECAEINRERERXN KT R IRBISHAIN
=1
6 it

HEMEBRAR—FHENT UM EZERFERETR, HEXTRENKAKEE
WX RTITARIESS, BEEMER. MG IR AINEEEEFENS TR
R, EADRIMERNEGISH . TEUENNE A BN ERRREBNE. B
HEBAEETEESZEFLUBERRNE FREESHE BUGEMMERER,
TRRESFRISHES, AEMBRNURESTHUEERLNE SRR RIERE IR

m
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