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Abstract

Currently, almost half of patients still suffer from moderate-to-severe pain after surgery in China.
Postoperative pain poses a significant challenge to the healthcare system and patient satisfaction.
However, systemic assessment of the quality of postoperative pain management in China remains
unavailable. Pain assessment is a complex task largely dependent on the patient’s self-report. How-
ever, some patients can not self-report pain, and professional assessment can not guarantee conti-
nuity and objectivity. As a result, there is a growing demand for automatic pain recognition systems.
This review aims to provide current state as well as the technical foundations used in pain detection
designed to improve pain assessment and management for adult patients. The review highlights
the potential impact of Al on pain assessment in clinical practice. This review provides evidence
that automatic pain recognition systems were used to improve efficient pain recognition and pain
assessment, analyze self-reported pain data, predict pain, and help clinicians and patients to manage
chronic pain more effectively and lays the groundwork for further study in this area.
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1. 518

FARIGERAGE B HEARGREE, ARG HEAE . K AARE ), MELF A, %4
ITARE R G ok T B RBEER[1] [2]. 4 B SR J5 & 98 i 78 (China Acute Postoperative Pain Study,
CAPOPS)SERIER Guit, H 48.7%MEFEARGHE — KRB P R =N, T2 BFHME TR
A3

AETA A PRI A B T SIS W, W B R AR VAT R [4]. BRI, HRE I R
SRIR R IT SE R R VAN I 3 S bR dE[S],  Hh B ST B3R (Numerical Rating Scale, NRS)FIAL Hi 5
L7 (Visual Analogy Score, VAS) @ IR A8 ) 7z i Fh e R R [6]. 2R, BT BIRIPAm
PERR, PRV 2 2 B BE IO, E2ROLRIsem . o B2, R i R RS R NS EIEIEAT H
FRAVPAR[7] o 0 3R N3 R I PR 2 A B WL 00 A 9 i P, B0 UL 5 25 94 g i B2 PPl (Observers Rated Pain
Intensity, OPI), {HIXF 752 ™ BT B2 AR (1 = WA [8]. DAL, #7084l 1— BAER R VPSSR &
fabr, DS B D B AR s AR 2 AR 1) S WA 75

PEIR AR AT LLIE T AN 5T, 3 TAT AT DU RIE 5 A S A (0 B R 7 AN B2 %)) ) L 92) DA K AR E &
(B A2 AR R AE); 7T DR T — S B B SRk, G kR N AL I 2R AR
Sk, ARG AN AAGRR E[9]0 1X For, T TR AR R0 A2 B T PR B Al 7 ks i FH 1 77 2

2. ETHRREREBEALE AN TG RENE AR
R ENHER, NTEA(Artificial Intelligence, ANIHFZTA 22— BTG AEWE IR T HLAS A %0
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REJJH BRI B, DA . el e i aE ok, BEAERIE ¥ S OTERI K E, VF2MT 5 N GOEAEAE X
P AT B BN VAL, A AR TR G LA % 2] J7E[10] [11]

AW BT T RS 4 £ 4 (Facial Action Coding System, FACS) [12], — i i & 2 45 0N
HRantE, RIEhE S IT(Action Units, AU)EIAR, 1% RGURIEE VLG 3741 46 > AU KA [ H5
B3 A PSRRI, T AR B —2H S R — 301 AU, UEA T &R A% 0 3K 1% (Core Expression of Pain,

CEP)IX— M. (HAZARGHMT /KT IS RARIC IS AUs, X2 — TR IAEST, ANiE & Seid
PP [13]

TRIE S 21— Tl 22 R e W 28 0 (5 BT IR, RSl 28, Rl S5 B 55 Y Sk
Ky, X AR B AT 2 iR FH T VA IR S B G5 RBEAEL[14]. HAT S AT ARARA] . m R R0 A
TR o IR 22 TN DR E 25 51 B BP0 1R 4 [15] o

VR PRI AR AL R GE R RT 1 IR 22 ST 55, BRI ST R R . i el ATx
JAHSC RS MENEAGER, HATHIBE AR Z R TR s, ARG 520 5
PEIRAH IR THI B R AB I, FEARIE THENL SR (FACS TR EE S 20) 0 T SR B TR RRAIE, BN B
N Grid RO R BEAT TN, A A B 73 2845 vh BEAT — 73 ¢ (Support Vector Machine, SVM; K-Nearest
Neighbor, KNN)A1Z 7K1 73 JE(BEHLARAR . FHERIAIZR), o i H PR 28 SRR A TN 382 185 e A P ks 0
SRE, XFEHUENL T A B SIS I T SR R AT AR AL 1 AL RS

HAREUA B 2 A5 B SR PP A I T B ] 0SS A0 S A BT AP T R4 A RIS R P, (H
FEI PR A 5 P AU I FUE & T 2D i Bl

3. ETHRBUARGERE Al G RGHR
3.1. ETEBRIEVHEILRGERE Al TERGHR

BAE LEAEBE AR 348 RER ) 7.5~17.3 JERAEMEAIRRIR[16], HiA: ) LAEAR 5 AN [F] I 8] 7] G 42
T PR B RPN, I R 0] S8 — RYIE A SO B, QAR A AR ER B AT AR . PR U
N, INEN B AR T RE PR RS2 [17] [18]. Zamzmi 25 E 5T 1 55— 2R aUH AL ) LRI V-l B0dE 4 (University
of South Florida Multimodal Neonatal Pain Assessment Dataset, USF-MNPAD-I), i25% T 763 I 4: & 1 B (3£
] b 2 B M) 7 A ) LB B 4P 13 58 448 A ) LA e ST 1) (1 RS M P R BRI EFBRA A . S ol
R IR JG TG . FARSBOHE BIsR . M. MR #65. LS. IBaRiBs A .
TeS% B BE AFEAT A (R R N « SR 80 S80) A AR BE (AE dy AR E AN 2 53 v 30)) S 82 [19] Md Sirajus Salekin
BT 2B A LRV AR SRR T — P 2 B ITE R S AE RS, TP AR LR . TR R BAE
HAf FH A AR #1242 I 2% (Convolutional Neural Network, CNN)H& &3k [ 1 345 22 175 1 B 432 5 I AN TR 4R AR
S8, A AR R A4 M 4% (Long Short Term Memory, LSTM)E RN )45 8, B A ) LB 30 2 4 ]
(Neonatal Infant Pain Scale, NIPS)J&Ji &R A A LIAREE, &SI T 91.41%H)- 35 #ER %A1 0.89 AUC
[20]. AATTJE ER3R T — Pt IR 2 31 1942 E Bl 7 Ok M4 B 22 X 4 (Bilinear Convolutional Neural
Network, B-CNN)#EF 2% 2% (Recurrent Neural Network, RNN)-K47 #1017 /4% LSTM A5 FH 357 4E J LA UR
PEASEE A, SRVPA B AR LA S PR IR R o 25 5 B 7R S PR R ek P o 491 PR T 1 23 o T AR S 9K
XATREA T 5 SV EIAR L, ARG RIm U 2 il g />, POmmE R/, a iz ilEHE2,
AR . AENE CNN EEFE 38 CNN BB S B AR A iR L AR AR, U F W CNN A LSTM &5
VAN A G IR RRE[21].

3.2. BT ERBREN/ILERERERE Al THEREHR
W2 ) LEAAT ARG EEREPORm[22] . PR 2 X %1 IMEIRA B AL ST i, B
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BRI TR, BN BT R P, I S EULE IR UM A015[23]. Ayla frem Aydin Z5R4E
TARGE— BT RS R B 0/ LIRS BT 2 F ARG TE 7~18 & 2 Rl 83 & B EFEA . {1 Python H11f
et S SEE TR F AT WIVREE V5 (AT 12 /NiF RS 24 2 36 /NI 2 [ HEAT PO PRAil . L3S 2 S) B
THRPIR R 5 LB ARYE WBS A VAS i35 (750 FE PF 4> Z AAEFE B3 — Bt MLas = ) BRIV i
Fil )L VAL AR ™ AR AL [24]. Wenao Wu 32 H T — B & 2 Skt s Ao HL A ks M 9 4, DASE I
X)L ARG BT IR 2 15 Sy F B, fEAR G Z IR =W 1 15 4 LA R R M E R 26,070
ik, WHEWGIRE ZARERIUEAREE, R0 T0 . BN R A B, MOy L T &R
KAGHIEE(FPE-C). SLIREE KW, FrieM s T HEr 2 m T RGN ERE, HS5KE K14
24 [25]. Sikka ZEA A H BT D AR B PRAL iR R AN ERAR, 78 5 H B I PR IR A LA GRS A2
THE AL HE (Computer Vision, CV)FIHLES 2% >] (Machine Learning, ML)F A, GE88 WAL AT 55 45 R4l
B S PORMICEE R, FIF R I T —F CYML J5 kil 75 0 4 5 B AR S T = 1,
T E BRGNS0 151 5 45 R EE VI BR R S5 5~18 % 5 /41 SR P Y5 R 45 RN AR 16 % T )
WA, AL T N ET CVML LA AR IR, Pl 1L B B S 0m E o AR B M
P, AR A 7 AR R R LA U R, R R Sk A TR AELE R B SR FE R AE OGP (r = 0.65~0.86; 1 =
0.47~0.61) [26]. Jihong Fang 244\ 1" 2020 4E 1 F %= 2020 4F 12 H/E 248 JLE B B IR 4104 42 )L
(0~14 )] 4104 ANARHETHSIFT 4865 NAJG LA, HEAL T —NRHUBLN )L E IR R 1% (Clinical Pain
Expression of Children, CPEC)%i 445, H T JLE ARG AL o RN FF R T — M TIRES M LEAR G
PIFE Vit 4 22 }X 2% (Children Pain Assessment Neural Network, CPANN), 7] DL )L & () T 3 2 155 B 30 1F
AR JEHIR . A CPEC Hdla&Ext CPANN HEATIIZRAITEAL, 25 RINAE 1 82.19% ) HERf %1 73.9%11) F1
B SRR A AR ) LB R GUE AR R AR L, CPANN B, T, HERMW[27].
WEBH T TR 22 21 i T LE IR I B 30 RS0 2t [28]. Busra T. Susam 54 FH J L2 18 s 6%
B R VIBR AR AR 5 9 A, i mT 27 A A S RN T S 3R A A5 ) LEE AR J5 2R AT H 3P4l
FZ 53 AR5 R 10 3% B2 Bk L5 B (Electrodermal Activity, EDA), S5 E 4 BRIME 4 702 T X 701l PR 2
VRPN PR S5 35 PR P o FH PRV bt R R IR, DU Wil EDA 5 TR VLA, 7%
P4 0~3 1] EDA ARSI 7~ Al RTG53 P, #4998 E2 4 4~10 (1) EDA FIRAR 7= NI R A i
EVEPOR . M SRR EAL(linear SVM) 7252857073815 EDA FIAUEIEAR 7 . BlE G, ME2 IR
B PORR S R A S IR IR 4 R AERA %R 90.91%, HIURKEE A 100% (S5 MR LR 22), HF 5
£ 81.82% (0 ik 3 PR SRS I R A %) [29].

3.3. ETEBRIFHBMARGERE Al FTHERETR

Denys Fontaine %5 Il R FIAMT IR T IR 5 2% 2] R0 (ResNet-18 BRI 4%), A /32 1189 4 &
HFRAAMFARIGN 2810 MHFH R, BRI NRS BRI A AImHEE, W HERM: . USRI ok
Al AL BIRIR I . 2%, RIS 5] RGE I G S B 55 b 3 2P0 i S IO HERR %R 45%. fE4MHI
TR TP HERAZE 0 53%, 40 1R ZE N 2.4 71 o VPAS HE PRI (NRS > 7/10) (R BUBE ARy S 53 ) 77.5%
A1 45%, VAL E R (NRS > 4/10) U AR 57453 70 O 89.7% A1 61.5% [30]. Hieh-Liang Wu 551
2020~2021 FAE G o [ BE B AR f& E R AN FURT B, SRAESE T TR G (A 7stha (0) 5K (1) AN
Q) IEIBIED IR . R =R B AR M %% CNN #E7 5 RNN AERYEE R, g — AN LTI & 15 10
fE E AR H AT LR I S b o R AR R R B R M . BRI FL [ e . SR TS
PEIRIFIARAT X I3 0 43 F0 10 2 43 BASZ 0 231 2 43 B 73 2R UERR 2273 712979 0.81 1 0.88. T~ UG AR
TR AR 7 288, 0 o MIELT 1. 2 40U O AL T 2 443 5KE FE 4359108 0.8 A1 0.9 [31].
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FURT, 2T AR08 AR S5 70 A L REVT Al RGHEAR S SVEAm RN DAL TR R B, I HLAE
RN & P ST T D, B A AT KA o e SRR, i e e RUR ARy S P I
WA JE P e B ARE SR I S 2 I PRAIEYE o H A T R A BP0 A e Al R At 17 7 B iR s T
B, EABAAAE S8R, ISR IR 2 RS 53 KRR B A, AN B R 51 P s
J, TRV i AN AR e B ] 1 22 S 7 AR KR A e R AT IR, T ARATT G BT A L SE
I RA S5 PR B, RIS 0 B e R I R B B A0 P A A VAR R P, IR MLZ R
HZFEN TR EE S R EE . PR A R B SR I R S #2026 22—, WTE
i et g oy 2OA ROty FE N GREACR AR A B 2R R G HIVERE . ARRAIBT TN 1% IR
TR REEAR, BRI 73 PORVE > S5 2 DL BN T2 B SE T T B2 e Al PRA 2R S8 B HERf %
REUL FFREE, HBENS) 2 B T IR AR ARG AR SRR, 3T AR 15 R 5 o N L e vF
ARG 7R WA HERA (AR R TN B TR, G VARG A, 1R TARTIIIGE 1, LA
HEEH, fReibim PR RS, I PR B A= BE 6 X6 PR A2 WA T 4t B IR A DRE

SE K
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