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Figure 1 (Color online) Content and organizational framework of the
paper.
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Figure 2 (Color online) Development roadmap of LLMs.
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Figure 3 (Color online) Development roadmap of exoskeleton.
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Figure 4 (Color online) Applications of LLM in motor rehabilitation.
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PR A TE 7 N DA R e i3 0 B 2R RS B AR
AREETTH, I ERITEE M. 47 b, KA RS
5 BHEHATRG ST, KRR AR Rtk
o R, WSRO R AR RN S 5

33 IGEBIE S

AR AT I 4 B SCHR I R Fi 7 A S0,
HZh A R B 2L o s MR A e 52 /NG54, S B
ERREILIT TR, B ERIT (S BB RAR. BRIt
E A A, Nazi2g N ARG T AR IR RS =
PRARAT 55 (I dim 44 SEARR A G R, BARE S
P ZESEITRA . SO SRR ) R R, B
BT RO I BT AU A S TR AR A 45 SR R
e W R TR IT RS BRI, R KB
W A N2 T v ik = 28 Gk 2 22 K0 IR ) ) &, Oniani 5§
NP O I PR S B 45 R (clinical practice  guidelines,
CPGs) FNTR 51 N ASE A HE B i T8 FH T 18 5 K ASE 2 o 5k
H, T T MRS D7, B T SRR (binary
decision tree, BDT). #2734 Bh &+ (program-as-
sisted graphic construction, PAGC)FH4EHE /DA AR
7~(chain of thought-few shot prompting, CoT-FSP), 3£ LA
COVID-191 1128 71 %I, 174l ¥ GPT-4, GPT-3.5
Turbo, LLaMAFIPaLM2 YRS AY ({0, Seie 45 R %
BRI CPGs)a, FrABIAIVERRSS W T o2k, K
KA GE G A A T L R ] A B R . B ] S
YRIT IR 25 b, RAAE A 3G R R 2 SCAREARAT 55
HER IR AR T, BN T AR (WICPGs) G, HAE R
PRAEGHE 73 W7 5 TR SR SRR Hh R N PV gk — 20 3 .

3.4 BRI
RAERY AT BRI B B 5 K AR 7> B BE T iz
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RIBORRN A e BRIl o, A i gi il
PPASFET . SRZ MBI R R, SR T TR
PR R R RBOR VPG R B8 B TE L1504 18 1
TRREONFEA, BN TR R RGN R IR
I AR SEFR PR AL Il B B 5 58, SRR WIS
BRI R s, AR BT, Sardari® A
RGN TR RE T RER NS R IR, i
YRR VP A e BEARRN LA 1), 5 48 AR 3
ARAE G E e B b A PPl 85 e AR, Jdid
THENAL B SR ONAR BB JARAE, TR R S bR
e, gt RERIEs T M sE i, AT SELRE R i
RERRACTIG. 23 L, KB H AL BAN L 2 B2
BRI SAEBBIENRE S, SEHNIRIELER, "]
NEERER . MEACRIEREEASIRE, B IRR
MR mRL.

4 B EALES NAEIS Bl R H B B

ASORE A BEALAS N AL BB U B e 45
NVUATTIH: 1351 F . WHNZR. Pl ZarEdE
I, TR IR DA T T AT 4.

4.1 BFh5IRELEINE

AEBEILAS AR T 5] S 50 BURs € 1 R
e, WPH NG TFEME, RHEMElNRgGH
B, NTIEDReREmG . R G Rl A R 1 F
eSO T E AR T B Gao2s N T T
R EEIZ ) Th R R b £ 1) N A B B e LA N, [F)
I X 0B D AR o R0 B R B AN ZRRAS
AL I R, S T E I SRR 3 445 ] (adap-
tive particle swarm optimization admittance control,
APSOAC)HE, IMITELIHRNIERILESH, K
YN | WA B B = B VA ki3 sy /b4 R | R M v o= T
=, LR RRVNIZERAE E S 5T E
A RE S IE AN S A E G, B 5E T AP
R BB SR R I, Inoue NIRRT — Al
g5A M % AN D Re v FE B (functional  electrical  sti-
mulation, FES)IAREN A, ELFESHIERM
JEEVU KA IR A8 ULRAR TH R I E5h S 5, e



I ERE: FHARE 202544 HEs55E H 10

5 19X, SR R g S FESHIAME B AR,
NARBERRATH BB A BN, AT 7 RE
WP EENEZNSHE. X RE LRI R E
VRIS F R, Ou e NI T — et Ay v R 25 2
BT R BT AR AN R R e, I8 I G B TR (A
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FAE 7284 B, WHGTERREEE T, T, D
fTREJI. TS BN BOssh DhRE, 45 R B2 oh
HRONG R D SN D RE M Bk, JFHRERIER
SRHRTIMIE Y, KigseTh 7 RRRRCR. 45k, Shar
BT HEa5 S 5 PENAENMURZELEE T EFEK
IBH)TNEE, I RENS B IE S OREENIZR T R, 37T TR
REEEN TS HE.

4.2 XIS R

AN BB ML 8 e i n 5 BE ) 5 R 1R IE B
P, A AEBENLIA &R 21 R, & T
s L) R B R eiE s R iaie e, AR
WA AR08« 3 Rl 0 559 0 I R B ARt 1 R
McGibbonZs N\ “ViF 5t 1 A s G B ik o e e
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RS ENSCEEH. SR % 7274 P EPDEA,
BEALSY Jo o B AN AN B 2H,  SEIR 25 R e
WAL ERE S 6478 P ATINREE & . 1)
EAZAT MR R B T X A, A 1 il
& A% BB 3 TRLIE B A R0 B RS 5 BN A AL AR VR I 1 L.
R XS TR T IE B D e PG 2R 1) 2 4 R I 2k
AR, Chen NTHR T —Fidt T & b S b S
INHLPME T I BN T, BRI T A 8
BEENZS N BRI AL Ry i, T —
gl ] A% NI 5 gty 4 o) R0 XU N 5 s s o) SRS, 1%
D5 EARAE RO AR 7 S R M T NI P AR A AR, S
IR SN R BE, (R il S KD, e
TR Z BN e, R R 5 DU Sk AL
MAENS. 25, ShERER I g5 N 8 5 T7
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SR R HARIEEh D BRI RS R T R
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4.3 B RUIRS P

AMEEEAL A N T T B i s 1 B A R 1 A
SHTRE ST, BT IR S DR R 2 R G 3 B P A
At 77 TR, Allahverdi® NSt 7 — 3 8141
AR AN EEHLAE N, EH RTINS,
2 R B T ST DX, ATLES N B 3R 1
(DR ST e | QA <9 2 A T o R M v
REH] PR E B K | - PR 4ERr 8], &5
A SR P RER TR SR A St KU D AT DR
WE AR MR, Lin% NI REX SN 85 B LA
N F W0 2 v R TR~ R B D e R I ks
o, SEERHHSE 1244 5, BENL AL Ee N RG]
H, EE48Ir NBerg T 83K (Berg balance scale,
BBS), XE s EFEFugl-Meyer | 128 Th g & &
(Fugl-Meyer assessment-lower extremity, FMA-LE).
R R B Bl B R (posture  assessment  scale for
stroke, PASS)FHH ¥ 423 1% 2l # 3 (modified Barthel
index, MBI, SZ36 25 RRUINL4E N4EBBS, PASS,
FMA-LESFfibr L0200, RIS E # I SRAE (e it
AT D Re RV R D7 TR R A% T IEHAEH. Gupta
i NV b B B R R G TR Se A kA
T B RS IGR, BB INGEE R BRI E i
W RG R ELGE TP 52T Re )1, IFEA 25
FGI o e S, 25 b, VB BEE RS T
I RS B A 1 4 S S A R A, A
BT T IIGRACR, e T BE 22N REE S
HJE.

4.4 Fd

A BEHLES N B ) FH TC A i S A e 0 fim 38
(13 BEHE (WD R WUHAE 5 A AR B R A (o0
UL, FEAREE R E AR E 2T
2. Zhang NP T —Fh T T IRAME AL
I R B BE R VAL v, IR e dEEpLas A\ b
1) £ P AR B R s ) 1 AR SRR . TR IO s
s H, @SR &L (support vector machine,
SVM)FILSTMAH G2 fetbi B, 73 M 2D A B X P4k JE
BRUR. VP SEIRAEEE T 104 RS, Il TR bR B FE
AR KE G E AT R E T, SR BN
WA RUER 0%, FEE VP TS T 0PN 1
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B BE R R BORAE B RIS AT ) R N AT e
HAESCPRE R I IR AR RIR . AR B %4, R
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5.1 JOBERUAE eSS AT Bk AR

(1) FRE WA P R, fEis s R BRI
o, BE T OB )RR B R R TR B A% 8 4 0% B FE AN
AEWINE. AR REE T BT A RE R IRIRTE
MM B FAWEFRMEMIEZER, HF HHEEE A sl 72
WAZE AT AR, DARROR R S U & BE M. SR, 4
AR 22 % AR U R B 2 S 20, HL ek ok
Pl LB B . U A B R E e R e R
J7 G, R AR R R A A A e DA A R A T R A,
SiE S 2 NES NI 78250

(2) BEE BRI AT S R, KRR A il R
W FE A TR £) 5 (hallucination) Bl %2, BVAR T 4
oL A S U G 2 R 2R R D o, AR
U T BB A R BT R AT AN IE 4 1 A
9, BE N E UGS B E R St I B R X
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Figure 5 (Color online) Application of large language models in conjunction with exoskeletons in sports rehabilitation scenarios.
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Intelligent technology-driven orthopedic rehabilitation: Progress and
applications

XUE Tao, BAI YuQi & ZHANG Tao

Department of Automation, Tsinghua University, Beijing 100084, China

Orthopedic rehabilitation is characterized by a long duration, complex motor tasks, and significant individual variability. Traditional
rehabilitation approaches heavily rely on manual intervention, leading to low efficiency and insufficient standardization. There is an
urgent need for intelligent technologies to improve both the efficiency and quality of rehabilitation. In recent years, advances in large-
scale models and exoskeleton robot technologies have provided new technical pathways for intelligent orthopedic rehabilitation.
Large models, leveraging natural language understanding and domain-specific knowledge integration, can automatically generate
personalized rehabilitation plans, support patient education, and perform health assessment and data analysis, thereby improving
rehabilitation efficiency. Exoskeleton robots, integrating mechanical actuation and multi-sensor feedback, can deliver movement
guidance, resistance training, balance training, and data monitoring, effectively promoting neuromuscular function recovery and
ensuring both standardization and personalization in the rehabilitation process, thus enhancing rehabilitation quality. Although
intelligent rehabilitation technologies still face challenges such as explainability, safety in human-robot interaction, and medical
ethics, continued technological advances and supportive policies are expected to drive their widespread adoption, enabling more
efficient and higher-quality rehabilitation services in the future.
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