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Abstract

The incidence of lumbar spinal stenosis (LSS) is increasing year by year in today’s society. The primary
recovery goals after surgery for LSS are to relieve pain, improve neurological function, and restore lum-
bar spine stability. In recent years, minimally invasive surgical techniques have gradually become main-
stream due to their minimal damage to paraspinal muscles and faster postoperative recovery. Mean-
while, probiotics, as an emerging therapeutic strategy, have increasingly attracted attention for their
potential applications in orthopedic diseases. Probiotics exert positive effects on bone health by mod-
ulating the gut microbiota, immune system, and calcium metabolism. Studies have shown that probi-
otics can function through the following mechanisms: First, they improve muscle quality and function
and delay muscle atrophy via the gut-muscle axis. Second, they regulate immune cells (such as Treg and
Th17) and cytokines (such as IL-10 and IL-17) via the gut-bone axis, influencing bone metabolism and
preventing osteoporosis. Third, they reduce inflammatory responses and alleviate postoperative pain
by regulating gut immune balance. In the rehabilitation after lumbar surgery, probiotics may play a po-
tential supportive role by reducing postoperative inflammation, promoting muscle recovery, and im-
proving bone metabolism. However, research on the application of probiotics in postoperative lumbar
rehabilitation is still in the preclinical stage, with limited and flawed human studies. More high-quality
clinical trials are needed in the future to verify the efficacy and safety of probiotics in orthopedics. Addi-
tionally, exploring the mechanisms of action of probiotics, such as their effects on cell receptors and
interactions with other organ systems, will provide new insights for orthopedic treatment.
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1. 5|8

FEAE S AR 7R RE (LSS ) — i i WL ANE AN IR IR S PR o 38— b PR IS W, HLARR k2 A i M )
L7, SEHAITRE. RIERT VSR DL R B I FERE, LSS B3 T fe s MBS ek,
U B BB AR IR, LARATAE T J) 22 . ARG R S5 R 17 Ja BT i A (] Bk B AT B B, FARIRIT
RO E NG T &R G TARBR i i s5 WL, 5Kbe S BB 2 B 8L, (%48 PLIF FREA™
T2 38 5 G S LA AL, IF B AR ) VBT 858 (K4 S A ) 5 RS A 55 UL I 0 2 28 80, B 4iiin
ENBEED, SRS 1]. Regev SRl Xf 95 FISLili T AR AT VR BAMEE S m g 20 5
ERIBEVIRTAL, AL 505 B EAHEME ) Al S R S5 A HE G T RAR L, H B b 2 688 JE 0 o ) A8 B 41 )
S, I LA A B K T Ry S b e 2RI PR 1 S IR 25 D AT L [2]. a2k
e — RIS, oo BRI R O Z AT . i BRI R EI R AR R, Kk
LR NKITET BRFAERI A, GIAnAIRE  XUSAT B TR . BRI AT SR [3]. A wiE
W5 R R A B AR R, AE4ESF B i S B T i ol E AR R . A T LRI A 7
BRI RERNE, V6T RRSE A BGR T IR R IE OE . FLIR B LA LR T A s AU T A SR ™
WHEZ AR, BATCA DR, a8 A2 w8 I PI3K/Akt 1553 B o508 B B fa K R A
ANE (4] FTE R T ULA R B AL — RTINS, R R IR SR I E T
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TE AP L BRI 1 B R 8 A B IR REAT B R A RE 7 o AR SO I it 2 A= 1 S HeA 2 AR ™
Yoxs i B R G E BEILEIAE AL, DU REEAE R i 1 1 i B 3R BB IR T 07

2. mFEESHERIESRE

NE BT AR, KB B EN . EIRE, 70 27 R AR N KBEAEE 3.8 x 1013 Mg
Yy, BEELN02 AFT[5]. WiE AL IER N E I B E P B, AERRRG S G2 P . Khan S
HBN[6] £ UE B Th17 £ Treg 4053 7/ T4 AR 2 PR AT 28 P 4 Mo (Kl F- BIRE 7, Th17 AT Treg Z [A] ()
SO T YRR IEH A TE e BOCH . BEFRERN], W IE R RFAESERF Th17 A Treg 4L 8] H-~F- 45 ke
EHHEENEH . Wil sk U] T2 Th17 F Treg 40 LL i 2k, {6 Th17 4005 3= FHubr, SRR BT’
G, PR RE IORE N[ 7]. 8N T 40 ARSI il L AR A M) R AROR AT IR 7% XTVa 1 55400
i, ef1iEd 7S Forkhead box protein P3 (Foxp3)HIFKIAE#H Treg dNAI 4, MG I H /- Z-10
(IL-10)1) 50, REEIPTRAE[8]. Ak, Jis B i 3 v DU S i B R I IR 454, 1T 3 Sk,
TERE RS B, A IR LA BR RH K BT BT 55 DU b 2 A T 4L A8 PR VR 5 ) 1) B 08 A 0 485 T 4%
NRIIE R, (2 IL-10 MERIA, BCE M RAEREIR[9]. N Ak T8 2615 e 5 3 4000 i o B 1 R N 7
YeFEpIEFRSMESEGRYP RN REEEMEH . Fik, (REFGE AR 2 4 R G T
TR EE T .

3. RS EHRIRRS
3.1. B3 - Ash

LRI i (Sarcopenia) & 48 HEAT 14 (B B LT SR 2 ThREIE 2k, FR LIA R R0 ) =i ek /b B
SRRSO BEKTRTIE N, LR SR R KL B AT SR Cho B L FFBA[ 10138 % Lk 40 5] PLIF FAR A
HIRARJE 1 B ESH, RIUARE 1 )5, ZRNSHIES . FFHOEH T - DS, @
It f — WU EAT T T00RT B8 2 28 2% % 2 AH S LA 28 406 A T e B (B [ 11, ZEEB/NR S SPF 2 M
ANER B BTG EEAF T, Lahiri BB = AN 72 e TR/ RVLAHZ B I 24587, 1GF-
1 AR K 38%, FLALPAAE KA 3 H (11 MyoD. Myogenin)FIZR KAk A= 4 & LK (40 PGC-1a) K
mRNA 7K IR T < 0.01). XEERIMILE. TG LRI UE | i w1 -
LA P21 22 LA QI A ZE M0 24 A3 [ 12]0 Chen &538 5 X6 Ruik 2 68 1L (SAMPS) /N SR HEAT 43 4% HE S 5,
RIEAETE LeS v] DLAERF g 2 80/ R LA FI ZRRLAR D e, JFUR S B T I BE . LeS iy /b
T RIEANHL R FF SCFA FAERSAH AR, X2 i UL Sl b A5 5 A o, IE W 2 28 B IE I i - LA
o A A S L PR3 1R R AR A e A R [ 13]

3.2. [4 - B

HHOR AR ERRIIS T 2 —, Hiis 5 s 0l PR e = Fh 2 B E 40 M 085 Bh N R AR B
it B 24 PR B 6 0T PP A PR A i A R R RN TR B A ) AR R B, HUE B B R TTE R 2%
LY. B 4 A 3 A B e T AN B DR 214, B I Ik 40 L 9% 31 35 R T~ (MI-CSF) R B 400 i 4 A6 R
F(RANKL). M-CSF (& ik B 4H 4L 240 B 1 4 G A7 38, 1 RANKL DU Sl 5cHEL 248 e 1) s e 40 L %) 404 o
RANKLO 7] AfESR = M-CSF 15 Gl T (A5 4 M 24 15] (p. 23). RANK/RANK/OPG RGN A28
TS IR ) £ 4% RS0 OPG & —Fh 380 N AEFR MK, /& TNF 2R FIRM iEE . BEER
BERIFENT . O B HEZFHATRIA[16]. BN OPG, BRI E I 3 ZEAE A 2 ORI i B AN B RS
5 RANKL #HEL, OPG 4 45 &I LA B @Sk A /1 5 RANKL 254, JfFH1E RANKL 353 (a5
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YRR A (p. 28) . IR AW E P, RANKL/RANK/OPG R4ith 5 5 MR . F&{X RANKL/RANK/OPG
FU AR T AR FRR (170 2 A VR 0T LA AL AR FLAE RS 1 v ) G e A AN AR T B, R e
(G e T REAN G R4S o il Sy 20 PRI 3ot 43 W 45 P 20 R IR T 52 Wi 1 K B - Tregs~ Bregs Al Th17 4iiJifd
S5 Gy AT M AE B R R S E LA A o Th17 20 @ i e i 4 e 2B i S B0 i o, JF BT Lld
o B WA A0 3 AL IR (RANK L) Sl i 72 46 TL-17 % S8 . TL-17 & — R g e 7, alif
3 RANKL 7 ff 4H  A= RS 740 o (B0 45 526 0 40 i A P 4l i) B3Rk o e4b, IL-17 I8 {2k TNF-a. IL-
1. IL-6 ZE RPN 7R 4, 3250 RANKL (R EANENE[18]. M, Treg il i H Bl & 40 i
A2 R BT LR B PR R o 5 HRIE, Tregs PASEAKHS )7 2041 MCSF Al RANKL 5 3 R B 40 AE A
Zaiss Z5[6) KL, Tregs BT LUE /> TGF-4. IL-4 Al IL-10 $MHIBE 4004k, (H 32 5258 i 40 i 75
PE T WREAAAE CHUR 4 (CTLA-4) LAZH A — 4 it 2% ik % 6 P 77 o e - 40 L6 R PRI o FRATT /N L
B UAE BE IR AROVX) /D R PIESE T35 B Z0/f(Bregs)ilid 200 1L-10 DAANR A2 Ak i1 77 =40
R R R, AT B R R R I B EAE A . Guo Z5[ 1918 %t OVX BAL K AT 9256, RILWZE
W B GG HR(LGG)TEIRTT MES R B = M BB GE R IIVE . bRz 4t, e, v
Th17/Treg MG R VEANML N 7RI N, FECE A BB RIICR S, SECE RSB, T LGG ¥y7hl LA
WA BEE R, WS BEEE, CSCR B R R AERIA, CE R EAARE . McCabe R FLHIBAXS 14
Ji % C5TBU6J HEVE/N BREAT SEE6[20], 7B/ BRI 2 A IR LA i (Lactobacillus reuteri ATCC PTA
6475), 1EIRIT 4 )5, SLEA/NRIIE /NREERSHLERR . B%E. BT IREE. B/
A AT, ABAE R TE R AR AR thAh, ES R IRAAM A MIBOL T, FEME N R X R
W ENRERGHLER L BHE. BT MREE. B/ REEREM21]. S HEEF22) AR
W, ANFEdEE R D M AW T K RIS 44 % D3 &8, MK CTX K°F, JHaE B-ALP K7, 3%
THCE MR, WO BE M, REE R, SCEE/NRES, WnmiEE R 2, A
WIHTEE AR, (et Rt R, NGB R AR P E B FR i 1 BIRAKYE . Sojan S
P BA[23 138 S 5GHIE B T 2 AF B 0] B 15 £ 2 68 P AR T AR A AR RS IR o 7E 20T /K b, SEEG2H S BEAE 1 A
M A, R BT IEAE L Wnt/B-catenin 1 RA {5 5@ . w4 FACEE S 7R FA TR,
e 7 RREERIEAS, e T AR REERIN WS A YRR o AL, A B AR M AT A BG4 B RT LA
VERR T B A R vk — . DABE St R A M N B4R s 1 fd A2 R AR BEOG PR A e R S 2 R . X —
W ER 45 T BEX B B AR B2 7O A, b 35 A B AT AR LR BT TT 2500k o B i e e
4. Wig

TAER, a A RAE N — BB M IR 7SRNG, AR IUAREE 22 gl 52 315G, FFH T 2 M R 97 -
JUE AR T AR AN B BHERRIT IR, (RO A 2T AT RE, DAVl e MR T Ak [24]. TEH
S, AR AERE S OB AR . 1 DA DUROR S I AE R B, RIS S AT
2 A B 1V FH 32 BRI 1R T P g R P4 b, i T B R O AT DUE I T e R A T
RE A RS AR SR S B B E o B AN RE J2 — P V2 AFTE DR, AT BB AR AR B VR YT R 3R AR [25]. 20T
WHFRIA, A R RE e OO 2 AR T Re, HOoRRIUBA B REIER . Bk, 284 W T REsCN —Fh e 4
BT B R R B AT, B2 LLSEGRIT NERCE M . AT, H TR Z B A AT
ARSI AR BE[26]. DB RIS 1 25 2R T RO RCR, (HRZ AR H BN BONUE Bt BT
X R BEAR GLAN G FIE 22 SR, BAE A 7 AN [RIFh R0 B ) R AR B o 2 28 TR 78 771 T BB L5 3 £ A
FAy R SR LA ) s i, U FRAE AR LA ) S 3 AN TS LR 2R 7 THI (271, %o T/ JULE AR ST Joi i
BINEE . AR LA I AEVE T REE G 5 MR 5 B I R S R AR, U AE

Sh
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R, SWLRRWY], w AW R IR LR AR K. AR, U5FRIT R AARST ST BLE— D A
RIS, IR 8 A T WD WUAE RO B e T 1 F o AN, IR TR, a8 A kb 78 750 AT
RE A T 1 g 8 HUAE ZOM RV IR YS (CDD) A — M AR Rt 5 v R SRR [ 2810 SRT, 2 A T e v B AU 4
FIERHAIT . HATR T 2 A B A ANRRT SO, IEEA TR, XA R85 T Ad il PR 36 A7 15 P
AR, BARCHEFE. REFETAITAMIEE T it2m 3, BT T e B R Th A ad A
HE AT R SR TR AR, R A R R T B S R G IR S R E AR . B, B Geh
FIRE M G ZE BRI AR R, (HH AT EA SR ARG R B 7T, A A HOR B sh W s s . ARR T
T3 1) AT AR AR R I B R AR T LA R R G R E L AR R84 291

5. RESRE

A N 2R H st el BEHEAR S B a7 D s e 2. THR, mAERBN
TRIT BT TR AN T AR AL 2 by, A 2 A T B AR ST IBEHE AR 5 B3 O MESE LD RE R SR 2
LN BE[30]. AT, HATR 2 Bt S AL T IR R AT R B A AAHIE SRR AT PR ELAAAE BETH BRI, s>
BEHLAAIUE Bt SRR L. RRFITRE L R AN ARIE AR, LG IE 25 A= 16 78 B RHIU
W7o e At oAb, IRARR AR KIE LR, XS iR A2 AR iR J L 5 A 38 R SRR
HAERL, Ry RHA T SR AR 10 B
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