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Abstract

Adult degenerative scoliosis (ADS) is a progressive three-dimensional malformation accompanied
by the degeneration of spinal structure. Its incidence rate has increased significantly with aging and
has become an important cause of chronic low back pain, neurological dysfunction and declining qual-
ity of life in middle-aged and elderly people. In recent years, the etiology research of ADS has gradually
shifted from a single degeneration mechanism to exploring multidimensional interaction models. How-
ever, there is still controversy over the causal relationship between degeneration and scoliosis, the
weight of genetic-environmental factors, and the limitations of research methodology. This article pro-
vides a systematic review of the etiology research progress of ADS, with a focus on analyzing: 1) The
core pathological mechanisms of spinal degeneration, including the synergistic effects of interverte-
bral disc proteoglycan loss, facet joint degeneration, and osteoporosis; 2) Multidimensional etiological
evidence, such as the independent effects of genetic susceptibility genes and metabolic syndrome; 3)
The core controversy of the etiological hypothesis includes the evidence-based divergence between
“degeneration first” and “scoliosis leading to degeneration”. Existing research indicates that the occur-
rence and development of ADS is a dynamic process of genetic susceptibility, local degeneration, bio-
mechanical imbalance, and systemic metabolic abnormalities. Among them, asymmetric degeneration
of intervertebral discs may be driven by a feedback loop of “stress concentration-inflammation acti-
vation-bone remodeling abnormalities” to promote the progression of deformities. However, existing
research is mostly limited to cross-sectional analysis or low simulation models, making it difficult to
reveal the temporal and spatial specificity of the etiology. In the future, it is necessary to rely on longi-
tudinal queues, multi-omics integration, and artificial intelligence-assisted analysis to construct a
“molecular-imaging-mechanics” cross-scale etiological network, in order to identify key targets and
guide early intervention. This article emphasizes the importance of interdisciplinary research, provid-
ing a theoretical basis for the precise classification and individualized prevention and treatment of
ADS.
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1. 5|18

B NAR AT F AL ™ (adult degenerative scoliosis, ADS) & 8B 4% K B G, HTHERE KR4
TR AER PR IRATHE AR, S I Cobb KT 10° P HEM B IE . ABKIEEIN ADS BRI
R RS T R F G, AR R[], AR 2 K AAE 60 & LA EAEE, 60 & LI E A+ ADS
(IRIRZELIN 13.3%~68%, iy 58 S M BB A NEAE , b Rk B R R 28 im, Lt R T S k.
ADS S50 W R AT AR [2], AT 2 IR, ~FEMNRIR IR, Ak KINRAT 2 B
5 RIGERINE . b, BEETRHYRE, S —mmERE, FHEEME, SR, Mg sh e
Wk g, (RREE I — D03, BYREIR e R E H . HNBER A E ZE AR . e
BAT SWUNTE (3] BT EAMY S EUEE P SR 2 s, R, H05 82 B L R RO
SR AT TR B R, HEEZE R B T AR R s e A B MR AR R, 5] B A, &
FEEMEATE—BIEEE, SHI IR R, /SR, 75245 N RIRE R ZIE 4 ge gk 8473
[FS, o EE AT Re 2 LR IATG ), JCH R A K AT ESST R )5, MR kK, SR
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SHEES RN E R, MERERERE, £ ERREILT, SN RS R a PR, FE
LDIRERERT, WKL | IBBIEAG . K/MELhRERRG S . TR, MRAIBAT PR EE N 9 R A B T
B2 (4], WRMEEAL ANRTT. E BB NIAPIIRAS . SRR B A8 DU SE R
ST, AHIER AR RN AN I, AT M DU R R 2 B ROk &R, ARETTHE A FA
RN EAE A o SERLIRABT TS A R R AL, A BT Bl m RS A, JF SRS e ) 2 T
S, (LA THUSONATRE, PR EERE, IR IR AN BT S, A SCEEX OB AT PR AR
0 95 LA Z2 0 7 kP AT 2508

2. ¥ HhEEE
2.1. #EEZRIETE

B R, MERFRAL 2 ADS KAERMEBNFAIT[5]. BEAEFER3EK, MR A & B SRR
K, BiEIE N, A, SEUME )35 0 45 4 58 30 32 426 X P 3B A5 (i 75 b [R) 75 18 AR 3 A&
P HE T8 A5 0 SR A AN A AU R 22 1) Y BN P A7 o S5 S0ME 1) 4 2 L0 AN AZ AR 0 1481 5, B J 3 ik
MEME AL P R B A4, MBERE R BOR S EBEAZ A B 5 T IR R G, B Xt A h 3k S5 A B R Ao
V) 5 455 ) e B PR [ 7] AR IX R0 5 S LA A2 i A 0 s A ) AR AR HE Ji v ) — N s i
Koerner 25 N REL, BATHAEAEMN™Y 88 1) 5 £ 4k AR A TR 8 28 Bl 2 A /IR A7 A2 2 K R F(PDGF)-
B RGN, 1E N2 P RN I 5 7, PDGE-B 8% IE B 5 I & B X — R I AE iR 118 Y
J A e L BUR AT RS, 2R T B0 L T (8] -

2.2. XHREWHIRE

Park 25 A A R IT oM R ISETT T HIEAS /& DAS KA R [ B E R 2 2 —[9]. RTTRK
TIBAR ) FIARBUONECE B, BEE SCE RRETR AL, SN R T, B EMN fo0 A
AN o IXFPARLI S 1A it — B RECE R, 5l R BB 55 H BN 2 IR 275 f3%
SO, Rt — D AR T I S, A B R BT R, ST T A TS B W R, O
FERP TR 2 R A AL, T SEETTRRE[10]. EIEMET, R RETIER N ANEE, BN
AN TR K . KT RRTTICE N BB B S SO T IE R TR A& RThEE, SECETIHINL
PRBHESE R k5, BEmsemE AR e . R RS — 5 R BRI AR S0 A, S EUMEAAR]
TSR R T, BTG A M 11].

2.3. HESSAThEEIR{L

HESS LR 4E R A M fa e I BB AE Y, H RSB F B RIUNILNZSG . MR . DLLT 4R35 ey
AR FE[12]. BEERIIEK, MR IHRER N, VAR (CSA)ED, SENLA &
B, PR E M . MR Hueter-Volkmann EHE[13], MESZH LT, RSB AL 2 5 BOAAE 5 0 ) 7077 2
FiAYY, RS EPE AR Y . Zhou £ A [141385E % 50 44 H #3847 3D S &IE PSM LA
EFAMVYFIE 538 (FT), JEiE X A6 B E M2 50 i 7 i (CV) AN TH (CO)IE - 45 R EoR,
ADS HBE B MM PSM 1 MV FI FI fREEREE R . [N, ADS I PSM R RAS F T B 2 T ! AN 6 52
FERRATYERS, FF5 Cobb £ 2 1EM %K.

3. BESSFEMFEERE
3.1. BERREY
ME )AL AR AT ME AR B IR SEATAE — E BB IR R [15], 1H/2& ADS & 15 B A BRI K AR IE
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WY o A BN IR AT I AT 0 25 DA A 5 2 Fee FRT B B i ek H 2 189 22 o MV ER S A4 DN B E ] 5 3 A
KT PIRAIR, I RIBAT I FE M B AR L i HAR[16]. Park S5 NWER T 404 44 5825 (1 LR
A CASY B M 2 32 AR DR A JE DR RO 8, R 1) 3 PyvullAl Xbal 2 25117, SXHRAAMIEL, B AT 1t
My B3 Pvull2 SR E Z 57 (p = 0.0287). HAl, Akesson 25 NI i BA S 5T A LB AE R A7 14 995 25
ff) 2Pt PTH2R SNP rs897083 254 3[Rl F %35 (p = 0.0021) [18]. H PTH2R EH WA R AT fE SO S
i ADS WIEHEAFE R A DGR AT PER L[ 19]0 B FORERTT I S KR A B B L 8L AR oh,  BAFAE — L848R
/NEIRRFE, Zhu S NFIHAEDE B2 iRt 10 N EA — R 7R ADS OB H: ELANE.
LTF. DEFAIB. SLC2A4. DEFAl. FAXDC. LCN2. CTSB. FDFT1 fl AURKA [20], iX%EHff50 BAGH
T B4 R R NGB AT A AR O R A DG, (R = S, A7) R AN B S K B AR A (1 3 — D BIE

3.2. IiERRE

ITAER, B A 2H R0 3 R A 2 R 0 R B N IS A B T S 344 T /150 FF . Hosogane S5 AR
B, KS. IR R 4R (C2C) ML AT AR R C-Hij ik (CPID)ZEIE 1714 FEME O] ™ A 271 o 58 25 v 6 B 4210 5
4b, Lee WU KIN, 1L-6-572 G/C RKiE 2 A EAERAT M MEAE ™ 38 Th A7 AR 35 2 J(p = 0.0168) [22].
Zheng % NI, miR-143 yg/bF1 COX-2 ik il S8 ATHAA M it JE A 5¢[23]. Hwang 25 AR L,
YE NGRS R B 1 -1 BERIEDR, COL 2A 1 SaBAT M IEMEM ™ 2 3540 5¢[24]. 1AM, Eguchi 55 A&
P, JRARE AR 1 5 AT SRS K 3 T (251, FF 5 TR bR AR SRR T R TR 1 P R R A O [26]
R ARRI ZE SR 2 R T W TR 7L, X SRR BN T R B Ak R SO, i AR AR R 4R )
%, MELLHEHAE ADS RIFHF IR RK R, KT ADS R kR AR S E F5 T RGN R .

4. HbHEE
4.1. BFEKEEERBRE

RLIRAT PR AL B AR 2N, HIXEEE KRG IR T REAAE, X 2 W i s
RIMEAR AR PE B PT[27], MUER A % F I ADS [IRAETTRES B BB X[28]. (HA #4323 M XT
IR S AEAE R A . WU R AT, BRGNS ADS 2 %A W AR e, R R A 6 R MR R
SE VR IR Ty I EE AT o™ PRy e, DRI 2 P PR AT IR AT MR A 0 ™ P 2k DR 2T AR 46 B R R [ 29
E WIS BEF KL, ADS BFFH ML E 5 & PO A B TC I ARG, & BB AE 2R AT VB AT
MY R N R 2R [30]. PRIk, B FEiFA T RES ADS [k EAHCT JF IR s R R . [FEE, 425t
(R B 3% KT S 3 BRI, MEBIGER O B B B ORI E FHRES, S EUE BB R s, B K, [
I AT RE N A R IR AT AR K[31]. X2 ADS BFH L RFRE T BEMREREZ —. b, FIRSE
PR ER (PTH) = ZE A5 AN 1 AQH, 4ERF A5 /K-F 138 5E - PTH /K- 1) 57 % 7] BE -5 B0 5T B3 A A o 93
b, Gl R AEPEE AT, BIREA AR o, TR AR R AT AR A [32] .

4.2. RKIPFEESEFRTME

AL A 1E(metabolic syndrome) & — 4 & 2% FIACH R AL, ELFENEME BEPROW o ey I e A IR A 5%
WAE[33]. IEAER, ERREE 2 IE SR R B 25 A 5 8 H IR AR s 2 TR A7 7E 235 ORIk 34] [35]. B
BMI, Fihilje i B e e, 5 AR AR 1 KR A R [36]. A IR G N2 T SO A BN LR 57 A7 535 1
TX AT A M A7 AR 2 AT [R] B %) B R IR AL o 17 R PR 51 A ) 4 B 1 98 SR s I ATk — A3 M R A ) 25 TR AR
Jin 25 N\ [37]38 5 XURE AR T4 2R B AILAL 70 b 75 H R0 PR 75 R0 38 A A ) 2851 7 XU Ll — 0 R o A8
FE 6.9% (OR: 1.069; 95% CI: 1.026~1.115; p = 0.002). {HfG—HEHIZ, LA AL R 5 RGBT
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PEAFEE O™ 6 JC LB SRR, T AR ELAR R, I s N SBAT PEAE RO ) R [38].
5. MEFRRENFSHEE

FCGRAT VAR ™ s R 2 T, “IRABSEATY 5 NN FEURE” MBI R KRG0S
W XU ARTAE T B A 250 e 5 IR AT T O 2 AT R B PR PR AN IR B 06 2R, X I PR T il 5
B (U IE FARBRSF T B A BE MR SR L. CBARAT” U391 . MEMRIA . SEHTRKAT
SR FE RV RN R A R 2 . RIHER BLIR AR S BUSHET BB E R FE, 51 RARIFRL )
Gy, BEMIEE “HEMR - MERIEAE - LAY SASERER D0 el IR 1 2 i [40]. — AL E 78 44 ADS B#H B4
SEFUESE: ADS B 1 UM ) 4% 18 AR P R R R I BE (41 ], JRAFFE R, 5 ADS i FHIED
AR B FEHE B 7 (A0 S R A~ MEAR B /D A S SR BRI, 0bb 288 45 K P e 2 e o K 8 e 5 8
HURASFEFE[42] 0 ARIUA UL R ] SV 52 BRT-RF 7E 7 iR 2 [ G B . H AT 9 ADS 2R £k
R BR AR P (] 585 R AR AR, DU 2 Sl (0 A g 2 A (AR 1) 0 o 32) 5 N R BSR4 T I ) 5 3R 5%
(B0 5 D AREA R 22 5o BT FARE S0, s AJE ADS A E A ULEL. 1fi/IN R
LR AR R 2 RN ) 2 VEE AR AR T AR R k™, TEE AR IR AR 05 5 45 T 2 IR DX ok S MRS
HAER . 534k, 2 00t 50U T T S0 B R P AR 2 b, e DARR i 1R AR S5 B R G R B,
A TRT B A 5004 7 B2 PR R DR 7T i [ B e B[R] SR 0% 2R (R AR 3 350 ™) B SR (™ TR AR )

6. MNEESRE

AT F R OB AT P AL ™ (0 R 220 e 1k Fe it AT 430, ARSI A B A R R vy, AR AR S
FERIRE B K s B BRAR 55 51 AR FENI L R B, /NI P2 (e s 7 18 A ) FE Bl A8 r B AR
FHEHS S EUR AN 5, 3 — D s R A B AR 8 D8 TR TR, N g A T 2 R A ) IR A HE
FWUCETENE R SRR IR AL AR, mAE N R mE, W InEiRAE” AT Hp B
YRR —MIRAT IR » ADS i FEZE e Haw R R 2%, B e a7 A K, Somi 7 5 S DRI L0 A1
B A PR BR LB RE R R . (HAZ, 40T ADS KPR AR A T B A ARIEds ” 17 “ ARG e T
IR BLo il ARG A7 B 1 LA OS2 M, T D73 27 SR BR I R e 2 BB R BR 2. R
BIA ADS SR EIRE, NGRS A2 RN )28 5 2 YT BO AR EAT JiE, #E— 2Pk
BRI, DUE GBI SE ADS BN ERNLH, AW FCER AL AT S (OS2 a0 B 77 AR Il 5
FBHIME, RS AR A LR 5 ZR I RO FE Al L, B RIR R ST B &S BRI, N
MAEALBT IR S S EAR SHE

B oW

AV SRAE IR [ 2RO B T SE B, AU ASCHIR S . HEZL B IE I 45 T 12 RN R
T, ERMNEEERET, eI FERABOIT B, VRESEME, SUlBORMEANE, 3k
AR, Rt ARG T2 I RIE R B A
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