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Abstract

BACKGROUND: The parameters of the spine and pelvis are interrelated. The changes in their values are closely related to the occurrence, development
and symptoms of degenerative spinal diseases. At the present stage, clinical workers focus on the changes in postoperative coronal and sagittal parameters
to evaluate the overall balance of the spine after operation, while ignoring the relationship with paraspinal muscle and the role of paraspinal muscle in the

process of spinal degeneration.

OBJECTIVE: To summarize the previous studies on the relationship between the degeneration of paraspinal muscle and sagittal alignment, and analyze the
interaction between changes in the relative position of skeleton structures and degeneration of paraspinal muscle during spinal degeneration.

METHODS: A computer-based online retrieval of CNKI, WanFang, and VIP was conducted with the Chinese key words “sagittal spinal deformity, sagittal
alignment, spinal-pelvic parameter, paraspinal muscle, degeneration, human cadaver model, imaging, MRI”. The retrieval of Medline, PubMed, and Web

of Science databases was performed with the English key words “sagittal spinal deformity, sagittal alignment, spinal-pelvic parameter, paraspinal muscle,
degeneration, imaging, MRI”. The preliminary screening was carried out by reading the title and abstract, and the literature was screened according to the
inclusion and exclusion criteria. Finally, a total of 78 articles were included for result analysis.

RESULTS AND CONCLUSION: (1) In recent years, researchers have noticed that paraspinal muscles play a corresponding role in maintaining sagittal alignment,
and spinal degeneration can be delayed by protecting and improving paraspinal muscle function. (2) The researchers used different methods to detect

the degree of paraspinal muscle degeneration, and selected different kinds of sagittal parameters to describe the sagittal alignment. After analyzing the
degeneration of paraspinal muscles and the changes in sagittal parameters, we found that there was a correlation between them, and the correlation was
affected by age, race and other factors. (3) Poor sagittal alignment is an important anatomic factor determining paraspinal muscle degeneration. A high pelvic
incidence of anatomical parameters has often been reported as a risk factor for sagittal alignment. However, the smaller pelvic incidence is more prone to
sagittal imbalance due to the smaller compensatory capacity of paraspinal muscles. (4) The paraspinal muscles continue to affect the sagittal alignment through
a compensatory mechanism continuously. To combat spinal imbalance during spinal degeneration, the paraspinal muscles are in a state of high muscle load,

causing pain, fatigue, atrophy and degeneration.

Key words: sagittal spinal deformity; sagittal alignment; spinal-pelvic parameter; paraspinal muscle; degenerative disease; human cadaver model; imaging;

magnetic resonance imaging
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0 5|= Introduction

KRAL A KRR A LK@ Ak, sTA AR A4t
A5 B HEAT 3 R Ao i B4R ORAR P AT LR 1Y, Rk B
. PAIRERE D A BT A S AR A KRR B
L4 (sagittal vertical axis, SVA) #& 8 sk A W48 £ A2 K KAZ A
%K. THNTREAKOIERINEAIT RS A. BE A4 A
Faf BAA A FER L, LT BILSET 2/ ARFE
T2 R Foon, RIFlET; A MA A fE 204 A T A
M & R AL BEAT L, (208 B2 BB &40 A e rhl. A
HEEESKANANELLIL, B 2B H - IBAETD AR —
Nga T HAEfE & h &L, AAREANZLAHLE
KB A AN R A TE B AR E P SRR AT
Wy AR AR TR A TR, LA Es —u
RATHAAE AR E A RREBEHERE AKX, RIET
VAARIE & R AS A B 09 P A8 W JR T A o 3t AR AE 1R AT A0 0L
AT, SrikdEAn R X,

A AR ) AARIRTF L) £ 2 R0, 20X E
SRR, REIABE L, VABSE M S L. &% Ilfatk
REPE, EEFEABIU T ORLEETETROER. HF
RAARA G R F KEMEFT N LRI AR X FR, %
R R R A, HF I REALE o AR BT RE &
A2 A A A AR Ko UV fe R FUMN BN R AR F A F KRG 57
A /E 2 ANBT IR St KK @ AR AT AR Xag w2, A VAR
RERAEAKFEI, 2ok T st & H M U g0 B,
B AT, AV ¥l KR & B S sk i ) AR R R AE B A
MERRFERITREGRET B ERHER, EFTT —4
GIRTOE MR RIS, 3 PR3P Fo R B L 48 5T VA RE 4% H A 1R
AT M dFAEFAA RS REKRS, AR EEARE
TR MAEF IR ERE, RN ARRE EAET &R sdE %
%, CHANMHIRERERNE—FT BRI EH R EZ, )4\,
Aubhdaid, B, X puiid R Gih & ek, hikAE KAt
R, SAEFILEE 5 KIRAL A KoK BT, HFRRBAH
& AR5 AR TAERAR G 77 #7 & 34
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1 ERF53E Data and methods
11 BRRIR
1.1.1 ¥R AR EETE %—1EH T 2022 F 8 A #AITH %K.
1.1.2 #& SAKEFFR A& B 1A 56 Bl 4% B H 1990-2022 4.
113 % i #EE AFE 2N, £L. % F. Medline.
PubMed. Web of Science 544 4% & & #AT# &,
114 #kiE B BERRKOEH RRKEHNK AEFR
B, MEFI, BATHRE, AR PR, B F Bk
BRAGE” A op LKAk T B 4 W g5 7o S P SR AT
#&, FFvA “sagittal spinal deformity, sagittal alignment, spinal-pelvic
parameter, paraspinal muscle, degeneration, imaging, MRI” 4k #
3 XK 479 £ Medline. PubMed. Web of Science 5 2448 A #4740 & |
115 ¥k LakRA ARt LSEE. SRMEEF.
116 4 &k A vk L £ PubMed 2 35 E ¥ 4 & X #:
CCCCCCCCCceccc((raraspinal Muscles[MeSH Terms]) OR (Muscle, Paraspinal
[Title/Abstract])) OR (Muscles, Paraspinal[Title/Abstract])) OR
(Paraspinal Muscle[Title/Abstract])) OR (Deep Muscles of the
Back[Title/Abstract])) OR (Intrinsic Muscles of the Back[Title/
Abstract])) OR (Semispinalis[Title/Abstract])) OR (Semispinali[Title/
Abstract])) OR (Multifidus[Title/Abstract])) OR (Sacrospinalis lliocostalis
[Title/Abstract])) OR (lliocostali, Sacrospinalis[Title/Abstract])) OR
(Sacrospinalis Spinali[Title/Abstract])) OR (Sacrospinalis Longissimus
[Title/Abstract])) AND (sagittal spinal deformity[Title/Abstract]))
OR (sagittal alignment[Title/Abstract])) OR (spinal-pelvic parameter
[Title/Abstract])) OR (spinal parameter|[Title/Abstract]).
1.2 YN SHIRLE

MANFRAE: OL X4AEid4e X e906 R R ; QXK
RAEE, L. %R OIXLFAEL, OLFHEMF
MR E 5 RRAE ) 4.

HIgARfE: OF AL E; OARREKIHELL;, OFF
ERRRAMF MR L FE; @FTEHRLLKRIEHET EEHK
L FE;, ORF@mBEMAR T EFT EOLE;, @5 F L
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1.3 HUBIREN 4 %7F%|U#k 2533 &, ELL#K 1378 &,
BTk 1155 B, AR BRI ANB IR AT 6k ik, FFHER
L5 IR AR A EF R AN A, B LHK 2455 &, HH
AR LK 78 5, P P ULk 5 B, SP LXKk 73 5, LE1L,

SEEAERFE MM, 458, 7377, Medline, PubMed. Web of Science 5% 4fz 7 1
FRBEE, IRAPRR SR 2 533 FF

PV R ZELE AT HERR (n=2376), A :
o | @ REEIRAH ZE ORI R SRR 7C

Tl e ma

o ARSI HISPSOCHR

A\
AL AR IS SCHER (n=157)

WY EHEER (n=79), JRIA:

o REEFRFIA N 42 3C

v o AR EE T FUME S LR AR SCF
NAMES LR 5 IR ALK R | | o WHE BT T FAR A S B 3w
(RIETFESCHR (n=78) o RVEAIFIIRAR LS5 i (K e AR AIT 7

El1 | INCEORIZE

\ 4

2 Z58 Results

2.1 HESSRTAWIHIRMMNTE X THEFT IR E GG, &
SREREFE, HEFIHRBREQIEESAT I, IFILAZAUR
oV (VANUE B AR ARG IR S A A AR ) Al iz T8 (WU AR SIS s
BB ERDE); MAEMIKT, TERAENDEF. NREIE
B, REKRKETHI RS FRE, Rk L 2B E4 N
ER A, Bimdis FETHSFHAE SRR T,

ARIEMES LAY iR R 2T 25 F B 09 B T VA B A 47 69 L
MAe i, AT THEF IR K 9371, REAORLBEF LT
AU s MRI A BAF AR PR, LA AR
] #7 (cross sectional area, CSA) B g I iZ 18 42 & £ | & & 18] &
W N ¥ B A AT 6 T 45 P, SIONS & PRk 5T A sk A
A8.%F L ) A% A&, & 2 (relative muscle cross-sectional area, rmCSA/
RCSA), BPALP) % CSA 32 LA BE B CSA, T AR B 4% LA R
Fo&, EHFR, MAESTIAREREAEMMREN, —LHFAHK
R FAEF IR . AW RIS E I A F TR
Ji B 4o T AR HE T A B AT 09 £ I P, AmAue o
IRF LBEAIL I 7 3h 6 Bk s he Aok A R, B LR A4, 44
TR, ERTHAESHEED, REFHEFEAHAN. %A
ST AL AR BAT LIS, R @ WUE o VAR LK) #4778 3 i 38 e ad
ZMAEE S &, FFRATH IR, IR AT, FAZRITH L
BEAEAT BT R @ IRIFR AT I TR 2 NEED
KR U TE SRR LR OE B B BRI R
B EREhEER P,

2.2 HENABERIRMNLINER AUEA K HARRAITHR
TEHORT, EAEHZET HE KR D LR 55 LR
ERHF@GEE, BT RIITELEIN. WEASFEFTEAL
HAFENLFEK 1,

221 MEFMNGBEFARLKE ALY ZFE. FREFRE
B L0 R B AR T F LR 692 1 Y, A
—Fxt 50 4 kA% F RGBT A AR R R L FEH QA T,
JUN 5 PSS T A WLE4 BE o b 55 AR BS T A bb 3 A vh R R
BACRFARNK, BB, HEFAL( 455 AL BHIEF ) ey 0
PEAE Y HFIE 40 RORAZ P T e AR HAZHE D L F R B A
FTEWER. —RAT 36 % B AT EFEFaloa) stk Rk
B, AL R E R RIAMEE I A e T 2R n B &,
7 JE K LR B 64 8, ) L BB AT A3 Am Al % BY.

F1 | RRUBEHEBERSH
EA s i

HHE J5 ™ £ (thoracic kyphosis) TK
9B S ' £ (thoracolumbar TL
kyphosis)

JEHERT ™ (lumbar lordosis) LL
FHEMERT ™ A (LS, lumbar  LLL

dn

il

Ty L EARM Ty, T AARIE ) S
Too LERARAN L, T AR 15 Ay

&

T, BAW S, REMZ IR £
L B S, EEARAE LR R K £y

lordosis)
JORTH P17 (sagittal vertical  SVA  C, #5TEZE (plumb line, PL) S5HE J5 L& 22 [0
axis) f 3 BLPE ES (C7TPLTEHUE 5 Bkl iE,

JaJ5 A1)

S, L& AR RkPORELY S, E&H
LIS (UBE A EEI, TP
O UL P R

S, LGP SR kORI EL S TR
FRI K £y

S, RGEKCTEIN R

S, R RS C MR TIEL S S, R
o R S PN Sk L JE L o R LR ) 2 A

B35 A1 (pelvic incidence) Pl

B AR (pelvic tilt) PT

LB iR (sacral slope) SS
AR (global tilt) GT

ERZFHF Y- ARAATPEEFTRFASE-FEL
KRAZTS 509 % F SBR T, AR A 786 £ W A A ik
SEBRIL, H 40 FE 80 L LASEMATIL A . TIEMERT LA .
SEMERT I oA 48 48 ( JRAEAT O A Ao T JRARAT b A 49 bUAfd ) LA
e 6 38 A d (AR, B RIS A - JEAMERT D A EARAAL A AR
SVA [ £ SF#b3 KA B 5. JLUARM A FEbe938 Kk, EFHEAL
THURE AR KR &5 AR Tt AZ, 2 F 4o fT iR ANk 09 8
BABRATAE, FRNAR AL LML TAME, Lk
YILGOR % W BR 5t & A T MMEH KRG /) 5 5+ K 09 K A %3t
T RN S LS T, ZOR R B AR B AA R,
KR E A AE T RS RAAEANT T AR AN AL,
AR B h F AT A L AR REA T B L FA,
FREFEERFEL TR A EX BEHEAMNBE, &
TR 50-70 % b B AR A 05 kT ARG, Tl RS A
F LRI R TAEF iz FR ) B E .

E—RGEASTHEFITE. BEMARRZERE. FAET

BEBF LRI E SRR A ST, R TFHEFIREH
¥ N8 iz i B S FnAR £ (r=0.602, P <0.001); iR 7 Mgk A
= EA42/Z (r=0.445, P<0.001). 244 A (r=0.472, P<0.001).
B a4 A (r=0.424, P<0.001). F & 4HA - BT DA
(r=0.397, P<0.001) 54# 2 FA0%; B IM4HA L Fb4E %
M43 35 (r=0.162, P=0.038); JBAMEAT L A L ¥ & % (r=0.001,
P=0.986)". X 4% 78 K IEAME T LR T Ao KR4 ) R AR
8 B BT AL E KR SRS R E 0 RR, LB AT T R RS
F % J& 49 Spearman A8 % 2 3P A& A4k 1A 4948 Ko B,
222 MFMBEAFETELAHAENAGE FHEEBTHEE
BRAE AT MGG IR T, DL BAT RN L A 4, & FARAR R
SEAREYE, PRAMENR] F A K R AT 6 RATARB T, RAERS T
BB, FlAM AR xS, EREILP AT HREE
KP4, BRI o AR B A B RE AT, FHL
WA B I, FlRRR. B AEE"Y. BWNARS AR
R BAME S LAY 1B T e AR R B AR A R U6 10 B 3]
R Z AR EM, EETASKFTOEL, HEFIRN
ZAAZ AL, CSA (&3 rmCSA) ik, Z BT MEE, F
HEIAERELEET, FEGHEH L-L( LI2HE ) F L-L( T
JEAE) RO LA R AR EREFTAELEE, LBZ5EIA b
RO

M7 Bk A AR T MR R 69 BB G B ABEI WA L
JR AR AR ST oA A M LR T fe B AR R AR A
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K, AR RS SEAHARRR R ERENEZFRATTEANARL. STRERFFBEREANTE, ARFTESMEATAHFL

A2 YAGI 4 B9 JF Bt 41 3T 1B B ARAE AN O &K 0948 KB R A
I, EA&NEKRIA S ZLE) Rt ARA2E S FAEF 2 AHAE
F 6941 Cobb A B RAZE 2 EAK, EAMESTILE BIRKEAEH
KGR T A2 ) A AR A M. KATSU 5 Y7 L 4% 50 M 2 ILLE 4R &
AL R B SR AAET ARSI T EA N, #ATT S
L rmCSA 5 A AE IR A G000 A8 K AT, 45 R AR IAARE T BB
EEHGTRMAA | RE RS ZLIL /) A4 LE 2 2 3%
EAK. fatEH R F B — S AR R A A LAY R T
B RHT KRB IR AL R, 2022 F IR NRAEE
BB R BFAMFT ML ENZAEE HAE LR RRE R RRE
FHTR TR AL 89 KA TR B, NET 110 44
HMEF ILERB DR, HRBRREOREMEFTIVT Z4E, A
Pearson A8 % 547 BF 50 e 5 L) B8 5 &K & A 40219 4948 %
M, A EARR AR S S AT & A (r=0.455, P <0.01) f=F &%
A A - IBAMERT D A (r=-0.286, P<0.01) 2 FAK; FhaetER @
G BRI A (r=0.326, P <0.01) fef &34 A - IBAEAT D A
(r=—0.209, P<0.05) ¥ H R EAR A M, BPEIFHMEFTIVEE L B
ARFBERBA IR X 1Y,

IR T BT 0 SR ERAR, BRI R ARG XA AR KM,
BRI T FAM G Gk R MR R AL M
LR Z 18] K A& 69 @ BT F . ARSE AN SRF AR ILIL A R &
BV 84 B F AL AR R AL X ) 6 FiME R A A s, KB 3
AR R ERTE, - E AN R AL, Y 4R C, M AL A e
SVA 8 ZALEA B K F 425 S ZA F ALK v 48 M. FI A% SHIMIZU
% N E A FAEAMARTY KRG, R FARF R EF C,,
Cobb 41k G A FRALEY B H RFH IR, B 0FRFAE F 4R
WLeYg Bl F AT M e KR ) KA 3, KR ET A FARAE
FAL R wm ML Sy, B HFERERREBRBUILE (P<
0.001) F — K BhiEiX b A0 4 M A 7L .

Bsh PARK 5 U9 o — 3 st b AR 7 H B A LAY AR AT M A
AR KA RAT RS 69 S B &, B AT P L IR Y IR R R
SR &, PPAAEKRE R PR LI 6945 ILE 7R,
TAEZ AL IR Frh, A T ENFR AR A a3 Ly
FER, XIA 5 B s A iR 47 s 0 B F AN Ly, B L/S, AN IRAR
KPR B M ILIEAT AR, K I % ZLILEY rmCSA £ 3 3 B A=
FAMEE T R ERARE, FE Ly KT HRAENO A ZEAA, &
B Ly Ao Lyys KT 89 rmCSA 55 2484+ A £ EAR X, b4
R T4 R ALK 694 3 DU R 35 P4 75 om K 0 A A A G 3
A2, hoh % B LA R AILEY rmCSA MK Ly, 3 A B L/S,, @ %L
) rmCSA RV T IEMEK T A ILE) rmCSA KT % ZLA=fZ AL,
w _EJEAMEK T WA R, XA IAAR T % E AR, MLy, F
Ls/S, 49 A IUR iR & . T IBAMEK-T 49 S AR & 2 &%,
X — 4k Rk R0 R — 5 Y, #— i 2 B LR A
PUE S F KB AL - T4 @R AR 1EA.

FUBT, # 3] WA IUST B 4 A Rt AR R, TS
BATHIEMEMG 09 K B ETE R, BMEM DR T 2 FHERE
ENFAELBNEE, L2Fn3RKE AT 254, A
MEHFREZERTX—E" M, LEEF P L, BAERT
) — 7K b 0 e A S ALEG R T A E R XA, R KR
LR BT AR B AGFERR, FAPILLET EHAR,
HAsF FREMAKT, #diE LR &, @ XIA S B 2 o) a4z i
U EPOEET EAMEENHELT, AT FRAKF
MEF LGB T AL, 138 T 5 EAEMEAR )b T IEARAE & ILR T 42
BRF0ER, RIS AT R g s R 5%, s
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T, FRRMEARPMEFIABREEAEZEATE,

223 MFILEEARKL PR ARG AR KR P T
VA AT SVA R FIBF. SVARIMIE A S, )& L4 52 C, Mtk s BT
VWAL X Z R WA &, BIFIAA RARIZ ) KA SVA ABit +
50 mm, fEHAR K A ARAT MBI NY, AR vA B 3% A 5 L
RIEHAR T 2ARBARIEIE], A B RRIE P69 B 44,
Jo M LR Y . B RS REE. MM E, EERBRAT R
W B e X A RAE IR B AR S5k, VA BB RIE A h B,
B &R A A AT ATE FF (walking disability) % 19 2 2 ¥ E 48 %,
PP 5B 24 BaAT AR R, AR D MR IEH —
SMRJE, JACKSON % PP GE 5, 4o SVA RA #ARIZHLH] L&,
ZRAEST AT . SRR T G F S A A5 SVA
Ao E S A gm i dE R BT, TAKAHASHI 5 B £ 541 7 409 4%
PR EEAGHBE, RIMAMETL A LTI E F48E,
30 64 BAF LA 7T 38 i ARAEALH AR SVA B89 R4,

FE O WEAME S LB AT ARAZ IR B KR P BiAR KBRS, (A
MEF IR T mE, MEFIGRIZED T, 258Kk E-F
B e Fs. FE—IRAN 171 GBI TR JEAR T 3 F 42 & % 2 100 %
kB AR G4 At B R AR IE AT R b, ST iXib st o dtAT
HMeF AP LA )R, THARIEAEF LIRS & £ 247494 3 40 (1 4R,
2 BAa 3 )™ 1 B BEAMERT Y A B B4 T AR 4 (P < 0.05),
SVA B 2 3 T HA0ML (P < 0.05). KAARFARALILE T XA
XM, 2019 F)—R S P RAREA TR TFIVRES
HAKRKRDRFHGXE, EXWT 2551 Bl BHRTF IR E
Fo SVA 54545 /5 , X ILIR-F LK R &5 SVA £ fi 485 (P < 0.000 1),
Rl B % SR F LA T E A2 23 kg Frdé T IERY, SVA Frdédgdm &7,
H—RAARENESF EF BT IS ER L ZFASVAFE
B4R £ O phsh YIN 5 OG0 h AR T ok M 4F 84 SVA, H AT
10 min BB RN TN B BE Y L RO A4, AAHEEAE
#HEIRE TAHEF ILE AR Rt b 3T R P Hrag AL 4 o, —
EE F M LR 5, RAZHLEI O AL, SVAE AR Z T AL,
AP ARAR A B 5 KK E R4, FIE YIN 5 © @it e
FH A KRE NP ISR T — ARSI N ATAE.

2.3 BHERITMERTHEPES AR H&E T g8
HHRR

231 KRKREHETRRAEZAMEFINSFTRENETEZHRIEE
o B3, RS OIEME I AT DA A BER SR )
AR F R RS A, P RGBT R A R L
Py Hoh, F A AT BREAAT TGS A, @
B4 A A B RMA A R A T 2SR itm BLey ) A
FARYK. AAENDFOHRIESE, FETREAKG TR LS54
R AR BE REA £ @, —RAAH T 2R A AL K
ARE ZiB i b B BIEAMEF UL, T ARAR K 89 JRAE AT O F 48
YA 3, ProA S F A48 A F AR A I KR AL 09 e
B & C X2 E AR AEA B, SRR KA
WL#) Bof. HONG 5 ' & I, RABALM G &4 69 F 245H
AMEKR FrrrBLn, FRM OO A2 B3 e B A AT EE K.
LABELLE 2 % 44 — 30 £ F IBAE G B 09 AF AL E, IKE 7 L4
WE B A RIKT BB BT ME. EEGHE
B —IRAF R F, 4 110 G RAERATHEAN & B ARAEIRAE AT O A
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