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The association between the degeneration of the paraspinal muscles in patients with degenerative lum-
bar scoliosis and the postoperative proximal junctional kyphosis (PJK)/YUAN Lei, CHEN Xiaolin,
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[Abstract] Objectives: To investigate the relationship between the degeneration of preoperative lumbar par-
avertebral muscles and the incidence of proximal junctional kyphosis (PJK) in degenerative lumbar scoliosis
(DLS) patients after posterior long instrumented spinal fusion. Methods: Fifty—two patients diagnosed with DLS
were included. According to the occurrence of PJK at final follow—up, patients were divided into two groups:
PJK group(10 cases) and non-PJK group(42 cases). Radiographic assessment included pelvic parameters, lum-
bar muscularity (the ratio between the cross—sectional area of the muscle and the intervertebral disk/vertebral
body) and the muscle—fat index (the ratio between the mean signal intensity of the muscle and that of the
subcutaneous fat within regions of interest. Logistic regression analysis was used to explore the risk factors of
PJK. Preoperative and follow—up health related quality of life scores were compared between PJK group and
non—PJK group. Results: The prevalence of PJK was 19.23%. Age at surgery, gender, BMI, duration of dis-

ease, diabetes mellitus, osteotomy, fused levels, fixation levels, decompression levels, ULV level, LIV level and
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T-score were not significantly different between PJK and non-PJK group. Preoperative lower bone mineral
density (BMD), preoperative smaller SS, larger preoperative TLK angle, larger TK correction and changes of
proximal junctional angle(PJA) during operation, UIV at T12-L1, larger PJA immediately after surgery, and
lower lumbar muscularity and higher fatty degeneration might lead to PJK after long instrumented spinal fu-
sion for degenerative lumbar scoliosis. Patients with PJK had worse back pain VAS score and SRS-22 activity
score. When included in a multivariate logistic regression model, preoperative SS<25°(0R=12.902, P=0.046),
immediate postoperative PJA increase =3.6°(0OR=21.940, P=0.015) and lean muscle—fat index of paraspinal
extensor muscle >27.65(0R=11.749, P=0.019) were independent risk factors for PJK. Conclusions: DLS pa-

tients with PJK have lower lumbar muscularity and higher fatty degeneration before surgery than patients

without PJK. Preoperative SS<25°, immediate postoperative PJA increase =3.6° and lean muscle—fat index of
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paraspinal extensor muscle >27.65 are independent risk factors for PJK.
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bony structures,

sectional area and T2 signal intensity is shown with the yellow dotted line.

and other soft tissues.

B 1 DhremiEm A | SR O AR e T2 {5 T i
10 e, St 60 R 27 UL PA) 174 ) e A8 4T AR (FCSA)
AATHE BTG 4 4540 S HAZH 215 8 8 i 4k 3R
75 AL FE N 05 9 L RS TR (GCSA) 5 21 60,52 48 O 1
HETA] 48 (B ) BB R AR B (7 ) s PS: IR AL, QL. I U7
L, ES: S L, MF : 22 2L

Figure 1 Measurement of FCSA, GCSA and T2
signal intensity. The green dotted line showed the
measurement of muscle functional cross —sectional

area and T2 signal intensity to avoid nearby fat,

The region of interest included intramuscular fat outlined for gross cross -

The red solid line showed the ROI of

intervertebral disc (Top) and the subcutaneous fat (Bottom). PS: psoas; QL: quadratus lumborum; ES: erector spinae; MF:

multifidus

x1 ARAEPHEEIRBESH
Table 1 MRI parameters included in our study

7 X
Definition

x2 HAMEGWERZTH
Table 2 Characteristics of two groups with or without

the occurrence of PJK

BT A

Cross—sectional area(CSA)

S AR

Gross cross—sectional area(GCSA)

Ty fie 1 8 AR
Functional cross—sectional area

(FCSA)

AR X R T AR
Relative GCSA(rGCSA)

AR Ly RE AR i AR
Relative FCSA(rFCSA)

SSLA - 107 45 £
Total muscle—fat index(TMFT)

LA I 15 5 %
Lean muscle—fat index(LMFT)

Y RElE RS
Fatty infiltration rate(FIR)

He— ROT Ao ff 4 7 7R
The cross—sectional area of the
region of interest

JUL PR A 7 T
The area of the total muscle
including any areas of
intramuscular fat

PN N N NGRS
The area of lean muscle tissue
excluding fatty infiltration

GCSA/H ] 2 sl & CSAx100%
GCSA/CSA of intervertebral disc
or vertebral bodyx100%

FCSA/HE ) # 5 7k CSAX100%
FCSA/CSA of intervertebral disc
or vertebral bodyx100%

SLA SIEF g i SIx100%
Mean signal intensity of total
muscle—subcutaneous fat ratiox

100%

4 fJLA SI/K T g i SIx100%
Mean signal intensity of lean
muscle—subcutaneous fat ratiox

100%

(GCSA-FCSA )/GCSAx100%

PJK 4 J& PJK 41
PJK group Non-PJK' group
(n=10) (n=42)
(S RERGZ) 61.4+7.85 63.48£6.13
ge at surgery(y)
T (4 ) . .
Sex (Man:Female ) 1:9 6:36
B 4 5T 45 B
Body Mass Index 28.20+3.52 26.11+3.76
p R CF ) 13.8210.12 12.89+11.65
uration of disease
W PR 2 6
Diabetes mellitus
e
Osteotomy S 24
T 7 26
usion
e R 6.30£0.95 6.74+1.36
ixation levels
Do ETER 44117 4.09+1.0
ecomplessmn evels
B E #(gfem?) o
BMD (g/em?) 0.77+0.084 0.91+0.18%
BHEET R -2.39+1.00 ~132:191
—=value
D5 PIK 4 8 P<0.05 ;#12 il 4 I A R 45 % B (PJK 41 4

2 H#R

AT A 52 Bl E, HAA 10 68 %
H B PIK, PIK 9 % /B8N 19.23% . F AR A
il (BMI £ B I) OBl PR AR B ME 8] Fil 5 | [
SE 1T BB D8 T BOECT (LA PIK 4 % E PIK 21
BRWH B Gi v 2R (£2), B HEE
(bone mineral density, BMD) F% X (BMD:0.77 vs

1,7 PJK 41 8 f4i])
Note: @Compared with group PJK, P<0.05; #12 cases lack
preoperative. BMD (4 cases in PJK group and 8 cases in non-

PJK group)

0.91,P=0.037) , HEAHEHE 55 WIUAE K 1 AL/ (FCSA .
209.75 vs 248.78,P=0.025) % Ji i i A2 i 14
(LMFI:27.59 vs 18.68,P<0.01;FIR:51.39% vs.
31.10%,P=0.001)4 DLS R J5 PJK 0y %L HA W
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Table 3 Lumbar muscularity (CSA of muscle— € MRT T2 AR L 5 CSA I )t 4 1]
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fﬁsﬁ;if L3/4 36.67+12.04 31.18+11.8 A0 EME 2R PIK 4183 MF 1 rFCSA 76 L1/2
QL LA/5 27.81x13.58 33.08+17.32 1.2/3 1.3/4 14/5 ¥4 18 3% /N F R &4 PIK 3%, i
e B - MF [y rGCSA 1 4LIR oWl el e 5 . &/
- L1/2 136.12¢45.83  175.62+44.47 PIK 2 0 PSE [ tFSCA IR 75 12/3 J2 T 4 5
i}ﬁ%@@ 12/3 121.76+48.71 137.97+36.06 ST o gk PIK A% i U3 46 60 HE 5 1 L
i A L3/4 98.61£32.91 117.1030.11 A, =
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L5/S1 41.02+23.97 57.55+28.997 1 rFCSA B3Iy ,MF %) rFCSA 98/ 5 PJK 1Y
L12 237.33+3895  228.01+54.69 Yo LA Go it M (6 3).,
”f(ﬁggﬁ 1273 223.4+56.97 186.41£39.73 %k PIK B % 10 ES.MF J% E 25 L B
rgj&@ﬁ)f L3/4 180.80+45.83  160.03+33.88 (PSE ) F 20 1L 1) 16 5 4655 (LMET ) K% 25 L 15 — G
L1 13.95+4.31 253949770 WA, ML PS I QL () LMFI 76 i f )2
%ﬁ%gﬁ 1273 16.93+7.55 29.98+11.317 T E 2S48 FIR 253 &3, &4 PIK
Y L3/4 243241221 35.40+12.137 B R LY NG BT 30 R 5 T non-PJK B,
TSR s 37.50£23.19  53.9+2029" FH O HHAGREMER(F4), FEHMARE
15/S1 S1.11+31.04 63.17+24.88 FIR # M\ L1 11 ST B4 i (32 5) . 0 6 % 18] J
g o DA SRR P9 38 9 TS HE 2 BT TCC 43 51k 0.860
Salm 12/3 39.11211.16 42.07+13.38 1 0.965
A L3/4 53.66+15.87 53.6413.36 °
roeas of L4/5 81.72+32.16 81.43+22.55 PIK 418 A i i 22 B o™ ff (TLK) B 2 g
L5/S1 119.72+40.24 105.78+35.67 TFJC PJK 2H 245 (17.64°+8.69° vs 7.24°+15.36°,
L1/2 150.08+48.35  201.01x49.357 P=0.045) , {EL i 1 B % A i B HE J5 ™ £a (TK) B
E%E‘hg 12/3 138.69+53.93 167.95243.74 HE T £ (LL) B 00 4 8 (SS) 8 45 1 44 £
R e IROERE IR ) B A (P SR P (SVA) PI-
o L5/S1 92.13:4336  120.72+39.427 LL S AL il (PIA) B2 22 5 o Al
L2 V314277 266.38+60.98 TG BN ZI 5218 5 S B A AR T FUR IG5 52 AR 2
L 12/3 2625146458 228.47+46.73 SRR B (A=A S RO 2 - AR ), R B KR
rCCﬁSf{ § L3/4 234.56:5425  213.66x43.74 PIK 3% AR J5 B 20 22 Bk e ™ £ (PIA) 25 7 T
PSE LS 231456794 2239855413 J PIK 41 # (11.94°46.22° vs 5.67°%6.96°, P=

L5/S1 247.54+65.96 210.05+64.89 0012) . PJIK )%%7'(}5 TK E’ﬂﬁﬁ PJA ’Eﬂj{ﬁﬂj

D5 PIK 41 P<0.05 . N o

: y TG PIK 4L JF R A G250 A

Note: (DCompared with group PJK, P<0.05 o . et 1
WA ZHOR W R 2257 (R 6), BR T i I A 2
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R4 HWSAALA-BEREE
Table 4 Muscle—fat index (mean signal intensity of

muscle—subcutaneous fat ratiox100) of the paraspinal

x5 WEMABERREE
Table 5 Fatty infiltration rate of the paraspinal

muscles of two groups

muscles of two groups measured using MRI histogram PﬁgKiﬂ (n,=101)0 . % E}E A (n=42 212
- PIKA1 (n=10)  J& PIK 41 (n=42) roupl=10) - gmupf:_ )
lovel PJK roup non-PJK group L1/2 45.26+13.79 24.40+7.12"

- (n=10) (n=42) 12/3 47.86£13.99 26.96+7.98"

L12 13.8443.72 11.62+3.48 1.3/4 48.39+9.48 29.00+7.867

%’_le% ﬁj[}]ﬁ;& 12/3 10.741.74 11.1£3.24 LS 53334987 30.3048.897
A -5

Wik A L34 10.691.34 1312357 15/31 64291137 41.6710.93"

LMFT of PS LA/ 11.95+5.78 11.23+3.00 E.D5 PIK 4L 8 P<0.05
L5/51 9.72:1.65 9.96+3.76 Note: (DCompared with group PJK, P<0.05
L1/2 18.34x4.21 15.74+4.46

995 L 12/3 14.68+3.84 15.67+4.84 . i ] ’ ]

LMFL of QL 14/5 15.12+4.30 17.83+4.60 SRS, ASAIE 5 7 A s 61 UTV 07 T M E B, PIK 41
L5/51 — — ULV [t X B4 07 2 Wb 45 88 7E T12 Je L1 (P=
L2 BILT9 21125230 0.038), Ifi 45 B4 T10 1 1.2 4bJ&— 9] % 4 PIK (3

45 L 4l 12/3 34.9349.75 21.68+5.717
L &;J;{]E L3/4 30.58:8.02 21.95+5.69" 7
iEis » . = 0. . —J “&, W\}nﬂ 4 \,\_&L,i}::\ Pl ‘-‘\

LMFI of ES  L4/5 32.5946.59 24.5526.01" i HZM}FJLZ}Z A’\ﬁ%ﬁ? N X&fﬁﬁxiﬁfﬁ
L5/51 30.33+6.24 27.42+7.110 I A9 PIK i i 3 Logistic 22 90 19119 5 #f
L1 44.68+9.27 29.37+7.29" (i 27 B g — 4y 2R i ORTT BMD (R 491
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oL L2 51.6316.13 33.4029.12" P 35 58 8 R T £ R R O A T o B VP4 R
ﬂg%—é(g szs 55.27+18.33 37.24110.:%, RE %2 PIK M #4415 o % PIK 41, P4 i
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TMFLof a3 dsseinost (9B VAS, B VAS,ODI JOA-29 SRS %
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; s T o E O WA
L5/S1 61.51+155 47.24+13.597 i SRS A B £ (SRS L RS SRS & 51 45
L172 34.03+7.19 21.28+5.137 ZRIGITFE X, PIK 4IARH] SRS Yifig R 1T
ﬁiﬂﬂﬂ@% 12/3 35.34£9.41 22.1245.69" i FERT XTI (1.62+0.42 43 vs 2.03+0.59
Ll\j{‘éﬁz , L3/4 31.31+8.53 22.50%5.69" 4y, P=0.040), K, B PIK 20774 5 22 f) SRS 1
ol ) NN \ NI N VR s
PSE 1455 33792745 25356017 REARBLVE 43 LAAL P ZH AR T I RV 43 B RL e 5
15/81 40.52+9.94 28.018.25" NN .
i o 1AL HE . BB DI PR P4, PIAL T O
. o DA B VAS .ODI JOA-29 Fifiiji SRS ¥ ¥4 (SRS [ 3k
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I\*TE,T%C . 1.3/4 49.53+10.95 34.6319.35@ ﬂ:/;% \SRS ‘[P Eﬁ){jﬁﬁ \SRS E;E‘\ﬁ*n SRS iﬁﬁ?ﬁj%
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L5/S1 59.62+10.32 45.58+11.647 VAS P43 2 5 T4 IR 2H (3.80+2.20 43 vs 2.20+

@D PIK 41 & P<0.05
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Table 6 Comparison of radiographic parameters

between PJK and non-PJK group

Table 7 Comparison of surgical variables between PJK

and non-PJK group

PJK4l(n=10)  JC PJK 4l(n=42)

PJK4 (n=10)
PJK group(n=10)

Jc PJIK 4 (n=42)
Non-PJK' group(n=42)

PJK group Non-PJK " group
Preoﬁﬁzl;lv‘l: TK 14.06=14.3 17941383
Earlyﬁiti?}fgay\fe TK 18.4+4.25 20152944
TK/AET%TE 15.337.99 1.74+8.67
Preo;keggt:;tKTLK 17.64+8.69 72415361
Earlyﬁoitiifﬂay;f TLK 12642778 8242692
TI&%‘EQ -5.19+4.45 0.93+14.35
Preoﬁfgﬁ% LL “23.16618.54 - ~27.62216.25
Early/r;}()ﬁstil?rja{i;e LL ~33.62+10.33 ~40.85:9.39
LL/AIEE@ ~1246+13.14  -13.83:13.18
Preoﬁgliz s 19.02+6.65 25.45£10.04
SS”ZE%M 11.03£9.49 5.81%7.35
Preofjgliz{e PI 46.57+7.89 204321127
Early ﬁifﬁﬁige Pl 44.4825.74 1978296
Preoﬁﬁgn}g PT 27:35%9.33 24981132
Earlyf)}itiﬁgagge PT 16.126.44 18.49:8.54
PT"Ai“g?Fﬁ ~11.45+9.49 ~6.4926.51
Preo;i?gnsvxngA 42.7154.02 48722331
Earlyﬁ;)(iilﬁjx sya 41481813 339823227
SVggngfﬁ ~0.51+61.66 14.24+60.3
Preorf':E{i\l?l_Ig’i—LL 23.41£17.08 22.8+18.04
Earlyﬁﬁtﬁlﬁga{)ilxr_eL%I—LL 10532847 891098
Preo;i;ﬁ;{ifg Yera 6.2+7.67 376773
Earlyﬁiiﬂi?aﬁiﬁ PJA 11.9426.22 5.67£60.961
PJf\Afil';ﬁﬁ 5.74+3.42 1.9+5.727

I uiHE Upper instrumented vertebrae

T10 1(10.0%) 16(38.10%)
T12-L1 9(90.0% ) 20(47.62%)V
12 0(0%) 6(14.29%)
T UiHE Lower instrumented vertebrae

L5 4(40.0%) 11(26.2%)
Sacrum 6(60.0% ) 31(73.8%)

D5 PIK 4 H4¢ P<0.05
Note: (DCompared with group PJK, P<0.05

0.031). HIA] WL, B 17 B 5 20 %) L, PTK 472 A
2RISR VAS SRS TIREIR B PE 43 . LE B AR
A ANBE DTG PR PESy, 6 2H BE TN 45 T DE 20 8K

114 PIK 41 4 P<0.05
Note: (DCompared with group PJK, P<0.05

B ks, HIG PIK A hn i 2 (P<
0.001), 17 1P £ 8] Iifs PR 17 43 ol 5 2 ) 3 JC B ik 42
TR,

3 g

PJK kA 232 e 8 R F- AR 775X B Vs e ]
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Xt 98 Bl DLS M i 58 i 45 S & 3, PIK 1 &
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il PIK & A R0,

REAE A58 PIK B A 261G B R 3R 43 R A
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AR LRGN A 5 AR RAT [ 52 55 AR 2R e B
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PJK %A= (i e fe e R 2, 38 1 Logistic [B11H 43 #
BRI, ARAT SS<25°(0R=12.902,P=0.046) . A J5 Bl
%] PJA 14K =3.6°(0R=21.940,P=0.015) JE 75 fif
WL 46 LA - i Wi 48 %k =27.65 (OR=11.749,P=
0.019) 4 DLS R J5 %4 PIK HyH 7 fE R R &K

ABIGE T T T EMEAE S LIS O (RS L
PR 4R T B OMIRT A 5 5 B (B S R W 2 i %) 5
HHBFIE ARG PIK ZAEMNKER, B won, R
55 A LA Sk 19 198 K Mg 7 9 i 1 14 -5 A SR
S P AT B [ E R JE PIK B kAR B Seat
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