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Correlative study of nerve root sedimentation sign and compression of dural sac in the diagnosis of
severe central/complex lumbar spinal stenosis/ZHANG Nan, LIU Na, CHOU Kaiping, et al/Chinese

Journal of Spine and Spinal Cord, 2016, 26(10): 919-925

[Abstract] Objectives: To evaluate the relationship between the presence of nerve root sedimentation sign
(SedSign) on MRI and the cross—sectional area changes of dural sac in diseased levels in patients with severe
lumbar spinal stenosis(LSS), and to analyze the possible mechanism of sedimentation sign. Methods: From
January 2012 to June 2015, MR images of 87 patients with LSS were analyzed in the second affiliated hospi-
tal of Qigihar Medical College, all patients were diagnosed with central/complex LSS. A cross—sectional area
(CSA) of dural sac <80mm? at least one level in transverse MRI scans of 1.3/4 or 14/5 were determined. All
patients had typical intermittent claudication with walking distance =<500m. 61 patients were diagnosed with
single segment stenosis (19 patients at L3/4 level and 42 patients at L4/5 level). Two levels stenosis (L3/4,
LA4/5) were found in 26 patients. 113 narrowing levels were selected and the prevalence of positive sedimenta-
tion sign were recorded, and all cases were divided into positive and negative groups. Each level of 13/4 and
LA4/5 was scanned in three layers, and the smallest CSA of dural sac, the smallest posteroanterior diameter

(PAD) of the spinal canal and the largest cross—sectional area difference(CSAD) of dural sac were measured
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at transverse T2—-weighted MRI respectively, the difference of two groups were compared by t—test. The re-
ceiver—operator characteristic(ROC) curve analysis was conducted to evaluate the correlations between positive
sign and the smallest CSA, the smallest PAD and the largest CSAD. Results: The positive sedimentation sign
in 113 narrow levels accounted for 75.22%(85 levels).
2.10mm,
0.05).

there were significant differences between the two groups (P<0.01).

The smallest PAD of the positive groups was 12.00+
and the negative was 11.47+£2.04mm, there were significant differences between the two groups (P<
The largest CSAD of the positive groups was 36.94+13.97mm? and the negative was 18.60+7.70mm?
The smallest CSA of the positive groups
was 47.34£12.55mm? and negative was 45.16£15.35mm? there were no significant differences between the two
groups(P>0.05). The ROC curve showed that the area under ROC curve(AUC) of the smallest PAD of spinal
canal was 0.64(P<0.05) and the AUC of the largest CSAD of dural sac was 0.929(P<0.01), the AUC of the
smallest CSA was 0.557(P>0.05). Conclusions: In summary, the positive sedimentation sign is closely related
to the change of compressed dural sac. The CSAD is proposed to describe the change of dural sac in com-
pressive levels in severe central/complex lumbar stenosis.

[Key words] Lumbar spinal stenosis; Nerve root sedimentation sign; Cross—sectional area of dural sac; Pos-
teroanterior diameter of the spinal canal; Cross—sectional area difference of dural sac; Correlative study

[Author’s address] Department of Orthopedic, The Second Affiliated Hospital of Qiqihar Medical College,

Chinese Journal of Spine and Spinal Cord,2016,V0l.26,No.10

Qigihar, 161000, China

WEMEAS P22 AE  (lumbar spinal stenosis, LSS)
SRR MEMEE AR 0 AR AR N 2 AR B 4
2 T H B — FR FRE AR 0 B PRI b g
() 2 1R B P rp e B /RS BUAME A P D AR I
SN2 W LSS Wl LU i i 52 |l PR % B H A B
AR RIE Z R I kW H H AT A WY
Wi bR HERS, 2 W0 LSS 1 R M7 T WK Yifg
2 PR A5 I PRARE AR 5 ARG sk B, RES )
MK, XFECEBRERALE 5IHKRERATF,
PRl It 38 U0 5 R BB I 12 W 48 AR Ok P B 12 W
LSS, Barz S 2010 4F 15 Yo o o 2 AR T Fe
MEAE S —TURT B 5218 25 38 b R 35 B2 W LSS, H
TR EA T B0, TR
FALARGIE T AR Z 5 #1505, H il
PR b —ZA S A 2 MR T R AE X 12 I A 4 A
SR IR L B AR A e e A R B —E
TEORRAE 5 R S S A A 2 A ek [ B S B
o8 rp e R EAME A P E TR BE I MRI BIHR S5
N pf 2R TREAE TE A B WA A T AR $8 AR A —
B BRI MRTTRRAEAE Sy — TUE R 18
& An U B2 W LSS € 29l w0 x) H i & H 1
HAREL Wi bR —FA b 78, HIH R A HL
il AT A RARYG A . A5 [ 23 B 2 9
R B W 12 Wt S T RE v e RU/IR S R LSS AR Y
MRI EZ, W%t 28 AR TTT AR 55 9 7 71 B bl s 4
O A2 P 7 AR AR B Z A B SC 2R, WAL AR
HATRE ) K A HLTH

1 #RS5HE
1.1 — TR

W £ 5% 5 i 21K B 2 B B 28 1S B 2012 4R
1 A ~2015 4F 6 A W8G2 Wk 1SS /Y 5 19 MRI
KM%, Adbhrie. OMRI GBI 58 13/4 5
LA/5 5 Bt 28 /b — /> 1 45 )2 180 A R G2 8 s A 1 AR
(cross—sectional area,CSA) <80mm?; @A ] Bk P
BEAT AT E R <500m, HEBRBRME . DA I T s
Jik P SEAE REEME IR 2 S50 B AR A LY
B QM T ST RS2 it 4 MR B 1 i 4 A dze I
A iy R o) Bl RS A Py T A T, R A L5/S1 Y
BOAE ) LSS HR A B HEBRI B F L1/2 L2/3 1
By MRIALAAHE 1 2, ScHRERR L1/2 & 1.2/3 5 B
W7 Y HB AR A A HE B b o SE 07 3k 1 87 431
BEIL 113 AR B, Hod 55 32 49, 4 55 4,
A 28~89 % (62.0£12.4 %), FT BB A 61 i,
Horfr 13/4 B 7% 19 6] LA/S B 42 ], WY B
(L3/4 LA/5)Be7E 26 i,
1.2 MRI $diR 4

e 4 fB 3 H A MRI F14 (HITACHI echelon
L.5T) I AR T1 T2 finA G B A W 1T T2 JinAX
FIHE (4mm JZJE) o 0I5B SR AR OBUF
T B AL, AR L2 123 B 12,
1.3/4 14/5 1L5/S1 5 B4 4 3 )2 . R EA 7%
B Ak T AR ) B A A R S8 (Accurad V4.0
B ) AT AL B B OR T R 2 AR TR AE 1 3
A7 85 AT % S R B VI A ST A 1.3/4~15/S1 B 2 T



o[ A A 2 7 2016 AR5 26 55 10 W)

Chinese Journal of Spine and Spinal Cord,2016,V0l.26,No.10 921

MERE AT MRT T2 fnAE& E il & 2 B L
NHRAR CSA, LRSI 11 25 SRy SR 0 T FRL
MEAS 1E K AR 42 (posteroanterior diameter, PAD) ,
HE 1] 48 I 2 v 5 ZME A 5 RE rp a5 22 ) ) BB 1)
(K 1); TR MAN22 (cross—sectional area
difference , CSAD) , ¥ B 748 5 B 3 > 4348 )2 T i 45
V1R 5 R R 5 208 A 7 v AR 9 2 A /D A A e R
FL 2R (B AE Mz e %5 35 B i) e K CSAD {H ,CSAD
(B0 R 3 W2 e A% T BRI IR 40 27 1 AR A5 (1 R JEE
JRIZL s 22, CSAD fH /)N W) 2 75 i 4% =7 1 A8 48
(AR BB, B 3 A5 5% 5 I U0l 7 0 245 SR 1Y)
S AE 2 2 T I B SRS AT T

1.3 FPZARTUREAE 2]

HRAE Barz S5O A 19 b 28 AR TR AR 1) 230
A3 3 A7 v AT B I DR B U 7 X AR Y 113 A
BeZE T Be MRI AR BEAT 430, TEREAE T2 N
PR b, W HER I JORAR 1 b SR — 43R LW
ELER K A S Sy LR AR BR AR T B T
T RS O b 22 MR AL, BB oA o AR T %
2R AN, B A B AR fh 2 R UL AE (] 2) s 76 1% 5
206 110 000 e 0 R 53 85 0 8 ) 4o 28 MR 2 A vt A
ol 2 AR IR G 8 A B i 22 AR T RRAIE (8]
3) PGS R R E BT, BAA 2 7 IR
HH BEPE TS A R i 2 T A A AR R, R
B 34 MR HEZE A 1 A2 R Ry
FHE , BIIA A2 17 B 28 AR LA BH A |
1.4 St

S3AT 113 A Bes 35 Be i i MR T2 fin A &
1%, GeitBHPESR Z AR TUREAE 09 53 A3 1% 0 53153 1
PR AR A T B R T 35 (8 B b o 22
(x+s) Fon, FFRIH SPSS 18.0 Geit #4745
Bro A4 113 BT B oy g p ZEAR T AT PR 1A 21
SRAEAL, SR 4L ¢ K56 XF B o b R AL R K

CSAD fiz/)s PAD fie/Iy CSA SE52AR 16 bR Z i)
BHEHA G2 R 2257 AR VIREAE YRR 5 R
CSAD fiz/)y PAD d5e/Iy CSA Z2 [8] (4 AH G 43 #7 R
M2 # TAEFFIERIZE (receiver operating char-
acteristic curve, ROC—curve) B ROC &k ik ik
1008, P<0.05 NZEFA G 7R L,

2 BR

TE BB OO AT MRI MG ) 25 1 5 B 45 40
Br (W da) s TERRAS T BEI SRS 1 2 RE#m MRI T2
PG, mT SR 3 T 0 20 37 i e 4 A8 Ak A Xt
V5%, MWAR BARAZ B A RE IR th B BH P TR
TE (K 4b) s 788 78 19 B i 26 2 2B #f MRI &
Gorb B A7 TR AR A I R B S 1 2T A
FRBA & 32 B 22 7 [ AG AS 07, 58 0 T A E M,
H B A 22 AR TCRRAIE B (P& 4e) s 7656 3 )2 MRI &
Borb 2 BON OB AR R T A B R
FEIARE A AR B R RTRS , 51 UTRAE BH P
(I 4d) ., 78 113 N IEHERE 7 15 Boh  Jh Ay 85 4
BRI M AR DOREAE FH M, LB PR R
75.22%,

PR UIRFAEBHPELL (85 4~) 5B M:4L (28
AV K CSAD e/ PAD f5e /s CSA U i 45
W 1, Pl e/ CSA e it2¢ 25 (P>0.05),
/N PAD (e K CSAD ¥ 47 i1t 225 5 (P<0.05)

PR DUREAE P R 5 & K CSAD, /)
PAD /Iy CSA Z [RI A AH 5G4 45 R WL I 5, B
/N CSA 89 ROC Hi £ T M ! (area under ROC
curve ,AUC)H 0.557(95% ] {5 [X.[d] :0.426~0.688,
P>0.05) ; 527N PAD BJAUCH 0.64(95% ] {5 X 8]
0.529~0.752,P<0.05) , 5 K CSAD AJAUCH 0.929
(95% A {5 X 1] : 0.861~0.997 , P<0.05)

'.'1“ B 1 e {0 A IR T MRI T2 PR b R . A
C TGS TR I X BT L R 03 2 L i R

Bl A5 S A8 S % 0 46 T 5 AR I B JOIRAR (PAD) A ) 3805 2 b o A
Jri BE VR g 22 [ A RS

Figure 1 Measurement of cross—sectional area(CSA) of dural sac in the
supine lumbar cross—sectional MR images: we could observed ellipsoidal
margin of dural sac in MRI, and measureing the area of the shap was
CSA; Measurement of posteroanterior diameter(PAD) of the spinal canal:
the distance between Intervertebral disc trailing edge middle point and

the middle point of vertebral plate
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Figure 2™ a The schematic diagram of a "negative" nerve root sedimentation sign b Measurement of "negative" nerve

root sedimentation sign in MRI: Make a imaginary perpendicular horizontal line at the middle of posteroanterior diameter
(PAD) of the spinal canal, A "negative" sedimentation sign was defined as all cauda equina being located in the dorsal
part of the line with the exception of the two ventral nerve roots exiting caudal to the level where the observations were
being made Figure 3" a The schematic diagram of a "positive" nerve root sedimentation sign b Measurement of "
positive" nerve root sedimentation sign in MRI: Because of the tight canal, the dural sac were “squashed”, A "positive"

sedimentation sign was defined as an absence of cauda equina sedimentation,with the majority of nerve roots located in

the ventral part of the line or present on both sides of the equator
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Figure 4 a The sagittal T2——weighted image of 14/5 show,
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sac was decompressed to significant narrowing in thrid MRI scan b The

the dural sac was lighter extrusion,

tendency of the never roots or cauda equina move to ventral or the

The performance of the postive

sedimentation sign was not clear ¢ At the second MRI image, with

narrow of dural sac 1nten51ﬁes, the nerve roots were compressed to shift significantly, the postive sedimentation sign was

present d The third MRI scan was the smallest stenosis,

becauseof the tight canal,

the nerves are “squashed” and

therefore present on both sides of the equator, so that the sedimentation sign was appearance, too

F1 WMEMIPEIEAMEAE SR EE MRIFEHRITEE
Tabel 1 Related parameters of MRI scans compared

in two groups

VUREAEBAPELL LR AE B P 41 o
Postive groups Negative groups ¢ value

(n=85) (n=28

/N A T R .
pMBRRIER 473401055 450621535 1=0.976
e /NEH R AR AR o) _
SENE A 150052100 11472204 1=2.334
SRR RZ 360413070 18604770 1=6.771

The largest CSAD

D5 B4 P<0.05
Note: (DCompared with negative group, P<0.05

JEARWY G, 10 R 5% 527 B HiTJS 5 095 R 0T B2
P ZARUOREAE I — A2 5 Fazal S50 0F
FEGER B, R IR AT A A B g
CSA, XF Lt 9 4 [a] £z /)y CSA TG e FH M2 5, )
it 28 AR ITC RAAE BH A K 05 2R 5 T 5 48 f /)N CSA 19
ROC Hi4k 75 AUC=0.557, ¢ W UTFEAE FH R 5
T R e X B A R 2 RIS A, X5
Z TG AR TE N B A B /N CSA 1R iz

fEPRTEIZ T LLS A BEAF7E R 22 I 25 IR AT 65
[v] st th A HRGE IA A U i CSA 5 1SS Z A% A
T AR R0 AR T ) B S R TR AT W BE 5 2
J, UL /N PAD Rl /N CSA AN J2& 51 BH 1 #ft
2R UTIEAE B9 T BN

FoAT N FHAE 54 CSAD e i ik ple 7 35 B i Ji
WZRAFWNHSEE, PR MR K
CSAD 7 B &2 5, WA ROC il 2 ik sz 1
2 MR UTREAE P 0 & A 2 5 B RIS 48 CSAD A
i A 54 M (AUC=0.929,P<0.01), i W #f £ 4R
TUREAE BH 1 1 & 28 0T e 5580 2 1 B (A Rl R 448 52
ARERREEAT O, X AT BEJE T SR A IR AL b 2 AR
Bifi 37 1T 1) A 55 20 A0 7 i 1) ANV AS 2, DT 42 i B
I TF R A 1) P 2 AR Bl R e 8 A ) N B v e
R 5l i 2, 24 5 K CSAD /N, 68 B 78 4 B hif
A4 15 0 R Bl R A 2 ) Y AR A R BN R 42
ﬁxﬁémw%ﬁ¥%,$mﬂWﬁmm%ﬁm
PG 2, M ik CSAD 78 K, i B 32 J& 5
B R A X T IR AR AR, T BB



924 o LA R 4 R 2016 AR5 26 5 10 1)

Chinese Journal of Spine and Spinal Cord,2016,V0l.26,No.10

= HOLC Curve
L
E L] -
[
E TE
ad A AUC-a s
B AUC -0
CAUC-ir
'.Il l.lIJ |.-I1 T} .II!
1 = GpwaMainy

I:IIF'- HEEEETEE NI PrEESEd Dp e

B 5 Sk H Receiver—operator char-
acteristic (ROC) 1l & > M #f 5 48 Ui

e ol e Comen [ HE BH PR 2R 55 i K Tl 5 48 A A g AR
e ey % (CSAD) S /IHE 5 52 1 7% (PAD ) A1

£ wmuline Clk
/MR R RO AR (CSA) Z ¢

F A ZAR PR AR B % 5 d R Al
JiE e CSAD 2 ] AH G 1 1 2 i
1 (area under ROC curve,AUC) =
0.929,P<0.01;B, Hi 2 ML AF B
F 5 E/MEE PAD B EHE  AUC=
0.64,P<0.05 ; C., it 2 HUITL AT B4
5 R /N BB CSA Z ] Y 6 &
AUC=0.557,P>0.05

Figure 5 Correlation  between
prevalenc of sedimentation sign and
the largest CSAD, the smallest PAD,
and the smallest CSA; Line A: The
ROC curves of the largest CSAD and

area under ROC curve (AUC)=0.929,

P<0.01; Line B: The ROC curves of the smallest PAD and AUC=0.64, P<0.05; Line C: The ROC curves of the smallest

CSA and AUC=0.557, P>0.05
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