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The clinical efficacy of lumbar L4/5 single level fusion and its effect on the lumbar —pelvis sagittal
alignment parameters of differrent Roussouly type/JIAO Haibin, HU Xueyu,HUANG Peipei, et al//Chi-
nese Journal of Spine and Spinal Cord, 2015, 25(5): 405-414

[Abstract] Objectives: To investicate the effect of single 14/5 fusion(SL4/5) on the lumbar—pelvis sagittal
alignment parameters of differrent Roussouly type and its clinical efficacy. Methods: Between March 2008
and March 2012, 317 patients with lumbar fusion of SIA/5 were collected, and 51 cases of them(with healthy
adjacent segments, complete follow—up data, follow—up time =3 years) included in this study, 25 males and
26 females, with an average age of 43.45 years. They were categorized into 4 types on the basis of lumbar
lordosis of lumbar sagittal vertex position curve(Roussouly type): Type I, vertex located in L5 vertebral body
or 14/5 intervertebral space; Type II, vertex located at the bottom or middle of the L4; Type I, vertex lo-
cated at the upper part of L4 or L3/4 intervertebral space; Type IV, vertex located at the L3 vertebral body
and above. The VAS, ODI and JOA scores were compared, and the lumbar—pelvic parameters were measured,
such as pelvic incidence(Pl), sacral slope(SS), pelvic tilt(PT), lumbar lordosis(LL), UP arc and intervertebral
lordosis of lumbar 4-5(IVA4-5), C7 plumb line/Sacro—femoral distance ratio(C7PL/SFD ratio) at the preopera
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tion, postoperation and final follow—up. MRI was adopted to evaluate radiographic adjacent segment degenera-
tion (rASD)

degeneration were introduced to evaluate rASD after the operation. Changes of the parameters in different pe-

before the operation, and the UCLA Grading Scale and intervertebral stability criteria of lumbar
riods were statistically analyzed. Results: The mean follow—up time was 42.58 months(36 to 67 months). The
distribution of patients according to Roussouly type was as following: Type I, 10 cases(19.61%); Type II, 15
cases(29.42%); Type I, 20 cases(39.22%); Type IV, 6 cases(11.76%). In Type I :
provements (P<0.01) in LL, UP arc, IVA4-5 and SS at postoperation and final follow—up compared with those
IVA4-5 had significant improvement(P<0.05) at the

there were significant im-

at preoperation, but PT decreased. In Type Il and III:
postoperation and final follow—up compared with that at preoperation, the LL at final follow—up significantly
increased (P<0.05) compared with that at preoperation, while the SS, PT and PI showed no significant differ-
ences. In Type I, UP arc significantly increased at the final follow—up. In Type IV: the IVA4-5(P<0.05) sig-
nificantly increased with statistically significant differences to the preoperative, but there was no significant
difference in LL, UP arc,
nificantly decreased at the postoperation and final follow—up compared with that at preoperation in all types.

VAS, ODI,
tives. The general prevalence of rASD was 17.64% in all patients. Analysis of rASD risk factors showed: age,

SS, PT or PI between preoperation and postoperation. The ratio of C7PL/SFD sig-

JOA scores at postoperation and final follow—up had significant improvement than the preopera-

follow—up time, PI, IVA4-5 were major risk factors. Conclusions: SI4/5 can significantly increase [VAL4-5,

but has different effects to spine—pelvis sagittal alignment parameters according to the types of Roussouly.

Chinese Journal of Spine and Spinal Cord,2015,Vo0l.25,No.5

IVA4-5 is a significant risk factor of rASD,

are more prone to rASD.

[Key words] Adjacent segment degeneration; 14/5 interbody fusion;

Roussouly

the older age,

the longer follow—up time and higher PI values

Intervertebral angle of 14/5; Types of
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Figure 1 a Parameters of sagittal spine —pelvic alignment on radiologic, PI: Angle between the line perpendicular to
the S1 end plate at its midpoint and the line connecting this point to the middle axis of the femoral heads. PT: The
angle between the line connecting the midpoint of the sacral plate to the bicoxo—femoral axis and the vertical plane. SS:
IVA4-5:
The angle between the lines to the inferior endplate of L4 and the superior endplate of L5. Up arc: The angle between

The

The angle between the sacral plate and the horizontal plane. LL: the angle between Lland the Sl-endplate.
the tangent line to the vertical axis at the apex of the lumber curve and the superior end plate of IP. Low arc:
angle between the tangent to the vertical axis at the apex of the lumber curve and the superior end plate of SI; Apex:
The tangent line to the vertical axis at the apex of the lumber curve b C7PL: Distance from a vertical line drawn from
the center of the C7 vertebral body to the posterior cormner of the sacrum. SFD: Distance between the C7 plumb line
and the posterior corner of the sacrum Figure 2 Lumbar sagittal schematic diagram types of lumber a [ type b 1

type ¢ Il type d IV type(uper Arc of Lordosis: UP arc; low Arc of Lordosis: LOW arc; Sacral Slop: SS)

% 1 #2E8 Roussouly FEHE 2 B 55 it B i ik 51 — A% 28 14
Table 1 Demographic and clinical details of participants at follow—up according to the type of Roussouly
I I %4 174 IV 7y Hit
I Type II' Type Il Type IV Type Total
1%50(%)
Number(a%) 10(19.61) 15(29.42) 20(39.22) 6(11.76) 51(100)
Aq:ﬁ%(k/“) 40.2(22~52) 44.95(30~53) 43.47(22~53) 45.66(32~51) 43.45(22~53)
ge(year)
HE (552 7:3 7:8 9:11 24 25:26
sex (male:female )
BEUTHTIE] (H ) 41.7(36~56) 44.46(36~64) 46.68(36~67) 42.5(36~66) 42.59(36~67)

Follow—up (month)
A5 L (kg/m?)

Body mass index at

baseline(kg/m?)

23.74(19.63~28.07)

24.32(21.78~29.15)

23.85(20.41~28.93)

24.37(21.15~29.64)

23.81(19.63~29.64)
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S o ) R M Ay ME A R SR R — B
Roussouly & 150X # #1 # fE T fg 73 B, B Be il £k
PR e fE M 2 Al B R AT R P s 2 1B) AR 2 iy

o 26 57 ST 2 M I, 3 i 455 S AE L1 A 3Rk
HNHR L, ELZEAE T12 19 1 #8 ., Roussouly #KHH SS
JEE 3 Bl 45 5 TR i 2 b1 79 (B8] A 8 T st Ao 5 4
HERN 26500 4 Fh D RESE AL 5 28 i A7 ST 36 [N
T () JEEAE 43 79 5 Roussouly 20 BUAHMRL, W2 U0 A HE
ELA /NG PLAE , X2 AH X 58 /NB SS R 21 7Y Y
W 7R R ARAIE SRR, AT LU 4 3 Sy
BB A A W) ) A AR S Bl 43 BT 5 e B A
IR AR RS N (CANTE i /N 59 258 0 A ) 4828
S5 ) BYTE LR 2R 5 43 B ) T 50 B A 1R A I A
HIARAEE T, AT DA PR R Im R I
SCHRHRE Z 1 Bl A B E A A - S
B0, 5 i PRRE R B 2 3 DD AR O, T A — T B
HE Rl % AT B 4 2 B0 VR T i e 2L 18 Kim 251
B AR S5 B2 Rl 55 BEAT ™t M OR FT 4 &, BT
IR0 5 R FAH LG IR 35 25 5, 0 LL Rl 7 B 482
AR R . HJE Pellet S0 H 1 Bt ALIF
T AR BT R FH 4 A F T B cage X BEHE A A
TG0 ZE R, Berthonnaud 5550 B HE Fif ™ i
Lo WA LN TERT I USAR I A R, RS
SS AHAE L A1 SS EA % vm iy AH & (R=0.86)17;
SCHR Y gl R M AR X I HE th £2 A T3 ik 42 0
68.6% , I LAHEWr, T f B X REAE T o™ 04 5 i 4
Ko PLZREENEZIEESE, BARKMEUE
Y, 1 H PI=PT+SS 2 X B 1 A0 B8 755 /Y
SCRIOA  SS HUE G AR, 5SS i B AR G
9 LL Y Bl AR BE 2 A2 4k, FARXS LL 520 52 SS
B RR ], T AR XF AN TE] Roussouly HEHE Y 14 52 i)
FEAE 22 582 Barrey SFPHE 1, T AU JEAHE T 2[5 4%

F2 RBEHERBSWMATMRKBEFEINGETL (x%s)
Table 2 The clinical efficacy were analyzed according to the types of lumber
P o JOA s oD vAS
I AT Preopetation 0.33+0.49 7.7£2.75 52.4+10.06 5.8+1.03
KIRBETT Final follow up 0.32+0.33V 24.8+2.877 7.6+5.92Y 0.7+0.67"
]] A1 Preopetation 0.053+0.44 10.40+£3.91 56.77+12.09 6.53+0.83
KK Final follow up 0.36+0.48" 25.4+2.227 8.08+7.247 0.93+0.88"
1 AT Preopetation 0.44+0.41 9.15+3.57 53.55+£10.41 6.3£1.03
KB TT Final follow up 0.38+0.317 25.6+1.937 7.33+4.737 0.8+0.69"
% A i Preopetation 0.3+0.39 10.83+3.65 57.21£11.08 6.5£1.08
KK Final follow up 0.26+0.22V 24.83+1.477 8.36+3.237 0.83+0.417
S Total A HI Preopetation 0.1610.537 9.43+3.6 7 54.69+10.77 6.29+0.98
ARIWBETT Final follow up 0.31+0.35% 25.29+2.02 7.93+5.44 0.84+0.7V

D5 A A HL 8 P<0.05
Note: Compared with preoperation, P<0.05
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#£3 A FEFEH# Roussouly DB ARF AR EFMRXEIHHEEEZSHTN (xs)

Table 3 The changes of lumbar pelvis parameters for the patients with different Roussouly type at preoperation,

postoperation and final follow—up

LL UP arc IVA4-5 SS PT PI
AR Hi Preopertation 18.32+7.75 11.42+2.4 2.24+1.31 14.19+7.68 23.24+7.53 37.45+11.99
(n:IIO) AR J5 Postopertation 31.74x10.197  14.57+3.477 4.31£2.37% 22.02+7.01Y  15.53£6.25Y  38.56x11.14
KKK YT Final follow—up — 32.63+12.637  16.49+3.81¢ 4.58+1.58% 24.54+8.65% 14.73+7.0Y 41.01+10.79
AR Hi Preopertation 38.03+6.85 13.14+4.98 4.00+1.22% 32.01+3.82 20.88+12.84 50.26+8.74
(n:HlS) AR J& Postopertation 42.06+£7.95 14.92+3.18 7.93£2.810% 32.56+5.66 19.31£9.11 51.55+12.21
KU BEVF Final follow—up 44.49+6.737  16.18+3.4202  8.37+1.93%% 34.45+6.69 17.96+8.16 52.06+11.10
AT Preopertation 47.06+6.9 17.83+2.1 4.71£1.73% 36.72+3.96 16.52+7.72 53.67+8.67
(nEO) ARJ& Postopertation 49.97+8.51 17.91+2.07 9.54+3.08"% 39.46+4.57 12.88+7.01 52.27+6.67
KUV Final follow—up 53.56+4.48% 19.18+2.2 9.44+2.137% 37.79+4.80 12.64+6.35 50.73+7.08
AR HI Preopertation 53.86+5.94 18.28+1.97 3.34+2.74% 42.23+2.84 29.03+7.81 70.45+5.19
(HIX@ A J5 Postopertation 55.66+7.24 19.04+1.93 8.15+3.197% 44.25£5.25 20.26+4.94 68.33+10.84
RKBEVS Final follow—up 58.67+12.13 20.42+2.73 8.61+2.861% 45.19+2.4 23.82+8.76 68.89+7.15
AR HI Preopertation 40.04+13.83 15.53+3.95 4.14+2.14 31.59+10.51 19.26+9.99 50.40+14.09
& 1{;}5)?:151 ) ARJ& Postopertation 44.25+11.26 16.44+3.2 8.22+3.43% 33.98+9.22 15.82+7.55 49.43+11.53
KUV Final follow—up 47.68+11.87  19.07+3.18"2  8.28+2.887 34.98+8.46 15.78+7.84 50.94+11.69

D5 AR P<0.05:@ 5 AJF H A P<0.05:3)5 1 AL H P<0.001
Note: (DCompared with preoperation, P<0.05; @Compared with postoperation, P<0.05; (3)Compared with type I group, P<0.001
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®4 rASD REWMRKER S
Table 4 Analysis of Risk Factor for rASD

S T& rASD ZH (n=42) rASD# (n=9)
Factor No rASD group rASD group
AW (Y) Age(Y) 42.24+9.69 49.66+6.127
Ex}mrzai??n:a%;)]?ema]a ) 23:19 2:7
Wi 17 15 1] Follow—up 41.05+11.50 53.22+13.427
BMI (kg/m?) 23.81+6.49 24.79+3.21
LL AT Preop 44.83+8.7 48.98+7.7
K& Postop 43.11=11.82 47.75+7.77
ki FU 47.68+11.8 53.56£9.22
IVA4-5
AT Preop 4.1422.13 4.17£2.33
AR J& Postop 9.99+2.57 6.31+2.397
ki FU 9.7542.23 7.171.647
C7PL/SFD HAfi CTPL/SFD ratio
ARHT Preop 0.51+0.36 0.57+0.44
ARG Postop 0.42+0.29 0.43+0.29
ki i FU 0.35+0.31 0.32+0.42
SS AT Preop 31.77+11.91 37.12+5.71
A JF Postop 33.02+9.65 38.615.27
K FU 36.53+6.07 40.82+6.01
PT AT Preop 18.42+10.14 23.17+8.75
A J& Postop 15.14+7.75 19.001£5.9
K1 FU 16.05+7.39 16.76+12.07
PI AR H Preop 48.24+13.62 60.5112.327
R J5 Postop 47.74+11.34 57.34+9.347
ki i FU 48.53+11.49 57.33+10.72%
IVA4-5
I ARJ5 Postop 431237
I AH#j Preop 4.11£2.32 4.66
K& Postop 9.04+2.57 6.12
ki ij7 FU 9.1442.61 6.81
Il R A Preop 5.34+1.42 3.110.85Y
A Postop 10.57+2.47 6.65+2.687
ki ji FU 10.111.93 7.72+1.51
IV AR i Preop 3.04+2.75 4.67+3.6"
A JF Postop 10.59+1.03 5.79+2.79%
ki )i FU 10.86+1.01 6.36+2.117
JOA ATl Preop 9.26+3.52 10.22+4.8
Wi FU 25.41£2.03 24.77+1.98
ODI AT Preop 55.08+10.25 51.67+13.27
Wi FU 7.68+5.76 7.46+4.34
VAS A Preop 6.23+0.97 6.56+1.01
Wi FU 0.79+0.71 1.1120.61

7 : (D5 )G rASD 4LH A P<0.05

Note: (DCompare with no rASD group, P<0.05
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B3 I AREAE R B rASD a MRIZRHISET B RR (ZL1), bied SR 14-5
T BHE I e A% O 0 I 5 M DI 30 1E R (13-4) (14.9°-10.5°=4.4°) e, f.g RJF
4 4 SIA-5 G J5 TVA4-5 HA 4.5°, o Ja Fad i 6r i & AR 4B 13-4 5 Bk
B (16°-3°=13°)  MEfa] £ m B IC B 4 M AEHME a FAKET MRI R AHAR 1Y
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FRMARSE 1 BIEH o efig JORN T BR ARG IVA4-5 )8 0y 5 8 HiE] £
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Figure 3 Plain radiographic adjacent segment disease of Il type, A:The image
showed healthy adjacent segments on MRI (Red circle) b, ¢, d This

(6D

preoperative exion/extension lateral radiograph showed spondylolisthesis on the
L4-5 level; the other hand cranial and caudal adjacent segment showed a normal appearance, angular stability on cranial
adjacent segment (L3-4)(14.9°-10.5°=4.4°) e, f, g The degree of IVA4-5 was 4.5 degree. The L3-4 showed instability
(16°-3°=13°) and disc height decreased on the cranial adjacent segment in the flexion/extension lateral radiographs at
postoperative 4 year Figure 4 Plain radiographic adjacent segment disease of ll type a The image showed healthy
adjacent segments on MRI (Red circle) b This preoperative standing lateral radiograph showed Intervertebral height
decrease on the [4-5 level. c¢,d:This preoperative exion/extension lateral radiograph showed decrease on the L4-5 level;
the other cranial and caudal adjacent segment showed a normal appearance e, f, g The degree of IVA4-5 was five
degree, more less compared with other patients. The L3-4 showed spondylolisthesis and decreased of disc height on

the cranial adjacent segment (blue circles) in the flexion/extension lateral radiographs at postoperative 4 year

K kM ASD, EE A F IV B il b, K KimZFHi G |, F AR J5 4k 55 L4/5 HET] /7 K F 200
PIT 5 5 2 M W B LL, 15 BEni ™ ff B 5 A A RE A F TG R ASD 19 & 4 . (B Soh 2513
S5 SR A W g 2 R LR AS BE S T 0, 5% & B0 AR fl A 7 BERT ™ AR KT 1592 B



R A A 2015 ARS8 25 B5R S 1 Chinese Jowrnal of Spine and Spinal Cord ,2015,Vo0l.25,No.5 413

Iv3-d=14

)

5 IVEUEME a AR MRISAHSS T BAREE b RTS8 TA-5 15 BOHE ] ff FHE ] & B 0E e.d
AR I Ji S L R R IVA4-S HEM] A BEDSAR A AR A Sk AT M5 B E % efg RS 454 X
7R IVAA-5 FRla A IS 70, 35 AR T J0aB AL S0 Bl A 5 5 Ja A A 452 1 7T L Sk il (L3-4)
HE ] 26 & (17°-3°=14°) If: i J&5 1 4%

Figure 5 Plain radiographic adjacent segment disease of IVtype a The image showed healthy
adjacent segments on MRI (Red circle) b This preoperative standing lateral radiograph showed
Intervertebral height and lordotic angle decrease on the [4-5 level ¢, d The degree of IVA4-5
decreased in the preoperative exion/extension lateral radiograph; the other hand cranial and caudal

adjacent segment showed normal, angular stability on cranial adjacent segment. e, f, d The degree

of IVA4-5 was seven degree, more less

compared with other patients. The L3-4 showed

instability (17-3=14°), spondylolisthesis and disc height decreased on the cranial adjacent segment

(red circles) in the flexion/extension lateral radiographs at 4.5 year
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