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Osteotomy distal to apex for thoracolumbar kyphosis secondary to ankylosing spondylitis/QIAO Mu,
QIAN Bangping, QIU Yong, et al/Chinese Journal of Spine and Spinal Cord, 2019, 29(10): 868-874

[Abstract] Objectives: To investigate the indications and efficacy of performing pedicle subtraction osteotomy
(PSO) distal to the apex for thoracolumbar kyphosis caused by ankylosing spondylitis(AS). Methods: Between
January 2001 and August 2017, 39 AS patients(35 males and 4 females) treated with osteotomy distal to api-
cal region were retrospectively reviewed. The mean age was 38.2+10.5 years(range, 20 to 59 years). The loca-
tion of apex ranged from T9 to L1. Preoperative pseudarthrosis was found in 9 cases, involving 4 cases with
pseudarthrosis located at apex but without neurologic deficit and 5 cases with the lesions located below apex
with neurologic deficit. Bilateral total hip replacement(THR) was performed for 2 patients. Besides, 37 cases
presented with unilateral or bilateral hip dysfunction before surgery. The mean BASRI-hip scores were 2.56+

0.77 for the left side and 2.42+0.65 for the right side. Severe narrowing of unilateral or bilateral hip joint
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space(BASRI=3) was found in 24 out of 39 cases. Hypolordotic lumbar spine was found in 22 cases while
Preoperative CBVA and VAS were 23.00°£17.08° and 4.83+
2.63, respectively. The osteotomy level, complications were assessed. Also, the radiographic parameters includ-
ing global kyphosis(GK), lumbar lordosis (LL),
chin—brow vertical angle(CBVA) were evaluated. Results:

kyphotic lumbar spine was identified in 1 case.

sagittal vertical axis(SVA), angle of fused segments(AFS), and
All the 39 patients underwent correction surgery.
The osteotomy level varied from T12 to L5(T12 2 cases, L1 8 cases, L2 16 cases, L3 12 cases and L5 1
case). Surgical complications included one case of intraoperative vertebral subluxation and one case of screw
malposition.  Intraoperative dural tears with cerebrospinal fluid leakage was observed in one case and was
resolved at discharge. Also, no vascular complication, infection or postoperative nonunion was found. Kyphotic
The average

deformity, persistent back pain and impaired horizontal gaze were all resolved postoperatively.

follow—up was 40.26+28.52 months,

for rod breakage and achieved solid bone union at 3 -month follow —up.

ranging from 14 to 144 months. One patient underwent revision surgery

On the contrary, conservative
treatment was performed for another case with stable fused region. The preoperative GK, LL, SVA and CBVA
were 69.47°x14.37°, 19.32°+19.19°, 120.77+48.34mm and 23.00°+17.08°,
parameters were changed to 28.76°£12.83°, 51.62°x£16.08°, 26.56+41.12mm and 4.19°+6.58° after operation,
respectively, and there was significant difference with that of preoperation(P<0.05). At the final follow—up, the
above—mentioned parameters were 30.53°+£13.95°, 49.32°+16.64°, 32.56+35.14mm, 4.78°+6.22°, and there was
no significant difference with that of postoperation (P>0.05). AFS was 22.77°£10.86° of postoperation,
24.29°+10.99° at the final follow—up(P>0.05). VAS was 1.82+1.64 at the final follow-up,

significantly difference with that of preperation(P<0.05).

respectively. The above—mentioned

and
and there was
Conclusions: PSO distal to apex was a feasible and
effective method to restore sagittal balance in AS-related kyphosis. Osteotomy distal to apex can be consid-
ered with the following criteria including primary surgical goal was to correct the SVA instead of GK, pseu-
darthrosis located at apex without neurologic deficit, pseudarthrosis located below apex with neurologic deficit,
preoperative restricted hip function, apex located at middle thoracic spine, and flattening of the lumbar spine
with apex at thoracolumbar junction.

[Key words] Ankylosing spondylitis; Thoracolumbar kyphosis; Pedicle subtraction osteotomy; Distal to apex
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Table 1 Radiographic assessment and VAS score of

preoperative, postoperative and final follow—up

R i R KUK B UL RR e NG TS 5 b R N S PR PN S T

Preoperation Posmperauonﬁ Final follow—up ﬁéﬂ H %jﬁ}a&%iﬁﬁﬁ% ':ij\:tlj W2 'fﬁ” V‘]

CK(®) 69.47+1437  28.76x12.83"  30.53:13.95 U e " g 3
LL(®) 1932£19.19  51.62:16.087  49.32:16.64 @E%#(2'§%> ’?E%ﬁ?i@(tp R 2R AR Y
SVA(mm)  120.77:4834  26.56x41.120  32.56£35.14 IRNFF ALY FA M K A % (15.8%~22.0%) o &
CBVA(®)  23.0017.08  4.19:6.587 478622 WFFER I AFS SR PPAli [ 72 DX A A% 2 1, AR UK B
AFS(°) — 2277+10.86  24.29+10.99 VEARGETHEES, B0 TH BT IE
VAS 4.83:2.63 — 1.82£1.64" B, A THME I8 o #E 1Y AS B RS XN )

T GK, M FEHE f5e R 5™ A1 5 LI, REHE 6™ A7 s SVA Z 4R T 3K T i 2IRBE WA A B E RS BT

; ETTBA ; it ROEF Niif=4: . , 1 v gl e Bl . \

B AFS, 858 5 B ™ s CBV A, BUS 5 s D5 R AT L P<0.05 32 AS B HE S T R 5 T S A 3 7 T

Note: GK, global kyphosis; LL, lumbar lordosis; SVA, sagittal " i Iy .
R . . M T 90 S B Ak B 52, AS M REME 5 1™
vertical axis; AFS, angle of fused segments; CBVA, chin—brow

vertical angle; @Compared with preoperation, P<0.05 Eﬁﬁj Zl:':l: *’Q 1;& /E\:1% EE ) %’% ﬂ:/; Eﬁ% ﬁ ﬁ- ["J\ é&ﬁ ’EL *& MK ﬁﬁ 7‘37

)

B 1 HBHY,40 % AS MIEHES MEE a AT X Z8H 78 SVA 7 141.7mm, GK 7 60°, TG T11 b 47 TUHEZ i L1 #E
PR, BLA BN T6~14, ARJG GK Fl SVA B IE & 24°H1 2032mm ¢ AJ5 24 A BEVF EWI BAFIEER L B2 B#F
B .54 % AS MNEMESS MR TR AR 22 B0 a RET X SRR R THAE S T12, THUMEIZE 5 L4/5 BROCTTE IR b 1728567 PSO +
AR BOR L1-S1 ¢ ARJa 24 A~ H BT 6 W85 IE &2k

Figure 1 A 40-year—old male with thoracolumbar kyphosis a Preoperation GK was 60° and the primary surgical goal
was to correct the SVA, the apex was at T11 b PSO was performed at L1 with T6 to L4 posterior fixation. Postoperative
GK and SVA were corrected to 24° and 20.32mm ¢ No obvious correction loss was observed at the 24—month follow—
up Figure 2 A 54 —year —old male with thoracolumbar kyphosis a Preoperation the apex was at T12 and
pseudoarthrosis was found at [4/5 b PSO was performed via pseudoarthrosis with L1 to S1 fixation ¢ No obvious

correction loss was observed at the 24-month follow—up
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X & FR M T9,GK 2 98°,LL 2 24°,SVA 2 119.67mm b 17 BUHEZE S L1 MEfk PSO FA, @41 BN T6~14, KI5
GK.LL il SVA #(35 44° 56°F1 41.56mm ¢ A5 14 > Bl 17 Jo W] 595 IE 2 2%

Figure 3 A 44-year—old male with thoracolumbar kyphosis a Preoperative pseudoarthrosis was found at the apical re-
gion(T10/11) without neurologic deficit b PSO was performed at L1 with fixation across over the pseudarthrosis ¢ No ob-
vious correction loss and complication was observed at the 36—month follow—up Figure 4 A 46-year—old female with
GK, LL and SVA were 98°, 24° and 119.67mm b PSO
was performed at L1 with T6 to 14 posterior fixation. Postoperative GK, LL and SVA were corrected to 44°, 56° and

thoracolumbar kyphosis a Preoperative, the apex was at T9,

41.56mm ¢ No obvious correction loss was observed at the 14-month follow—up



o[ A A 2 7S 2019 4R 29 55 10 W)

Chinese Journal of Spine and Spinal Cord,2019,V0l.29,No.10 873

Ui B o

Diao 5 X AS f8 3 HEAME 1 T8 28 2 347 43
J8 47 M e R R T A T X A Ry S T A 1
B, FE T M AME ST B T DAAS B B 2 1 PR
R I TE IR, TR AT R 45 X T TR A A e I B
(R, SRR AT R Ry J o 28 78 8 A oy
AN VU 7 TOURE 8 v 1, DR B AR AT LR 1Y
SVA % iE , BB ¥ 18 A [ AR M IEAE TR 25

T3 A T 7 B 5 60 T W B B DA b fl T
H BRI, 7E T AR K DL 8B BR 1 T 872
FREE, PRI TOUAFE 47 0 ¢ g ) A 35 R R
Ui L R W AR S TOME S T T9 19 1 4]
fLF T10 A 3 BIFEREMEST PSO F AR BB AR
W,

3.3 AS MaREEME S ™ R A TOURE G2 v A 1 P 2 B

AR T8 TOURE DA, T MR Ay A T R
K, TOUMEZE vy A1 Fof Ao 8 0 407 5 R 4 o 2 AR
R H B AU B/ | TR B 2 4 LR X T TROHETE
i 2 BB O 0 P R R, TR v A T DA B S
iy 1 S o S EBOAS B R ) 9 I 5 [R) R 00 2 ity
PEATHRAENE AR R A RE A IR T i O RS
JE %, DAk G B R T R Sk S T
Bk R, 5 ) B BIRI2020; 05 J5 AR R RMOE B 1.2/3 HE
AR R B B v i TS 5 S B A D/ A 1Y
SRR 220 7 THUME 76 o 381 A7 7 1) 5t s B 465 X/ 1Y
FREEWT IE AR | BR A7 58 43 Wi JE 5l B2 0 1E SVA AT
HE .

A2 AS it BEE F5 ™ T S8 3 A TVUHE S 3 A 7
PSO F AR A 3R AR E (87 B R B3 K & A R
o XFF LU IE SVA e IE 5 MRy £ R
FIHESC Y DI REAZ IR | TOURE A A T B L) I 5
TOUME A, B M B AR REME R S R R, TR AE
TOUME 28 oty 147 R TR A, %o T DX sk A 15 T
TG A 28 400 3 B TOUME 8 o A1 OG5 P A P 2240
1) 55, SR FH TOUAE S8 v 381 =X R R ] 47 AR A B
ﬁﬁ@ﬁ@mﬁﬁmAmﬁmﬁ&*ﬁm@R

Ui AT PSO T A Y 328 11 7 20 S B Ky Bl i) o g
WA T G — P KA R, K BEVII R, 5
Gh, XFF AS BEEE BNk R AT
TUMER & e R AR A OGO o
KTIREFEZ R R, ARIEA NG DL E A ik )
WE %R,

4 SEITH

1. Qian BP, Wang XH, Qiu Y, et al. The influence of closing—
opening wedge osteotomy on sagittal balance in thoracolumbar
kyphosis secondary to ankylosing spondylitis:
with closing wedge osteotomy[J]. Spine(Phila Pa 1976), 2012,
37(16): 1415-1423.

2. Van Tubergen A, Ramiro S, van der Heijde D, et al. Devel-

a comparison

opment of new syndesmophytes and bridges in ankylosing
spondylitis and their predictors: a longitudinal study[J]. Ann
Rheum Dis, 2012, 71(4): 518-523.

3. Chang KW, Chen YY, Lin CC, et al. Closing wedge osteoto-
my versus opening wedge osteotomy in ankylosing spondylitis
with thoracolumbar kyphotic deformity [J]. Spine (Phila Pa
1976), 2005, 30(14): 1584-1593.

4. Kim KT, Suk KS, Cho YJ, et al. Clinical outcome results of
pedicle subtraction osteotomy in ankylosing spondylitis with
kyphotic deformity[J]. Spine, 2002, 27(6): 612-618.

5. Kim KT, Park DH, Lee SH, et al. Results of corrective os-
teotomy and treatment strategy for ankylosing spondylitis with
kyphotic deformity[J]. Clin Orthop Surg, 2015, 7(3): 330-336.

6. Qian BP, Jiang J, Qiu Y, et al. Radiographical predictors for
postoperative sagittal imbalance in patients with thoracolumbar
kyphosis secondary to ankylosing spondylitis after lumbar
pedicle subtraction osteotomy[J]. Spine(Phila Pa 1976), 2013,
38(26): E1669-1675.

7. Chen IH, Chien JT, Yu TC, et al. Transpedicular wedge os-
teotomy for correction of thoracolumbar kyphosis in ankylosing
spondylitis[J]. Spine, 2001, 16(2): 354-360.

8. MacKay K, Brophy S, Mack C, et al. The development and
validation of a radiographic grading system for the hip in
ankylosing spondylitis: the bath ankylosing spondylitis radiolo-
gy hip index[J]. J Rheumatol, 2000, 27(12): 2866-2872.

9. Min K, Hahn F, Leonardi M. Lumbar spinal osteotomy for
kyphosis in ankylosing spondylitis:  the significance of the

whole body kyphosis angle[J]. J Spinal Disord Tech, 2007, 20
(2): 149-153.

10. Qian BP, Jiang J, Qiu Y, et al. The presence of a negative
sacral slope in patients with ankylosing spondylitis with se-
vere thoracolumbar kyphosis[J]. J Bone Joint Surg Am, 2014,
96(22): 188.

11. Qiao M, Qian BP, Mao SH, et al. The patterns of loss of
correction  after posterior wedge osteotomy in ankylosing
spondylitis —related thoracolumbar kyphosis: a minimum of
five—year follow—up[J]. BMC Musculoskelet Dis, 2017, 18(1):
465.

12. Camargo FP, Corderio EN, Napoli MM. Corrective osteotomy
of the spine in ankylosing spondylitis.  Experience with 66
cases[J]. Clin Orthop Relat Res, 1986, 208: 157-167.

13. Koller H, Koller J, Mayer M, et al. Osteotomy in ankylosing

spondylitis: where, how many, and how much[J]. Eur Spine



874 of A H A 24 2019 4E5E 29 B55 10 1 Chinese Journal of Spine and Spinal Cord,2019,V0l.29 ,No.10

J, 2018, 27(Suppl 1): S70-100. subtraction osteotomy at the lumbar level[J]. J Spinal Disord
14. Van Royen BJ, De Gast A, Smith TH. Deformity planning Tech, 2014, 27(3): 166-173.

for sagittal plane corrective osteotomies of the spine in anky 19. Diao WY, Qian BP, Qiu Y, et al. Does the preoperative

losing spondylitis[J]. Eur Spine J, 2000, 9(6): 492-498. lumbar sagittal profile affect the selection of osteotomy level
15. Fang D, Leong JC, Ho EK, et al. Spinal pseudarthrosis in in pedicle subtraction osteotomy for thoracolumbar kyphosis

ankylosing spondylitis: clinicopathological correlation and the secondary to ankylosing spondylitis[J]. Clin Neurol Neurosurg,

results of anterior spinal fusion [J]. J Bone Joint Surg Br, 2018, 172: 39-45.

1988, 70(3): 443-447. 20. Liu ZJ, Qian BP, Qiu Y, et al. Does postoperative PI-LL
16. Qian BP, Qiu Y, Wang B. Pedicle subtraction osteotomy mismatching affect surgical outcomes in thoracolumbar

through pseudarthrosis to correct thoracolumbar kyphotic de- kyphosis associated with ankylosing spondylitis patients [J].

formity in advanced ankylosing spondylitis [J]. Eur Spine J, Clin Neurol Neurosurg, 2018, 169: 71-76.

2012, 21(4): 711-718. 21. Lazennec JY, Saillant G, Saidi K, et al. Surgery of the de-
17. Zhang X, Wang Y, Wu B, et al. Treatment of Andersson formities in ankylosing spondylitis: our experience of lumbar

lesion —complicating ankylosing spondylitis via transpedicular osteotomies in 31 patients[J]. Eur Spine J, 1997, 6(4): 222-

subtraction and disc resection osteotomy:  a retrospective 232.

study[J]. Eur Spine J, 2016, 25(8): 2587-2595. (Wi H41:2019-07-12  REE W H H]:2019-09-30)
18. Rousseau MA, Lazennec JY, Tassin JL, et al. Sagittal rebal- ((EXHF % )

ancing of the pelvis and the thoracic spine after pedicle (At PRE)

WABIT IR 2020 E(PEEIHEERESEE)

(PEAEAMEE)AIERRIAMERENA L%, PARIAEFALSTHANEREIS, BATHE
ARE— AR EEMANSHERRAEFH SR, ARk E AN ARG ES, LT
B G ARKF,HIERET RIBABB R TSRS KRG T 5 3 A NFE R A B A
A EAF BA SR KA AT R A A EF TAFAAREFAGELAR

AR AFPEHAZEFPCPEHAALLLTRUP(FEHIEIZSHA), PHEFEHFHE
FMNFR PSP EAFF] LAIEE(CSCD)RBHA”, “PEHFRAEIA AR TRF P L
SR E R BN, &4 A A% Chinainfo(F B3 & )M TR 25 (7 7 HFE) AT B FRIBF LE
WA AP RHFR (AR ), Fa BT %55

2020 SF AR A AR, K 16 7, EL 96 R, A A 25 B B, & M4RMRK
YF PR AN 30 T, A 360 L, A B &R B 3 T AT I R T
82—457; M LT . P BB M L& LT, W 3k hetp://bk.11185.cn/index.do,
AWM BT EMATIE  BNEE TS P RBRE ST S ERAR
NG IR AR £ (100044, LK T E N E B 35 %), K5 . BM668S.

A 22 3236 5T B 4 B A Sh ik R AR (SR F )

Wopb bR TR RXBAAE AL T B AIFERA, W% 100029,

w3 (010)64284923






