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Impact of iliac crest on the placement of L5-S1
transforaminal endoscopic surgical channel based

on three-dimensional CT reconstruction

WANG Jinjin'*, LIU Xiaoyang®, GE Zhongpeng’, CUI Xingang'"
(1. Cheeloo College of Medicine, Shandong University, Jinan 250012, Shandong, China;
2. Department of Spine Surgery, Shandong Provincial Hospital Affiliated to Shandong First Medical University,
Jinan 250021, Shandong, China)

Abstract: Objective To analyze the impact of iliac crest on the feasibility of puncture placement of surgical channels.
Methods The imaging data of 75 patients who underwent lumbar spine CT and lumbar spine DR examination at Shan-
dong Provincial Hospital during Jan. 1, 2022 and Dec. 31, 2022 were retrospectively analyzed. Mimics 21.0 software
was used to perform three-dimensional reconstruction of CT images and simulate surgical channel placement to evaluate
the feasibility of channel placement in percutaneous endoscopic transforaminal lumbar discectomy (PETD) in patients’

L5-S1 segment. Based on the results, the patients were divided into two groups. In the implantable group, the channel
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could be placed; in the non-implantable group, the channel could not be placed. The relative height classification of the
iliac crest, height of the iliac crest, inclination angle of the iliac crest, inclination angle of the articular process, distance
from the highest point of the iliac crest to the midline, and the cohesion angle of the iliac crest were compared between
the two groups to analyze the effects of iliac crest on the channel placement of the L5-S1 segment. Results The meas-
urement results showed that height of the iliac crest, inclination angle of the iliac crest, and the cohesion angle of the ili-
ac crest were significantly lower in the implantable group than in the non-implantable group [ 23.65 (29.33-18.50) vs
38.20 (39.80-34.40), P<0.001; 20.20 (24.30-16.08) vs 29.15 (31.98-26.65), P<0.001; 45.35 (48.03-40.70) vs
47.75 (49.98-45.33), P=0.003]. As the height of the iliac crest increased, the success rate of channel placement de-
creased. The success rate of channel establishment of high iliac crest (the relative height of the iliac crest was grade 2)
was only 10%. When height of the iliac crest was higher than 31.95 mm, inclination angle of the iliac crest was greater
than 24.35°, and the cohesion angle of the iliac crest was greater than 47.2°, the channel placement was prone to failure.
Conclusion The iliac crest has a significant impact on the feasibility of the L5-S1 PETD surgical channel placement.
Patients with higher and steeper iliac crest ( greater iliac crest inclination angle and cohesion angle) are less likely to

have the channel successfully placed. Patients with “high iliac crest” (iliac crest above the lower edge of the L4 pedi-

62 %2 1

cle) are often difficult to place the channel.

Key words: CT; Three-dimensional reconstruction; Iliac crest; L5-S1; Intervertebral foramen endoscope
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Figure 1 Yellow indicated the implantable group; red indicated the non-implantable group; the channel (yellow shadow) over-
lapped with the iliac crest on coronal and sagittal CT
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Figure 2 Mimics 21.0 was used to establish a 3D model of the
lumbar spine-iliac crest-surgical channel based on

CT images
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Figure 4 The height of the iliac crest and the inclination angle of the iliac crest were measured on a 3D model of the lumbar spine
and iliac crest
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Figure 5 The angle between the channel and the horizontal plane was measured on the sagittal CT, which was defined as the articu-
lar process tilt angle
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Figure 6 The distance from the highest point of the iliac crest to the middle line and the internal polyangle of the iliac crest on the
positive position map of the lumbar spine DR were measured
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Table 1 Comparison of general clinical data
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Table 2 Comparison of measurements of iliac crest-related parameters between the two groups
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Table 3 Comparison of success rates for channel placement
at different iliac crest altitudes
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Figure 7 ROC curve of related parameters of iliac crest

3 3

A I 23 5 LR RE VR SR A5 R SR B i DL AR 958
PRSFIRIT BIRICR AT, X8 S8 38 2 Wl 1 )™ 10 LA
2, A B 70 4R Yasargil 7R S H A
BER AR IR 78t AE ] B LK, S0 7R B9 B2 AR W
K 32 W R A B R T ME [R] A% 28 1 RE Y
e AT 9T ok BB R B AR X b R R



80 1T N~

i (E % W 62 % 2 1

PETD 1 FAR I, KB TRETF AT AEA
B A DR B/ 6 A AR s e /N R S PR
S I EAEAT (B TR AR K A 56T e 4
BRI BELAT L5 ~ ST 717 BE AT AR A 2 7 38 38 Bief
AIREIIE Y R AR 5 38 a3 AR T CT 5218 — 4k
T AR UL T AR ) BRI H I PPA R O A G
25 () 5 A 0] i B 3 Y R

B4 WERf b ST B T PETD R s 4 ¢
BRI N B AR L e A AR Y A, <
FRUE" A PETD F ARk T HMERE, I T &3 10
B Song A5 R IR HE RS A AL
A UICHRIE B2, th T FARMERE A, iRl A B
T BHERIFLAUE , BT A ot a2 R R rh
ZAR T RURR O oAy ol G e K U X T R A AR
M), 2R R 2 R P R T AR AR RIMOZ L 6K s A 5
R EL XS v B3 v AR U o AR A SR AR (8, Yang
SR T — b 35 7 L T AR 375 U 78 ) R
SRR i v v i U R 3 D A TR
ER, H AT PR b AR T VA, 5 0 5 B KRR X
2R, B X TR 2 (R 5 A 1) = ZE 5B, BRI, AR F
FEMKAE CT MR HE, I =2k RIM% L43 W 5 0 1) 4%
TS0 Tl T8 HCE AR, AR PR AR DL G i Y
S5 NG T AT BB 3 AT R 3 T 2 RO A A
4, 255 s 2 2 ) PR B O v R R U AR A A B
HRUE R IIAETE 255  FEAS AT i B T T8 R
R U 1 v T 1 5 R U A} A 5 06 PN R A AT DD
PRI 1 < BEMN ™ R T 35 R, 158 G ORE  J i
a1 437 8 R U I T R R B g ) % U A 2 o
JiCE I AR, AR ROC MIZRAas R (& 7)
U BE /N T 31.95 mm, 5 U5 0 43} £7 7F 24.35° L)
T RS N B AN T 47,20 38 T8 R 0 R T R 4
T, MU Choi 251" BF 5%, H4 45 I 5 FE 4 9k 2
T E SR i BR U, LA A (IR HE U 25 SR o B A
5 005 1 A3 ) T TR A RO AT
FE SR TR RIS AR 1 Y R 10%
IR U vy B BV A LS ~ S1 15 Bt PETD T AR ik,
IS ER R, BRIbZ o, AT LR T AL R
R — B I AR, 25 SR S s | 6 AR Al i i i 4
AR IR 2 B, 150 I R R %) A o 2 0 5 3 )
AMERE  SARMIRIGIR TAESRAVIA ; 5 B L
W, SERNEEEARZSA L, R TAFRY
JRA Lot s ), 3T SN % () R U S B
ZIR A R R, X T R Y e T
DL AT 2800 1 0) 58 A 2 W) B e T e
Rkt £ IO J s A e 2 i 2, T LA %5 R

JHAE R UE T ) (AR B A B

H AT, I PR I e = 4 THORS Y PETD AR PEAR
FBOMEE CT & X & 4%, 5= w2, [\
B, T R R AR AT R, FF R B A i K
V) 14 e e B 22 U 2 R 1 AR , 388 T A A i
P4 EUN 50 B 7R R MRT_E T T
Al 28 B I AT AT, BT T R T IE AR RORG A
F T A — 6B A0 7 AR S R 25 4 | 2 T = e o
FE A% T I M A 25 Rl B PR 25 R BB . AR
BT RE MM CT R AT T —4e s 4, IF DAtk
Sy A A T TE AL S H R I R T AR R T
FOUERATE TSR 45 R R 48 KRy < AR I Y
FEE AR T A A I F0I0 o T A S R4
DRI RERVIETEE S G N TP EZE T S B A
JITA 1 o B U™ S5 AT N BB AR Ty 2 o A ST GE A
EA I UEN LS ~ ST 15 BEAE AR 57 A8 Bl s g AR X3
B R AR AR B AR EMY CT 343
BB [RVRE T LA FAR B AR R B0 2% A
TR LS A B R R AR A E T IR IK, b
RV FE T AT B ARG v ) AR T PPA e A R 28 A
BRI 2 HR B R AR v AL BT 5 58— T, ARl
RESDLR T, P LA Bh TR 5 A R 58 24 10 28 00 42
PR S IR 45 A ) R R e

ARHFFE Jay BR 4 7E Il IR AR AS i 4520 16 FH 1
R IO R W TR 00 B v Ak AR, S BRI IR I B
IRAFAE S 43 R Ry 5 9 5 000 8 AP ™ 5 1™ )
FBE AT 2 R M HE Ak S ME WAL S A E AT
HERVRFIR NG B0 . A BIF 9 2006 T A0 A Bl R 1 52
M), B A 1 — 2 BIF 5 O 5 HR 2R A M A BB 2
HIT LAAE IR RN T A R 7 1547 28 00 %) J 3, DT
80 TFA 0838 I E

ZE LT ARG 3 T HEAE CT Y = 4 5 458
R PEAR BRI T LS ~ S1 BT PETD F AR i 5
LR SRR A S AR BT EAL B, B BT
REAEPEGIE N F AR Ir Xl R, A B
ARG PRS2 B g AN

SE W

[ 1] Martin MD, Boxell CM, Malone DG. Pathophysiology of
lumbar disc degeneration; a review of the literature[J ].
Neurosurg Focus, 2002, 13(2) . El.

[2] Benoist M. The natural history of lumbar disc herniation
and radiculopathy[ J]. Joint Bone Spine, 2002, 69(2):
155-160.

(3] BB AR SRSV, PR



EaH T CT

AT A IR XS LS ~ S1ME]FLAR T A8 18 HCE: 1520 81

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

Plp o o R 220, MEAMER] 328 AR 12y P eI [T ]

AR 4R 2020, 40(8) : 477-487.

Chinese Orthopedic Association of Spine Surgery Group,
Chinese Orthopaedic Association of Orthopedic Rehabilita-
tion Group. Clinical practice guideline for diagnosis and
treatment of lumbar disc herniation[ J]. Chinese Journal of
Orthopaedics, 2020, 40(8) . 477-487.

Pan M, Li Q, Li S. Percutaneous endoscopic lumbar dis-
cectomy; indications and complications [ J].
cian, 2020, 23(1) . 49-56.

Wang ZW, Chen Z, Wang K. Percutaneous endoscopic

Pain Physi-

transforaminal discectomy for L5-S1 disc herniation[J].
National Medical Journal of China, 2020, 100(4) . 270-
273.

Shen SC, Chen HC, Tsou HK. Percutaneous endoscopic
lumbar discectomy for L5-S1 disc herniation based on im-
age analysis and clinical findings:
of 345 cases[ J]. Medicine (Baltimore) , 2023, 102(5):
e32832.

Wang YL, Wang XY, Fang BD. L5-S1 disc degeneration
and the anatomic parameters of the iliac crest;
study[ J]. Eur Spine J, 2015, 24(11) ; 2481-2487.

Postacchini F, Postacchini R. Operative management of

a retrospective review

imaging

lumbar disc herniation: the evolution of knowledge and

surgical techniques in the last century[ J]. Acta Neurochir

Suppl, 2011, 108: 17-21. doi: 10. 1007/978-3-211-
99370-5_4.
BRGE%. AHER BISIRRT IR [)]. IR EAi (Be o7

W), 2019, 57(5): 1-2
Qiu Guixing. Research progress in the dignosis and treat-
ment of lumbar disease[ J|. Journal of Shandong Universi-
ty (Health Sciences). 2019, 57(5): 1-2
AR, AR, ACANER. 28 B AER]FLEE IR T AR (R]
SR BIER IR RIS [T]. IR A BE | 2020,
6(11) . 41-43.
Z0OU Mingxiang, ZHOU Qijia, ZUO Songqiu. Analysis
of the clinical efficacy of percutaneous intervertebral
foraminoscope in the treatment of lumbar disc herniation
[J]. 2020, 6
(11); 41-43.
Gadjradj PS, Harhangi BS. Full-endoscopic transforami-

World Journal of Complex Medicine,

nal discectomy versus open microdiscectomy for sciatica
update of a systematic review and meta-analysis [ J].
Spine (Phila Pa 1976) , 2022, 47(18) ;. E591-E594.
Gadjradj PS, Harhangi BS, Amelink J. Percutaneous trans-
foraminal endoscopic discectomy versus open microdiscec-
tomy for lumbar disc herniation: a systematic review and
meta-analysis[ J]. Spine (Phila Pa 1976), 2021, 46(8):
538-549.

Wang Z, Chen Z, Wu H. Treatment of high-iliac-crest

[17]

[18]

[19]

L5-S1 lumbar disc herniation via a transverse process en-
doscopic transforaminal approach[ J]. Clin Neurol Neu-
rosurg, 2020, 197. 106087. doi; 10.1016/j. clineuro.
2020.106087.

Chen KT, Wei ST, Tseng C. Transforaminal endoscopic
lumbar discectomy for 15-s1 disc herniation with high ili-
ac crest; technical note and preliminary series[J]. Neu-
rospine, 2020, 17(Suppl 1) . S81-S87.

Song QC, Zhao Y, Li D. Percutaneous endoscopic trans-
foraminal discectomy for the treatment of L5-S1 lumbar
disc herniation and the influence of iliac crest height on
its clinical effects [ J]. Exp Ther Med, 2021, 22(2):
866.

Wang D, Xie W, Cao W. A cost-utility analysis of per-
cutaneous endoscopic lumbar discectomy for 15-s1 lum-
bar disc herniation: transforaminal versus interlaminar
[J]. Spine (Phila Pa 1976), 2019, 44(8) : 563-570.
BEOR, MR, 0k, AE TRMEML T 2 HAE L
BrF ARSI T A I ERRRIE N LS ~ S1 MR #:5 AR TR
(], B S BiiA, 2020, 35(7) ; 735-737.
WEI Jingchao, GAO Shangju, LI Wenyi. Clinical analy-
sis of improved prone position percutaneous transforami-
nal endoscopic surgery for L5S1 disc herniation with high
iliac crest[ J]. Chinese Journal of Bone and Joint Injury,
2020, 35(7) . 735-737.

Yang JS, Liu KX, Kadimcherla P. Can the novel lum-
boiliac triangle technique based on biplane oblique fluo-
roscopy facilitate transforaminal percutaneous endoscopic
lumbar discectomy for patients with L5-S1 disc herniation
combined with high iliac crest? case-control study of 100
patients[ J]. Pain Physician, 2020, 23(3) : 305-314.
Choi KC, Park CK. Percutaneous endoscopic lumbar dis-
cectomy for L5-S1 disc herniation: consideration of the
relation between the iliac crest and L5-S1 disc[ J]. Pain
Physician, 2016, 19(2) . E301-E308.

Konishi R, Ozawa J, Kuniki M. Sex differences in pel-
vis, thigh, and shank coordination during walking[ J]. J
Biomech, 2024, 162: 111891. doi: 10. 1016/j. jbio-
mech.2023.111891.

Fischer B, Grunstra N, Zaffarini E. Sex differences in
the pelvis did not evolve de novo in modern humans|[ J].
Nat Ecol Evol, 2021, 5(5) : 625-630.

FUK. TR 5E A A B 28 A A TR) A S B AR 1 i DR B
[J]. INARKREFFM(EZMR) , 2019, 57(5) : 23-29.
Wang Bing. A clinical guideline of full-endoscopic lum-
bar interlaminar approach techniques [ J ]. Journal of
Shandong University ( Health Sciences), 2019, 57(5) .
23-29.

Arif S, Brady Z, Enchev Y. Minimising radiation expo-

sure to the surgeon in minimally invasive spine surgeries :



82 i ROk E oM (B W 62 4 2 1
a systematic review of 15 studies[ J]. Orthop Traumatol 18(7) : 1286-1291.
Surg Res, 2021, 107(7): 102795. [26] Stephens GC, Yoo JU, Wilbur G. Comparison of lumbar
[24] Erken HY, Yilmaz O. Collimation reduces radiation ex- sagittal alignment produced by different operative posi-
posure to the surgeon in endoscopic spine surgery: a pro- tions[ J]. Spine (Phila Pa 1976) , 1996, 21(15) ; 1802-
spective study[ J]. J Neurol Surg A Cent Eur Neurosurg, 1806.
2022, 83(1): 6-12. [27] Chin KR, Kuntz AF, Bohlman HH. Changes in the iliac
[25] Eun SS, Lee SH, Liu WC. A novel preoperative trajec- crest-lumbar relationship from standing to prone [ J].
tory evaluation method for L5-S1 transforaminal percuta- Spine J, 2006, 6(2) . 185-189.
neous endoscopic lumbar discectomy[ J]. Spine J, 2018, (%% p¥%E)
(L4441 W) [25] 2k, HPIBAE, N, % RIRRAR AL 20
[23] LA, SE 25, SRR, . MO TIFFL A I A Fr 9 I FL A D £ 1) 243 0K 2 B EL e 1),
FBAT O E AN [T]. hARE 8 2017, 97 Zeik, 2018, 30(2) . 200-202.
(43) : 3380-3383. LI Fan, CAO Yuanyuan, ZHANG Xiaoyong. Compari-
KONG Xuejun, CHAI Qingfen, GUO Ke, et al. Analy- son of diagnosis values of different states in right heart
sis of contrast echocardiography for detecting right to left contrast transthoracic echocardiography for right to left
shunt in adults with patent foramen ovale[ J]. National shunt in patent foramen ovale[ J]. Chin Heart J, 2018,
Medical Journal of China, 2017, 97(43) ; 3380-3383. 30(2) : 200-202.
[24] Zhang HQ, Huang WY, Lan TY, et al. The value of [26] Yang J, Zhang H, Wang Y, et al. The efficacy of con-

contrast-enhanced transesophageal echocardiography in
the detection of cardiac right-to-left shunt related with
cryptogenic stroke and migraine[ J]. Bio Med Research
International, 2020, 2020. 8845652. doi: 10. 1155/
2020/8845652.

trast transthoracic echocardiography and contrast transcra-
nial Doppler for the detection of patent foramen ovale re-
lated to cryptogenic stroke[ J]. Biomed Res Int, 2020,
2020(2) : 1-6.

(¥t x)



