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Factors Affecting Cage Obliquity and the Relationship  
between Cage Obliquity and Radiological Outcomes  
in Oblique Lateral Interbody Fusion at the L4-L5 Level
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Objective : This retrospective study investigated the factors that affect cage obliquity angle despite orthogonal maneuvers 
performed during oblique lateral interbody fusion (OLIF) and assessed the relationship between cage obliquity angle and 
radiological outcomes post-surgery.
Methods : Twenty-nine males who underwent L4-L5 OLIF for lumbar degenerative disease between 2019 and 2021 with a follow-
up duration greater than 12 months were analyzed. Radiological parameters were measured including psoas muscle volume, total 
psoas area index (total psoas muscle area [cm2]/height squared [m2]), distance from the iliac artery to the origin of the psoas muscle 
(DIAPM), angle between the origin of the psoas muscle and the center of the vertebral disc (APCVD), iliac crest height, disc height, 
lumbar flexibility (lumbar flexion angle minus extension angle), cage location ratio, cage-induced segmental lumbar lordosis (LL) 
(postoperative index level segmental LL minus used cage angle), foraminal height changes, fusion grade.
Results : DIAPM, APCVD, iliac crest height, postoperative index level segmental LL, and cage-induced segmental LL were 
significantly correlated with OLIF cage obliquity angle. However, other radiological parameters did not correlate with cage obliquity. 
Based on multiple regression analysis, the predictive equation for the OLIF cage obliquity angle was 13.062–0.318×DIAPM+0.325×A
PCVD+0.174×iliac crest height. The greater the cage obliquity, the smaller the segmental LL compared to the cage angle used.
Conclusion : At the L4-L5 level, OLIF cage obliquity was affected by DIAPM, APCVD, and iliac crest height, and as the cage obliquity 
angle increases, LL agnle achievable by the used cage could not be obtained. 
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INTRODUCTION

Oblique lateral interbody fusion (OLIF) was first described 

by Michael Mayer in 199715,16) and involves minimally invasive 

spine access to the disc space via a corridor between the peri-

toneum and psoas muscle4). Compared to direct lateral inter-

body fusion (DLIF), OLIF has fewer complications related to 

lumbar sympathetic plexus injuries, such as anterior thigh 

pain, paresthesia over the thigh and groin region, and hip 

f lexor weakness19). Unlike DLIF, which confirms true lateral 

configuration and the cage is inserted straight, during OLIF, 

the cage is often observed in the disc space in an oblique form.
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Some studies report that it is common to see cases of cage 

obliquity on postoperative computed tomography (CT) or 

magnetic resonance imaging (MRI) with cage insertion after 

OLIF3,11), In addition, in one study, the average cage obliquity 

was 13.0°±5.9°, and a representative moderate case was report-

ed to be 19.1°±5.2°3). In particular, it was reported that the cage 

obliquity is greater at the L4-L5 level than at other levels20). As 

such, incorrect placement of the lateral cage resulted in :  

1) impingement of the retroperitoneal vessels or nerves;  

2) spillage of high concentrations of bone morphogenic pro-

tein, which is often placed into the cage to enhance fusion;  

3) coronal malalignment of the segment; and 4) increased gap 

between the cage and vertebral endplate, which can also result 

in problems such as pseudoarthrosis3,21). Therefore, to account 

for instrumentation shifting, an orthogonal maneuver is re-

quired to change the cage from an oblique trajectory to a di-

rect lateral trajectory6).

The purpose of this study was to investigate the factors that 

affect cage obliquity angle despite orthogonal maneuvers and 

determine the relationship between cage insertion angle and 

radiological outcomes occurring after surgery.

MATERIALS AND METHODS

After approval from the Institutional Review Board of 

Armed Force Capital Hospital (No. AFCH 2022-10-004-001) 

was obtained, we retrospectively reviewed the medical records 

of patients. Informed consent was waived. We retrospectively 

reviewed the medical records of patients who underwent OLIF 

at L4-L5 from January 2019 to December 2021.

Patient enrollment
We performed a retrospective data survey of 59 patients 

who underwent OLIF for degenerative stenosis with or with-

out spondylolisthesis. To minimize the inf luence of biome-

chanical differences in the lumbar vertebral site, we only in-

cluded patients who underwent surgery at L4-L5. Patients 

with facetectomy due to cage malposition, cage anterior mi-

gration during the follow-up period, prior transforaminal 

lumbar interbody fusion (TLIF) to OLIF revision, and OLIF 

with posterior decompression, were excluded. 

The indications for OLIF were as follows : 1) central stenosis 

with instability; 2) degenerative spondylolisthesis; 3) degener-

ative scoliosis; and 4) neural foraminal stenosis, confirmed by 

spine radiographs, CT, and MRI. 

Ultimately, we enrolled 29 patients who underwent OLIF at 

L4-L5 (Fig. 1). These patients underwent whole spine radio-

graphs, dynamic radiographs, lumbar spine CT, and MRI pre-

operatively, and at 6 months and 12 months postoperatively.

Surgical procedure and postoperative management
All operations were performed by one neurosurgeon 

(S.H.H.). The patients were positioned in the right local decu-

bitus position, and then positioned using a bean bag after gen-

eral anesthesia. After draping, the surgical site was confirmed 

with a C-arm, and an oblique skin incision of two fingers was 

performed in the front of the abdomen in the vertebral anteri-

or body line. External, internal, and transverse abdominis 

muscles were sequentially split, and then retroperitoneal fat 

was observed downwards. The psoas muscle was palpated 

with a finger and bluntly dissected. The peritoneum was 

pushed forward, and by exposing the psoas muscle, the iliac 

blood vessels and the origin of the psoas muscle were con-

firmed, and blunt dissection at the origin of the psoas muscle 

was performed. The tubular retractor was inserted under C-

arm guidance. The tubular retractor was fixed to the L4 ven-

Oblique lumbar interbody fusion (OLIF) : 71 levels

L2-3 level OLIF 2 cases

L3-4 level OLIF 11 cases

L5-S1 level OLIF 20 cases

Facetectomy due to cage malposition at L4-5 level 2 cases

Cage anterior migration during follow-up periods at L4-5 level 2 cases

Prior TLIF to OLIF revision at L4-5 level 1 case

OLIF with posterior decompression at L4-5 level 4 cases

Total cases in this study 29 cases

Fig. 1. flow chart of the selection of patients. TLIf : transforaminal 
lumbar interbody fusion.
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tral body with a fixing pin and opened to check the disc space. 

Annulotomy was performed based on the origin of the psoas 

muscle. Moreover, annulotomy was mostly conducted at the 

anterior third of the disc space. The intervertebral disc was re-

moved using a shaver, endplate preparation was performed, 

and then cage insertion was performed. At this time, the cage 

was properly inserted using the orthogonal maneuver which 

was performed by inserting the cage at an angle first and en-

tering the anterior one-third of the way, and then the assistant 

pushed the patient’s back forward and at the same time erect-

ed the cage vertically. The trapezoid-shaped polyether ether 

ketone cage (Clydesdale; Medtronic, Minneapolis, MN, USA) 

was filled with the demineralized bone matrix (Accell Con-

nexus®; Seaspine, Carlsbad, CA, USA), allobone chip (Maxxe-

us, Kettering, OH, USA), and bone morphogenetic proteins 

(Novosis; CGBio, Seoul, Korea). After changing the patient to 

the prone position, using the spine table to create sufficient 

lumbar lordosis (LL), and confirming with the C-arm, poste-

rior fixation was performed using the percutaneous pedicle 

screw system (Longitude system; Medtronic).

All patients were encouraged to ambulate from the day of 

surgery and were discharged 14 days after surgery. The pa-

tients were instructed to wear a lumbar-sacral orthosis for 6 

months for instrumented fusion. 

Clinical evaluation
To investigate changes in clinical outcomes before and after 

surgery, we used the immediate preoperative and 12-month 

postoperative visual analog scale (VAS) scores and Oswestry 

Disability Index (ODI) values.

Radiologic evaluation
All patients were evaluated using whole spine radiographs, 

preoperative static and dynamic lumbar radiographs, CT, and 

MRI. For follow-up, whole spine radiographs, static and dy-

namic lumbar radiographs, and CT were obtained 6 and 12 

Fig. 2. Images illustrating the iliac crest height (a and B); lumbar flexibility (c), which is the difference between flexion and extension cobb angles; the 
distance from the iliac artery to the origin of the psoas muscle (dIaPM; d); the angle between the origin of the psoas muscle and the center of the 
vertebral disc (aPcVd; d); cage obliquity (e), which is measured based on a line perpendicular to the line from the spinous process to the center of the 
intervertebral disc and a line formed by the cage metallic marker; foraminal height (f) measured in sagittal view from the pedicle interior margin of the 
gastric vertebral body to the upper margin of the pedicle of the lower vertebral body; cage location ratio (g) calculated by the center of the cage 
compared to the upper endplate of the caudal vertebral body (“2”/”1”)21). 
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months postoperatively.

On whole spine radiographs, pelvic incidence, sagittal verti-

cal axis (SVA), lumbar coronal and sagittal Cobb angles were 

measured preoperatively and at 6 months and 12 months 

postoperatively. The segmental lumbar lordotic angle (SLA), 

segmental lumbar coronal Cobb angle (SCA), disc anterior 

height (DAH), and iliac crest height were examined with 

standing neutral lateral radiograph imaging at L4-L5. The iliac 

crest height was marked with + if it invaded the disc space, 

and the distance between the L5 upper endplate and the fur-

thest point where the vertical line meets the iliac crest was 

marked. On the other hand, cases where the iliac crest was 

lower than the L4-L5 disc space was marked as -, and the dis-

tance between the L5 upper endplate and the portion where 

the line drawn perpendicular to the iliac crest first met was 

measured. If the left and right heights were different in the 

image, and the surgical site was the left, the left pelvic height 

was measured in the lateral X-ray view with reference to the 

standing AP X-ray. The highest point of the iliac crest was 

chosen as the measurement site because the surgery was per-

formed in a lateral position without bending, and the highest 

point was deemed to be highly reproducible during OLIF sur-

gery at the L4-L5 level. The sagittal range of motion (lumbar 

flexibility) was measured using standing lateral extension and 

flexion radiograph imaging at L4-L5. Lumbar flexibility was 

calculated as the difference between the LL angle during flex-

ion and extension in lumbar spine dynamic radiographs. 

Moreover, cage location ratio was measured by comparing the 

center of the cage and the upper endplate of the caudal verte-

bral body21) (Fig. 2).

Cage obliquity angle, foraminal height (FH), fusion grade, 

and subsidence rate were measured using CT images. The 

cage obliquity angle was measured based on a line perpendic-

ular to the line from the spinous process to the center of the 

intervertebral disc and a line formed by the cage metallic 

marker. FH was measured in sagittal view from the pedicle 

interior margin of the gastric vertebral body to the upper mar-

gin of the pedicle of the lower vertebral body, and the fusion 

grade was measured using the Bridwell fusion grade2) (Supple-

mentary Table 1).

On MRI, the area of the psoas major muscle of the corre-

sponding surgical level, the total psoas muscle area index 

(TPAI), the distance from the iliac artery to the origin of the 

psoas muscle (DIAPM), and the angle between the origin of 

the psoas muscle and the center of the vertebral disc (APCVD) 

were measured. The psoas muscle area was measured using 

the axial cross-section of the left psoas major muscle ap-

proached during surgery on MRI at T2, and the TPAI was 

measured using the left and right psoas major muscle area of 

L3-L4 divided by the height8,17). The DIAPM was measured as 

the straight distance from the iliac artery to the point where 

the psoas muscle was attached to the vertebral disc22). The AP-

CVD was measured as the angle between the transverse line 

of the intervertebral disc to the point where the psoas muscle 

was attached to the vertebral disc (Fig. 2).

Statistical analysis
Linear regression analysis was performed with several inde-

pendent variables to determine if the measured data were re-

lated to cage obliquity. In addition, independent variables 

thought to affect cage obliquity were analyzed using a multi-

ple linear regression model, and a p-value <0.05 was consid-

ered statistically significant. Estimated regression expression 

statistics of the cage obliquity angle were calculated with sig-

nificant values from the multiple linear regression analysis.

In addition, demographic data and pre- and postoperative 

radiographic parameters in the two groups (a group with an 

obliquity angle greater than 15° and a group with an obliquity 

angle less than 15°) were compared. Data obtained via the ra-

diological analysis were analyzed for statistical significance 

using the Student t-test. Descriptive variables were analyzed 

with the chi-square test or Fisher exact test. The results are 

presented as mean±standard deviation. Variables with p<0.1 

in the univariate analysis were used in the multivariate analy-

sis. Moreover, we used receiver-operating characteristic (ROC) 

curves to assess the predictability cutoff values.

Statistical analysis was performed using IBM SPSS statistics 

for Windows version 21.0 (IBM Corp., Armonk, NY, USA).

Interclass and intraclass correlations
All measurements were performed twice at intervals of >2 

weeks by one neurosurgeon (C.W.J.), and twice by another 

neurosurgeon (S.H.H.). The intraobserver and interobserver 

intraclass correlation coefficients were calculated for mean 

values.
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RESULTS

The cage obliquity angle in patients who underwent OLIF 

surgery at L4-L5 during March 2019 to December 2021 was 

15.1°±5.7° (range, 5.8°–27.5°). All patients included in the 

study were male and the mean age was 44.8±8.9 years (range, 

19–58). The average body mass index (BMI) of the patients 

was 26.9±3.4 (range, 21.1–33.2), the psoas muscle volume en-

countered at surgical approach was 20.8±3.5 (range, 13.0–

26.5), and the TPAI, an approximate indicator of skeletal 

muscle mass, was 10.2±1.8 (range, 7.6–13.5). The DIAPM was 

14.8±5.2 mm (range, 4.9–25.3) and the APCVD was 22.7°±

7.3° (range, 9.3°–43.4°). In standing neutral lateral radiograph 

imaging at L4-L5, the iliac crest height was -1.3±9.4 mm 

(range, -12.5 to 15.7), and in standing dynamic radiograph 

imaging, L4-L5 flexibility (flexion-extension angle) was 13.4°

±6.6° (range, 1.8°–28.6°). The cage angles used were 6º and 

12º, and the cage heights used were 10, 12, 14, and 16 mm (Ta-

ble 1).

Radiological measurements
The cage obliquity angle measured at 12 months postopera-

tively was 15.1±5.7 (range, 5.8–27.5). The SLA, SCA, DAH, and 

FH changes were increased by 1.8°±4.2°, -0.47°±1.8°, 4.2±2.7 

mm, and 5.4±3.3 mm on average, respectively. The changing 

pattern of SLA compared to the cage angle used (postopera-

tive index level SLA – used cage angle) and the changing pat-

tern of disc height compared to the cage height used (postop-

erative index level DAH – used cage height) were -0.4°±3.5° 

and -0.1°±1.9°, respectively, and the average fusion grade was 

1.7±0.5 (Table 2).

There was no statistically significant difference in LL (L1-S1) 

and SVA preoperatively versus 12 months postoperatively, and 

SLA did not change statistically but tended to increase. How-

Table 1. characteristics of demographic data for patients who 
underwent OLIf surgery at L4-L5

Value

Total number of patients 29

Age (years) 44.8±8.9 (19 to 58)

Height (cm) 174.8±5.2 (165 to 186)

Weight (kg) 82.4±11.7 (65 to 104)

DM, yes/total 4/29

Smoking, yes/total 25/29

BMI (kg/m2) 26.9±3.4 (21.1 to 33.2)

Index level left psoas volume 20.8±3.5 (13.0 to 26.5)

TPAI 10.2±1.8 (7.6 to 13.5)

DIAPM 14.8±5.2 (4.9 to 25.3)

APCVD 22.7±7.3 (9.3 to 43.4)

Preoperative PI 46.7±9.2 (29.0 to 63.0)

Iliac crest height -1.3±9.4 (-12.5 to 15.7)

Index level flexibility  
(flexion-extension angle)

13.4±6.6 (1.8 to 28.6)

Cage angle used

6º 17

10º 2

Cage height used

10 mm 12

12 mm 15

14 mm 10

16 mm 2

Values are presented as mean±standard deviation (range) or number 
unless otherwise indicated. OLIF : oblique lateral interbody fusion, 
DM : diabetes mellitus, BMI : body mass index, TPAI : the total psoas 
area index, DIAPM : the distance from the iliac artery to the origin of 
the psoas muscle, APCVD : the angle between the origin of the psoas 
muscle and the center of the vertebral disc, PI : pelvic incidence 

Table 2. Twelve-month postoperative radiological parameters

Value

Total number of patients 29

Cage obliquity angle 15.1±5.7 (5.8 to 27.5)

Cage location ratio 47.9±8.5 (33.4 to 69.9)

LL changes 2.0±7.6 (-11.4 to 11.8)

SVA changes 0.4±5.2 (-7.3 to 8.5)

Index level SLA changes 1.8±4.2 (-6.2 to 13.1)

Index level SCA changes -0.47±1.8 (-3.2 to 4.7)

Index level DAH changes 4.2±2.7 (-2.1 to 10.2)

Index level FH changes 5.4±3.3 (0.3 to 14.0)

Cage induced segmental LL, 
postoperative index level SLA – used 
cage angle

-0.4±3.5 (-7.5 to 6.0)

Cage induced disc height, postoperative 
index level DAH – used cage height

-0.1±1.9 (-5.9 to 3.2)

Fusion grade 1.7±0.5

Subsidence rate 2 of 29

Values are presented as mean±standard deviation (range) or number. 
LL : lumbar lordosis, SVA : sagittal vertical axis, SLA : segmental lumbar 
lordotic angle, SCA : segmental lumbar coronal Cobb angle, DAH : disc 
anterior height, FH : foraminal height
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ever, DAH (8.4±3.6 vs. 12.8±2.2 mm, p<0.05) and FH (17.8±

2.8 vs. 23.2±3.1 mm, p<0.05) showed statistically significant 

increases preoperatively versus 12 months postoperatively 

(Table 3). 

Single and multiple regression analysis
A single linear regression analysis was performed for each of 

the factors thought to affect cage obliquity angle, revealing 

that DIAPM, APCVD, and iliac crest height were three factors 

that were significantly correlated with cage obliquity angle 

Table 3. Pre- and postoperative radiographic values

Parameter Preoperative Postoperative p-value
LL 40.8±9.9 (21.2 to 68.0) 43.2±9.9 (25.9 to 60.0) 0.48
SVA 2.3±3.0 (-3.2 to 11.7) 2.7±3.9 (-3.0 to 9.2) 0.79
Index level SLA 6.3±4.3 (-5.7 to 14.9) 8.1±2.8 (3.7 to 15.2) 0.07
Index level SCA 1.6±1.5 (0.1 to 6.0) 1.9±1.3 (0.1 to 4.3) 0.41
Index level DAH 8.4±3.6 (1.8 to 14.9) 12.8±2.2 (8.0 to 16.3) <0.05
Index level FH 17.8±2.8 (12.9 to 24.1) 23.2±3.1 (18.0 to 29.7) <0.05

Values are presented as mean±standard deviation (range). LL : lumbar lordosis, SVA : sagittal vertical axis, SCA : segmental lumbar coronal Cobb angle, 
DAH : disc anterior height, FH : foraminal height

Fig. 3. Three factors that affect cage obliquity angle : iliac crest height, 
aPcVd, and dIaPM. The linear regression graphs for these three factors 
are shown in (a-c), respectively. aPcVd : angle between the origin of the 
psoas muscle and the center of the vertebral disc, dIaPM : distance from 
the iliac artery to the origin of the psoas muscle.
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(R2=0.28 and p=0.003, R2=0.21 and p=0.012, and R2=0.31 and 

p=0.002, respectively) (Fig. 3). Moreover, the 12 month-post-

operative index level SLA and cage-induced segmental LL 

were significantly affected by cage obliquity angle (R2=0.18 

and p=0.02 and R2=0.19 and p=0.02, respectively) (Table 4 

and Fig. 4).

As a result of multiple linear regression analysis of factors 

thought to affect cage obliquity angle, these three factors were 

also statistically significant : DIAPM, APCVD, and iliac crest 

height. The variance factor (the Durbin-Watson factor) was 

2.418 and the adjusted R2, indicating explanatory power, was 

0.551. Based on this, the equation to predict the preoperative 

cage obliquity angle was calculated as : cage obliquity angle = 

13.062–0.318×DIAPM+0.325×APCVD+0.174×iliac crest 

height (Table 5). The correlation analysis between DIAPM, 

APCVD, and iliac crest height, which appear to affect cage 

obliquity, was not statistically significant (Table 6). 

Statistical comparison by artificially dividing  
participants into two groups

The study divided the participants into two groups based 

on the mean cage obliquity angle of 15° : the small cage obliq-

uity angle group (n=14) and the large cage obliquity angle 

group (n=15). The cage obliquity angle in each group was 10.4°

Table 4. Single linear regression analysis of the correlation between cage obliquity angle and other factors (n=29)

R2 p-value
Age (years) 0.001 0.84
Height (cm) 0.005 0.73
Weight (kg) 0.075 0.15
BMI 0.099 0.09
DM 0.043 0.28
Smoking 0.002 0.81
Preoperative PI 0.029 0.37
Preoperative LL 0.001 0.90
Preoperative SVA 0.066 0.21

Preoperative FH 0.084 0.15

Preoperative index level SLA 0.018 0.49
Preoperative index level SCA 0.033 0.10
Index level left psoas muscle volume 0.014 0.54
TPAI 0.046 0.27
DIAPM 0.28 0.003*
APCVD 0.21 0.012*
Iliac crest height 0.31 0.002*
Preoperative index level DAH 0.021 0.46
Index level flexibility (flexion-extension angle) 0.02 0.52
Cage location ratio 0.02 0.52
Postoperative 1 year index level SLA 0.18 0.02*
Postoperative 1 year index level SCA 0.095 0.35
Cage induced segmental LL, postoperative index level SLA – used cage angle 0.19 0.02*
Cage induced disc height, postoperative index level DAH – used cage height 0.02 0.49
Index level DAH changes 0.00 0.94
Index level FH changes 0.03 0.38
Fusion grade 0.00 0.91
Subsidence rate 0.005 0.72

*Indicates statistical significance. BMI : body mass index, DM : diabetes mellitus, PI : pelvic incidence, LL : lumbar lordosis, SVA : sagittal vertical axis, FH : 
foraminal height, SLA : segmental lumbar lordotic angle, SCA : segmental lumbar coronal Cobb angle, TPAI : total psoas muscle area index, DIAPM : 
the distance from the iliac artery to the origin of the psoas muscle, APCVD : the angle between the origin of the psoas muscle and the center of the 
vertebral disc, DAH : disc anterior height
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±3.4° and 19.4°±3.5°, respectively (p<0.05). There were statisti-

cally significant differences in preoperative DIAPM, APCVD, 

and iliac crest height between the two groups. Additionally, 

postoperative 1-year index level SLA and cage-induced seg-

mental LL demonstrated significant differences of 9.8°±2.6° 

versus 6.4°±1.9° and 1.7°±2.7° versus -2.4°±3.0°, respectively 

(Table 7). In univariate analysis, all three variables, DIAPM, 

APCVD, and iliac crest height, showed statistically significant 

differences. However, in multivariate analysis, only APCVD 

demonstrated a significant value (Table 8). The area under the 

ROC curve of the APCVD was 0.757, When the cutoff value 

of the APCVD was calculated at 21.58°, and the sensitivity and 

specificity were 73.3% and 71.4%, respectively (Fig. 5).

Clinical outcomes
At 12 months postoperatively, back and leg VAS and ODI 

values showed improvement (Supplementary Table 2). How-

ever, none of these values were related to the cage obliquity 

angle (Table 6).

Table 5. Multiple linear regression analysis of the correlation between cage obliquity angle and other factors

Parameter
Non-standardized coefficient Standardized coefficient

T p-value TOL VIF
B SE ß

Constant 13.062 3.116 4.192 0.000

DIAPM -0.318 0.142 -0.330 -2.239 0.037 0.901 1.110

APCVD 0.325 0.087 0.524 3.730 0.001 0.989 1.011

Iliac crest height 0.174 0.077 0.334 2.278 0.034 0.909 1.100

F(p) 10.415 (0.000)

Adjusted R2 0.551

Durbin-Watson 2.418

Excluded variable statistics : age, height, weight, body mass index, L4-L5 level preoperative foraminal height, L4-L5 level segmental lumbar lordosis, 
L4-L5 level preoperative segmental coronal angle, L4-L5 level left psoas muscle volume, TPAI, L4-L5 level preoperative anterior disc height, L4-
L5 level flexibility (flexion-extension angle), used cage angle, used cage height. Estimated regression expression statistics : cage obliquity angle = 
13.062–0.318×DIAPM+0.325×APCVD+0.174×Iliac crest height (adjusted R2, 55.1%) (for example, if the DIAPM is 18.71 mm, the APCVD is 18.71°, and the 
iliac crest height is 7.49 mm, a cage obliquity angle of 14.50° can be expected). B : unstandardized coefficients, SE : standard error, TOL : tolerance, VIF : 
variance inflation factor, DIAPM : the distance from the iliac artery to the origin of the psoas muscle, APCVD : the angle between the origin of the psoas 
muscle and the center of the vertebral disc

Fig. 4. Linear regression shows the relationship between cage obliquity angle and postoperative 1-year index level segmental lumbar lordotic angle (a) 
and cage-induced segmental lumbar lordotic angle, which is the difference between the index level segmental lumbar lordotic angle and the cage 
angle used (B). LL : lumbar lordosis.
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Table 6. The correlation analysis between dIaPM, aPcVd, and iliac crest height, which have been identified as risk factors

DIAPM APCVD Iliac crest height
DIAPM

Pearson correlation coefficient (R) 1
p-value

APCVD
Pearson correlation coefficient (R) -0.049 1
p-value 0.799

Iliac crest height
Pearson correlation coefficient (R) -0.351 0.066 1
p-value 0.062 0.735

DIAPM : the distance from the iliac artery to the origin of the psoas muscle, APCVD : the angle between the origin of the psoas muscle and the center 
of the vertebral disc

Table 7. comparison of demographic data and pre- and postoperative radiographic parameters between a group with a cage obliquity angle greater 
than 15° and a group with a cage obliquity angle less than 15°

Parameter
Small cage obliquity 
angle group (n=14)

Large cage obliquity 
angle group (n=15)

p-value

Cage obliquity angle (°) 10.4±3.4 19.4±3.5 <0.05
Age (years) 46.3±9.7 43.4±8.2 0.39
Height (cm) 173.6±6.7 175.9±3.2 0.26
Weight (kg) 81.9±11.2 82.9±12.5 0.81
BMI 27.1±2.5 26.8±4.1 0.84
DM 2 2 0.94
Smoking 13 12 0.33
Preoperative PI 45.0±9.6 48.2±8.8 0.36
Preoperative LL 42.0±9.6 39.5±7.2 0.47
Preoperative SVA 1.6±2.4 3.1±3.4 0.23
Preoperative index level FH 16.3±2.1 19.3±2.7 0.004
Preoperative index level SLA 7.2±4.3 5.4±4.2 0.25
Preoperative index level SCA 1.8±1.8 1.5±1.1 0.56
Preoperative index level DAH 7.9±4.4 8.9±2.7 0.51
Index level left psoas muscle volume 20.6±3.3 20.9±3.8 0.85
TPAI 10.2±2.1 10.3±1.6 0.97
DIAPM 17.2±4.5 12.6±4.9 0.015
APCVD 19.4±6.0 25.6±7.2 0.019
Iliac crest height -5.4±8.2 2.5±9.0 0.02
Index level flexibility (flexion-extension angle) 14.0±6.7 12.9±6.8 0.70
Cage location ratio 47.0±8.6 48.8±8.7 0.56
Postoperative index level FH 22.3±3.7 24.1±2.1 0.14
Postoperative 1 year index level SLA (°) 9.8±2.6 6.4±1.9 0.00
Postoperative 1 year index level SCA 2.0±1.3 1.9±1.4 0.85
Postoperative index level DAH 13.1±2.3 12.6±2.1 0.61
Cage induced segmental LL, postoperative index level SLA – used cage angle (°) 1.7±2.7 -2.4±3.0 0.001
Cage induced disc height, postoperative index level DAH – used cage height 0.1±2.3 -0.3±1.6 0.56
Fusion grade 1.8±0.4 1.7±0.5 0.67
Subsidence rate 14 (0) 15 (2) 0.16

Values are presented as mean±standard deviation (range) or number (%). BMI : body mass index, DM : diabetes mellitus, PI : pelvic incidence, LL : 
lumbar lordosis, SVA : sagittal vertical axis, FH : foraminal height, SLA : segmental lumbar lordotic angle, SCA : segmental lumbar coronal Cobb angle, 
DAH : disc anterior height, TPAI : the total psoas area index, DIAPM : the distance from the iliac artery to the origin of the psoas muscle, APCVD : the 
angle between the origin of the psoas muscle and the center of the vertebral disc
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Intra-rater and inter-rater reliabilities
For all radiological parameters, the intra-rater correlation 

coefficient was greater than 0.88 and the inter-rater correlation 

coefficient was greater than 0.82, and therefore, the mean val-

ues of the four measurements were used for the present study 

(e.g., intraclass correlation coefficient of the iliac crest height 

[2,2], 0.907; 95% confidence interval, 0.827–0.949; p<0.001).

DISCUSSION

It is widely known that OLIF fusion surgery is a surgical 

method that can further minimize lumbar plexus injury com-

pared to DLIF1). In OLIF, unlike DLIF, the cage is inserted di-

agonally into the disc space, usually based on f luoroscopic 

imaging of the C-arm during surgery. In this procedure, an 

orthogonal maneuver is performed to enable the cage to be 

inserted in a vertical direction similar to DLIF, without gener-

ating cage obliquity at the disc space. However, it is uncom-

mon for the cage obliquity angle to converge to 0° with OLIF. 

In some studies, the reported cage obliquity angle reached 

13.0°±5.9°3,19), and one more advanced study reported it as 

11.3°±6.9° and that cage obliquity angle was greater at the L4-

L5 level than at other levels (13.4°±6.4°)20). In this study, the 

average cage obliquity angle was measured at 15.1°±5.7° 

(range, 5.8°–27.5°) at L4-L5 level in lumbar spine CT images 

performed after surgery.

Cage obliquity can cause several problems. Radiculopathy 

may be caused by a large cage and incorrect position due to 

cage obliquity11). In addition, concerns such as spillage of high 

concentrations of bone morphogenic protein, which is often 

placed in cages to enhance fusion, coronal malalignment of 

the segment, and pseudoarthrosis due to an increased gap be-

tween the cage and vertebral endplate may arise, and research 

on this is still lacking3,14,21). However, in some studies, it has 

been shown that cage obliquity has no effect on indicators 

such as postoperative bone union rate, differing degrees of fo-

raminal decompression between right and left side neural fo-

ramen, and VAS and ODI score improvement3,9,14). These re-

sults are consistent with that of our study, and patient clinical 

outcomes and fusion grades were not correlated with cage 

obliquity (Tables 4 and 6).

Although there have been studies on the factors affecting 

cage obliquity, previous studies on the effects of orthogonal 

maneuvers are scarce. In this study, we considered whether 

factors inf luencing cage obliquity would be affected by the 

cage insertion entry point, cage insertion trajectory, and inter-

fering factors during orthogonal maneuvers. In terms of stud-

ies on cage insertion entry points, there has been one study on 

Table 8. Variables associated with mean cage obliquity angle of 15 degrees after L4-L5 OLIf

Variable
Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value

DIAPM 0.806 (0.665–0.978) 0.029

APCVD 1.175 (1.010–1.366) 0.036 1.420 (1.035–1.947) 0.03

Iliac crest height 1.109 (1.011–1.217) 0.029

OLIF : oblique lateral interbody fusion, OR : odds ratio, CI : confidence interval, DIAPM : the distance from the iliac artery to the origin of the psoas 
muscle, APCVD : the angle between the origin of the psoas muscle and the center of the vertebral disc

Fig. 5. Receiver-operating characteristic (ROc) curve of the aPcVd. The 
area under the ROc (aUc) curve for a cage obliquity angle greater than 
15° after oblique lateral interbody fusion (OLIf) is 0.757. When the cutoff 
value of the aPcVd is calculated as 21.58°, the sensitivity, and specificity 
are 73.3% and 71.4%, respectively. aPcVd : angle between the origin of 
the psoas muscle and the center of the vertebral disc.
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surgical corridors in OLIF. According to this study, the posi-

tion of the psoas major muscle and iliac artery or aorta in hu-

mans may be sufficiently different. In this study, the positions 

of the iliac artery and psoas muscle were categorized into six 

vertical zones (A, I, II, III, IV, P) and four horizontal zones (R, 

a, b, c, L), resulting in a total of 14 types. Our patients were 

classified as type Aa, Ab, Ac, Ib, and Ic, and their distribution 

is illustrated in Fig. 622). The results of this study align with the 

fact that the distance between the psoas major muscle where it 

is attached to the disc and the major blood vessel is an impor-

tant factor. At this time, even though the psoas major muscle 

is dissected from the intervertebral disc, the orthogonal ma-

neuver cannot be properly performed because excessive move-

ment in a narrow space of the surgical corridor is unlikely to 

damage blood vessels or damage anterior longitudinal liga-

ments and cause cage malposition.

In addition, the APCVD was taken into account consider-

ing the fact that the cage insertion trajectory enters toward the 

disc space midline during cage insertion before the orthogo-

nal maneuver. This was a factor inf luencing cage obliquity 

and was significantly correlated. When divided according to a 

mean cage obliquity angle of 15°, APCVD stood out as the 

only significant risk factor, indicating that it potentially exerts 

the highest impact among the three factors (DIAPM, APCVD, 

iliac crest height) investigated in this study. 

Interfering factors during orthogonal maneuvers included 

psoas muscle volume at the index level, TPAI ref lecting ap-

proximate skeletal muscle, BMI reflecting obesity, disc height 

reflecting preoperative disc space collapse, and lumbar flexi-

bility at the index level which reflects the leverage effect and 

that cage vertical movement can occur more easily during 

cage insertion7,8). However, none of these were statistically cor-

related with cage obliquity. This study was limited to the L4-

L5 level only, and unlike other levels of L2-L4, the iliac crest 

acts as an interfering factor during orthogonal maneuvers10). 

In several studies, surgery may be difficult due to the relation-

ship between the location of the iliac crest and L4-L5 level, 

and in some cases, a surgical method for removing some of 

the iliac crest is also suggested5,18). In this study, the effect on 

the iliac crest and the possibility of a failed orthogonal ma-

neuver due to the iliac crest was considered. As shown in Ta-

bles 4 and 5, the cage obliquity was affected by the iliac crest.

In addition, in this study, the induced cage obliquity angle 

was found to be a significant result among the values found to 

be influenced by cage obliquity. This is evaluated as the differ-

ence between the originally used cage angle and the segmental 

LL angle we obtained after surgery, and this value decreased 

as the cage obliquity increased. This means that as the cage 

obliquity increases, the SLA that we can obtain after surgery is 

small compared to the cage angle used. Similarly, other stud-

ies have shown that the SLA increases when the cage angle is 

horizontal rather than oblique during TLIF12-14). This implies 

that as the cage approaches a horizontal position, the contact 

area between the vertebral body and the endplate increases in 

the horizontal direction, allowing the original cage angle to be 

achieved and promoting the creation of LL.

Fig. 6. classification according to the locations of the left psoas muscle and the major artery as a result of the study and the distribution of patients in 
this paper according to this classification. adopted from Wang et al.23).
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Therefore, by dissecting slightly further from the psoas 

muscle origin point and placing the entry point more inward, 

along with a reduced trajectory angle, cage obliquity can be 

minimized. Additionally, considering the individual iliac crest 

height of each patient before surgery, surgeons can anticipate 

and strive to achieve the desired segmental LL angle, thus 

minimizing cage obliquity.

Limitations
The present study has several limitations. First, this was a 

retrospective study involving a small number of patients, 

which may have affected the strength of the results of the sta-

tistical analysis. Second, this study included only male patients 

who were soldiers and officers on active military duty under 

the age of 60 years (range, 19–58), and the design of the pres-

ent study meant that there was a chance of selection bias. In 

the future, large-scale studies including the elderly and wom-

en are needed to overcome the limitations of this study which 

focused only on men. Nevertheless, the present study makes a 

significant contribution in that it identified factors that influ-

ence cage obliquity and factors that are affected by cage obliq-

uity in OLIF at the L4-L5 level.

CONCLUSION

In OLIF at the L4-L5 level, cage obliquity was not correlated 

with the patient’s skeletal muscle mass or psoas muscle vol-

ume, but was correlated with DIAPM and APCVD, indicating 

a correlation with cage entry point and trajectory. Moreover, 

the iliac crest height was affected during orthogonal maneu-

vers. There was no correlation with changes in clinical out-

come, fusion grade, and foramen height changes according to 

the degree of cage obliquity. However, the more severe the 

cage obliquity, the less segmental LL was produced at the in-

dex level, and less segmental LL was produced than the in-

tended cage angle used by the surgeon. To prevent these issues, 

it is recommended that the three mentioned factors (DIAPM, 

APCVD, and iliac crest height) are considered and that or-

thogonal maneuvers are performed during surgery. A long-

term follow-up study with a large number of patients is neces-

sary to provide further evidence of the effectiveness of cage 

obliquity in OLIF.
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