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1 Abstract

2

3 Introduction:

4 Lateral lumbar interbody fusion (LLIF) is becoming a more common surgical 

5 treatment option for adult degenerative lumbar conditions. LLIF is a mini-open access 

6 technique with wound retractors, and postoperative hematoma due to segmental vessels 

7 injury is reported. Thus, it is considered that there is a need to conduct detailed 

8 preoperative examinations to identify where the lumbar vessels are. As far as we know, 

9 there are only a few studies investigating the location of the lumbar arteries. This study 

10 evaluates the anatomical position of lumbar arteries using magnetic resonance imaging 

11 (MRI).

12 Methods:

13 We studied 101 MRIs of patients with lumbar disease. The length from the upper and 

14 lower end plates of the vertebra to the lumbar arteries was measured. The measurement 

15 was conducted with coronal MRI images of every quarter slice of L1 to L4 vertebrae. 

16 We also investigated sagittal MRI images to determine whether the lumbar vessels are 

17 located on intervertebral disc in each level from L1/2 to L5/S1. 

18 Results:

19 The lumbar vessels are not always located at the center of the vertebrae. Some lumbar 

20 vessels are located within 8 mm from the end plates. Especially in L4, the lumbar 

21 vessels tended to go down from the anterior cranial side to the posterior caudal side (P < 

22 0.01). 8, 24, and 54 lumbar vessels are located at the anterior quarter, the center, and the 

23 posterior quarter slice of the vertebrae, respectively, in L4. There were seven lumbar 

24 vessels in total located on the vertebral disc level. 
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25 Conclusions:

26 It is necessary to investigate where the lumbar arteries are located to prevent its 

27 injury in LLIF, because the lumbar artery is not always located at the center of a 

28 vertebra. MRIs may provide a valuable information to avoid vascular injury during 

29 LLIF.

30 Keywords: Lumbar spine; Degenerative lumbar disease; Lateral lumbar interbody 

31 fusion; Lumbar segmental vessels

32
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33 Introduction

34 Lateral lumbar interbody fusion (LLIF) is becoming a more common surgical 

35 treatment option for degenerative lumbar diseases. LLIF is a less invasive mini-open 

36 access technique with wound retractors. However, it is very important to understand the 

37 visceral anatomy including vessels in detail because of having a small portal.

38 Although segmental vessels are not usually identified during LLIF, there are some 

39 reports of segmental vessel lacerations1). It is also reported that some major vascular 

40 complications such as abdominal aorta lacerations and common iliac vein lacerations 

41 are present1-3). Rodgers et al. prospectively investigated 600 patients who had extreme 

42 lateral interbody fusion and reported that there were zero complications due to 

43 perioperative vascular injury4). On the other hand, Mehren and colleagues reported 

44 vascular injury in 0.37% (3 out of 812 patients) in oblique lateral interbody fusion 

45 (OLIF) surgeries, 2 in the left common iliac vein and 1 aortic injury, at the L5 level2). 

46 Clément Silvestre et al. reported that 2 cases of iliac vein injury and 1 case of aortic 

47 injury were observed in 179 patients who underwent OLIF3). 

48 These are markedly reduced risks of vascular injury as compared to those with 

49 conventional anterior approaches with 1.4% to 15.6% reports of a number of vascular 

50 injuries5-10). Although there is a greatly reduced risk of injury, it is considered that there 

51 is a need to conduct detailed preoperative examinations because vascular injury can be 

52 fatal. As far as we know, there are few studies investigating the location of the lumbar 

53 arteries.

54 We therefore considered that it is important to know the exact location of the lumbar 

55 arteries before the operation. We also investigated the position of the lumbar arteries 

56 with routinely obtained magnetic resonance imaging (MRI) before surgery.
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57

58 Materials and Methods

59 We retrospectively analyzed data obtained from patients with lumbar spine disease 

60 who underwent preoperative MRI at our hospital between October 2014 and June 2015. 

61 Initially, 104 patients were included; however, 3 patients who had severe vertebral 

62 collapse or severe deformities (local scoliosis with more than a Cobb’s angle of 10 

63 degrees) were excluded. Finally, a total of 101 patients (66 males, 35 females) were 

64 included. The mean age of males was 57.9 years (range, 27–84); for females, it was 63.2 

65 years of age (range, 17–88). 56 patients had lumbar canal stenosis, 42 patients had 

66 lumbar disc herniation, and 3 patients had lumbar spondylolisthesis of L5 (Table 1).

67 We divided a vertebral body into quarter slices in MRI axial images from L1 to L5 

68 (Fig. 1). In each slice of the coronal image from the MRI, the length of the vertebra and 

69 the length from the lower end plates of the vertebra to the upper and lower rims of the 

70 lumbar vessels were measured (Fig. 2). The coronal slices were set at the perpendicular 

71 plane to the tangential line of the end plate in each vertebra. The measurement was 

72 conducted on MRI coronal images of every quarter slice of the L1 to L4 vertebrae of the 

73 lengths of the left side of the vertebrae. Calculation was done to evaluate the location of 

74 vessels with the value obtained by dividing “the length from the lower end plate of the 

75 vertebra to the upper rims of the lumbar vessels” by “the length of the vertebra” and 

76 dividing “the length from the lower end plates of the vertebra to the lower rims of the 

77 lumbar vessels” by “the length of the vertebra.” We also investigated sagittal MRI 

78 images to determine whether the lumbar vessels are located on the intervertebral disc in 

79 each level from L1/2 to L5/S1 (Fig. 3). Then we recorded their axial position if they are 

80 found to be located on the intervertebral disc.
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81

82 Sources of Equipment and Statistical Analysis

83 All MRI studies were performed on a 1.5-Tesla unit (Magnetom Avanto, Siemens, 

84 Germany). Imaging protocols were T2-weighted fast spin-echo images (TR range/TE 

85 range, 4,000/94; slice thickness, 3 mm) in the coronal or axial plane and STIR images 

86 (TR/TE, 5,800/90; inversion time, 160 msec; slice thickness, 3 mm) in the sagittal 

87 plane. We used statistical software to perform the statistical analysis (R3.0.3; R 

88 Foundation for Statistical Computing, Austria)11). The comparison among the lumbar 

89 vessel positions was made using the ANOVA test and Bonferroni test.

90

91 Results

92 In this present study, the lumbar vessels presented between 14% and 82% from the 

93 lower end plates on the lateral aspects of the vertebral body (Table 2). The standard 

94 deviations of the lumbar vessels’ edges ranged from 7% to 14%; the lumbar vessels are 

95 not always located at the center of the vertebrae. Especially at L4, the upper rims of the 

96 lumbar vessels were 74 ± 8%, and the lower rims of the lumbar vessels were 40 ± 9% at 

97 the anterior quarter slice of the vertebrae, and at the center slice of the vertebral body, 

98 the upper rims of the lumbar vessels were 69 ± 8%, and the lower rims of the lumbar 

99 vessels were 34 ± 9%. At the posterior quarter slice of the vertebrae, the upper rims of 

100 the lumbar vessels were 66 ± 14%, and the lower rims of the lumbar vessels were 25 ± 

101 11%. Compared with other vertebrae, in L4, the lumbar vessels tended to go down from 

102 the anterior cranial side to the posterior caudal side (P < 0.01) (Fig. 4).

103 Some lumbar vessels are located within 8 mm from the end plates. Thirty-one lumbar 

104 vessels are located at the anterior quarter slice of the vertebrae in L1; 38, 18, and 27 
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105 lumbar vessels are located at the anterior quarter slice, the center slice, and the posterior 

106 quarter slice of the vertebrae, respectively, in L2; 6, 11, and 36 vessels are located, 

107 respectively, in L3; and 8, 24, and 54 lumbar vessels are located, respectively, in L4.

108 There were also seven lumbar vessels located on the vertebral disc level using sagittal 

109 MRI images. The number of occurrences was 1, 2, 3, and 1 for L1/2, L2/3, L3/4, and 

110 L5/S1 level, respectively. Only one lumbar vessel for the L3/4 level is located at the 

111 anterior quarter slice of the vertebra; all of the others are located at the posterior quarter 

112 slice of the vertebrae.

113

114 Discussion

115 The most remarkable finding of the current study was that the segmental 

116 arteriovenous vein did not necessarily run in the center of the vertebral body, and 

117 individual differences were observed. Especially at L4, it exists on the proximal side in 

118 the anterior quarter of the vertebral body and tended to exist on the distal side in the 

119 posterior quarter of the vertebral body. A number of lumbar vessels are located on the 

120 vertebral disc level, and quite a few lumbar vessels are also located within 8 mm from 

121 the end plates of the vertebrae. 

122 Anatomically, the lumbar vessels branch off from the aorta, and it is generally 

123 understood that they travel down the side of the vertebral body, pass under the 

124 transverse process, and enter the intervertebral foramen12,13). Orita et al. retrospectively 

125 evaluated the anatomical features of lumbar segmental arteries by using MRI, and they 

126 found that segmental arteries could be involved in the surgical field of OLIF especially 

127 in L4 and L5 levels14). In contrast with the former study, this study finds that several 

128 lumbar vessels are located on the vertebral disc level, and some lumbar vessels are also 
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129 located within 8 mm from the end plates of the vertebrae. Especially at L4, more than 

130 50% of the lumbar vessels (54/101) exist within 8 mm from the end plate in the 

131 posterior quarter of the vertebral body. 

132 The discrepancy between the former study and this present study might be due to the 

133 differences of patient characteristics and the way of measurement of the lumbar vessels. 

134 Further studies are needed to reveal why the difference occurred.

135 In OLIF, a screw to fix a retractor is designed located within 8 mm from the end 

136 plate. For the findings in the current study, it is considered that the risk of damaging the 

137 lumbar artery from other vertebral bodies during insertion, fixation, and removal of the 

138 retractor is high. Lumbar vein can be identified easily without using a contrast agent in 

139 MRIs performed before surgery, as it keeps the invasiveness low and is considered very 

140 useful. A detailed preoperative evaluation should be performed for each case, and it is 

141 necessary to pay close attention so as not to damage the vessels when inserting a screw 

142 to fix the retractor at the time of LLIF. We measured the distance from the vertebral end 

143 plate of the lumbar artery before surgery and set it as one of the indicators of the safety 

144 zone when inserting the retractor during surgery. Seven lumbar vessels are located on 

145 vertebral disc level using sagittal MRI images. Beckman15) reported that contralateral 

146 psoas hematoma was present in 0.18% of 3590 patients after LLIF. In LLIF, the 

147 contralateral side of the disc is removed with a curette, when vessels on the disc are 

148 vulnerable. Their reports are consistent with our results. 

149 As for the limitations of this study, it was difficult to distinguish between the lumbar 

150 artery and vein, and blood vessels between vertebral bodies connecting between lumbar 

151 veins were difficult to identify. Diagnostic values are low when compared with CT 

152 using contrast media. 
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153

154 Conclusion

155 Because the lumbar artery is not necessarily located at the center of the vertebral 

156 body and many individual differences occur, it is thought that it is necessary to 

157 investigate the location of the lumbar artery more carefully in order to avoid lumbar 

158 arterial injury in LLIF surgery.

159

160
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215 Figure legends

216 Figure 1: This figure shows the axial T2 MRI image.

217 (A) Anterior quarter slice, (B) center slice, (C) posterior quarter slice

218

219 Figure 2: This figure shows the coronal T2 MRI image.

220 (a) Total length of the vertebra, (b) length from the lower end plate to the upper rim of 

221 lumbar vessels, (c) length from the lower end plate to the lower rim of lumbar vessels

222

223 Figure 3: These figures show MRI images of one of the subjects, an 83-year-old male 

224 with lumbar stenosis. (A) Sagittal T2 image, (B) sagittal STIR image. The arrows 

225 indicate the right lumbar vessels located on L3/4. 

226

227 Figure 4: The plots of the means and standard deviation. Asterisks show where 

228 statistically significant differences are, p < 0.01(p, p value).

229 Red: the value obtained by dividing “the length from the lower end plate of the vertebra 

230 to the upper rims of the lumbar vessels” by “the length of the vertebra”

231 Black: the value obtained by dividing “the length from the lower end plates of the 

232 vertebra to the lower rims of the lumbar vessels” by “the length of the vertebra”

233 A, anterior quarter slice; C, center slice; P, posterior quarter slice

234
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This figure shows the axial T2 MRI image. 
A: anterior quarter slice, B: center slice, C: posterior quarter slice 
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This figure shows the coronal T2 MRI image. 
a: total length of the vertebra, b: Length from the lower endplate to the upper rim of lumbar vessels, c: 

Length from the lower endplate to the lower rim of lumbar vessels 

168x172mm (300 x 300 DPI) 

Spine Surgery and Related Research　J-STAGE　Advance Publication (September 20, 2019) 
Ⓒ The Japanese Society for Spine Surgery and Related Research. CC BY-NC-ND 4.0 (https://creativecommons.org/licenses/by-nc-nd/4.0/). 



 

These figures show MRI images of one of the subjects, an 83 year-old-man with lumbar stenosis, A: sagittal 
T2 image, B: sagittal STIR image. The arrows indicate the right lumbar vessels locating on L3/4. 
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The plots of the means and standard deviation. Asterisks show where statistically significant differences are, 
p<0.01(p: p value). Red: the value obtained by dividing “the length from the lower end plate of the vertebra 

to the upper rims of the lumbar vessels” by “the length of the vertebra” Black: the value obtained by 
dividing “the length from the lower end plates of the vertebra to the lower rims of the lumbar vessels” by 

“the length of the vertebra” A: anterior quarter slice, C: center slice, P: posterior quarter slice 

287x167mm (300 x 300 DPI) 
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206 Table 1. Demographic data for the subjects

207 n, number; LCS, lumbar canal stenosis; LDH, lumbar disc herniation; LS, lumbar 

208 spondylolisthesis 

209

210

Total subjects (n) 101

Sex (male/female) 66/35

Age at time of operation (years) Male, 57.9 (range, 27–84)

Female, 63.2 (range, 17–88)

Group (n) LCS, 56; LDH, 42; LS, 3
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211 Table 2.

L1 L2 L3 L4
A C P A C P A C P A C P

Upper 

(%)

63

± 11

71

± 9

71

± 7

65

± 9

71

± 9

70

± 7

73

± 7

72

± 8

69

± 8

74

± 8

69

± 8

66

± 14

Lower 

(%)

32

± 10

36

± 11

37

± 9

31

± 10

35

± 9

32

± 10

40

± 7

37

± 9

30

± 10

40

± 9

34

± 9

25

± 11

212 The means and standard deviations

213 A, anterior quarter slice; C, center slice; P, posterior quarter slice

214
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