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INTRODUCTION 

The patients with symptomatic lumbar canal stenosis were 

historically treated with decompression by laminectomy and 

the option of fusing the spinal segments has evolved gradually 

with the further understanding of lumbar segment instabil-

ity [1]. Spinal fusion is required for alleviation of pain and 

stabilization in the affected unstable segment and a variety 

of approaches can be used to achieve it. Open spine surgery 
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has higher morbidity, slower recovery, more likely to develop 

postoperative pain, higher probability of post-operative infec-

tions, muscular atonia, and longer hospital stay [2]. Minimally 

Invasive Spine (MIS) surgery has evolved gradually since it 

introduced tubular retractor in 1997 and with subsequent 

technological advancement has become the preferred choice 

over conventional open surgery [3]. This gave rise to MIS retro-

peritoneal approaches. These approaches obviate the need to 

disrupt the posterior paraspinal muscle damage and provides 
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exposure to the intervertebral disc through a lateral approach 

which allows the insertion of a cage far larger in size than what 

is achievable through the posterior approach [4]. The possi-

bility of insertion of a cage having a broader dimension allows 

increasing the chances of fusion, get the maximum possible 

segmental lordosis, and better sagittal alignment. It also pro-

vides the required decompression of the spinal canal indirectly 

by jacking up the disc space, distracting the facet joints, and 

stretching up the ligamentum flavum [5]. 

MIS Transpsoas lateral approaches have a high incidence of 

lumbar plexus injury and to avoid that OLIF approach gained 

popularity which takes surgical window between major ves-

sels and psoas major muscle from L2 to L5 [6,7]. There is wide 

variation in vascular anatomy of the major vessels in form of 

the width of the vessels, course, and bifurcation [8,9]. Similarly, 

there are anatomical variations in the psoas major muscle in 

form of thickness, bulk, and orientation [9-11]. Hence the sur-

gical corridor for OLIF between L2 to L5 has large variations. If 

the procedure is performed where there is no surgical access 

window for performing OLIF, there is a possibility of vascular 

injury [12]. Hence it is imperative to define each corridor to ex-

actly evaluate different spaces. Western studies are done to find 

out this surgical corridor on cadaveric specimens and CT scans 

[6,13-16]. 

OLIF is an emerging technique in India and there is no ana-

tomical research about the Indian population to guide the sur-

geons regarding the approach. Indian population is structurally 

different compared to the western population. Currently, im-

aging anatomical data regarding the Indian population con-

cerning OLIF is not available in the literature. Our study aims 

to examine and calculate surgical corridors of OLIF to find the 

feasibility of OLIF procedure at different levels in the lumbar 

spine from L2 to L5 in the Indian population. This is the first 

study in the Indian population for oblique corridor analysis. 

We analyzed operative windows for oblique approach through 

MRI, which is widely available, cheap and as it is required to be 

done for diagnostic purposes, it does not require the patients to 

undergo any further investigation. 

MATERIALS AND METHODS 

We selected imaging data from 180 adults who underwent 

MRI Lumbosacral spine. The sample size included 90 males 

and 90 females with a maximum age of 84 years and minimum 

age of 18 years and the average age was 49 years. Coronally 

aligned patients with back pain with or without radicular pain 

were included and patients with age less than 18 years, trau-

matic, tumorous or spondylodiscitis cases, prior lumbar or 

retroperitoneal surgery, vertebral abnormalities such as hemi-

vertebrae, spina bifida, and spinal deformities such as scoliosis 

or kyphosis were excluded. We used axial section at each disc 

level L1-2, L2-3, L3-4, and L4-5. All the windows to approach 

the intervertebral disc were measured on the left side as that 

was the common side of the approach. The anatomical param-

eters measured of different windows are shown in Figure 1. 

1. Vascular Window 

This is the area occupied by the major vessels in front of

the disc space. This area is avoided in the OLIF approach. It is 

measured by the distance from the left border of the abdominal 

aorta or left iliac vessels to the median sagittal plane.  

2. Bare Window

It is the bare area between the major vessels and the anterior 

border of the psoas major muscle which is the surgical corridor 

for OLIF procedure. It is measured by the distance from the left 

Figure 1. Axial section at the L4-5 level. V: vascular window, B: 
bare window, P: psoas major window, operative window=Bare 
window (B)+Psoas major window (P).
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margin of the major vessels and the anterior border of the pso-

as major muscle. 

3. Psoas Major Window 

It is the portion of the intervertebral disc which is anterior to

the mid transverse plane, and is covered by psoas major mus-

cle. This area can be used for performing OLIF with retraction 

of the psoas major muscle. This was measured by distance from 

the anterior border of the psoas major muscle to point at the 

mid transverse plane of the intervertebral disc. 

4. The Operative Window 

This is the area clinically used for performing OLIF. It is a

combination of bare window and psoas major window. 

5. Percentage of Bare Window 

This is the percentage ratio of the bare window concerning

the operative window. It is measured by Bare window/Opera-

tive window×100. 

6. Percentage of Psoas Major Window 

This is the percentage ratio of psoas major window concern-

ing the operative window. It is measured by Psoas window/

Operative window×100. 

RESULTS 

Mean values of different windows in centimeters (cm) at 

each level with Standard Deviation (SD) are shown in Table 1. 

The vascular window was largest at L4-5=1.84 (±0.56) cm and 

smallest at L3-4=1.18 (±0.37) cm. The bare window was larg-

est at L1-2=1.29 (±0.37) cm and smallest at L4-5=0.79 (±0.52) 

cm. Psoas major window was largest at L3-4=1.24 (±0.38) cm 

and smallest at L1-2=0.45 (±0.47) cm. The operative window 

was largest at L3-4=2.40 (±0.47) cm and smallest at L4-5=1.72 

(±0.67) cm. 

As shown in Table 2 there were significant differences be-

tween males and females at L1-2 and L4-5 vascular windows 

(p-value<0.05) while at middle sections i.e. L2-3 and L3-4 

difference between the two genders was not significant at the 

vascular window. While in middle sections L2-3 and L3-4, there 

was a significant difference between the bare windows of males 

and females (p-value<0.05) and there was no significant differ-

ence at L1-2 and L4-5 of the bare window. 

Width of the left psoas major muscle (Figure 2) at all levels in 

the mid-frontal plane is shown in Table 3. 

Psoas major width was widest at L4-5 followed by L3-4, L2-

3, and L1-2 and their values are 3.34 (±0.79) cm, 2.16 (±0.78) 

Table 1. Mean values of different windows at each level in centimeters

Windows L1-2 (SD) L2-3 (SD) L3-4 (SD) L4-5 (SD)
Vascular window 1.42 (±0.36) 1.19 (±0.38) 1.18 (±0.37) 1.84 (±0.56)
Bare window 1.29 (±0.53) 1.25 (±0.50) 1.15 (±0.48) 0.79 (±0.52)
Psoas major window 0.45 (±0.47) 1.00 (±0.39) 1.24 (±0.38) 0.93 (±0.41)
Operative window 1.74 (±0.44) 2.24 (±0.48) 2.40 (±0.47) 1.72 (±0.67)

SD: standard deviation.

Table 2. Statistical differences in the windows between males and females

Windows Gender L1-2 (SD) L2-3 (SD) L3-4 (SD) L4-5 (SD)
Vascular window Male 1.52 (±0.37) 1.22 (±0.37) 1.20 (±0.40) 1.74 (±0.59)

Female 1.32 (±0.32) 1.16 (±0.38) 1.17 (±0.37) 1.92 (±0.56)
p-value 0.000 0.30 0.59 0.03

Operative window
Bare window Male 1.22 (±0.47) 1.13 (±0.50) 1.01 (±0.48) 0.76 (±0.54)

Female 1.36 (±0.52) 1.36 (±0.49) 1.29 (±0.44) 0.82 (±0.49)
p-value 0.059 0.002 0.000 0.46

PSOAS major window Male 0.59 (±0.47) 1.19 (±0.31) 1.47 (±0.29) 1.08 (±0.40)
Female 0.32 (±0.44) 0.81 (±0.37) 1.01 (±0.31) 0.78 (±0.37)
p-value 0.000 0.000 0.000 0.000
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cm, 1.30 (±0.61) cm, 0.51 (±0.52) cm respectively. There was a 

significant difference between males and females at all levels 

(p-value<0.05). 

Table 4 shows the percentage of different windows compared 

to the operative window at all levels. 

From the above measurements, we found that if we use the 

criteria of 1 cm as the minimum operative corridor for the bare 

window required to perform the OLIF procedure then OLIF 

cannot be performed in most of the Indian patients at L45 as 

the average bare window available is only 0.79 cm (±0.52) and 

in 68.9% patients, the bare window is less than 1 cm at L4-5. It 

is also obvious that if the bare window is ‘0 cm’ then it is very 

risky to do OLIF because of the risk of vessel damage but if the 

space is more than 0.5 cm it can be accessed with some retrac-

tion of the psoas muscle. So, we subdivided bare window into 

three groups considering ease of doing surgery as shown in 

Table 5. 

 Group 1: no space between major vessels and psoas major  

(0 mm) (Figure 3) 

Group 2: Bare window is between 0–5 mm (Figure 4) 

Group 3: Bare window more than 5 mm (Figure 5) 

Figure 2. Red line indicates psoas major width in the mid frontal 
plane.

Table 3. Mean width of psoas major in mid-frontal plane in centimeters

Psoas major width L1-2 (SD) L2-3 (SD) L3-4 (SD) L4-5 (SD)
All 0.51 (±0.52) 1.30 (±0.61) 2.16 (±0.78) 3.34 (±0.79)
Male 0.72 (±0.56) 1.67 (±0.51) 2.58 (±0.70) 3.67 (±0.73)
Female 0.30 (±0.37) 0.94 (±0.46) 1.74 (±0.63) 3.01 (±0.72)
p-value 0.000 0.000 0.000 0.000

Table 4. Percentage of operative window from L1-L5

Levels % of vascular  
window

% of bare  
window

% of psoas major  
window

L1-2 81.6 74.14 25.86
L2-3 53.12 55.8 44.64
L3-4 49.17 47.92 51.67
L4-5 106.98 45.93 54.07

Figure 3. No space between major vessels and psoas major.

Group 1 patients where OLIF is extremely risky to be per-

formed, Group 2 patients where OLIF can be performed with 

some retraction of the psoas muscle. 5 mm was taken as an ar-

bitrary measurement because the Jamshidi needle or the small-

est dilator of the retractor can be docked directly over the disc 

space. Surgeons with some experience can access this space. 

Group 3 patients where space is more than 5 mm it is easy to 

perform this procedure. 

With this subgroup analysis of bare window as shown in 

Table 5, 10.56% patients at L45, 1.12% patients at L34, 0.56% 

patients at L23, and 2.78% at L12 were in Group 1 where it is not 

feasible to perform OLIF procedure. 

We also tried to find out if instead of taking a bare window 
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cm for safe approach for OLIF from L1 to L5 and are shown in 

Table 6. It shows that operative window <1 cm is 10.55% patients 

at L45, 0% patients at L34, 0.55% patients at L23 and 3.33% pa-

tients at L12. Therefore, considering both the criteria of the bare 

window and operative window, 10.56% of patients at L45 have 

bare window 0 cm, and 10.55% of patients at L45 have an opera-

tive window of <1 cm, it is not feasible to perform OLIF in Indian 

patients. 

DISCUSSION 

We observed in our study that vascular window is maximum 

at L4-5 (1.84±0.56 cm) followed by L1-2 (1.42±0.36 cm), L2-3 

(1.19±0.38 cm) and L3-4 (1.18±0.37 cm). The vessel width is 

gradually narrowing from L1-2 to L3-4. At L4-5 there is vessel 

bifurcation which causes an increase in the vascular window. 

Psoas major window was maximum at L3-4 (1.24±0.38 cm) 

followed by L2-3 (1±0.39 cm), L4-5 (0.93±0.41 cm) and L1-2 

(0.45±0.47 cm). The psoas muscle is thinnest at the L1-2 lev-

el with a gradual increase in the musculature caudally. Bare 

window is maximum at L1-2 (1.29±0.53 cm) followed by L2-3 

(1.25±0.50 cm), L3-4 (1.15±0.48 cm) and L4-5 (0.79±0.52 cm). 

At L45 the bare window is minimum, and this is obvious as 

gradually the great vessels are coming laterally from L12 going 

down and psoas major muscle is gradually become bulkier 

starting from L12 up to L45. Hence it is relatively easier to 

operate at L3-4 and L2-3 levels and need to be careful while 

operating at L4-5 level because of the narrow operative win-

dow due to the larger size of the vascular window and psoas 

window making the bare window small. This has been shown 

in the measurements of the vascular window and psoas ma-

jor window. The operative window which is a combination 

of bare window and psoas major window is maximum at 

L3-4 (2.40±0.47 cm) followed by L2-3 (2.24±0.48 cm), L1-2 

(1.74±0.44 cm), and L4-5 (1.72±0.67 cm). This window is im-

portant during surgery as after docking on the bare window 

the psoas major muscle can be retracted giving larger access 

to the disc space. So the operative window is a combination of 

bare window and psoas major window. 

Figure 4. Bare window between 0 to 5 mm

Figure 5. Bare window more than 5 mm.

Table 5. Bare window subgroup analysis

Levels
Bare window ‘0’ mm Bare window 0 to 5 mm Bare window>5 mm

Male Female Total Male Female Total Male Female Total
L1-2 2 3 5 (2.78%) 4 2 6 (3.36%) 84 85 169 (93.89%)
L2-3 1 0 1 (0.56%) 7 1 8 (4.48%) 82 89 171 (95%)
L3-4 2 0 2 (1.12%) 7 4 11 (6.61%) 81 86 167 (92.78%)
L4-5 12 7 19 (10.56%) 17 18 35 (19.44%) 61 65 126 (70%)

of 1 cm as criteria, if the operative window of 1 cm is taken as 

criteria then OLIF can be performed after retracting the psoas 

up to the middle of the vertebral body. We divided the operative 

window into two groups depending on the width <1 cm and >1 
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Psoas major width in mid-frontal plane is maximum at L4-5 

(3.34±0.79 cm) followed by L3-4 (2.16±0.78 cm), L2-3 (1.30±0.61 

cm) and L1-2 (0.51±0.52 cm). Psoas major width was more in 

males than females at all levels with a significant difference 

(p-value<0.05) between males and females at all levels. Pso-

as major width in the mid-frontal plane signifies bulk and 

strength of muscle. This will decrease the width of the bare 

window and during surgery more retraction of psoas muscle 

will be required hence more pressure on the lumbosacral plex-

us may be exerted. 

The bare window is very important for initial docking for 

either the Jamshidi needle or the first dilator. If there is no bare 

window available between the major vessels and psoas major 

vessels, the OLIF procedure will become dangerous with an 

increased risk of vascular injuries. There is no definite objective 

measurement available in the literature as to the minimum 

bare window width required to perform this surgery safely. But 

arbitrary measurement given is 1 cm [6]. If we take 1cm as an 

arbitrary window required for performing the procedure then 

it will not be possible to perform OLIF at L45 in most of the In-

dian patients, as the average bare window measurement is 0.79 

cm at L45. So, we did a sub-analysis of bare window forming 

three groups. Group 1 with no space, Group 2 with 0 to 5 mm of 

space, and Group 3 with more than 5 mm space. The rationale 

being if there is no space or a bare window is ‘0 cm’ then OLIF 

cannot be performed. The rationale for using 5 mm as cut off 

limit is that majority of the systems available for OLIF have their 

primary dilator of 5 mm and if there is sufficient space available 

for the first dilator to engage then sequential dilators can be 

used for further widening the space with retraction of the psoas 

muscle. With this criterion used 10.56% of patients at L45, 1.12% 

patients at L34, 0.56% patients at L23, and 2.78% at L12 were in 

Group 1 where it is not feasible to perform OLIF procedure but 

in rest, there is sufficient bare window where OLIF can be per-

formed. 

We also tried to find out if instead of taking bare window as 

criteria if the operative window of 1 cm is taken as criteria then 

OLIF can be performed after retracting the psoas up to the mid-

dle of the vertebral body. Although the cage used for OLIF has 

no uniform standard and it differs according to the company, its 

width should be at least 1 cm [6]. Hence 1 cm was used so that 

the cage can be inserted safely after retracting the psoas muscle. 

In our study, we calculated operative windows >1 cm and <1 

cm. In our study we found operative window is <1 cm in 3.33%, 

0.55%, 0%, and 10.55% population at L1-2, L2-3, L3-4, and L4-5 

levels respectively. All patients have sufficient window at L3-4, 

and except one, rest all patients have sufficient window at L2-3. 

But 10.55% i.e. around 1 in every 10 people do not have suffi-

cient operative window at L4-5. 

We used an unpaired t-test to compare the difference be-

tween males and females. We found almost all windows at 

all levels are more in males than females except bare window 

which is more in females at all levels than males. At L1-2 

and L4-5 there was a significant difference (p-value<0.05) 

between males and females at the vascular window. At L2-3 

and L3-4, there was a significant difference (p-value<0.05) 

between males and females at the bare window, while at 

these same levels there was no significant difference for the 

vascular window. At all levels of psoas major window, there 

was a significant difference (p-value<0.05) between males 

and females. 

We compared our results with an imaging anatomical study 

by Liu et al. [6] on OLIF and found that 6.7% of people having 

operative window <1 cm [6] at L4-5 level whereas in our study 

10.55% of patients had operative window <1 cm. We also 

compared anatomical window at each level with this imaging 

anatomical study and found that in our study, bare window 

gradually decreases from L1-L5 both in males and females 

and minimum at L4-5 whereas in the study by Liu et al. [6] 

bare window from L1-L5 is maximum at L4-5. We also found 

that in our study bare window at all levels, females have a big-

ger bare window, compared to which in the study by Liu et al. 

[6] males have a larger bare window than females at all levels 

from L1 to L5. 

Comparing our result with the L2-S1 oblique corridor MRI 

study by Fung et al. [7] and L2-S1 oblique corridor cadaveric 

Table 6. Operative window subgroup analysis

Levels
Operative window>1 cm Operative window<1 cm

Males Females Total Males Females Total
L1-2 2 4 6 (3.33%) 88 86 174 (96.67%)
L2-3 1 0 1 (0.56%) 89 90 179 (99.44%)
L3-4 0 0 0 90 90 180 (100%)
L4-5 9 10 19 (10.56%) 81 80 161 (89.44%)
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study by Molinares et al. [17], we found that their oblique corri-

dor is similar to our bare window. We also found that in an MRI 

study by Fung et al. [7], their bare window is more in females 

than in males at L4-5 and L5-S1 while in our study bare window 

is more in females than males at all levels. Bare windows in a 

study by Molinares et al. [17] are decreasing gradually from L2-

L5 which is similar to our study and the rest of the findings are 

similar. In the cadaver study of Molinares et al. [17], we found 

similar results with our study except for their oblique corridor 

window of males are more than females, while in our study fe-

males have more bare windows than men, with the rest of the 

findings being similar. In the cadaveric study of Molinares et al. 

[17], values are slightly higher than our values possibly because 

the cadavers were soaked in formalin and had undergone pro-

tein coagulation and tissue retraction. In addition, the structur-

ally American population is taller and bulkier than the Indian 

population [6].  

In our study, the MRI was carried out in a supine position 

and not in a lateral position. Psoas retraction and a lateral decu-

bitus position are believed to increase the sizes of the corridors 

[7]. This means that the windows calculated in our study will be 

smaller but would increase if the study was repeated when the 

patient is positioned in a lateral position [18]. All aspects of sur-

gery would be easier in thin patients [19]. MIS-OLIF, for levels 

L2-L5, is a technique that has proven to have encouraging 

outcomes with good surgical results without major complica-

tions [20]. 

CONCLUSION 

Pre-operative lumbar spine axial MRI evaluation is essential 

to find out the appropriate selection of a patient for the OLIF 

procedure. The bare window to perform OLIF gradually de-

creases from L12 to L45 levels because of the widening of the 

psoas major window and vascular window from L12 to L45 

levels. In the majority of patients at L12, L23, and L34 there is 

adequate bare window and OLIF can be safely performed in 

these patients. In 10.56% of patients’ bare window for perform-

ing OLIF does not exist at L45 and OLIF may not be feasible in 

these patients. Indian females have bare windows larger than 

males at all levels. 
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