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Anatomic Considerations of Intervertebral Disc 
Perspective in Lumbar Posterolateral Approach  

via Kambin’s Triangle: Cadaveric Study 
Thamrong Lertudomphonwanit, Gun Keorochana, Chaiwat Kraiwattanapong,  

Pongsthorn Chanplakorn, Pittavat Leelapattana, Wiwat Wajanavisit    
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Study Design: Anatomical study.
Purpose: To evaluate the anatomy of intervertebral disc (IVD) area in the triangular working zone of the lumbar spine based on 
cadaveric measurements.
Overview of Literature: The posterolateral percutaneous approach to the lumbar spine has been widely used as a minimally 
invasive spinal surgery. However, to our knowledge, the actual perspective of disc boundaries and areas through posterolateral endo-
scopic approach are not well defined.
Methods: Ninety-six measurements for areas and dimensions of IVD in Kambin’s triangle on bilateral sides of L1–S1 in 5 fresh hu-
man cadavers were studied. 
Results: The trapezoidal IVD area (mean±standard deviation) for true working space was 63.65±14.70 mm² at L1–2, 70.79±21.88 mm² 
at L2–3, 99.03±15.83 mm² at L3–4, 116.22±20.93 mm² at L4–5, and 92.18±23.63 mm² at L5–S1. The average dimension of calculated 
largest ellipsoidal cannula that could be placed in IVD area was 5.83×11.02 mm at L1–2, 6.97×10.78 mm at L2–3, 9.30×10.67 mm at 
L3–4, 8.84×13.15 mm at L4–5, and 6.61×14.07 mm at L5–S1. 
Conclusions: The trapezoidal perspective of working zone of IVD in Kambin’s triangle is important and limited. This should be taken 
into consideration when developing the tools and instruments for posterolateral endoscopic lumbar spine surgery.
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Introduction

Minimally invasive surgery has gained popularity in many 
fields of surgery, especially in the lumbar spinal region. 
In this area, the posterolateral percutaneous approach is 
commonly performed as Craig [1], Ottolenghi [2] and  
Valls et al. [3] have advocated it for the lumbar and lower 

thoracic spine since the 1950s. 
In 1973, Kambin used central nucleotomy via a Craig 

cannula combined with laminectomy, and in 1975, Hijikata 
first introduced non-visualized posterolateral percutaneous 
nucleotomy via a 2.6-mm-outside diameter (od)cannula. 
In 1985, Onik et al. [4] used central nucleotomy shaver 
of 2.8 mm in diameter. Kambin began to use cannulas  
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with diameter 6.4-mm-od [5] and later introduced the 
concept of the unilateral biportal approach and oval  
cannulas [6] (5×8 and 5×10 mm inner diameter) that 
were designed to fit within a triangular working zone.

Kambin described this triangular working zone, in 
which the height of the zone is formed by the lateral bor-
der of the thecal sac corresponding to the medial pedicu-
lar border and extends from the superior endplate of the 
inferior vertebral body to superiorly located axillar of the 
exiting nerve root. The base of the triangle extends from 
the thecal sac to the medial aspect of the exiting nerve 
root. The exiting nerve root also defines the hypotenuse 
[7,8].

Mirkovic et al. [7] defined the anatomic borders and 
dimensions of the safe zone and the largest safe working 
cannula diameter. The actual working zone is trapezoid 
shaped which correlates with the intervertebral disc (IVD) 
space area [9]. Nowadays, there are many minimally inva-
sive procedures performed by accessing the IVD directly 
[10]. However, there is a risk of nerve root injury with 
this approach. Knowledge of the anatomy of IVD is very 
important and great care must be taken at the hypotenuse 
of the triangle. Current studies regarding the area of IVD 
in the triangular working zone are scarce, so the purpose 
of our study was to analyze the IVD area in the triangular 
working zone. 

Materials and Methods

This study was approved by our Institutional Review 
Board. Five fresh human cadavers (average age at death 
65 years; range 52–75 years; 3 males and 2 females), with 
no previous spinal surgery, were studied. The average 
height of the specimen was 165 cm (range, 154–178 cm). 
Specimens with age at death <20 years, gross deformity of 
lumbar spine, infection or tumor of the lumbar spine were 
excluded from the study. Cadavers were placed in the 
prone position with hips extended in lumbar lordosis.

Posterior soft tissues were removed from the underlying 
laminae of the vertebral arches from T12 to S1 bilater-
ally. The intertransverse ligament was removed to expose 
the extraforaminal region. A meticulous dissection was 
performed to preserve the anatomic relationship between 
bony, neural structures and IVD area. We also performed 
an osteotomy of the iliac crest to allow direct measure-
ment of the L5–S1 level. Facetectomy for each level was 
performed to measure the nerve root length, the vertebral 

end plate, and the disc height. All measurements were 
performed bilaterally by caliper (precision=0.1 mm) by 
two authors and independently. Two intervertebral fora-
mens from one specimen were excluded from our study 
due to sacralization of L5. A total of 96 measurements (48 
intervertebral foramens) were studied.

The following measurements, in particular, were made: 
(1) the base of the triangular working zone at the superior 
end plate of the inferior vertebral body (A), the distance 
between the lateral border of the thecal sac to medial 
aspect of the exiting nerve root; (2) the disc height (B), 
the distance between superior border and inferior border 
of IVD at the lateral border of dura; (3) the upper IVD 
distance (C), at the level of the superior border of IVD, 
the distance between the lateral border of dura and the 
intersection point of the corresponding nerve root and 
that IVD; (4) the dural height (D), the lateral border of 
the thecal sac extended from the superior end plate of 
the inferior vertebral body to superiorly located axillar of 
the exiting nerve root; and (5) the nerve root length (E), 
defines the hypotenuse of the triangular working zone, 
extended from the exiting site of the nerve root at lateral 
edge of dura to the intersection point of the nerve root 
and upper end plate of inferior vertebra. The methods of 
measurement are shown in Fig. 1.

Based on our data; a representative trapezoidal IVD 
area (F), which we considered “the true working zone” 
for each lumbar level from L1–S1, was reconstructed 
and drawn in scale on graph paper. Then we calculated 
the IVD area of each level. We also defined the largest  

Fig. 1. Schematic diagram of the parameters of intervertebral disc (IVD) 
area and Kambin’s triangle: A, base of triangle; B, disc height; C, upper 
disc distance; D, dural height; E, nerve root length; F, trapezoidal IVD 
area. 
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ellipsoidal working cannula that can be placed at IVD area 
for each lumbar level. 

Mean and mean±standard deviation (SD) were used to 
describe the characteristics of the measurements. Paired 
t-test was used to compare right and left measurements. 
The mixed model was used to estimate and compare the 
differences between the lumbar levels. All the statistical 
analyses were performed using commercially available 
STATA ver. 13.

Results

The findings for all measurements are shown in Tables 1 
and 2. The correlation of the parameters between lumbar 
levels is shown in Fig. 2.

1. The base of the triangular working zone

The distance of the base gradually increased from L1–2 
to L5–S1 level, except at L2–3 level. The greatest length 
of the base was at L5–S1 level (mean, 16.12 mm) and the 
narrowest distance of the base was at L2–3 level (mean, 
12.04 mm). 

2. Disc height

The disc height gradually increased from L1–2 (mean, 
5.83 mm) to the greatest disc height at L3–4 level (mean, 
9.30 mm) and then decreased toward L5–S1 level (mean, 
6.61 mm).

Table 2. Area of IVD space and the largest oval cannula size

Level
Area of IVD (mm2)

Cannula size (mm)
Mean (range) Standard deviation

L1–L2 63.65 (50.68–85.37) 14.70 5.83×11.02

L2–L3 70.79 (47.43–99.37) 21.88 6.97×10.78

L3–L4   99.03 (84.35–122.79) 15.83   9.3×10.67

L4–L5 116.22 (90.03–146.84) 20.93 8.84×13.15

L5–S1   92.18 (70.29–124.77) 23.63 6.61×14.07

IVD, intervertebral disc.

Fig. 2. Correlation of the parameters between lumbar levels: A, base of the triangular working zone; B, disc height; C, upper 
intervertebral disc distance; D, dural height; E, nerve root length. 
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3. Upper IVD distance

The upper IVD distance extended from lateral border of 
dura to the intersection point of the corresponding nerve 
root and that IVD (Fig. 1). The upper IVD distance gradu-
ally decreased from L1–2 (mean, 9.62 mm) to L3–4 (mean, 
8.85 mm) and then gradually increased toward L5–S1 
(mean, 12.01 mm). The greatest upper IVD distance was 
at L5–S1 (mean, 12.01 mm) and the narrowest upper IVD 
distance was at L3–4 (mean, 8.85 mm).

4. Dural height (height of the triangle)

The distance of the height of the triangle gradually in-
creased from L1–2 to L4–5 foramina (mean, 16.14–20.19 
mm), then decreased toward L5–S1 (mean, 18.63 mm at 
L5–S1). The greatest distance of the height of the triangle 
was at L4–5 level (mean 20.19 mm) and the narrowest 
distance was at L1–2 (mean, 16.14 mm).

5. Nerve root length (hypotenuse of the triangle)

The distance of the hypotenuse of the triangle gradually 
increased from L1–2 (mean, 20.25 mm) to L4–5 (mean, 
25.19 mm), while there was some decrease at L5–S1 level 
(mean, 23.58 mm). The greatest distance of the hypot-
enuse was at L4–5 level (mean, 25.19 mm) and the nar-
rowest distance of the hypotenuse was at L1–2 level (mean, 
20.25 mm).

6.   IVD area of the actual working zone and the oval 
cannula size

The actual working zone is trapezoidal in shape, which 
correlated with IVD area (Table 2). The IVD area of the 
actual working zone gradually increased from L1–2 (mean, 
63.65 mm2) to L4–5 level (mean, 116.22 mm2), and then 
decreased toward L5–S1 (mean, 92.18 mm2).

The largest size of the oval cannula that could be placed 
at the actual working zone of the IVD area correlated 
with the disc height, the upper IVD distance, and the base 
of the triangular safe zone. The horizontal diameter was 
limited by the upper IVD distance and the base of the 
triangular safe zone; at the same time, the vertical diam-
eter was limited by the disc height. The narrowest vertical 
diameter of the cannula size was at L1–2 (mean, 5.83 mm; 
range, 5.83–6.61 mm). The narrowest horizontal diameter 

of the cannula size was at L3–4 (mean, 10.6 mm; range, 
10.6–14.1 mm). 

Discussion

The percutaneous posterolateral approach to the spine 
has successfully been used in management of lumbar disc 
herniation since the 1970s [11]. However, many authors 
have expressed concern about the safety of the technique 
for the posterolateral percutaneous procedure. Yeung and 
Tsou [12] stated that safe and effective access was limited 
by the narrow channel, and there was little working space 
as compared with the procedure for knee and shoulder 
joints. Theoretically increased cannula diameters allow 
insertion of larger instruments to perform complex pro-
cedures but a large cannula diameter is directly related to 
nerve root injury [7]. 

Mirkovic et al. [7] stated that there were two issues of 
concern for endoscopic posterolateral approach. The first 
was the optimal circular cannula diameter and the second 
was the safe point of cannula insertion. However, neither 
of those concerns considered the anatomic dimensions of 
IVD in the Kambin’s triangle. In our study, we believe that 
the true working area of percutaneous posterolateral ap-
proach through Kambin’s triangle is trapezoidal in shape 
and correlated with IVD (in coronal plane). Min et al. 
[9] reported that the borders of the working zone, except 
the length of the base, may not be of clinical importance, 
which is contrary to our study’s results. The largest size of 
cannula for posterolateral endoscope is limited by the pa-
rameters chosen in our study; these include not only the 
disc height and the base of the triangle, but also the upper 
IVD distance.

From previous cadaveric measurements, it was deter-
mined that cannula ranging from 4–10 mm could be 
safely used in the triangular safe zone [7,8]. One study 
reported that a 6.3-mm cannula located in the midline 
of pedicle appears to be safe. A point of insertion at me-
dial one third of the pedicle enables safe placement of a  
7.5-mm cannula. Wimmer and Maurer [13] studied 
the anatomic considerations for percutaneous lumbar 
interbody fusion, and they reported that the maximum 
safe cannula diameter was 8 mm from L1–L4 and 7 mm 
from L4–S1. However, those studies reported only the 
safe margin of the circular cannula diameter. Our result 
demonstrated that the true working zone of posterolateral 
approach to IVD is trapezoidal in shape rather than the 
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typical right-angle triangle. Use of a specially shaped en-
doscope that properly fits the true working area, such as 
with an oval or rectangular shape, might in fact increase 
the size of the working channel and the ability to use larg-
er instruments. This may be appropriate and suitable for 
more advanced endoscopic procedures such as interbody 
cage fusion or nucleus replacement. The dimensions of 
the trapezoidal area from our data suggest that the limita-
tion was mainly from upper IVD distance, of which the 
average length ranges from 8.85 to 9.62 mm at L1–4 and 
from 11.13–12.01 mm at L4–S1, which are larger than 
outer diameter of most of the current endoscopic systems. 
We also calculated the maximal oval size that can inserted 
into the true working trapezoidal area, which could guide 
us to the application of the proper size of oval cannula. 

Furthermore, our study revealed the area of this trap-
ezoidal working zone to range from 63.65 to 116.22 mm2, 
which is not mentioned in previous studies. Fortunately, it 
might be possible for this area to be enlarged. Disc height 
could be increased by disc distraction; the upper IVD 
distance and base of triangle might be widened by ability 
of nerve root traction. It is feasible to increase the work-
ing area in advanced endoscopic spine procedures. The 
actual cannula size could be larger compared with that in 
the anatomical study, if specially designed tools are devel-
oped, and allow enlarging this area, or if an expandable 
type of cannula is devised. Therefore, from our results, 
there is feasibility to develop larger and appropriate size 
of endoscopic system for more complex procedures by 
transforaminal approach such as interbody fusion, with 
new designed cages or use of larger instruments or special 
expandable implants.

It is important to realize that there are many other fac-
tors to consider in the posterolateral approach to the safe 
zone. First, there is the unique anatomical variation in 
the triangular safe zone. Osman and Marsolais [14] stated 
that the angular range for safely performed diskoscopies 
between T12 to L3 (38-60 degrees) is different from those 
of L3–S1 level (40–65 degrees). Arslan et al. [15] reported 
that the L1, L2, and L3 nerve root crossed the disc level 
closest to lateral border of foramen. Therefore these roots 
compared with lower level may be at a lower risk of injury 
during transforaminal percutaneous endoscopic discecto-
my. There is special consideration for L5–S1 transforami-
nal access. L5–S1 level might have a unique anatomical 
limitation such as a large facet joint, presence of ala, high 
iliac crest and narrow foramen. Second is degenerative 

change. Kim et al. [16] stated that hypertrophic facet joint 
with ligamentum flavum thickening may limit the actual 
dimensions of the safe working zone. Finally, regarding 
the visceral structures in this area, Baek and Lee [10] 
reported that extraforaminal ligaments, transforaminal 
ligaments and foraminal ligamentum flavum could cause 
tethering of the exiting nerve root and cause of an ob-
stacle in operating on the exiting nerve root. Due to these 
problems, Kim et al. [16] suggested close monitoring and 
assessment of the pain response to inserted instruments 
and reviewing the imaging studies of the patients preop-
eratively to identify any congenital anomaly in the nerve 
root distorting the normal anatomy.

There were some limitations to our study. First, in this 
study we analyzed only two dimensions of the work-
ing zone, that is the coronal plane, with the facet joint 
removed, but the working zone is actually a three dimen-
sional structure. Second, the diameter of oval cannula 
from our analysis is based on disc height, base of the tri-
angular safe zone and the upper IVD. In fact, the value of 
the cannula diameter can be larger than the disc height, 
because the operator can insert the eccentric cannula 
within the safe zone to access to the disc. The cannula also 
helps to distract the disc space. Mirkovic et al. [7] and 
Kim et al. [16] have stated a confirmatory opinion about 
this. Third, we studied only Thai cadavers. Since the anat-
omy of spine in Asian population could be smaller than 
Caucasian or African people, this may be a limitation in 
a global application of our study. Lastly, our study did not 
include other factors that could affect the size of the can-
nula, such as angle of cannula insertion or the anatomic 
variation in each patient, for e.g., large hypertrophic facet 
joint degeneration or high iliac crest.

Conclusions 

The trapezoidal perspective of the working zone of IVD in 
Kambin’s triangle is important, yet limited. This should be 
taken into consideration when developing the tools and 
instruments for posterolateral endoscopic lumbar spine 
surgery.
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