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ABSTRACT

Objective: To evaluate the lumbar triangular safety zone, its boundaries and its relationship with the dorsal root ganglion through Magnetic
Resonance Imaging (MRI). Methods: The boundaries, shape and dimensions of 303 triangular safety zones were analyzed in Tesla 3.0
Magnetic Resonance Imaging (MRI) coronal sections from L2 to L5, including the dorsal root ganglion. Results: The sample consisted of
101 patients with a mean age of 32 years. The height of the triangular safety zone was formed by the lateral edge of the dura mater, the
width by the upper plateau of the lower vertebra and the hypotenuse by the corresponding nerve root. The mean dimensions and the area
varied according to the level studied. The dorsal root ganglion invaded the dimensions of the triangle in all the images studied. Conclusion:
Based on the data and the analyses performed, we concluded that knowledge of the boundaries of the triangular safety zone through
MRI increases the safety of minimally invasive procedures in the lumbar spine. Level of evidence I; Diagnostic studies — Investigation
of a diagnostic test.
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RESUMO

Objetivo: Avaliar a zona triangular de seguranga lombar, seus limites e sua relagao com o ganglio da raiz dorsal por meio da ressonan-
cia magnética (RM). Métodos: Foram estudados os limites, o formato e as dimensées de 303 zonas triangulares de seguranga no corte
coronal de RM 3.0 Tesla de L2 a L5, incluindo o ganglio da raiz dorsal. Resultados: A amostra foi composta por 101 pacientes com média
de idade de 32 anos. A altura da zona triangular de seguranga era formada pela borda lateral da dura-mater; a largura, pelo platd superior
da vértebra inferior; e a hipotenusa, pela raiz nervosa correspondente. A média das dimensées, assim como a area, variaram conforme o
nivel estudado. O géanglio da raiz dorsal invadiu as dimensées do triangulo em todas as imagens estudadas. Concluséo: Baseados nos
dados e nas analises realizadas, concluimos que o conhecimento dos limites da zona triangular de seguranga, por meio da imagem da
RM, aumenta a seguranga dos procedimentos minimamente invasivos na coluna lombar. Nivel de evidéncia I; Estudos diagnésticos-In-
vestigacao de um exame para diagndstico.

Descritores: Coluna Vertebral; Anatomia, Procedimentos Cirtrgicos Minimamente Invasivos; Ganglios Espinais; Imagem por Ressonéancia
Magnética.

RESUMEN

Objetivo: Evaluar la zona triangular de seguridad lumbar, sus limites y su relacién con el ganglio de la raiz dorsal a través de la
Resonancia Magnética (RM). Métodos. Se estudiaron los limites, el formato y las dimensiones de 303 zonas triangulares de seguridad
en el corte coronal de RM 3.0 Tesla de L2 a L5, incluyendo el ganglio de la raiz dorsal. Resultados: La muestra fue compuesta por 101
pacientes, con promedio de edad de 32 anos. La altura de la zona triangular de seguridad estaba formada por el borde lateral de la
duramadre, el ancho por la meseta superior de la vértebra inferior y la hipotenusa por la raiz nerviosa correspondiente. El promedio de
las dimensiones, asi como el area, variaron segun el nivel estudiado. El ganglio de la raiz dorsal invadid las dimensiones del triangulo en
todas las imagenes estudiadas. Conclusion: Basandose en los datos y analisis realizados, concluimos que el conocimiento de los limites
de la zona triangular de seguridad a través de la imagen de RM aumenta la seguridad de los procedimientos minimamente invasivos en
la columna lumbar. Nivel de evidencia I; Estudios diagnésticos - Investigacion de un examen para diagndstico.

Descriptores: Columna Vertebral; Anatomia; Procedimientos Quirdrgicos Minimamente Invasivos; Ganglios Espinales; Imagen por Reso-
nancia Magnética.
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INTRODUCTION

Constant advancements in minimally invasive techniques and
therapeutic options for spinal diseases create a growing need for
the study of various concepts related to surgical approaches. These
approaches have the advantage of minimal tissue damage and
shorter surgical times, shorter hospital stays, preservation of the
musculature, lower infection rates, in addition to a faster return to
activities. However, they require thorough knowledge of the neural
structures and their relationships with the other spinal components,
allowing the safe execution of these procedures.'?

In 1983, Kambin and Gellmann® described a triangular safety zone
for the transforaminal approach called “Kambin’s triangle”. Defined as
a three-dimensional anatomical triangle located over the dorsolateral
intervertebral disc of the lumbar spine, this concept is used not only in
minimally invasive procedures, but also for lumbar fusion techniques.
Mirkovic, Schwartz and Glazier* reinforce these concepts and descri-
be the dura mater as the medial boundary of the triangle, the upper
vertebral plateau as the lower boundary and the hypotenuse as the
corresponding spinal nerve. The relationship of the dorsal root gan-
glion to the triangle of safety is not described in any of these studies.

The size of the dorsal root ganglia varies with the vertebral level.
Most of the ganglia are directly below the vertebral pedicles with
one third overlapping a part of the lateral intervertebral disc. These
relationships may assist an understanding of the neurocompressi-
ve and lumbosacral disorders and should be observed during the
insertion of surgical material.>®

In view of the scarcity of literature about the description of the
safety triangle in 3.0 Tesla Magnetic Resonance Imaging (MRI), the
authors conducted a descriptive study of the safety triangle image in
the lumbar spine, aiming to define its boundaries and its correspon-
ding measurements, in addition to its area at different lumbar levels.

MRI was chosen as the imaging method to be used because of
its several advantages over the other imaging methods, such as not
using ionizing radiation, its much wider range of available contrast
for soft tissue, and its more detailed representation of the anatomy.”

This study also aims to describe the location of the dorsal root
ganglion in relation to the triangle of safety, aiding minimally invasive
procedures in the lumbar spine.

METHODS

This is an observational retrospective cohort study. The 3.0 Tesla
MRI images of 101 patients without evidence of any lumbar spine
abnormalities in the imaging examination were included in the study.
All the examinations were performed at the Instituto do Cérebro da
Pontificia Universidade Catélica do Rio Grande do Sul (InsCer-PU-
CRS) during the period from November 2016 to September 2017.

The research Project was approved by the Institutional Review Board
of the Pontificia Universidade Catolica do Rio Grande do Sul (CEP/PU-
CRS) as opinion no. 2.538.975 and CAAE no. 84253418.9.0000.5336.
Since only MRIs of patients who had already undergone this examina-
tion were to be reviewed, no informed consent forms were obtained.
However, all researchers involved in the study signed a confidentiality
agreement for the use of the data.

The patients underwent examination on a GE 3.0 Tesla Signa
HDXT spine coil device. With the patient in the supine position, the se-
quence was performed in the oblique/coronal plane with its respective
parameters: Coronal T2 FSE-XL, using parameters of FOV = 32 cm,
slice thickness = 2 mm, with spacing of 10% = 0.2 mm, matrix = 448
X 320, number of slices = 22, TE = 80 and TR = 3700 us.

Three-hundred and three (303) triangular safety zones from the
second lumbar vertebra (L2) to the fifth lumbar vertebra (L5) were
studied. Measurements of the triangular safety zones were taken in
the coronal slices (Figure 1), using the digital ruler available in the
InsCer image interpretation software. The following measurements
were taken of L2-L5: height, base and hypotenuse of the safety
triangle (Figure 2). Segment L5-S1 was not studied because of a
technical limitation in the images obtained.

All the MRIs were evaluated by two researchers at two different

277

Figure 1. Anatomical aspect of the coronal slice of the lumbar spine with
its respective safety triangle boundaries and its relationship with the dorsal
root ganglion.

[+]

Figure 2. Schematic aspect of the safety triangle (ST) with the respective
measurements taken in the study.

times, with an interval of time of approximately one month between
the two evaluations.

Key:

1. Limits of the vertebral bodies

2. Disc space

3. Pedicles

4. Interpedicular distance

5. Dorsal root ganglion with its respective diameters

6. Triangular area in red: triangular safety zone (A, B, H)

A. Height of the ST: lateral edge of the dura mater with perpen-
dicular extension of the vertebral plateau of the lower vertebra to the
axilla of the emergent upper nerve root

B. Base of the ST. upper vertebral plateau of the lower vertebra
extending medially from the dura mater to the medial edge of the
emergent spinal nerve, laterally

H. Hypotenuse of the ST: length of the spinal nerve, extending
from the axilla of the emergent nerve root of the upper vertebral
plateau of the lower vertebra

The data were stored in an Excel spreadsheet and analyzed with
the SPSS 21.0 statistical package. The normality of distribution of
the quantitative variables was verified by means of the Kolmogorov-
-Smirnov test. The variables were described as mean, standard
deviation, standard error and minimum and maximum values.

The research project was reviewed and approved by the Institu-
tional Review Board of the Pontificia Universidade Catdlica do Rio
Grande do Sul (CEP/PUCRS) as opinion no. 2.538.975 and CAAE
no. 84253418.9.0000.5336.
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RESULTS

The age of the sample ranged from 20 to 40 years and most
patients were male.

The results obtained in the evaluation of the 303 triangular safety
zones are described in Tables 1 to 7, presented in sequence. These
highlight the number of measurements (N), the mean, minimum and
maximum values in millimeters, the standard deviation (SD) and the
standard error (SE).

Table 1. Measurement of the base of the safety triangle.

Level N Mean | Minimum |[Maximum SD SE
L2-L3 101 12.79 9.80 16.00 2.23 0.22
L3-L4 101 14.59 9.60 10.80 2.69 0.26
L4-L5 101 12.89 8.20 18.60 2.93 0.29

Table 2. Measurement of the height of the safety triangle.

Level N Mean | Minimum |Maximum SD SE
L2-L3 101 22.37 18.50 26.10 2.06 0.21
L3-L4 101 23.65 16.60 28.0 3.61 0.36
L4-15 101 24.82 20.20 26.30 1.34 0.13

Table 3. Measurement of the hypotenuse of the safety triangle.

Level N Mean | Minimum [Maximum SD SE
[2-13 101 23.77 21.60 26.40 1.49 0.15
L3-L4 101 28.38 19.50 34.50 4.33 0.43
L4-15 101 28.71 23.00 32.90 2.83 0.28

Table 4. Measurement of the largest ganglion diameter of the safety triangle.

Level N Mean | Minimum [Maximum SD SE
L2-13 101 10.98 9.00 12.70 1.34 0.13
L3-L4 101 12.72 10.80 15.70 0.97 0.10
L4-15 101 12.81 10.90 16.30 1.30 0.13

Table 5. Measurement of the smallest ganglion diameter of the safety triangle.

Level N Mean | Minimum |[Maximum SD SE
L2-L3 101 8.30 7.40 9.20 0.61 0.06
L3-L4 101 7.30 6.30 8.0 0.61 0.06
L4-Lb 101 7.82 7.00 8.40 0.38 0.04

Table 6. Area of the safety triangle.

Level N Mean | Minimum |Maximum SD SE
L2-L3 101 142.58 98.98 197.60 25,67 2.64
L3-L4 101 173.06 79.68 233.80 43.90 4.37
L4-Lb 101 160.34 82.82 24459 38.42 3.82

Table 7. Measurement of the interpedicular distance of the safety triangle.

Level N Mean | Minimum [Maximum SD SE

L2-13 101 23.17 19.40 26.90 2.16 0.22

L3-L4 101 23.34 19.40 27.00 2.19 0.22

L4-15 101 23.40 19.40 26.90 2.18 0.22
DISCUSSION

The most feared complication from minimally invasive spinal
procedures has always been nerve root damage, especially of the
dorsal root ganglion.2? In addition, root arterial damage can also
occur causing hematoma or medullary ischemia.

The incidence of nerve root injury has been reported ranging
from 1.0% to 8.9%.'%"? Sairyo et al.,’® in a case series, described
2% nerve irritation and 1% epidural hematoma. These complica-
tions can result from technical difficulties on the approach, the use
of inappropriate material or even from anatomical variation of the
safety triangle. According to the authors, nerve injury could occur

at the insertion of the needle and/or cannula or from irritation of the
dorsal root ganglion due to compression from the cannula.” The
literature also emphasizes that the needle guide must touch the
caudal pedicle before entering the triangular safety zone.'

Ozer et al.,'® in an anatomical study, described and classified
their findings in three different types of triangles, varying according
to the angles obtained between their measurements. The first type is
a closed triangle without any space available between its elements,
the second type is a narrow triangle and the third type is a normal
triangle, as described by Kambin.® They also state that approxima-
tely 82% of patients had a narrow space or no space in the triangle.
The authors made no mention of the position of the root ganglion
in relation to the triangle.'

In our study, conducted through image analysis, we observed
that most patients presented triangles of type lll, unlike the data des-
cribed by Ozer et al.’® On the other hand, we found that the dorsal
root ganglion invaded the safety triangle in all the images analyzed.

Although the type lll triangle is described as normal and safe,
the position of the root ganglion in relation to it must be taken into
account. Thus, preoperative analysis of the safety triangle in the MRI
becomes important and coupled to decision making.'®

Regarding the boundaries of the triangular safety zone obtained
in the images, we found that they are in accordance with those
reported in the literature.* We observed that the dimensions obtai-
ned for the sides of the triangle increased progressively, with the
exception of the measurement of the base.

Regarding the height of the triangle, in L2-L3 a mean of 10.9
mm was obtained compared to 22.37 in our study. In L3-L4, a mean
of 11.7 mm is reported versus 23.55. In L4-L5, a mean of 12.4 is
reported as compared to 24.82 in our findings.*

In terms of the measurement of the base, in L2-L3 a mean of
16.9 mm was obtained versus 12.79 in our study. In L3-L4, a mean
of 17.4 mm is cited compared to 14.59. In L4-L5, a mean of 19.9 mm
is reported versus 12.89 in our study.*

When we took the measurements of the hypotenuse as a parame-
ter, we observed that in L2-L.3 a mean of 20.7 was obtained as com-
pared 23.77 in our study. In L3-L4, a mean of 21.2 mm was observed
versus 28.38. In L4-L5, a mean of 23.6 mm was reported compared
to 28.71 in our findings. We observed that despite the difference, the
measurements of the hypotenuse are the closest to the literature.*

Although the anatomical characteristics described based on
our triangles were not in accordance with the study by Mirkovik,
Schwartz and Glazier,* our findings are in line with the data described
by Choi and Basile'® in their anatomical studly. Vialle et al.,'” reported
numbers close to ours in their anatomical study.

The measurements of the area of the triangles varied according
to the level, being greater at the L3-L4 level. Hoshide, Feldman and
Taylor'® described a progressive increase of the areas measured
for the triangles from L1-L2 to L4-L5."® In contrast, Hardenbrook
et al.'® reported that the area of the triangles varied by level, which
is in agreement with our findings. These authors concluded that
the safety triangle was a relatively large and safe area for minimally
invasive procedures, contrary to the data presented by Ozer et al.'®

One of the possible reasons to explain this incompatibility of
findings between the studies would be the shape of the proposed
triangles. Mirkovic, Schwartz and Glazier* describe their triangle with
the width greater than the height. Choi and Basile'® describe the
triangle with its height greater that its width. Vialle et al.” describe
the triangle with the presence of the dorsal root ganglion, proposing
a rectangular safety zone (Figure 3).

Lertudomphonwanit et al.,?® in a 2016 anatomical study of ca-
davers, demonstrate and suggest that the true work zone would
be trapezoidal instead of the typical right angle triangle.?°?' These
researchers consider the disc height to be the limit of the medial
height of the trapezoid. They also describe the trapezoidal area as
varying by the level studied, which is in agreement with our reports.
According to their study, disc height can be increased by distraction
of the disc — which would increase the height of the trapezoid. And
the base of the triangle can be increased by the traction capacity
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Figure 3. Comparative schematic aspect of the safety zones of the spinal nerve.
Source: adapted from Vialle et al.'”

of the nerve root in endoscopic procedures. However, the study
makes no mention of the position of the dorsal root ganglion. It is
understood from their description that the dorsal root ganglion would
be inside the boundaries of the trapezoid, which would increase the
chance of surgical complications.?

The use of MRI as a preoperative evaluation tool in patients
undergoing minimally invasive procedures demonstrates excellent
detection of nerve anatomy and its relationships,?® being able to
suppress the vascular and/or fat signal to create selective images.?

There may be changes in the anatomical relationships with the
use of cadavers to study the triangular safety zone, since the tension
within the tissues is reduced, particularly the thecal sac and the ner-
ve root. Studies demonstrate that for every 10% of formalin fixation,
the mean linear shrinkage was 4.5%.2* In addition, manipulation and
surgical dissection can lead to the displacement of some structures.

Guan et al.?® described their morphometric analysis of the
lumbar safety zones in endoscopic discectomies, based on MRI
scans. They also detail their analysis of the images in the coronal
and sagittal planes of 32 patients.?® In their conclusions, they report
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results similar to ours, particularly regarding the size of the base of
the safety zone. However, they do not mention studying the area of
the triangle, but rather of the angle formed by the nerve root with
its base. Finally, they do not describe the location of the dorsal root
ganglion in relation to the safety zone.?®

The strong point of our study is the inclusion of the dorsal root
ganglion in all of the measurements performed. As a limitation, we
note the non-measurement of the triangular zone in the sagittal
section, as well as the comparison with the measurements of the
coronal section. This may interfere in some way with the results
presented, since it is a three-dimensional structure.

The objective of this study was to study the anatomy of the
triangular safety zone in living patients and its relationship with the
dorsal root ganglion.

CONCLUSIONS

MRI is a safe non-invasive method for evaluating the anatomical
dimensions of the triangular safety zone in minimally invasive pro-
cedures, as it permits accurate assessment of its three-dimensional
anatomy, enhancing the safety of the procedure.

The anatomical boundaries of the triangular safety zone found in
MRI images are in agreement with those of the works published in the
literature. The dimensions of the sides of the triangles, as well as their
areas, vary in accordance with the level studied. In all the measure-
ments taken, the dorsal root ganglion invaded the boundaries of the
safety triangle. This study reinforces the hypothesis that a rectangular
safety zone would have a lower rate of neurological complications.

All authors declare no potential conflict of interest related to
this article.
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