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ABSTRACT:

Introduction: As a result of the increased utilization of neurosurgical arthroscopic techniques,
investigations into population and sex specific trends of anatomical considerations have become
increasingly important. This study aimed to investigate and describe aspects of the neuro-
anatomical morphometry of lumbar spines in a cadaveric and MRI (Magnetic Resonance Imaging)
sample.

Materials and methods: Twenty white adult (>18 years) cadavers (9 males; 11 females) were
obtained under Ethical clearance. The lumbar regions were dissected and the position of the
dorsal root ganglion (DRG) and dimensions of Kambin’s triangle were determined. Twenty-six
black adult (>18 years) MRI scans (17 males; 9 females) were obtained from an Academic
Hospital and were used to determine the dimensions of the neural foramen and the DRGs within.
Results: The ganglia were mostly at the midline of the caudal pedicle. Similar to previous studies,
the diagonal measurement from Kambin’s triangle was the largest and the vertical measurement
the shortest. Skeletal and soft-tissue measurements indicated distinct trends when moving caudo-
laterally in the spine. Soft-tissue parameters from the current study were within the upper limits of
those from previous studies, whereas skeletal parameters were in agreement with those reported

by previous authors.
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Conclusions: Results from this study suggest variation of certain parameters between studies
with varying population groups, and therefore supports the need for and the importance of
possible population-specific trends of anatomical parameters considered during surgical

procedures.
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TEXT:

INTRODUCTION:

The incidence of lumbar spine or lower back pathologies are rapidly increasing in our modern-day
society (Hoy et al., 2010; Manchikanti, 2000). One of the most common causes of lower back pain
(LBP) is herniated discs, with many cases often requiring surgical intervention (DePalma et al.,
2011; Schwarzer et al., 1995). With the increase of surgical intervention in the modern age, the
subsequent increase in the chances for post-operative complications is expected (Hilibrand and
Robbins, 2004; Hu et al., 2014; Kumar et al., 2001; Martin et al., 2007; Park et al., 2004; Radcliff
et al., 2013; Rampersaud et al., 2006). Complications relating to iatrogenic injuries of the DNRs,
such as neuropathic pain or motor and sensory deficits have been reported (Antoniadis et al.,
2014). Many of these complications may be reduced should the morphology of the access areas
be more thoroughly reported. Researchers have been investigating morphometric properties and
the variation of the human spine within individual populations in order to fill the need for
population-specific anatomical parameters relevant to the safe access zones for spinal
surgery(Hurday et al., 2017; Schnitzler et al., 1990; Tan et al., 2004). One such parameter used in
orthopedic spinal surgery is the position of the dorsal nerve root (DNR) and ganglion (DRG) in
relation to the intervertebral disc (IVD). Kambin’s triangle is an anatomical safe-zone used when
approaching the IVD arthroscopically. It demarcates a safe region where the IVD can be accessed
without injuring the important DNR and DRG exiting the neural foramen (Hulme et al., 2007;
Matuoka and Basile Junior, 2002; Mirkovic et al., 1995). Literature has shown population or sex

specific variations with regard to the dimensions of the Kambin’s triangle (Eisenstein, 1977;
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Silverstein et al., 2015; Tan et al., 2004). These variations may have substantial clinical
implications with respect to arthroscopic approaches to this already small area. Understanding the
extent of population- and sex-dependent variation of certain anatomical parameters specifically
considered during surgical techniques, will benefit the surgical community by allowing
customization of techniques that will optimize post-operative surgical outcomes (Eisenstein, 1977;
Lee et al., 1995; Shaw et al., 2015; Tan et al., 2004). Knowledge of the dimensional variations
should be explored and if substantial differences are noted between populations and sex groups,
these variations should be communicated with surgeons to include and consider during surgical
planning. Therefore, the current study investigated the neural foramen and DRG of the lumbar
spine in a South African population using cadaver dissection and Magnetic Resonance Imaging

(MRI) analysis.
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MATERIALS AND METHODS:

Ethical considerations

This research study fell under the National Health Act (Act 61 of 2003) and the project was
approved by the University of Pretoria, Faculty of Health Sciences Research Ethics Committee
(320/2017). Permission was also obtained from the Hospital CEO and Head of Radiology of Steve

Biko Academic Hospital to use the images.

Materials

Cadaver component

The sample comprised of twenty (n=20), white adult lumbar spines (>18 years) obtained from two
local Universities (University of Pretoria and University of Witwatersrand). Specimens indicating
prominent pathology such as ligamentous ossification, severe osteoporosis and scoliosis, signs of
previous surgical procedures or anatomical anomalies were excluded. The total sample consisted

of 9 males (78.7 + 8.7 years) and 11 females (71 + 16.8 years).

MRI component

The MRI sample comprised of twenty-six (n=26), black adult MRI scans (>18 years). No patient
information was made known, and a unique identifier was allocated to each patient file in order to
maintain anonymity. Images presenting with any pathology, trauma, or surgical interventions

affecting the neural structures were excluded. The sample consisted of 17 males (37.1 + 10.7

years) and 9 females (39.2 + 12.3 years).
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Methods
Cadaver component

Dissection

After placing the cadavers in a prone position, the superficial and deep soft-tissue was removed
from the posterior skeletal elements. The spinous processes were subsequently removed with an
oscillating saw, exposing the underlying dura of the spinal cord. Laminectomies were then
performed on vertebral levels L1 through to L4. L5 was not included due to the difficulty accessing
the vertebral body without destroying important anatomical landmarks, as well as the high
variability of the L5 DNR position (Chen et al., 2013; Hogan, 1996). The pedicles were trimmed to

the level of the ganglia to ensure maximum exposure of the DNR, DRG, and spinal cord.

Measurements
The DNRs were measured in relation to the pedicles, DRGs, and spinal cord using modified
descriptions from two previously published studies (Matuoka and Basile Junior, 2002; Mirkovic et

al., 1995) and these measurements are demonstrated in Figure 1 (A):

1) Spinal nerve length (SNL) or diagonal border: the distance from the nerve’s appearance
from the dura mater to the superior border of the caudal pedicle
2) Dura-mater length (DML) or vertical border: the distance on the dura mater from the

nerve's appearance to the superior border of the caudal pedicle
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3) Distance from dura-mater to the nerve (DDMN) or horizontal border: the distance between
the lateral edge of the dura-mater, at the superior border of the caudal pedicle to the

medial edge of the spinal nerve in the transverse axis

The location of the DRG was recorded as being in one of three positions in relation to the caudal

pedicle (Figure 1 (B)):

« Position A (medial foraminal): the area bordered medially by the medial edge of the caudal
pedicle and laterally by the midline of the caudal pedicle

» Position B (lateral foraminal): the area bordered medially by the midline of the caudal pedicle,
and laterally by the lateral edge of the caudal pedicle

» Position C (extra-foraminal): the area bordered medially by the lateral edge of the caudal

pedicle

MRI component
The measurements were taken on the MRI scans using IMPAX CD viewer. These measurements
are shown in Figures 2 to 4 and were defined according to those used by Hurday et al. (2017) and

taken on sagittal —, axial — and coronal sections:

Sagittal section measurements (Figure 2):
. Foraminal height (FH): distance between the inferior border of the superior pedicle and the
superior border of the inferior pedicle

. Foraminal diameters:

This article is protected by copyright. All rights reserved.



= Superior foraminal diameter (SFD): distance between the most postero-superior
edge of the IVD and the anterior surface of the facet
= Middle foraminal diameter (MFD): distance between the most postero-middle point
of the IVD and the anterior surface of the facet
= |nferior foraminal diameter (IFD): distance between the most postero-inferior point
of the IVD and the anterior surface of the facet
. Nerve root-to-pedicle distance (RP): distance between the inferior margin of the DNR and
the superior margin of the caudal pedicle
. Nerve root-to-disc distance (RD): distance between the superior margin of the IVD and the

inferior margin of the DNR

Distances measured above the superior margin of the IVD were considered as negative readings.

Axial section measurements (Figure 3):
. Superior margin of the IVD:
= Foraminal AP diameter (FDS): shortest distance in the axial plane between the
posterior surface of vertebral body and the anterior surface of the facet
= Nerve root-to-disc distance (RDS): shortest distance between the DNR and the
posterior surface of the IVD
= Nerve root-to-facet distance (RFS): shortest distance between the DNR and the
anterior surface of the facet

. Inferior margin of the IVD (same definitions as superior, just taken inferior to the 1VD):
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» Foraminal width (FDI)
= Nerve root-to-disc distance (RDI)

» Nerve root-to-facet distance (RFI)

On the coronal sections (Figure 4):
. Nerve root-to-disc measurements:
= Medial border of the pedicle (MedD): distance from the DNR to the IVD at the
medial border of the caudal pedicle
= Middle of the pedicle (MidD): distance from the DNR to the IVD at the midline of the
caudal pedicle
= Lateral border of the pedicle (LatD): distance from the DNR to the IVD at the lateral
border of the caudal pedicle
. Nerve root-to-pedicle measurements (same definitions as root-to-disc, just taken from root-
to-pedicle):
= Medial border of the pedicle (MedP)
= Middle of the pedicle (MidP)

= Lateral border of the pedicle (LatP)

The root-to-disc measurements that crossed inferior to the superior margin of the IVD, were

considered as positive.
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Statistical analysis

Statistical analyses were evaluated at a 5% level of significance and all analyses were done using
STATA 14 and SPSS. For both components, descriptive statistics were generated for all
measurements, and involved determining the means, standard deviations, and upper and lower

limits of the 95% confidence intervals.
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RESULTS:

Cadaver component

Descriptive statistics were calculated for the three sides of Kambin’s triangle and are presented in
Table 1. The results indicated that the diagonal border (SNL) was the longest, followed by the
vertical border (DML), which was closely followed by the horizontal border (DDMN). The majority
of the ganglia were found in Position B, except at L4, where the majority were found in Position C.

The total ganglia found in Position A were 25, Position B were 104, and in Position C were 30.

MRI component

Sagittal slices

Neural foramen measurements

An overall increase in foraminal height was observed when moving caudally in the spine (Table 2).
The largest measurement was at L5 (20.6 = 2.4 mm), and the smallest at L1 (17.0 + 2.2 mm). The
foraminal sagittal AP diameters within each foramen decreased from superior to middle to inferior.
All three AP diameters also decreased per vertebral level when moving caudally in the spine. The

smallest AP diameter was found at the inferior diameter of L5 (3.8 + 1.5 mm), and the largest at

the superior diameter of L1 (8.1 + 1.7 mm).

Nerve root measurements
The nerve root-to-pedicle — and root-to-disc distances are also shown in Table 2. The distance
from the root-to-disc decreased when moving caudally with almost all levels, except when moving

from L4 to L5. The distance from the root-to-pedicle increased when moving caudally with almost
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all levels, except when moving from L3 to L4. The DNR was superior to the IVD at all levels, with
the most superior DNR at L1 (-1.3 £ 1.9 mm). The DNR was closest to the pedicle at L1 (10.4 +

2.0 mm), and furthest at L3 (11.7 = 2.8 mm).

Coronal slices

The descriptive statistics can be found in Table 3. The nerve root-to-pedicle distance increased
when moving caudally for most medial (except from L4 to L5) and midline (except from L3 to L4)
measurements. For the lateral measurements, an initial increase in distance was seen when
moving from L1 to L2, followed by a decrease in distance when moving from L2 to L5. The DNR
was closest to the pedicle at the lateral measurement of L4 and L5 (4.7 £ 1.8 mm and 2.3 mm,
respectively) and the furthest at the medial measurement of L4 (15.9 + 2.3 mm). The nerve root-
to-disc distance increased when moving caudally for most medial (except from L4 to L5) and
midline (except from L2 to L3) measurements. The lateral measurements indicated an initial
decrease, followed by an increase for two levels, and a subsequent decrease from L4 to L5. The
DNR was closest to the IVD at the midline measurement of L3 (-0.4 + 2.7 mm) and the furthest at

the lateral measurement of L4 (7.2 £ 1.6 mm).

Axial slices

Neural foramen measurements

The superior foraminal AP diameter in the axial plane was larger than the inferior at L1 but smaller
than the inferior for L2 and L3, before becoming larger again at L4 and L5 (Table 4). The diameter

at the superior border initially decreased, followed by a two-level increase, and a subsequent
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decrease from L4 to L5. The diameter at the inferior border increased for almost all levels except
when moving from L3 to L4. The smallest foraminal AP diameter in the axial plane was at the

inferior margin of the IVD at L1 (6.2 + 0.5 mm), and the largest at the superior margin of the IVD at

L4 (8.1 + 1.7 mm).

Nerve root measurements

Table 4 shows that the DNR was situated closer to the facet for the superior measurements for all
five levels and the inferior measurement of L2. The root-to-facet and root-to-disc distances
showed no notable patterns of increase or decrease when moving caudally in the spine. The
shortest distance from the root-to-disc was at the inferior border of the IVD at L3 (2.3 £ 0.6 mm),
and the longest at the superior border of the IVD at L4 (3.2 £ 0.9 mm). The shortest root-to-facet
distance was recorded at the superior border of the IVD at L2 (1.9 + 0.7 mm), and the longest at

the inferior border of the IVD at L4 (4.2 + 1.4 mm).
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DISCUSSION:

Due to the large number of spinal interventional procedures and, the growing need for less
invasive techniques, possible population and sex specific anatomical structures need to be
investigated and classified in order to optimise surgical outcomes. Population-specific parameters
can potentially provide better insight into possible variations of anatomical structures between
population groups and therefore allow surgeons to have a more personalized surgical plan for
each patient. Following an intensive search of the literature, it was found that there is limited
information available with regard to the differences in the neuro-anatomy of the lumbar spine. The
current study therefore aimed to investigate these properties using cadaver dissection and MRI

analysis.

Cadaver component

When approaching the (IVD) space arthroscopically, it is of the utmost importance to understand
where vital structures lie in relation to the surgical region. This enables surgeons to avoid injury or
damage to these important structures, such as the DNR and DRG, when performing arthroscopic
surgery. The dissection of cadaver material provides a unique environment which enables
researchers to explore the relevant anatomical parameters with precision. The use of imaging
techniques also provides a view of the structures, however anatomical dissection allows a more
tactile approach, and this allows the adjustment of structures which might obscure the view of
those under investigation. Anatomical dissection therefore provides an unobscured view of the

structures, without the concern of monitoring vital signs or having to retain irrelevant structures (in
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context of the specific study and study objectives) which, if removed or destroyed, could result in
disabling, harming, or endangering a patient’s life as would be the case in a surgical setting.

Most of the ganglia were positioned in the midline (Position B) of the caudal pedicle. This seems to
be in contrast to a study done by Silverstein et al. (2015), who found the ganglion to lie more
laterally for levels L1 through to L5. The mentioned study included an American population
(ancestry was not provided in the paper). Should a neurosurgeon with a patient from the current
population base their approach on the study done by (Silverstein et al., 2015), the potential exists
for an over- or under-estimated entry point, possibly resulting in a DRG injury. For Kambin’s
triangle measurements, the current study showed results similar to those of the Thai population for
the vertical measurements and the Brazilian population for the lower level vertical measurements
(L1 and L2). Also, similar results were observed for the diagonal measurements in the current
study, Brazilian (Vialle et al., 2015), and Thai (Lertudomphonwanit et al., 2016) population groups.
Table 5 provides an overview of measurements from the current study and compares them to

those from other population groups used in previous studies

MRI component

MRI analysis is an ideal, non-invasive way to determine the position of the DNR and neural
foramen parameters of the human lumbar spine. This is important, as a background knowledge of
the location of the DNR and its relations to other structures, can aid in the surgical process and

planning in order to avoid damage to this essential structure.
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Neural foramen measurements

The results from the current study showed that the height of the neural foramen increased when
moving caudally in the spine, a finding which could be population specific as discrepancies exist
between studies. Some studies show results which align with the current study (Al-Hadidi et al.,
2003; Kaneko et al., 2012; Silverstein et al., 2015), whereas others found the foraminal height to
decrease when moving caudally (Hurday et al., 2017). Another supporting factor of population
variation, is that the foraminal heights measured in the current study mostly lie within the upper
ranges of those produced by previous authors (Al-Hadidi et al., 2003; Cinotti et al., 2002; Hurday
et al., 2017; Rao et al., 2015). An inverse relationship in terms of change in measurement per level
is seen with the foraminal diameters measured sagittally, where a decrease in magnitude is
observed when moving caudally in the spine. As with the foraminal height, a disagreement exists
between studies, with some observing a decrease in diameter caudally (Hurday et al., 2017), while
others observe an increase (Torun et al., 2006). The three different diameters of each foramen
(superior, middle, and inferior) differ between themselves. A clear decline in size is seen when
moving caudally within the foramen itself on almost all levels, creating a typically inverted teardrop
shape of the foramen, a trend which is also evident in other studies (Hurday et al., 2017; van Roy
et al., 2001).

Previous authors have found that the axial foraminal measurements taken at the superior border
of the IVD, are greater than those taken at the inferior border or margin of the disc (Cinotti et al.,
2002; Hurday et al., 2017). This is in agreement with the current study which indicated larger axial

plane foraminal AP diameter measurements superiorly. Furthermore, the current study as well as
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other studies (Cinotti et al., 2002; Rao et al., 2015; Torun et al., 2006) found that the axial plane

foraminal AP diameter increases as one moves caudally with the spine(Hurday et al., 2017).

Nerve root measurements

Most of the nerve root-to-pedicle or disc distances measured on the sagittal scans increased when
moving caudally in the spine, especially when considering the upper (L1 and L2) and lower levels
(L4 and L5), and is a common feature in other morphometric studies of the lumbar DNR (Gu et al.,
1999; Hasegawa et al., 1996; Hurday et al., 2017; Lien et al., 2007; Silav et al., 2016; S6yuncu et
al., 2005). This means that the DNR lies above the IVD when considering the cranial levels, and
gradually moves inferior to the IVD as one moves caudally in the spine.

The coronal analyses showed that for the medial measurements from the DNR to the IVD and
DNR to the pedicle, the DNR was observed to be situated more superiorly in the lower lumbar
levels than the higher levels. A similar trend has been recorded in other studies (Arslan et al.,
2011; Gkasdaris et al., 2016; Guvencer et al., 2008; Hasegawa et al., 1996; Hurday et al., 2017;
Jaskwhich et al., 1996). This relationship becomes smaller when looking at the midline of the
pedicle. When moving laterally, an inverse trend is seen, in that the upper levels show larger
distances between the DNR and pedicle than the lower levels. This trend was also observed by
other authors (Gkasdaris et al., 2016; Hamanishi and Tanaka, 1993; Hurday et al., 2017). When
looking at the axial images, the DNRs lie more anteriorly at the superior border of the IVD, and
more posteriorly at the inferior border of the IVD, and is a common trend found in morphometric

studies (Hurday et al., 2017; Spencer et al., 1983).

This article is protected by copyright. All rights reserved.



Although neurologic injury to the DRG during minimally invasive spine (MIS) surgery is a rare
complication, it should be noted that the potential exists for variation between population group
anatomy. MIS surgical procedures have been well researched, and approaches to various
mapped safe zones have been successfully refined over time. Due to our rapidly changing
lifestyles, room for further refinement and improvement of procedures will always be created. The
normal DRG position in one population could easily deviate from that of another group. Therefore,
surgeons should consider the possibility of population variations, investigate them, and plan their
approaches accordingly — altering their standard procedures if needed. The authors intend on
exploring comparative statistical analyses in order to pursue future research into more quantitative
investigations of possible differences and similarities between various population groups.

The results from this study indicate that the lumbar DRG parameters vary between studies ad
population groups. Therefore, this supports the need for, and importance of possible population-
specific trends seen in anatomical parameters that should be considered during surgical

procedures.
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Footnotes:
1 DML = Dura mater length; SNL = Spinal nerve length; DDMN = Distance from dura mater to

nerve; SD = Standard deviation; Cl = Confidence interval. Measurements are in millimeters

2 VL = Vertebral level; SD = Standard deviation; Cl = Confidence interval, FH = Foraminal height;
RD = Root-to-disc distance; RP = Root-to-pedicle distance. Negative values represent
measurements taken above the superior border of the IVD; SFD = Superior foraminal diameter;

MFD = Middle foraminal diameter; IFD = Inferior foraminal diameter

3VL = Vertebral level; SD = Standard deviation; Cl = Confidence interval; MedP = Medial root-to-
pedicle distance; MidP = Midline root-to-pedicle distance; LatP = Lateral root-to-pedicle distance;
MedD = Medial root-to-disc distance; MidD = Midline root-to-disc distance; LatD = Lateral root-to-
disc distance; Negative values mean that the measurement was taken above the superior border

of the IVD
4VL = Vertebral level; SD = Standard deviation; Cl = Confidence interval; FD = Foraminal
anteroposterior diameter in the axial plane; RD = Root-to-disc distance; RF = root-to-facet

distance; S = Superior to the IVD; | = Inferior to the IVD

5> Key: L = Left side; R = Right side; DML = Dura mater length (vertical border); DDMN = Distance

from dura mater to nerve (horizontal border); SNL = Spinal nerve length (diagonal border); N/A =
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Not applicable because the values were not recorded in the relevant study; a - (Vialle et al., 2015);

b - (Lertudomphonwanit et al., 2016)
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Figure Legends:

Figure 1: Image of Kambin's triangle (A), and the possible position of the DRG (B). Adapted from
Matuoka and Basile Junior (2002). Key: In A: DML = Dura-mater length (the vertical length); SNL =
Spinal nerve length (the diagonal length); DDMN = Distance from dura-mater to nerve (the
horizontal length). In B: A = The medial position in relation to the pedicle; B = The middle position

in relation to the pedicle; C = The lateral position in relation to the pedicle

Figure 2: Graphic representation of the sagittal measurements taken. Adapted from Hurday et al.
(2017). Key: In the figure on the left: RD = Distance between the dorsal nerve root and the
superior border of the intervertebral disc; RP = Distance between the dorsal nerve root and the
superior border of the pedicle. In the figure on the right: FH = Foraminal height; SFD = Superior

foraminal diameter; MFD = Middle foraminal diameter; IFD = Inferior foraminal diameter

Figure 3: Figure indicating the measurements taken on the axial sections. Adapted from Hurday et
al. (2017). Key: FD = Foraminal anteroposterior diameter in the axial plane; RD = Distance from
the nerve root to the intervertebral disc; RF = Distance from the nerve root to the facet joint. Note

that these measurements are the same for the levels superior and inferior to the IVD

Figure 4: Figure showing the measurements taken on the coronal scans. Adapted from Hurday et

al. (2017). Key: MedP = Medial root-to-pedicle distance; MidP = Midline root-to-pedicle distance;

LatP = Lateral root-to-pedicle distance; MedD = Medial root-to-disc distance; MidD = Midline root-
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to-disc distance; LatD = Lateral root-to-disc distance. The dashed line indicates the superior

border of the IVD
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Tables

Table 1: Descriptive statistics of the borders of Kambin's triangle measured on the cadaver

sample

DML SNL DDMN
VL
Mean |SD 95%CI Mean SD 95%CI Mean SD 95%CI

L1 16.0 |2.1| 15.3-16.7 216 |24)| 208-22.4 154 23 | 147-16.2

L2 | 16.7 (17| 16.1-17.2 21.7 |16]| 21.2-223 15.5 22 | 147-16.2

L3 | 164 [1.8| 15.8-17.0 21.0 (21| 20.3-21.7 15.7 20 | 151-16.4

L4 | 164 |1.7| 159-17.0 227 |2.7| 21.8-23.6 17.1 24 | 16.3-17.9

Table 2: Descriptive statistics of the foraminal height, root-to-disc —, root-to-pedicle, and

foraminal diameter measurements taken on the sagittal MR images

FH (mm) RD (mm) RP (mm)
VL
Mean SD 95% ClI Mean SD 95% ClI Mean SD 95% ClI

L1 |170 2.2 [16.0-18.0 |-1.3 19 |-21--05 |104 20 |95-113

L2 ]19.2 |24 |18.1-20.3 [-0.9 20 [-1.7-0.01 |11.0 23 199-120

L3 |204 |21 |194-214 |-0.7 24 |-1.8-04 11.7 2.8 /10.4-13.0

L4 205 |23 |194-216 [-0.0 31 [-14-14 111 2.8 198-124

L5 |206 |24 |195-216 |-0.6 27 |-1.8-0.7 114 3.4 |10.0-12.9
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SFD (mm) MFD (mm) IFD (mm)
VL
Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI

L1 |81 1.7 7.3-8.8 7.5 15 6.8-8.1 6.7 15 |6.0-73

L2 |7.8 15 |7.2-85 6.9 17 [6.2-76 6.4 14 |57-7.0

L3 |7.6 15 6.9-8.2 6.3 15 57-7.0 5.5 11 |5.0-6.0

L4 |7.0 15 |[64-77 5.8 14 [5.2-64 4.8 10 |43-53

L5 |6.0 15 [53-6.6 4.4 1.2 |{3.8-49 3.8 15 |31-44

Table 3: Descriptive statistics of the nerve root measurements taken on coronal MR images

MedP (mm) MidP (mm) LatP (mm)
VL
Mean SD 95% ClI Mean SD 95% ClI Mean SD 95% ClI

L1 |10.9 20 |9.3-125 6.9 1.7 |4.8-9.0 6.8 19 |54-82

L2 ]13.7 |23 |11.9-154 |9.0 14 |79-102 |7.6 2.1 5.0-10.2

L3 |15.7 |3.2 |135-179 |94 20 |[78-110 |65 25 [39-91

L4 159 |23 /128-19.1 |8.9 15 |65-114 |47 18 [25-6.8

L5 [14.3 1.7 |11.7-16.8 |9.0 20 [65-115 |47 23 2.8-6.7

VL MedD (mm) MidD (mm) LatD (mm)
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Mean SD 95% CI Mean SD 95% ClI Mean SD 95% ClI

L1 |-5.0 15 |-6.2--3.7 -0.6 34 |-35-22 |29 35 |-08-5.8

L2 |-5.7 14 |-6.8--45 -1.5 25 |-35-06 |19 2.3 |-0.02-3.8

L3 |-7.0 23 |-89--51 -0.4 27 -26-18 |44 27 121-6.6

L4 |-7.0 22 |-89--52 0.9 21 |-09-26 |7.2 16 [58-8.5

L5 |-6.5 16 |-7.8--51 -1.1 25 |-32-10 |57 28 |35-8.1

Table 4: Descriptive statistics of the nerve root and foramen measurements taken on the

axial MR images

FDS (mm) RDS (mm) RFES (mm)
VL
Mean SD 95% CI Mean SD 95% CI Mean SD 95% CI

L1 |7.2 03|/64-80 |26 03|19-32 |25 0.4 15-34

L2 |7.0 04(64-76 |29 06|1.8-39 |19 0.7 0.9-3.0

L3 |7.6 0.7/6.9-83 |26 06(21-32 |21 0.7 15-27

L4 |8.1 1.716.5-9.7 [3.2 09](24-40 |25 1.0 15-34

L5 |8.0 1.2 (72-89 |29 0.7|124-33 |25 1.2 1.7-3.4

FDI (mm) RDI (mm) RFI (mm)
VL
Mean SD 95% CI Mean SD 95%CIl | Mean SD 95% ClI
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L1 |6.2 0549-75 |29 06[15-44 |35 0.8 15-55

L2 |75 06 |66-84 |32 0.6|22-42 |24 1.3 0.3-45

L3 |7.8 14(65-91 |23 06|1.7-28 |4.1 15 2.7-56

L4 |6.9 12 16.0-79 |27 1.0[19-35 [4.2 14 2.3-6.0

L5 |7.0 091(64-77 |27 06|2.3-3.0 |41 1.8 28-54

Table 5: Mean and standard deviations of Kambin’s triangle measurements for different

population groups

Athor(s) | Population DML (vertical) L DML (vertical) R
L1 L2 L3 L4 L1 L2 L3 L4
Current South 16.3 + 169+ 16.6 = 16.5+ 15.7 + 16.4 + 16.3 £ 16.3
study African 2.3 1.7 15 1.8 1.9 1.7 2.1 1.6
a Brazilian N/A N/A 14 17.52 N/A N/A 16.55 16.4
5 Thai 17.0+ 17.2 + 18.7 + 20.6 £ 152+ 156 + 18.4 + 19.8 +
5.0 3.8 6.0 3.4 4.4 3.8 5.0 5.0
DDMN (horizontal/base) L DDMN (horizontal/base) R
L1 L2 L3 L4 L1 L2 L3 L4
- Curr nt South 14.8 + 15.6 15.7 + 171 + 15.7 + 153+ 15.7 + 171 +
study African 4.0 2.0 2.0 2.2 2.5 24 2.0 2.7
| a Brazilian N/A N/A 14.25 14.55 N/A N/A 13.75 14.17
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) 11.8 + 121 + 13.6 £ 14.7 + 13.1+ 12.0+ 11.3+ 156
° Thal 2.7 3.0 2.0 2.0 2.6 1.8 1.6 2.3
SNL (diagonal) L SNL (diagonal) R
L1 L2 L3 L4 L1 L2 L3 L4
Zarrent South 21.0+ 214 + 204 + 220+ 220+ 220+ 214 + 23.3+
seady African 2.1 1.8 1.8 2.7 2.7 14 2.2 2.7
a Brazilian N/A N/A 18.98 23.03 N/A N/A 21.53 21.72
) 204 + 214 + 23.9+ 255+ 20.1 + 194 + 219+ 249 +
N Thal 4.6 4.6 6.2 3.0 5.2 4.2 4.3 5.6
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