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Abstract
Background
The dorsal root ganglion (DRG) is a key structure in the mechanism of symptomatic
radicular pain, weakness and change in sensation. DRG localization can assist in the
decision making process of which areas require decompression, and type of procedure
that should be performed to treat radicular symptoms. In this study we determine
dimensions of lumbar foramina, DRG and its relationship to the neuroforamina through
anatomic and magnetic resonance imaging (MRI) evaluation Agreement between MRI
and anatomic assessment of DRG location will be determined.

Methods
Sixteen embalmed cadavers, 10 females and 6 males, aged 68 to 106 years had an MRI of
the thoracolumbar spine followed by dissection. Measurements made included foraminal
height and width, DRG size and nerve root take off angle. The center of the DRG and its
relationship to the foramina were measured and the probability of agreement between
anatomic and MRI assessment were made.

Results
The greatest width of the DRG was 6.5mm bilaterally at L5 (range 3.2-6.5mm). The nerve
root take off angle was largest at L5 on the left (range 50.5o-58.8o) and L4 on the right
(range 50.5o-57.2o). The center of the DRG was found bilaterally in the medial zone of
the foramen of L1-4 and lateral zone at L5. Foramina size increased from L1 to L5 in the
ventral to dorsal and cephalad to caudal direction. Pedicle width increased from L1 to L5.
The estimated overall probability of agreement between anatomic and MRI DRG location
was 86.3% (95% confidence interval = 77.5% − 92.0%).
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Conclusion
The percentage of agreement between MRI and anatomic evaluation of lumbar DRG
location significantly exceeded our pre-defined threshold of 70% (p = 0.0013).

Clinical Relevance
Our results aid in surgical decision-making as true anatomic position can be directly
correlated to what's seen on MRI.

keywords: lumbar spine, dorsal root ganglia, MRI, lumbar foramina, cadaver
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Background
The dorsal root ganglion (DRG) is a key structure in the mechanism of symptomatic
radicular pain, weakness and change in sensation.1 The neuroforaminal and
extraforaminal regions are two areas of increased risk for nerve and DRG entrapment by
disc herniations or degenerative osteophytes as the nerve root exits the spinal canal. DRG
localization can assist in the decision making process of which areas require
decompression, and type of procedure that should be performed to treat radicular
symptoms. With the advancement of minimally invasive procedures and their increased
utilization in thoracolumbar and lumbar surgery precise knowledge of nerve anatomy and
its spatial arrangements are particularly relevant.2,3 Such knowledge can be used to
decrease the incidence of nerve root damage.
In an effort to further enhance our anatomic knowledge of DRG location and its anatomic
relationships we carried out this study to determine the foraminal and DRG measurements
and the location of the DRG in relationship to the neuroforamina. This was performed
with anatomic and magnetic resonance imaging (MRI). We also assessed the agreement
between MRI and anatomic assessment of DRG.

Materials and Methods
Sixteen embalmed cadavers, 10 females and 6 males, aged 68 to 106 years old (mean age
85.7) were included in the study. Prior to dissection, the thoracolumbar spine specimens
were evaluated with MRI. The cadavers were then dissected and anatomical
measurements were made. These measurements include foraminal height and width, DRG
size and nerve root take off angle. The center of the DRG was determined based on the
widest portion of the nerve root sleeve. The center of the DRG and its relationship to the
foramina were measured. This was determined by the location of the center of the DRG in
relation to intraspinal, neuroforaminal or extraforaminal region.4 The neuroformina was
bisected in a medial to lateral fashion to create medial and lateral regions (Figure 1).
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Fig 1. DRG region. Zone 1 and 2: intraspinal; Zone 3: medial neuroforamina; Zone 4:
lateral neuroforamina; Zone 5: extraforaminal space.

Statistical Methods
To estimate the probability of agreement between anatomical examination and MRI, we
created a mixed-effects logistic regression model, with the intercept removed. The
response variable, which is agreement, was defined by whether the exact same positions
were identified by both diagnostic measures for a given side (right or left) within one of
the five levels of the specimen’s lumbar spine. We included “Spinal Level” as a fixed
effect (treated as categorical) and included a random effect for each specimen and a
random effect for “side” (right verse left) within each specimen. Due to a large amount of
missing data for L1, we excluded L1 values from analysis. Thus, the results for this study
are only valid for L2-L5. We estimated the percent agreement within each spinal level
and computed 95% confidence intervals. To obtain an overall level of agreement, we took
a weighted average of the coefficients for each category of the variable Level and
transformed from the logit scale to probability. A 95% confidence interval for this
predicted probability was then computed. We hypothesized the overall level of agreement
would be significantly greater than 70%.
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Results
There were 16 cadavers included in the analysis. For the MRI portion of the study, 10
cadavers were missing information for L1. One specimen was missing information for
both right and left L2 and one specimen was missing information for the left side of L2.
Missing information resulted from injury to the specimen. For all other spinal levels,
complete information was available for each specimen.
The greatest width of the DRG was 6.5mm both on the left and right of L5 (range
3.2-6.5mm)(Figure 1). The nerve root take off angle was largest at L5 on the left (range
50.5°-58.8°) and L4 on the right (range 50.5°-57.2°). The center of the DRG was found
bilaterally in the medial zone of the foramen of L1-4 and the lateral zone at L5. (Figure 2)
The foramina increased in size from L1 to L5 in both the ventral to dorsal and cephalad to
caudal (pedicle to pedicle) direction. Pedicle width (medial to lateral) increased in size
from L1 to L5 (Table 1).

DRG Size (mm). Width is the width of DRG at the pin (maximal width of DRG). The
nerve root angle is determined from sin(O) calculated by the right/diagonal lines
relative to the width.
Table 1. Lumbar Spine Demographic.
DRG Size (mm)

Left

Right

L1

L2

L3

L4

L5

L1

L2

L3

L4

L5

Width: mean

3.2

4.3

4.9

6.1

6.5

3.2

4.3

4.9

6.1

6.5

Width: sem

0.7

0.4

0.3

0.4

0.5

0.7

0.4

0.3

0.4

0.5

DRG Region

Left

Right

L1

L2

L3

L4

L5

L1

L2

L3

L4

L5

Zone: mean

3.0

3.0

3.5

3.9

4.3

3.0

3.1

3.5

3.8

4.2

Zone: sem

0.3

0.1

0.1

0.1

0.1

0.3

0.2

0.1

0.1

0.1

Intervertebral Foramina Size (mm)

Left

AP: mean

Right

L1

L2

L3

L4

L5

L1

L2

L3

L4

L5

6.6

7.4

7.6

8.4

8.7

6.8

7.2

7.4

8.5

8.6
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AP: sem

0.2

0.2

0.3

0.4

0.4

0.4

0.2

0.3

0.2

0.4

PP: mean

7.2

8.1

9.4

10.1

10.1

7.3

8.5

9.4

10.4

10.3

PP: sem

1.8

0.7

0.8

0.8

0.7

1.8

0.7

0.8

0.8

0.7

L1

L2

L3

L4

L5

L1

L2

L3

L4

L5

Width: mean

7.0

7.0

7.8

8.7

9.7

6.7

7.1

7.9

8.9

9.7

Width: sem

0.3

0.3

0.2

0.3

0.4

0.2

0.3

0.2

0.4

0.4

Nerve Root Angle

Left
L1

L2

L3

L4

L5

L1

L2

L3

L4

L5

50.5

52.2

55.2

57.4

58.8

50.5

52.2

55.2

57.2

56.3

Pedicle width (medial to lateral) (mm)

Angle (rounded to nearest 10th)

Left

Right

Right

Key: DRG Region zone 1 and 2: intraspinal; zone 3: medial neuroforamina; zone 4: lateral neuroforamina;
zone 5: extraforaminal space. Intervertebral Foraminal Size. Anteriorposterior (AP): maximal distance
from posterior body/disk to facet joint. Pedicle to pedicle (PP) distance: inferior border of upper to
superior border of lower pedicle. SEM: standard error of the mean. Angle determined via sin(O) = right/
diagonal.

Table 2 displays raw percent agreement for each level, both as a raw percentage and
adjusted values obtained from the logistic regression model. Recall that the L1 level was
not included in the regression model. As Level increased from 2-5, the model-adjusted
percent agreement increased from 77.4% (Level 2) to 94.4% (Level 5). After adjusting for
Level and correlated responses within specimens and side within each specimen, the
estimated overall probability of agreement was 86.3% (95% confidence interval = 77.5%
− 92.0%). This percentage of overall agreement significantly exceeded our pre-defined
threshold of 70% (p = 0.0013).
Table 2.
Raw Values
Level

Model-Adjusted Values

Proportion Agree

% Agree

% Agree
(95% Confidence Interval)

1

8/12

66.7

----

2

22/29

75.9

77.4 (58.0, 89.5)

3

25/32

78.1

79.4 (61.2, 90.4)

4

28/32

87.5

88.6 (71.9, 95.9)

5

30/32

93.8

94.4 (79.0, 98.7)

Discussion
Lumbar disc herniation and degenerative osteophytes are a major cause of acute and
chronic radicular symptoms, due to dorsal root ganglia compression.5-7 Patient history,
physical examination findings and advanced imaging (ie MRIs) are used in the diagnosis
of spinal disorders. They can show DRG entrapment and the regional position, which can
be helpful when choosing the appropriate surgical intervention. The location of the DRG
can be divided into intraspinal, neuroforaminal and extraforaminal regions. We were able
to quantify anatomic measurements of the DRG, foramina and their relationship. The
location of the DRG determined from anatomical and MRI evaluation proved to share an
overall probability of agreement of 86.3%. We found that the DRG is positioned more
lateral from L1 through L5.
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DRG location and symmetry may be altered by surrounding structures.8Hamanishi found
30 pairs among 221 pairs of lumbar DRG to be asymmetric on MRI. For example,
asymmetry can be seen on MRI as a result of a herniated disc stretching the nerve root
posteriorly changing the DRG location. Tissue hypertrophy, arthropathy, scoliosis and
congenital conditions can be an etiologic cause as well. We found 2 of 68 pairs and 12 of
68 pairs of lumbar DRG to be asymmetric from anatomic and MRI evaluation,
respectively.
Our study found a high percentage of L5 DRGs to be located in the neuroformainal space.
Kikuchi et al9 evaluated DRG location of the lower lumbar spine in a comparison study of
22 cadavers undergoing anatomic and radiographic assessment (with nerve root
enhancement). He determined the anatomic location of L5 DRG to be 19.2% intraspinal,
72.8%, intraformainal, and 8% extraforminal compared to 38.9% intraspinal, 52.7%
intraforaminal and 8.4% extraforminal based on radiograph assessment (p<0.5). The
slight variation in findings from Kikuchi is twofold. Kikuchi et al. measures the DRG
location based on the proximal end of the DRG. We determined the location based on the
widest portion of DRG within the particular zone. Also, there is a slight variation in the
fashion of zone designation.
A higher incidence of foraminal stenosis is found in the lower lumbar segments. Jenus
and An determined the most common entrapped roots are L5 (75%), L4 (15), L3 (5%)
and L2 (4%).10,11Our data shows the L4 and L5 levels to contain the DRG in the
neuroformina. This is important when planning a surgical approach. For example, when
the patient’s symptoms are a result of pure foraminal stenosis an extraforaminal
decompression using a paramedian Wiltse type approach with foraminotomy can be most
appropriate.12
While the Wiltse paramedian approach is a common procedure for performing foraminal
decompression, endoscopic transforaminal decompression has gained much
popularity.13-15 Transforaminal approach provides access for formainal decompression
with less destabilization compared to a midline and Wiltse approach.16Endoscopic
transforaminal decompression, while used during primary decompression, also has been
utilized for revision lumbar surgery.17 Under endoscopic foramen visualization, stenosis
can be seen as an absence of fat, vascular pulsation with scarred, fibrotic nerve roots in
the axilla between the exiting and traversing nerves. The is area is known as the hidden
zone of McNab.17,18 Our study provides valuable anatomic knowledge as endoscopic
transformainal decompression utilizes a small window of visualization. Foraminal zones
as described in this study can be accessed with a transformainal approach from lateral to
medial. Careful evaluation of pre-operative MRI findings will provide spatial
relationships between the DRG and its surrounding structures. In addition to MRI, CT
imaging with sagittal and coronal reconstruction can further aid in spatial assessment.
Pedicle width is noted to increase in size from L1 to L5 in our study. Kadioglu et al19
found the pedicle width to increase from L1 to L5 as well. They reported pedicle width to
range from 4 to 14mm. As pedicle width increases from L1 to L5, the neuroforamina
width will increase as well. Thus, it is more likely that the DRG will be found within the
neuroforamina in the lower lumbar spine. Implication of this would include the need for a
smaller verses larger foraminotomy to create space following DRG impingement.
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Steroid injections are commonly performed for treatment of radiculopathy.20-22The
location of administration may vary, however. DRG compression can be the etiology for
symptoms. Hence, MRI verification of the DRG location can help with procedural
planning. Also, MRI can be used for guidance imaging as well.23With our results of a
greater than 70% agreement the DRG location determined from MRI is similar to
anatomic evaluation increases the likelihood medication infiltration will be at the
appropriate location around the DRG.
Lumbar DRG motion is dynamic with slight positional change with activity. Smith et al 24
documented up to 5mm of linear displacement in unembalmed cadavers during straight
leg raise (SLR) maneuver following laminectomy with facetectomy. They found
movement to increase when hip flexion increased from 30° of flexion. During
intraoperative assessment following lumbar discectomy, Kobayashi et al25 found up to
4mm of root displacement. Grimes et al26 described 4 distinct ligamentous bands
connecting the root sleeve to the surrounding foraminal structures. These attachments are
suggested to restrict distal displacement of the nerve roots. Thus, dissections performed
by Smith and Kobayashi may in fact exaggerate movement. Gilbert et al27 found the L4,
L5 and S1 to move on average less than 1 mm during SLR when hip flexion was greater
than 60° with intact foraminal ligaments in unembalmed cadavers. Thus, this little motion
which can also relate to standing and sitting would likely result in the DRG remaining
within the neuroforamen.
In this study we were able to describe the spatial arrangement of the dorsal root ganglia
within the lumbar spine. In addition, we were able to quantify the foraminal dimensions
and nerve root take off angles which both contribute to our understanding of the
anatomical relationships of the lumbar spine.
While we were able to determine MRI and anatomic agreement, the study did face some
limitations. The sample size was small and some levels were unable to be included in
analysis secondary to poor anatomic and MRI visualization. Further evaluation could
increase the power of this study. With changes in fat composition and lack of CSF in
cadavers, there may be a slight change in the DRG location.

Conclusion
The percentage of overall agreement between MRI and anatomic evaluation of lumbar
DRG location significantly exceeded our pre-defined threshold of 70% (p = 0.0013). Our
results can aid in surgical decision-making as true anatomic position can be directly
correlated to what is seen on MRI.
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