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Abstract
Background: To analyze the relational factors in�uencing the formation of cauda equina redundant nerve
roots (RNRs) of the lumbar spinal stenosis.

Methods: A retrospective study of 116 patients with lumbar spinal stenosis were treated in our
department from January 2016 to June 2019. Magnetic resonance imaging (MRI) was performed to
observe the shape and morphology of the redundant nerve roots of the cauda equina.We divided patient
into (RNRs) group and non-RNRs( NRNRs) group based on the presence or absence of RNRs on sagittal
T2-weighted MR. We analyzed the demographic characteristics, preoperative back pain visual analogue
scale (VAS) scores ,preoperative leg pain VAS scores, and preoperative Oswestry disability index(ODI)
scores, and also analyzed the rate of spondylolisthesis and ligamentum �avum hypertrophy.
Simultaneously,the inter-vertebral height, intervertebral foramen height, inter-vertebral height +vertebral
height, median sagittal diameter at the inter-vertebral space level(DIW-MSD),median sagittal diameter at
the pedicel level(DV-MSD),ROM of the stenotic segment, were statistically analyzed for clinical and
radiological signi�cance.

Results : Of a total 116 total patients,there were no statistically signi�cant differences in either gender
[RNRs group (n = 42, 18/24 female) and NRNR group (n = 74, 38/36 female)], age, BMI index, preoperative
back pain VAS score , preoperative leg pain VAS score and preoperative ODI score(p> 0.05);however, there
were statistically signi�cant differences regard to the duration of symptoms and the rate of
spondylolisthesis and ligamentum �avum hypertrophy (p<0.05);the inter-vertebral height,Intervertebral
foramen height, inter-vertebral height+vertebral height, DIW-MSD ,ROM of the stenotic segment were also
signi�cantly different between the group (p<0.05).

Conclusions:The inter-vertebral height, inter-vertebral foramen height, inter-vertebral height + vertebral
height, DIW-MSD and ROM of the stenotic segment were the crucial factors related to RNRs in lumbar
spinal stenosis.

1. Introduction
Redundant nerve roots(RNRs) manifest clinically as persistent low back and leg pain, which characterized
by a tortuous, serpentine, enlarged and longated nerve root of the cauda equina in patients with lumbar
spinal stenosis [1–4]. This phenomenon �rst discovered and described by Verbiest in 1954, when he
performed X-ray myelography to patients with lumbar spinal stenosis [5],and subsequently named RNRs
by Cressmen and Pawl in 1968[6]. The mechanism associated with RNRs is still unclear. The pathological
mechanism is likely associated with the compression of the cauda equina nerve by lumbar spinal
stenosis. With movement of the lumbar spine, the cauda equina nerve gradually becomes thicker and
longer [7]. Other studies have demonstrated that RNRs are closely related to the severity of symptoms in
patients with lumbar spinal stenosis [8].
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The previous study focused on the clinical signi�cance and mechanism associated with RNRs [9–12].
Studies have demonstrated that RNRs are closely related to the age and the clinical symptoms of
patients. The older and more severe the symptoms, the higher the incidence of RNRs [9–10]. Savarese et
al [13] conducted a retrospective study of 171 patients ,in which the lumbar spinal stenosis was
measured by using the lumbar spinal canal cross-sectional area (CSA) ,The degree of stenosis and
lumbar spondylolisthesis are known to be closely related to the occurrence of RNRs, spinal stenosis and
spondylolisthesis are independent risk factors for RNRs, in particular, when the lumbar spinal dural sac
cross-sectional area (CSA) is less than 50mm2. Hur et al[14] compared the lumbar disc herniation area,
the ligamentum �avum hypertrophy area, and the lumbar dynamic segment angle by measuring and
comparing the spinal canal, and considered that the increase in lumbar dynamic position mobility and
ligamentum �avum hypertrophy were crucial factors for the occurrence of RNRs. Kubosch et al[15]
believed that it is still uncertain whether the degree of spine degeneration and range of motion were
in�uencing factors in RNRs and recommended that more research was needed in the area.

To date, there have been no studies on RNRs and their relation with inter-vertebral height, intervertebral
foramen height, inter-vertebral height + vertebral height,DIW-MSD, and ROM of the stenotic segment. This
study was conducted to explore the correlation the clinical and radiologic evidence in the development of
RNRs of cauda equine.

2. Materials And Methods

2.1. General study design
This study was conducted with approval from the Ethics Committee of our Hospital. Speci�cally,the study
was a retrospective analysis of clinical and radiological data obtained form 116 lumbar spinal stenosis
patients treated in our hospital from January 2016 to June 2019. All patients underwent lumbar X-ray, CT,
and MRI (sagittal-section T1-weighted images and cross-section T1-weighted images), RNRs were judged
based on MRI T2 weighted images, RNRs were identi�ed in the lumbar spine based on apparent tortuosity
of elongated and coiled nerve roots in the subarachnoid space.Three radiologists were responsible
diagnosing RNRs. the radiologists disagreed on classi�cation in the event, a consensus decision was
reached by discussion among the radiologists. According to the results, patients were divided into an
RNRs group and a non-NRNRs (NRNRs) group.

The inclusion criteria included:(1)The diagnostic criteria of lumbar spinal stenosis, patient with
intermittent claudication symptoms was met; (2)over 18 years of age; (3) X-ray, CT and MRI are complete
and clear, and(4) spinal stenosis is evident in a single segment.The exclusion criteria included:
(1)patients with a history of spine surgery; (2)infectious disease of the lumbar; (3) Patients that did have
an MRI in our hospital; (4)patients with spinal intervention, such as epidural injection or myelography;
(5)the patient with a history of congenital lumbar spinal stenosis; and (6) patients with a previous
fracture of the lumbar spine.

2.2 Clinical and Radiological data
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Clinical data included demographic parameters, including gender, age, BMI index, duration of symptoms,
severity of symptoms (preoperative VAS scores for back pain and leg pain), and preoperative ODI scores.
Radiological parameter measurements included: lumbar stenosis, inter-vertebral height, intervertebral
foramen height, vertebral body height, DIW-MSD, DV-MSD, ROM of the stenotic segment, and whether
spondylolisthesis and ligamentum �avum hypertrophy appeared on the MRI can Surgimap Spine
(Nemaris Inc, New York, NY, USA) to measure radiological data.

2.3 Statistical analysis methods
All data were statistically analyzed with SPSS for Windows, Version 20.0 (SPSS Inc., Chicago, IL, USA),
and continuous variables were presented as mean ± standard deviation.Continuous variables included
age, BMI index, duration of symptoms, severity of symptoms (VAS scores for back pain and leg pain), and
preoperative ODI score,inter-vertebral height, intervertebral foramen height, vertebral body height,DIW-
MSD, DV-MSD, and ROM of the stenotic segment.Counted data were expressed as a percentage (%), and
included gender,and the rate lumbar spondylolisthesis and ligamentum �avum hypertrophy,as assessed
by MRI. An unpaired Student’s t test analysis of variance, and χ2 test were used to analyze the counted
data.A p-value of less than 0.05 was considered statistically signi�cant (p < 0.05).

3. Results
A total of 116 patients were included in our study. According to the radiologist' diagnoses, 42 (36.2%)
patients were placed in the RNRs group and 74(63.8%) in the NRNRs group. There were no signi�cant
differences between the RNRs group and NRNRs group in either,mean age ( 63.36 ± 8.73vs 62.00 ± 10.41
years, respectively; p = 0.292), gender (18/24 vs 38/36,respectively; p = 0.379), BMI index (22.63 ± 2.60
vs23.09 ± 2.22 ,respectively; p = 0.541), preoperative back pain VAS score (6.57 ± 1.15 vs 6.45 ± 0.83
,respectively; p = 0.546), preoperative leg pain VAS score (7.19 ± 1.11vs 6.89 ± 1.09,respectively; p = 0.162),
or preoperative ODI score (40.14 ± 3.62vs 40.57 ± 3.25,respectively; p = 0.518),Maximum stenosis level of
L2/3, L3/4, L4/5, or L5/S1,regions were found in three, nine, 27, and three patients in the RNRs group, and
in 12, 38, 21, and four patients in the NRNRs group, respectively. Lumbar spondylolisthesis (26/42 vs
16/74,respectively; p0 < 0001)and ligamentum �avum hypertrophy (21/42 vs 7/74,respectively; p < 
0.0001)were both signi�cantly higher in the RNRs group than in the NRNRs group(Table 1).MRI and X-ray
images respectively indicated that inter-vertebral height(7.25 ± 1.65 vs 9.12 ± 1.67 ,respectively; p < 
0.0001)(Fig. 1A),and intervertebral foramen height(16.76 ± 2.77vs 20.50 ± 3.73 ,respectively; p < 0.0001)
(Fig. 1B), Using a combination MRI and X-ray,inter-vertebral height + vertebral body height was found to
be signi�cantly less in the RNRs group(35.40 ± 3.39 vs38.57 ± 3.27 ,respectively; p<0.0001) (Fig. 1C),while
CT images, indicated that DIW-MSD was also signi�cantly less in this group (9.22 ± 2.08 vs 15.25 ± 
2.71,respectively; p<0.0001) (Fig. 1D),X-ray images indicated ROM of the stenotic segment was
signi�cantly larger in the RNRs group(7.15 ± 2.46 vs 5.46 ± 3.08,respectively; p = 0.0029) (Fig. 1E) CT
images indicated that DV-MSDwas not signi�cantly different between the groups(12.87 ± 2.16 vs 13.56 ± 
1.78,respectively; p = 0.06) (Fig. 1F).The radiological data of patients are summarized in Table 2. 
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Table 1
Demographic characteristics and clinical manifestation of both groups

parameters RNRs(+) NRNRs(-) p value

No. of patients 42 74  

Mean age (years) (63.36 ± 8.73) (62.00 ± 10.41) 0.292

Sex (M/F) 18/24 38/36 0.379

BMI index(kg/cm2) (22.63 ± 2.60) (23.09 ± 2.22) 0.541

Pre-op VAS      

Mean preoperative back pain(point) (6.57 ± 1.15) (6.45 ± 0.83) 0.546

Mean preoperative leg pain(point) (7.19 ± 1.11) (6.89 ± 1.09) 0.162

Mean preoperative ODI score(point) (40.14 ± 3.62) (40.57 ± 3.25) 0.518

Mean Symptom duration (months) (28.00 ± 4.41) (22.36 ± 5.49) <0.0001

Maximal stenotic level (cases)      

L2−3 3 12  

L3−4 9 38  

L4−5 27 21  

L5-S1 3 4  

Spondylolisthesis(%) 26(61.90%) 16(21.62%) <0.0001

ligamentum �avum(%) 21(50.00%) 7(9.46%) <0.0001
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Table 2
The difference of radiologic parameters in RNRs and NRNRs group

Parameters RNRs NRNRs p value

Inter-vertebral height(mm) (7.25 ± 1.65) (9.12 ± 1.67) <0.0001

Inter-vertebral foramen height(mm) (16.76 ± 
2.77)

(20.50 ± 
3.73)

<0.0001

Inter-vertebral height + vertebral height(mm) (35.40 ± 
3.39)

(38.57 ± 
3.27)

<0.0001

Inter-vertebral height compare to vertebral body
height(mm/mm)

(0.26 ± 0.07) (0.31 ± 0.06) <0.0001

DIW-MSD(mm) (9.22 ± 2.08) (15.25 ± 
2.71)

<0.0001

DV–MSD(mm) (12.87 ± 
2.16)

(13.56 ± 
1.78)

0.06

ROM (°) (7.15 ± 2.46) (5.46 ± 3.08) 0.0029

4. Discussion
The current study demonstrated that the occurrence of lumbar stenosis complicated with RNRs as
assessed by MR, affected approximately 36.2% (42/116 )of patients, This result is consistent with prior
literature, which indicated that the incidence of lumbar stenosis complicated with RNRs was ~33.8%–
42.3% [9, 14]. Mechanical compression of patients with lumbar spinal stenosis is considered to be the
basic mechanism involved in RNRs formation[16]. Suzuki et al[12] performed autopsies on patients with
severe lumbar spinal stenosis, and the results demonstrated that cauda equina RNRs formed strands in
the stenosis. In the spinal canal, these compressed nerve roots are signi�cantly elongated as they stretch
with the legs and trunk, eventually leading to their over-elongation . In addition, other scholars believe that
RNRs may be related to an abnormality of the cauda equina microvascular function, and that ischemia of
the cauda equina could lead to tortuous never root deformation [17].

Formerly, the diagnosis of RNRs was mainly assessed by myelography. At present, MRI has provided an
important basis for the diagnosis of RNRs, although a deeper understanding and research of RNRs
needed. T2-weighted MRI scans usually indicate RNRs as tortuous and entangled, with an overall
narrowing of the spinal canal ,The MRI imaging characteristics of RNRs are characterized by high-signal
images of spinal canal relaxation, tortuosity, and entanglement on T2-weighted images[18]. In the current
study, we found that RNRs were more likely to occur in stenotic segments of L4- 5 and above. We
consider that there are more cauda equina nerves in the spinal canal at higher segments, which are more
likely to form RNRs after compression. Hur et al[5] demonstrated that during the development of lumbar
spinal stenosis the level of L4-5,which is the area most associated with spondylolisthesis,multi-segment
stenosis and spondylolisthesis may be important factors for the formation of RNRs in central lumbar
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spinal stenosis.Yukawa et al[19] found that patients with two-segment or multiple-segment stenosis
walked much shorter distances than patients with perioperative single-segment stenosis. In the current
study, there was no statistically signi�cant difference between the RNRs group and the NRNRs group
regard to preoperative back pain and leg pain VAS scores, and preoperative ODI scores . These results are
consistent with the research by Min and Hur[4, 14]. However, our study indicated tha there was a
signi�cant difference in the duration of back pain symptoms between the two groupst , In previous
studies, it has also been demonstrated that the older patient and longer the duration of symptoms, the
greater was the possibility of developing RNRs [9-10, 14]. However,

However, the results of this study indicate that age is not associated with RNRs.Savarese et al. [13]
showed that the probability of RNRs in patients with lumbar spondylolisthesis is 55.56%, whereas the
probability of RNRs in patients without lumbar spondylolisthesis is 23.61%, demonstrating that patients
with lumbar spondylolisthesis are more prone to RNRs. Our study is consistent with the �ndings of
Savarese et al. Many studies have shown that ligamentum �avum hypertrophy is the main cause of
lumbar spinal stenosis. At the same time, hypertrophy of the ligamentum �avum is closely related to the
mechanical stress of the cauda equina [20-24]. In the current study, the probability of hypertrophy of the
ligamentum �avum was signi�cantly higher in the RNRs group than in the NRNRs group. This result is in
agreement with previous literature[13-14]. Hur et al. [14] indicated that patients with hypertrophy of the
ligamentum �avum in the spinal canal had a stronger relationship with the occurrence of RNRs than with
other structures in the spinal canal.

The appearance of RNRs is closely related to lumbar spinal stenosis [25]. In the current study, we used
DIW-MSD and DV-MSD were used to evaluate the degree of lumbar spinal stenosis. There are many
methods of CT to evaluate lumbar spinal stenosis. The simplest and most commonly used method is to
measure the median sagittal diameter. There are many methods of CT measurement to evaluate lumbar
spinal stenosis. The simplest and most commonly used method is MSD[26].In previous studies, the MSD
of the spinal canal was mostly taken at the vertebral level as it was inconsistent at the intervertebral
space level and the vertebral level. We measured DIW-MSD and DV-MSD and found statistically
signi�cant differences between the two groups when DIW-MSD was used; whereas none were found
when DV-MSD was used. These results indicate that the formation of RNRs in patients with lumbar spinal
stenosis is caused by spinal stenosis at the intervertebral space level. We believe that the occurrence of
disc herniation, hypertrophy of the ligamentum �avum, and fat behind the dural sac results in spinal
stenosis of the MSD at the intervertebral space level; a hypothesis that is consistent with the conclusions
of Savarese et al. [13] and Hur et al. [14].

Intervertebral height is measured by either taking the height of the anterior, middle, or posterior edges.
Here, we measured the height of the posterior edge, as the posterior edge and the height of the vertebral
body composed the length of the spinal canal. To date, there have been no reports that the intervertebral
height, intervertebral foramen height, and the intervertebral height + vertebral height are associated with
formation of RNRs in patients with lumbar spinal stenosis. In addition, in order to avoid individual
differences, we used the ratio of intervertebral height and vertebral body height. Because the ratio is
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relatively constant, we used three values to evaluate the spinal canal length index. Results demonstrated
that length indices, including intervertebral height, intervertebral foramen height, and intervertebral height
+ vertebral height in the RNRs group were less than those in the NRNRs group. We conclude that the
length of the spinal canal is shortened due to the decrease in intervertebral and intervertebral foramen
height, which eventually the spinal canal length shortens. However, The length of the cauda equina
actually not changed, RNRs are more likely to occur.

The curvature is an important feature in the structure of the spine and maintenance of spine curvature is
closely related to the prevention of spinal diseases [27]. Ono et al. [3] found that the incidence of RNRs
was higher in the neutral position of the lumbar spine than in the �exed position, when performing
myelography. Mendelsohn et al. [28] observed that RNRs are aggravated during back extension and
reduced during �exion. These results indicate that lumbar lordosis and lumbar spine mobility may be
related to the occurrence of RNRs. In the current study, we demonstrated that, although not signi�cant,
ROM of the stenotic segment of patients in the RNRs group was larger than that in the NRNRs group.

5. Conclusion
The current study demonstrated that lumbar spinal stenosis accompanied by RNRs is common. Our data
are consistent with previous studies that demonstrated the severity of symptoms and spondylolisthesis,
and ligamentum �avum ligament hypertrophy are associated with formation of RNRs. In addition, we
have demonstrated that length indices, including intervertebral height, intervertebral foramen height, and
inter-vertebral height + vertebral height, are key factors leading to the formation of RNRs.

6. Abbreviations
RNRs:redundant nerve roots,

MRI:Magnetic resonance imaging ,

VAS:visual analogue scale ,

ODI:Oswestry disability index,

DIW-MSD:median sagittal diameter at the inter-vertebral space level,

DV-MSD:median sagittal diameter at the pedicel level,

CSA:canal cross-sectional area,
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Figures

Figure 1
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Inter-vertebral height((A), intervertebral foramen height(B), inter-vertebral height+vertebral body
height(C),DIW-MSD (D),ROM of the stenotic segment (E)shows statistically signi�cant differences
between the two groups,however,CT images indicated that DV-MSD was not signi�cantly different
between the groups(F).

Figure 2
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Method of measurement of intervertebral foramen height(A), vertebral body height(A),ROM of the stenotic
segment(B and C),Inter-vertebral height(D),DIV-MSD(E),DV-MSD(F) by using Surgimap Spine
software.This is a 54-year-old patient with spondylolisthesis.The result of the measurement is
14.8mm,31.8mm,(16.6-3.4)°,5.7mm,9.8mm and 15.2mm.


