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INTRODUCTION

Degenerative spinal stenosis in the lumbar or cervical spine is 
a common disease in the elderly population, because these are 
the most mobile segments of the spine. Degenerative spinal ste-
nosis can present as concurrent lumbar spinal stenosis (LSS) and 
cervical spinal stenosis (CSS), which was first described by Teng 
and Papatheodorou (1) in 1964. Several studies–performed us-
ing clinical or radiologic diagnoses based on radiography, my-
elography, or CT findings only in symptomatic patients–have 
shown the incidence of tandem spinal stenosis (TSS) to range 

from 5% to 25% (2-4). The incidence of TSS in the asymptom-
atic population is expected to be higher than suggested in past 
reports.

MR imaging is now widely used for the evaluation and diag-
nosis of spinal disorders (5). For the past several years in our in-
stitute, additional cervicothoracic sagittal T2-weighted images 
(CT-sag-T2WI) have been routinely obtained in the lumbar spine 
MR images for all patients. Using spine coils for scanning the 
lumbar spine, additional CT-sag-T2WI can easily be obtained 
without changing the coils and with an additional scan time of 
less than two minutes. We have frequently observed TSS in the 
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cervical and lumbar spine on MRI. Nevertheless, there are few 
reports of stenosis in the cervical and lumbar spine on MRI. In-
vasive treatment, such as surgery, is mandatory for severe or con-
tinuous cases of degenerative lumbar stenosis. However, when 
CSS is also present, improper positioning during the operation 
may aggravate symptoms (6). Therefore, patients should be ch-
ecked for accompanying CSS when planning for the treatment.

Our hypotheses were as follows: 1) patients showing LSS 
would have CSS more frequently; and 2) patients with more se-
vere LSS would tend to have more severe CSS, because both ge-
netic predisposition and environment could affect the entire spi-
nal column. The aim of our study was to evaluate the incidence 
and predictive factors of tandem CSS in patients with LSS, 
based on MR imaging findings.

MATERIALS AND METHODS

Patients

This retrospective study was approved by our Institutional Re-
view Board. Informed consents were waived. The spinal stenosis 
is commonly seen with aging. Therefore, patients over 60 years 
of age were enrolled in this study, who had lumbar spine MR 
studies including additional CT-sag-T2WI at our institute dur-
ing the period between January and May of 2011. Exclusion cri-
teria were as follows: 1) under 60 years of age; 2) an MR indica-
tion of recent trauma, neoplasm, or infection; and 3) a previous 
spine operation.

From January to May of 2011, lumbar spine MR studies were 
performed in 415 patients at our institute. Among them, 210 pa-
tients were over 60 years old. Of these 210 patients, 70 patients 
were excluded for the following reasons: compromised lumbar 
central canal due to recent trauma (n = 17), previous lumbar or 
cervical surgical operation (n = 41), neoplasm/intradural extra-
medullary tumors (n = 5), metastasis (n = 2), and infection (n = 
5). The final study group was comprised of 140 patients (age 
range, 60–87 years; mean age, 69.3 years). There were 94 women 
(age range, 60–86 years; mean age, 68.8 years) and 36 men (age 
range, 60–87 years; mean age, 70.0 years).

Imaging Studies

All MRI examinations were obtained with two 3.0-T scan-
ners (Achieva, Philips Medical Systems, Best, the Netherlands) 

and two 1.5-T scanners (Gyroscan Intera, Philips Medical Sys-
tems, Best, the Netherlands; Intera, Philips Medical Systems, 
Best, the Netherlands), using a five-channel synergy spine coil. 
Sagittal T1WI and T2WI and axial T1WI and T2WI were used 
for conventional lumbar spine MR imaging [repetition time (TR)/
echo time (TE), 500/15 for T1WI and 3600/120 for T2WI; slice 
thickness, 4 mm; slice gap, 0.4 mm; field of view, 32 cm for sagittal 
images and 16 cm for axial images; matrix, 512 × 512; flip angle, 
90°; and excitations, 3].

In addition to the conventional MRI sequences, a cervicotho-
racic sagittal T2-weighted spin-echo sequence (TR/TE, 3000–
4000/100; number of signals acquired, 2; matrix size, 512 × 512; 
slice thickness, 4 mm; acquisition time, 1 minute 40 seconds) 
was obtained for all MR lumbar imaging examinations. This se-
quence was obtained by using the same five-channel synergy 
spine coil.

Imaging Analysis

Two spine radiologists, with ten years and one year of experi-
ence in spine MR interpretation, reviewed the MR images in 
consensus. For all subjects, the following were evaluated: sever-
ity and presence of LSS and CSS, alignment disorder of the lum-
bar spine such as degenerative spondylolisthesis or retrolisthe-
sis, and number of levels of LSS.

Spinal canal stenosis was defined as narrowing of the spinal ca-
nal resulting from spondylosis, disc bulging, hypertrophy of liga-
mentum flavum, or ossification of ligamentum flavum. LSS was 
divided into four grades, according to the degree of separation 
of the cauda equina on axial T2WI. Grade 0 was defined as no 
LSS, as the anterior cerebrospinal fluid (CSF) space was not 
obliterated. Grade 1 was defined as mild LSS, in which the an-
terior CSF space was mildly obliterated but all cauda equina 
could be clearly separated from each other. Grade 2 was defined 
as moderate LSS, in which the anterior CSF space was moder-
ately obliterated and some of the cauda equina were aggregated, 
making it impossible to visually separate them. Finally, grade 3 
was defined as severe LSS, in which the anterior CSF space was 
obliterated severely as to show marked compression of the dural 
sac, and none of the cauda equina could be visually separated 
from each other but appeared as one bundle (Fig. 1) (7).

Under the approval of the spine specialist of our institution, 
CSS was divided into four grades according to the extent of CSF 
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space stenosis revealed from T2WI. The extent was calculated 
from the degree (D) of CSF reserve at the site of stenosis, using 
the formula mentioned below. The followings were measured: 
anteroposterior dimension of the non-stenotic central canal (A), 
that of the spinal cord (B), and that of the stenotic central canal 
(C) (Fig. 2).

The four categories based on the degree of CSF reserve were 
as follows: grade 0 (D > 50%), grade 1 (5% < D ≤ 50%), grade 2 
(-5% < D ≤ 5%), and grade 3 (D ≤ -5%). The CSS grading system 
was based on a consensus between multiple specialists involved 
in specialized spine care within the institution.

Statistical Analysis

The patients were divided into two groups, depending on the 
presence or absence of spinal stenosis. Next, the patients were 

further divided into two more groups: absent or insignificant 
spinal stenosis (grade 0 and 1) and significant spinal stenosis 
(grade 2 and 3). The chi-square test was done to evaluate the 
two groups.

We investigated the relations regarding hypothesized predic-
tive factors of CSS including age, sex, alignment disorder of the 
lumbar spine, number of levels of LSS, and severity of LSS. The 
age difference between the absent or insignificant spinal steno-
sis group and the significant spinal stenosis group was evaluated 
using the Mann-Whitney U test. There were three groups based 
on age: between 60 and 69 years of age, between 70 and 79 years 
of age, and over 80 years of age. Regarding the number of levels 
of LSS, one group had either no stenosis or only a single level, 
while the other group had more than two levels. A univariate 
analysis of risk factors was performed for the second grouping 

Fig. 1. Grading system of LSS using axial T2-weighted MR images. 
A. Grade 0, in which the anterior CSF space was not obliterated.
B. Grade 1, in which the anterior CSF space was mildly obliterated but all cauda equina could be clearly separated from each other.
C. Grade 2, in which the anterior CSF space was moderately obliterated and some of the cauda equina were aggregated, making it impossible to 
visually separate them. 
D. Grade 3, in which the anterior CSF space was obliterated severely as to show marked compression of the dural sac and none of the cauda 
equina could be visually separated from each other, appearing instead as one bundle.
CSF = cerebrospinal fluid, LSS = lumbar spinal stenosis

A

C

B

D



21

Sung Hee Park, et al

jksronline.org J Korean Soc Radiol  2015;73(1):18-25

regarding CSS (absent or insignificant spinal stenosis, signifi-
cant spinal stenosis). Fisher’s exact test was performed for age, 
while the chi-square test was performed for all other risk factors. 
Furthermore, a logistic regression analysis was carried out for 
all lumbar spine MRI findings that were regarded as risk factors 
of significant CSS. A p-value of 0.05 was considered to indicate 
a statistically significant difference. All analyses were performed 
using the Statistical Package for the Social Sciences (SPSS) for 
Windows version 17.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

MR imaging revealed that 61 patients (40.6%) had LSS. Both 
CSS and LSS were seen in 42 patients (30.0%). CSS was more 
common among patients with LSS (42 of 61, 68.9%) than among 
those without LSS (27 of 79, 34.2%) (odds ratio = 16.911, p = 
0.000) (Table 1). Grade 2 or 3 CSS was more commonly observed 
among patients with grade 2 or 3 LSS (15 of 53, 28.3%), than in 
patients with grade 0 or 1 LSS (8 of 87, 9.2%) (p = 0.003) (Table 2).

Table 3 summarizes the univariate analysis of lumbar spine 
MRI findings and characteristics of the patients, which are re-

garded as risk factors of CSS. Significant CSS was more appar-
ent in the cases with multiple segments of LSS and in the cases 
with significant LSS (p = 0.007, 0.003, respectively). The logistic 
regression analysis revealed that severity of LSS was the only sig-
nificant predictive factor for CSS (odds ratio = 3.547, p = 0.045) 
(Fig. 3).

Presence of lumbar alignment disorder, number of levels of 
LSS, age, and sex were not significantly different between patients 
with and without CSS (p = 0.451, 0.505, 0.633, 0.272, respectively).

DISCUSSION

TSS refers to the occurrence of concurrent LSS and CSS. Dagi 
et al. (2) were the first to use the term “TSS” in 1987, to describe 
the combined stenosis. There are various treatment approaches. 
For instance, some suggest sequential surgery starting with the 
most symptomatic area, while others recommend treatment of 
the cervical spine first (4, 8, 9). Still others suggest surgical treat-
ment of both simultaneously (1, 10, 11). Regardless of the ap-
proach, it is crucial that the involvement of both regions is rec-
ognized. Symptoms of CSS may be mistaken for those of LSS, 
leading to erroneous treatment decisions or repeated invasive 
treatments. Furthermore, missed cervical spinal conditions may 
lead to improper positioning during operations or nerve injuries 
during position changes (6).

By providing high-resolution images, MR imaging plays an 

Fig. 2. Grading system of CSS using sagittal T2-weighted images. 
Grade 0, in which D is greater than 50%. Grade 1, in which D is less 
than or equal to 50% and greater than 5%. Grade 2, in which D is less 
than or equal to 5% and greater than -5%. Grade 3, in which D is less 
than or equal to -5%.
D = (C - B) / (A - B) x 100 (%)
A: AP dimension of the non-stenotic central canal, B: AP dimension of 
the spinal cord, C: AP dimension of the stenotic central canal, D: Frac-
tion of CSF reserve.
AP = anteroposterior, CSF = cerebrospinal fluid, CSS = cervical spinal 
stenosis, LSS = lumbar spinal stenosis

Table 1. Comparison According to Existence of LSS and CSS: Absence 
versus Presence

Patients without 
CSS (n = 71)

Patients with 
CSS (n = 69)

p-Value

Patients without LSS 52 (65.8) 27 (34.2) 0.000

Patients with LSS 19 (31.1) 42 (68.9)

Values inside parentheses indicate percentages.
CSS = cervical spinal stenosis, LSS = lumbar spinal stenosis, chi-square test

Table 2. Comparison According to Severity of LSS and CSS: Absent 
or Insignificant Spinal Stenosis versus Significant Spinal Stenosis

Absent or 
Insignificant CSS

(n = 117)

Significant 
CSS

(n = 23)
p-Value

Absent or insignificant LSS 79 (90.8) 8 (9.2) 0.003
Significant LSS 38 (71.7) 15 (28.3)

Absent or insignificant spinal stenosis = grade 0 or 1, significant spinal 
stenosis = grade 2 or 3. Values inside parentheses indicate percentages.
CSS = cervical spinal stenosis, LSS = lumbar spinal stenosis, chi-square test
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back pain, lumbar radicular pain, neurogenic claudication, and/
or sciatica). The incidence of TSS was 30.0% (42 of 140). Pres-
ence of a lumbar alignment disorder, number of levels of LSS, 
age, and sex were not associated with statistically significant dif-
ferences. In our study, most LSS diagnoses were made by review-
ing both cross-sectional images and sagittal images, as cross-sec-
tional images lead to more accurate LSS diagnoses than sagittal 
images (14).

In our study, subjects were divided using two different meth-
ods. First method was based on the presence or absence of LSS, 
and the second method was based on whether the patients suf-
fered from no/insignificant spinal stenosis or significant spinal 
stenosis. The two grouping methods were shown to be statistical-
ly significantly different from each another. Patients with signif-
icant LSS may have significant CSS. The main indications for 
surgery are the failure of non-operative management to relieve 
the patient’s symptoms over several months and symptoms that 
are significant enough to interfere with the patient’s quality of life. 
Grade 2 to 3 central canal stenosis had a closer relationship with 
aggressive treatment including surgical intervention. Therefore, 
additional cervical spinal imaging is useful in patients with more 
severe LSS. However, 34.2% of the patients without LSS also 

important role in the detection and diagnosis of spinal stenosis. 
In Thomé’s study, LSS was found on MRI in more than 20% of 
the cases of patients over 60 years of age (12). In our study, LSS 
cases were found in 43.6% of the patients over 60 years of age (a 
higher percentage than suggested in previous reports), perhaps 
because the MR was scanned in symptomatic patients.

In previous studies, the incidence of TSS has been estimated 
to range from 5% to 25% (2-4). These statistics are mostly based 
on clinical findings, radiography, myelography, and CT. Very few 
studies have used MR imaging to investigate the relationship.

Lee et al. (13) reported the incidence of asymptomatic cervical 
cord compression in LSS patients at 23.7%, based on MR studies. 
Unlike in out study, this study included patients with LSS. In 
our study, cervical cord compression was observed in 14 out of 
140 patients (10%) with symptoms suggestive of LSS (e.g., lum-
bar back pain, lumbar radicular pain, and neurogenic claudica-
tion) and in 9 out of 61 patients (14.8%) with LSS discovered by 
MRI. In addition, male patients and those with multiple-seg-
ment LSS were more likely to have CSS, than female patients 
and those with single-segment LSS. The diagnosis of LSS and 
CSS was based on sagittal T2WI only. However, our study in-
cluded patients with symptoms suggestive of LSS (e.g., lower 

Table 3. Univariate Analysis of Possible Risk Factors for CSS
Absent or Insignificant CSS (n = 117) Significant CSS (n = 23) p-Value

Age, mean (standard deviation)* 68.9 years (6.1) 71.5 years (6.7) 0.119
Age group† 0.138

60–69 years 65 (86.7) 10 (13.3)
70–79 years 45 (83.3) 9 (16.7)
≥ 80 years 7 (63.6) 4 (36.4)

Sex 0.236
Male 36 (78.3) 10 (21.7)
Female 81 (86.2) 13 (13.8)

Alignment disorder 0.932
Absent 65 (83.3) 13 (16.7)
Present 52 (83.9) 10 (16.1)

Segment number 0.007
0 or 1 96 (88.1) 13 (11.9)
Multiple 21 (67.7) 10 (32.3)

LSS group 0.003
Absent or insignificant LSS 79 (90.8) 8 (9.2)
Significant LSS 38 (71.7) 15 (28.3)

Absent or insignificant spinal stenosis = grade 0 or 1, significant spinal stenosis = grade 2 or 3. Values inside parentheses indicate percentages, except for 
age. Values inside parentheses for age indicate standard deviation.
*Mann-Whitney U test.
†Fisher’s exact test.
CSS = cervical spinal stenosis, LSS = lumbar spinal stenosis
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had CSS (Fig. 4). Therefore, routine CT-sag-T2WI is meaningful 
in both patients with and without LSS. Our lumbar spine MR 
protocol uses a five-channel spine coil, which allows access to 
the cervical spine without changing the patient’s position. This 
protocol, which includes CT-sag-T2WI, added 1 minute and 40 
seconds to the acquisition time. We strongly suggest CT-sag-

T2WI be included in routine lumbar spine MR protocols.
This study had several limitations. First, it was a retrospective 

study based on radiologic reports only. The LSS and CSS grad-
ing systems used were not compared to patients’ symptoms or 
clinical outcomes. Currently, the known grading systems for 
spinal stenosis have certain problems. For LSS, the method of 

Fig. 3. An 83-year-old woman with claudication. 
A-D. Axial T2-weighted MR images show grade 1 central canal stenosis at L1–2 and L2–3 and grade 2 central canal stenosis at L3–4 and L4–5.
E. The sagittal T2-weighted MR image demonstrates grade 2 central canal stenosis at C4–5 and C5–6 (arrows) and grade 1 central canal stenosis 
at C6–7 (arrowhead). Ossifications of ligamentum flavum are present at T8–9 and T9–10.

A B

D EC

Fig. 4. A 73-year-old man with lower back pain. 
A. The sagittal T2-weighted MR image shows L5–S1 degenerative spondylolisthesis. There is no spinal stenosis at the lumbar spine. 
B, C. The sagittal T2-weighted MR image shows grade 2 central canal stenosis at C4–5 (arrow) and grade 1 central canal stenosis at C2–3 and 
C5–6 (arrowheads). A block vertebra is present at C3–4.

A B C
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calculating dural sac cross-sectional area and dural sac anterior 
to posterior dimension has been used, but it is time-consuming 
and does not consider the nerve roots inside of the dural sac. 
Compared to calculating the cross-sectional area, the grade tends 
to be lower in the lower lumbar areas (14, 15). However, it is 
more intuitive to use and easier to grade than the previous meth-
od (15, 16). It is also simpler to communicate between surgeons 
and radiologists.

CSS has been graded according to the extent of CSF space 
loss, which tends to give readings with lower grades of spinal ste-
nosis, compared to the clinical symptoms. This is owing to the 
non-loss of signal intensity from CSF, even if it is actually de-
formed by the stenosis (16). Thus, it seems reasonable and more 
accurate to compare the extent of CSF space loss by measuring 
the diameter, not right at the level of stenosis but rather just 
above or below the level of stenosis. In this study, diameters at 
the level of spinal canal stenosis, diameters at the level without 
stenosis, and diameters of the spinal cord were measured indi-
vidually. Further studies are necessary to determine if similar re-
sults are demonstrated when they are compared directly with-
out using the tools in Picture Archiving and Communication 
System. As for the third limitation, sagittal T2WI were taken 
within 1 minute and 40 seconds, without changing the patient’s 
position, with the aid of a spine coil. Without the spine coil, 
however, changing the patient’s position can be inconvenient. 
Fourthly, there was even a case in this study where the operation 
was performed because of cervical myelopathy. However, cervi-
cal myelopathy may be an etiology of failed back surgery syn-
drome (17). Finally, the incidence of TSS in our study was 30.0% 
(42 of 140), which is slightly higher than previously reported in 
the literature. This is likely to be related to differences in the pa-
tient population. The study was conducted in a tertiary hospital, 
with a large referral base for spine procedures. In addition, the 
study subjects were selected from patients with symptoms sug-
gestive of LSS, and the incidence of TSS in asymptomatic patients 
may be higher than that in symptomatic patients.

In conclusion, this study revealed a high frequency of con-
current LSS and CSS and two risk factors of significant CSS (se-
verity of LSS and number of levels of LSS), with the aid of MRI. 
Thus, it is recommended that all patients with LSS to undergo 
MRI investigation, to be checked for CSS as well.
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요추 척추관 협착증의 증상을 보이는 노인 환자에서 경흉추 시상 단면  
T2 강조 자기공명영상 소견의 가치

박성희 · 안중모 · 이준우 · 이근영 · 강흥식

목적: 자기공명영상 소견을 바탕으로 퇴행성 요추 척추관 협착증 환자에서 동반된 경추 척추관 협착증의 발생 빈도와 예

측인자를 알아 보고자 하였다.

대상과 방법: 60세 이상에서 요추 척추관 협착증의 증상이 있어 요추 자기공명영상 검사를 시행한 환자를 대상으로 하였

고, 자기공명영상에는 경흉추 시상 단면 영상이 포함되었다. 자기공명영상에서 요추 및 경추 척추관 협착증의 유무 및 중

증도, 요추 정렬 이상, 요추 척추관 협착증이 있는 분절의 개수, 나이, 성별을 분석하였다.

결과: 총 140명 중 42명(30%)은 요추와 경추 척추관 협착증이 동반되어 있었다. 경추 척추관 협착증은 요추 척추관 협

착증이 있는 환자군(42/61, 69%)에서 요추 척추관 협착증이 없는 환자군(27/79, 34%)보다 많았다(p = 0.000). 2 또

는 3등급 경추 척추관 협착증은 2 또는 3 등급 요추 척추관 협착증 환자군(15/53, 28%)에서 0 또는 1등급 요추 척추관 

협착증 환자군(8/87, 9%)보다 더 흔했다(p = 0.003). 요추 척추관 협착증의 중증도는 경추 척추관 협착증의 중증도와 

의미있는 관계를 보였다(p = 0.045).

결론: 퇴행성 요추 척추관 협착증 환자에서 경추 척추관 협착증의 동반은 높은 빈도를 보이고, 요추 척추관 협착증의 중

등도는 경추 척추관 협착증의 의미 있는 위험인자이다.
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