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To Assess Whether Lee’s
Grading System for Central
Lumbar Spinal Stenosis Can
Be Used as a Decision-Making
Tool for Surgical Treatment
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Purpose To evaluate the correlation between Lee’s grades and surgical intervention for central
lumbar spinal stenosis (CLSS) and to assess whether this grading system can be used as a deci-
sion-making tool for the surgical treatment of this condition.

Materials and Methods This retrospective study included 290 patients (M:F = 156:134; mean
age, 46 & 16 years). Radiologists assessed the presence and grade of CLSS at the stenosis point
according to Lee’s grading system, in which CLSS is classified into four grades according to the
shape of the cauda equina. Correlation coefficients (r;) between Lee’s grades and the operation
were calculated with Spearman rank correlation.

Results Among the operated patients, grade 2 was the most commonly assigned grade (50%-
58%), grade 3 was less common (35%), and grade 0 was the least common (2%-3%). Among
the non-operated patients, grade 1 was the most common (63%-65%), grade 0 was less com-
mon (15%-16%), and grade 3 was the least common (8%). The distribution of grades differed
between the operated and non-operated groups (p < 0.001). Less than 25% of patients who un-
derwent surgery were assigned grades 0 and 1, and more than 88% were assigned grades 2 and 3.
A moderate correlation was found between the grade and surgical intervention (s = 0.632 and rs =
0.583).

Conclusion Lee’s grade was moderately correlated with surgical intervention. Lee’s grading
system can be a decision-making tool for the surgical treatment of CLSS.
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INTRODUCTION

Central lumbar spinal stenosis (CLSS) results in intermittent neurologic claudication, radic-
ular pain, and sensory and motor disturbances in the lower extremities (1). Lee et al. (2) re-
ported a new MRI grading system for CLSS (Lee’s grade) in which CLSS is classified into four
grades according to cauda equina shape on T2-weighted axial images (Fig. 1). Park et al. (3) re-
ported that Lee’s grade 0 is associated with lack of neurologic manifestation (negative neuro-
logic manifestations; NNMs); and grade 3, with positive neurologic manifestations (PNMs).
Grade 2 was associated with more cases of PNM than NNM, and so this grade requires further
evaluation. However, until now, no studies have assessed the relationship between Lee’s grade
and surgical intervention for CLSS. If a relationship between Lee’s grade and surgical inter-
vention can be established, then this grading system can be used as an objective method for
surgical decision making, and its simplicity may help to establish a therapeutic plan.

The purpose of this study was to evaluate the relationship between Lee’s grade and the sur-
gical intervention for CLSS and to determine whether this grading system can be used as a de-
cision-making tool for surgical treatment of this condition.

MATERIALS AND METHODS

STUDY GROUP

The Institutional Review Board of our hospital approved this study. Informed consent was
not obtained due to the retrospective nature of the study (IRB No. KBSMC 2014-07-027). A to-
tal of consecutive 290 patients who found to meet inclusion criteria were included in the study:
156 patients were male (54%) and 134 patients were female (46%). The mean age was 45.5 years
(standard deviation, 16, 16-84 years). The inclusion criteria were who had single level CLSS
from L3-4 to L5-S1 among the patients who had visited our hospital due to low back pain, radi-
ating pain of the lower extremities, tingling sensations, or weakness of the leg or foot and had
underwent MRI of the lumbar spine between February 2004 and June 2013. Sixty four pa-
tients with multi-level stenosis, twenty four patients with a history of spine surgery and
twelve patients with lumbar spinal stenosis above L3 were excluded. Thirty six patients with
foraminal stenosis of the lumbar spine were also excluded because Lee’s grade is designed
for central stenosis.

MRI PARAMETERS
Used MR hardware of this study was 3 Tesla (T) magnet MR (Achieva; Philips Medical Sys-

tems, Best, the Netherlands) and 1.5T magnet MR (Intera, Philips Medical Systems) with syn-
spine coil according to the same imaging protocol. T1- and T2-weighted images of axial and
sagittal planes were obtained in supine position. A field of view (FOV) of 32 cm, matrix of
512 X 256 pixels, and slice (SL) thickness of 4 mm were used for sagittal images. A FOV of 15
cm, matrix of 256 X 320 pixels, and SL of 4 mm were used for axial images. MR sequences in-
cluded sagittal T1-weighted spin echo (repetition time/echo time = 500-600/10-20 msec, echo
train length = 8), T2-weighted image (2500-3500/100-150, 23), axial T2-weighted fast spin echo
(2500-3500/50-150, 19), and T1-weighted fast spin echo (600-700/10-20, 7). Total scan time
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was about 20 minutes.

ANALYSIS OF THE IMAGES

Image interpretations were performed by two musculoskeletal radiologists (with 10 and 15
years of experience respectively) independently. The radiologists did not know the radiologic
diagnosis and clinical findings. A total of 290 patients were evaluated qualitatively from L3-4
level to 1L5-S1 level. Interpreters of image assessed the presence and grade of CLSS at the ste-
nosis point according to Lee’s grading system (2). CLSS was composed of four grades accord-
ing to the degree of separation of the cauda equina on T2-weighted axial images: grade 0, no
stenosis and the anterior cerebrospinal fluid (CSF) space is not separated; grade 1, mild CLSS
in which the anterior portion of the CSF space is obliterated mildly, but no aggregation of the
cauda equina; grade 2, moderate CLSS, in which the anterior portion of the CSF space is oblit-
erated moderately and the cauda equina is partially aggregated; and grade 3, severe CLSS, in
which the anterior portion of the CSF space is obliterated so markedly that it shows marked
compression of the dural sac, and the cauda equina appear as a single bundle (Fig. 1). The
level graded by each radiologist was the most severely stenotic level and the grading results
of both radiologists were used for independent statistical analysis.

CLINICAL CORRELATIONS

One clinician and both radiologists reviewed medical records and operation records to as-
certain whether surgery was performed and with which procedure. They also evaluated
whether the level of graded stenosis corresponded to the level of surgery. If not, the case was
not classified as a surgical case. The surgical procedures included four types: laminectomy, dis-
cectomy, foraminotomy, and internal fixation. The mean intervals between the symptom and
MR evaluation of were calculated.

STATISTICAL ANALYSIS

The frequency of each grade in relation to whether or not surgical intervention was per-
formed was assessed with a chi-square test. Kappa (k) statistics were used to assess inter-reader
agreement between the two radiologists for grading of CLSS. The interpretation of the x values
were as follows: poor (x < 0.1), slight (0.1 < x < 0.2), fair (0.2 < x =< 0.4), moderate (0.4 < x <
0.6), substantial (0.6 < x < 0.8), and almost perfect (0.8 <k < 1) (4). Correlation coefficients (rs)
between the grade and operation were acquired with nonparametric correlation analysis
(Spearman rank correlation). For analyses of the relationships between MR findings and char-
acteristics of the study group, the association of MRI grades and operations was evaluated in
relation to age (= 57 years and < 57 years) (3). Here, we used reference age as 57 years old be-
cause Park et al. (3) reported their study results on the correlation of the grades and neurolog-
ic manifestation based on this age originally and we wanted to compare our result to those
data. An s between 0.1 and 0.3 mean weak correlation; between 0.3 and 0.7, moderate corre-
lation; between 0.7 and 0.9, relatively high correlation; and above 0.9, very high correlation
(5). We used PASW software version 18.0 (IBM Corp., Armonk, NY, USA) for statistical analy-
ses, and p values < 0.05 were considered statistically significant.
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Fig. 1. lllustration of Lee’s grading system.

A. Grade 0: no CLSS, and the anterior CSF space is not obliterated.

B. Grade 1: mild CLSS, in which the anterior CSF space is mildly obliterated, but all cauda equina can be
clearly separated from each other.

C. Grade 2: moderate CLSS, in which the anterior CSF space is moderately obliterated and some of the cau-
da equina are aggregated, making it impossible to visually separate them.

D. Grade 3: severe CLSS, in which the anterior CSF space is obliterated so severely that it shows marked
compression of the dural sac, and none of the cauda equina can be visually separated from each other, ap-
pearing instead as one bundle.

CLSS = central lumbar spinal stenosis, CSF = cerebrospinal fluid
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Of the 290 patients included in this study, 223 were under 57 years of age (77%), and 67
were older than 57 years (23%). There were 186 patients (64%) who underwent surgical inter-

-0

RESUITS

vention and 104 who were treated conservatively (36%). The mean intervals between the
symptom and MR evaluation of were 146 days for non-operated patients and 268 days for op-
erated patients. The frequency of each grade of CLSS is summarized in Table 1. In the operat-
ed patients, grade 2 was most common (50%-58%), grade 3 was less common (35%), and grade
0 was least common (2%-3%) (Figs. 2, 3). Three (by reader 1 and five by reader 2) patients of
grade 0 treated with operation, because of severe unbearable pain. In the non-operated pa-
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Table 1. Distribution of Lee’s Grades in Relation to Whether or Not the Patients Underwent Surgery

Surgery Grade 0 (%) Grade 1 (%) Grade 2 (%) Grade 3 (%) Total (%)
Operated patients 3(2/503) 9(5)/23 (12) 108 (58)/93 (50) 66 (35)/65 (35) 186 (100)/186 (100)
Non-operated patients 16 (15)/17 (16) 65 (63)/68 (65) 15(14)/11 (11) 8(8)/8 (8) 104 (100)/104 (100)
Total 19(7)/22(8) 74 (25)/91 (31) 123 (42)/104 (36) 74 (26)/73 (25) 290 (100)/290 (100)
p* <0.001/<0.001 <0.001/<0.001 <0.001/<0.001 <0.001/<0.001
Reader 1/reader 2.

*Comparison between operated and non-operated patients.

Fig. 2. Grade 2, operated patient: a 44-year-old female with a tingling sensation and claudication in both
lower extremities for two months.

A. Sagittal T2-weighted fast spin-echo image (3000/100, TR/TE) shows compression of the spinal canal by
an extruded L4-5 disc.

B. Axial T2-weighted fast spin-echo image (2500/100, TR/TE) shows moderate central stenosis with some
cauda equina aggregation (arrows), classified as grade 2. The patient underwent surgical intervention.

TE = echo time, TR = repetition time

tients, grade 1 was most common (63%-65%), grade 0 was less common (15%-16%), and
grade 3 was least common (8%) (Figs. 4, 5). The distribution of grades differed between the
operated and non-operated groups (p < 0.001). Table 2 summarizes the frequency of each
grade in relation to the type of surgery. The overall inter-observer agreements were almost
perfect (x = 0.812), and agreements in relation to the operation were substantial for operated
patients (x = 0.712) and almost perfect for non-operated patients (k = 0.877) (Table 3). Table 4
summarizes the correlation between each grade and the surgical intervention. Whereas the
frequencies of grades 0 and 1 were below 25%, the frequencies of grades 2 and 3 were more
than 88%. A moderate correlation between grade and operation was found (rs = 0.632 and rs =
0.583) (Table 5). When we classified the entire study population into a younger and older age
group with 57 years as the threshold between groups, the rs of the younger group were higher
than older group (rs = 0.653 and 0.589 vs. 15 = 0.412 and 0.413, reader 1 and reader 2, respec-
tively), however, the interpretations were all moderate correlation. We found two cases of
grade 0 (by both reader) who underwent surgery. Both patient proved to have disc sequestra-

tion which compressing nerve root without thecal sac compression.
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Fig. 3. Grade 3, operated patient: a 28-year-old male with radiating pain and claudication in both lower ex-
tremities for several years.

A. Sagittal T2-weighted fast spin-echo image (2500/100, TR/TE) shows extruded disc material from the L4-5
disc (arrow).

B. Axial T2-weighted fast spin-echo image (2700/100, TR/TE) shows severe central stenosis with prominent
aggregation of the cauda equina (arrows), classified as grade 3. The patient underwent surgical interven-
tion.

TE =echo time, TR = repetition time

Fig. 4. Grade 1, non-operated patient: a 28-year-old male with lower back pain for several years.

A. Sagittal T2-weighted fast spin-echo image (3200/100, TR/TE) shows mildly protruded disc material from
the L4-5 disc.

B. Axial T2-weighted fast spin-echo image (2600/100, TR/TE) shows mild central stenosis without aggrega-
tion of the cauda equina, classified as grade 1. The patient underwent medical treatment.

TE =echo time, TR = repetition time

e
T T

DISCUSSION

Although many previous studies have looked for an association between radiologic find-
ings and clinical outcomes, most clinicians do not rely on radiologic findings alone when

making treatment plans. Many clinicians believe that radiologic findings cannot predict clin-
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ical severity and outcome with high enough accuracy (2). Ishimoto et al. (6) reported that
only 18% of patients with severe central stenosis (narrowing of more than two-thirds of the

spinal canal) were symptomatic. Other researches have reported that for central stenosis de-

Fig. 5. Grade 2, non-operated patient: a 68-year-old male with lower back pain and a tingling sensation in
both lower legs for two months.

A. Sagittal T2-weighted fast spin-echo image (3000/100, TR/TE) shows extruded disc material from the L3-4
disc.

B. Axial T2-weighted fast spin-echo image (2700/100, TR/TE) shows central stenosis with aggregation of the
cauda equina (arrow), classified as grade 2. The patient underwent conservative treatment.

TE = echo time, TR = repetition time

Table 2. Distribution of Lee’s Grades in Relation to the Type of Surgery

Surgery Grade 0 Gradel Grade 2 Grade 3 Total
1 1/1 0/2 2/1 7/6 10/10
2 1/1 0/8 8/0 9/9 18/18
1,2 0/0 4/10 40/34 14/14 58/58
1,2,3 1/3 5/3 49/49 32/32 87/87
1,2,3,4 0/0 0/0 1/1 1/1 2/2
1,3 0/0 0/0 5/5 2/2 /7
1,4 0/0 0/0 0/0 1/1 1/1
2,3 0/0 0/0 2/2 0/0 2/2
3,4 0/0 0/0 1/1 0/0 1/1
Total 3/5 9/23 108/93 66/65 186/186
Reader 1/reader 2.

1=laminectomy, 2 = discectomy, 3 = foraminotomy, 4 = internal fixation

Table 3. Inter-Observer Reliability with Lee’s Grading System

Levels Operated Patients Non-Operated Patients Total
Kappa value* 0.712 0.877 0.812
95% confidence interval 0.623-0.802 0.788-0.965 0.757-0.868

*Poor (k<0.1), slight (0.1 < k < 0.2), fair (0.2 <k =< 0.4), moderate (0.4 <k < 0.6), substantial (0.6 <k < 0.8),
and almost perfect (0.8 <k < 1).
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Table 4. Correlation between Lee’s Grades and Surgical Intervention for Each Reader

Radiologist ~ Grade 0 (%) Grade 1 (%) Grade 2 (%) Grade 3 (%) Total (%)
Reader 1 3/19(16) 9/74 (12) 108/123 (88) 66/74 (89) 186/290 (64)
Reader 2 5/22 (23) 23/91 (25) 93/104 (89) 65/73 (89) 186/290 (64)

Table 5. Correlation Coefficients between the Lee’s Grade and Surgical Intervention of Central Lumbar Spi-

nal Stenosis
Observer Total <57 Years of Age (n =223) = 57 Years of Age (n = 67) p-Value
Reader 1 0.632 0.653 0.412 <0.001
Reader 2 0.583 0.589 0.413 <0.001
Correlation coefficients = weak (0.1 < rs < 0.3), moderate (0.3 < r; <0.7), relatively high (0.7 < r;<0.9), very
high (0.9 <rs).

tected on radiologic modalities such as MRI, CT, and myelography, no close relationships be-
tween the degree of stenosis and clinical symptoms are present (7-9). However, Lee et al. (2)
recently introduced a new MR grading system and the system was proved to be closely relat-
ed to clinical manifestations (2, 3). Lee’s grade has been a very reliable and easy system to use
in daily clinical practice and is commonly used in our hospital (2). The grading system is com-
posed of four grades from 0 to 3. The main difference between each grade is the shape of the
cauda equina on T2-weighted axial images. The correlation between encroachment of the
cauda equina with its nerve root and clinical symptoms has been reported previously, and the
suggested pathophysiologic mechanism is the direct obstruction of blood flow or venous con-
gestion to the cauda equina due to extrinsic compression (10). The reproducibility of Lee’s
grade was very good (x value > 0.8) without reference to the operation, and the x value was
similar to that reported in previous studies (2, 3). Therefore, Lee’s grade appears to be an ob-
jective grading method in the evaluation of CLSS. Park et al. (3) reported correlations be-
tween Lee’s grade and neurologic manifestation ranging from 0.591 to 0.654, which is equiva-
lent to moderate correlation. They evaluated the correlation between the grade and clinical
manifestations, such as symptoms and neurologic signs. Our study revealed a similar corre-
lation between the grade and surgical intervention (total rs = 0.632, 15 = 0.583). However, in
the older age group (= 57 years), the correlation was lower (0.412 and 0.413) than it was for
the younger age group (0.653 and 0.589) (Table 5). In contrast, the correlation between Lee’s
grade and neurologic manifestation was higher in the older (= 57 years) than the younger
age group (< 57 years) in the study of Park et al. (3) (older: 0.650 and 0.645; younger: 0.634 and
0.500). These differences may be due to differences in patient compliance in relation to age
or the trend for surgeons to be fearful of legal problems because older patients have an in-
creased risk of surgical complications and mortality due to surgical treatment (11). Moreover,
many older patients have comorbidities that limit their surgical options (12, 13). Although we
had excluded the cases of foraminal stenosis, not a few cases of patients underwent forami-
notomy combined with laminectomy, discectomy or internal fixation (Table 2). However,
these procedures were a supplementary technique for decompression of the central stenosis
and preventive step for neural foraminal stenosis not for decompression for preexisting fo-
raminal stenosis.
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One of the limitations of this study was its retrospective design. We reviewed medical re-
cords after the entire treatment had been performed. Therefore, we could not determine
whether the radiological report concerning the grade of stenosis had influenced on the thera-
peutic plan. Another limitation was that the study was not based on the evaluation of the sur-
gical outcome. We did not classify surgical results as either successful or not successful. The
third limitation was that we did not include a truly healthy control group because most pa-
tients underwent MRI due to a health problem.

In conclusion, Lee’s grade was moderately correlated with the surgical intervention. The
older age group showed a lower correlation than the younger age group. Most patients with
grade 2 or 3 underwent surgical intervention. Therefore, Lee’s grading system can be a deci-

sion making tool for surgical treatment of CLSS.

Author Contributions

Conceptualization, P.H.]J.; data curation, Y.JW., P.H.J.; formal analysis, P.H.J., K.J.N.; investigation,
A.DY., P.H.J.; methodology, P.H.J.; project administration, P.H.J.; resources, P.H.J., A.D.Y.; supervision,
P.H.J.; validation, P.H.J.; visualization, P.H.]J.; writing—original draft, A.D.Y., Y.JW.; and writing—re-
view & editing, P.H.J., K.J.N.

Conflicts of Interest

Hee Jin Park has been a Editorial Board Member of the Journal of the Korean Society of Radiology
since 2021; however, he was not involved in the peer reviewer selection, evaluation, or decision pro-
cess of this article. Otherwise, no other potential conflicts of interest relevant to this article were re-
ported.

Funding
None

Acknowledgments

We represent special thanks to Sang Don Lee for illustration of the Figure 1.

REFERENCES

1. Verbiest H. A radicular syndrome from developmental narrowing of the lumbar vertebral canal. Clin Or-
thop Relat Res 2001;384:3-9

2. Lee GY, Lee JW, Choi HS, Oh KJ, Kang HS. A new grading system of lumbar central canal stenosis on MRI:
an easy and reliable method. Skeletal Radiol 2011;40:1033-1039

3. Park HJ, Kim SS, Lee YJ, Lee SY, Park NH, Choi YJ, et al. Clinical correlation of a new practical MRl method
for assessing central lumbar spinal stenosis. Br J Radiol 2013;86:20120180

4. Sim J, Wright CC. The kappa statistic in reliability studies: use, interpretation, and sample size require-
ments. Phys Ther 2005;85:257-268

5. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. New Jersey: Lawrence Erlbaum As-
sociates Inc. 1988

6. Ishimoto Y, Yoshimura N, Muraki S, Yamada H, Nagata K, Hashizume H, et al. Associations between radio-
graphic lumbar spinal stenosis and clinical symptoms in the general population: the Wakayama Spine
Study. Osteoarthritis Cartilage 2013;21:783-788

7. Jonsson B, Annertz M, Sjoberg C, Stromaqvist B. A prospective and consecutive study of surgically treated
lumbar spinal stenosis. Part I: clinical features related to radiographic findings. Spine (Phila Pa 1976) 1997
22:2932-2937

8. Amundsen T, Weber H, Lilleas F, Nordal HJ, Abdelnoor M, Magnaes B. Lumbar spinal stenosis. Clinical and
radiologic features. Spine (Phila Pa 1976) 1995;20:1178-1186

9. Lohman CM, Tallroth K, Kettunen JA, Lindgren KA. Comparison of radiologic signs and clinical symptoms

110 jksronline.org



J Korean Soc Radiol 2022;83(1):102-111

10.

11.

12.

13.

EHﬁ‘_FOéIAOF2|T5;!'E|X|

of spinal stenosis. Spine (Phila Pa 1976) 2006;31:1834-1840

Ogikubo O, Forsberg L, Hansson T. The relationship between the cross-sectional area of the cauda equina
and the preoperative symptoms in central lumbar spinal stenosis. Spine (Phila Pa 1976) 2007;32:1423-1428;
discussion 1429

Wood DJ, lons GK, Quinby JM, Gale DW, Stevens J. Factors which influence mortality after subcapital hip
fracture. J Bone Joint Surg Br 1992;74:199-202

Podichetty VK, Daniel M. Investigating non-operative treatment options for lumbar spinal stenosis. Eur
Spine J2007;16:851-852

Tafazal SI, Ng L, Sell P. Randomised placebo-controlled trial on the effectiveness of nasal salmon calcito-
nin in the treatment of lumbar spinal stenosis. Eur Spine J 2007;16:207-212

https://doi.org/10.3348/jksr.2021.0017

2= M MAZHEH| UM Lee’s GradeE %3_* MRI
70| &2 X2 2H0| 23710 cHet &

)J1

55 9= FAF &5 (central lumbar spinal stenosis; ©]5} CLSS)ell thsto] Lee grad-

ing systema} ]34 &) AJHHAIE 7 Fskal o] Zlo] CLSSel| tistod X5 ¥ 7
5h7] QI oAl A7 =t ® ARSE 4= leAl Brkskaat shel.

L& 2 o &4 dTtoll= 2909 9] EAF 2R UTh(d o] = 156:134; Bt AT,
46 £ 16M)). Y& stat MR 52 CLSSE 45222 B 75k Lee grading systemo| i}

2t = 21 4ol A CLSSY) 979} 532 713t} Spearman 9] ATTA S ALg-5}o]

=
F

Lee®] 553 & AR of i 7Ho] At A& AT
Zit a2 AT BRjolM 25F0] 7P ER(50%-58%), 35H0] T & E3lor
(35%), 0520 7P &3] LUtH2%-3%). &S BHA] k2 gkfe] 49 1530] 7Y
S 3(63%-65%), 05 l TH2(15%-16%), 352°] 7Hg S31A] L3UTHE%). 55 =
E= e X522 HpE X Bt Aolof|A] §-oJsHA| 2tol7F U1t < 0.001). &=
2 2k2] 25% vl Hol| A OJ—} 58 l UAAT B 2551} 35501 88% ool Ut 585t
% Afolo]] S A (moderate) 2] FHIAI7F A THr, = 0.632 and 1 = 0.583).

£ Lee grading system2 =24 2|5 /\] Yt S H o] A A7 ATt Lee grad-

R8P ALEE 4 ek,

ing system-2 CLSS9] | & ¥+

111



