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Introduction
Lumbar Spinal Stenosis (LSS) usually presents in the fifth or sixth 

decade [1]. The patients classically present with back pain, unilateral 
or bilateral neurogenic claudication, weakness, numbness/tingling 
and radicular pain [2]. Clinical findings include various combinations 
of sensory disturbances and weakness [1]. Based on the anatomical 
classification, LSS can be subdivided into central canal stenosis, lateral 
recess stenosis and foraminal stenosis. These commonly occur in 
various combinations in the same individual [1]. 

Lumbar foraminal stenosis is a common etiology of lumbar 
radicular symptomatology [3]. An 8% to 11% incidence of lateral root 
entrapment has been reported [4-6]. Foraminal stenosis occurs when a 
hypertrophic facet, vertebral-body osteophyte, or bulging disk narrows 
the neural foramen and encroaches on the nerve roots [7]. 

The role of imaging is to confirm the presence of stenosis and 
accurately identify the site of any neural compression to ensure 
that the extent of surgical decompression is appropriate. There is 
general consensus that MRI alone is sufficient in the vast majority of 
cases. Foraminal stenosis is an important condition to recognize2. 
Morphologic changes in foramen are well demonstrated on sagittal 
MRI [8].

Unfortunately, unrecognized foraminal stenosis may be associated 
with failed back surgery syndrome8, residual symptoms following 
decompression of the central canal [2]. Because the surgical treatment 
for foraminal stenosis differs greatly from that for lateral recess stenosis 
[3,4]. Burton et al [9] in their review of failed back surgery syndrome, 
attributed it to the lack of recognition or inadequate treatment of 
foraminal stenosis and considered it to be the cause of pain in nearly 
60% of patients with continued postoperative symptoms. Therefore, 
lumbar foraminal stenosis is an important pathologic entity to identify 
in the patient being treated for radicular symptoms [3].

Previous radiologic reports regarding foramen or nerve root 
morphology focus only on changes at the affected level [10] or evaluate 
by using only qualitative scoring system [11,12] or are limited to the 
occurrence of abnormalities in asymptomatic volunteers [13,14]. 
Hasegawa et al. [15], in a cadaveric study, showed that significant nerve 
root compression is commonly associated with a foraminal height of 15 
mm or less and a posterior disc height of 4 mm or less. They concluded 
that these critical dimensions might be indicators of lumbar foraminal 
stenosis. 

The present study was undertaken prospectively to assess the 
diagnostic values of preoperative conventional MRI in detecting lumbar 
foraminal stenosis in symptomatic lumbar spinal stenosis patients who 
are indicated for surgery, by using the quantitative parameters and the 
qualitative scoring system.

Materials And Methods
This study was a prospective study approved by our institutional 

review board. 
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Abstract
Objective: To measure the diagnostic values of preoperative Magnetic Resonance Imaging (MRI) for diagnosis 

of lumbar foraminal stenosis in the symptomatic lumbar spinal stenosis patients who need surgery.

Materials and Methods: Thirty-two lumbar spinal stenosis patients with indication for surgical treatment were 
included. Two radiologists independently interpreted foraminal narrowing on sagittal T2W image by means of 
quantitative measurements including posterior disc height, foraminal height, cross-sectional area and qualitative 
MRI grading system. Using surgical findings as standard reference that was performed by routinely intraoperative 
probing. 

Results: The sensitivity, specificity, PPV and NPV of critical posterior disc height of 4 mm or less for diagnosis 
of foraminal stenosis were 40.5%, 96.8%, 93.8% and 57.7%, respectively, and using critical foraminal height of 15 
mm or less were 97.3%, 72.6%, 80.9% and 95.7%, respectively. The corresponding values for MRI grading system 
were 83.8%, 90.3%, 91.2% and 82.4%, respectively.

Conclusion: Both of quantitative measurements and qualitative MRI grading system assessing on sagittal MR 
image are helpful for preoperative diagnosis of foraminal stenosis and have correlated well with the surgical findings. 
Among of these variables, critical posterior disc height demonstrated highest specificity and PPV. In addition, MRI 
grade 2 and 3 might be clinically significance and be the indicator for judgment of additional foraminotomy in lumbar 
spinal stenosis patients.
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Patients

From April to October, 2009, a total of 60 consecutive patients, 
who had scheduled for surgical decompression for treatment of 
lumbar spinal stenosis with one or more indication(s) including 
significant impaired quality of life, failure of non-operative treatment 
to relieve symptoms, presence of significant or progressive neurologic 
dysfunction [16] were included in this study. All of these patients 
already performed preoperative MRI of lumbosacral spine in our 
institute. The patient exclusion criteria were as follows: 1) those who 
had prolonged duration between date of preoperative MRI from 
date of operation, more than 6 months (n = 18); 2) those who had 
previous lumbar spine surgery (n=9); 3) those who had peri-operative 
hemodynamic instability (n=1). Finally, 32 patients were enrolled in 
this study. The informed consents were obtained from all patients.

The radiology-training resident recorded clinical background 
including patient age, sex, clinical sign(s), indication(s) for surgical 
treatment, and the duration between MRI and operation.

Operative procedures and findings 

All standard surgical procedures were selected and performed 
by the orthopeadic surgeons with experience in spine surgery. All of 
them completed a spine fellowship. After decompressive laminectomy 
was carried out, foraminal stenosis was routinely assessed by gentle 
probing. Lumbar foraminal stenosis was surgically defined as feeling 
tight by probing. When probing revealed an associated foraminal 
stenosis, additional foraminotomy was performed.  However, if the 
nerve root(s) was apparently severe entrapped within the neural 
foramen(s) by adjacent tissue, we also accounted that was foraminal 
stenosis without probing which may produce more injury to the affected 
nerve root. These surgical findings served as the  standard reference to 
assess preoperative MRI diagnosis for lumbar foraminal stenosis. The 
numbers and level(s) of surgical examination were recorded. 

MR Imaging
MRI of the lumbosacral spine was obtained on sagittal Spin-Echo 

(SE) T1- and T2-weighted images and axial SE T2-weighted or axial 
balanced Gradient-Echo (GRE) images using one of 1.5 or 3 Tesla 
Philips system with a sense spine coil. The parameters of MR imaging 
protocol used in our study were shown in (Table 1). The scan was 
performed in the standard supine position.

Analysis of MR images

The MR images were independently reviewed by a board-certified 
neuroradiologist with 15 years experience (reader 1) and a board-

certified diagnostic radiologist  with 5 years experience (reader 2). They 
were blinded to the clinical and surgical information. 

In the review of Jenis and An [3], in sixty-five surgical cases with 
lumbar foraminal stenosis, the most common roots involved were 
the fifth lumbar root (75%), followed by the fourth root (15%), the 
third root (5.3%), and the second root (4.0%). Accordingly, disease 
prevalence among foramens was estimated to be 0.2% at L2–L3, 0.3% at 
L3–L4, 0.8% at L4–L5, and 3.8% at L5–S1. Because of higher incidence 
of foraminal stenosis was found in the lower lumbar segments. 
Therefore, in this study we considered to evaluate neural foramens of 
L3–L4, L4-L5 and L5–S1 levels.

The radiologists reviewed the MR images on the PACS, bilateral 
neural foramens from L3–L4 to L5–S1 levels were assessed for potential 
foraminal stenosis. The anatomic boundaries of neural foramen were 

Sequence TR (msec) TE (msec) Flip Angle (°) Section 
Thickness (mm)

1.5T
Sagittal SE T1W 400-450 12 90
Sagittal SE T2 W 2880-2970 110-120 90
Axial balanced GRE 9 4 45

3T

Sagittal SE T1 W 420-530 6.6-7.2 90
Sagittal SE T2 W 2900-3500 100-120 90
Axial SE T2 W 2000-4500 110-120 90
Axial balanced GRE 5 2 45

Note: 1.5T = 1.5 Tesla; 3T = 3 Tesla; SE = spin-echo; GRE = gradient-echo; T1W 
= T1-weighted; T2W = T2-weighted; TR = Repetition Time; TE = Echo Time; The 
1.5 Tesla system was used in 9 of 32 patients. The other patients were performed  
on the 3 Tesla system. 

Table 1:  MR imaging protocol using in our study.
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Figure 1: A. The diagram shows sagittal measurement of  posterior disc height 
(1): the shortest distances between posterior aspect of the adjacent superior 
and inferior end plates (mm.) And the foraminal height (2): the maximum dis-
tances between the inferior margin of pedicle of the superior vertebra and the 
superior margin of pedicle of the inferior vertebra (mm).
B. The sagittal T2W image shows measurement of posterior disc height (white 
arrow) and foraminal height (black arrow).
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Figure 2 A-C: Demonstrate cross-sectional area (mm2) measurement of 
neural foramen by using an electronic cursor on the ViewForum2 (Philips) in 
sagittal T2W image. This patient has 121 mm2 cross-sectional area on the 
right L4-L5 level. 

Table 2:  MR criteria for grading foraminal size.

Grade Criteria

0
Normal intervertebral foramina; normal dorsolateral border of the 
intervertebral disc and normal form at the foraminal epidural fat (oval or 
inverted pear shape) 

1 Slight foraminal stenosis and deformity of the epidural fat, with the 
remaining fat still completely surrounding the exiting nerve root

2 Marked foraminal stenosis, with epidural fat only partially surrounding the 
nerve root 

3 Advanced stenosis with obliteration of the epidural fat 
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defined according to Jenis and An3, including the adjacent vertebral 
pedicles superiorly and inferiorly, the posteroinferior margin of the 
superior vertebral body, the posterior intervertebral disc, and the 
posterosuperior margin of the inferior vertebral body as anterior 
boundaries, the ligamentum flavum, superior and inferior articular 
facets as posterior boundaries. They independently identified the 
slice that showed the maximum stenosis on sagittal T2W sections. 
The window width and level were set individually for each patient 
to optimize contrast between the nerve roots and surrounding 
tissue. Then, radiologists measured posterior disc height (mm.) and 
foraminal height (mm.) using an electronic cursor on the PACS. 
Then, cross-sectional area of neural foramens were also measured 
using an electronic cursor on the commercial available software. These 
measurement parameters were illustrated as in (Figure1 and 2)

Afterward, radiologists assessed severity of foraminal stenosis, 
based on qualitative grading system introduced by Wildermuth et al. 
[12] (Table 2). Interpretation disagreements were resolved by means 
of consensus review. 

Statistical Analysis
All quantitative data, including the patient age, duration between 

preoperative MRI to operation, posterior disc height, foraminal 
height and cross-sectional area of neural foramen were reported as 
the mean±SD. Comparison of quantitative data and whether there are 
stenosis or no stenosis evaluated by the surgical findings was achieved 
by two-samples t-test. Intraclass Correlation Coefficient (ICC) was used 
to assess the degree of observer agreement in quantitative variables (i.e, 
posterior disc height, foraminal height, cross-sectional area) between 
the two radiologists. The scale of the ICC for interobserver agreement 
was <0.40, poor; 0.40-0.75, fair-good; >0.75, excellent [17]. 

To assess the association between quantitative MRI grading 
score and surgical findings, Fisher’s Exact test was performed. Cohen 
kappa coefficient was employed to assess the degree of interobserver 
agreement of MRI grading score. The scale for the kappa coefficients 
was K < 0.20, poor; 0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80, 
substantial; and 0.81–1.00, almost perfect [18,19].

Sensitivity, specificity, accuracy, Positive Predictive Value (PPV) 
and Negative Predictive Value (NPV) of posterior disc height (≤4, >4 
mm), foraminal height (≤15, >15 mm) and MRI grading score (0-1, 2-3) 
compared to surgical findings were also calculated. One-way ANOVA 
was utilised to compare the mean of each of three MRI measurement 
parameters between four MRI grading scores. 

P value of less than 0.05 was considered statistical significance. 
Statistical analysis was completed using statistical software package 
(SPSS, version 13.0).

Note: Data are numbers and percentage of neural foramens. 

Table 3:  Surgical findings for lumbar foraminal stenosis in 32 patients.

Probing
Level

No foraminal 
stenosis

Foraminal 
stenosis

Total numbers of 
neural foramen

L3-L4 18 (13.2%) 24 (17.6%) 42 (30.9%)
L4-L5 30 (22.1%) 32 (23.5%) 62 (45.6%)
L5-S1 14 (10.3%) 18 (13.3 %) 32 (23.5%)
Total 62 (45.6%) 74 (54.4%) 136 (100%)
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Figure 3 A-C: These dot graphs demonstrated excellent agreement between both radiologists in measurement of three parameters including posterior disc height (A), 
foraminal height (B) and cross-sectional area (C).  Also showed the Intraclass Correlation Coefficients (ICC) and 95% confidence interval (95%CI) of each parameters.  
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Results
Thirty-two patients were included into this study which are 

composed of 16 men and 16 women. The age of patients ranged 

between 49-78 years and the mean age was 63.6±8.2 years. The clinical 
presentation of these patients included radiculopathy (n=25, 78%), 
neurogenic claudication (n=24, 75%), low back pain (n=18, 56%), 

Posterior disc height (mm.)

Level
No stenosis Stenosis Total

p value
n Mean ± SD n Mean ± SD n Mean ± SD

L3-L4 18 7.16 ± 1.40 24 4.73 ± 1.45 42 5.77 ± 1.86 <0.001
L4-L5 30 7.12 ± 1.48 32 5.43 ± 1.99 62 6.25 ± 1.95 <0.001
L5-S1 14 5.67 ± 1.17 18 4.25 ± 1.46 32 4.87 ± 1.50 0.006
Total 62 6.81 ± 1.51 74 4.92 ± 1.75 136 5.78 ± 1.89 <0.001

Foraminal height (mm.)

Level
No stenosis Stenosis Total

p value
n Mean ± SD n Mean ± SD n Mean ± SD
n Mean ± SD n Mean ± SD n Mean ± SD

L3-L4 18 17.09 ± 3.64 24 9.94 ± 3.05 42 13.00 ± 4.85 <0.001
L4-L5 30 16.59 ± 3.00 32 9.20 ± 3.19 62 12.77 ± 4.82 <0.001
L5-S1 14 14.39 ± 4.15 18 8.70 ± 3.32 32 11.19 ± 4.64 <0.001
Total 62 16.24 ± 3.56 74 9.32 ± 3.17 136 12.47 ± 4.81 <0.001

Cross-sectional area (mm2)

Level
No stenosis Stenosis Total

p value
n Mean ± SD n Mean ± SD n Mean ± SD

L3-L4 18 72.44 ± 25.55 24 50.96 ± 18.70 42 60.17 ± 24.14 0.003
L4-L5 30 84.50 ± 23.05 32 53.19 ± 19.19 62 68.34 ± 26.24 <0.001
L5-S1 14 84.14 ± 27.66 18 50.89 ± 23.23 32 65.44 ± 29.96 0.001
Total 62 80.92 ± 25.05 74 51.91 ± 19.84 136 65.13 ± 26.58 <0.001

Note: n = numbers of neural foramen
p value less than 0.05 indicating statistically significant differences 

Table 4:  Comparative MRI measurement parameters and surgical findings (n=136).
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Figure 4  A-C: These graphs demonstrated correlation of  MRI  measurement parameters including posterior disc height (A), foraminal height (B) and cross-sectional 
area (C) to surgical probing results which were devided in each lumbar level. There were statistical significant (p<0.001) in all of these MRI parameters.
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motor weakness (n=9, 28%) and numbness (n=7, 22%). Duration 
between preoperative MRI and operation varied from 5-127 days, the 
mean and SD was 59 ± 27.8 days. Indication(s) for surgical treatment 
included significant impaired quality of life (n=22, 68%), failure of non-
operative treatment to relieve symptoms (n=19, 59%), and presence of 
significant or progressive neurologic dysfunction (n=3, 9%).

The surgical methods were performed in our study including 
decompressive laminectomy and posterolateral fusion using local 
bone graft with or without instrumentation. The numbers of neural 
foramen and also lumbar level(s) that were evaluated by surgical 
probing differently in each patient, depending on the preoperative 
diagnosis, surgical approach and field of surgery. Single lumbar level 
(2 neural foramens), two lumbar levels (4 neural foramens) and three 
lumbar levels (6 neural foramens) were evaluated in 6, 16 and 10 
patients, respectively. Total 136 neural foramens from all 32 patients 
were studied. Twenty-four patients (75%) with 74 foraminal stenosis 
(54.4%) were surgically demonstrated. Only six neural foramens from 
three patients were concluded having stenosis by direct visualization 
without surgical probing. The most common level of foraminal stenosis 
was L4-L5 (23.5%), followed by L3-L4 (17.6%) and L5-S1 (13.3%), 
respectively. The surgical findings showed in (Table 3). 

For the quantitative MRI measurement data including posterior 
disc height, foraminal height and cross-sectional area of neural 
foramen, there were excellent agreement between two radiologists 

Level Posterior disc height 
No stenosis Stenosis Total Sensitivity and Specific-

ity
n (%) n (%) n (%)

L3-L4
>4 mm 18 (42.9%) 17 (40.5%) 35 (83.4%)

Sensitivity 29.2%
Specificity 100%≤4 mm 0 (0%) 7 (16.6%) 7 (16.6%)

Total 18 24 42 (100%)

L4-L5
>4 mm 30 (48.4%) 20 (32.3%) 50 (80.7%)

Sensitivity 37.5%
Specificity 100%≤4 mm 0 (0%) 12 (19.3%) 12 (19.3%)

Total 30 32 62 (100%)
L5-S1 >4 mm 12 (37.5%) 7 (21.9%) 19 (59.4%)

Sensitivity 61.1%
Specificity 85.7%≤4 mm 2 (6.3%) 11 (34.3%) 13 (40.6%)

Total 14 18 32 (100%)
All 3 levels >4 mm 60 (96.8%) 44 (59.5%) 104 (76.5%)

Sensitivity 40.5%
Specificity 96.8%≤4 mm 2 (3.2%) 30 (40.5%) 32 (23.5%)

Total 62 (100%) 74 (100%) 136 (100%)

Note: n = numbers of neural foramen 

Table 5: Comparative critical posterior disc height with surgical findings (n=136).

by means of the Intraclass Correlation Coefficients (ICC) which were 
0.946, 0.985 and 0.996, respectively (Figure 3). When compared to the 
surgical findings, there were statistical significant (p<0.001) of all MRI 
measurement parameters including posterior disc height, foraminal 
height and cross-sectional area of neural foramen as shown in (Table 
4 and Figure 4).

Using the critical posterior disc height of 4 mm or less for diagnosis 
foraminal stenosis [15], the sensitivity, specificity, accuracy, PPV and 
NPV were 40.5%, 96.8%, 66.2%, 93.8% and 57.7%, respectively (Table 
5). The corresponding values using critical foraminal height of 15 mm 
or less were 97.3%, 72.6%, 86%, 80.9% and 95.7%, respectively (Table 
6). The ROC curves of posterior disc height (Figure 5), foraminal height 
(Figure 6) and cross-sectional area (Figure 7) for diagnosis of foraminal 
stenosis were also obtained.

Almost perfect interobserver agreement for MRI grading score of 
foraminal stenosis by two radiologists, K = 0.87 (95% CI = 0.81, 0.93). 
The consensus grading score were used to compare with the surgical 
findings and also to correlate with MRI measurement parameters. 
Significant difference between each grading score to diagnose lumbar 
foraminal stenosis was shown (Table 7). Significant difference of each 
MRI measurement parameters when correlated to the MRI grading 
scale was also established (Table 8 and Figure 8).  

If subdivided the MRI grading scores into two subgroups and 

Level Posterior disc height 
No stenosis Stenosis Total Sensitivity and Specific-

ity
n (%) n (%) n (%)

L3-L4
>15 mm 14 (33.3%) 2 (4.8%) 16 (38.1%)

Sensitivity 91.7%
Specificity 77.8%≤15 mm 4 (9.5%) 22 (52.4%) 24 (61.9%)

Total 30 (48.4%) 32 (51.6%) 62 (100%)

L4-L5
>15 mm 24 (38.7%) 0 (0%) 24 (38.7%)

Sensitivity 100%
Specificity 80%≤15 mm 6 (9.7%) 32 (51.6%) 42 (61.3%)

Total 30 (48.4%) 32 (51.6%) 62 (100%)

L5-S1
>15 mm 7 (21.9%) 0 (0%) 7 (21.9%)

Sensitivity 100%
Specificity 50%≤15 mm 7 (21.9%) 18 (56.2%) 25 (78.1%)

Total 14 (43.8%) 18 (56.2%) 32 (100%)
All 3 levels >15 mm 45 (33.1%) 2 (1.5%) 47 (34.6%)

Sensitivity 97.3%
Specificity 72.6%≤15 mm 17 (12.5%) 72 (52.9%) 89 (65.4%)

Total 62 (45.6%) 74 (54.4%) 136 (100%)

Note: n = numbers of neural foramen 

Table 6:  Comparative critical foraminal height with surgical findings (n=136).
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correlated these to the surgical findings, the first subgroup (MRI grade 
0-1) possibly represented intraoperative non-stenosis and the latter 
(MRI grade 2-3) may be corresponded to surgically proved foraminal 
stenosis. The sensitivity, specificity, accuracy, PPV and NPV were 
83.8%, 90.3%, 86.8%, 91.2% and 82.4%, respectively. Representative 
cases of each MRI grading score are shown in (Figure 9-12).

Discussion

Lumbar foraminal stenosis often accompanies central canal 
stenosis. Failure to recognize the foraminal component may result in 
residual symptoms following decompression of the central canal [2] or 
failed back surgery syndrome and because the surgical treatment for 
foraminal stenosis differs greatly from that for lateral recess stenosis 
[3,4]. Therefore, preoperative identification of foraminal stenosis is 
important. Although MRI is widely used in lumbar spinal stenosis 
patients, there are not much previous radiologic studies reported about 

the presurgical MRI diagnosis of foraminal stenosis, and most are 
cadaveric studies or are performed in asymptomatic volunteers. 

Hasegawa et al. [15], cryomicrotome study in eighteen fresh 
cadavera,  had been reported that the critical dimensions of a posterior 
disc height of 4 mm. or less and a foraminal height of 15 mm. or 
less were associated with foraminal stenosis in the lumbar spine. By 
correlation to the evidence of nerve root compression on the specimens 
that was identified by inspection. 

Naftaly et al. [11], cadaveric study, assessment of three fresh human 
lumbar spines which were examined using 3 different MRI scanners. 
They reported poor interobserver reliability by using the Wildermuth 
classification system and significant differences between foraminal 
measurement carried out on MRI and on the specimens. 
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Figure 5: The ROC curve of posterior disc height measurement in diagnosis of 
foraminal stenosis by using surgical findings as standard reference. The area 
under curve = 0.799 (95% CI = 0.726, 0.873).
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Figure 6: The ROC curve of foraminal height measurement in diagnosis of 
foraminal stenosis by using surgical findings as standard reference. The area 
under curve = 0.909 (95% CI = 0.859, 0.960).
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Figure 7: The ROC curve of cross-sectional area  measurement in diagnosis 
of foraminal stenosis by using surgical findings as standard reference. The 
area under curve = 0.818 (95% CI = 0.743, 0.893).

Note: n = numbers of neural foramen
p value less than 0.05 indicating statistically significant differences 

Table 7:  Comparative each MRI grading score and surgical findings (n=136).

Level MRI grade No stenosis Stenosis p value
L3-L4 0 2 0 <0.001

1 15 6
2 1 17
3 0 1

Level MRI grade No stenosis Stenosis p value
L4-L5 0 2 0 <0.001

1 24 2
2 4 26
3 0 4

Level MRI grade No stenosis Stenosis p value
L5-S1 0 3 0 <0.001

1 10 4
2 1 12
3 0 2

Level MRI grade No stenosis Stenosis p value
All 3 levels 0 7 0 <0.001

1 49 12
2 6 55
3 0 7

Total 62 74 136
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In our study, prospective study is conducted to assess preoperative 
MRI diagnosis of foraminal stenosis in the symptomatic lumbar 
spinal stenosis patients in whom need surgical treatment, by means of 
quantitative MRI parameters and qualitative grading system. Using the 
operative findings as the standard reference. Total 32 patients, equally 
men and women, are enrolled into this study, mean age about 63.6 
years. The mean duration between MRI and operation is 59 days. Most 
common clinical manifestation are radiculopathy and neurogenic 
claudication which could be represented as significant clinical 
symptoms. The most indication for surgical treatment is significant 
impaired quality of life (68%).  

Total 136 neural foramens of L3-L4, L4-L5 and L5-S1 levels are 
surgically evaluated. Exception for 6 foraminal stenosis from 3 patients 
are diagnosed by direct inspection without probing because of severe 
entrapment by surrounding tissue. The disease prevalence among 

patients is 75% (24 of 32 patients). The disease prevalence among 
foramens is 54.4% (74 of 136 foramens). These are much higher than 
prior study of Aota et al. [8] that are 26% (23 of 90 patients) and 3% 
(25 of 936 foramens), respectively. These could be presumed that 
most of patients in this studied population may have longer period of 
symptoms. 

Foraminal stenosis is most commonly identified at L4-L5 level, 
followed by L3-L4 level which are unlike the previous report by Jenis 
et al. [3] found that most common involved at L5-S1 level, followed by 
L4-L5 level. 

Between two radiologists, there are excellent interobserver 
agreement in quantitative MRI measurement of the posterior disc 
height, foraminal height, and cross-sectional area. Almost perfect 
interobserver agreement for qualitative MRI grading score for 
evaluation the severity of foraminal stenosis.    

Regarding to each of three quantitative MRI measurements using 
in the present study, there are significant statistical difference between 
surgically proved non-stenotic group and another foraminal stenotic 
group. In the non-stenotic group, the mean of posterior disc height, 
foraminal height, and cross-sectional are 6.81±1.51 mm, 16.24±3.56 
mm and 80.92±25.05 mm2, respectively. But the mean of posterior 
disc height, foraminal height, and cross-sectional area in the foraminal 
stenosis group are 4.92±1.75 mm, 9.32±3.17 mm and 51.91±19.84 mm2, 
respectively. By means of the critical posterior disc height of 4 mm or 
less for diagnosis foraminal stenosis show higher specificity (96.8%) 
and PPV (93.8%) when compare to the critical foraminal height of 15 

MRI grading 
score

Numbers of 
neural fora-

men

Posterior disc 
height (mm.)
[mean ± SD]

Foraminal 
height (mm.)
[mean ± SD]

Cross-section 
area (mm2.)
[mean ± SD]

0 (no stenosis) 7 7.37 ± 1.87 16.27 ± 3.27 102.14 ± 27.05
1 (slight ste-
nosis) 61 6.36 ± 1.69 15.98 ± 3.41 78.74 ± 22.24

2 (marked 
stenosis) 61 5.12 ± 1.87 9.26 ± 3.07 50.49 ± 18.23

3 (advanced 
stenosis) 7 4.87 ± 1.27 6.07 ± 2.20 37.14 ± 17.92

p value < 0.001 < 0.001 < 0.001

Note: p value less than 0.05 indicating statistically significant differences 

Table 8: Comparative each MRI grading score and measurement parameters.
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Figure 8  A-C:  Demonstrated correlation of  each MRI  measurement parameters including posterior disc height (A), foraminal height (B) and cross-sectional area (C) 
to the MRI grading score (0-3) that represented no stenosis, slight, marked and advanced foraminal stenosis, respectively. There were statistical significant (p<0.001) 
in all of these MRI parameters.
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mm or less, specificity (72.6%) and PPV (80.9%). However, relatively 
lower sensitivity of critical posterior disc height (40.5%) is established. 
Subsequent to the report by Hasegawa et al. [15] performing in 
cadavers, there is no the published data reported about using these 
critical heights for diagnosis of foraminal stenosis in the living patient. 
Accordingly, the critical posterior disc height of 4 mm or less could be 
valuable supported in presurgical diagnosis of foraminal stenosis.   

Regarding to the qualitative MRI grading system ranging from 
grade 0 to grade 3, there are statistical significant when correlate to the 
surgical findings. There are statistical significant between each of three 
quantitative MRI parameters and the qualitative MRI grading system. 
When subdivide all four MRI grading scores into two subgroups, the 
first one (MRI grade 0-1) that possibly correlates to intraoperative non-
stenosis and the latter (MRI grade 2-3) that may be corresponded to 

 

 

 

 

 

 
   

A       B           C 

121 mm2 

Figure 9 A-C: A 58-year-old man presenting with radiculopathy and neurogenic claudication over 1 years ago. Sagittal SE T2-weighted (A) image (3.0 Tesla) showed 
normal dorsolateral border of the intervertebral disc and normal form at the foraminal epidural fat of right L4-L5 level, compatible with grade 0 or normal foramen. 
Posterior disc height and foraminal height  were measured about 5.3 mm and 20.1 mm, respectively. Cross-sectional area (B, C) was measured about  121 mm2.  
Surgical findings suggested no foraminal stenosis at this level.
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Figure 10 A-C: A 54-year-old man presenting with radiculopathy and numbness over 2 years ago. Sagittal SE T2-weighted (A) image (3.0 Tesla) showed slight fo-
raminal stenosis and deformity of the epidural fat at right L4-L5 level (arrow), with the remaining fat still completely surrounding the exiting nerve root, compatible with 
grade 1 or slight foraminal stenosis. Posterior disc height and foraminal height  were measured about 6.6 mm and 14.4 mm, respectively. Cross-sectional area (B, C) 
was measured about  63 mm2.  Surgical findings suggested no foraminal stenosis at this level.

surgically proved foraminal stenosis, there are statistical significance. 
The sensitivity, specificity, accuracy, PPV and NPV were 83.8%, 90.3%, 
86.8%, 91.2% and 82.4%, respectively. From that reason, MRI grade 2 
and 3 may be represented clinically significance and may be the strong 
indicator for judgment of additional foraminotomy in symptomatic 
lumbar spinal stenosis patients. 

Limitation of this study, one is different patients’ position during 
the MRI scan in supine compared to prone position in the operative 
room. This may give some different in size of neural foramen. Second, 
the MRI are obtained in static supine position which is non-axial 
loading and may not show the actual foraminal size when standing or 
walking. Because lumbar spinal stenosis is a dynamic phenomenon that 
typically worsens in the upright, weight bearing and extended position 
[20-22]. Third in our study, the intraoperative probing is performed 
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Figure 11: A 60-year-old woman presenting with chronic low back pain, ra-
diculopathy and neurogenic claudication over 3 years ago. Sagittal SE T2-
weighted image (3.0 Tesla) showed marked foraminal stenosis, with epidural 
fat only partially surrounding the nerve root at right L4-L5 level (arrow), com-
patible with grade 2 or marked foraminal stenosis. Posterior disc height and 
foraminal height  were measured about 6.3 mm and 15.5 mm, respectively. 
Cross-sectional area was measured about  54 mm2.  Surgical findings sug-
gested  foraminal stenosis at this level.

  
A                            B 

38 mm2 

Figure 12 A-B:  A 58-year-old man presenting with radiculopathy and numb-
ness over 2 years ago. Sagittal SE T2-weighted (A) image (1.5 Tesla) showed 
obliteration of the epidural fat at left L3-L4 level (arrow), compatible with grade 
3 or advanced foraminal stenosis. Posterior disc height and foraminal height  
were measured about 6.3 mm and 7.9 mm, respectively. Cross-sectional area 
(B) was measured about  38 mm2.  Surgical findings suggested  foraminal 
stenosis at this level.

after the laminectomy. This method may not correlated with the 
symptom of the patients. Therefore, some of an overdiagnosis could 
be occurred in this study. The ideal method to confirm the diagnosis 
of foraminal stenosis is selective decompression of that affected 
foramen with significant clinical improvement after interval follow up. 
Nevertheless, in generally, there is relative small patient population 
with having only foraminal stenosis who present with leg pain without 
neurogenic claudication or back pain. On the other hand, the larger 

patient population are combination of central canal stenosis with 
lateral recess stenosis and/or foraminal stenosis [1] that are considered 
to achieve decompressive laminectomy with or without foraminotomy 
in the same operative setting. 

Further prospective study with dynamic MRI scan and using 
clinical follow up may offer more definite results to confirm these 
findings. 

Conclusion 
Both of quantitative measurement parameters including posterior 

disc height, foraminal height, cross-sectional area and qualitative 
MRI grading system assessing on sagittal MR image are helpful for 
preoperative diagnosis of foraminal stenosis and have correlated well 
with the surgical findings. Among of these variables, by means of critical 
posterior disc height of 4 mm or less demonstrated highest specificity 
and positive predictive value. In addition, MRI grade 2 and 3 might be 
clinically significance and be the indicator for judgment of additional 
foraminotomy in symptomatic lumbar spinal stenosis patients.
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