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Study Design: Retrospective radiological comparative design.
Purpose: To investigate whether conventional magnetic resonance imaging (MRI) could substitute three-dimensional (3D)-MRI for 
the calculation of the foraminal stenotic ratio (FSR) and clarification of which patients can be assessed more accurately using 3D-MRI.
Overview of Literature: Previous studies have indicated that 3D-MRI is useful for diagnosing lumbar foraminal stenosis. The FSR 
obtained using 3D-MRI, described as the ratio of stenosis length, characterized by perineural fat obliteration, to the length of the 
entire foramen, could indicate the stenosis severity; however, this method is time-consuming and expensive. The FSR also can be cal-
culated using conventional MRI.
Methods: We investigated 154 foramina at L5–S1 in 77 patients. All the patients had degenerative lumbar disorders and had under-
gone both conventional MRI and 3D-MRI during the same visit. Differences between the FSRs calculated from conventional and 3D-
MRI reconstructions and any correlations with the plain radiography findings were assessed.
Results: In foramina that had a FSR of <50% on conventional MRI, the difference between the FSR obtained using conventional MRI 
and 3D-MRI was 5.1%, with a correlation coefficient of 0.777. For foramina with a FSR ≥50% on conventional MRI, the difference 
was 20.2%, with a correlation coefficient of 0.54. FSR obtained using 3D-MRI was significantly greater in patients who required sur-
gery than in those who were successfully treated with conservative methods (88% and 42%, respectively). Segments with spondylo-
listhesis or lateral wedging showed higher FSRs than those without these conditions on both types of MRI.
Conclusions: FSRs <50% obtained using conventional MRI were sufficiently reliable; however, the results were inaccurate for FSRs 
≥50%. Patients with high FSRs on 3D-MRI were more likely to require surgical treatment. Therefore, 3D-MRI is recommended in pa-
tients with suspected stenosis detected using conventional MRI or plain radiographs.
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Introduction

Lumbar foraminal stenosis (LFS) is a relatively common 
cause of lumbar radiculopathy and is attributable to the 
narrowing of the nerve root foramen, with a reported 
incidence rate of 8%–26% [1-4]. L5 is most commonly 
involved (75%) [3,5,6]. Osteophytes, ligamentous hy-
pertrophy, or disc degeneration can cause LFS in the 
anteroposterior and/or craniocaudal directions [3]. The 
L5 transverse process, sacral ala, or lumbosacral ligament 
may cause stenosis in the L5–S1 extraforaminal zone [7,8]. 
Inaccurate preoperative diagnosis of LFS may cause failed 
back surgery syndrome [9].

Obliteration of the perineural fat surrounding the nerve 
root on parasagittal images on magnetic resonance imag-
ing (MRI) is the established marker of LFS [10,11]. As per 
some reports, conventional MRI is inaccurate in certain 
cases [2,4]. Many techniques have been proposed for the 
evaluation of LFS, such as oblique views on three-dimen-
sional MRI (3D-MRI) [12-15], MR myelography [4,16] 
or radiculography [17], diffusion-weighted imaging [18], 
and electrophysiological methods [19]. Among them, 3D-
MRI sequences are obtained from thin-section thickness 
images. Therefore, 3D-MRI sequence can be produced 
with direct visualization of the nerve root on 3D render-
ing images or oblique reconstructed image in any plane. 
The foraminal stenotic ratio (FSR) using reconstructed 
oblique images with 3D-MRI (Fig. 1) is reportedly an ac-
curate method for assessing the stenosis severity to iden-
tify patients who need surgical treatment [15].

The FSR is calculated as per the degree of fat oblitera-
tion in the neural foramen. However, FSR measurement 

with 3D-MRI is time-consuming; moreover, additional 
time and cost are needed to perform 3D-MRI in addition 
to conventional MRI. FSR can be calculated even using 
conventional MRI. In this study, we compared the FSR 
using both, conventional and 3D-MRIs with plain radio-
graphs in patients who had lumbar degenerative disease. 
This study was designed to determine whether conven-
tional MRI can substitute 3D-MRI in the measurement 
of FSR and to identify patients in whom 3D-MRI can be 
effectively used.

Materials and Methods

We collected MRI images obtained using conventional 
MRI and 3D-MRI during the same visit and performed 
retrospective evaluation of the outpatient data from 
one institution. Patients aged ≥40 years who had visited 
outpatient clinics for lumbar degenerative disease both 
preoperatively and postoperatively from Feb 2017 to Au-
gust 2018 and for whom conventional as well as 3D-MRI 
images were obtained during the same visit were enrolled. 
Those with duplicate MRIs, prior surgery at the L5–S1 
or instrumentation at L5, spinal infection, acute trauma, 
spinal malignant tumor, or congenital deformities were 
excluded. This study protocol was approved by the Insti-
tutional Review Board of Osaka City University (approval 
no., 3807; approval date: August 3, 2017). Our study as-
sessed patient acceptability of opt-out consent for second-
ary use of patient data. 

LFS was diagnosed based on clinical symptoms sup-
porting selective nerve root block and MRI findings of 
perineural fat obliteration or nerve root compression in 
the lumbar foramen on the parasagittal images of conven-
tional MRI or non-reconstructed coronal images of 3D-
MRI. LFS treatment was standardized as follows: First, 
conservative treatment was provided, including oral anal-
gesia, physiotherapy, epidural steroids, or selective nerve 
blocks. Surgery was performed only for patients who 
were unresponsive to conservative treatment for at least 3 
month or who exhibited severe motor weakness.

A total of 77 patients underwent both conventional 
and 3D-MRI examination at the same visit during the 
investigation period and fulfilled the inclusion criteria. 
We investigated their 154 foramina at the L5–S1 in this 
study. Among these, 10 patients with 11 affected foramina 
underwent surgical treatment, and six patients with six 
foramina at the L5–S1 underwent conservative treatment. 

Fig. 1. Evaluation of foraminal stenotic ratio (FSR). (A) FSR was defined as the 
degree of stenosis in the neural foramen. (B) The oblique coronal image by 
three-dimensional magnetic resonance imaging showed foraminal stenosis at 
medial side of the foramen due to disc bulging in this case (dot line and box 
arrow). FSR were evaluated as the ratio of length of stenosis (black arrow) to 
length of the foramen (white arrow). FSR=length of stenosis/length of fora-
men×100%.
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The asymptomatic side of the foramen in symptomatic 
patients took into asymptomatic foramina. There were 
80 asymptomatic foramina. In 33 cases with 57 foramina, 
we were unable to determine the level responsible for L5 
radiculopathy because of L4–5 intra-canal stenosis. We 
investigated the difference between FSRs at L5–S1, as 
measured on conventional and 3D-MRI and with plain 
radiography.

1. Magnetic resonance imaging settings

All the MRI examinations were performed using a 3.0 
T MR system (Philips Achieva; Philips, Amsterdam, 
The Netherlands), using a spine matrix coil provided by 
the manufacturer. 3D-MRI sequence and conventional 
MRI images were obtained during the same visit with a 
20-minute examination frame. The 3D-MRI sequences 
were coronal based 3D-T2-weighted sampling perfection 
with application optimized contrast using different flip 
angle evolution (SPACE). The scanner settings were as 
follows: repetition time (TR), 1,700 ms; echo time (TE), 
110 ms; slice thickness, 0.70 mm; field of view, 300 mm; 
matrix, 352×253; and imaging times, 5 minutes 7 seconds. 
The conventional MRI sequences were sagittal T1-weight-
ed images (T1WI): TR, 500 ms; TE, 9 ms; slice thickness, 
4 mm; field of view, 280 mm; and matrix, 352×246.

For 3D-MRI evaluation, multiplanar images in an 
oblique plane were reconstructed using workstation soft-
ware (Synapse Vincent; Fujifilm Corp., Tokyo, Japan). The 
oblique images were reconstructed as per a previously 
reported method [15]: reconstruction of planes from the 
line of the lower endplate of the L5 vertebral body, with 
the planes parallel to the L5–S1 foramen on the axial 
plane. The oblique coronal image was chosen by the slice 

that showed the L5 lumbar nerve root from the medial to 
the lateral portions of the foramen. Oblique sagittal imag-
es were reconstructed as the vertical plane to the oblique 
coronal images with a 1.0-mm gap. We reviewed all the 
oblique sagittal slices across the L5–S1 foramen that in-
cluded the extraforaminal zone (Fig. 2).

2.   Parameters from magnetic resonance imaging and 
plain radiographs

The FSR was evaluated on both the conventional and 3D-
MRI images as per a previous study [15]. Stenosis was 
defined as perineural fat obliteration on the parasagittal 
images using conventional MRI (Fig. 3) or on oblique 
sagittal images using 3D-MRI (Fig. 4). FSR was calcu-
lated as the ratio of the slice numbers showing stenosis 
to the slice numbers including the entire foramen, both 

Fig. 2. (A–C) Reconstruction of images for evaluation of foraminal stenotic ra-
tio (FSR) by three-dimensional magnetic resonance imaging. The oblique plane 
was adjusted to the L5 lower end plate (sagittal and coronal plane) and the L5–
S1 foramen (axial plane). FSR were evaluated by all oblique sagittal images on 
neural foramen across the L5 pedicle. 

A

B C

Fig. 3. Foraminal stenotic ratio (FSR) by conventional magnetic resonance imaging. (A–E) Parasagittal images of neural foramen were evaluated. Slices with oblitera-
tion of perineural fat (white arrow) were regarded as stenosis positive. FSR was calculated by a ratio of slice numbers of stenosis positive to the slice numbers of fora-
men. FSR of this case were 2 over 4, 50%. 
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on the conventional MRI (Fig. 3) and 3D-MRI (Fig. 4). 
In order to confirm measurement reliability, FSR was 
calculated in ten randomly chosen foramina using con-
ventional MRI and 3D-MRI twice by one author (K.Y.) at 
a 3-month interval and by two authors (K.Y. and M.M.H.) 
independently who were blinded to the clinical informa-

tion of the patients. Before measurement, the authors 
K.Y. and M.M.H. evaluated five other patients together 
to understand the measurement methods. The intra-class 
and inter-class correlation coefficients for the parameters 
were as follows: FSR using conventional MRI: 0.883 (95% 
confidence interval [CI], 0.733–0.952) and 0.883 (95% 
CI, 0.732–0.952), FSR using 3D-MRI: 0.958 (95% CI, 
0.9–0.984) and 0.89 (95% CI, 0.746–0.955), respectively.

Plain standing lumbar radiographs were compared us-
ing MRI examination. We evaluated spondylolisthesis and 
lateral wedging. Anterior spondylolisthesis and posterior 
retrolisthesis were defined as positive if they measured 
≥3 mm slip of L5 to S1 on the lateral radiographs. Lateral 
wedging of a vertebral segment was defined ≥2° on the 
anteroposterior radiograph.

3. Statistical analyses

Results are represented as mean±standard deviation val-
ues. Differences between the FSRs obtained using con-

Fig. 4. Foraminal stenotic ratio (FSR) by three-dimensional magnetic resonance imaging. (A–U) Oblique sagittal images of neural foramen were evaluated. Slices with 
obliteration of perineural fat (white arrow) were regarded as stenosis positive. FSR was calculated by a ratio of slice numbers of stenosis positive to the slice numbers 
of foramen. FSR of this case were 7 over 20, 35%.  
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Fig. 5. Scatter plot of foraminal stenotic ratio (FSR) by conventional and three-
dimensional magnetic resonance imaging (3D-MRI). (A) Foramina with FSR by 
conventional MRI <50%. The difference of absolute value was 5.1% and corre-
lation coefficient was 0.777 (p<0.001). (B) Foramina with FSR by conventional 
MRI ≥50%. The difference of absolute value was 20.2% and correlation coef-
ficient was 0.54 (p<0.001).  
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ventional and 3D-MRI were examined with Spearman’s 
rank correlation coefficient in all 154 L5–S1 foramina. 
The Mann-Whitney U-test was performed for continuous 
variables, and the chi-squared test was used for categori-
cal variables between the two groups. The Kruskal-Wallis  
test and a post hoc analysis using Turkey’s test were per-
formed to compare the differences in symptom severity. A 
p-value <0.05 was considered statistically significant. All 
the statistical analyses were performed using IBM SPSS 
ver. 19.0 (IBM Corp., Armonk, NY, USA).

Results

1.   Differences in foraminal stenotic ratio measurements 
between conventional and three-dimensional mag-
netic resonance imaging

The evaluated number of slices for a foramen was signifi-
cantly larger with 3D-MRI than with conventional MRI 
(20.2±2.4 and 3.8±0.7, respectively; p<0.001). As a whole, 
the difference in the absolute value between FSR obtained 
using conventional and that obtained using 3D-MRI was 
9.6%, and the correlation coefficient was 0.893 (p<0.001). 
In the foramina with FSR <50% on conventional MRI, the 
difference was 5.1%, and the correlation coefficient was 

0.777 (Fig. 5A). In contrast, the difference was 20.2% and 
the correlation coefficient was 0.540 in the foramina with 
FSR ≥50% on conventional MRI (Fig. 5B).

Subsequently, we investigated each FSR using conven-
tional and 3D-MRI among patients who required surgical 
treatment for LFS at L5–S1, those with successful con-
servative treatment for LFS at L5–S1, and those without 
symptoms of L5 radiculopathy. For FSRs obtained using 
both, conventional and 3D-MRI, there were significant 
differences between patients who required surgery and 
those who had no symptoms (p<0.001 and p<0.001, re-
spectively) and between patients with successful conser-
vative treatment and those without symptoms (p=0.007 
and 0.021, respectively). However, the FSR obtained using 
3D-MRI showed significant differences between patients 
with successful conservative treatment and those who re-
quired surgery (41.7% and 87.7%, p<0.001); however, the 
FSR obtained using conventional MRI did not show any 
such differences (Table 1).

2.   Association between findings on plain radiographs 
and three-dimensional magnetic resonance imaging

There were eight patients (10.4%) with anterior spondy-
lolisthesis, 8 (10.4%) with retrolisthesis, and 46 (59.7%) 

Table 1. Differences of FSR by conventional and 3D-MRI among patients regarding lumbar foraminal stenosis at L5–S1

Variable Surgery (N=11) Conservative (N=6) Asymptomatic (N=80) p-value

FSR by conventional MRI (%) 76.4±26.2a) 54.2±18.8a) 17.6±3.2 <0.0001

FSR by 3D-MRI (%)   87.7±15.1a),b) 41.7±19.6a)  16.3±22.9 <0.0001

Values are presented as mean±standard deviation. Patients divided into surgery: requiring surgical treatment for lumbar foraminal stenosis at L5–S, successful conser-
vative treatment for lumbar foraminal stenosis at L5–S1, and asymptomatic of L5 radiculopathy. All p-values were analyzed by Kruskal-Wallis test.
FSR, foraminal stenotic ratio; 3D-MRI, three-dimensional magnetic resonance imaging.
a)p<0.05 compared with the asymptomatic group. b)p<0.05 compared with the conservative group.

Table 2. Association between findings of plain radiograph and 3D-MRI

Variable

Association between spondylolisthesis and FSR Association between sides and FSR 
in case with lateral wedging

Anterior spondylolisthesis 
(N=16)

Retrolisthesis 
(N=16)

Spondylolisthesis (-) 
(N=118) p-valuea) Concave 

side
Convex 

side p-value

FSR by conventional MRI (%)    54.3±32.9b)   33±28.9 21.0±30.9 <0.001 45.6±5   15.0±21.3 <0.001

FSR by 3D-MRI (%) 46.0±33b) 40.7±31.9b) 18.3±26.7 <0.001    44.4±4.9 13.4±3.0 <0.001

Values are presented as mean±standard deviation. Spondylolisthesis was defined as ≥3 mm slip on standing lateral radiographs; lateral wedging was defined as ≥2° 
lateral wedging on standing anteroposterior radiographs.
3D-MRI, three-dimensional magnetic resonance imaging; FSR, foraminal stenotic ratio.
a)Analyzed by Kruskal-Wallis test. b)p<0.05 compared with the spondylolisthesis (-).
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with lateral intervertebral disc wedging at L5–S1 on plain 
standing radiographs. Patients with spondylolisthesis 
showed significantly higher FSRs than those without 
spondylolisthesis on both, conventional and 3D-MRI. 
Patients with retrolisthesis showed significantly higher 
FSR on 3D-MRI than those without spondylolisthesis 
(Table 2). The FSRs of the concave sides were significantly 
higher than those of the convex sides in patients with lat-
eral wedging. However, there was no significant difference 
between patients with symptomatic foraminal stenosis at 
L5–S1 and those without symptoms for L5 radiculopathy 
in either spondylolisthesis or the side of lateral disc wedg-
ing (Table 3).

3. Representative case

Fig. 6 shows an 82-year-old male who experienced left 
leg pain. MRI showed no intra-canal stenosis at L4–5 and 
nerve root entrapment in the medial zone of the left L5–
S1 foramen. Plain radiographs show lateral wedging of 2° 
with concavity on the left side. FSR using conventional 
MRI is shown in Fig. 3. FSR with 3D-MRI is shown in 
Fig. 4. There was discrepancy between FSR obtained using 
conventional MRI (50%) and 3D-MRI (35%). This patient 
has been successfully treated conservatively for 1.5 years.

Discussion

The diagnosis of LFS remains challenging, and several 
diagnostic tools have been reported. FSR using 3D-MRI is 
a useful diagnostic parameter [15]; a larger FSR indicates 
more extensive foraminal stenosis. However, 3D-MRI is 

not routinely performed for patients suspected to have 
lumbar degenerative disorders, with increasing medical 
costs becoming an issue. It is necessary to clarify the re-
quirements for 3D-MRI to acquire detailed information 
for LFS to judge the indication for surgical intervention. 
Therefore, it is important to identify features related to 
a higher FSR in routine radiological examinations. The 
present results showed that FSR obtained using conven-
tional MRI had a sufficiently strong correlation (r=0.777) 
with FSR obtained using 3D-MRI in cases with no/slight 
stenosis (<50%); however, this correlation was not strong 
(r=0.540) in cases with stenosis ≥50%. This result suggests 
that moderate/large FSRs obtained using conventional 
MRI did not always correlate with moderate/large FSRs 

Table 3. Relationship between findings of plain radiograph and clinical symp-
tom

Variable
Symptomatic 

foraminal stenosis 
at L5–S1

Asymptomatic for 
foraminal 

stenosis at L5–S1
p-value

Spondylolisthesis of L5 0.332

Anterior    3 (21.4)  2 (7.1)

Posterior 1 (7.1)  1(3.6)

Spondylolisthesis (-) 10 (71.4) 25 (89.3)

Lateral wedging at L5–S1 0.092

Wedging (+) 14 (77.8) 18 (64.3)

Wedging (-) 2 (12.5) 10 (35.7)

Values are presented as number (%).

Fig. 6. Representative case of an 82-year-old male who has succeeded con-
servative treatment for 1.5 year. (A) Plain radiograph. Lateral wedging of 2° 
with concave of left side was observed. (B) Conventional magnetic resonance 
imaging. There was no intra-canal stenosis at L4–5 and nerve root entrapment 
in the medial zones of the left L5–S1 foramen (white arrow).
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obtained using 3D-MRI. FSR also correlated with the 
findings on plain radiographs, such as anterior/posterior 
spondylolisthesis and lateral wedging. To our knowledge, 
this is the first study to identify patients who should un-
dergo 3D-MRI as per the FSR calculation.

The FSR assesses perineural fat obliteration in the entire 
neural foramen. Perineural fat obliteration on parasagittal 
MRI has previously been reported as the most suggestive 
indicator of stenosis [3,10,11]. However, conventional fat 
obliteration evaluation methods described in the classifi-
cation of Lee et al. [11] have certain limitations in evaluat-
ing stenosis severity. One flaw arises from the evaluation 
of only one slice in the lumbar foramen. The information 
from one slice limits the evaluation and might give false-
positive or false-negative results [2,4,15]. We attempted 
to overcome this flaw by evaluating all slices in the neural 
foramen to generate the FSR. By comparing patients who 
require surgery and those for whom conservative treat-
ment was successful in our previous report of FSR using 
3D-MRI, symptomatic patients with ≥50% FSR required 
surgical treatment with a positive predictive value of 
70.6% [15].

In this study, there was a discrepancy between FSR 
obtained using conventional MRI and that obtained us-
ing 3D-MRI, especially in cases with ≥50% FSR on con-
ventional MRI. There are two possible causes; one is the 
difference in slice thickness for evaluation. The 3D-MRI 
evaluation included 13–25 slices in contrast with the 
conventional MRI evaluation that involved 2–5 slices. 
Information that could be present in the slices that were 
not evaluated is important for determining the stenosis 
severity. Second, FSR obtained using conventional MRI 
evaluated parasagittal images, while the FSR obtained us-
ing 3D-MRI evaluated oblique images. Parasagittal images 
alone are difficult to evaluate for stenosis in the extrafo-
raminal zone [17,20] or for patients with spinal deformi-
ties, such as scoliosis and severe lordosis [2,4,21]. Oblique 
images can describe the entire nerve root pathway in the 
foramen, including the extraforaminal zone [12,13,20,22]. 
Oblique sagittal images allow circumferential evaluation 
in both the craniocaudal and antero-posterior direc-
tions in the entire pathway of the foramen. Moreover, 
reconstruction from 3D-MRI images could easily provide 
images parallel to the disc and foramen, even in patients 
with spinal deformity. Therefore, detailed evaluation of 
LFS with conventional MRI was invalid in cases with sus-
pected LFS, even when using the FSR technique. This was 

supported by the present findings. The FSR obtained using 
3D-MRI showed a significant difference between patients 
who were successfully managed with conservative treat-
ment and those who required surgery (42% and 88%), in 
agreement with a previous report [15]; however, the FSR 
obtained using conventional MRI did not show any such 
difference. Therefore, patients with FSR ≥50% obtained 
using conventional MRI are recommended to undergo 
additional evaluation with 3D-MRI for evaluation of the 
stenosis severity.

The relationship between findings on plain radiographs/
computed tomography and LFS have been addressed in 
some reports [23-25]. They indicated that spondylolis-
thesis with dynamic instability or on the concave side of 
a scoliosis were related to foraminal stenosis. Our results 
were consistent with their results; the level of anterior/
posterior spondylolisthesis or concave side of the lateral 
disc wedging level showed larger FSRs. However, symp-
tomatic LFS was not related to the findings on plain radio-
graphs. Therefore, additional examination using 3D-MRI 
is not recommended for patients with only findings on 
plain radiographs.

The 3D-MRI with coronal based T2 SPACE sequence 
and the conventional sagittal T1WI in this study protocol 
could be obtained within one examination frame of MRI. 
Owing to reconstruct to sagittal or axial images from 
coronal images of T2 SPACE sequence, we could diagnose 
degenerative disorders and discriminate from fracture, 
infection, or spinal tumor sufficiently without increased 
burden to the patients. Therefore, the MRI protocol of this 
study might be recommended for patients with findings 
on plain radiographs and clinical symptoms of radicu-
lopathy instead of routine MRI.

The present study has certain limitations. First, the MRI 
sequences differed between conventional MRI and 3D-
MRI; conventional MRI used T1WIs and the 3D-MRI 
used T2-weighted images (T2WIs). Although the reason 
was to maximize accuracy for the diagnosis of various 
pathologies, the ideal study protocol to compare the FSRs 
obtained using conventional MRI and 3D-MRI should 
employ either T1WI or T2WI. There is no consensus on 
which sequence is better for the evaluation of the lumbar 
foramina; previous reports have recommended T1WI 
[3,11]. In contrast, a more recent study has reported good 
diagnostic results using T2WIs [22]. In terms of evaluat-
ing perineural fat obliteration, fat is hyperintense in both 
T1WIs and T2WIs. Therefore, the measurement error 
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caused by varied MRI sequences did not cause a major 
problem. Second, the sample size was relatively small, 
and consecutive patients were not enrolled. However, we 
believe that the present findings are valuable to emphasize 
the importance of reducing the healthcare cost. Future 
prospective studies on a larger sample study are warranted 
to confirm the discrepancy between conventional MRI 
and 3D-MRI.

Conclusions

Conventional MRI cannot fully substitute 3D-MRI for 
FSR evaluation. The FSRs obtained using conventional 
MRI were sufficiently reliable for patients with <50% ste-
nosis; however, the reliability was weak in patients with 
≥50% stenosis. FSR was related to the levels of anterior/
posterior spondylolisthesis or the concave side in patients 
with lateral disc wedging. Patients with high FSR on 3D-
MRI were likely to require surgical treatment. Therefore, 
3D-MRI is recommended only in symptomatic cases with 
suspected stenosis on conventional MRI or plain radio-
graphs.
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