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Background: Various magnetic resonance imaging (MRI) techniques have been reported in detection of 
lumbar foraminal stenosis (LFS), especially for T2-weighted three-dimensional MRI (3D-MRI) describing 
the shape of nerve roots. The detection of LFS in the fifth lumbar nerve root (L5 root), however, is still less 
reliable compared to other lumbar nerve roots. Then we have been using T1-weighted 3D-MRI aiming to 
depict the shape of, and also pathology affecting the L5 root. The aim of this study is to evaluate our T1-
weighted 3D-MRI in diagnosing LFS of the L5 root.
Methods: This retrospective study included 24 patients with intracanal stenosis (ICS) at L4-5, and 30 
patients with LFS at L5-S causing unilateral L5 root lesion. The pre-operative T1-weighted 3D-MRI 
aiming bilateral L5 nerve roots of each patient were blinded and reviewed twice by five spine surgeons, 
independently. The image evaluation was performed in two conditions: (I) the symptomatic side was judged 
in 30 patients of LFS patients, and (II) the symptomatic side or the absence of LFS was judged in images of 
all the 54 patients including LFS and ICS patients. The correct-answer-rate, sensitivity and specificity of 
the imaging study were calculated. Also, the intra- and interobserver agreement of the imaging study by five 
spine surgeons were evaluated by the kappa (κ) statistics.
Results: For conditions (I) and (II) above, the mean correct-answer-rate was 92.3% and 69.8%, 
respectively. The sensitivity and specificity of the imaging study was 72.6% and 66.3%, respectively. The 
average of intraobserver κ-value of five examiners was 0.874 and 0.708, and the average of interobserver 
κ-value was 0.837 and 0.578, respectively.
Conclusions: As well as previously reported T2-weighted 3D-MRI, our T1-weighted 3D-MRI was found 
to be reliable in diagnosing LFS of the L5 root.
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Introduction

Imaging diagnosis of lumbar foraminal stenosis (LFS) has 
been challenging as conventional imaging techniques could 
not describe the pathology at the foraminal part clearly (1). 
In these years, various magnetic resonance imaging (MRI) 
techniques have been reported in detection of LFS thanks 
to recent technical progress (2-12). To date, T2-weighted 
three-dimensional MRI (3D-MRI) has been dominantly 
employed and reported in diagnosis of LFS by describing 
the shape of nerve roots (2-4,12). Even with those advanced 
imaging techniques, detection of LFS in the fifth lumbar 
nerve root (L5 root) is still less reliable compared to other 
lumbar nerve roots (2,12), presumably because of complexed 
anatomy of the L5 root tract including variant shape of the 
L5 transverse process, the presence of sacral ala and so on. 
Then, we have been using T1-weighted 3D-MRI since T1-
weighted images can depict not only the shape of nerve root 
from intracanal to extraforaminal area, but also perineural 
soft tissues such as ligamentum flavum and intervertebral 
disc material (5,6). Although each report advocates the 
benefit of 3D-MRI in diagnosing LFS (2-4,7,9,11), few 
reports have validated the reliability or reproducibility only 
by T2-weighted 3D-MRI (11,12), not by T1-weighted 
3D-MRI. The aim of this study is to evaluate our T1-
weighted 3D-MRI in diagnosing LFS of the L5 root by 
assessing its correct-answer-rate, sensitivity, specificity, and 
intra- and interobserver reproducibility.
We present the following article in accordance with the 
STARD reporting checklist (available at https://dx.doi.
org/10.21037/jss-21-63).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by institutional ethics board of Tohoku University 
Graduate School of Medicine (Approval Number: 2014-1-
495) and individual consent for this retrospective analysis 
was waived. This retrospective study included a total of 
54 patients with unilateral L5 root lesion; 24 patients with 
intracanal stenosis (ICS) at L4-5 successfully treated only by 
ipsilateral partial laminotomy at L4-5 (i.e., no LFS: control), 
and 30 patients with LFS at L5-S successfully treated only 
by lateral fenestration at L5-S. The partial laminotomy 
includes fenestration of L4 lamina and inner edge of L5 
superior articular process, ensuring decompression of 

intracanal part of the branching L5 nerve root by the inner 
edge of L5 pedicle. The lateral fenestration includes partial 
resection of the lateral part of L5 pars interarticularis, the 
caudal part of L5 transverse process and the cranial part 
of sacral ala, enabling extraforaminal decompression of L5 
nerve root. The demographic data of the objectives are 
shown in Table 1.

Coronal and oblique-coronal T1-weighted MRI

3D-MRI was performed with MAGNETOM Avanto™, 
a 1.5-T scanner using a spinal coil (SIEMENS, Munich, 
Germany). The 3D-fast low angle shot (3D-FLASH), a 
gradient echo (GRE) scan technique, was used to obtain 
T1-weighted 3D images. The precise imaging conditions 
are shown in Table 2. In order to obtain coronal and 
oblique-coronal images showing a whole-length image 
of bilateral L5 nerve roots from their bifurcation from 
the dural sac to the extraforaminal part in one section, 
the multi-planar reconstruction (MPR) method was 
employed on a workstation (Figure 1). The precise methods 
for generating coronal image showing the L5 root in 
a slice from the branching point from the thecal sac to 
extraforaminal area, are shown in Figure 2. All images were 
acquired preoperatively.

Imaging analysis

The L5 roots were judged to have foraminal stenosis or 
compression by examiners when the images demonstrated 
swelling or horizontalization of the root at foraminal zone 
due to osteophytes or pushing-up sacral superior articular 
process, foraminal or extraforaminal disc herniation and so 
on, as indicated in the previous studies (2,12,13) (Figure 3). 
The images were evaluated in two conditions: (I) situations 
in general practice is simulated by giving preliminary 
information about the presence of LFS to examiners, and 
(II) the mixture of image data from LFS and ICS (no LFS: 
control) patients are evaluated without any preliminary 
clinical information. For condition (I), the symptomatic side 
was judged in 30 patients of LFS with given information 
about the presence of LFS in either side, and for condition 
(II), the symptomatic side or the absence of LFS was judged 
in images of all the 54 patients; a random mixture of LFS 
and ICS (no LFS: control), without given information about 
the presence or absence of LFS. For each condition, the 
image sets were evaluated twice in 2- to 4-week interval by 
five spine surgeons (board-certified orthopaedic surgeons 
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with >20-year experience with >5-year experience in spine 
surgery), independently, by shuffling the order of the image 
sets.

Statistical analysis

The reliability was evaluated by the rate of correct answer 
of each examiner and trial, and sensitivity and specificity 
calculated by combining the results of two reviews by 
five examiners (ten reviews altogether). Also, the intra- 
and interobserver agreement of the imaging study were 
evaluated by the kappa (κ) statistics (14). The κ-value is a 
serial statistical variable, indicating the extent of agreement 
between two data sets. The agreement is graded by the 
κ-value as shown in Table 3 (14). The intraobserver κ-value 
was calculated by two reviews of each examiner. Also, the 
interobserver agreement of ten reviews (five examiners 
× two reviews) was calculated in a round-robin manner 
(40 combinations in total). The mean κ-value was also 
calculated for intra- and interobserver agreement.

Results

The correct-answer-rate of the imaging studies of (I) the 30 
patients of LFS and (II) all the 54 patients of ICS and LFS 
by ten reviews (five examiners × two reviews) ranged from 
86.7% to 96.7% (average: 92.3%), and 64.8% to 74.1% 
(average: 69.8%), respectively. The detailed data is shown 
in Table 4. The sensitivity and specificity of the ten reviews 
ranged from 60.0% to 80.0% (average: 72.6%) and 58.3% 
to 79.1% (average: 66.7%), respectively. The detailed 
data is shown in Table 5. The intraobserver κ-values of the 
ten reviews calculated in the condition (I) and (II) ranged 
from 0.714 to 1.000 (average: 0.874; “almost perfect” 

Table 1 Demographic data of the patients

Type of stenosis L4-5 ICS L5-S LFS

Number of patients (male: female) 24 (11:13) 30 (16:14)

Patients’ age (years; mean ± SD) 46–86 (65.5±9.3) 32–84 (59.6±14.2)

ICS, intracanal stenosis; LFS, lumbar foraminal stenosis; SD, standard deviation.

Table 2 Scanner settings for 3D-FLASH MRI

Setting element Parameter

Orientation Coronal

Phase encoding direction R>>L

Phase oversampling 90%

Slice oversampling 29%

Slice per slab 56

Flip angle 30°

Base resolution 256

Phase resolution 100%

Dimension 3D

PAT mode GRAPPA ×2

FOV 260×191 mm

Voxel size 1×1×1.2 mm

Slice thickness 1.2 mm

TR 30 ms

TE 4.76 ms

Fat suppression Non

Slice resolution 75%

RF spoiling On

Band width 130 Hz/Px

RF pulse type Normal

Gradient mode Normal

Scan time 5 min 0 sec

3D-FLASH, three-dimensional fast low angle shot; MRI, magnetic  
resonance imaging; PAT, parallel acquisition technique; 
FOV, field-of-view; TR, repetition time; TE, echo time; RF,  
radiofrequency.
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Figure 1 T1-weighted 3D-MRI used for the study. (A) Coronal section; (B) right oblique-coronal section; (C) left oblique-coronal section. 
3D-MRI, three-dimensional magnetic resonance images.

Figure 2 Generating methods of the coronal L5 root image by MPR. On a sagittal scout view, a reference point [open black circle in (A)] is 
set to depict the branching point of the L5 root from the thecal sac in the coronal view [arrow heads in (B)]. Then the image plane [white 
line in (A)] is rotated backward for 20 to 40 degrees from the posterior border of the L5 vertebral body using the reference point as rotation 
center (open black arrows), until the L5 root is shown in a slice from branching part to extraforaminal zone in the coronal view (C). L5, fifth 
lumbar; MPR, multi-planar reconstruction.

agreement) and 0.564 to 0.769 (average: 0.708; “substantial” 
agreement), respectively. The interobserver κ-values 
calculated in a round-robin manner (40 combinations in 
total) ranged from 0.727 to 0.933 (average: 0.850; “almost 
perfect” agreement) and 0.428 to 0.764 (average: 0.578; 
“moderate” agreement), respectively. The precise data of 
the intra- and interobserver agreement is demonstrated in 

Figure 4.

Discussion

Standard two-dimensional MRI (2D-MRI) sequences are 
commonly used to detect nerve compression in degenerative 
lumbar spinal  diseases;  however,  they sometimes 
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Figure 3 Examples of the findings of foraminal stenosis of the L5 nerve root. (A) Nerve root swelling (arrow head); (B) disc herniation (arrow 
head); (C) horizontalization of the nerve root (arrow heads). L5, fifth lumbar.

A B C

Table 5 Sensitivity and specificity of T1-weighted 3D-MRI in  
diagnosing L5-S foraminal stenosis for individual observers

Examiner
Sensitivity (%),  
(1st/2nd review)

Specificity (%),  
(1st/2nd review)

A 73.3/80.0 58.3/54.2

B 73.3/63.3 70.8/66.7

C 76.7/83.3 62.5/62.5

D 80.0/70.0 66.7/79.1

E 60.0/66.7 75.0/66.7

Mean 72.7/72.7 66.7/65.8

Overall, mean ± SD 72.7±7.7 66.3±7.5

3D-MRI, three-dimensional magnetic resonance imaging; SD, 
standard deviation.

Table 3 Evaluation of intra- and inter-observer agreement by 
κ-value (14)

κ-value Evaluation

<0 Poor

0–0.20 Slight

0.21–0.40 Fair

0.41–0.60 Moderate

0.61–0.80 Substantial

0.81–1.00 Almost perfect

Table 4 Correct-answer-rate of T1-weighted 3D-MRI in  
diagnosing L5-S foraminal stenosis for individual observers

Examiner

Correct-answer-rate 
of the reads of 30 
LFS patients (%), 

(1st/2nd read)

Correct-answer-rate 
of the reads of all 54 
ICS & LFS patients 
(%), (1st/2nd read)

A 96.7/96.7 66.7/68.5

B 93.3/86.7 72.2/64.8

C 90.0/90.0 70.4/74.1

D 93.3/96.7 74.1/74.1

E 93.3/86.7 66.7/66.7

Average 93.3/91.3 70.0/69.6

Overall, average ± SD 92.3±3.9 69.8±3.6

3D-MRI, three-dimensional magnetic resonance imaging; 
LFS, lumbar foraminal stenosis; ICS, intracanal stenosis; SD,  
standard deviation.

cannot depict the nerve compression of LFS (15-19).  
In such situations, 3D-MRI is utilized as additional 
examination. To date, T2-weighed 3D-MRI has been 
dominantly reported (2,12), however, we have been using 
T1-weighed 3D-MRI for the purpose in an assumption 
that nerve-compressing factors such as osteophytes and disc 
herniation could be clearly delineated as well as nerve roots 
themselves (5,6). Also, our T1-weighted GRE method has 
a benefit of shortened scan time (5 minutes). Patients with 
LFS sometimes suffer from severe sciatica and experience 
intolerable pain during a long MRI scan time, resulting 
in motion artifact (20). T1-weighted GRE 3D-MRI can 
be beneficial especially for patients with severe leg pain 
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compared to T2-weighted 3D-MRI which takes longer scan 
time. Meanwhile, the correct-answer-rate and reliability of 
those imaging diagnosis have been still demonstrated mainly 
in T2-weighed 3D-MRI (2,12) although recent report 
demonstrated a study evaluating reliability in diagnosing 
LFS using T1-weighted high-resolution 2D-MRI (21).

In diagnosis of LFS, symptomatology and neurological 
diagnosis are obviously essential. Meanwhile, the correct-
answer-rate and reliability of imaging diagnosis were 
assumed to be affected by the absence and presence of the 
information about neurological diagnosis. For this reason, 
we evaluated and compared the correct-answer-rate and 
reliability of the imaging diagnosis among the situation 
with and without given pre-information about the presence 
of LFS to the examiners. In this manner, the condition 
with given pre-information can simulate the situation in 
general practice where clinical information is already given 
to examiners before evaluating images, and the condition 

without given pre-information can evaluate the diagnostic 
reliability of the imaging study itself. In our study, the 
correct-answer-rate and reliability were very high with 
given information about the existence of LFS, but were 
low when the images were randomly shown in the mixture 
without and with LFS, as expected. These results indicated 
that the prior recognition of LFS through neurological 
diagnosis is important to improve the correct-answer-rate 
and reliability of the imaging studies in patients with LFS.

The sensitivity in diagnosis of LFS in our study were 
77%, which was lower than the previous reports by Aota  
et al. (2) (96%), evaluated in T2-weighted 3D-MRI. Aota  
et al. (2) evaluated all the foramens through L2-3 to L5-S in 
90 LFS patients and 27 healthy volunteers in random order. 
Among 234 L5-S foramens reviewed, only 15 symptomatic 
foraminal stenosis was included. The positive predictive 
value of 7% and false positive rate of 48% in diagnosis of 
symptomatic L5-S foraminal stenosis indicated that the 

Figure 4 Intra- and interobserver agreement (κ-value) of the two readings by five spine surgeons. (A,B) Intra-, and interobserver agreement 
of judgements in 30 patients of LFS with given information about the presence of LFS, respectively. (C,D) Intra-, and interobserver 
agreement of judgements in 54 patients (ICS and LFS are combined) without given information about the absence or presence of LFS, 
respectively. Interobserver agreement was calculated in a round-robin manner of two reviews by five examiners (40 combinations in total). 
The first review of examiner A is shown as “A-1st”, for example. LFS, lumbar foraminal stenosis; ICS, intracanal stenosis; SD, standard 
deviation.

Examiner κ-value

A 1.000

B 0.727

C 1.000

D 0.930

E 0.714

Average ± SD 0.874±0.143

A-1st A-1st

A-2nd – A-2nd

B-1st 0.933 0.933 B-1st

B-2nd 0.791 0.791 – B-2nd

C-1st 0.862 0.862 0.796 0.927 C-1st

C-2nd 0.862 0.862 0.796 0.927 – C-2nd

D-1st 0.932 0.932 0.865 0.857 0.930 0.930 D-1st

D-2nd 0.862 0.862 0.796 0.780 0.856 0.856 – D-2nd

E-1st 0.791 0.791 0.727 0.850 0.927 0.927 0.857 0.927 E-1st

E-2nd 0.795 0.795 0.730 0.857 0.789 0.789 0.861 0.789 –

A-1st A-1st

A-2nd – A-2nd

B-1st 0.541 0.428 B-1st

B-2nd 0.472 0.530 – B-2nd

C-1st 0.541 0.428 0.625 0.584 C-1st

C-2nd 0.472 0.530 0.627 0.616 – C-2nd

D-1st 0.541 0.428 0.657 0.650 0.623 0.623 D-1st

D-2nd 0.472 0.530 0.679 0.761 0.652 0.656 – D-2nd

E-1st 0.541 0.428 0.479 0.528 0.544 0.521 0.543 0.613 E-1st

E-2nd 0.472 0.530 0.710 0.731 0.734 0.764 0.681 0.646 –

Examiner κ-value

A 0.767

B 0.707

C 0.730

D 0.769

E 0.564

Average ± SD 0.708±0.084

Average ± SD: 0.850±0.061

Average ± SD: 0.578±0.096

A

C

B

D
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reliability of their imaging diagnosis may not be necessarily 
high for L5-S foraminal stenosis. On the other hand, the 
specificity of 66% in our study was lower than the report 
by Yamada et al. (12) (98.3%). The authors focused on 
L5-S segment and validated the images of 60 LFS patients 
and 20 healthy volunteers. In their study, the mean age of 
L5-S foraminal stenosis group and healthy control group 
was 70.0 and 21.3 years, respectively. The specificity, in 
other words, the true negative rate is expected to be high 
when the population of control group is younger with 
less spondylotic changes in their lumbar spine. Our study 
focused on L5-S segment for foraminal stenosis, and set 
age-matched patients with unilateral L5 radiculopathy due 
to L4-5 ICS as a control group. For these points of view, we 
believe that our study provided practical validation of our 
T1-based 3D-MRI although the sensitivity and specificity 
were lower than the previous studies based on T2-weighted 
images. However, in order to compare the diagnostic 
values of T1- and T2-weighted images directly, further 
prospective studies are required using the images obtained 
from identical patients.

The intra- and interobserver agreement were precisely 
investigated by Yamada et al. (12) using their T2-based 
3D-MRI. In their study, three examiners independently 
assessed the images twice in 1-month interval without 
given information about absence or presence of LFS. 
The mean intra- and interobserver κ-value were 0.8968 
and 0.7933, respectively. On the other hand, our study 
was conducted by five examiners, and demonstrated the 
mean intra- and interobserver κ-value of 0.847 and 0.708, 
respectively. Compared to the previous study, the present 
study demonstrated equivalently high agreement on 
both intra- and interobserver reproducibility with more 
examiners than the previous studies. The reason for higher 
interobserver agreement could attribute to the expertise of 
the experienced examiners in evaluation of T1-weighted 
3D-MRI, clearly detected L5 nerve root by T1-weighted 
images, or the condition of the study in which spinal level 
of the assessment was limited to L5-S.

There are some limitations to be considered in the 
present study. The number of the assessed patients and 
images were relatively small to generalize the results. 
Moreover, the exact superiority of T1- or T2-weighted 
images cannot be directly evaluated since images were not 
compared for the same patients in identical conditions, and 
ROC analysis was not performed to confirm the diagnostic 
accuracy in the present study. The stenotic factors such 
as nerve root swelling were not included in the analysis 

which would give more precise information to the study. 
Also, spatial resolution of the images could not be elevated 
like high-resolution MRI because of the limitation in the 
specification of the MRI device and time available for each 
scan.

In conclusion, our T1-weighted 3D-MRI was found to 
be considerably reliable in diagnosing LFS of the L5 root 
same as the previous studies using T2-weighted 3D-MRI. 
Further studies are expected to elucidate and compare 
benefits and drawbacks of T1- or T2-weighted 3D-MRI.
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