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Abstract 

Background  Magnetic resonance imaging (MRI) is an effective imaging tool for diagnosing spinal disorders. With a 
high degree of sensitivity and specificity, it gives vital information on the spinal cord, nerve roots, intervertebral discs, 
and ligamentous structures inside the spine. Dynamic MRI may image patients in flexed and extended postures, 
showing abnormalities undetected by static MRI studies. It allows for a more complete investigation of each patient 
and a better knowledge of the real nature of the pathology. Imaging the spine in extension and flexion, or putting the 
spine in pain, may help spine surgeons improve their diagnostic accuracy. We aimed to assess the diagnostic value of 
flexion–extension sagittal T2 (Dynamic MRI) for patients with cervical spondylodegenerative diseases.

Results  We found that more spinal canal stenosis levels were detected on extension position MRI compared to a 
neutral position (128 vs. 133 MUHLE classification system grade 0, 38 vs. 63 MUHLE grade 1, 31 vs. 13 MUHLE grade 
2, 13 vs. 1 MUHLE grade 3), which was statistically significant according to MUHLE among total disc levels, with p 
value < 0.05. While more spinal canal stenosis levels were detected on flexion position MRI than in neutral position 
(134 vs. 133 MUHLE grade 0, 49 vs. 63 MUHLE grade 1, 23 vs. 13 MUHLE grade 2, 4 vs. 1 MUHLE grade 3), which was 
statistically insignificant according to MUHLE among total disc levels (p value > 0.05).

Conclusions  Flexion and extension MR imaging demonstrates additional information using a non-invasive tech-
nique concerning the dynamic factors in the pathogenesis of cervical spondylodegenerative diseases. DMRI identifies 
a significant percentage of increased spinal stenosis especially at extension position more than at neutral and flexion 
positions. So, we recommend to include extension DMRI in investigations for diagnosis and management plans of 
cervical spondylodegenerative diseases.
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Background
As the population ages, cervical spinal degeneration 
becomes increasingly common. Degeneration of the 
intervertebral discs often develops in men in their second 
decade of life and in women in their third decade. Degen-
eration arises at the facet joints posteriorly, leading in 

impaired mechanical function of the disc and, eventually, 
spinal instability and clinical symptoms [1].

Magnetic resonance imaging (MRI) is a useful imaging 
technique for detecting spinal problems. It provides vital 
data on the spinal cord, nerve roots, intervertebral discs, 
and ligamentous structures inside the spine with a high 
degree of sensitivity and specificity [2].

Dynamic MRI may image patients in flexed and 
extended postures, showing abnormalities undetected 
by static MRI studies. It allows for a more complete 
investigation of each patient and better data of the real 
nature of the pathology. Imaging the spine in extension 
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and flexion may help spine clinicians improve their 
diagnostic accuracy and treatment plans [3].

We aimed to assess the diagnostic value of flexion–
extension sagittal T2 (Dynamic MRI) for patients with 
cervical spondylodegenerative diseases.

Patients and methods
This prospective cross-sectional study was conducted 
in our radio-diagnosis department for 2  years (Janu-
ary 2021–January 2023) on 35 patients referred from 
neurosurgery department, their ages ranging from 30 to 
59 years with mean ± SD of 44.03 ± 7.82. There was male 
predominance with 19 males and 16 females.Weight 
ranged from 60 to 120 kg with mean ± SD of 88.09 ± 14.07.

Inclusion criteria This study included patients either 
male or female with ages ranging from 30 to 59  years 
old suffering from: neck pain, upper limb pain and\or 
numbness.

Exclusion criteria patients with cervical spine trauma, 
tumors, infection, prior cervical spine surgery, contrain-
dications to MRI (e.g.: claustrophobia, pacemakers), or 
inability to tolerate dynamic examination.

Ethical considerations participants were fully informed 
about the procedures and gave their consent to partici-
pate. The research did not put participants in a situation 
where they might be at risk of harm as a result of their 
participation. The research guaranteed the participant’s 
confidentiality.

Study tools and procedures
Patient preparation for MRI unit
The procedure was explained to the patients.

Patients were asked to remove things that might 
affect the magnetic imaging such as Jewellery, Hairpins, 
eyeglasses, Watches, Dentures, or Hearing aids.

Procedure
The 1.5 T Philips Achieva MRI (Philips Medical Systems, 
Eindhoven, Netherlands) was used for all cervical spine 
MRI scans. First, patients underwent a static cervical 
spine MRI in the supine posture (T1 and T2 weighted 
sagittal images and T2 weighted axial images); then, 
a dynamic cervical spine MRI was done (sagittal T2 
during flexion and extension positions). We performed 
the dynamic MRI at the patient’s maximum neck flexion 
and extension angles without any neurologic worsening 
in side a device consisting of a movable support for the 
head and a stationary frame attached to the patient’s 
table. This allowed examination of the cervical spine in 
positions ranging from 50° of flexion to 30° of extension 
by increments of 5–10°. For signal reception, a 16  cm 
circular flexible receive surface coil was placed on the 
posterior surface of the patient’s neck so that it encircled 

the cervical spine, allowing free and unrestricted motion 
at flexion and extension. To shorten the scanning time, 
T2WI sagittal images only were taken of each neck 
position for the dynamic MRI. We considered the 
patients’ pain and aggravation of clinical symptoms since 
the dynamic MRI required them to stay in fixed neck 
flexion and extension for an extended period of time 
(10 min).

Imaging protocol
Consisted of a sagittal T1-weighted spin-echo sequence 
with parameters of 600/20/2 (TR/TE/excitations), a 256 
3 192 matrix, and a 25-cm field of view; a sagittal turbo 
spin-echo T2-weighted sequence with parameters of 
4700/112/2 (TR/TE/excitations), a 256 3 192 matrix, and 
a 25-cm field of view; an axial T2*-weighted gradient-
echo sequence in the neutral position (0°) with parame-
ters of 630/15/2 with a 15° flip angle, a 205 3 256 matrix, 
and a 16-cm field of view; and a sagittal T2-weighted 
turbo spin-echo sequence at maximum flexion and exten-
sion of the neck with parameters of 4700/112/2 (TR/TE/
excitations) a 256 3 192 matrix, and a 25-cm field of view. 
A 3-mm section thickness and 0.5-mm intersection gap 
were used for all MR images (Figs. 1, 2, 3 and 4).

Image interpretation
All MRI images were analyzed by three experienced radi-
ologists, with at least 10 years of experience each (Figs. 5, 
6 and 7).

The MRI images were evaluated for the presence 
and extent of disc bulge on the cervical cord using the 
MUHLE classification system. He classified each segment 
as: 0 = normal, 1 = partial obliteration of the anterior or 
posterior subarachnoid space, 2 = complete obliteration 
of subarachnoid space and 3 = cervical cord compression 
or displacement [4].

Statistical analysis
Recorded data were analyzed using the statistical package 
for social sciences, version 20.0 (SPSS Inc., Chicago, 
Illinois, USA). Quantitative data were expressed as 
mean ± standard deviation (SD). Qualitative data were 
expressed as frequency and percentage. Inter observer 
agreement was determined using the weighted kappa (k) 
statistic.

k value > 0.8 indicating good agreement.
k value = 0.8 to 0.6 indicating moderate agreement.
K value = 0.6 to 0.2 indicating fair agreement.
K value < 0.2 indicating poor agreement.
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(A) Neutral (B)  Flexion

( C ) Extension

Neutral Flexion Extension

C2-3 Grade 1 Grade 1 Grade 2

C3-4 Grade 1 Grade 1 Grade 2

C4-5 Grade 0 Grade 0 Grade 0

C5-6 Grade 2 Grade 1 Grade 3

C6-7 Grade 2 Grade 1 Grade 3

C7-T1 Grade 0 Grade 0 Grade 0

• A 44 male patient complains from neck pain .MRI images show more canal stenosis at extension 
position (grade3) according to MUHLE classification at disc levels C5-6 and C6-7 than neutral and 
flexion positions and more canal stenosis at extension (grade 2 MUHLE ) at disc levels C2-3 and C3-
4 than neutral and flexion positions. 

Fig. 1  A 44 male patient complains from neck pain. MRI images show more canal stenosis at extension position (grade3) according to MUHLE 
classification at disc levels C5-6 and C6-7 than neutral and flexion positions
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(A)Neutral (B)Flexion 

( C )Extension

Neutral Flexion Extension 

C2-3 Grade 1 Grade 1 Grade 2

C3-4 Grade 1 Grade 1 Grade 2

C4-5 Grade 0 Grade 0 Grade 1

C5-6 Grade 2 Grade 1 Grade 2

C6-7 Grade 0 Grade 0 Grade 1

C7-T1 Grade 0 Grade 0 Grade 0

A 34 female patient complains from upper limb numbness. MRI images show canal stenosis at 
extension position (grade 2) at disc levels C2-3 and C3-4 more than neutral and flexion positions, 
while there is a newly discovered disc level C4-5 and C6-7 at the extension position.

Fig. 2  A 34 female patient complains from upper limb numbness. MRI images show canal stenosis at extension position (grade 2) at disc levels 
C2-3 and C3-4 more than neutral and flexion positions, while there is a newly discovered disc level C6-7 at the extension position
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(A)  Neutral (B)Flexion

( C )Extension 

Neutral Flexion Extension

C2-3 Grade 0 Grade 1 Grade 2

C3-4 Grade 3 Grade 2 Grade 3

C4-5 Grade 2 Grade 1 Grade 3

C5-6 Grade 1 Grade 1 Grade 2

C6-7 Grade 1 Grade 1 Grade 2

C7-T1 Grade 0 Grade 0 Grade 0

• A 38 male patient complains from upper limb pain and numbness. MRI images show canal 
stenosis at extension position at disc levels C2-3, C5-6 and C6-7 (Grade 2 MUHLE) and at disc 
levels C3-4 and C4-5 (grade3 MUHLE) more than neutral and flexion positions.

Fig. 3  A 38 male patient complains from upper limb pain and numbness. MRI images show canal stenosis at extension position at disc levels C2-3, 
C5-6 and C6-7 (Grade 2) and at disc levels C3-4 and C4-5 (grade 3) more than neutral and flexion positions
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(A) Neutral (B)Flexion 

(C )Extension

Neutral Flexion Extension

C2-3 Grade 0 Grade 0 Grade 0

C3-4 Grade 1 Grade 1 Grade 1

C4-5 Grade 2 Grade 2 Grade 2

C5-6 Grade 2 Grade 2 Grade3

C6-7 Grade 1 Grade 0 Grade 1

C7-T1 Grade 0 Grade 0 Grade 0

• A 46 male patient complains from neck pain. MRI images show more canal stenosis at 
extension position at disc level C5-6 (grade 3 MUHLE)  than neutral and flexion positions.

Fig. 4  A 46 male patient complains from neck pain. MRI images show more canal stenosis at extension position at disc level C5-6 (grade 3) than 
neutral and flexion positions
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(A) Neutral  (B)Flexion

( C ) Extension 

Neutral Flexion Extension

C2-3 Grade 0 Grade 0 Grade 0

C3-4 Grade 0 Grade 0 Grade 0

C4-5 Grade 1 Grade 2 Grade 3

C5-6 Grade 2 Grade 0 Grade 2

C6-7 Grade 0 Grade 0 Grade 1

C7-T1 Grade 0 Grade 0 Grade 0

• A 32 female patient complains from upper limb numbness. MRI images show more canal 
stenosis at extension position at disc level C4-5 (grade3 MUHLE) and at disc level C6-7(grade 
1 MUHLE) than neutral and flexion positions.

Fig. 5  A 32 female patient complains from upper limb numbness. MRI images show more canal stenosis at extension position at disc level C4-5 
(grade 3) and at disc level C6-7 than neutral and flexion positions
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The following tests were done

•	 Chi-square (x2) test of significance was used in 
order to compare proportions between qualitative 
parameters.

•	 The confidence interval was set to 95% and the mar-
gin of error accepted was set to 5%. So, the p value 
was considered significant as the following:

•	 Probability (P value)

•	P value ≤ 0.05 was considered significant.
•	P value ≤ 0.001 was considered highly significant.
•	P value > 0.05 was considered insignificant.

Neutral Flexion Extension
C2-3 Grade 0 Grade 0 Grade 0
C3-4 Grade 1 Grade 2 Grade 1
C4-5 Grade 0 Grade 1 Grade 1
C5-6 Grade 1 Grade 1 Grade 2
C6-7 Grade 1 Grade 1 Grade 2
C7-T1 Grade 0 Grade 0 Grade 0

(A) Neutral  (B)Flexion

( C ) Extension 

• A 45 female patient complains from upper limb pain.MRI images show more canal stenosis at 
extension position disc level C5-6 and C6-7 (grade 2 MUHLE) than neutral and flexion 
positions. 

Fig. 6  A 45 female patient complains from upper limb pain. MRI images show more canal stenosis at extension position disc level C5-6 and C6-7 
(grade 2) than neutral and flexion positions
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(A)Neutral (B) Flexion

(c ) Extension

Neutral Flexion Extension
C2-3 Grade 0 Grade 0 Grade 0
C3-4 Grade 0 Grade 0 Grade 1
C4-5 Grade 1 Grade 2 Grade 2
C5-6 Grade 0 Grade 0 Grade 2
C6-7 Grade 0 Grade 0 Grade 0
C7-T1 Grade 0 Grade 0 Grade 0

• A 50 male patient complains from neck pain .MRI images show more canal stenosis at 
extension position at disc level C3-4 (grade 1 MUHLE) and C5-6 (grade 2 MUHLE) than 
neutral and flexion position. 

Fig. 7  A 50 male patient complains from neck pain. MRI images show more canal stenosis at extension position at disc level C3-4 (grade 1) and 
C5-6 (grade 2) than neutral and flexion position
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Results
This was a prospective cross-sectional study con-
ducted on 35 patients (each patient had 6 disc levels, 
making 210 total disc levels). Ages ranged from 30 to 
59  years with mean ± SD of 44.03 ± 7.82. As regards 

sex distribution, there was male predominance with 19 
males with a percentage of 54.3% and 16 females with a 
percentage of 45.7%. Weight ranged from 60 to 120 kg 
with mean ± SD of 88.09 ± 14.07 (Tables 1, 2 and 3).

All included patients had several clinical findings that 
correlate with radiological findings either in static MRI 
or DMRI.

Our imaging was classified using the MUHLE classi-
fication system and studied in three positions neutral, 
flexion, and extension (there were 35 patients; each 
patient had 6 disc levels, making 210 total disc levels) 
(Tables 4, 5 and 6).

MUHLE of neutral position imaging among our 
patients, there were 133 disc levels (63.3%) with "Grade 
0," 63 disc levels (30%) with "Grade 1," 13 disc levels 
(6.2%) with "Grade 2," and one-disc level (0.5%) with 
"Grade 3" of the neutral position.

MUHLE of flexion position imaging among our 
patients, there were 134 disc levels (63.8%) with "Grade 
0," 49 disc levels (23.3%) with "Grade 1," 23 disc levels 
(11%) with "Grade 2," and 4 disc levels (1.9%) with "Grade 
3" of flexion position.

MUHLE of extension position imaging among our patients 
group,128 disc levels (61%) had "Grade 0," 38 disc levels 
(18.1%) had "Grade 1," 31 disc levels (14.8%) had "Grade 2," 
and 13 disc levels (6.2%) had "Grade 3" of extension position.

In our study, more spinal canal stenosis levels were 
detected on extension position compared to the neutral 
position (128 vs. 133 MUHLE grade 0, 38 vs. 63 MUHLE 
grade 1, 31 vs. 13 MUHLE grade 2, 13 vs. 1 MUHLE grade 
3), which was statistically significant according to MUHLE 
staging among total disc levels, with p value < 0.05.

In our study, more spinal canal stenosis levels were 
detected on flexion position than in neutral position (134 
vs. 133 MUHLE grade 0, 49 vs. 63 MUHLE grade 1, 23 vs. 
13 MUHLE grade 2, 4 vs. 1 MUHLE grade 3), which was 
statistically insignificant according to MUHLE among 
total disc levels (p value > 0.05).

All MRI images were analyzed with a 90% degree of 
agreement by three experienced radiologists, with at 
least 10 years of experience each with k value > 0.8 which 
indicates good agreement.

Table 1  The study group’s neutral position imaging was 
classified using the MUHLE classification

MUHLE classification Neutral

No. %

Grade 0 133 63.3

Grade 1 63 30.0

Grade 2 13 6.2

Grade 3 1 0.5

Total 210 100.0

Table 2  MUHLE classification of flexion position imaging among 
our study group

MUHLE classification Flexion

No. %

Grade 0 134 63.8

Grade 1 49 23.3

Grade 2 23 11.0

Grade 3 4 1.9

Total 210 100.0

Table 3  MUHLE classification of extension position imaging 
among study group

MUHLE classification Extension

No. %

Grade 0 128 61.0

Grade 1 38 18.1

Grade 2 31 14.8

Grade 3 13 6.2

Total 210 100.0

Table 4  Comparison between neutral and flexion positions according to MUHLE classification among total disc levels (n = 210)

MUHLE classification Neutral Flexion Chi-square test

No. % No. % x2 p value

Grade 0 133 63.3 134 63.8 6.332 0.097

Grade 1 63 30.0 49 23.3

Grade 2 13 6.2 23 11.0

Grade 3 1 0.5 4 1.9

Total 210 100.0 210 100.0
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Discussion
Despite the fact that dynamic variables are known to play 
a part in the pathogenesis of cervical spondylodegen-
erative diseases, the use of MRI in flexion and extension 
positions for such individuals to evaluate spinal cord com-
pression is unusual. However, it can provide useful infor-
mation about the compressive pressures that occur during 
normal everyday cervical mobility. Several prior studies 
have shown that more stenosis can occur with both cervi-
cal flexion and extension positions [5].

Dynamic MRI may reveal the flexional and extensional 
positions of the cervical spine, which are more similar to 
the normal state of the cervical spine. Some spinal cord 
compression might be undetected by static MRI but seen 
in Dynamic MRI [6].

We conducted our study on 35 patients (each patient 
had 6 disc levels, making 210 total disc levels), with ages 
ranging from 30 to 59 years old to assess the diagnostic 
value of flexion–extension sagittal T2 (Dynamic MRI) for 
patients with cervical spondylodegenerative diseases in 
contrast to data obtained from static MRI.

We used MUHLE classification for analyzing degen-
erative disease of the cervical spine examined with 
MRI. This classification system classified each segment 
as: 0 = normal, 1 = partial obliteration of the anterior or 

posterior subarachnoid space, 2 = complete obliteration 
of subarachnoid space and 3 = cervical cord compression 
or displacement [4].

We demonstrated that 63.3% in neutral position versus 
61% in extension was Grade 0, 30% in neutral position 
versus 18% in extension was Grade 1, 6.2% in neutral 
position versus 14.8% in extension was Grade 2, and 0.5% 
in neutral position versus 6.2% in extension was Grade 3 
which was statistically significant.

Our results were supported by a study on 38 patients 
that demonstrated that cervical cord compression is more 
provoked during neck extension. They demonstrated 
that 42.7% in neutral position versus 28.4% in extension 
was Grade 1, 53.12% in neutral position versus 64.2% in 
extension was Grade 2, and 4.18% in neutral position 
versus 7.4% in extension was Grade 3 which was 
statistically significant [7].

We demonstrated that more compression levels were 
detected with dynamic MRI in flexion, however this was 
statistically insignificant. We demonstrated that 63.3% in 
neutral position versus 63.8% in flexion was Grade 0, 30% 
in neutral position versus 23.3% in flexion was Grade 1, 
6.2% in neutral position versus 11% in flexion was Grade 
2, and 0.5% in neutral position versus 1.9% in flexion was 
Grade 3.

Table 5  Comparison between neutral and extension positions according to MUHLE classification among total disc levels (n = 210)

** p value significant

MUHLE classification Neutral Extension Chi-square test

No. % No. % x2 p value

Grade 0 133 63.3 128 61.0 23.933  < 0.001**

Grade 1 63 30.0 38 18.1

Grade 2 13 6.2 31 14.8

Grade 3 1 0.5 13 6.2

Total 210 100.0 210 100.0

Table 6  Comparison between neutral, flexion and extension positions according to MUHLE among total disc levels (n = 210) which 
showed a statistically significant difference between neutral and extension according to MUHLE among total disc levels, with p 
value < 0.05; while neutral and flexion insignificant difference, also flexion and extension insignificant difference, with p value > 0.05

** p value significant

MUHLE classification Neutral Flexion Extension Chi-square test

No. % No. % No. % x2 p value

Grade 0 133 63.3 134 63.8 128 61.0 26.721  < 0.001**

Grade 1 63 30.0 49 23.3 38 18.1

Grade 2 13 6.2 23 11.0 31 14.8

Grade 3 1 0.5 4 1.9 13 6.2

Total 210 100.0 210 100.0 210 100.0
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Actually our findings were contrasted with the study 
that examined the changes of the spinal canal diame-
ter during neck flexion and extension by looking at the 
MUHLE grades which revealed that Contrary to several 
existing reports on the topic, MUHLE grades remained 
constant or increased in both flexion and extension com-
pared to the neutral neck position [8].

Our results were supported by a study that demon-
strated that an investigation of extension MRI revealed 
an increased number of compression levels in 72% of 
patients when compared to static MRI findings [9].

Another study agreed with our results as it demonstrated 
that higher stages of spinal cord compression were found 
in the extension position compared with the stage in the 
neutral and flexion positions, upon reviewing the DMRI 
results, the number of potential levels needing decompres-
sion was significantly increased in comparison to static 
MRI results which supported our results and reinforced 
the need to add extension dynamic MRI during investiga-
tions of cervical spondylodegenerative diseases [10].

Our results were supported by a study that showed 
that the radiological severity of the spinal canal stenosis 
increases significantly with extension and decreases sig-
nificantly with flexion; however, these findings in flexion 
were contrasted with our findings [11].

Our results agreed with previous studies using dynamic 
MRIs that had univocally revealed that cervical cord 
compression is more likely during neck extension [12, 
13]. Rather, some research revealed that with neck 
flexion, the spinal canal width increases [14, 15].

Also, our results were comparable to data from 
the study conducted on 81 patients that showed that 
increased cervical cord impingement was seen in 27% (22 
of 81) to 31% (19 of 62) of extension MR images and in 3% 
(two of 62) to 5% (four of 81) of flexion MR images [4].

Conclusions
Flexion and extension MR imaging demonstrates 
additional information using a non-invasive technique 
concerning the dynamic factors in the pathogenesis of 
cervical spondylodegenerative diseases. DMRI identifies 
a significant percentage of increased spinal stenosis 
especially at extension position more than at neutral and 
flexion positions. So, we recommend to include extension 
DMRI in investigations for diagnosis and management 
plans of cervical spondylodegenerative diseases.

Limitations

•	 Larger sample size and multicenter experience are 
all necessary to accurately figure out the accuracy of 
dynamic MRI in cervical spine pathology.

•	 We recommend doing dynamic MRI in sagittal and 
axial planes as, the dynamic MRI protocol in our 
study did not include axial images so, stenosis was 
only evaluated in the sagittal plane.

Abbreviations
DMRI	� Dynamic MRI
MUHLE	� MUHLE classification system
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