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Comparison of T2 Dixon and Standard Sagittal MRI Sequences for Evaluating Lumbar
Spine Degeneration

Sobia Jawwad Raza', Madiha', Muhammad Ikram’, Nadia Gul", Farkhanda Jabeen®, Anum Ajmal’

ABSTRACT
Objective: To evaluate the diagnostic performance and inter observer agreement between standard sagittal
protocol and Dixon protocol in assessment of high intensity zones and Modic end plate changes in patients who
undergo magnetic resonance imaging of lumbar spine for lumbar radiculopathy.
Study Design: Cross-sectional study.
Place and Duration of Study: The study was conducted at the Department of Diagnostic Radiology, Wah
Medical College Wah Cantt, Pakistan in period of three months from March 2024 to May 2024.
Methods: Total 163 patients of either gender above age of 30 years were included in the study presented with
complaint of lumbar radiculopathy. All patients underwent magnetic resonance imaging of lumbar spine. Two
experienced radiologists first assessed the high intensity zones and Modic end plate changes for each level of
lumbar spine on the sagittal T2 Dixon sequences and then on standard sagittal sequences independently from
one another. Findings were recorded on performa. Data was analyzed using SPSS version 23. First the
agreement between readers 1 and 2 was examined for the Dixon protocol and then on standard protocol in
assessment of high intensity zone and Modic end plate changes using kappa statistics and the size of the inter-
reader agreement was compared between standard protocol and Dixon protocol. Secondly the K values and
their standard errors were used to perform a Z-test to examine if there are significant statistical differences
between the two sequences.
Results: Both the Dixon and standard protocols demonstrate high inter observer agreement with Cohen's
Kappa values indicating almost perfect concordance. The Z-test comparisons between the protocols show no
statistically significant differences in agreement for either high intensity zones or Modic end plate changes
assessments at any spinal level, as all P-values were above the 0.05 threshold. Both protocols exhibit
comparable reliability in evaluating lumbar spine conditions.
Conclusion: Single sagittal T2 Dixon sequence could replace the standard sagittal sequences for the assessment
of high intensity zones and Modic end plate changes with a30% acquisition time reductionat 1.5T.
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spine (85%). Imaging is suggested only if there are

management of about 6 weeks."”
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imaging modality for uncovering underlying
pathology.” Intervertebral disc (IVD) degeneration,
fatty atrophy of paraspinal muscles and vertebral
end plate changes are the most common causes of
low backache. IVD is composed of inner nucleus
pulposus turning hyperintense signal and outer rim
of annulus fibrosus returning hypointense signal on
T2WI sequence. High intensity zones (HIZs) also
known as annular tears appear as T2WI hyperintense
signal in annulus fibrosus.*” Disc degeneration is
graded on T2WI sagittal sequence according to
Pfirrmann or modified Pfirrmann grading system."”
There are three types of end plate degenerative
changes according to Modic et al. manifesting as
bone marrow edema on opposing end plates (type ),
fatty marrow conversion (type IlI) and subchondral
bone sclerosis (type Ill). Modic end plate changes
(MEPC) are assessed on sagittal sequences of MRI
spine.” Approximately 22% of patients with low back
pain show Modic type | and Il degenerative
changes.”

While acquisition protocols of lumbar spine can vary,
there is a common consensus that the standard
protocol for mechanical low back pain should include
a combination of sagittal T1 weighted imaging
(TIWI) and sagittal T2 weighted imaging (T2WI),
sagittal T2 short to inversion recovery (STIR) and axial
TIWI and T2WI sequences with T2WI
Marrow signals, HIZ, MEPC and
foraminal stenosis are usually assessed on sagittal

11,12
myelography.

images and disc herniation and lateral recesses and
spinal canal stenosis are assessed on axial images.”"
The Dixon technique based on chemical shift
between protons of water and fat generates a set of
four images that comprises of in phase (in), opposed
phase (oppo), water only (WO) and fat only (FO)
images in one acquisition, thus resulting in
significant time reduction. A recent study has
demonstrated that T2-weighted Dixon imaging could
provide similar diagnostic performance to that of T1-

weighted, T2-weighted and fat suppressed
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sequences for the detection of bone marrow
metastases.”” ™

As Dixon is an emerging technique in evaluation of
degenerative changes in spine, very limited
literature is available in Pakistan. The aim of our
study is to assess whether the Dixon T2WI sagittal
sequence can replace standard sagittal sequences
without loss of diagnostic information, thus resulting
inlessacquisitiontime.

Methods

The cross sectional study was conducted at the
Department of Diagnostic Radiology, Wah Medical
College Wah Cantt, Pakistan in period of three
months from March 2024 to May 2024 after taking
ethical committee approval from the hospital vide
letter no: IRB/24/2024 on dated: 10" May 2024. The
sample size was 163, calculated by using WHO
sample size calculator taking prevalence of backache
12%, Z=1.96 and alpha value of 0.05. Thus total 163
patients of either gender above age of 30 years were
included in study presented with complaints of lower
backache and lumbar radiculopathy. Patients in
whom MRI is contraindicated or having history of
spinal surgery, scoliosis, infection, fractures and
neoplastic and hematopoietic disorders were
excluded from study. All patients underwent MRI
lumbar spine in Syngo via Siemens Medical system
Germany 1.5 T with imaging parameters as shown in
table-1.

Data Analysis Procedure

Two radiologists each having at least 5 years
experience first assessed the HIZs and MEPC for each
level of lumbar spine on the sagittal T2 Dixon
sequences that include T2 Dixon fat only (FO), in
phase and water only (WO) and then on standard
sagittal sequences that include T1WI, T2WI and T2
STIR independently from one another. A meeting
was arranged prior to study initiation to standardize
the readings on an independent database. Clinical
information (gender, age, indication) was noted and
available to the readers in both protocols. All discs
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Table-1: Imaging parameters for standard and Dixon sagittal sequences

TR ms TE TI

ms ms

T1WI sagittal 650 10 -
T2WI sagittal 4000 99 -
STIR sagittal 4000 39 160
Dixon T2WI sagittal 3550 91 -

Slice thickness FOV Matrix Acquisition
mm mm n time (s)

4 330 384x384 1:55

4 330 448x448 1:26

4 330 384x384 1:50

4 330 320x320 3:27

TR: time to recall, TE: time to echo, TI: inversion time, ms: milliseconds, mm: millimeter, s: seconds Total time for all three
sagittal sequences is 5:11s and for sagittal Dixon sequence is 3:27s thus 34 % time reduction by using Dixon protocol

levels from L1 through L5-S1 (total 815 discs) were
evaluated for presence and absence of HIZs on
sagittal T2WI and sagittal Dixon T2WI in phase
acquisition as hyperintensity in posterior annulus as
shown in figure.1l. If absent, the response was
recorded as No and if present, the response was
recorded as Yes.

Fig.1: High intensity zone (HIZ) appearing as small focal
hyperintensity in intervertebral disc posteriorly on
standard protocol T2WI (a) and on Dixon protocol in
phase (b)

All disc levels from L1 through L5-S1 (total 815 discs)
were assessed for absence and presence of MEPC

with their grading on Dixon protocol and standard
protocolintwo setsas showninfigure.2.

If absent, the response was recorded as No and if
present, the response was recorded as Modic |, II, llI
or mixed Modic (any combination of I, Il & lll)

according to Modic et al. as detailed below.’

1. Modic I: end plate hypointensity on TIWI &
Dixon T2 FO, hyperintensity on T2WI & Dixon T2
in phase and hyperintensity on STIR & Dixon T2
WO

Fig.2: First row: standard protocol, (a) T1WI, (b) T2WI, ©
T2STIR

Second row: T2 Dixon protocol, (d) fat only FO, (e) T2in
phase, (f) water only WO Straight arrows are showing
Modic type Il changes at L5-51 level, it is evident that fat
signals are brighter on T2dixon fat only (d) as compared to
T1WI images (a) Curved arrows are showing
subcutaneous tissue edema which is more evident on
T2dixon water only (f) as compared to T2STIR (c)

2. Modic ll: end plate hyperintensity on TIWI &
Dixon T2 FO, hyperintensity on T2WI & Dixon T2
in phase, hypointensity on STIR & Dixon T2 WO

3. Modic lll : end plate hypointensity on TIWI &
Dixon T2 FO, hypointensity on T2WI & Dixon T2 in
phase, hypointensity on STIR & Dixon T2 WO

Findings were recorded on performa. Data was

analyzed using SPSS version 23. First the agreement

between readers 1 and 2 was examined for the Dixon
protocol and standard protocol in assessment of HIZs
and MEPC using kappa statistics and the size of the
inter-reader agreement was compared between

standard protocol and Dixon protocol. Secondly the k

values and their standard errors were used to

perform a z-test to examine if there are significant
statistical differences between the two sequences.
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Results

There were total of 163 patients included in the
study. The mean age of the patients was 53.99 +
13.17 years, the median age was 55, the mode was
58 and the range was 62 (minimum: 22 and
maximum: 84 vyears). There were 93 (57.06%)
femalesand 70(42.94%) males.

Table 2 shows the reliability of the Dixon Protocol in
assessing high-intensity zones (HIZ) across different
lumbar spine levels. Specifically, for HIZ at L1-L2, the
agreement between Reader 1 and Reader 2 yielded a
Cohen's Kappa value of 0.89 (P< .001). For HIZ at L2-
L3, the kappa value was 0.86 (P < .001), indicating
almost perfect concordance. At L3-L4, the
agreement was particularly high, with a kappa value
of 0.94 (P < .001). Similarly, HIZ assessment at L4-L5
showed a kappa value of 0.88 (standard error 0.04, P
< .001), and at L5-S1, the kappa value was 0.87
(standard error0.03, P<.001).

Table-3 shows the analysis using the Dixon Protocol
for Modic Endplate Change (MEPC) assessment.
There is an almost perfect agreement between
Reader 1 and Reader 2 at various lumbar spine levels.
For instance, at L1-L2, the agreement demonstrated
by Cohen's Kappa was 0.84 (P < .001). Similarly, the
kappa value for L2-L3 was 0.85 (P < .001), indicating
very high concordance. The consistency in
assessment was also evident at L3-L4, with a kappa
value of 0.86 (P < .001). Both L4-L5 and L5-S1
maintained a kappa value of 0.86, each with a
standard error of 0.04 (P<.001).

Table-4 shows; there was an almost perfect
agreement between Reader 1 and Reader 2 in
assessing high-intensity zones (HIZ) across the
lumbar spine. At L1-L2, Cohen's Kappa value was 0.89
(P < .001), reflecting a very strong concordance. For
L2-L3, the kappa value was 0.83 (P < .001). At L3-L4,
the agreement was similarly high, with a kappa value
of 0.86 (P < .001). Both L4-L5 and L5-S1
demonstrated kappa values of 0.82 and 0.84,
respectively, each with a standard error of 0.04 (P <
.001).

The analysis using the Standard Protocol for Modic
Endplate Change (MEPC) assessment showed almost
perfect agreement between Reader 1 and Reader 2
which was demonstrated at all lumbar spine levels.
AtL1-L2, Cohen's Kapparevealed a high concordance
with avalue of 0.85 (P <.001). Similarly, for L2-L3, the
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kappa value was also 0.86 (P < .001), indicating
consistent agreement between the readers. This
trend continued at L3-L4, where the kappa value
increased slightly to 0.88 (P < .001), reflecting even
stronger agreement. At L4-L5, the agreement
remained high, with a kappa value of 0.87 (P <.001).
Finally, at L5-S1, the kappa value was 0.88, with a
standard error of 0.03 (P<.001).

Both the Dixon and Standard protocols demonstrate
high agreement for assessing High Intensity Zones
(HIZ) and Modified Endplate Change (MEPC) across
all lumbar spine levels (L1 to S1) with Cohen's Kappa
values indicating almost perfect concordance. The Z-
test comparisons between the protocols show no
statistically significant differences in agreement for
either HIZ or MEPC assessments at any spinal level,
as all p-values are above the 0.05 threshold. Both
protocols exhibit comparable reliability in evaluating
lumbar spine conditions.

Discussion

Both the Dixon and Standard protocols demonstrate
high agreement among readers for assessing High-
Intensity Zones (HIZ) and Modic Endplate Changes
(MEPC) across all lumbar spine levels (L1-S1), with
Cohen's Kappa values indicating almost perfect
concordance. The Z test comparisons between the
protocols show no statistically significant differences
in agreement for either HIZ or MEPC assessments at
any spinal level. Similar results are seen in study
conducted by Saifuddin A et al. showing that inter-
reader agreement for MEPC on the routine protocol
was 0.45 and for the Dixon protocol was 0.53 (P =
0.02), and inter-reader agreement for identification
of the HIZ on the routine protocol was 0.52 and for
the Dixon protocol was 0.46 (P = 0.27)" Similarly,
anotherstudy by ZanchiF et al. also shows that single
sagittal T2-weighted Dixon sequence may replace
the recommended combination of TIWI, T2WI, and
fat-suppressed T2-weighted sequences.”

Our study has also shown that commonly involved
levels by Modic changes and HIZs were L4-L5 and L5-
S1. Modic type Il changes are common followed by
type | and least common are Modic type lll. Similar
results are shown by study conducted by Chen, Y et
al. in which modic type Il changes are common and
commonly involved levels are L4-L5 and L5-S1.""
Systematic literature reviews on the distribution of
HIZ in lumbar spine have shown that multilevel HIZs
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Table-2: Inter-Reader Agreement for High-Intensity Zones (HIZ) in the Lumbar Spine using the Dixon Protocol

Yes No Total Cohen's Standard P-value
Kappa Error
Dixon Protocol Reader 1: LIZ L1-L2
Dixon Protocol Reader 2: Yes 4 1 5 0.886 0.113 <.001
HIZ L1-L2
No O 158 158
Dixon Protocol Reader 1: LIZ L2-L3
Dixon Protocol Reader 2: Yes 10 1 11 0.86 0.080 <.001
HIZ L2-L3
No 2 150 152
Dixon Protocol Reader 1: LIZ L3-L4
Dixon Protocol Reader 2: Yes 29 0 29 0.94 0.035 <.001
HIZ L3-L4
No 3 131 134
Dixon Protocol Reader 1: LIZ L4-L5
Dixon Protocol Reader 2: Yes 71 3 74 0.88 0.04 <.001
HIZ L4-L5
No 7 82 89
Dixon Protocol Reader 1: LIZ L5-S1
Dixon Protocol Reader 2: Yes 61 5 66 0.87 0.03 <.001
HIZ L5-S1
No 5 92 97

HIZ: high intensity zone, L1-L2: lumbar vertebra 1 and 2, L2-L3: lumbar vertebra 2 and 3, L3-L4: lumbar vertebra 3 and 4, L4-
L5: lumbarvertebra4and 5, L5-S1: lumbar vertebra 5 and sacral vertebra 1.

contribute in backache and accelerate the process of
disc degeneration.””” Modic type | and Il end
changes are also associated with low back pain.
Therefore, the importance of identifying HIZ and
MEPC are crucial for appropriate management.”

In our study, inter-reader agreement for MEPC and
HIZ was significantly better on the T2 Dixon sequence
as compared to standard sagittal sequences. Fat
containing lesions like hemangiomas and modic type
Il changesi.e. end plate fat metaplasia was more avid
on T2Dixon FO sagittal sequence than on T1WI as
shown in figure 2 (a) and (d). Our findings are
consistent with the studies conducted by Huang H et
al. and Allam M.F.AB et al. showing that subchondral
fatty metaplasia in sacroiliitis is better appreciated
on T2Dixon FOimages than on T1WI.%*

Similarly, T2 Dixon WO sequences show better fat
suppression than standard T2 STIR sequence thus

making edema signal more evident as shown in
figure 2 (c) and (f). Active bone erosions and tumors
are also more evident on Dixon FS than STIR due to
homogenous fat suppression and high signal to noise
ratio.”

There are few limitations to our study. We have
focused only on sagittal sequences, HIZ and MEPC.
Marrow signals of vertebral bodies are routinely
assessed on sagittal TIWI sequences. Although the
main focus of our study was degenerative changes of
lumbar spine, any incidental finding of neoplastic or
myeloproliferative disorder lesion in spine can never
be missed by replacing the TAWI by T2Dixon because
according to the study by Sasiponganan C et al. T2
weighted Dixon imaging is capable of effectively
distinguishing between yellow marrow, red marrow,
and various osseous lesions, whether benign or
malignant.”
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Table-3: Inter-Reader Agreement for Modic Endplate Changes (MEPC) in the Lumbar Spine using the Dixon Protocol

Modic Modic 1 Modic Modic No Total Cohen's Standard P-value
1 and2 2 3 Kappa Error

Dixon Protocol Reader 1: MEPC, L1-L2

Dixon No 1 0 135 136

Protocol Modic 2 i 0 19 . 1 2 0.845 0.054  <.001
Reader 2: MEPC, . . .
L1-12 Modic 1 and 2 2 3 2 7

Dixon Protocol Reader 1: MEPC, L2-L3

Dixon No 0 0 0 135 135
Protocol Modic 2 2 1 17 0 20 0850 0008 001
. - . . <.
Reader 2: MEPC, Modic 1 ) 1 ) 1 6
L2-L3
Modicland2 O 2 0 0 2

Dixon Protocol Reader 1: MEPC, L3-L4

Dixon No 0 0 0 132 132
Protocol Modic 2 2 1 20 Lo 0,047 oo
. - . . <.

Reader 2: MEPC, Modic 1 ) 0 ) 0 4
L3-L4

Modicland2 0 2 0

Dixon Protocol Reader 1: MEPC, L4-L5

No 0 0 3 2 108 113

Modic 2 0 0 41 0 2 43
Dixon
Protocol ;

Modicland2 0 2 0 0 2 4 0.863 0.041 <001
Reader 2: MEPC,
L4-L5 Modic 1 1 0 0 0 0 1

Modic 3 0 0 0 1 1 2

Dixon Protocol Reader 1: MEPC, L5-S1

Modic 1 3 0 0 0 0 3
Dixon

Modic 1 and
Protocol

2 0 3 0 0 1 4 0.864 0.04 <.001
Reader 2: MEPC,
L5-

Modic 2 0 0 60 0 3 63
S1 Modic 3 0 0 0 1 2 3

No 0 1 4 1 84 90

MEPC: Modic end plate changes, L1-L2: lumbar vertebra 1 and 2, L2-L3: lumbar vertebra 2 and 3, L3-L4: lumbar vertebra 3
and 4, L4-L5: lumbar vertebra4 and 5, L5-S1: lumbarvertebra 5 and sacral vertebra 1
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Table-4: Inter-Reader Agreement for High-Intensity Zones (HIZ) in the Lumbar Spine using the Standard Protocol

No Yes

Cohen's Standard P-value
Kappa Error

Standard Protocol Reader 1: HIZ L1-L2

Standard Protocol No 158 1
Reader 2: HIZ L1-L2 Yes 0 4

0.866 0.113 <.001

Standard Protocol Reader 1: HIZ L2-L3

Standard Protocol Yes 8 2
Reader 2: HIZ L2-L3 No 1 152

0.832 0.095 <.001

Standard Protocol Reader 1: HIZ L3-L4

Standard Protocol Yes 23 0
Reader 2: HIZ L3-L4 No 6 134

0.863 0.054 <.001

Standard Protocol Reader 1: HIZ L4-L5

Standard Protocol Yes 68 0
Reader 2: HIZ L4-L5 No 15 80

0.82 0.04 <.001

Standard Protocol Reader 1: HIZ L5-S1

Standard Protocol Yes 64 6
Reader 2: HIZ L5-S1 No 7 86

0.84 0.04 <.001

HIZ: high intensity zone, L1-L2: lumbar vertebra 1 and 2, L2-L3: lumbar vertebra 2 and 3, L3-L4: lumbar vertebra 3 and 4, L4-
L5:lumbarvertebra4 and 5, L5-S1: lumbar vertebra 5 and sacral vertebra 1.

Intervertebral disc bulges and herniation causing
nerve root compression and spinal canal stenosis are
part of degenerative changes and assessed on axial
sequences.”””* As axial sequences were not replaced
in our study so there would be no loss of diagnostic
information by substitution of the three routinely
used sagittal sequences with the single T2 Dixon
sequence.

Conclusion

Our study has proved that a single sagittal T2 Dixon
sequence could replace the standard sagittal
sequences for the assessment of MEPC and HIZs with
a30% acquisition time reductionat 1.5T.
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