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Spinal Degeneration and Degenerative Disc Disease
Correlation identified with Magnetic Resonance Imaging
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Magnetic resonance imaging (MRI) is the golden standard technique for spine disc
disease diagnosis. Vertebral body endplate signal intensity on MRI is confirming lumber spine
degenerative disc disease.The study aimed to record the lumbar spine degenerative relation
between disc and diseaseusing magnetic resonance imaging. Our prospective and double blind
investigation included 142 participants,having lumbar spine degenerativedisease confirmed by
MRI. Pfirrmann score was used to record the relation between lumbar spine disc degeneration
and lumbar spine degenerative disease. Modic modifications with the Pfirrmann and modified
Pfirrmann scores of disc degeneration were assessed.Lumbar spine MRI was done for all
participants using sagittal T1 and T2 WI. Modic was scored (0-III) The Pfirrmann scored I-V
for disc degeneration. Lumbar disc degeneration was evaluated by modified Pfirrmann scoring
from 1-8 according to signal intensity of the nucleus pulposus and inner annulus.Modic was
recorded in 41.5%, 24.6%, 32.4% and 1.4% of participants with scores 0, I, II and III, respectively.
Pfirrmann score was 13.4%, 73.9% and 12.7% of disc degeneration with scores III, IV and V,
respectively, while,the modified Pfirrmann score was 2.1%, 15.5%, 38.7%, 26.8% and 16.9%
of disc degeneration with scores of 4, 5, 6, 7 and 8, respectively. The modified Pfirrmann score
showed notableinconsistencyin participants with Modic 0, I and II, but no difference between
Modic I and II.There was significant relation between Modicand lumbar spine disc degeneration.
In conclusion, there is a relation between Modic, Pfirrmann and modified Pfirrmann scores of
lumbar spine disc degeneration in participants with lumbar spine degenerative disease.

Keywords: Lumbar; Degeneration, Disc, Disease; Modic; Pfirrmann;modified Pfirrmann.

MRI is considered the golden standard in
the diagnosis of spine disc problems. Degenerative
disc induces deprivation of water, proteoglycans,
and collagen type II locally which can be seen on
MRI. The inability to bind water for preventing
dehydration is due to loss of proteoglycans, hence,
the signal intensity of disc can be seen on MRI. The
noticed vertebral body endplate signal intensity
on MRI (Modic) is confirming degenerative disc

disease'.Modic 0 is the normal picture, I is bone
marrow edema and inflammation, II is fat instead
of normal hemopoictic bone marrow and II1
issubchondral bone sclerosis?.

There is a strong correlation between
Modic and disc degeneration intensity"*.Endplate
degeneration is associated with lumbar disc
degeneration’.
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The aim of the present was to find
therelation between lumbar spine degenerative disc
and disease with MRI.

METHODS

142 participants [55 men (38.7%) and 87
women (61.3%)] were enrolled in this prospective
and double blind study, aged 41-65 years having
lumbar spine degenerative disease confirmed using
MRI.The study was performed at Alkarak teaching
hospital, Ministry of health in Jordan during the
period between 2016-2019, afterobtainingapproval
from the Ethical and Research Board Review
committees.

Lumbar spine disc degeneration was
assessed using the Pfirrmann score. The relation
between lumbar spine disc degeneration and
lumbar spine degenerative disease was recorded
by MRI according to the Pfirrmann score. Modic
modifications with the Pfirrmann and modified
Pfirrmann scores of disc degeneration were
assessed. The association between Modicand
disc degeneration of lumbar disc degenerative
disease was recorded according to Pfirrmann and
the modified Pfirrmann scores. The correlation
between the Pfirrmann and the modified Pfirrmann
scores of Modic 0, I, and II was assessed. Modic
relation with disc degeneration was recorded.

All participants were examined by MRI for
lumbar spine using sagittal T1 and T2 WI. Modic
was scored as; 0: normal; [:newvascular endplate
was hyperintense on T2WI and hypointense on

T1WI; II:fat endplate was hyperintense on TIWI
and isointense or hypointense on T2WI; III:
endplate bone sclerosis was hypointense on T1
and T2 WI.Lumbar disc scoring was done in the
sagittal T2WI"2.The Pfirrmann score determines
degenerated spinal discs by MRI for inequality in
disc building, differentiation between the nucleus
and the annulus, signal intensity of spinal discs
and scoring I-V for disc degeneration. Lumbar
disc degeneration was evaluated by the modified
Pfirrmannscore? ,scoring 1-8 for disc degeneration
according to signal intensity of the nucleus
pulposus and inner annulus and signal intensity
discrepancybetween the inner and outer of the
posterior annulus.
Statistics

Data were analyzed by theKruskal-
Wallis test.Association within Modic and disc
degeneration was evaluated using binary logistic
regression.P values less than 0.05 were considered
statistically significant.

Table 1. Modic score

Degenerative lumbar disc disease

Modic Overall
I 35(24.6%)
II 46(32.4%)
I 2(1.5%)
Overall 83(58.5%)

Fig. 1. L5-S1 level: loss of the height T1WI signal of the nucleus bulbous with preserved disc height indicating
Pfirrmann grade 4 associated with MODIC type I end plate degenerative changes
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RESULTS

Lumber endplate Modicwas positive in
58.5% (83/142) of the patients, 35/142 (24.6%),
46/142 (32.4%) and two patients/142 (1.5%) in
Modic I, IT and III, respectively (Figures 1, 2 and
3), while, Modic 0 disc degeneration was recorded
in 59 patients (41.5%). (Table I). Disc degeneration
was recorded at L.2/3 (5; 6.1%), L3/4 (6; 7.2%),
L4/5 (46; 55.4%) and L5/S1 (26; 31.3%).

Regarding Pfirrmann score of vertebral
degenerative disease,the patients were 19/142
(13.4%), 105/142 (73.9%)and 18/142 (12.7%)
with scoresllIl, IV and V of disc degeneration
but there were no patients with score I or II
disc degeneration. Table II. Regarding modified
Pfirrmann score;the patients were 3/142 (2.1%),
22/142 (15.5%), 55/142 (38.7%), 38/142 (26.8%),
24/142 (16,9%) with scores4, 5, 6, 7 and 8 disc
degeneration, but there were no patients with score
of 1,2 or 3 disc degeneration.Table II.

Modic IIT was recorded in 2 patients
(1.5%) with modified Pfirrmann score of IV. P
<0.05. Modic 0, I and IT demonstrated remarkable
discrepancy in Pfirrmann score (P<0.05). Table

III-IV. Modichad the most association with disc
degeneration.There was remarkable discrepancy
regarding modified Pfirrmann score in participants
with Modic 0, I and II (P<0.05), hence there was
no remarkable discrepancy between Modic I and
II (P>0.05).There was remarkable relation between
Modic and lumbar spine disc degeneration.

DISCUSSION

MRI is the most important approach
in assessing the pathology of intervertebral disc
clinically. In the degenerated intervertebral disc,
the loss of collagens, water and proteoglycans can
be visualized using MRI with hypointense signal
(T2 weighting).On MRI, changes in signal intensity
at body endplate have been successfully applied
in the diagnosis of lumber spine spondylosis
and degenerative disc disease'.The association
between the intensity, the degree of lumbar disc
degeneration and Modic changes (signal intensity
changes at vertebral endplate) had been reported,
also, a strong correlation between degeneration
& tear of lumber disc degeneration with the
degeneration of endplate was found*. Addionlly,

Table 2. Pfirrmannand modified Pfirrmann scores

Degenerative lumbar disc disease

Pfirrmann score Overall Modified Pfirrmann Overall
I 0 1 0
I1 0 2 0
I 19(13.4%) 3 0
IV 105(73.9%) 4 3(2.1%)
\% 18(12.7%) 5 22(15.5%)
Overall 142(100%) 6 55(38.7%)
7 38(26.8%)
8 24(16.9%)
Overall 142(100%)
Table 3. Modic and Pfirrmann scores
Modic
Pfirrmann score 0 1 11 111 Overall
I . . - - -
11 —_—
111 15(10.6%) 3(2.1%) 1(0.7%) 19(13.4%)
v 40(28.2%) 25(17.6%) 39(27.5%) 1(0.7%) 105(73.9%)
\% 4(2.8%) 7(4.9%) 6(4.2%) 1(0.7%) 18(12.7%)
Overall 59(41.5%) 35(24.6%) 46(32.4%) 2(1.5%) 142(100%)




494 ALKHASAWNEHALL et al., Biomed. & Pharmacol. J, Vol. 14(1), 491-496 (2021)

the changes in signal intensity were detected in
degenerative lumber disc disease patients in the
adjacent endplates®.Now, the identified Modic
changes are three types, on MRI, the changes in
type I appear hypointense (T2W1)characterizing
the local inflammation and edema of bone marrow,
type Il changes (T1W1) is hyperintense and (T2W 1)
isointense or slightly hyperintense representing the
replacement of normal hemopoietic bone marrow,
type III Modic changes is hypointense on TIW1
and T2W1 which characterizes the sclerosis of
subchondral bone, while, Modic change type 0 is
an indicator for the presence of normal anatomy?®.

In our study, endplate signal intensity in
degenerative lumbar disc disease was assessed
and the link between Modic and disc degeneration
was determined. The obtained results revealed that

Fig. 2. L5-S1 Level; MODIC type II end plate degenerative changed depicted as high s

58.5% of patients experienced Modic changes in
endplate in MRI; 24.6% of and 32.4% of patients
experienced types I and II endplate Modic
changes, respectively, type III Modic change is
less frequent than the Modic change types I and
II. In Pfirrmannscores study,there were 13.4%,
73.9%, and 12.7% of the patients with scores
I,V and V, respectively. Regarding the modified
Pfirrmann score,the patients were 2.1%, 15.5%,
38.%, 26.8%and 16.9%of the patients with scores
4,5, 6,7 and 8 disc degeneration, respectively, both
scores showed notable difference in Modic 0, 1 and
11, the observed difference between Pfirrmann and
the modified Pfirrmann scoring may be due to the
insensitivity of Pfirrmann one to the degree of the
degeneration of disc, so, the modified Pfirrmann
scoring system is preferable in the differentiation
of disc degeneration severity’.

[

ignal noted in the adjacent

end plates in both TIWI and T2WI.Decreased disc hydration with loss of disc height indicating Pfirrmann man
grade 5.

Table 4. Modic and Modified Pfirrmann score

Modic
Modified 0 1 11 111 Overall
Pfirrmann score
1 _ - _ - _
2 _ - _ - _
3 - _ -
4 3(2.1%) —_— —_— 3(2.1%)
5 15(10.6%) 7(4.9%) 22(15.5%)
6 29(20.4%) 14(9.9%) 11(7.7%) 1(0.7%) 55(38.7%)
7 7(4.9%) 11(7.7%) 20(14.1%) 38(26.8%)
8 5(3.5%) 10(7.04%) 8(5.6%) 1(0.7%) 24(16.9%)
Overall 59(41.5%) 35(24.6%) 46(32.4%) 2(1.5%) 142(100%)
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Our obtained results are nearly in
agreement with the results reported in the study
of Li-Peng et al. in their study, the abnormalities
in endplate were detected in 60% of the patients,
one quarter and one third of themhad types I and
II Modic changes'. Also, the analysis of results
for Pfirrmann scorefor lumber disc degeneration
of their patients, it was revealed that 12.96%,
75% and 12.03% with scores III, IV and V of the
patients, respectively, but none was in scores and I
and II, for the modified Pfirrmann scoresthe results
showed 1.85%, 14.82%, 39.81%, 29.63% and 8
13.89% with scores 4, 5, 6, 7and 8 but none was |
the scores 1 to 3!, which is also inaccordancewith
our results.

The findings in the present study propose
the severity of lumber disc degeneration among
our patients when compared to the results in other
studies * * ¢ The incidence of endplate Modic
changes was 19% up to 59% of the degenerative
lumber disc disease patients with more frequency
of types I and Il and less frequently type I1I change?®.
Other studies showed that Modic change type 11
about 90% (8), while, it was 19.5% and 84% for
type I Modic change®.

Regarding the incidence of Modic
changes types I and II, the difference between our
results and those reported by Jensen et al.? could
be attributed to the study population in their study
which was consisted of lumber disc degeneration
patients in mild condition and clinically normal
subjects.

It was believed that the changes in Modic
type I were due endplate disruption, angiogenesis
and formation of connective tissues which
corresponded to the process of degeneration,
the change accompanying type II Modic was the
prolonged degeneration of red bone marrow, then,
its replacement with yellow marrow, while, Modic
type III was a characterof the process oflumber
disc degenerative sclerosis’. Pro-inflammatory
mediators such as interleukins 6 and 8 were
detected as a result of insistentinjuries in lumber
disc which could be considered as the main cause
of back pain in the lumber region'®, also it could
be contributed to the high levels of TNFa and
PGP 9.5 in endplates with Modic I changes due to
nerve and inflammatory cells growth induction by
TNFa''or due to edema under endplatecartilage'.
The genetic factors, the nutritional factors and
the physical pressure applied to the intervertebral
space cannot be ignored as predisposing factors for
Modic changes', also, it was evidenced that there is
an association between low back pain in the lumber
region and other factors including intrinsic shape
phenotypes and quality of life'.

The preset prospective study has few
limitations including the findings of MRI should
give further convincing results, the relatively small
sample size and little findings of some MRI, so,
supplementary study is inevitable for generalizing
the results of the study.

Fig. 3. L3-L4: decreased disc hydration due to degeneration.Mild annular disc bulge. Adjacent end plate low
signal on TIWI and T2WI indicating MODIC type III end plate degenerative changes. Pfirrmann grade 4
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CONCLUSION

Modic modifications are found in 60%
of participants with degenerative disc disease
and are related to disc degeneration. Evaluation
of Modic modifications, Pfirrmannand modified
Pfirrmannscores might detect disc degeneration
early. This modified Pfirrmann scoring system more
reliable, and preferable to be used in distinguishing
the severity of disc degeneration.
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