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ABSTRACT

Obijective: To examine the evolution of degenerative changes in the vertebral plateau of patients with lumbar disc herniation undergoing
microdiscectomy, emphasizing the progression of Modic type 1 and 2 changes. Methods: A Prospective cohort study was conducted at a
single center, including patients who underwent microdiscectomy between 2017 and 2019. Magnetic resonance imaging (MRI) was acquired
preoperatively and 12 months after the intervention. Modic changes were classified by two independent radiologists following the criteria
established by Wang et al. Statistical analysis included chi-square tests, Fisher’s exact test, and Wilcoxon tests, with a significance level of
p<0.05. Results: A total of 112 patients were analyzed, of which 70 completed one-year follow-up. Preoperatively, 14 patients had no Modic
changes, while 45 had Modic type 1 and 18 had Modic type 2. After one year, 5 patients without initial changes developed Modic type 1
or 2. In patients with Modic type 1, a statistically significant reduction in the affected area was observed (mean 211.6 mm?2to 159.1 mmz;
p=0.001). In cases of Modic type 2, no significant change in the extent of the lesion was identified. Conclusion: Microdiscectomy impacts
the progression of Modic changes, particularly by reducing the lesion area in Modic type 1, suggesting a possible effect on modulating
the inflammatory response and the course of vertebral endplate degeneration. Further studies are needed to elucidate this association’s
underlying mechanisms and clinical relevance. Level of Evidence IlI; Prospective Cohort Studly.
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RESUMO

Objetivo: Examinar a evolugao das alteragcbes degenerativas nos planaltos vertebrais de pacientes com hérnia de disco lombar submetidos
a microdiscectomia, com énfase na progressao das alteragées de Modic tipos 1 e 2. Métodos: Estudo de coorte prospectivo, conduzido
em um Unico centro, incluindo pacientes submetidos a microdiscectomia entre 2017 e 2019. Foram adquiridas imagens de ressonancia
magnética (RM) no periodo pré-operatdrio e apds 12 meses da intervencao. A classificacdo das alteragcoes de Modic foi realizada por dois
radiologistas independentes, sequindo os critérios estabelecidos por Wang et al. A andlise estatistica incluiu testes do qui-quadrado, exato
de Fisher e de Wilcoxon, adotando-se p<0,05 como limiar de significancia. Resultados: Foram analisados 112 pacientes, dos quais 70
completaram o seguimento de um ano. No pré-operatorio, 14 pacientes ndo apresentavam alteracoes de Modic, enquanto 45 possuiam
Modic tipo 1 e 18 Modic tipo 2. Apds um ano, 5 pacientes sem alteragées iniciais desenvolveram Modic tipo 1 ou 2. Nos pacientes com
Modic tipo 1, observou-se redugdo estatisticamente significativa da drea acometida (média de 211,6 mm?2 para 159,17 mm2 p=0,001).
Ja nos casos de Modic tipo 2, ndo foi identificada alterac&o significativa na extensédo da lesdo. Conclusédo: A microdiscectomia impacta
a progressao das alteragées de Modic, especialmente ao reduzir a area de lesado em Modic tipo 1, o que sugere um possivel efeito na
modulacéo da resposta inflamatéria e no curso da degeneragédo do planalto vertebral. Estudos adicionais sdo necessarios para elucidar os
mecanismos subjacentes e a relevancia clinica dessa associagdo. Nivel de Evidéncia Ill; Estudo de Coorte Prospectivo.

Descritores: Degeneracdo do Disco Intervertebral; Deslocamento do Disco Intervertebral; Disco Intervertebral; Discotomia.

RESUMEN

Objetivo: Examinar la evolucion de los cambios degenerativos en las mesetas vertebrales de pacientes con hernia discal lumbar
sometidos a microdiscectomia, con énfasis en la progresion de los cambios de Modic tipos 1y 2. Métodos: Estudio de cohorte prospec-
tivo realizado en un solo centro, que incluyé pacientes sometidos a microdiscectomia entre 2017 y 2019. Se adquirieron imagenes de
resonancia magnética (RM) en el periodo preoperatorio y 12 meses después de la intervencion. La clasificacion de los cambios de Modic
fue realizada por dos radiélogos independientes, siguiendo los criterios establecidos por Wang et al. El andlisis estadistico incluyé pruebas
de chi-cuadrado, prueba exacta de Fisher y de Wilcoxon, adoptandose un nivel de significancia de p<0,05. Resultados: Se analizaron 112
pacientes, de los cuales 70 completaron el sequimiento de un afio. En el preoperatorio, 14 pacientes no presentaban cambios de Modic,
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mientras que 45 tenian Modic tipo 1y 18 Modic tipo 2. Después de un afio, 5 pacientes sin cambios iniciales desarrollaron Modlic tipo 1 o
2. En los pacientes con Modic tipo 1, se observd una reduccién estadisticamente significativa del area afectada (promedio de 211,6 mm?
a 159,17 mmz2; p=0,001). En los casos de Modic tipo 2, no se identifico un cambio significativo en la extension de la lesién. Conclusion: La
microdiscectomia impacta la progresion de los cambios de Modic, especialmente al reducir el area de la lesién en Modic tipo 1, lo que
sugiere un posible efecto en la modulacién de la respuesta inflamatoria y en el curso de la degeneracién del plano vertebral. Se requieren
estudios adicionales para esclarecer los mecanismos subyacentes y la relevancia clinica de esta asociacion. Nivel de Evidencia Ill; Estudio

de Cohorte Prospectivo.

Descriptores: Degeneracion del Disco Intervertebral;, Desplazamiento del Disco Intervertebral; Disco Intervertebral; Discectomia.

INTRODUCTION

Degeneration of the intervertebral disc is among the main causes
of chronic lumbar pain and nerve root compression syndromes
and is a reason for indicating surgical treatment.! Progressive de-
generation of the disc has an inflammatory effect on the adjacent
vertebral plateaus. Modic described it, and it is widely accepted.
Modic’s classification is based on alterations found on magnetic
resonance images and makes it possible to categorize the type of
degeneration?® according to inflammatory, fatty, and osteosclerotic
alterations (Figure 1).

The Modic types correspond to the evolutionary phases of the
disc degeneration process and the vertebral plateau and tend to
be progressive. However, they can also occur concomitantly in the
same vertebra. The inflammatory stages are more acute and related
to instability, while the later stages are phases of stabilization and
chronification of the degenerative process and low back pain.*8

In patients with herniated lumbar discs, Modic types 1 and 2 are
more common as these types are associated with inflammatory and
chronic alterations in the region adjacent to the herniated disc.”®
As they are progressive, it is to be expected that after an episode
of disc herniation, there will be an advance in the inflammatory and
degenerative alterations of the adjacent vertebral plateau, moving
from a pure inflammatory state to lipid replacement. In the scenario
of surgical decompression and removal of disc fragments, the ag-
gression would lead to an acceleration of this degenerative cascade.

In this study, we will evaluate the progression of degenerative
changes in vertebral plateaus over time in patients with lumbar disc
herniation who have undergone surgical treatment.

METHODS

The prospective cohort was in a single center, where patients un-
dergoing microdiscectomy by open or tubular technique for the sur-
gical treatment of lumbar disc herniation were allocated sequentially
between 2017 and 2019. Magnetic resonance imaging data was
collected preoperatively and one year after the procedure. This study
was registered with the institution’s Research Ethics Committee

4

with hyposignal of the L2 and L3 plateaus characterizing Modic 3. Source: Braithwaite et al.'

The arrows in each image highlight the signal change in the vertebral plateau. In A) T1-weighted image with hyposignal of the plateaus of the L5 and S1 vertebrae characterizing Modic 1. B) T2-
weighted image with hyperintense signal in the L5 and S1 vertebrae plateaus, characterizing Modic 1. C) T1-weighted image with hypersignal of the L5 and S1 plateaus characterizing Modic 2. D)
T2-weighted image with hypersignal of the L5 and S1 plateaus, characterizing Modic 2. E) T1-weighted image with hyposignal of the L2 and L3 plateaus characterizing Modic 3. F) T2-weighted image

under CAAE number 65102617.2.0000.0071, and all patients signed
an informed consent form.

Inclusion Criteria

Patients aged between 18 and 65; both sexes; diagnosed with
lumbar disc herniation with indication for surgical treatment for
sciatica caused by compression of the lumbar nerve root due to
disc herniation, which has not responded to conservative treatment
for at least six weeks or showing progressive neurological deficit.
Patients with a history of foraminal or lumbar facet infiltration were
not excluded from the study.

Non-inclusion criteria

Patients who have previously undergone lumbar disc surgery
at the same level at any time in their lives; patients undergoing
chemotherapy; patients with any immune deficiency; patients who
have previously undergone discography; patients who have pre-
viously undergone endoscopic surgery; patients with arthrodesis
performed at the same stage as the decompression surgery; pa-
tients with any infection in the last six months or antibiotic use in
the last two months; patients in whom the surgeon has indicated
decompression by endoscopic technique, patients with incomplete
forms or specific data.

Exclusion Criteria

Patients who did not undergo an MRI scan one year after the
surgical procedure.

Image Studies

Magnetic resonance imaging (MRI) studies were conducted on
Siemens or General Electric 1.5T equipment. Studies on 3.0T de-
vices were not carried out due to the higher frequency of artifacts
generated by the chemical shift, which could alter the measurements
of Modic changes.

The following sequences were used
*Sagittal section: T1-weighted and T2-weighted Spin-Echo fast se-
quences with fat suppression or short tau inversion recovery (STIR)

Figure 1. Sagittal MRI images of the lumbar spine.
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instead of T2, according to the protocol established by the institution
for all exams.

*Coronal section: The same image sequence was used for the
measurements.

Size of Modic changes: analysis of imaging tests

The size of the Modic alteration was quantified by two radio-
logists with experience in musculoskeletal diagnosis. All images
were analyzed in DICOM format in T1-weighted, T2-weighted, and
FAT-T2-weighted sagittal sequences of the lumbar spine. The size of
Modic's area was measured according to Wang et al.8 which con-
sists of evaluating three sagittal sections of the lumbar spine: middle
sagittal section; parasagittal section of the left pedicle and parasagit-
tal section of the right pedicle. The parameters examined to quantify
Modic changes included measurements of the ratios of the region
affected by Modic changes in relation to the entire corresponding
vertebral body, including the maximum width ratio, maximum height
ratio, and area ratio, with the result in square millimeters (mm?2)
(Figure 2). Changes in the vertebral body were classified according
to types 1, 2 and 3 of the Modic classification, where Modic type 1:
It is characterized by bone edema in the vertebral plateau adjacent
to the herniated disc, indicating active inflammation with increased
vascularization and permeability of the bone marrow, which results
in a hypointense signal in T1 and hyperintense in T2 on magnetic
resonance images. Modic type 2: The vertebral plateau has normal
bone marrow replaced by fibrofatty tissue in this type. It is conside-
red a chronic stage of degeneration, characterized by hyperintense
signals on T1 and T2 magnetic resonance images. Modic type 3: It
is characterized by sclerosis of the vertebral plateau, which results
in a hypointense signal on T1 and T2 magnetic resonance images,
associated with the most advanced stage of bone degeneration.'?

Soft tissues around the vertebra, such as the disc, muscles, and
ligaments, were also analyzed. MRI studies acquired before surgery
and 12 months after were compared. The upper and lower endplates
of the disc were evaluated and compared. The preoperative study
was taken as the baseline for comparative purposes.

Statistical Analysis

The sample used was defined by convenience. Absolute and
relative frequencies were calculated for the qualitative variables.
Quantitative variables are presented by mean, median, and standard
deviation. Associations between qualitative (categorized) variables
were determined using Pearson’s chi-square test or Fisher's exact
test. The Shapiro-Wilks test was applied as a normality test for the
quantitative variables, and the Wilcoxon test was applied to compare
these variables. All tests were two-tailed and considered significant
with p-values < 0.05. The analyses were carried out using SPSS for
Windows, version 10.0.

In A) Sagittal section of T1-weighted MRI of the lumbar spine, with delimitation of the area of
hypersignal in the L5 and S1 plateaus, corresponding to Modic type 1. B) Sagittal section of T2-
weighted MRI of the lumbar spine, with delimitation of the area of hypersignal in the L5 and S1
plateaus, corresponding to Modic type 1. Source: Wang®

Figure 2. Image showing the delimitation of the area of Modic's changes in
magnetic resonance imaging (MRI) scans, according to Wang's protocol .8

RESULTS

A total of 112 patients were enrolled in the study and followed
for one year. Of the 112, 42 did not undergo an MRI scan one year
after surgery and were excluded from the final analysis. Of these
patients, 67 (59.8%) were men, the average age was 42.4 years
(median 40.0), with patients aged between 19 and 69. One patient
was operated on with a herniated disc at L2-L3 (0.9%), four (3.6%)
at L3-L4, 59 (52.7%) at L4-L5, and 48 (42.9%) at L5-S1.

Of the 70 patients analyzed, 14 had no Modic alterations at the
level undergoing microdiscectomy in the preoperative examination,
45 had only Modic type 1, 18 Modic type 2, and 14 had both types of
Modic alteration (Table 1). One year after surgery, 5 (35.7%) patients
without Modic changes evolved to Modic Type 1 or 2 at the operated
level. About patients who were positive for type 1 and type 2, there
was an increase of one (3.1%) patient in this group after the surgical
procedure. Regarding the patients who were positive for Modic type
1 preoperatively, 4 (6.7%) went from positive to negative, while for the
patients who were negative for Modic type 1 preoperatively (patients
without Modic or only with Modic 2), 2 (18.8%) evolved to being
positive for Modic 1 one year after surgery. With regard to patients
positive for Modic type 2 before surgery, only 1 patient (3.1%) went
from positive to negative. In contrast, patients without Modic type
2 before surgery (patients without Modic or only with Modic 1), 6
(15.8%) went from negative to positive. (Figure 3) (Table 1)

With regard to the size of the area involved by the Modic 1
change, considering the values as a continuous variable, the paired
analysis showed a decrease in the Modic area after surgery (me-
dian= 90.0 mm?; mean 159.1mm?* 184.9 mm?) when compared to
baseline (median: 157.1 mm?; average: 211.6 mm? = 217.3 mm?,
Wilcoxon test, p= 0.001). (Figure 4)

There was no change in the size of the Modic type 2 area, with a
median value of 15.7 mm? (mean: 112.6 mm? + 166.7 mm?) after sur-
gery compared to before surgery (median: 0 mm?; average: 106.1 mm?
+ 152.3 mm?, p=0.72). (Figure 5)

DISCUSSION

In this 2-year observational study involving a population of 70 pa-
tients undergoing spinal surgery, significant variations were identified

Table 1. Distribution of frequencies according to type of MODIC.

Type 1 Type 2 Type 1 / Type 2
mopic N (%) N (%) N (%)
Before surgery
without 11 (15.7) 38 (54.3) 14 (20.0)
with 59 (84.3) 32 (45.7) 32 (45.7)
After surgery
without 13 (18.6) 33 (47.1) 9(1.3)
with 57 (81.4) 37 (52.9) 33 (47.1)
N, number of patients.
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Figure 3. Distribution of patients according to the type of Modic.
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Figure 4. Modic type 1 area, before and after the surgical procedure.
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Figure 5. Modic type 2 area, before and after the surgical procedure.

in the areas with Modic changes between the pre- and post-ope-
rative periods. In patients with Modic type 1, an average reduction
of approximately 59.3% was observed in the affected area after
surgery, possibly associated with a reduction in the inflammatory
process in the terminal plaques, which can lead to the regression
of the edema or lipid replacement, evolving to Modic type 2. The
changes observed in cases with Modic type 2 showed an absolute
reduction in the affected area, but without statistical significance
(p = 0.72), indicating that this subtype is less sensitive to surgical
intervention. We believe that the increase in patients with Modic type
2 in the postoperative period is related to the evolutionary process
of Modic type 1 since the literature suggests that Modic alterations
can progress from type 1 to type 2 over time as part of a chronic
degenerative process. This process can be accelerated in response
to biomechanical and inflammatory factors triggered by surgery,
which lead to the replacement of bone edema, characteristic of
Modic type 1, by fatty infiltration, characteristic of Modic type 2.

When analyzed together (Modic type 1 + type 2), a signifi-
cant decrease was again observed after surgery, highlighting the
complexity of postoperative changes in the lumbar region. A small
percentage of patients experienced changes in Modic status after
surgery, with 4 (6.77%) patients going from negative to positive in
Modic Type 1 and one (3.1%) patient going from positive to negative
in Modic Type 2.

The prevalence of Modic alterations in patients undergoing mi-
crodiscectomy increased significantly after a 12-month follow-up
period, from 46.3% to 78%.° No cases in which type 1 or type 2
Modic alterations regressed completely were observed. A study
also observed the appearance of new Modic alterations in 38.7%
of patients, the majority being type 2 (75%), and the appearan-
ce of Modic alterations at adjacent levels in 44.44% of cases."
We believe that manipulating the disc space during microdiscec-
tomy, especially in cases where adhered fragments are removed,
can potentially cause microlesions in the vertebral endplates.

These microlesions can induce biomechanical and inflammatory
changes, favoring the emergence of new Modic alterations or the
progression of existing patterns. However, in this study, we did not
carry out a detailed analysis of the specific surgical techniques
used in each patient, which makes it impossible to directly correlate
the degree of manipulation of the disc space with the evolution of
Modic’s degenerative changes observed.

Other studies have shown the appearance of Modic type 1 alte-
rations in patients without previous alterations in the first 3 years,®'2
while Modic type 2 alterations were more prevalent between 3 and
5 years after the surgical procedure.®'® Modic type 2 alterations
appear later based on the evolutionary aspect, such as the lipo-
substitution of the area affected by Modic 1. Although we assessed
the patients over a 1-year period, our results are similar to those of
the previously mentioned studies regarding the higher prevalence
of Modic 1 variation, which shows that this change occurs more
sensitively and earlier.

A study involving 278 patients'® also compared pre- and post-
-operative Modic changes with a 2-year follow-up. It was found that
the Modic pattern is much more complex than described in most
studies, not only being progressive but also having some episodes
of Modic regression, mainly Modic type 2 after 2 years, with 33%
regression. Another similar study' found regression of the Modic
pattern in 45% of its 54 patients. Although no specific pattern has
been identified to explain the regression of the alterations observed,
an association between endplate lesions and subchondral abnorma-
lities has been hypothesized. This potential correlation reinforces our
hypothesis that microlesions can occur during the curettage proce-
dure or when removing intradiscal fragments, leading to alterations
that can contribute to the progression of Modic areas.

The data gathered by the previously mentioned studies is more
similar to ours, with a significant number of cases showing a decre-
ase in the Modic area. However, according to the results reported by
Bostelmann et al.’ the main type that showed regression was type
2, unlike ours, in which Modic change 1 showed the most significant
decrease. This difference can be explained by the time between
surgery and the last imaging exam, which was 1 year in our study
and 2 years in the previously mentioned study. This regression pat-
tern was also described in a cohort involving conservative treatment
for lumbar disc herniations, with 1.2% (2/166) for Modic type 1 and
6.6% (11/166) for Modic type 2."* We believe that in conservative
treatment this variation is smaller, because there is no manipulation
of the endplates and removal of disc fragments, which does not
alter the stability of the intervertebral disc.

Another factor that may influence the findings is the age of the
patients. The average age of the participants was 41, ranging from
65. Distinguishing between young and elderly groups could reveal
significant differences in the results since advanced age is associated
with a greater degree of end-plate calcification,” which could affect
both the response to Modic changes and postoperative recovery.
Calcification of the endplate can impact tissue repair capacity and,
consequently, influence the clinical outcome after microdiscectomy,
especially regarding the progression or stabilization of Modic chan-
ges.” Evaluating this variable could contribute to a clearer understan-
ding of the different clinical outcomes between different age groups.

Another more recent classification has been proposed,'® to
assess the degree of Modic, measuring the height at which the
Modic change reaches. According to the results reported, the de-
gree of Modic is more related to the complaint of low back pain and
pain radiating to the legs than the type of Modic alteration itself.
We believe it is important that future studies also assess the timing
of Modic’s change to this classification.

This study, however, faces limitations, including the brevity of the
follow-up (1 year), the absence of a control group undergoing non-
-surgical treatment, the lack of evaluation of other factors that may
influence the pattern of Modic regression, the lack of clinical factors
such as low back pain, as well as the high rate of loss of patients not
included (42 patients) due to the lack of postoperative MRI scans,
the majority due to seclusion in their homes and aversion to going
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to hospital for elective tests during the period of isolation from the
COVID-19 pandemic faced throughout the study.

The lack of consensus in the literature on the long-term behavior
of these alterations underscores the complexity of Modic’s dege-
neration pattern. In view of this, we recommend that future studies
explore other factors that may shed more light on the degenerative
process, such as alterations in the vascularization of the endplate,
other surgical techniques, the presence of microorganisms in the in-
tervertebral disc, associated clinical outcomes and the assessment
of the degree of Modic using the proposed classification.'® These
additional investigations are essential for a comprehensive unders-
tanding and improvement of treatments related to Modic alterations.

CONCLUSION

The acute inflammatory process of the vertebral plateaus ad-
jacent to the degenerated disc tends to recede in volume and
intensity after lumbar decompression surgery for disc herniation.
Modic type 1 alterations were the most affected after the micro-
discectomy surgical approach, with a decrease in their area one
year after the procedure.
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