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Abstract
Modic changes (MC) are bone marrow lesions seen within a vertebral body on MRI, possibly associated with low back pain 
(LBP). Though the causes and mechanisms responsible for the formation of MC are still poorly understood, progress is being 
made in linking his spinal phenotype with disc degeneration and LBP. This paper analyzes the epidemiology, clinical signs, 
lesions type, and treatment of vertebral discopathy associated with MC in Ecuadorian mestizo patients, comparing MC type 
I-II changes versus MC type III differences. We performed an epidemiological, observational, cross-sectional study with two 
cohorts of Mestizo patients collected at “Hospital de los Valles” in Quito, Ecuador, between January 2017 and December 
2020; 288 patients diagnosed with degenerative lumbar disc disease plus MC was taken who underwent surgery; 144 with 
MC type I-II (cohort 1) and 144 with MC type III changes (cohort 2). Cohort 1 was characterized by 68.8% of men with 
a mean age of 45 years who perform minimal or moderate exercise in 82% of cases. They showed only one level lesion in 
88.9% of patients with a pain intensity of 7 or more on the visual analog scale, with three or more months of evolution, in 
78.5% of cases of degenerative etiology, mainly between the L5-S1 lesion of the left side. Cohort 2 was 53.5% of women 
with a mean age of 62. In 81.4% of cases, they perform minimal or moderate exercise. They showed two-level lesions in 
45.8% of patients with a pain intensity of 7 or more on the visual analog scale, with three or more months of evolution, in 
97.9% of cases of degenerative etiology, mostly between L4-L5 lesions of the left side. In both groups, most patients showed 
a protruded and lateral hernia. There is a greater predisposition to require surgery for lumbar disc herniation in young men 
and older women. In addition, surgery at an older age has a higher risk of complications, especially infection.

Keywords Intervertebral disc degeneration · Therapeutics surgery · Low back pain/low back pain/etiology · Failed back 
surgery syndrome · Intervertebral disc · Spinal diseases/complications · Spinal diseases/surgery

Abbreviations
BMI  Body mass index
DDD  Degenerative disc disease
LBP  Low back pain
MC  Modic changes

MRI  Magnetic resonance imaging
VAS  Visual analog scale of pain

Introduction

Degenerative disc disease (DDD) is an inevitable part of 
aging and contributes meaningly to low back pain [1]. Disc 
degeneration is an abnormal structural failure due to a cell-
mediated response to multifactorial contributions, such 
as genetics, micro/macro trauma, accelerated age-related 
changes, inflammation, local nutritional deficiency, and 
vascular factors, leading to excess catabolic over anabolic 
response. Risk factors include obesity and increased body 
mass index (BMI), which is closely related to DDD [2].

Indeed, there are differences regarding sex, age, and bio-
type; sex due to hormonal characteristics reflecting a spe-
cific protective effect in premenopausal women given by 
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estrogens. Age, young men have a higher incidence of DDD 
than women. Still, the result differs in the elderly population, 
where women are more inclined to develop this pathology 
[3]. And biotype, the endomorphic biotype has a greater pre-
disposition for this pathology. Smoking history is a signifi-
cant risk factor because smoking decreases blood flow to the 
vertebral body, alters fibrinolysis, increases intra-abdominal 
pressure due to coughing, and reduces bone mineral content 
that can directly and indirectly affect the degeneration of the 
intervertebral disc [4].

The most common clinical presentation is pain. These 
patients used to have axial pain and radicular pain. The 
intensity of pain is perceived differently depending on the 
sex; women have a lower pain threshold and tolerance to 
noxious stimuli in experimental studies than men. Similarly, 
the response and efficacy to analgesic treatment differ in 
men and women. Although there is evidence that acute pain 
occurs at the same rates in all age groups, chronic pain may 
be more common in older individuals [5]. Older patients 
also have higher pain levels due to previous musculoskeletal 
conditions [6]. The evolution time is related and shows dif-
ferences between axial or radicular pain, significantly longer 
in axial type pain [7].

However, the number of affected levels is related to age 
either. Some authors showed in magnetic resonance imaging 
(MRI) of the lumbar spine that in patients aged 60 years or 
more, the findings were abnormal in 57% of cases. In addi-
tion, 36% of the subjects had a herniated nucleus pulposus, 
and 21% had spinal stenosis; abnormal findings were minor 
[4]. In general, the more mobile levels have a greater risk of 
being affected, and the structural changes in the degenerative 
disc, such as the loss of the volume of the nucleus pulposus 
and fissures in the fibrous annulus, limit the movement func-
tion of the segment. Consequently, it tends to suffer more 
significant changes in the segments of greater movement [8].

Modic changes (MC) are bone marrow lesions seen 
within a vertebral body on MRI, possibly associated with 
low back pain (LBP). Though the causes and mechanisms 
responsible for the formation of MC are still poorly under-
stood, progress is being made in linking his spinal phenotype 
with disc degeneration and LBP. In MC type 1, there is vas-
cular development in the vertebral body, with inflammation 
and edema findings but no trabecular damage or marrow 
changes. In type 2, there are changes in bone marrow, with 
fatty replacement of formerly red cellular marrow normally 
seen there. In type 2 changes, the marrow is substituted by 
visceral fat. Type 3 is less common, with trabecular bone 
fractures and trabecular shortening and widening [8].

Surgery is the gold standard for pain management for 
DDD. However, over time, there is an annual cumulative 
risk of requiring reintervention. The cumulative incidents 
reported are 4% per year, 6% in 2 years, 8% in 3 years, 11% 
in 5 years, and 16% in 10 years [9]. Surgery for radiculopathy 

due to a herniated disc and spinal stenosis has shown sig-
nificant improvements at three months but slight modifica-
tions for pain and disability at five years of follow-up. It is 
possible to require new surgery with time [10, 11]. DDD 
is the leading cause of low back pain and disability. Physi-
cal activity affects the paraspinal muscle strength and helps 
reduce pain and disability during conservative treatment and 
post-surgical management [12]. It is also associated with 
alteration of the vertebral plate; therefore, the pathology is 
mainly anterior [13].

Regarding complications, surgical site infection rates in 
surgery for lumbar pathology are estimated to be between 
0.7 and 16% [14]. There is a higher risk of infection in open 
surgery compared to minimally invasive surgery and a lower 
risk of infection in decompression surgery alone vs. instru-
mentation [15]. In other studies, the proportion of recurrent 
low back pain after discectomy ranged from 3 to 34% [16]. 
Some authors observed cerebrospinal fluid fistula in 3.2% of 
thoracolumbar spine procedures [17].

This paper analyzes the epidemiology, clinical signs, 
lesions type, and treatment of vertebral discopathy associ-
ated with MC in Ecuadorian mestizo patients, comparing 
MC type I-II changes versus MC type III differences.

Methods

Study Design

It is an epidemiological, observational, and cross-sectional 
study.

Settings

The study was conducted in Hospital de los Valles in Quito, 
Ecuador, between January 2017 and December 2020; 288 
patients diagnosed with degenerative lumbar disc disease, 
plus MC were taken who underwent surgery.

Participants

Inclusion criteria were Ecuadorian patients with a DDD 
diagnosis with MC, between 18 and 99 years of age, both 
sexes, from any ethnic group. All patients with lumbar disc 
disease plus MC underwent surgical treatment. We included 
288 patients with lumbar disc disease, 144 with MC I-II 
(cohort 1), and 144 with MC type III changes (cohort 2). MC 
were determined by presurgical MRI studies of the patients 
included in this research. All patients included were oper-
ated on during the research until the necessary sample was 
reached.
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Variables

Demographic characteristics included age, ethnicity, occu-
pation, profession, physical activity, weight, body mass 
index, morphological biotype, height, abdominal circum-
ference, smoking history, trauma, classification of Modic-
type changes by MRI, lesion level, number of lesion level, 
laterality of the lesion, type, and position of the herniated 
disc, primary symptoms, clinical duration time, etiology, 
presurgical treatment received, surgery indication, anesthe-
sia type, surgical time, type of surgical treatment performed, 
and surgical complications.

Data Sources

We extracted the data included in this research from the 
medical records and patients. We anonymize and de-identify 
individual data before analysis.

Measurements

The classification of MC was done utilizing an MRI study 
of the lumbar spine, using a Philips 1.5-T model Achieva® 
resonator from the imaging service and evaluated by the 
same neuroimaging specialist.

Control of Bias

The same person always collected the information. We use a 
standardized data collection sheet. For example, the same neu-
roimaging physician classified MC, and every professional has 
more than 30 years of experience. The patients were assessed 
and operated on by the same spinal neurosurgeon.

Study Size

The present study includes 288 patients diagnosed with lum-
bar disc disease, 144 with MC I-II, and 144 with MC-III.

Quantitative Variables

The quantitative variables included age, weight, BMI, height, 
abdominal circumference, classification of MC by MRI, lesion 
level, number of lesions, clinical duration, and surgical time.

Statistical Methods

We analyzed the data with SPSS© software version 22.0 
(SPSS Inc., Chicago, IL, USA). We used descriptive and 
inferential statistics to compare the differences between vari-
ables. Chi-square was analyzed, and statistical significance 
and a p value less than 0.05 were accepted. A multivariate 
analysis was also performed.

Ethical Aspects

All patients provided the information voluntarily and signed 
informed consent. The data obtained is confidential, and all 
individual data was anonymous. Our research group keeps 
the data. We received the Ethics Committee’s approval in 
Research with Human Beings of the Universidad San Fran-
cisco de Quito (CEISH-USFQ), with the approval No.080 
2021-CA.P20.027TPG-CEISG-USFQ, on May 19, 2021.

Results

Table 1 shows that the mean age for cohort 1 is 45 years, 
with a standard deviation of 16 years. For cohort 2, the mean 
age was 62, with a standard deviation of 12 years. Thus, 
cohort 2 has a mean age older than cohort 1 with statisti-
cal significance. The weight did not differ between groups, 
with a mean of 73.6 kg for cohort 1 and 73.4 kg for cohort 
2. Male sex predominates in cohort 1 with 68.8% (n = 99) 
and cohort 2 with 46.5%. The body mass index (BMI) that 
predominates in both groups is overweight (BMI between 
25 and 29.9), with 50% for cohort 1 and 45% for cohort 
2; no statistically significant difference. The endomorphic 
biotype predominates in both groups, with 61.1% for cohort 
1 and 52.8% for cohort 2, without statistically significant 
differences. The smoking history is higher in cohort 1, with 
38.5%, than in cohort 2, with 24.3%. The history of previous 
trauma is 16% for cohort 1 and 8.3% for cohort 2. Physical 
activity is the same in both groups, with 83.3%. The highest 
degree of physical activity for cohort 1 is moderate, with 
63.9%, and for cohort 2, mild, with 76.2%. The physical 
activity for cohort 1 is exercise at 46.5%, and for cohort 2, 
mild activity at 67.4% is statistically significant.

Table 2 shows that the number of levels affected in cohort 
1 was more frequent in a single level at 88.9% and cohort 
2 at two levels at 45.8%, with a statistically significant dif-
ference. The symptoms of important onset for cohort 1 are 
radicular pain at 48.6%, and for cohort 2, lumbar pain at 
52.1% without statistical significance. The most frequent 
type of pain for cohort 1 is sciatic pain, with 53.5%, and for 
cohort 2, axial pain, with 54.2%. According to the visual 
analog scale (VAS), the most frequent pain intensity is VAS 
7 > points for both groups. Cohort 2 is more significant, with 
41.1%, and cohort 1, with 33.4%, is statistically significant. 
The evolution time until the most frequent surgery in both 
groups is more remarkable than three months. Cohort 2 is 
greater with 50.7%, and cohort 1 with 29.9% statistical sig-
nificance. The most frequent etiology of the hernia in both 
groups is degenerative etiology, being almost exclusive for 
cohort 2 with 97.9%. Cohort 1 represents 78.5%, with a sta-
tistically significant difference between groups. The most 
frequent level of injury in both groups is the L5-S1 level, 
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higher in cohort 2 at 76.4% and cohort 1 at 54.2%, with 
statistical significance between groups. The most frequent 
injury site is the left in both groups, with 56.9% for cohort 
1 and 47.2% for cohort 2. There is also a significant differ-
ence between right and left, whether unilateral or bilateral. 
The protruding type of hernia predominated in both groups, 
reaching 80.6% for cohort 1 and 70.8% for cohort 2 with-
out statistically significant differences. The position of the 
greater hernia is the lateral one for both groups, slightly 
more important for cohort 2 with 61.1% and cohort 1 with 
51.4%, without statistically significant difference.

Table 3 shows the characteristics of the treatment. The 
history of previous surgery was higher for cohort 2, with 
21.5%, and cohort 1, with 4.2%, with a statistically signifi-
cant difference. The most frequent surgical indication in 
both groups is pain, being more significant in cohort 1 with 
83.9%, while for cohort 2, it was 72.9%, with a statistically 

Table 1  Distribution of the quantitative characteristics of the study 
groups, Modic I-II changes vs. Modic III changes

Source: research data
Elaboration: authors

Variable Modic I-II
n = 144

Modic III
n = 144

p value

Mean SD Mean SD

Age 45.0 16.0 62.0 12.0 < 0.0001
Weight, Kg 73.6 8.9 73.4 10.8 0.88
BMI, Kg/m2 25.6 3.0 25.7 3.7 0.87
Height, cm 169.6 2.8 169.2 3.7 0.29
Abdominal perimeter, cm 100.8 9.0 100.5 11.9 0.83
Male sex (n, %) 99 68.8 67 46.5 < 0.001
BMI category (kg/m2)
 Low < 18.5 3 2.1 6 4.2 0.42
 Normal 18.5–24.99 57 39.6 53 36.8
 Overweight 25.0–29.9 72 50.0 66 45.8
 Obesity > 30
Biotype (n, %)
 Endomorphic 40 61.1 49 52.8 0.36
 Mesomorphic 88 27.8 76 34.0
 Ectomorphic 16 11.1 19 13.2
 Tabaquism (n, %) 55 38.5 35 24.3 0.014
 Previous trauma (n, %) 23 16.0 12 8.3 0.07
 Physical activity (n, %) 120 83.3 120 83.3 1.0
Physical activity intensity
 Mild 51 35,4 109 76.2 0.04
 Moderate 92 63.9 34 23.8
 Intense 1 0.7
Physical activity type (n, %)
 Minimal Activity 51 35.4 97 67.4 < 0.001
 Exercise 67 46.5 23 16.0
 Competitive sport 2 1.4

Table 2  Distribution of injuries at various levels of the lumbar spine 
according to the Modic changes classification

Source: research data
Elaboration: authors

Variable Modic I-II
n = 144

Modic III
n = 144

p value

n = % n = %

Levels number
 One 128 88.9 62 43.1 < 0.0001
 Two 14 9.7 66 45.8
 Three or more 2 1.4 16 11.1
Clinical finding
 Lumbar pain 64 44.4 75 52.1 0.24
 Radicular pain 70 48.6 51 35.4 0.03
 Motor deficit 9 6.2 16 11.1 0.21
Pain type
 Axial 70 48.6 78 54.2 0.41
 Sciatic 77 53.5 67 46.5 0.29
Pain intensity, visual analog scale (VAS)
 1-3 2 0.7 1 0.3 < 0.01
 4-6 45 15.7 25 8.7
 7 > 96 33.4 118 41.1
Evolution time
 One week 33 22.9 ... ...
 1–4 weeks 31 21.5 25 17.4 < 0.0001
 1 to 3 months 37 25.7 46 31.9
 More than 3 months 43 29.9 73 50.7
Etiology
 Traumatic 30 20.8 2 1.4 < 0.0001
 Degenerative 113 78.5 141 97.9
 Neoplastic ... ... 1 0.7
 Other 1 0.7 .. …
Spine level
 L1-L2 2 1.4 4 2.8 0.68
 L2-L3 2 1.4 9 6.2 0.07
 L3-L4 15 10.4 27 18.8 0.07
 L4-L5 65 45.1 100 69.4 < 0.0001
 L5-S1 78 54.2 110 76.4 0.0001
Lesion site
 Right 52 36.1 53 36.8 0.04
 Left 82 56.9 68 47.2
 Bilateral 10 6.9 23 16.0
Hernia type
 Protruded 116 80.6 102 70.8 0.07
 Extruded 28 19.4 42 29.2
Hernia position
 Central 38 26.4 35 24.3 0.18
 Lateral 74 51.4 88 61.1
 Foraminal 27 18.8 20 13.9
 Extraforaminal 5 3.5 1 0.7
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significant difference between groups. The most frequent 
type of anesthesia in both groups is general anesthesia, being 
almost exclusive in cohort 2 with 97.9%, while for cohort 
1, it is 62.9%, with statistical significance between groups. 
The most frequent post-surgical treatment for cohort 1 was 
simple analgesics at 72.2%, while cohort 2 was neuromodu-
lators at 46.5% with statistical significance. Finally, the most 
frequent surgical procedure for cohort 1 is microdiscectomy, 
with 52.1%. In comparison, for cohort 2, the most frequent 
method was discectomy plus posterior decompression plus 

anterior and posterior arthrodesis, with 53.5% with statistical 
significance between groups.

Table 4 shows the distribution of complications; the over-
all complication rate was 18.2% of 288 patients. In cohort 
1, 13.9% were present, and in cohort 2, 23.1% (n144). Pain 
persistence was the most frequent complication in cohort 
1, with 6.2%, while the infection was the most frequent in 
cohort 2, with 11.2%. The infection rate for cohort 1 is 3.5%, 
while for cohort 2, it represents 11.2%. The cerebrospinal 
fluid fistula rate for cohort 1 is 2.1%, while for cohort 2, it 
is 2.8%.

Table 3  Distribution of the 
treatment and management 
characteristics of the study 
groups Modic changes I-II vs. 
Modic III changes

Source: research data
Elaboration: authors

Variable Modic I-II
n = 144

Modic III
n = 144

p value

n = % n = %

Surgical history 6 4.2 31 21.5 < 0.0001
Surgical indication
 Pain 120 83.9 105 72.9 0.02
 Neurological deficit 22 15.4 39 27.1
 Other 1 0.7
Type of anesthesia used
 General 90 62.9 141 97.9 < 0.0001
 Peridural 50 35.0 3 2.1
 Spinal 3 2.1
Post-surgical therapeutic
 Simple pain relievers 104 72.2 67 39.6 < 0.0001
 Major painkillers 30 20.8 26 18.1 0.66
 Neuromodulators 16 11.1 57 46.5 < 0.0001
Surgical procedure
 Microdiscectomy 74 52.1 6 4.2 < 0.0001
 Discectomy + decompression 52 36.6 26 18.1
 Discectomy + decompression + posterior arthrodesis 16 11.3 35 24.3
 Discectomy + decompression + anterior and posterior 

arthrodesis
77 53.5

Table 4  Distribution of 
complications reported in the 
study group, in general, and by 
a group of changes Modic I-II 
and Modic III

Difference between Modic I-II groups vs. Modic III, p < 0.0001; Pearson’s χ2 test
Source: research data
Elaboration: authors

In all cases, n = 288 Modic I-II, n = 144 Modic III, n = 144

n = % n = % n = %

Infection 21 7.2 5 3.5 16 11.2
Post-surgical hematoma 1 0.3 ... ... 1 0.7
CSF fistula 7 2.4 3 2.1 4 2.8
Neurological deficit 5 1.7 3 2.1 2 1.4
Persistence of pain 16 5.6 9 6.2 7 4.9
Other 3 1.0 ... ... 3 2.1
Total 53 18.2 20 13.9 33 23.1
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Discussion

The mean age in cohort 2 was 17 years older than in cohort 
1 because the older the age, the greater the risk of hav-
ing more significant MC. This issue is because DDD is an 
inevitable part of aging and has contributed to LBP [18]. 
Furthermore, DDD is an abnormal structural failure due to 
the cell-mediated response to multifactorial contributions, 
such as genetics, micro or macro trauma, accelerated age-
related changes, inflammation, local nutritional deficiency, 
and vascular factors, leading to an excess of catabolic over 
anabolic response [19]. The mean weight of the patients was 
the same in both groups. This lack of difference is related to 
the means of weight in our local population. We did not find 
any study that relates this variable as a risk factor for having 
a higher risk of DDD with more significant MC. The BMI 
that predominated in both groups was between 25 and 29.9, 
qualifying as overweight; there was no difference between 
groups, as did weight alone. In addition, obesity or being 
overweight is closely related to disc degeneration. Although 
there is a higher risk relationship, no study directly relates 
BMI to MC, so further studies are recommended. Male sex 
was more frequent for cohort 1, with 68.8%, unlike cohort 
2, where it only represented 46.5% due to the age of involve-
ment of these groups, which is lower in cohort 1 and higher 
in cohort 2. Indeed, a hormonal factor has a protective effect 
given by estrogens. This situation is attributed to young, 
middle-aged men having a higher incidence of DDD than 
women. Still, the result differs in the elderly population, 
where women are more inclined to develop this pathology 
[20].

The morphological biotype that predominated in both 
groups was the endomorphic biotype. This biotype predis-
poses to develop obesity, as evidenced in our study. This 
issue explains the greater risk of DDD in patients with this 
somatotype. No studies were found relating the morphologi-
cal biotype directly with MC, for which more studies are also 
recommended. The smoking history was higher in cohort 1, 
with 38.5%, because the population was younger, mainly 
men. It is also attributed that smoking decreases blood flow 
to the vertebral body, alters fibrinolysis, increases intra-
abdominal pressure due to coughing, and reduces bone min-
eral content that can directly and indirectly affect interver-
tebral disc degeneration. However, more studies are needed 
to determine how smoking increases the risk of DDD. The 
history of trauma was higher for cohort 1 with 16%, twice 
that of cohort 2. In cohort 1, a younger population, conse-
quently more active, physically and occupationally, has a 
higher risk of trauma. The most frequent physical activity 
for cohort 1 was moderate activity, with 63.9%. For cohort 
2, mild activity with 76.2%. We observed being overweight 
because mild physical activity is associated with a higher 

BMI. This finding is due to three reasons: sedentary life due 
to chronic pain, a vicious cycle, which causes overweight 
and increases BMI. Added to this are inadequate lifestyle 
habits and the lack of guided physical activity programs for 
older adults.

The number of affected spine levels for cohort 1 pre-
dominated only one level in 88.9%. However, in cohort 2, 
two spine levels prevailed due to the predominant ages in 
each group; this is attributed to the degenerative process. 
The older cohort 2 is at greater risk of affecting more than 
one level. In addition, some studies relate older age with 
a greater risk of degenerative changes of intervertebral 
discs. Some authors evidenced in MRI that in patients aged 
60 years or more, the findings were abnormal in 57% of 
the scans. In addition, 36% of the subjects had a herniated 
nucleus pulposus, and 21% had spinal stenosis [21].

The most common clinical presentation was pain, divided 
into lumbar and radicular pain. In cohort 2, radicular pain 
was more frequent, with sciatic pain, and for cohort 2, lum-
bar pain with axial type pain because the patients of cohort 
2 were older and had a higher degree of degeneration, not 
only of the intervertebral disc but also of other vertebral 
structures, as well as a higher frequency of facet disease, 
which makes axial lumbar pain more frequent in this group.

Pain intensity was more significant than 7 in both groups. 
However, there was a significant difference between groups, 
with intense pain being more frequent in cohort 2, where 
it appeared in 41.1%, instead of cohort 1 with 33.4%. This 
difference is because, in cohort 2, the female and older popu-
lation predominated, translating into more pain sensitivity, 
mainly by age. Another explanation could be that women 
may have a lower pain threshold and tolerance to noxious 
stimuli in experimental studies than men. Similarly, the 
response and efficacy to analgesic treatment differ in men 
and women [22, 23]. Furthermore, other authors measured 
higher pain levels in older adults due to various musculo-
skeletal conditions. And finally, although acute pain has 
been reported to occur at the same rates in all age groups, 
chronic pain may be more common in older people.

The duration time was more than 3 months. However, 
there was a statistical difference between groups, being more 
significant in cohort 2 with 50.7%, due to the prevalence of 
axial type pain in this group and not being better tolerated 
than radicular pain. The most frequent etiology was DDD 
in both groups, which was more significant in cohort 2, with 
97.9% due to degenerative changes [24].

The most frequent herniated disc injury in both groups 
was the L5-S1 level, followed by L4-L5. These are the lev-
els with the highest demand and movement stress and the 
highest risk of being affected. This is attributed to structural 
changes in the degenerative disc, such as the loss of volume 
of the nucleus pulposus and fissures in the annulus fibrosus, 
limiting the segment’s movement function. Consequently, 
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the segments with greater movement tend to undergo more 
significant changes [25]. The most frequent injury site was 
left in both groups, more significant in cohort 1 with 56.9% 
and cohort 2 with 47.25. Protruding hernia predominated in 
both groups in equivalent percentages. The most frequent 
hernia position was lateral in both groups, slightly higher in 
cohort 2 with 61.1%. These data correspond to the interna-
tional statistics reported.

The previous surgery history was 4.2% for cohort 1 and 
21.5 for cohort 2. This issue is attributed to the fact that 
cohort 2 has a higher mean age and a higher degree of 
degeneration. Therefore, the older the patient, the greater 
probability of requiring more than one surgery. In addition, 
surgery for radiculopathy due to a herniated disc and spinal 
stenosis has shown significant improvements at three months 
of follow-up and slight to moderate improvements for pain 
and disability at 5 years of follow-up. Therefore, it is pos-
sible to require a new surgery. Although, over time, there is 
an annual cumulative risk of needing reintervention. The 
cumulative incidences reported are 4% in the first year, 6% 
in 2 years, 8% in 3 years, 11% in 5 years, and 16% in 10 
years [26].

The main surgery indication in both groups was 83.9% for 
cohort 1 and 72.9% for cohort 2. This indication was DDD, 
the leading cause of low back pain and disability. However, 
it is also possible that there is no difference between groups 
because the perception of acute pain can occur at the same 
rates in all age groups. Chronic pain, which seems to be 
more frequent in older people, is a health-related factor that 
decreases life quality in a dependent manner with age.

The anesthesia type used most frequently was general 
anesthesia in both groups, with statistically significant dif-
ferences between groups, and it is almost exclusive in cohort 
2: the greater the MC, the greater degree of the degenerative 
lesion. Therefore, there is a greater risk of requiring a more 
complex surgery with a longer surgical time. Unfortunately, 
we did not find any study comparing the different anesthe-
sia types in DDD surgery, which is why more studies are 
recommended.

Both groups’ treatment for postoperative pain differed, 
with cohort 1 favoring simple analgesics at 72.2% and neu-
romodulators for cohort 2 at 46.5%. This difference is due 
first to the older age of cohort 2, which translates into a 
high risk of greater MC and, therefore, a greater degree of 
degeneration. On the other hand, in cohort 2, the female and 
older populations predominated. Similarly, the response and 
efficacy to analgesic treatment differ in men and women. The 
persistent pain in the elderly may be due to lack of exercise, 
since physical activity affects the paraspinal muscle strength 
and helps reduce pain and disability.

The primary surgical procedure in cohort 1 was micro-
discectomy; in cohort 2, discectomy plus posterior decom-
pression plus anterior and posterior arthrodesis was present. 

The main reasons were older age and longer duration time. 
Therefore, greater MC and more significant degenerative 
changes are shown in cohort 2. Also, in cohort 2, DDD is 
associated with alteration of the vertebral plate, mainly ante-
rior [27].

The most frequent complication was an infection, with 
an overall rate of 7.2%, higher in cohort 2. This is possible 
due to complex surgical procedures and longer surgical time. 
The infection rates are related to those found in medical 
literature, where surgical site infection rates in surgery for 
lumbar pathology are estimated to be between 0.7 and 16%. 
On the other hand, there seems to be a greater risk of infec-
tion in open surgery than in minimally invasive surgery and 
a lower risk of infection in decompression surgery alone vs. 
instrumentation [15].

Pain persistence was 6.2% for cohort 1 and 4.9% for 
cohort 2. There were no significant statistical changes. 
Our findings are similar to those reported in the medical 
literature. A systemic review found that the proportion of 
recurrent low back pain after discectomy ranged from 3 to 
34% [28]. However, no studies were found about the risk 
of postoperative pain related to MC; also, more studies are 
suggested. Cerebrospinal fluid fistula had an overall rate of 
2.4%. For cohort 1, the prevalence was 2.1%, and for cohort 
2, 2.8%, without statistically significant differences. Certain 
authors observed a cerebrospinal fluid fistula in the thora-
columbar spine procedure in 3.2% of cases [29].

This study has three significant limitations that could be 
addressed in future research: previous studies on the sub-
ject. Although there are numerous studies relating to the 
MC, they are no studies related to the population involved in 
these groups. Therefore, more studies are recommended in 
that sense. Second, the negative effect of the SARS-COV-2 
pandemic could be affected some study variables. Third, the 
population of the present study belongs to a single center of 
the city of Quito in Ecuador, and we know that some cent-
ers nationwide perform lumbar spine surgery. Future studies 
should be carried including most of those healthcare centers.

The results obtained in this study can be taken as a local 
statistical reference of lumbar discopathy with MC since it 
includes a greater population sample. However, these data 
cannot be generalized because the study population was 
taken only from a spinal surgery center in Quito.

Conclusion

The patient profile analyzed was MC I-II individuals (cohort 
1) with a mean age of 45 years, mostly men, with a single-
level affectation, an onset of radicular pain, and sciatic pain. 
The second cohort was MC-III individuals with a mean age 
of 62 years, primarily women, with two levels of affecta-
tion, an onset of lumbar pain and axial pain. Both cohorts 
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showed overweight, mild physical activity, degenerative and 
protruding hernia, and injury level at L5-S1, mainly in the 
lateral and left sides. Both cohorts were under surgery by 
uncontrol pain with general anesthesia. The most frequent 
post-surgical treatment was analgesics and neuromodulators. 
The most frequent surgical procedure was microdiscectomy 
in cohort 1 and discectomy plus posterior decompression 
plus anterior and posterior arthrodesis in cohort 1. Pain per-
sistence was the most frequent complication in cohort 1 and 
infection in cohort 2. There is a greater predisposition to 
require surgery for lumbar disc herniation in young men 
and older women. In addition, surgery at an older age has a 
higher risk of complications, especially infection.

Acknowledgements The authors thank all that collaborated with the 
data collection.

Author Contribution KES, JE, and FG-A carried out the research pro-
tocol and its design, data collection, statistical analysis, evaluation, 
interpretation of the data, critical analysis, discussion, writing, and 
final manuscript approval.

Funding The authors declare that the financial resources for preparing 
this research come from their self-management.

Data Availability All data are available upon request to the correspond-
ing author.

Code Availability No kind of specific software or computer application 
was used in this investigation.

Declarations 

Ethics Approval We received the Ethics Committee’s approval in 
Research with Human Beings of the Universidad San Francisco 
de Quito (CEISH-USFQ), with the approval No. 080 2021-CA.
P20.027TPG-CEISG-USFQ, on May 19, 2021. All methods were car-
ried out following the relevant Helsinki Declaration, developed by the 
World Medical Association, outlining the minimum ethical standards 
for research on human participants. Also, we follow other guidelines 
and national regulations.

Consent to Participate All patients signed the informed consent. 
Informed consent was obtained from all adult subjects. No children 
were studied.

Consent for Publication All patients gave their consent for publication, 
included in the informed consent.

Conflict of Interest The authors declare no conflict of interest.

References

 1. Hemanta D, Jiang XX, Feng ZZ, Chen ZX, Cao YW. Etiology for 
degenerative disc disease. Chin Med Sci J. 2016;31(3):185–91. 
https:// doi. org/ 10. 1016/ s1001- 9294(16) 30049-9.

 2. Wu PH, Kim HS, Jang IT. Intervertebral disc diseases PART 2: 
a review of the current diagnostic and treatment strategies for 

intervertebral disc disease. Int J Mol Sci. 2020;21(6):2135. Pub-
lished 2020 Mar 20. https:// doi. org/ 10. 3390/ ijms2 10621 35.

 3. Yang S, Zhang F, Ma J, Ding W. Intervertebral disc ageing and 
degeneration: the antiapoptotic effect of estrogen. Ageing Res 
Rev. 2020;57:100978. https:// doi. org/ 10. 1016/j. arr. 2019. 100978.

 4. Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW. Abnor-
mal magnetic-resonance scans of the lumbar spine in asympto-
matic subjects. A prospective investigation. J Bone Joint Surg Am. 
1990;72(3):403–8.

 5. Gautschi OP, Corniola MV, Smoll NR, et al. Sex differences in 
subjective and objective measures of pain, functional impairment, 
and health-related quality of life in patients with lumbar degenera-
tive disc disease. Pain. 2016;157(5):1065–71. https:// doi. org/ 10. 
1097/j. pain. 00000 00000 000480.

 6. Thomas E, Peat G, Harris L, Wilkie R, Croft PR. The preva-
lence of pain and pain interference in a general population of 
older adults: cross-sectional findings from the North Staffordshire 
Osteoarthritis Project (NorStOP). Pain. 2004;110(1-2):361–8. 
https:// doi. org/ 10. 1016/j. pain. 2004. 04. 017.

 7. Parsons S, Breen A, Foster NE, et al. Prevalence and comparative 
troublesomeness by age of musculoskeletal pain in different body 
locations. Fam Pract. 2007;24(4):308–16. https:// doi. org/ 10. 1093/ 
fampra/ cmm027.

 8. Inoue N, Espinoza Orías AA. Biomechanics of intervertebral disk 
degeneration. Orthop Clin North Am. 2011;42(4):487–vii. https:// 
doi. org/ 10. 1016/j. ocl. 2011. 07. 001.

 9. Kim CH, Chung CK, Choi Y, et al. The long-term reoperation 
rate following surgery for lumbar herniated intervertebral disc 
disease: a nationwide sample cohort study with a 10-year follow-
up. Spine (Phila Pa 1976). 2019;44(19):1382–9. https:// doi. org/ 
10. 1097/ BRS. 00000 00000 003065.

 10. Machado GC, Witzleb AJ, Fritsch C, Maher CG, Ferreira PH, Fer-
reira ML. Patients with sciatica still experience pain and disability 
5 years after surgery: a systematic review with meta-analysis of 
cohort studies. Eur J Pain. 2016;20(10):1700–9. https:// doi. org/ 
10. 1002/ ejp. 893.

 11. Fritsch CG, Ferreira ML, Maher CG, et al. The clinical course of 
pain and disability following surgery for spinal stenosis: a sys-
tematic review and meta-analysis of cohort studies. Eur Spine J. 
2017;26(2):324–35. https:// doi. org/ 10. 1007/ s00586- 016- 4668-0.

 12. Dudli S, Fields AJ, Samartzis D, Karppinen J, Lotz JC. Pathobiol-
ogy of Modic changes. Eur Spine J. 2016;25(11):3723–34. https:// 
doi. org/ 10. 1007/ s00586- 016- 4459-7.

 13. Chataigner H, Onimus M, Polette A. La chirurgie des discopathies 
lombaires. Faut-il greffer le disque noir? [Surgery for degenerative 
lumbar disc disease. Should the black disc be grafted?]. Rev Chir 
Orthop Reparatrice Appar Mot. 1998;84(7):583–9.

 14. Weinstein MA, McCabe JP, Cammisa FP Jr. Postoperative spinal 
wound infection: a review of 2,391 consecutive index procedures. 
J Spinal Disord. 2000;13(5):422–6. https:// doi. org/ 10. 1097/ 00002 
517- 20001 0000- 00009.

 15. Mueller K, Zhao D, Johnson O, Sandhu FA, Voyadzis JM. The 
difference in surgical site infection rates between open and mini-
mally invasive spine surgery for degenerative lumbar pathology: 
a retrospective single-center experience of 1442 cases. Oper Neu-
rosurg (Hagerstown). 2019;16(6):750–5. https:// doi. org/ 10. 1093/ 
ons/ opy221.

 16. Parker SL, Mendenhall SK, Godil SS, et  al. Incidence of 
low back pain after lumbar discectomy for herniated disc 
and its effect on patient-reported outcomes. Clin Orthop 
Relat Res. 2015;473(6):1988–99. https:// doi. org/ 10. 1007/ 
s11999- 015- 4193-1.

 17. Tosun B, Ilbay K, Kim MS, Selek O. Management of persistent 
cerebrospinal fluid leakage following thoraco-lumbar surgery. 
Asian Spine J. 2012;6(3):157–62. https:// doi. org/ 10. 4184/ asj. 
2012.6. 3. 157.

https://doi.org/10.1016/s1001-9294(16)30049-9
https://doi.org/10.3390/ijms21062135
https://doi.org/10.1016/j.arr.2019.100978
https://doi.org/10.1097/j.pain.0000000000000480
https://doi.org/10.1097/j.pain.0000000000000480
https://doi.org/10.1016/j.pain.2004.04.017
https://doi.org/10.1093/fampra/cmm027
https://doi.org/10.1093/fampra/cmm027
https://doi.org/10.1016/j.ocl.2011.07.001
https://doi.org/10.1016/j.ocl.2011.07.001
https://doi.org/10.1097/BRS.0000000000003065
https://doi.org/10.1097/BRS.0000000000003065
https://doi.org/10.1002/ejp.893
https://doi.org/10.1002/ejp.893
https://doi.org/10.1007/s00586-016-4668-0
https://doi.org/10.1007/s00586-016-4459-7
https://doi.org/10.1007/s00586-016-4459-7
https://doi.org/10.1097/00002517-200010000-00009
https://doi.org/10.1097/00002517-200010000-00009
https://doi.org/10.1093/ons/opy221
https://doi.org/10.1093/ons/opy221
https://doi.org/10.1007/s11999-015-4193-1
https://doi.org/10.1007/s11999-015-4193-1
https://doi.org/10.4184/asj.2012.6.3.157
https://doi.org/10.4184/asj.2012.6.3.157


SN Comprehensive Clinical Medicine           (2023) 5:107  Page 9 of 9   107 

 18. Kos N, Gradisnik L, Velnar T. A brief review of the degenerative 
intervertebral disc disease. Med Arch. 2019;73(6):421–4. https:// 
doi. org/ 10. 5455/ medarh. 2019. 73. 421- 424.

 19. Kim HS, Wu PH, Jang IT. Lumbar degenerative disease part 
1: anatomy and pathophysiology of intervertebral discogenic 
pain and radiofrequency ablation of basivertebral and sinu-
vertebral nerve treatment for chronic discogenic back pain: a 
prospective case series and review of literature. Int J Mol Sci. 
2020;21(4):1483. Published 2020 Feb 21. https:// doi. org/ 10. 3390/ 
ijms2 10414 83.

 20. Genevay S, Courvoisier DS, Konstantinou K, et al. Clinical clas-
sification criteria for radicular pain caused by lumbar disc her-
niation: the radicular pain caused by disc herniation (RAPIDH) 
criteria. Spine J. 2017;17(10):1464–71. https:// doi. org/ 10. 1016/j. 
spinee. 2017. 05. 005.

 21. Kim YK, Kang D, Lee I, Kim SY. Differences in the incidence 
of symptomatic cervical and lumbar disc herniation according 
to age, sex and national health insurance eligibility: a pilot study 
on the disease's association with work. Int J Environ Res Public 
Health. 2018;15(10):2094. Published 2018 Sep 25. https:// doi. org/ 
10. 3390/ ijerp h1510 2094.

 22. Patel EA, Perloff MD. Radicular pain syndromes: cervical, lum-
bar, and spinal stenosis. Semin Neurol. 2018;38(6):634–9. https:// 
doi. org/ 10. 1055/s- 0038- 16736 80.

 23. do Ghodrati M, Walton DM, MacDermid JC. Exploring the 
domains of gender as measured by a new gender, pain and 
expectations scale. Womens Health Rep (New Rochelle). 
2021;2(1):87–96. https:// doi. org/ 10. 1089/ whr. 2020. 0109. 
i:10.1055/s-0038-1673680

 24. van der Molen HF, Visser S, Alfonso JH, et al. Diagnostic cri-
teria for musculoskeletal disorders for use in occupational 
healthcare or research: a scoping review of consensus- and 
synthesized-based case definitions. BMC Musculoskelet Disord. 
2021;22(1):169. Published 2021 Feb 11. https:// doi. org/ 10. 1186/ 
s12891- 021- 04031-z.

 25. Raj PP. Intervertebral disc: anatomy-physiology-pathophysiology-
treatment. Pain Pract. 2008;8(1):18–44. https:// doi. org/ 10. 1111/j. 
1533- 2500. 2007. 00171.x.

 26. McGregor AH, Doré CJ, Morris TP, Morris S, Jamrozik K. Func-
tion after spinal treatment, exercise and rehabilitation (FASTER): 
improving the functional outcome of spinal surgery. BMC Mus-
culoskelet Disord. 2010;11:17. Published 2010 Jan 26. https:// doi. 
org/ 10. 1186/ 1471- 2474- 11- 17.

 27. Mobbs RJ, Phan K, Malham G, Seex K, Rao PJ. Lumbar inter-
body fusion: techniques, indications, and comparison of interbody 
fusion options including PLIF, TLIF, MI-TLIF, OLIF/ATP, LLIF, 
and ALIF. J Spine Surg. 2015;1(1):2–18. https:// doi. org/ 10. 3978/j. 
issn. 2414- 469X. 2015. 10. 05.

 28. Lorio M, Kim C, Araghi A, Inzana J, Yue JJ. International Soci-
ety for the Advancement of Spine Surgery Policy 2019-surgical 
treatment of lumbar disc herniation with radiculopathy. Int J Spine 
Surg. 2020;14(1):1–17. Published 2020 Feb 29. https:// doi. org/ 10. 
14444/ 7001.

 29. Rinkinen JR, Weitzman RE, Clain JB, Lans J, Shin JH, Eberlin 
KR. Locoregional flap closure for high-risk multilevel spine sur-
gery. Plast Reconstr Surg Glob Open. 2020;8(4):e2751. Published 
2020 Apr 21. https:// doi. org/ 10. 1097/ GOX. 00000 00000 002751.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.5455/medarh.2019.73.421-424
https://doi.org/10.5455/medarh.2019.73.421-424
https://doi.org/10.3390/ijms21041483
https://doi.org/10.3390/ijms21041483
https://doi.org/10.1016/j.spinee.2017.05.005
https://doi.org/10.1016/j.spinee.2017.05.005
https://doi.org/10.3390/ijerph15102094
https://doi.org/10.3390/ijerph15102094
https://doi.org/10.1055/s-0038-1673680
https://doi.org/10.1055/s-0038-1673680
https://doi.org/10.1089/whr.2020.0109
https://doi.org/10.1186/s12891-021-04031-z
https://doi.org/10.1186/s12891-021-04031-z
https://doi.org/10.1111/j.1533-2500.2007.00171.x
https://doi.org/10.1111/j.1533-2500.2007.00171.x
https://doi.org/10.1186/1471-2474-11-17
https://doi.org/10.1186/1471-2474-11-17
https://doi.org/10.3978/j.issn.2414-469X.2015.10.05
https://doi.org/10.3978/j.issn.2414-469X.2015.10.05
https://doi.org/10.14444/7001
https://doi.org/10.14444/7001
https://doi.org/10.1097/GOX.0000000000002751

	Modic Changes in Ecuadorian Mestizo Patients: Epidemiology, Clinical Significance, and Role in Chronic Low Back Pain
	Abstract
	Introduction
	Methods
	Study Design
	Settings
	Participants
	Variables
	Data Sources
	Measurements
	Control of Bias
	Study Size
	Quantitative Variables
	Statistical Methods
	Ethical Aspects

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


