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Abstract

Pathologist Christian Georg Schmorl first identified Schmorl's node, a particular form of
vertebral lesion that primarily affects the thoracolumbar spine, in 1927. (SN). SNs are
herniations of the nucleus pulposus (NP) through the cartilaginous and bony endplate into
the body of an adjacent vertebra, as opposed to the more well-known horizontal disc
herniations into the spinal canal or neural foramina. A strong association has been
discovered between several SNs and both lower back pain and lumbar disc degeneration.
There is currently no agreement on any of the many hypotheses that have been put forth to
explain how SNs develop. While some studies consider SNs as a bone degenerative illness,
others see it as a developmental disease. Yet, many researchers believe that one of the
reasons behind the SN pathology includes the weakening of the disc and vertebral body.
This study aims to find out an association between schmorl’s nodes and endplate
angulations on Lumber spine Magnetic Resonance Imaging. At Northwest General
Hospital Peshawar, a cross-sectional study was conducted. In this 6-month trial, 148
patients with low back pain were included, however, only 44 of them were found to have
SNs. Data was collected by Prospective and Retrospective Study and analyzed by using
SPSS version 22. It is concluded from this study that many of SNs were observed in
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patients at various lumber spine levels, and females were seen as more affected by SNs
than males. SNs were found to have affected more people with L3 and L2 lumber levels.
The final study population included 148 patients with LBP coming to NWGH for Lumber
MRI, out of which 44 patients were affected with SNs with a mean patient age of 45.64
years and a standard deviation of 14.332, and a range of 60.

Keywords: Schmorl’s Nodes, Schmorl’s Nodes, Lumber Spine, Magnetic Resonance
Imaging

1 Introduction
1.1 Low Back Pain

One of the most prevalent issues in the world is low back pain, which is primarily addressed in
basic healthcare settings. Low back pain can affect individuals of all ages, from youngsters to the
old. Pain, stiffness in the muscles, and impairment are a few of the low back pain indications and
symptoms. It is situated below the costal border and above the inferior gluteal folds, either with or
without leg pain (sciatica) (Chou et al., 2007). The group of individuals with particular or non-
specific low back pain will largely determine how the diagnosis is made. the meaning of There is
various pathophysiological mechanisms that can cause low back discomfort, including rheumatoid
arthritis, osteoporosis, disc herniation, fracture, tumor, and Schmorl's nodes.

1.2 Schmorl's Nodes

Schmorl’s nodes (SN) were named given after a German pathologist who describe this. Schmorl’s
nodes (SN) are related to vertebral discs in which herniation defect occurs in disc material in the
bony endplate (Z. Wang et al., n.d.). Their direct cause is unknown, Nonetheless, it was assumed
that it could have been caused by intervertebral disc weakening (Tobing & Tobing, 2020) and
high stresses that cause spinal degeneration. (Mok et al., 2010; Henriquez & Arriaza, 2013) , or
due to autoimmune disease reaction (Dar et al., 2009). A strong relationship between the vertebral
body’s shape and the existence of SN has recently been discovered by certain studies (Dar et al.,
2009).

These nodes typically show up in patients who have lumbar MRI for a variety of problems (Plomp
et al., 2015), however, they may also be responsible for persistent lower back pain(Mattei &
Rehman, 2014) . The prevalence of Schmorl's nodes in the general population ranges from 3.8%
to 76%, as reported in studies (Newell et al., 2015; Sonne-Holm et al., 2013).

In 1927, Christian Georg Schmorl, a pathologist, described a distinct type of spinal lesion that
occurs mainly in the thoracolumbar region, now recognized as Schmorl's nodes (SN) (Williams et
al., 2007) . However, contrary to the initial belief, SNs are actually herniations of the nucleus
pulposus (NP) that protrude into the body of an adjoining vertebra via the cartilaginous and bony
endplate. Such SNs are not as frequent as the horizontal disc herniations that tend to protrude into
the neural foramina or spinal canal (Abu-Ghanem et al., 2013). Several studies demonstrate the
strong association between multiple SNs, lumbar disc degeneration, and lower back discomfort
(Wu etal., 2006). Many theories have been put up to explain the pathophysiology of SNs; however,
none of these theories are currently in agreement. SNs disease is considered a degenerative bone
disease by some researchers (Abbas et al., 2017), while it is a developmental illness by others
(Kovacs et al., 2013) . But many researchers think that one of the main reasons that cause SN
pathology include the weakening of the disc and vertebral bodies (Jensen et al., 2008). Direct
damage to the vertebrae is another factor in the formation of SNs (Smartz et al., 2012). Zhang et
al. (Y. Zhang et al., 2009)propose that autoimmunity is likely to have a role in symptomatic SNs.
Although the considerable study has gone into characterizing SNs, questions about their clinical
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importance, etiology, and therapy still exist.

Many pathologies or lesions of the endplate have been generally considered SN. About 150 years
ago Luschka first recognized this but Schmorl further described in detail (Rijn et al., 2005) The
relationship between Schmorl's nodes and their pathogenic causes, such as congenital (Inborn)
conditions or injuries, as well as the links between them and disc degeneration and back pain, are
still up for debate. Even the relationship between Schmorl's nodes and age is not entirely evident.
Schmorl's nodes had no upper age limit; they were discovered at all ages(Vital et al., 2003), while
they were more frequently observed in older adults(Marshman et al., 2007) or appeared equally
frequently in persons under and over 50. (Kuisma et al., 2006) These disparities are caused by
various study methods and definitions of Schmorl's nodules, among other things. This could have
affected endplate lesions' frequency and distribution pattern as well as their tendency to form
biased or weak associations. The frequency rate of Schmorl’s nodes reported varies dramatically
from 9% to 75%,(24), (Schmorl, 1903; Schmorl et al., 1971; Hilton et al., 1981) Reported
Schmorl’s nodule frequency rates varied dramatically between 9% and 75%, (Schmorl, 1903;
Schmorl et al., 1971; Hilton et al., 1981)those which is assessed by cadaver spines is much higher
than that detected and assessed by magnetic resonance (MR ) image. Schmorl's nodules, on the
other hand, are typically simply defined as local "depressions" or "defects" on the endplate. This
is particularly true in radiological examinations, where Schmorl's nodules may be difficult to
identify from other endplate morphological abnormalities. It is evident that there are other
pathologies affecting the vertebral endplates besides Schmorl's nodes. Additional endplate lesions
have been reported, including fracture (Keyes et al., 2023), microtrauma (Fahey et al., 1998) ,
destructive endplate lesions (Bray et al., 1998), vertebral rim lesions (Schmorl et al., 1971), and
endplate calcification (Vernon et al., 1977; Martel et al., 1976).

Unfortunately, there are currently no comprehensive studies of lumbar endplate lesions. Modic
changes in vertebral endplate signaling's clinical significance are still debatable, and their
underlying pathophysiology is mostly unknown. (Dudli et al., 2018)

Complete studies of endplate lesions using large cadaver specimens are needed to advance our
knowledge of endplate lesions. Because such studies can not only contribute to our understanding
of the local pathological interactions between vertebral bodies and intervertebral discs but can also
provide important clues. New insights into the etiology of degeneration of disc and low back pain.

Disc herniation is referred to as Schmorl's node in some cases. A herniated disc is a condition
where the outer annulus fibrosis of the disc ruptures and the nucleus pulposus extends beyond the
damaged outer annulus. In most intervertebral herniated discs, the herniated disc slides laterally
on both sides of the spine, causing an intervertebral herniated disc. However, in Schmorl’s node,
a disc defect causes a herniated disc to slide up and down into the adjacent vertebrae, causing an
intervertebral herniated disc.

Schmorl’s nodes are usually asymptomatic, but inflammation and swelling of the surrounding
vertebrae can cause low back pain. Rarely, Schmorl’s nodes can become infected or irritate nerves
down the spine, causing pain, numbness, or weakness of the muscle that spreads to the legs down.

However, the exact cause of Schmorl’s nodes is still not fully understood. However, some of
Schmorl’s nodes are associated with vertical forces transmitted through weakened vertebrae (e.g.,
excessive walking, prolonged standing, landing after high jumps, driving a car, workload,
inappropriate It has been found that it can be caused by endplate.

1.3 Vertebral Endplate

The endplates, which divide the intervertebral disc from the surrounding vertebrae, are two layers
of cartilage and bone. Between the intervertebral discs and the vertebral trabeculae lie the vertebral
endplates, which have a porous nature. The intervertebral discs are supplied with nutrients through
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the vertebral endplates, which also serve as load-transmitting structures Endplates have thicker
outer portions than central parts. (Pouriesa et al., 2013) Endplates become more rigid and strong
as they go away from the center (Duran et al., 2017). The biomechanical function of endplates
depends on their structural stability and typical form. For lumbar intervertebral disc herniation and
endplate fraction, the risk factors are abnormal morphological alterations (Albert et al., 2008;F.
Wang et al., 2011). Endplate defects are pathological alterations to the vertebrae's lower or upper
surface. An endplate defect classification system was developed using data from autopsies and
imaging studies. Previous studies have reported a variety of endplate deficiencies. such as corner
flaws, local defects, Schmorl's nodes, notches, fractures, erosion, and so forth (Dudli et al., 2015;
Adams et al., 2000; Williams et al., 2007)

2 Radiological Diagnosis of Schmorl Nodes
2.1 Plain Radiograph

They typically involve the inferior endplate of the lower thoracic and lumbar vertebral bodies and
are tiny, nodular lucent lesions. However, it is not unusual for both the inferior and superior
endplates to be involved. A possible sclerotic margin is evident.

2.2 Computed Tomography

Schmorl nodes can be more easily recognized on CT scans, which display the same radiographic
pattern.

2.3 Magnetic Resonance Imaging

Schmorl nodes are best diagnosed with MRI since they can be observed on sagittal MRI sequences
(Saluja et al., 1986). Schmorl's nodes typically exhibit similar signal characteristics to the adjacent
disc and may have a thin margin of sclerosis (Modic et al., 1988). Previous studies have identified
a correlation between SNs and lumbar disc degeneration disease (DDD), with SNs being linked to
the severity of DDD (Sadiq, 2019; Jevtic et al., n.d). MRI is the imaging modality that is most
commonly used to evaluate disc degeneration and is the best tool for evaluating DDD. DDD was
graded using the Schneiderman method in the following stages.

Stage 0: In stage 0 the signal of the disc does not change.
Stage 1: On the T2 sequence signal intensity of the disc is a mild decrease.

Stage 2: The height of the disc is preserved but the disc is markedly hypointense. Stage 3: The
signal intensity of the disc and height of the disc is decreased.

3 Literature Review

Three hundred twenty-four (324) adult patients were involved in Israa Mohammed Sadiq's cross-
sectional analytical study, which was published in the Egyptian Journal of Radiology and Nuclear
Medicine in 2019. These patients were all recommended by their doctors for lumbosacral MRIs at
MRI units. The study included a sample of 206 females and 118 males who met the following
demographic criteria: the female-to-male ratio was 1.7:1; the average age was 45.5 + 12.48 years;
the average weight was 79.2 + 101 kg; and the average height was 167.1 £ 6 cm. Schmorl's nodes
were detected in 22.2% of the participants, with 41% having them at one level and 59% having
them at more than one level. Males had a significantly higher prevalence of SNs than females (P
=0.03), with 28% of males and 18.8% of females having SNs. The average age of SN patients was
55 years, with 5.5% being under 40, 52.8% being between 40 and 59, and 41.7% being 60 or older.
The frequency of SN rose substantially with age (p = 0.0001) and was lowest in the younger age
group (40 years). There were a total of 1944 discs from 324 patients. On 144 CDs, SN could be
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seen. In 41% of patients, there was just one-disc level, while in 59% there were many disc levels.
The most afflicted L1-L2 was 23.6%, then L2-L3, L3-L4, L4-L5, T12-L1, and L5-S1 in that order
(20.8%, 18.1%, 16.7%), 12.5%, and 8.3%, respectively.). The results of SN-affected levels'
degenerations were as follows: A score of 0 was assigned to 54 cases (37.5%), a score of 1 to 52
cases (36.1%), a score of 2 to 20 cases (13.9%), and a score of 3 to 18 cases (12.5%). P=0.76 for
all assessments indicates that the presence of SNs had no effect on the degree of disc degeneration.
20.8% of those with SN in the lumbar spine also had disc bulges or herniations (30 levels). As P
=0.62 (OR = 1.4) indicates, there was no statistically significant correlation between SN and disc
bulge/herniation. 22 disc levels (13.9%) saw the coexistence of MC and SN. As P = 0.00001 (OR
= 7.9) indicates, there was a significant relationship between MC and SN. Schmorl's node, which
affects the endplate angulation of the lumber spine, is frequently found in individuals who
complain of lower back pain.

4 Methodology

This research has been designed as a Cross-Sectional study. The study has been conducted at
Northwest General Hospital and Research Center This study has been completed in 6 Months. 148
Calculated by the Raosoft Sample Size Software through the Convenience sampling technique.
All those patients with age 18 to 80 years. All those patients with spinal surgery performed.
Individuals with endplate degeneration, kyphosis, and scoliosis Descriptive statistics like quartiles,
range, standard deviation, and the means of the mean. Data is presented in the form of graphs such
as bar graphs, pie charts, etc. Pearson correlation between variables to measure linear correlation.
T-test and reliability analysis were also carried out for scale measurement. For all data analysis,
the Statistical Package for the Social Sciences (SPSS) version was utilized (Marshman et al.,
2007).

5 Result

This study was conducted at Northwest General Hospital Peshawar, Radiology Department MRI
Unit. The study lasted for six months. In this study, 148 patients with low back discomfort who
had been referred for a lumber MRI scan were included. Out of these 44 patients were affected
with SNs with mean Age of 45.64 years (standard deviation = 14.332) and an age range between
20-80 years as shown in Table. 1. All eligible MRI reports were obtained from the participant and
analyzed. The MRI unit of the Radiology Department at NWGH and the research center
compromised 0.35 Tesla MRI machines and 2 MRI technologists.

5.1 Gender-Wise Distribution of Patients

In our study, a total of 148 individuals with Low Back Pain were examined, and 44 reports were
collected from those patients who had Schmorl’s nodes. Out of these 19(43.2%) patients were male
and the remaining 25 (56.8%) were female as shown in Table. 2.

5.2 Mean Values of VVarious Endplates Angulation

Table 3. shows 13 patients out of 44 have L1 angulation that is affected by SNs, each patient has
different angulation but the mean angulation noted was 154.408 (cranial) and 160.708 (caudal)
with the standard deviation (SD) of 17.45 and 15.52 consecutively. At the L2 level, mean
angulation of 157.85 (cranial) and 163.683 (caudal) with SD of 10.70 and 10.23. Similarly, the
endplate angulation was reported higher at L3 cranial endplate at 160.55 compared to the caudal
of 154.955 with SD=15. On contrary at the L4 level, higher angulation was seen in the caudal
endplate (164.513; SD=5.67) compared to the cranial (162.35; SD=7.58). Finally, greater endplate
angulation was reported in the caudal at an L5 level of 160.4 with SD=10.69 while smaller was
seen at L5 cranial 156.54 with SD=13.759.

Table. 3 Mean Results of Endplate Angulations at Various Level of Lumbar Spine
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Mean N Std. Deviation
Age 45.64 44 14.332
Patient with SN 1.00 44 .000
Patient with EP Defects 1.00 44 .000
Levels 44
L1 Cranial Angle 154.408 13 17.4588
L1 Caudal Angle 160.708 13 15.5242
L2 Cranial Angle 157.850 18 10.7053
L2 Caudal Angle 163.683 18 10.2392
L3 Cranial Angle 160.550 22 15.8550
L3 Caudal Angle 154.955 22 15.1789
L4 Cranial Angle 162.350 8 7.5887
L4 Caudal Angle 164.513 8 5.6759
L5 Cranial Angle 156.540 5 13.7593
L5 Caudal Angle 160.400 5 10.6921

Association between Various Endplates Angulation

Table. 4 Correlations between various endplate angulations at spinal levels
L1 L1 L2 L2 L3 L3 L4 L4 L5 L5
Crani | Crani | Crani | Crani | Crani | Crani | Crani | Crani | Crani | Crani
al al al al al al al al al al
1| Y | o167 0452 | 0469 | 009 | 0as2 | 2 2 2 2
Cra
nial 0.586 | 0.368 | 0.348 | 0.511 | 0.709
L1 | 0167 1 0.804 0.244 | 0.996 | -0.92 a .a a .a
Cau
dal | 0.586 0.054 | 0.641 | 0.058 | 0.256
L2 | 0452 | 0.804 1 0.436 0.236 0.117 a .a a .a
Cra
nial | 0.368 | 0.054 0.071 | 0.541 | 0.764
L2 | 0.469 0.244 | 0.436 1 0118 | 0.073 a a a a
Cau
dal | 0.348 | 0.641 | 0.071 0.763 | 0.852
- - - 1.000 N
L3 | 069 [09% | o551 0118 | L |oo79| = [1900| 2 2
nclr:} 0511 | 0.058 | 0.541 | 0.763 0.728
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092 | 0117 1000 | 1000 | a

L3 | 0.442 0.073 | 0.079

Cau
dal | 0.709 | 0.256 | 0.764 | 0.852 | 0.728

1.000 | 1.000 |4 | 9092 | 1.000 | 1.000

L4 a a a a
Cra
nial ) . ) . . . 0.828
K a a a | 12000 | 1.000 | 0092 | 1 | 1900 | 1.000
Cau
dal ) ) ) . . . 0.828
a a a a a .a 1.000 1'990 1 0.441

Table 4. suggest Pearson’s correlation between different spinal levels’ endplates angulation.
Schmorl’s node-affected L1 endplate angulation was reported negatively (r=-0.452, -0.469, and -
0.442) correlated with L2 and L3 endplates angulation except L3 cranial endplate which was
positively (r=0.695) correlated while the p-value was not significant. L3 cranial endplate angle
positively correlated with L1 level (cranial, r=0.695; caudal, r=0.996) while L3 caudal negatively
correlated with L1 (cranial, r=- 0.442; caudal, r=-0,92). Both L3 endplates were seen as strongly
positively correlated L4 endplates angulation with p<0.01 on the 2-tailed test (significant). Finally,
in L4 both endplates’ angles were strong positive correlated with L5 both endplates and in L3 both
endplates with p-value significant at 0.01 at the 2-tailed test (Pearson’s correlation). While L5
caudal endplate angulation was weakly correlated with r=0.441 with an insignificant value of
p<0.457.

5.3 Schmorl’s nodes frequency at a spinal level

The highest frequency of SNs (Marshman et al., 2007) was reported at the L3 level on both
endplates, followed by L2 (18 on both endplates), L1 level (13), and L4 level (8) while the least
(5) SNs found at L5 level of the lumbar spine as shown in figure 5.

6 Discussion

MRI is a type of imaging modality used to image the anatomy and physiological processes of the
human body via non-ionizing radiation. The MRI scanner uses strong magnetic fields, radio waves,
and magnetic field gradients to produce precise images of the body's organs. MRI scanners are
used to diagnose illness, staging, and follow-up. Superior soft-tissue contrast is provided by MRI
than CT. MRI scanners are more sensitive in detecting intervertebral disc illness, it made it easier
to identify SNs (Schmorl's nodes). Acute, traumatic, and symptomatic SNs were diagnosed using
MRI (Magnetic Resonance Imaging). Schmorl's nodes are NP herniations through a cartilaginous
and hard endplate into the body of a nearby vertebra. This herniated tissue causes an Angulation
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deformity superiorly and inferiorly of the affected vertebra. This final study included 148 patients
with Lower back pain out of which 44 patients of age (16 to 80) were having SNs and the
prevalence of SNs is highest at ages (20 to 80) years.

As mentioned above there is a high prevalence of SNs in females (56.8%), the resulting study also
indicates that females are more affected by SNs, whereas males (43.2%) are affected by SNs.
Hence our results are Proportional to the previous studies showing that men are more affected by
SNs than women.

The current study indicates that the L2 and L3 lumber levels have the largest reported number of
Schmorl's nodes. Compared to other lumber vertebrae, the L2 and L3 vertebrae's caudal and cranial
endplates have the most SNs.

This is a rare case and the first time carried out as an association of schmorl’s node and endplate
angulation in patients with low back pain on lumber spine MRI. 13 patients out of 44 have L1
angulation that is affected with SNs, and each patient has different angulation but the mean
angulation noted was 154.408 (cranial) and 160.708 (caudal). At the L2 level, the mean angulation
of 157.85 (cranial) and 163.683 (caudal). Similarly, the endplate angulation was reported higher
at L3 cranial endplate at 160.55 compared to the caudal at 154.955. On contrary at the L4 level,
higher angulation was seen in the caudal endplate (164.513) compared to the cranial (162.3500).
Finally, greater endplate angulation was reported in the caudal at an L5 level of 160, while smaller
was seen at L5 cranial 156.54. 18 (18) determined quality of life by SF36 he found that quality of
life of PMPS patients are effected (19).

7 Conclusion

It is concluded from this study many SNs were observed in patients at various lumber spine levels,
and females were more affected by SNs than males. MRI is the most sensitive modality in detecting
SNs. Schmorl’s nodes were found to have affected more people between the ages (of 20 to 80).
Both multiple and single SNs are observed. Endplate angulation was mostly affected at L2 and L3
Lumber levels both cranially and caudally.
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