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Purpose: In patients with lumbar disc herniation (LDH), the herniated intervertebral disc (IVD) can be spontaneously absorbed
without surgical intervention (herein referred to as “resorption”). However, current studies provide unclear explanations of the
mechanism of LDH resorption, and the summary of predictive factors is not comprehensive enough. This review aimed to summarize
predictive factors associated with LDH resorption based on current evidence, thereby providing clinical guidance for therapeutic
decision making.

Methods: A comprehensive literature search was performed using PubMed, Web of Science, Embase, and the Cochrane Library from

LIS LIS LIS

database inception to July 2024. The search was performed using the terms “spontaneous”, “regression”, “resorption”, “remission”,
“absorption”, “herniation”, and “disc”. Manual searches were also performed to broaden the literature search. Studies were included if
they reported at least one potential predictor of resorption in patients with LDH and provided follow-up imaging assessments (CT/
MRI) to define resorption outcomes, along with the criteria used to determine the presence or absence of imaging resorption. Two
reviewers independently searched the relevant literature and the ROBINS-I tool were used to assess the quality.

Results: The literature search yielded 1115 publications, of which 22 were finally included. The review suggested that the probability
of resorption in LDH can be predicted by five aspects: clinical factors, type and size of the LDH, composition of the herniated IVD,
imaging features of LDH, and spinal physiology. One limitation of this review is the lack of high-quality prospective studies among
the included research, which may affect the accuracy of the findings.

Conclusion: The probability of resorption in LDH can be predicted based on five aspects. This helps clinicians preferentially select
LDH cases with a high probability of resorption for conservative treatment, which is of positive significance for improving the success
rate of conservative treatment in patients with LDH. However, due to the lack of high-quality prospective studies for support, large-
scale prospective studies are necessary to assess the accuracy of these predictive factors for LDH resorption.
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Introduction

Lumbar disc herniation (LDH) is one of the most common diseases in orthopaedics, predominantly affecting individuals
aged 30-50." Additionally, low back pain is a leading cause of labour force loss and disability, posing a heavy
socioeconomic burden,” and its incidence is increasing annually. Computed tomography (CT) and magnetic resonance
imaging (MRI) have revealed that the herniated part of the intervertebral disc (IVD) undergoes spontaneously regression.
Scholars have described this process using terms such as “regression”, “resorption”, “remission”, and “resolution”.>® In
this paper, we uniformly refer to this phenomenon as “resorption”, which refers to the spontaneous volume reduction of
the herniated part of the IVD without surgical intervention, and this change can usually be observed through imaging.
(Figure 1) During the last 20 years, in-depth studies have focused on resorption in LDH, making great progress in the
understanding of this phenomenon. This reduction or disappearance of the herniated IVD without surgical intervention,
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Figure | MRI images demonstrating LDH resorption. (A—C) MRI shows L5/S| intervertebral disc protrusion. (D—F) After 4 weeks of non-surgical treatment, MRI shows
significant resorption.

accompanied by significant improvement in clinical symptoms, provides the most direct basis for the non-surgical
treatment of LDH.”®

The mechanism of resorption is not fully understood, and its occurrence is often influenced by the patient age, disease
duration, and size and type of LDH. Therefore, this review aims to address the key research question: Can the probability
of resorption be predicted using these relevant factors? The present review focuses on the factors influencing resorption

in LDH, providing clinicians with a stronger evidence base for formulating individualized and rational conservative
treatment.

Materials and Methods

Literature Search Strategy

Two authors independently performed a literature search of four databases (PubMed, Web of Science, Embase, and the
Cochrane Library) in July 2024, following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guideline.” The search terms were “spontaneous”, “regression”, “resorption”, “remission”, “absorption”,

“herniation”, and “disc”. The reference lists of the included articles were manually searched to broaden the literature
search.
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Inclusion Criteria

We selected all peer-reviewed studies on factors associated with resorption in LDH, without restriction of regions,
publication types, or languages. The key inclusion criterion was that the study must mention, analyze, or discuss at least
one potential predictive factor for LDH imaging resorption in its results or discussion. Eligible studies were required to
include patients diagnosed with LDH by MRI or CT, and interventions were not restricted, allowing conservative
management, routine clinical care, or the absence of any specific treatment, provided that the natural course of resorption
could be observed. No specific comparison group was required; studies comparing different herniation types, clinical
characteristics, imaging features, or follow-up outcomes were all eligible. Regarding outcomes, included studies needed
to report at least one predictor associated with resorption, covering clinical, imaging, pathological, or mechanistic
domains. Study designs were limited to prospective or retrospective cohort studies, case-control studies, and cross-
sectional analyses. In addition, eligible studies were required to provide follow-up MRI or CT to evaluate resorption
through imaging and/or clearly define the criteria used to determine resorption. The interval between the first and the last
imaging follow-up should be more than 3 months.

Exclusion Criteria

The exclusion criteria were articles unrelated to resorption in LDH, articles of no value for resorption prediction, review-
based articles, and case reports. Studies lacking follow-up imaging, studies without extractable predictor information, or
studies that did not provide a definition of imaging resorption were also excluded.

Data Extraction

Two independent reviewers extracted relevant information from the literature regarding diagnosis, predictive factors,
follow-up time, number of cases, imaging examination (CT/ MRI) used, and results (whether resorption occurred).
Disagreements were resolved by consensus.

Quality Assessment

Articles that met the selection criteria were independently assessed by the authors for quality using the ROBINS-I tool."”
In accordance with the ROBINS-I guidelines, articles were assessed for each item according to the following rating scale:
low risk of bias, moderate risk of bias, critical risk of bias and no information. Articles with critical risk of bias or serious
risk of bias were be excluded from the review. The relevant results are presented in the form of a risk bias plot.

Results
Study Design and Characteristics

In total, 1115 publications were retrieved. After removing duplicates, 635 studies remained for screening. Irrelevant
literature was eliminated by browsing the titles and abstracts of the included studies. Finally, the quality of 24
publications was assessed. Quality assessment revealed 2 articles are of critical risk of bias and have been excluded.
The outcomes are summarized in Figure 2. Finally, 22 studies were included in this review (Figure 3).

All of the included studies were observational study design, with 9 prospective studies included. Comparative
Tables 1-5 lists the relevant data and describes the results of these studies. The purpose of all included studies was to
investigate the predictive factors associated with LDH resorption.

Clinical Factors

The available literature suggested that patient age, disease course, and level of disc herniation were correlated with
the occurrence of resorption (Table 1). It was generally accepted that resorption was more likely to occur in young
and middle-aged patients than in older patients, and the active period for resorption was within 1 year of

11,1
onset.'!?
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Figure 2 Risk assessment of bias of the included studies.
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Identification of studies via databases and registers
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Figure 3 PRISMA flowchart of the articles selection process.
Notes: Adapted from Page M), McKenzie JE, Bossuyt PM et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi:
10.1136/bmj.n71.°

Patient Age

Autio et al showed that patients with LDH in the 41- to 50-year age group had a high rate of resorption, and a recent
retrospective study reported a similar finding.'""' It is generally accepted that the probability of resorption is higher in
young and middle-aged patients than in older patients, which may be related to the degree of degeneration of the
intervertebral disc. In mildly to moderately degenerated discs, there are changes in the extracellular matrix along with
senescence and apoptosis of the nucleus pulposus cells. These changes are often accompanied by an inflammatory

33735 wwhich are conditions conducive to resorption.

immune response or the growth of microvessels,
Disease Course

In the early stages of LDH, the nucleus pulposus breaks through the fibrous ring of the disc and contacts the bloodstream.
This induces high expression of various inflammatory factors and immunoproteins, making the early stage of LDH
a critical period for resorption. Previous case reports have shown that the longest LDH resorption occurred 4 years after
the onset of the disease.*® Follow-up MRI has confirmed that the active period of resorption occurs within 1 year after
onset,'*'*37 during which time patients may experience remission of clinical symptoms, and some may experience
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Table | Prediction of Resorption by Clinical Factors

Clinical Factors Results Sample Imaging Reference
Size (n) Modality
I. Patient age
Age category 41-50 years were associated with a higher resorption 53 MRI Autio et al
rate. 2006'!
Young adult patients usually had a higher resorption rate. 9 MRI Elkholy et al
2019'?
2. Disease course
The majority of patients showed resorption within | year. 505 MRI Lee et al 2017"
The 59% of the IVD disappeared within | year. 118 CT Ramos et al
2013
The majority of patients showed resorption within | year. 409 MRI Ma et al 2021
The majority of cases demonstrated resolution at variable points 28 MRI Hong et al
between 3 and 2| months. 2016'¢
3. Level of LDH
Most patients experience resorption at the L4/5 and L5/S1 levels. 40 MRI Kesikburun et al
2019"7
Resorption rates were similar between single-level and multilevel 90 MRI Hornung et al
LDH. 2024'®

Abbreviations: LDH, lumbar disc herniation; MRI, magnetic resonance imaging; IVD, Intervertebral disc; CT, computed tomography.

Table 2 Prediction of Resorption by Type and Size of LDH

Type and Size of LDH Aspects Conducive to Sample Size (n) | Imaging Modality Reference
Resorption

I. Pathological types of LDH

Sequestration and extrusion 9 MRI Elkholy et al 2019'?
Sequestration and extrusion 42 MRI Takada et al 2001"°
2. Size and migration of the
herniated IVD
Greater size and migration 77 MRI Komori et al 1996%°
(Komori type II/1l)
Greater size and migration 34 MRI Iwabuchi et al 2010%'
(Iwabuchi migration+)
Greater size 69 MRI Bozzao et al 19927
3. Rupture of the PLL
Rupture of the PLL 36 MRI Ahn et al 20007
Rupture of the PLL 43 MRI Seo et al 2016%*

Abbreviations: LDH, lumbar disc herniation; MRI, magnetic resonance imaging; IVD, Intervertebral disc; PLL, posterior longitudinal ligament.

significant resorption or even disappearance of the herniated IVD. Ma et al performed non-surgical treatment in 409
patients with giant LDH, and 189 patients experienced resorption. Among these patients, 128 (67.72%) experienced
resorption within 1 year of onset.'> Macki et al reported 53 cases of ruptured LDH resorption. Follow-up MRI showed
that the time to resorption after LDH was 9.27 + 13.32 months.*® Hong et al conducted a retrospective review of 28
patients who underwent at least two MRI examinations and found that most cases of massive LDH demonstrated
resolution at variable time points between 3 and 21 months.'®

Level of Disc Herniation
The most common levels of LDH are L4/5 and L5/S1,* with approximately 95% of herniations occurring in these two
levels.*® Because of the high pressure and stress concentration on these two levels and the relative weakness of the
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Table 3 Prediction of Resorption by Composition of the Herniated IVD

Composition of the Herniated IVD Aspects Conducive to Resorption Sample Imaging Reference
Size (n) Modality
I. Components of nucleus pulposus in
herniated IVD
Mainly composed of nucleus pulposus 34 MRI Iwabuchi et al
(Iwabuchi type 1/5) 2010%'
2. RSI
0.30-0.72 37 MRI Chen et al
2006>
Abbreviations: VD, Intervertebral disc; MRI, magnetic resonance imaging; RSI, MRI relative signal intensity.
Table 4 Prediction of Resorption by Imaging Features of LDH
Imaging Features of LDH Aspects Conducive to Sample Size Imaging Reference
Resorption (n) Modality
I. MRI signal enhancement around the
herniated IVD
Rim enhancement 160 MRI Autio et al 2006
Presence of enhancement 75 MRI Splendiani et al
2004
Type A and Type B 64 MRI Yu et al 20217
2. Modic changes
Without modic changes 85 CT/ MRI Shan et al 2014
Without modic changes 51 MRI Latif et al 2022%°

Abbreviations: LDH, lumbar disc herniation; MRI, magnetic resonance imaging; CT, computed tomography; IVD, Intervertebral disc.

Table 5 Prediction of Resorption by Spinal Physiology

Spinal Physiology Aspects Conducive to Resorption Sample Size Imaging Reference
(n) Modality
1. Sacral slope
Greater sacral slope 93 MRI Hornung et al
2023%°
Resorption is independent of sacral slope 67 CT/ MRI Dai et al 2020°"'
size
2. Spinal canal morphology
Elliptical spinal canal 50 CT/ MRI Gao et al 20042

Abbreviations: MRI, magnetic resonance imaging; CT, computed tomography.

posterior longitudinal ligament (PLL), the degenerated fibrous ring is prone to rupture under external forces and is
therefore prone to protrusion.*' L4/5 and L5/S1 are also the levels at which LDH resorption is most likely to occur.
Kesikburun et al analysed 40 patients with LDH resorption and found that the levels at which resorption occurred were
L4/5 and L5/S1 in 70% of the patients.'” Macki et al found that the highest rate of resorption occurred at L4/5 (58.3%),
followed by L5/S1 (25.0%), L1/2 (4.2%), and L2/3 (0.0%).*® Resorption rates were similar between single-level and
multilevel LDH at various time points throughout a prospective assessment, providing insights that disc healing may

have unique programmed signatures.'®
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https:



Shen et al

Effect of Body Weight on Resorption

Obesity and a high body mass index (BMI) are thought to increase the risk of lumbar spine degeneration,****

which can
further contribute to the LDH. Tokmak et al reported a case of LDH resorption in a 42-year-old woman following weight
loss and suggested that dehydration and increased endothelial cell proliferation were possible mechanisms for the
resorption.** However, other case studies have come to the opposite conclusion. Hornung et al analysed the BMI of
90 patients with LDH resorption and found no difference between patients with resorption within 3 months and after 3
months.*® Kesikburun et al prospectively analysed 40 patients with LDH, among whom 4 patients showed no resorption,
6 patients developed partial resorption, and 30 patients developed complete resorption, with no difference in BMI among
the three groups.'” Therefore, the effect of body weight on resorption is currently unclear, and further evidence is needed.

Type and Size of LDH

Pathological Types of LDH

The pathological types of LDH can be broadly classified into four types: bulging, protrusion, extrusion, and
sequestration.*>*® The literature suggests that the extrusion and sequestration forms of LDH are prone to
resorption.””*® In a study by Elkholy et al, resorption occurred in 9 of 289 patients with LDH, 5 of whom had the
sequestration type and 4 of whom had the extrusion type.'* Chiu et al examined the probability of resorption in different
types of LDH and reported resorption rates of 96%, 70%, 41%, and 13% for the sequestration, extrusion, protrusion, and
bulging types, respectively.*’ Takada et al performed MRI follow-up of 42 patients with LDH who received conservative
treatment and showed that of the protrusion (n=7), extrusion (n=17), and sequestration (n=18) types, the sequestration
type was most likely to undergo resorption, followed by the extrusion type.'® Some published case reports have shown

that LDH resorption occurs mostly in the extrusion and sequestration forms.**>!

Size and Migration of the Herniated IVD

Many cases of large LDH resorption have been reported®>>* Regarding the size and migration of the LDH, a large
herniated IVD with a greater degree of migration is more likely to undergo resorption than is a small herniated IVD with
less extensive migration.*® Komori et al proposed a typology based on the size and migration of the herniated IVD
(Figure 4).%° The authors classified LDH into three types (I-III) based on the degree of migration of the herniated IVD on
MRI. The distinction between types I and II lay in whether the black line behind the herniated disc tissue was interrupted;
interruption or disappearance of this line indicated that the herniated tissue had crossed the PLL. The distinction between
type Il and type III lay in whether the herniated disc exceeded the height of the parent disc. Type III was further divided
into three levels based on the herniated disc height as a proportion of the vertebral body height (Figure 5). Clinical
observations have shown that the probability of resorption in LDH increases with the degree of migration. Similar to the
Komori classification, Iwabuchi et al classified LDH migration into two categories, namely with or without migration of
the herniated IVD, using one-quarter of the vertebral body height as the boundary. MRI follow-up of 34 patients with
LDH revealed 21 cases of resorption, there were more patients with migration in the resorption group.?' Bozzao et al also
confirmed that resorption is related to the initial size of the herniated IVD and that a large initial size is more prone to
resorption.*?

-+ =4 =

Type | Type ll Type lll

Figure 4 Komori classification. Type I: The blackline behind the herniated disc tissue is intact. Type |l: The blackline behind the herniated disc tissue is ruptured. Type lll: The
herniated disc exceeds the height of the parent disc.
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Figure 5 Levels of type | to lll LDH in the Komori classification. Level I: Migration of the herniated disc by one-third of the vertebral body height. Level Il: Migration of the
herniated disc by two-thirds of the vertebral body height. Level lll: Migration of the herniated disc by the full vertebral body height.

Rupture of the PLL

LDH can be classified as ruptured or non-ruptured depending on whether the PLL is ruptured. Ahn et al used MRI to follow up 36
patients with different types of LDH and divided the patients into 3 groups: those with subligamentous, transligamentous, and
sequestered herniations. The authors reported 56%, 79%, and 100% shrinkage, respectively, for each type and concluded that
herniated disc material protruding from the PLL was beneficial for resorption.?* Seo et al followed up 56 levels of herniated IVDs
by MRI in 43 patients with LDH, finding eventual resorption in 35 levels and significantly more patients with (56/22) than without
(56/13) PLL rupture.** Therefore, the authors concluded that larger migrating herniations tend to regress more readily than smaller
herniations because penetration of the annulus fibrosus or PLL exposes disc material to the systemic circulation in the epidural
space, thereby enhancing cellular inflammatory reactions. Only when the PLL ruptures does the herniated IVD have access to the
blood flow, triggering the various mechanisms that promote resorption. The extrusion and sequestration types of LDH, Komori
types Il and III LDH, and LDH with Iwabuchi migration are pathologically classified as ruptured LDH, which favours resorption
(Table 2).

Composition of the Herniated IVD

Components of Nucleus Pulposus in Herniated IVD

The lumbar IVD consists of the nucleus pulposus, fibrous ring, and cartilaginous endplate. Iwabuchi et al studied the predictive
value of the protruding tissue components for resorption and classified the herniated [IVD components into five types based on the
different signal characteristics of herniated disc tissue on T1- and T2-weighted MRI: type 1, mostly nucleus pulposus; type 2,
mostly fibrous ring; type 3, mucinous-like changes; type 4, granulation tissue hyperplasia; and type 5, partially fibrous ring. Of
these five types, type 1 (T1-weighted isointense signal, T2-weighted high signal intensity) and type 5 (T1-weighted low signal
intensity, T2-weighted isointense signal) are susceptible to resorption, whereas types 2 to 4 undergo almost no resorption.”' In
a herniated IVD in which the nucleus pulposus is the main component, the water content is high and the degree of denaturation is
low; therefore, an immune response and tissue dehydration are likely to occur, leading to resorption. The immune response, and
dehydration and contraction of the herniated nucleus pulposus are two important hypotheses for the mechanism underlying

resorption in LDH.**%3

MRI Relative Signal Intensity

The MRI relative signal intensity (RSI) of the herniated IVD allows a more objective analysis of the composition and
degree of degeneration of the LDH. On MRI, RSI is defined as the ratio of the signal intensity of the herniated IVD to the
signal intensity of the cerebrospinal fluid at the same level.>> As mentioned, the nucleus pulposus has a high water content
and, therefore, appears with relatively high signal intensity on MRI. Another factor affecting the RSI of the herniated IVD is
the degree of degeneration of the LDH, with MRI signal intensity decreasing with increasing degeneration of the disc within
a certain range. Studies have shown that mild to moderate degenerated LDH is associated with a stronger inflammatory
response compared with severe degenerated LDH, which facilitates resorption.”® Chen et al analysed the RSI and resorption
rates of 39 intervertebral disc MRIs from 37 patients and found that macrophage infiltration as well as the degree of
neovascularisation in herniated tissue specimens peaked when the RSI was 0.30-0.72.%

Prediction of resorption based on composition of the herniated IVD is shown in Table 3.
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Imaging Features of LDH

MRI Signal Enhancement Around the Herniated IVD

Once herniation has occurred, the extruded material is recognized by the immune system, and the resultant inflammatory
response begins the degradation process.”” This results in granulation tissue formation around the herniated tissue and
new blood vessel in-growth. These changes manifest as the “bull’s eye sign” on enhanced MRI (ie, increased
circumferential signal strength with no strengthening of the signal in the central IVD)."* Autio et al used MRI to predict
resorption in patients with LDH and found that resorption was more likely with greater thickness and stronger signals at
the edge of the annular enhancement than with thin and weaker signals.'' In accordance with ongoing research, some
scholars have further classified the “bull’s eye sign” to better predict resorption. Yu et al selected the level of the
herniated IVD with the greatest extent of herniation on T1-weighted images in the horizontal view on contrast-enhanced
MRI, then divided the LDH into three types (A to C) according to the size of the marginal annular enhancement around
the herniated IVD (Figure 6). The authors evaluated 64 patients with LDH: 26 patients with type A, 23 with type B, and
15 with Type C. The patients were followed up for 12 to 34 months, and 42 patients completed non-surgical treatment.
The success rates of non-surgical treatment for types A, B, and C were 88.46%, 69.57%, and 20.00%, respectively.
Resorption occurred in 32 patients with types A and B, whereas no resorption occurred in patients with type C.*’

Modic Changes

Modic changes are an influential factor in LDH resorption, and resorption is more likely to occur in the absence of
adjacent vertebral Modic changes. Modic changes in the vertebral body indicate a high degree of disc degeneration.
Highly degenerated disc tissue is not conducive to resorption because of the loss of water and increased cartilage
composition.''* Similarly, histological studies have shown that some IVD tissue with Modic changes contains more
cartilaginous endplate components and exhibits less neovascularisation and macrophage infiltration, characteristics that
are not conducive to resorption.”*?° This phenomenon may be related to the difficulty of proteoglycan reduction and
inflammatory cell invasion in hyaline cartilage.’® Prediction of resorption based on imaging features of LDH is shown in
Table 4.

Type A

Type B

Type C

Figure 6 Classification of the “bull’'s eye sign” on enhanced MRI. (A), (D), and (G) Level at which the herniated IVD was most prominent on plain MRl T2WI in the horizontal
view. (B), (E), and (H) Level at which the herniated IVD was most prominent on enhanced MRI TIWI in the horizontal view. (C), (F), and (I) Schematic diagram of the enhanced
area of the herniated IVD ring. Type A shows a complete bull’s eye sign, and the annular enhanced area surrounds the entire herniated nucleus pulposus. Type B shows the
annular enhanced area partially surrounding the herniated nucleus pulposus. In Type C, there is no obvious annular enhancement around the herniated disc.
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Spinal Physiology

Sacral Slope

Hornung et al designed a prospective study to predict the factors associated with LDH resorption. This study included 93
patients with acute symptomatic LDH, and all patients experienced resorption within 1 year. Multivariate modelling
showed that a greater L4 posterior vertebral height, greater sacral slope, and larger herniated volume at baseline were
most predictive of early resorption.>® A small sacral slope has been suggested as a contributing factor in the development
of LDH.®*®! A greater sacral slope reduces the pressure on the disc, potentially stimulating self-ablation mechanisms in
a low-pressure environment. Notably, a recent retrospective study came to the opposite conclusion. In a retrospective
analysis of 67 patients with LDH, Dai et al found no statistically significant difference in the sacral slope between
patients with and without resorption. Therefore, further research is needed to demonstrate the relationship between the
sacral slope and resorption.”'

Spinal Canal Morphology

Based on its cross-sectional morphology, the spinal canal can be divided into three categories: elliptical, triangular, and
trilobar.*? Elliptical canals have the largest area, followed by triangular and trilobar canals; therefore, herniated material
in elliptical canals is prone to resorption in LDH because of the relatively rich blood supply. Another possible factor
contributing to resorption is that the large space within elliptical spinal canals accommodates the nucleus pulposus tissue
well. Even if the herniated material is substantial, nerve compression is less pronounced, leading to milder clinical
symptoms.®® Furthermore, patients with mild clinical symptoms are more likely to be treated non-surgically, which
involves a lower risk of nerve injury and facilitates the possibility of resorption.

Prediction of resorption based on spinal physiology is shown in Table 5.

Discussion
The Mechanisms of LDH Resorption

The mechanisms of LDH resorption is recognized to be related to the following factors: immune privilege and
inflammation, neovascularization, extracellular matrix metabolic imbalance, dehydration, and mechanical shrink of the
herniated IVD.**>7 Of these mechanisms, immune privilege and inflammation is the most widely studied, and most of the
aspects of predicting resorption mentioned earlier are related to it. For example, younger patients, rupture of the PLL,
bull’s eye sign and large size of IVD all indicate a higher degree of inflammatory response.

There is no blood supply in the intervertebral disc tissue, isolating the nucleus pulposus tissue from the host immune
system, and is considered an immune-privileged tissue.®> When the immune privilege barrier is damaged, such as when
the herniated IVD breaks through the annulus fibrosus and PLL and is exposed to the immune environment, an
autoimmune reaction is triggered.*®**%® This leads to a variety of pathological processes such as neovascularisation
and immune cell infiltration. Ratsep et al examined the surgically excised lumbar disc specimens of 29 patients with non-
contained (PLL ruptures) disc herniations and 21 patients with contained disc herniations. The authors concluded that
severe histodegeneration is associated with enhanced neovascularisation and potentially spontaneous regression of the
herniated TVD.®’ Macrophages play an important role in the process of LDH resorption. When disc herniation occurs,
factors such as tumour necrosis factor-o, monocyte chemoattractant protein-1, and interleukin (IL)-8 promote macro-
phage recruitment, creating conditions favourable for neovascularisation and inflammatory responses.®®®” Factors that
participate in macrophage-associated inflammatory cascades include IL-6, IL-8, prostaglandin E2, and cyclooxygenase-
2.% Arai et al observed the histological changes in the extruded and sequestrated IVD. Immunohistological staining of
the area with inflammatory cell infiltration revealed the presence of T cells and macrophages. Therefore, the authors
concluded that LDH resorption may have resulted from the phagocytic activities of these cells.”® In addition, MMPs are
an important mediator in the process of LDH resorption and are thought to contribute to IVD degradation (Figure 7).

“Inflammation-Preserving” Treatment
Non-steroidal anti-inflammatory drugs are considered effective in the treatment of LDH, providing relief of low back
pain and improving function.”"”> Other recommended drugs include glucocorticoids and steroids.”*’* The use of these
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Primitive macrophages
Activated macrophages

Macrophage
recruitment and activation

Figure 7 Immune mechanism of resorption in LDH. When disc herniation occurs and the PLL ruptures, the body recruits macrophages into the herniated disc, causing
secretion of immune factors such as IL-6, IL-8, PGE2, COX-2, MMPs, and VEGF. The herniated IVD is eventually resorbed under the effects of inflammation,
neovascularisation, and enzymatic degradation.

Abbreviations: LDH, lumbar disc herniation; PLL, posterior longitudinal ligament; IL, interleukin; PGE2, prostaglandin E2; COX-2, cyclooxygenase-2; MMPs, matrix
metalloproteinases; VEGF, vascular endothelial growth factor; IVD, Intervertebral disc.

drugs benefits patients by blocking the inflammatory reaction and thus improving symptoms. However, disruption of the
inflammatory reaction can also have an impact on resorption. In an animal study, Minamide et al performed histological
observations of intervertebral discs in 36 rabbits and found that lipopolysaccharide accelerated the replacement of grafted
intervertebral disc by fibrous tissue.”” This finding suggests that resorption of the disc occurred in the epidural space of
the rabbit, whereas high-dose steroids suppressed the replacement. In addition, Aydin et al observed disc specimens from
50 patients who had been treated with cyclooxygenase-2 inhibitors and found that most of the specimens showed no
significant inflammatory reaction.”® By contrast, Buttermann et al concluded that epidural steroid injections relieved
clinical symptoms and had no effect on LDH resorption.”” Therefore, for patients whose symptoms are not serious or
who can tolerate their symptoms, “inflammation-preserving” treatment can be administered under close observation.
Such treatment may be conducive to resorption.

The Value of Contrast-Enhanced MRI for Predicting LDH Resorption
The value of contrast-enhanced MRI for prediction of LDH resorption has been suggested. Splendiani et al evaluated 64
patients, affected by 72 lumbar disk herniations. At MRI follow-up exams regression of disk herniation was observed in
34.72% of cases. Among these, herniations with peripheral contrast-enhancement in 83% of cases.”® Sakai et al reported
a case of resorption in a patient with recurrent intradural LDH and reviewed the MRI findings. Gadolinium-enhanced
MRI showed rim enhancement not only at the initial presentation but also at recurrence.* A recently published
prospective follow-up study, which included a total of 82 patients, also confirmed the value of contrast-enhanced MRI
in predicting LDH resorption.”® Notably, although contrast-enhanced MRI has shown value in predicting resorption, the
clinical use of this technique is limited by the risks associated with the use of contrast agents, including allergic reactions
and impaired renal function.””*

In addition, since the occurrence of resorption requires a process, there is a possibility that some patients may
experience resorption during the process of waiting for symptom relief. Therefore, we need to attach importance to the
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value of “waiting”. For patients with a high probability of resorption, conservative treatment can be chosen in the
absence of progressive neurological impairment, cauda equina syndrome, urgent impacts on daily life, and standardized
non-surgical treatment shows no efficacy.

Limitations of the Current Evidence

However, the current understanding of LDH resorption and its predictive factors is constrained by several methodological
limitations. Primarily, there is a notable scarcity of high-quality prospective clinical studies specifically designed to
investigate this phenomenon. The natural history of resorption requires long-term and regular imaging follow-up to
accurately document its progression. This presents significant practical challenges, including poor patient compliance due
to the asymptomatic nature of resorption in many cases and the substantial financial burden associated with repeated MRI
scans. These factors inevitably lead to missing data and attrition bias in cohorts, ultimately compromising the robustness
and generalizability of the findings. Future research should prioritize well-designed, multi-center prospective cohort
studies with standardized imaging protocols and follow-up schedules.

Conclusion

Resorption is an objective phenomenon in patients with LDH. Patients’ clinical factors, type and size of the LDH,
composition of the herniated IVD, imaging features of the LDH, and spinal physiology may predict the probability of
natural resorption of the herniated disc. Thus, clinicians should fully consider the possibility of resorption before making
therapeutic strategy for patients with LDH. In addition, the development of various disease prediction models has
become increasingly sophisticated today. Future research could integrate imaging biomarkers with clinical and biological
predictive factors to further refine this study.
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