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Background  
Conservative treatment is clinically preferred for lumbar disc herniation (LDH), and 
surgery is considered when patients’ life quality is still affected by LDH symptoms after 
three months’ conservative treatment. Spontaneous resorption of nucleus pulposus (NP) 
is common during conservative treatment. However, the current understanding for the 
mechanism of NP spontaneous resorption is lacking. 

Purpose  
The aim of this study was to elucidate the rate of NP spontaneous resorption, the 
evidence of predicting spontaneous resorption, and the pathophysiologic mechanisms of 
spontaneous resorption in the conservative management of LDH based on existing 
evidence from literature. 

Methods  
Studies related to NP spontaneous resorption of LDH were retried from PubMed, Embase, 
and Cochrane databases. Based on the studies conforming to inclusion criteria, a 
systematic review was generated for describing the proportion of NP spontaneous 
resorption, evidence of predicted resorption, and pathophysiologic mechanisms of 
spontaneous resorption. 

Results  
We reviewed a total of 34 articles dealing with the percentage of LDH resorption. The 
percentage of NP spontaneous resorption after conservative treatment was 76.6% (1684/
2199), ranging from 20% to 96.2%. A total of 25 papers were reviewed, involving evidence 
of predicting resorption using predictors including NP size, inflammatory response to NP 
herniation, NP prolapse, the percentages edge-enhancing area and posterior longitudinal 
ligament coverage of the herniation measured by enhanced MRI. Moreover, we analyzed a 
total of 22 papers describing the pathophysiologic mechanisms of NP spontaneous 
resorption, where main mechanisms include inflammatory response, neovascular growth, 
macrophage infiltration, immune intervention, and matrix degradation. 

Conclusions  
A percentage of 76.6% in LDH patients undergo NP resorption. Prolapsed NP has a 
greater contact surface with blood system, which is easily to trigger immune response 
and thus promote spontaneous resorption. The mechanism of NP spontaneous resorption 
is mainly due to macrophage infiltration leading to immune response. 
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INTRODUCTION 

Lumbar disc herniation (LDH) is characterized as the rup
ture of fibrous annulus of the intervertebral disc, resulting 
in herniation or prolapse of nucleus pulposus (NP), which 
compresses spinal nerves and cauda equina nerve roots and 
thus causes clinical symptoms.1 LDH, as the leading cause 
of lumbago, is the most common degenerative disease of 
the lumbar spine, which brings extreme pain and economic 
burden to patients.2 Currently, conservative treatment is 
preferred for the initial diagnosis of LDH, including phys
ical rehabilitation therapy, administration of opioids and 
non-steroidal anti-inflammatory drugs, and local injection 
of steroids.3 When long-term conservative treatment fails 
and doesn’t improve life quality, surgical treatment is feasi
ble. Surgical treatment mainly removes the herniated por
tion of the responsible disc.4 However, the satisfaction and 
recurrence rates vary between individuals, with re-hernia
tion occurring in approximately 2%-25% of patients under
going discectomy.5 Postoperative recurrence is a common 
clinical complication, and additional complications espe
cially nerve root injury or dural tear may occur when receiv
ing revision surgeries.6 

Most of the symptoms of LDH can be relieved by conser
vative treatment that can shrink the herniated portion and 
thus reduce compression.7 As shown in Figure 1, in some 
patients with conservative treatment, the shrinkage or even 
disappearance of the herniated portion of the disc has been 
observed by magnetic resonance imaging (MRI). In 1984, 
the spontaneous resorption of NP in LDH without surgi
cal intervention was first reported.8, followed by a popu
lar discussion among researcher in the 1990s 9‑17 According 
to a recent meta-analysis, spontaneous resorption occurs 
in more than 60-70% of patients from adolescents to the 
elderly, suggesting no direct association between sponta
neous resorption and age.18 However, the percentage of 
herniated discs where spontaneous resorption occurs is 
controversial. On one hand, it is difficult to evaluate the 
overall population suffering from LDH. On the other hand, 
we know little about follow-up information of NP spon
taneous resorption after conservative treatment, including 
the occurrence and timing of resorption, predictive indica
tors and mechanisms of resorption. Therefore, it is neces
sary to extend the existing evidence to further elucidate the 
clinical characteristics of NP spontaneous resorption. 

In this systematic review, we expected to uncover the 
following three questions: 1) What is the percentage of 
spontaneous resorption in the conservative management of 
LDH? 2) How do we predict that spontaneous resorption 
may occur in LDH patients? 3) What are the molecular 
mechanisms of NP spontaneous resorption in LDH pa
tients? 

MATERIAL AND METHODS 

This study was approved by the Ethics Committee of Union 
Hospital of Tongji Medical College, Huazhong University of 
Science and Technology. All data were obtained from pub
lished studies, so informed consent was waived. This sys

tematic study was conducted in strict accordance with the 
Preferred Reporting Items for Systematic Evaluation and 
Meta-Analysis (PRISMA). 

LITERATURE SEARCH AND SELECTION 

A comprehensive literature search was conducted on Octo
ber 01, 2023 in Pubmed, Embase, and Cochrane databases 
using a combination of the following keywords: “disc her
niation”, “spontaneous”, “resorption”, “regression”, “disap
pearance”, “imaging”, “therapeutic strategy”, and “mecha
nism”, with no other restrictions. 

Inclusion criteria: (1) prospective or retrospective stud
ies; (2) correlation studies of LDH typology; and (3) imag
ing-related studies of LDH. Exclusion criteria: (1) non-Eng
lish literature; (2) case reports or reviews; (3) studies that 
included repeat patients; and (4) studies that lacked valid 
data or full text. 

DATA COLLECTION 

For the included studies, the following variables were ex
tracted: author information, study design, country, sample 
size, resorption proportion, sex of patients, mean age of 
patients, duration of follow-up, factors of predicting re
sorption, and description of the molecular mechanisms in
cluding neovascular growth, inflammatory response, vital 
factors, and immune response. 

LEVEL OF EVIDENCE 

The quality of the included studies was evaluated indepen
dently by two authors using GRADE. Each study was rated 
as high, moderate, low, or very low quality according to the 
GRADE criteria based on scores in five aspects: risk of bias, 
inconsistency, indirectness, imprecision, and other consid
erations. Kappa coefficients were calculated to determine 
inter-rater reliability for two-author ratings. 

STATISTICAL ANALYSIS 

All analyses for this systematic review were performed us
ing SPSS 22.0 software. Continuous variables were pre
sented as “mean ± standard deviation”. Categorical vari
ables were presented in the form of “number/percentage”. 
Considering the significant heterogeneity of the included 
studies and the small sample size, Meta-analysis was not 
used and only a narrative review was performed. 

RESULTS 

LITERATURE SEARCH AND QUALITY 
ASSESSMENT 

As shown in Figure 2, a total of 236 publications were 
searched from Pubmed, Embase, and Cochrane databases. 
After removing duplicates, a total of 180 studies were re
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Figure 1. Flow chart for literature search and selection.        

mained further evaluation. Of the 180 studies, 78 studies 
were directly excluded based on the contents of title or ab
stract. By going throughout the full text of the remaining 
102 studies, 32 studies were further excluded following the 
below reasons: irrelevant topic (n = 19), insufficient data (n 
= 3), complete duplication of patients (n = 4), case reports 
(n = 4), and reviews (n = 2). 70 studies were ultimately in
cluded in this systematic review, of which 31 dealt with the 
proportion of resorption, 17 with predictors of resorption, 
and 22 with molecular mechanisms of resorption. GRADE 
was used to evaluate the quality of the included studies, 
and all included studies were of low or very low quality. 
Kappa’s correlation showing the consistency between the 
two authors for quality evaluation of the included studies 
was 0.93. 

PREVALENCE OF RESORPTION IN LDH 

As shown in Table 1, a total of 31 studies were included, 
including 2,199 patients who received conservative treat
ment. We found that the overall incidence of NP resorption 
was 76.6%, and the incidence of resorption was higher in 
ruptured disc herniations than in inclusive disc herniations. 
The incidence of resorption differed significantly between 
countries. The resorption process occurred mainly within 
3-6 months of conservative treatment. 

PREDICTING SIGNS OF SPONTANEOUS 
RESORPTION 

Spontaneous resorption of herniated discs is difficult to 
predict as no specific clinical symptoms are associated with 
it.9 Researchers have attempted to predict the likelihood 

of spontaneous resorption through imaging typing and sig
nal differences.41 Treatment decisions for LDH require are 
based on a combination of factors including types, sizes, 
compositions, and enhancement around the hernia
tion.42‑45 The integrity of annulus fibrosus and posterior 
longitudinal ligament where whether NP breaks through 
them are key factors in NP spontaneous resorption (Figure 
3). However, Seo et al.46 showed that the integrity of the 
disc suggested by MRI can lead to a higher rate of resorp
tion. We believe that this may not be spontaneous resorp
tion, but rather dehydration and atrophy of the disc lead
ing to degeneration pulling on the posterior protrusion. 
Similarly, Ahn et al.,35 found fibrous annulus integrity to 
be a factor in resorption, as all cases of closed herniation 
showed either partial or complete disappearance of LDH, 
but this may also be due to dehydration and atrophy of the 
disk. Recently, Lee et al.22 revealed that dissociative herni
ation is the optimal sign of resorption, as it exposes NP to 
the intradiscal vasculature. Zou et al.18 reiterated these re
sults in a systematic review and meta-analysis, where they 
reported that the probability of NP resorption was as high 
as 96% for a dislodged NP. Therefore, the integrity of the 
posterior longitudinal ligament is also relevant in predict
ing whether NP resorption can occur. The current theory 
of NP resorption is that protruding NP may be more sus
ceptible to resorption when it is exposed to epidural ves
sels through the ruptured posterior longitudinal ligament. 
A recent study by Hornung et al.41 found that larger her
niations were more readily resorbed compared with smaller 
herniations, which was contrary to clinician’s decision to 
intervene surgically based on the size of the herniation. In
terestingly, Hornung et al. uncovered that there was also a 
relationship between NP spontaneous resorption and sagit
tal parameters of the lumbar spine, which indirectly proved 
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Figure 2. Sagittal and axial MRI scans demonstrating resorption of herniation at 3-month follow-up. (A) Baseline               
MRI. (B) MRI at 3-month follow-up. (C) Baseline MRI. (D) MRI at 3-month follow-up. MRI=magnetic resonance                 
imaging.  

the influence of patient’s posture to resorption.41 In addi
tion, the composition of the herniation such as annulus fi
brosus, endplate cartilage, and NP may affect resorption.47 

When the prominence contains mostly loosen NP, resorp
tion may be preferred. If a loosen NP is also present ante
rior to the posterior longitudinal ligament, and there is a 
possibility of protrusion of the loosen NP after resorption 
of herniated NP, the new protrusion may be mistaken for a 
lack of resorption during follow-up. Resorption may be in
hibited when the herniation contains endplate cartilage.48 

so that herniations with Modic changes have a decreased 
chance of resorption (Figure 4). Moreover, cartilage de
nudation is often present at endplate sites with combined 
Modic changes, and the low rate of healing at the site 
of cartilage denudation is the main reason for the recur
rence,15,47,49,50 Marginal enhancement of disassociated NP 
indicates the formation of neovascularization and inflam
matory granulation tissue that are both responsible for re
sorption.36 Enhanced MRI is commonly used for patients 
with disassociated NP, which can detect a typical image 
called “bull’s-eye sign”. In a 2006 study by Autio et al.31 

individuals with higher rim enhancement thickness were 
more likely to undergo spontaneous resorption than those 
with lower rim enhancement thickness. A higher degree of 
signal enhancement suggests a greater likelihood of spon
taneous resorption, which is also considered an important 
factor in assessing spontaneous resorption of LDH. There
fore, the circumferential enhancement around a herniated 
disc, “bull’s-eye sign”, is an important predictor of resorp
tion (Table 2). 

MOLECULAR MECHANISMS OF SPONTANEOUS 
ABSORPTION OF LDH 

Despite the extensive literature on disc spontaneous re
sorption, the exact mechanism remains incompletely elu

cidated. In general, four pathophysiologic mechanisms are 
widely recognized, including (1) cascading inflammatory 
response, (2) neovascularization, (3) macrophage infiltra
tion-mediated immune response, and (4) matrix protease 
activation for degradation (Figure 5). The secretion of in
flammatory factors promotes the production of a series of 
matrix-degrading enzymes, accelerates the breakdown of 
extracellular matrix, and enhances the recruitment of im
mune cells to this region, thereby maintaining and promot
ing inflammation.54,55 Inflammatory factors are mainly de
rived from immune cells, of which CD4+ T cells are present 
around NP.56 When NP is extruded into the epidural space, 
an autoimmune response is elicited, leading to infiltration 
of immune cells, and the recruited immune cells interact 
with the disc cells to secrete a variety of factors to pro
mote NP resorption.57 The normal intervertebral disc is an 
avascular one with a unique structure isolating NP from the 
host immune system, and therefore it inhibits the infiltra
tion of immune cells and cytokines.7 This is mainly attrib
uted to the blood-NP barrier and the local expression of 
Fas ligands. FasL-Fas interaction induces apoptosis of im
mune cells and vascular endothelial cells through a com
plex signaling pathway that maintains immune immunity 
and prevents angiogenesis in the disc.58 In the case of 
disrupted blood-NP barrier, such as NP exposing to the 
immune microenvironment, an autoimmune response is 
triggered, leading to the development of a variety of patho
logical processes such as neovascularization and immune 
infiltration.59 NP and intervertebral discs are avascular 
structures and are waived from immunity. Several studies 
have suggested that neovascularization, detected by his
tology at the site of disc herniation, may be a key deter
minant of LDH resorption.60 In addition, enhanced MRI 
has shown resorption of herniations fully exposed to the 
epidural space, which is positively correlated with vascu
larization, as it is often found at the margins of herniated 
discs.36 The main mediators that induce formation around 
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Table 1. The incidence of spontaneous resorption of LDH.        

Study Country Study design Number of 
patients 
(total/
resorption) 

Prevalence of 
resorption (%) 

Age Sex 

Sucuoglu et al., 
2021 

19 
Turkey Prospective 55/49 89.1 25-67 23/32 

Ma et al., 2021 
3 

China Retrospective 409/189 59.1 14-70 245/
164 

Dai et al., 2020 
20 

China Prospective 66/46 73.0 25-67 46/20 

Kesikburun et al., 
2019 

21 
Turkey Prospective 40/36 90 39.7-66.7 21/15 

Lee et al., 2017 
22 

Korea Retrospective 505/486 96.2 NA 306/
199 

Demirel et al., 2017 
23 

Turkey RCT 20/18 90 NA 10/10 

Hong et al., 2016 
24 

Korea Retrospective 28/24 85.7 26-78 NA 

Yu et al., 2014 
25 

China Prospective 83/42 50.6 16-60 NA 

Barzouhi et al., 
2013 

1 
Netherlands RCT 95/88 92.7 18-65 NA 

Iwabuchi et al., 
2010 

26 
Japan Prospective 34/21 66.8 NA NA 

Benson et al., 2010 
27 

UK Prospective 28/28 100 25-62 NA 

Cribb et al., 2007 
28 

UK Retrospective 15/14 93.3 24-73 NA 

Jensen et al., 2006 
29 

Denmark Prospective 139/65 46.8 18-65 84/70 

Erly et al., 2006 
30 

USA Retrospective 36/25 69.4 NA NA 

Autio et al., 2006 
31 

Finland Retrospective 74/68 91.9 19-78 NA 

Splendiani et al., 
2004 

32 
Italy Prospective 72/25 34.7 21-68 NA 

Ahn et al., 2002 
33 

Korea Prospective 17/13 76.5 19-73 15/7 

Takada et al., 2001 
34 

Japan Prospective 42/37 88.1 16-64 28/14 

Ahn et al., 2000 
35 

Korea Prospective 17/13 76.5 19-73 15/7 

Komori et al., 1998 
36 

Japan Prospective 48/32 66.7 20-75 NA 

Yukawa et al., 1996 
37 

Japan Retrospective 30/16 53.3 14-69 NA 

Komori et al., 1996 
38 

Japan Retrospective 77/49 63.6 18-86 NA 

Matsubara et al., 
1995 

39 
Japan Prospective 32/20 62.5 16-52 11/21 

Gallucci et al., 1995 
40 

Italy Prospective 15/11 73.3 27-62 11/4 

Ellenberg et al., 
1993 

14 
USA Prospective 14/111 78.6 28-67 10/4 

Maigne et al., 1992 
13 

France Prospective 48/39 81.3 26-75 NA 

Delauche et al., 
1992 

12 
France Prospective 21/14 66.7 20-64 15/6 

Bush et al., 1992 
11 

UK Prospective 111/71 63.9 17-72 NA 

Bozzao et al., 1992 
10 

Italy Prospective 21/14 66.7 20-64 15/6 

Saal et al., 1990 
9 

USA Prospective 11/9 81.8 NA NA 

Teplick et al., 1985 
8 

USA Retrospective 55/11 20 NA NA 

the herniation are tumor necrosis factor (TNF)-α, vascular 
endothelial growth factor (VEGF), basic fibroblast growth 
factor (bFGF), and platelet-derived growth factor (PDGF), 

where VEGF is an important mediator of angiogenesis.61 

The activity of different types of macrophages and pro-
angiogenic mediators they secrete are the main regulators 
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Figure 3. The depictions of LDH includes bulging, herniated NP inside the PLL, herniated NP outside the PLL,                 
sequestration NP outside the PLL without herniated NP inside the PLL, sequestration NP outside the PLL with                  
herniated NP inside the PLL and sequestration NP outside the PLL with loss NP in the disc space.                   

Figure 4. (A) Cartilage endplate (CEP) is avulsed from bone, herniating with the NP materials. The absorption is                 
difficult. (B) CEP is avulsed from bone, allowing disc material to escape. Endplate junction failure is the most                   
common cause of clinical disc herniations reoccur.        

of neovascularization in the inflammatory response. The 
activated macrophages are divided into M1 and M2 types 
which co-orchestrates in regulating angiogenesis.62 Theo
retically, NP in LDH is recognized by the immune system 
and an inflammatory response occurs, which results in the 
involvement of monocytes in the NP resorption. Studies 
have shown that disc cells stimulate the production of 
many pro-inflammatory cytokines such as TNF-α, IL-1β 
and IFN-γ, where TNF-α is a strong inducer, leading to the 
production of MCP-1.63 Then MCP-1 recruits more mono
cytes, accumulating signals for the transformation of 
monocytes into macrophages, which in turn triggers the re
lease of more MCP-1, leading to an amplification of the 
inflammatory response, i.e., the inflammatory cascade re
sponse.64 Macrophages appear to be key immune cells in
volved in this process, and many histologic studies have 
demonstrated the presence of macrophages in tissues with 
herniated NP. Electron microscopy has suggested that 
macrophages appear to remove associated cellular debris 
from NP by phagocytosis. Macrophage infiltration and ac
tivation are critical steps in the resorption process, and 
macrophage infiltration in disc herniations has been widely 
demonstrated.65 Macrophages are classified to classically 
activated M1-type and alternatively activated M2-type ac
cording to different phenotypes.66 M1-type macrophages 

are characterized by the production of high levels of pro-
inflammatory cytokines, such as TNF-α and IL-1β, which 
are closely associated with inflammatory neuralgia and can 
modulate pain-mediated inflammatory response. Mean
while, these inflammatory factors stimulate the production 
of chemokines that induce activation of MMP and indirectly 
promote neovascularization, a response known as the func
tional inflammatory response that is beneficial for the re
sorption. M2-type macrophages function as anti-inflam
matory and wound healing promoters, exerting effects on 
tissue repair, fibrosis and tissue regeneration by modulat
ing functional inflammatory response. Immunohistochem
ical detection of prolapsed nucleus pulposus tissue sug
gested M1/M2 macrophage infiltration (Fig6). There is 
evidence that M2-type macrophages secrete anti-inflam
matory cytokines, such as IL-4 and IL-10, which promote 
herniation resorption by promoting phagocytosis, as well 
as attenuating the inflammatory response.67 Macrophages 
related inflammatory factors stimulate the production of 
chemokines that induce activation of MMPs to promote 
herniation resorption.68,69 Doita et al.65 demonstrated that 
the production of increased MMP-3 in the herniated disc 
contributes to NP degradation. Likewise, Haro et al.70,71 in
vestigated the role of MMP in the resorption of disc herni
ation, and they found that MMP-3 and MMP-7 expression 
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Table 2. Predictive clinical features spontaneous resorption of LDH.        

Study Country Clinical Features Sample 
Size 

Age Sex 

Hornung et al., 2023 
41 

USA Size; L4 posterior body height; Sacral 
slope 

93 NA 45/47 

Gupta et al., 2020 
44 

USA Size 368 NA NA 

Kawaguchi et al., 2018 
51 

Japan Modic change 71 21-73 49/29 

Lee et al., 2017 
22 

Korea Modic change 505 NA 306/
199 

Seo et al., 2016 
46 

Korea Size；Disruption of PLL 43 19-65 19/24 

Shan et al., 2014 
48 

China Modic change 85 22-66 52/33 

Iwabuchi et al., 2010 
26 

Japan Plain MRI 34 NA 21/12 

Benson et al., 2010 
27 

UK Size 37 NA NA 

Autio et al., 2006 
31 

Finland Rim enchancement 160 19-65 NA 

Erly et al., 2006 
30 

USA Size 123 NA NA 

Jensen et al., 2006 
29 

Danmark Sequestration 154 19-73 84/70 

Splendiani et al., 2004 
32 

Italy Size 75 21-68 NA 

Kawaji et al., 2001 
52 

Japan Enhanced MRI 21 21-69 13/8 

Ahn et al., 2000 
35 

Korea Sequestration；Disruption of PLL 36 17-74 19/17 

Komori et al., 1998 
36 

Japan Contrast-enhanced MRI 48 20-75 31/17 

Carreon et al., 1997 
53 

Japan Annulus fibrosus; Cartilage 24 NA NA 

Bozzao et al., 1992 
10 

Italy Size 65 23-65 NA 

Figure 5. The main mechanism of spontaneous      
resorption of LDH.    

was upregulated in herniated NP samples, where MMP-3 is 
essential for the degradation of NP tissue. (Table 3). 

DISCUSSION 

Clinically, surgical treatment is mainly for those patients 
with urinary dysfunction, persistent or worsening mani

Figure 6. Immunohistochemical detection of nucleus     
pulposus. A. CD 86(+), X10; B. CD 163 (+), X10;C. CD            
86(+), X 100 ; D. CD 163 (+), X 100.           

festations of neurological damage (dysfunction or sensory 
abnormalities), and intractable pain that severely affects 
quality of life.85 Typically, conservative treatment is pre
ferred for LDH,86,87 including medication, physical therapy, 
or other physiotherapy, which benefit for a number of pa
tients, although the comparison of conservative and sur
gical treatment remains controversial. A follow-up comes 
with conservative treatment to determine if the disc will re
sorb or require surgical intervention. Therefore, resorption 
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Table 3. Molecular Mechanisms of spontaneous absorbption of LDH.        

Study Country Journal Species Identified Cellular modulators 

Ohba et al., 2020 
64 

Japan JOR Spine Human TWEAK, Fn-14, TSLP 

Tsarouhas et al., 2017 
72 

Greece Molecular Medicine Reports Human VEGF, PDGF-C, PDGF-D 

Takada et al.,2012 
73 

Japan Arthritis rheumatism Rat TNF-a, IL-6, IL-8, and PGE2 

Hedgewald et al., 2012 
74 

Japan Arthritis and Rheumatism Human CXCL10 and CXCL1 

Shamji et al., 2010 
75 

Canada Arthritis and Rheumatism Human IL-4, IL-6, IL-12, and IFN-r 

Yoshida et al., 2005 
76 

Japan Spine Rabbit TNF-a, IL-b, and MCP-1 

Zhou et al., 2010 
77 

China International Orthopaedics Human Midkine 

Haro et al., 2005 
78 

Japan Journal of orthopaedic 
research 

Rabbit MMP-7 

Takada et al., 2004 
79 

Japan Spine Rat IL-6 

Haro et al., 2002 
61 

Japan Journal of orthopaedic 
research 

Human VEGF 

Burke et al., 2002 
80 

Ireland Spine Human IL-8 and MCP-1 

Ahn et al., 2002 
33 

Korea Yonsei Medical Journal Human IL-8, TNF-a, IL-1a, RANTES, and IL-10 

Doita et al., 2001 
65 

Japan Spine Human MMP-1 and MMP-3 

Haro et al., 2000 
70 

Japan The journal of clinical 
investigation 

Mice MMP-7 

Haro et al., 2000 
71 

Japan The journal of clinical 
investigation 

Mice MMP-3 

Haro et al., 1999 
81 

Japan Journal of Spinal Disorders Human MMP-7 and MMP-8 

Haro et al., 1997 
63 

Japan Journal of orthopaedic 
research 

Human MCP-1 

Haro et al., 1997 
82 

Japan Spine Human Stromelysin-1 

Kang et al., 1997 
83 

USA Journal of Orthopaedic 
Research 

Human IL-6, NO, PGE2, MMP-3, and MMP-2/
MMP-9 

Ito et al., 1996 
60 

Japan Spine Human Macrophages, vasculiarized 

Haro et al., 1996 
84 

Japan Spine Human MCP-1, MIP-1 a 

Habtemariam et al., 
1996 

56 
Finland Spine Human Immunocytochemical localization 

of a herniated disc is an important indicator of the efficacy 
of conservative treatment. 

The current first-line regimen for pain management in 
LDH patients is nonsteroidal anti-inflammatory drugs 
(NSAIDs), but new research questions the use of NSAIDs or 
glucocorticoids for LDH treatment due to the potential for 
these drugs to limit the pathophysiologic process of spon
taneous resorption of herniated NP. For example, in the 
study by Minamide et al,88 spontaneous resorption of NP 
was more likely to occur in the inflammatory group com
pared to the control group, suggesting that inflammation 
plays an important role. In addition, we have clinically ob
served that systemic inflammatory responses in LDH pa
tients, promoting by novel coronavirus 19 (COVID-19), fa
cilitates spontaneous resorption of herniated NP. 

Pain relief by controlling inflammation is a key strategy 
in the treatment of LDH, but the administration of anti-
inflammatory drugs may be detrimental to NP resorption. 
Based on the inflammatory mechanism in NP resorption, 
the early inflammatory response involves the recruitment 
of macrophages and the induction of factors that promote 
resorption. Currently, commonly used NSAIDs control pain 

by suppressing local inflammation, but long-term use of 
these drugs may hinder NP resorption. A prospective study 
dug out that anti-inflammatory drugs impede LDH resorp
tion. Future studies should focus on modulating M1 and 
M2 macrophages to rationally control the inflammatory re
sponse and promote angiogenesis.89 Moreover, the au
tophagic pathway was more active in spontaneous resorp
tion of the extruded disc after LDH,90 there is a need to 
develop new clinical treatments, increase safety studies, 
and explore the growth factors required to promote disc 
resorption and their optimal characterization. In addition, 
randomized, double-blind, controlled trials are necessary 
to demonstrate the efficacy of new treatments in promoting 
LDH resorption. 

NP resorption often occurs during the first 6 months 
of conservative treatment, and the available evidence sug
gests an overall resorption incidence of 76.6%, with a 
higher incidence in ruptured LDH than in inclusive LDH. 
The greater the area of NP exposed, the greater the likeli
hood of spontaneous resorption. Recurrence after sponta
neous resorption depends mainly on the nature of loose NP 
anterior to the posterior longitudinal ligament. At present, 
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we mainly use imaging features to initially determine the 
possibility of resorption. The future development of more 
advanced MRI technology is promising for determining NP 
resorption. So far, many guidelines have reached a consen
sus that conservative treatment is the first choice for LDH 
patients without severe neurologic injury, and that inflam
mation subsidence and NP resorption are the key processes 
of conservative treatment. 

Nevertheless, some limitations should be considered 
when interpreting our results. First of all, a limited popu
lation were included in this systematic review, which may 
be due to insufficient follow-up of conservative treatment. 
Second, all included studies were retrospective in design 
with low or very low levels of evidence, which undoubtedly 
reduced the reliability of our findings. Third, spontaneous 
absorption of disc herniation relies mainly on imaging, 
which may affect the accuracy of the diagnosis. Despite 
these limitations, we have systematically described for the 
first time the problems associated with NP resorption in 
LDH, and we therefore believe that the present systematic 
review may provide additional valuable suggestions for the 
management of NP spontaneous resorption in conservative 
treatment. 

CONCLUSIONS 

NP spontaneous resorption in disc herniation is a clinical 
phenomenon, and its mechanisms may involve multiple in
flammatory and neovascular pathways, which are not fully 
elucidated. Although a number of clinical features and fac

tors associated with NP resorption have been summarized, 
much of the evidence is conflicting and has not been ex
tensively validated. The main treatment for LDH is con
servative treatment, and NSAIDs are the main therapeutic 
agents. The future spread of MRI technology is crucial in 
exploring the disc contours, relationship to the periphery, 
and nature of NP, which also helps determine the need for 
LDH intervention in the clinic. 

CONFLICTS OF INTEREST 

The author(s) declared no potential conflicts of interest 
with respect to the research, authorship, and/or publication 
of this article. 

ACKNOWLEDGMENT 

This study was supported by grants from the financial sup
port of National Natural Science Foundation of china 
(NSFC, 81974349), 2022 In-Hospital Free Innovation Pre-
Research Fund of the Scientific Research Office 
(F016.01003.22003.138) and Department of Science and 
Technology of Hubei Province General Foundation of Nat
ural science(2024AFB664). 

Submitted: July 03, 2024 EST. Accepted: July 03, 2024 EST.

Published: September 21, 2024 EST. 

Prevalence, clinical predictors, and mechanisms of resorption in lumbar disc herniation: a systematic review

Orthopedic Reviews 9



REFERENCES 

1. el Barzouhi A, Vleggeert-Lankamp CLAM, 
Lycklama à Nijeholt GJ, et al. Magnetic resonance 
imaging in follow-up assessment of sciatica. N Engl J 
Med. Published online 2013. doi:10.1056/
NEJMoa1209250 

2. Knezevic NN, Candido KD, Vlaeyen JWS, Van 
Zundert J, Cohen SP. Low back pain. Lancet. 
2021;398(10294):78-92. doi:10.1016/
S0140-6736(21)00733-9 

3. Ma Z, Yu P, Jiang H, et al. Conservative Treatment 
for Giant Lumbar Disc Herniation: Clinical Study in 
409 Cases. Pain Physician. 2021;24(5):E639-E648. 
doi:10.36076/ppj.2021.24.E639 

4. Ahn Y. Endoscopic spine discectomy: indications 
and outcomes. Int Orthop. 2019;43(4):909-916. 
doi:10.1007/s00264-018-04283-w 

5. Shin EH, Cho KJ, Kim YT, Park MH. Risk factors for 
recurrent lumbar disc herniation after discectomy. Int 
Orthop. 2019;43(4):963-967. doi:10.1007/
s00264-018-4201-7 

6. Jung YS, Choi HJ, Kwon YM. Clinical outcome and 
influencing factor for repeat lumbar discectomy for 
ipsilateral recurrent lumbar disc herniation. Korean J 
Spine. 2012;9(1):1-5. doi:10.14245/kjs.2012.9.1.1 

7. Macki M, Hernandez-Hermann M, Bydon M, 
Gokaslan A, McGovern K, Bydon A. Spontaneous 
regression of sequestrated lumbar disc herniations: 
Literature review. Clin Neurol Neurosurg. 
2014;120:136-141. doi:10.1016/j.clineuro.2014.02.013 

8. Teplick JG, Haskin ME. Spontaneous regression of 
herniated nucleus pulposus. AJR Am J Roentgenol. 
1985;145(2):371-375. doi:10.2214/ajr.145.2.371 

9. Saal JA, Saal JS, Herzog RJ. The natural history of 
lumbar intervertebral disc extrusions treated 
nonoperatively. Spine (Phila Pa 1976). 
1990;15(7):683-686. doi:10.1097/
00007632-199007000-00013 

10. Bozzao A, Gallucci M, Masciocchi C, Aprile I, 
Barile A, Passariello R. Lumbar disk herniation: MR 
imaging assessment of natural history in patients 
treated without surgery. Radiology. 
1992;185(1):135-141. doi:10.1148/
radiology.185.1.1523297 

11. Bush K, Cowan N, Katz DE, Gishen P. The natural 
history of sciatica associated with disc pathology. A 
prospective study with clinical and independent 
radiologic follow-up. Spine (Phila Pa 1976). 
1992;17(10):1205-1212. doi:10.1097/
00007632-199210000-00013 

12. Delauche-Cavallier MC, Budet C, Laredo JD, et al. 
Lumbar disc herniation. Computed tomography scan 
changes after conservative treatment of nerve root 
compression. Spine (Phila Pa 1976). 
1992;17(8):927-933. doi:10.1097/
00007632-199208000-00010 

13. Maigne JY, Rime B, Deligne B. Computed 
tomographic follow-up study of forty-eight cases of 
nonoperatively treated lumbar intervertebral disc 
herniation. Spine (Phila Pa 1976). 
1992;17(9):1071-1074. doi:10.1097/
00007632-199209000-00010 

14. Ellenberg MR, Ross ML, Honet JC, Schwartz M, 
Chodoroff G, Enochs S. Prospective evaluation of the 
course of disc herniations in patients with proven 
radiculopathy. Arch Phys Med Rehabil. 1993;74(1):3-8. 

15. Tanaka M, Nakahara S, Inoue H. A pathologic 
study of discs in the elderly. Separation between the 
cartilaginous endplate and the vertebral body. Spine 
(Phila Pa 1976). 1993;18(11):1456-1462. doi:10.1097/
00007632-199309010-00009 

16. Yamashita K, Hiroshima K, Kurata A. Gadolinium-
DTPA--enhanced magnetic resonance imaging of a 
sequestered lumbar intervertebral disc and its 
correlation with pathologic findings. Spine (Phila Pa 
1976). 1994;19(4):479-482. doi:10.1097/
00007632-199402001-00021 

17. Yasuma T, Arai K, Yamauchi Y. The histology of 
lumbar intervertebral disc herniation. The 
significance of small blood vessels in the extruded 
tissue. Spine (Phila Pa 1976). 1993;18(13):1761-1765. 
doi:10.1097/00007632-199310000-00008 

18. Zou T, Liu XY, Wang PC, et al. Incidence of 
Spontaneous Resorption of Lumbar Disc Herniation: 
A Meta-analysis. Clin Spine Surg. 2023:18. 
doi:10.1097/BSD.0000000000001490 

19. Sucuoğlu H, Barut AY. Clinical and Radiological 
Follow-Up Results of Patients with Sequestered 
Lumbar Disc Herniation: A Prospective Cohort Study. 
Med Princ Pract. 2021;30(3):244-252. doi:10.1159/
000515308 

Prevalence, clinical predictors, and mechanisms of resorption in lumbar disc herniation: a systematic review

Orthopedic Reviews 10

https://doi.org/10.1056/NEJMoa1209250
https://doi.org/10.1056/NEJMoa1209250
https://doi.org/10.1016/S0140-6736(21)00733-9
https://doi.org/10.1016/S0140-6736(21)00733-9
https://doi.org/10.36076/ppj.2021.24.E639
https://doi.org/10.1007/s00264-018-04283-w
https://doi.org/10.1007/s00264-018-4201-7
https://doi.org/10.1007/s00264-018-4201-7
https://doi.org/10.14245/kjs.2012.9.1.1
https://doi.org/10.1016/j.clineuro.2014.02.013
https://doi.org/10.2214/ajr.145.2.371
https://doi.org/10.1097/00007632-199007000-00013
https://doi.org/10.1097/00007632-199007000-00013
https://doi.org/10.1148/radiology.185.1.1523297
https://doi.org/10.1148/radiology.185.1.1523297
https://doi.org/10.1097/00007632-199210000-00013
https://doi.org/10.1097/00007632-199210000-00013
https://doi.org/10.1097/00007632-199208000-00010
https://doi.org/10.1097/00007632-199208000-00010
https://doi.org/10.1097/00007632-199209000-00010
https://doi.org/10.1097/00007632-199209000-00010
https://doi.org/10.1097/00007632-199309010-00009
https://doi.org/10.1097/00007632-199309010-00009
https://doi.org/10.1097/00007632-199402001-00021
https://doi.org/10.1097/00007632-199402001-00021
https://doi.org/10.1097/00007632-199310000-00008
https://doi.org/10.1097/BSD.0000000000001490
https://doi.org/10.1159/000515308
https://doi.org/10.1159/000515308


20. Dai F, Dai YX, Jiang H, Yu PF, Liu JT. Non-surgical 
treatment with XSHHD for ruptured lumbar disc 
herniation: a 3-year prospective observational study. 
BMC Musculoskelet Disord. 2020;21(1):690. 
doi:10.1186/s12891-020-03723-2 

21. Kesikburun B, Eksioglu E, Turan A, Adiguzel E, 
Kesikburun S, Cakci A. Spontaneous regression of 
extruded lumbar disc herniation: Correlation with 
clinical outcome. Pak J Med Sci. 2019;35(4):974-980. 
doi:10.12669/pjms.35.4.346 

22. Lee J, Kim J, Shin JS, et al. Long-Term Course to 
Lumbar Disc Resorption Patients and Predictive 
Factors Associated with Disc Resorption. Evid Based 
Complement Alternat Med. 2017:2147408. 
doi:10.1155/2017/2147408 

23. Demirel A, Yorubulut M, Ergun N. Regression of 
lumbar disc herniation by physiotherapy. Does non-
surgical spinal decompression therapy make a 
difference? Double-blind randomized controlled trial. 
J Back Musculoskelet Rehabil. 2017;30(5):1015-1022. 
doi:10.3233/BMR-169581 

24. Hong SJ, Kim DY, Kim H, Kim S, Shin KM, Kang 
SS. Resorption of Massive Lumbar Disc Herniation on 
MRI Treated with Epidural Steroid Injection: A 
Retrospective Study of 28 Cases. Pain Physician. 
2016;19(6):381-388. doi:10.36076/ppj/2016.19.381 

25. Yu PF, Jiang H, Liu JT, et al. Traditional Chinese 
medicine treatment for ruptured lumbar disc 
herniation: clinical observations in 102 cases. Orthop 
Surg. 2014;6(3):229-235. doi:10.1111/os.12120 

26. Iwabuchi M, Murakami K, Ara F, Otani K, Kikuchi 
SI. The predictive factors for the resorption of a 
lumbar disc herniation on plain MRI. Fukushima J 
Med Sci. 2010;56(2):91-97. doi:10.5387/fms.56.91 

27. Benson RT, Tavares SP, Robertson SC, Sharp R, 
Marshall RW. Conservatively treated massive 
prolapsed discs: a 7-year follow-up. Ann R Coll Surg 
Engl. 2010;92(2):147-153. doi:10.1308/
003588410X12518836438840 

28. Cribb GL, Jaffray DC, Cassar-Pullicino VN. 
Observations on the natural history of massive 
lumbar disc herniation. J Bone Joint Surg Br. 
2007;89(6):782-784. doi:10.1302/
0301-620X.89B6.18712 

29. Jensen TS, Albert HB, Soerensen JS, Manniche C, 
Leboeuf-Yde C. Natural course of disc morphology in 
patients with sciatica: an MRI study using a 
standardized qualitative classification system. Spine 
(Phila Pa 1976). 2006;31(14). doi:10.1097/
01.brs.0000221992.77779.37 

30. Erly WK, Munoz D, Beaton R. Can MRI signal 
characteristics of lumbar disk herniations predict disk 
regression? J Comput Assist Tomogr. 
2006;30(3):486-489. doi:10.1097/
00004728-200605000-00022 

31. Autio RA, Karppinen J, Niinimäki J, et al. 
Determinants of spontaneous resorption of 
intervertebral disc herniations. Spine (Phila Pa 1976). 
2006;31(11):1247-1252. doi:10.1097/
01.brs.0000217681.83524.4a 

32. Splendiani A, Puglielli E, De Amicis R, Barile A, 
Masciocchi C, Gallucci M. Spontaneous resolution of 
lumbar disk herniation: predictive signs for 
prognostic evaluation. Neuroradiology. 
2004;46(11):916-922. doi:10.1007/s00234-004-1232-0 

33. Ahn SH, Park HW, Byun WM, et al. Comparison of 
clinical outcomes and natural morphologic changes 
between sequestered and large central extruded disc 
herniations. Yonsei Med J. 2002;43(3):283-290. 
doi:10.3349/ymj.2002.43.3.283 

34. Takada E, Takahashi M, Shimada K. Natural 
history of lumbar disc hernia with radicular leg pain: 
Spontaneous MRI changes of the herniated mass and 
correlation with clinical outcome. J Orthop Surg 
(Hong Kong). 2001;9(1):1-7. doi:10.1177/
230949900100900102 

35. Ahn SH, Ahn MW, Byun WM. Effect of the 
transligamentous extension of lumbar disc 
herniations on their regression and the clinical 
outcome of sciatica. Spine (Phila Pa 1976). 
2000;25(4):475-480. doi:10.1097/
00007632-200002150-00014 

36. Komori H, Okawa A, Haro H, Muneta T, 
Yamamoto H, Shinomiya K. Contrast-enhanced 
magnetic resonance imaging in conservative 
management of lumbar disc herniation. Spine (Phila 
Pa 1976). 1998;23(1):67-73. doi:10.1097/
00007632-199801010-00015 

37. Yukawa Y, Kato F, Matsubara Y, Kajino G, 
Nakamura S, Nitta H. Serial magnetic resonance 
imaging follow-up study of lumbar disc herniation 
conservatively treated for average 30 months: 
relation between reduction of herniation and 
degeneration of disc. J Spinal Disord. 
1996;9(3):251-256. doi:10.1097/
00002517-199606000-00012 

38. Komori H, Shinomiya K, Nakai O, Yamaura I, 
Takeda S, Furuya K. The natural history of herniated 
nucleus pulposus with radiculopathy. Spine (Phila Pa 
1976). 1996;21(2):225-229. doi:10.1097/
00007632-199601150-00013 

Prevalence, clinical predictors, and mechanisms of resorption in lumbar disc herniation: a systematic review

Orthopedic Reviews 11

https://doi.org/10.1186/s12891-020-03723-2
https://doi.org/10.12669/pjms.35.4.346
https://doi.org/10.1155/2017/2147408
https://doi.org/10.3233/BMR-169581
https://doi.org/10.36076/ppj/2016.19.381
https://doi.org/10.1111/os.12120
https://doi.org/10.5387/fms.56.91
https://doi.org/10.1308/003588410X12518836438840
https://doi.org/10.1308/003588410X12518836438840
https://doi.org/10.1302/0301-620X.89B6.18712
https://doi.org/10.1302/0301-620X.89B6.18712
https://doi.org/10.1097/01.brs.0000221992.77779.37
https://doi.org/10.1097/01.brs.0000221992.77779.37
https://doi.org/10.1097/00004728-200605000-00022
https://doi.org/10.1097/00004728-200605000-00022
https://doi.org/10.1097/01.brs.0000217681.83524.4a
https://doi.org/10.1097/01.brs.0000217681.83524.4a
https://doi.org/10.1007/s00234-004-1232-0
https://doi.org/10.3349/ymj.2002.43.3.283
https://doi.org/10.1177/230949900100900102
https://doi.org/10.1177/230949900100900102
https://doi.org/10.1097/00007632-200002150-00014
https://doi.org/10.1097/00007632-200002150-00014
https://doi.org/10.1097/00007632-199801010-00015
https://doi.org/10.1097/00007632-199801010-00015
https://doi.org/10.1097/00002517-199606000-00012
https://doi.org/10.1097/00002517-199606000-00012
https://doi.org/10.1097/00007632-199601150-00013
https://doi.org/10.1097/00007632-199601150-00013


39. Matsubara Y, Kato F, Mimatsu K, Kajino G, 
Nakamura S, Nitta H. Serial changes on MRI in 
lumbar disc herniations treated conservatively. 
Neuroradiology. 1995;37(5):378-383. doi:10.1007/
BF00588017 

40. Gallucci M, Bozzao A, Orlandi B, Manetta R, 
Brughitta G, Lupattelli L. Does postcontrast MR 
enhancement in lumbar disk herniation have 
prognostic value? J Comput Assist Tomogr. 
1995;19(1):34-38. doi:10.1097/
00004728-199501000-00006 

41. Hornung AL, Barajas JN, Rudisill SS, et al. 
Prediction of lumbar disc herniation resorption in 
symptomatic patients: a prospective, multi-imaging 
and clinical phenotype study. Spine J. 
2023;23(2):247-260. doi:10.1016/j.spinee.2022.10.003 

42. Hornung AL, Baker JD, Mallow GM, et al. 
Resorption of Lumbar Disk Herniation: Mechanisms, 
Clinical Predictors, and Future Directions. JBJS Rev. 
Published online 2023. doi:10.2106/
JBJS.RVW.22.00148 

43. Yu P, Mao F, Chen J, et al. Characteristics and 
mechanisms of resorption in lumbar disc herniation. 
Arthritis Res Ther. 2022;24(1):205. doi:10.1186/
s13075-022-02894-8 

44. Gupta A, Upadhyaya S, Yeung CM, et al. Does Size 
Matter? An Analysis of the Effect of Lumbar Disc 
Herniation Size on the Success of Nonoperative 
Treatment. Global Spine J. 2020;10(7):881-887. 
doi:10.1177/2192568219880822 

45. Djuric N, Yang X, El Barzouhi A, et al. Lumbar 
disc extrusions reduce faster than bulging discs due 
to an active role of macrophages in sciatica. Acta 
Neurochir (Wien). 2020;162(1):79-85. doi:10.1007/
s00701-019-04117-7 

46. Seo JY, Roh YH, Kim YH, Ha KY. Three-
dimensional analysis of volumetric changes in 
herniated discs of the lumbar spine: does 
spontaneous resorption of herniated discs always 
occur? Eur Spine J. 2016;25(5):1393-1402. 
doi:10.1007/s00586-014-3587-1 

47. Berg-Johansen B, Fields AJ, Liebenberg EC, Li A, 
Lotz JC. Structure-function relationships at the 
human spinal disc-vertebra interface. J Orthop Res. 
2018;36(1):192-201. doi:10.1002/jor.23627 

48. Shan Z, Fan S, Xie Q, et al. Spontaneous 
resorption of lumbar disc herniation is less likely 
when modic changes are present. Spine (Phila Pa 
1976). 2014;39(9):736-744. doi:10.1097/
BRS.0000000000000259 

49. Lama P, Zehra U, Balkovec C, et al. Significance of 
cartilage endplate within herniated disc tissue. Eur 
Spine J. 2014;23(9):1869-1877. doi:10.1007/
s00586-014-3399-3 

50. Schmid G, Witteler A, Willburger R, Kuhnen C, 
Jergas M, Koester O. Lumbar disk herniation: 
correlation of histologic findings with marrow signal 
intensity changes in vertebral endplates at MR 
imaging. Radiology. 2004;231(2):352-358. 
doi:10.1148/radiol.2312021708 

51. Kawaguchi K, Harimaya K, Matsumoto Y, et al. 
Effect of cartilaginous endplates on extruded disc 
resorption in lumbar disc herniation. PLoS One. 
2018;13(4):e0195946. doi:10.1371/
journal.pone.0195946 

52. Kawaji Y, Uchiyama S, Yagi E. Three-dimensional 
evaluation of lumbar disc hernia and prediction of 
absorption by enhanced MRI. J Orthop Sci. 
2001;6(6):498-502. doi:10.1007/s007760100004 

53. Carreon LY, Ito T, Yamada M, Uchiyama S, 
Takahashi HE. Neovascularization induced by anulus 
and its inhibition by cartilage endplate. Its role in 
disc absorption. Spine (Phila Pa 1976). 1997;22(13). 
doi:10.1097/00007632-199707010-00001 

54. Cunha C, Silva AJ, Pereira P, Vaz R, Gonçalves RM, 
Barbosa MA. The inflammatory response in the 
regression of lumbar disc herniation. Arthritis 
Research & Therapy. 2018;20(1):251. doi:10.1186/
s13075-018-1743-4 

55. Kato T, Haro H, Komori H, Shinomiya K. 
Sequential dynamics of inflammatory cytokine, 
angiogenesis inducing factor and matrix degrading 
enzymes during spontaneous resorption of the 
herniated disc. J Orthop Res. 2004;22(4):895-900. 
doi:10.1016/j.orthres.2003.11.008 

56. Habtemariam A, Grönblad M, Virri J, Seitsalo S, 
Ruuskanen M, Karaharju E. Immunocytochemical 
localization of immunoglobulins in disc herniations. 
Spine (Phila Pa 1976). 1996;21(16):1864-1869. 
doi:10.1097/00007632-199608150-00005 

57. Ye F, Lyu FJ, Wang H, Zheng Z. The involvement 
of immune system in intervertebral disc herniation 
and degeneration. JOR Spine. 2022;5(1):e1196. 
doi:10.1002/jsp2.1196 

58. Ma CJ, Liu X, Che L, Liu ZH, Samartzis D, Wang 
HQ. Stem Cell Therapies for Intervertebral Disc 
Degeneration: Immune Privilege Reinforcement by 
Fas/FasL Regulating Machinery. Curr Stem Cell Res 
Ther. 2015;10(4):285-295. doi:10.2174/
1574888X10666150416114027 

Prevalence, clinical predictors, and mechanisms of resorption in lumbar disc herniation: a systematic review

Orthopedic Reviews 12

https://doi.org/10.1007/BF00588017
https://doi.org/10.1007/BF00588017
https://doi.org/10.1097/00004728-199501000-00006
https://doi.org/10.1097/00004728-199501000-00006
https://doi.org/10.1016/j.spinee.2022.10.003
https://doi.org/10.2106/JBJS.RVW.22.00148
https://doi.org/10.2106/JBJS.RVW.22.00148
https://doi.org/10.1186/s13075-022-02894-8
https://doi.org/10.1186/s13075-022-02894-8
https://doi.org/10.1177/2192568219880822
https://doi.org/10.1007/s00701-019-04117-7
https://doi.org/10.1007/s00701-019-04117-7
https://doi.org/10.1007/s00586-014-3587-1
https://doi.org/10.1002/jor.23627
https://doi.org/10.1097/BRS.0000000000000259
https://doi.org/10.1097/BRS.0000000000000259
https://doi.org/10.1007/s00586-014-3399-3
https://doi.org/10.1007/s00586-014-3399-3
https://doi.org/10.1148/radiol.2312021708
https://doi.org/10.1371/journal.pone.0195946
https://doi.org/10.1371/journal.pone.0195946
https://doi.org/10.1007/s007760100004
https://doi.org/10.1097/00007632-199707010-00001
https://doi.org/10.1186/s13075-018-1743-4
https://doi.org/10.1186/s13075-018-1743-4
https://doi.org/10.1016/j.orthres.2003.11.008
https://doi.org/10.1097/00007632-199608150-00005
https://doi.org/10.1002/jsp2.1196
https://doi.org/10.2174/1574888X10666150416114027
https://doi.org/10.2174/1574888X10666150416114027


59. Ozaki S, Muro T, Ito S, Mizushima M. 
Neovascularization of the outermost area of 
herniated lumbar intervertebral discs. J Orthop Sci. 
1999;4(4):286-292. doi:10.1007/s007760050105 

60. Ito T, Yamada M, Ikuta F, et al. Histologic 
evidence of absorption of sequestration-type 
herniated disc. Spine (Phila Pa 1976). 
1996;21(2):230-234. doi:10.1097/
00007632-199601150-00014 

61. Haro H, Kato T, Komori H, Osada M, Shinomiya K. 
Vascular endothelial growth factor (VEGF)-induced 
angiogenesis in herniated disc resorption. J Orthop 
Res. 2002;20(3):409-415. doi:10.1016/
S0736-0266(01)00150-4 

62. Meng J, Li X, Wang C, Guo H, Liu J, Xu H. Carbon 
nanotubes activate macrophages into a M1/M2 mixed 
status: recruiting naïve macrophages and supporting 
angiogenesis. ACS Appl Mater Interfaces. 
2015;7(5):3180-3188. doi:10.1021/am507649n 

63. Haro H, Komori H, Okawa A, Murakami S, Muneta 
T, Shinomiya K. Sequential dynamics of monocyte 
chemotactic protein-1 expression in herniated 
nucleus pulposus resorption. J Orthop Res. 
1997;15(5):734-741. doi:10.1002/jor.1100150516 

64. Ohba T, Haro H. TWEAK and TSLP in disc 
degeneration and spontaneous hernia resorption. JOR 
Spine. 2020;3(1):e1068. doi:10.1002/jsp2.1068 

65. Doita M, Kanatani T, Ozaki T, Matsui N, Kurosaka 
M, Yoshiya S. Influence of macrophage infiltration of 
herniated disc tissue on the production of matrix 
metalloproteinases leading to disc resorption. Spine 
(Phila Pa 1976). 2001;26(14):1522-1527. doi:10.1097/
00007632-200107150-00004 

66. Yunna C, Mengru H, Lei W, Weidong C. 
Macrophage M1/M2 polarization. Eur J Pharmacol. 
2020;877:173090. doi:10.1016/j.ejphar.2020.173090 

67. Djuric N, Lafeber GCM, Vleggeert-Lankamp CLA. 
The contradictory effect of macrophage-related 
cytokine expression in lumbar disc herniations: a 
systematic review. Eur Spine J. 2020;29(7):1649-1659. 
doi:10.1007/s00586-019-06220-w 

68. Tsarouhas A, Soufla G, Katonis P, Pasku D, Vakis 
A, Spandidos DA. Transcript levels of major MMPs 
and ADAMTS-4 in relation to the clinicopathological 
profile of patients with lumbar disc herniation. Eur 
Spine J. 2011;20(5):781-790. doi:10.1007/
s00586-010-1573-9 

69. Weiler C, Nerlich AG, Zipperer J, Bachmeier BE, 
Boos N. 2002 SSE Award Competition in Basic 
Science: expression of major matrix 
metalloproteinases is associated with intervertebral 
disc degradation and resorption. Eur Spine J. 
2002;11(4):308-320. doi:10.1007/s00586-002-0472-0 

70. Haro H, Crawford HC, Fingleton B, Shinomiya K, 
Spengler DM, Matrisian LM. Matrix 
metalloproteinase-7-dependent release of tumor 
necrosis factor-alpha in a model of herniated disc 
resorption. J Clin Invest. 2000;105(2):143-150. 
doi:10.1172/JCI7091 

71. Haro H, Crawford HC, Fingleton B, et al. Matrix 
metalloproteinase-3-dependent generation of a 
macrophage chemoattractant in a model of herniated 
disc resorption. J Clin Invest. 2000;105(2):133-141. 
doi:10.1172/JCI7090 

72. Tsarouhas A, Soufla G, Tsarouhas K, et al. 
Molecular profile of major growth factors in lumbar 
intervertebral disc herniation: Correlation with 
patient clinical and epidemiological characteristics. 
Mol Med Rep. 2017;15(4):2195-2203. doi:10.3892/
mmr.2017.6221 

73. Takada T, Nishida K, Maeno K, et al. 
Intervertebral disc and macrophage interaction 
induces mechanical hyperalgesia and cytokine 
production in a herniated disc model in rats. Arthritis 
Rheum. 2012;64(8):2601-2610. doi:10.1002/art.34456 

74. Hegewald AA, Neumann K, Kalwitz G, et al. The 
chemokines CXCL10 and XCL1 recruit human 
annulus fibrosus cells. Spine (Phila Pa 1976). 
2012;37(2):101-107. doi:10.1097/
BRS.0b013e318210ed55 

75. Shamji MF, Setton LA, Jarvis W, et al. 
Proinflammatory cytokine expression profile in 
degenerated and herniated human intervertebral disc 
tissues. Arthritis Rheum. 2010;62(7):1974-1982. 
doi:10.1002/art.27444 

76. Yoshida M, Nakamura T, Sei A, Kikuchi T, Takagi 
K, Matsukawa A. Intervertebral disc cells produce 
tumor necrosis factor alpha, interleukin-1beta, and 
monocyte chemoattractant protein-1 immediately 
after herniation: an experimental study using a new 
hernia model. Spine (Phila Pa 1976). 
2005;30(1):55-61. doi:10.1097/
01.brs.0000149194.17891.bf 

77. Zhou G, Dai L, Jiang X, et al. Effects of human 
midkine on spontaneous resorption of herniated 
intervertebral discs. Int Orthop. 2010;34(1):103-108. 
doi:10.1007/s00264-009-0740-2 

Prevalence, clinical predictors, and mechanisms of resorption in lumbar disc herniation: a systematic review

Orthopedic Reviews 13

https://doi.org/10.1007/s007760050105
https://doi.org/10.1097/00007632-199601150-00014
https://doi.org/10.1097/00007632-199601150-00014
https://doi.org/10.1016/S0736-0266(01)00150-4
https://doi.org/10.1016/S0736-0266(01)00150-4
https://doi.org/10.1021/am507649n
https://doi.org/10.1002/jor.1100150516
https://doi.org/10.1002/jsp2.1068
https://doi.org/10.1097/00007632-200107150-00004
https://doi.org/10.1097/00007632-200107150-00004
https://doi.org/10.1016/j.ejphar.2020.173090
https://doi.org/10.1007/s00586-019-06220-w
https://doi.org/10.1007/s00586-010-1573-9
https://doi.org/10.1007/s00586-010-1573-9
https://doi.org/10.1007/s00586-002-0472-0
https://doi.org/10.1172/JCI7091
https://doi.org/10.1172/JCI7090
https://doi.org/10.3892/mmr.2017.6221
https://doi.org/10.3892/mmr.2017.6221
https://doi.org/10.1002/art.34456
https://doi.org/10.1097/BRS.0b013e318210ed55
https://doi.org/10.1097/BRS.0b013e318210ed55
https://doi.org/10.1002/art.27444
https://doi.org/10.1097/01.brs.0000149194.17891.bf
https://doi.org/10.1097/01.brs.0000149194.17891.bf
https://doi.org/10.1007/s00264-009-0740-2


78. Haro H, Komori H, Kato T, et al. Experimental 
studies on the effects of recombinant human matrix 
metalloproteinases on herniated disc tissues--how to 
facilitate the natural resorption process of herniated 
discs. J Orthop Res. 2005;23(2):412-419. doi:10.1016/
j.orthres.2004.08.020 

79. Takada T, Nishida K, Doita M, Miyamoto H, 
Kurosaka M. Interleukin-6 production is upregulated 
by interaction between disc tissue and macrophages. 
Spine (Phila Pa 1976). 2004;29(10). doi:10.1097/
00007632-200405150-00007 

80. Burke JG, Watson RWG, McCormack D, Dowling 
FE, Walsh MG, Fitzpatrick JM. Spontaneous 
production of monocyte chemoattractant protein-1 
and interleukin-8 by the human lumbar 
intervertebral disc. Spine (Phila Pa 1976). 
2002;27(13):1402-1407. doi:10.1097/
00007632-200207010-00006 

81. Haro H, Shinomiya K, Murakami S, Spengler DM. 
Up-regulated expression of matrilysin and neutrophil 
collagenase in human herniated discs. J Spinal Disord. 
1999;12(3):245-249. doi:10.1097/
00002517-199906000-00014 

82. Haro H, Murakami S, Komori H, Okawa A, 
Shinomiya K. Chemonucleolysis with human 
stromelysin-1. Spine (Phila Pa 1976). 
1997;22(10):1098-1104. doi:10.1097/
00007632-199705150-00009 

83. Kang JD, Stefanovic-Racic M, McIntyre LA, 
Georgescu HI, Evans CH. Toward a biochemical 
understanding of human intervertebral disc 
degeneration and herniation. Contributions of nitric 
oxide, interleukins, prostaglandin E2, and matrix 
metalloproteinases. Spine (Phila Pa 1976). 
1997;22(10):1065-1073. doi:10.1097/
00007632-199705150-00003 

84. Haro H, Shinomiya K, Komori H, et al. 
Upregulated expression of chemokines in herniated 
nucleus pulposus resorption. Spine (Phila Pa 1976). 
1996;21(14):1647-1652. doi:10.1097/
00007632-199607150-00006 

85. Peul WC, van den Hout WB, Brand R, Thomeer 
RTWM, Koes BW. Prolonged conservative care versus 
early surgery in patients with sciatica caused by 
lumbar disc herniation: two year results of a 
randomised controlled trial. BMJ. 
2008;336(7657):1355-1358. doi:10.1136/bmj.a143 

86. Whitaker CD, Stone BK, Gregorczyk JA, et al. 
Nonsurgical Interventional Spine Pain Procedures: 
Outcomes and Complications. JBJS Reviews. 
2023;11(4):86. doi:10.2106/JBJS.RVW.22.00235 

87. Kreiner DS, Hwang SW, Easa JE, et al. An 
evidence-based clinical guideline for the diagnosis 
and treatment of lumbar disc herniation with 
radiculopathy. Spine J. 2014;14(1):180-191. 
doi:10.1016/j.spinee.2013.08.003 

88. Minamide A, Tamaki T, Hashizume H, Yoshida M, 
Kawakami M, Hayashi N. Effects of steroid and 
lipopolysaccharide on spontaneous resorption of 
herniated intervertebral discs. An experimental study 
in the rabbit. Spine (Phila Pa 1976). 
1998;23(8):870-876. doi:10.1097/
00007632-199804150-00007 

89. Erario M d. LÁ, Croce E, Moviglia Brandolino MT, 
Moviglia G, Grangeat AM. Ozone as Modulator of 
Resorption and Inflammatory Response in Extruded 
Nucleus Pulposus Herniation. Revising Concepts. Int J 
Mol Sci. 2021;22(18):89. doi:10.3390/ijms22189946 

90. Seo JY, Kim J, Kim YY, et al. Autophagy in an 
extruded disc compared to the remaining disc after 
lumbar disc herniation in the same patient. Eur Spine 
J. Published online 2023:90. doi:10.1007/
s00586-023-07731-3 

Prevalence, clinical predictors, and mechanisms of resorption in lumbar disc herniation: a systematic review

Orthopedic Reviews 14

https://doi.org/10.1016/j.orthres.2004.08.020
https://doi.org/10.1016/j.orthres.2004.08.020
https://doi.org/10.1097/00007632-200405150-00007
https://doi.org/10.1097/00007632-200405150-00007
https://doi.org/10.1097/00007632-200207010-00006
https://doi.org/10.1097/00007632-200207010-00006
https://doi.org/10.1097/00002517-199906000-00014
https://doi.org/10.1097/00002517-199906000-00014
https://doi.org/10.1097/00007632-199705150-00009
https://doi.org/10.1097/00007632-199705150-00009
https://doi.org/10.1097/00007632-199705150-00003
https://doi.org/10.1097/00007632-199705150-00003
https://doi.org/10.1097/00007632-199607150-00006
https://doi.org/10.1097/00007632-199607150-00006
https://doi.org/10.1136/bmj.a143
https://doi.org/10.2106/JBJS.RVW.22.00235
https://doi.org/10.1016/j.spinee.2013.08.003
https://doi.org/10.1097/00007632-199804150-00007
https://doi.org/10.1097/00007632-199804150-00007
https://doi.org/10.3390/ijms22189946
https://doi.org/10.1007/s00586-023-07731-3
https://doi.org/10.1007/s00586-023-07731-3

	Prevalence, clinical predictors, and mechanisms of resorption in lumbar disc herniation: a systematic review
	Study design
	Background
	Purpose
	Methods
	Results
	Conclusions
	Introduction
	Material and methods
	Literature search and selection
	Data collection
	Level of evidence
	Statistical analysis
	Results
	Literature search and quality assessment
	Prevalence of resorption in LDH
	Predicting signs of spontaneous resorption
	Molecular mechanisms of spontaneous absorption of LDH
	Discussion
	Conclusions
	Conflicts of Interest
	Acknowledgment

	References


