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Abstract: Conservative treatment is primarily performed for the treatment of patients with lumbar disc 

herniation (LDH), but if it does not respond, surgical treatment can be performed. However, surgical treatment 

is not always superior to non-surgical treatment. Recently, treatment using PRP, BMAC, LIPUS, etc. has been 

actively conducted as a treatment to avoid side effects of surgery and promote tissue regeneration. In this paper, 

the literature evaluating the effectiveness of non-surgical treatment options is reviewed with an emphasis on the 

effectiveness of clinical application. Several clinical studies have shown that PRP, biomaterials, BMAC, and 

LIPUS treatment promote tissue regeneration and alleviate symptoms. Although PRP-applied studies have 

suggested disk height changes, cell therapy and LIPUS treatment have many shortcomings in clinical aspects for 

tissue regeneration. Therefore, it is necessary to establish a unified, safe protocol and standardize the method of 

presenting results to confirm the clinical effect of the treatment for impaired intervertebral regeneration in 

patients with intervertebral disc degeneration (IDD) including LDH. 
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1. Introduction 

Nearly 80% of the population experiences low back pain (LBP) at least once during their lifetime 

[1]. Lumbar disc herniation (LDH) is one of the most common causes of LBP affecting 1–3% of the 

general population and 43% of those under certain working conditions [2,3]. The highest prevalence 

of LDH occurs in individuals aged 30–50 years, with a male-to-female ratio of 2:1 [3,4]. LDH is not 

only painful but also financially burdensome to patients. It is estimated that the annual cost exceeds 

$100 billion in the USA [5], and the total cost for surgical intervention is $27,273, and $13,135 for 

conservative treatment per person [2]. 

The intervertebral discs (IVD) are important for maintaining normal spinal function. It consists 

of an inner nucleus pulposus (NP), outer annulus fibrosus (AF), and cartilaginous endplates that 

anchor the discs to adjacent vertebrae. The central NP secretes collagen and contains numerous 

proteoglycans (PG) that facilitate water retention and create hydrostatic pressure to resist axial 

compression of the spine [5]. Disc herniation occurs when the inner NP ruptures away from the 

annulus. The fragments of the disc material can then press on nerve roots located just behind the disk 

space. This can cause pain, weakness, numbness, or changes in sensation. Several risk factors, such 

as low water retention in the NP, degradation of collagen and extracellular matrix (ECM) materials, 

and inflammatory pathways, contribute to LDH [5]. Recent studies report that hereditary factors are 

the primary causes of LDH, especially for adolescent and young adult patients, and it is estimated 

that the condition has approximately 75% heredity origin [5–7]. 
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Different treatments are available for patients with LDH. It can range from conservative to 

surgical therapy. When the disease is symptomatic, conservative treatment, including behavioral 

therapy, physical therapy, non-steroidal anti-inflammatory drugs (NSAIDs), oral steroids, and 

epidural steroid injections, is usually the first-line treatment [2]. If these treatments are not sufficient 

to alleviate symptoms, surgical intervention is usually recommended [8]. However, the outcomes of 

surgical interventions are not always superior to nonoperative treatment [8]. Although surgical 

treatment results in faster relief and marked improvement of symptoms, its long-term effects remain 

controversial [9,10]. Intraoperative nerve-related complications are common, and numbness and pain 

after surgery due to irritation of the nerve structures may occur [11].  

Recently, in an attempt to avoid the possible side effects of surgery and promote tissue 

regeneration, studies on the safety and efficacy of applying physiochemically active substances such 

as platelet-rich plasma (PRP), cell therapy using bone marrow aspirate concentrate (BMAC), and low-

intensity pulsed ultrasound (LIPUS) treatment for LDH have been actively attempted [11–14]. The 

purpose of this article was to review the current literature assessing the effectiveness of nonsurgical 

treatment options, including conservative care, application of PRP or BMAC, augmentation of 

biomaterials, and LIPUS therapy, with a focus on their clinical application and effectiveness.  

2. Conservative Treatment 

Most disc herniations occur in the lower lumbar spine, especially between the fourth and fifth 

lumbar vertebrae and between the fifth lumbar vertebra and the first sacral vertebra (L4-5 and L5-S1 

levels) (Figure 1). In general, the first-line treatment for acute LDH is conservative therapy, which is 

prescribed for at least 6 weeks [15]. For nonsurgical management of LDH, NSAIDs, systemic steroids, 

opioids, anticonvulsants, and antidepressants are currently used to reduce pain [16]. Bed rest, an 

active lifestyle, and physical therapy also facilitate recovery from LDH [15]. More recently, new 

methods such as percutaneous ozone injection therapy have been developed with considerable 

improvements [17]. Most patients recover from LDH with conservative treatment without surgery 

[18]. However, surgery is more effective for symptom relief in cases where the patient is refractory to 

initial conservative treatment [19]. Predictors of failure in prolonged conservative treatment include 

male gender, low educational level, and intense and generalized pain [20]. 

 

Figure 1. MRI images of a normal disc (left) and a herniated disc (right). 

There are several surgical techniques to treat LDH, such as open discectomy, endoscopic 

discectomy, micro-endoscopic discectomy, percutaneous endoscopic lumbar discectomy (PELD), 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 6 January 2025 doi:10.20944/preprints202501.0427.v1

https://doi.org/10.20944/preprints202501.0427.v1


 3 of 15 

 

percutaneous endoscopic interlaminar discectomy, fenestration discectomy, etc. More recently, full-

endoscopic discectomy has allowed for minimally invasive access to the spinal canal using full-

endoscopic visualization via the transforaminal and interlaminar corridors [21]. Surgical intervention 

has a positive effect on the rapid improvement of LDH symptoms. However, the effectiveness of 

surgical versus conservative treatment for LDH is controversial, especially regarding long-term 

effects. Researchers have compared the effectiveness of surgical and conservative treatments for LDH 

using various study designs, including prospective or retrospective cohort studies, randomized 

controlled trials (RCT), and systematic reviews. 

Gugliotta et al. presented a prospective cohort study of a routine clinical practice registry of 370 

patients and compared the short-and long-term effectiveness of surgical and conservative treatments 

for sciatica symptom severity. In this study, they found faster pain relief after 3 months and less 

physical impairment at the 1-year follow-up in the surgical group. However, the difference between 

the groups was no longer present after that period [10]. A different result was observed in a single-

center randomized trial with 128 enrolled patients [22]. They found that patients who underwent 

surgery for sciatica lasting 4 to 12 months experienced a greater reduction in pain at six months than 

those who received conservative treatment [22]. A systematic review with a sample of 2,272 patients 

showed improved visual analog scale (VAS) results in patients who underwent surgery within 1 to 3 

months and 3 to 6 months, but the results were similar in the long term [23].  

Patients judged as surgical candidates were also reported to have recovered after conservative 

treatment alone. Kim et al. conducted a prospective comprehensive cohort study to assess the 

outcomes of nonsurgical treatment for surgical candidates who requested nonsurgical management. 

In their study, the non-surgery group showed less improvement in the VAS scores at 1 month; 

however, no difference was observed between the groups after 24 months. The results demonstrate 

that even for surgical candidates, nonsurgical management may be a suitable option [24]. 

Conservative treatment is the recommended initial treatment for all cases of disc herniation 

because it allows for an early return to daily activities [20]. Patients deemed suitable for surgical 

treatment also recovered after conservative treatment. When choosing between different treatment 

options, especially when considering surgical intervention, the patient’s expectations and wishes 

must be considered, as with all treatments [20,24]. Patients who want relief from severe pain or who 

do not experience satisfactory outcomes with conservative treatment are more suitable for surgical 

treatment. However, for patients who are afraid of surgery or older adults with comorbidities, 

conservative treatment is better than surgical treatment.  

Active search for and application of more conservative treatment methods will help expand the 

boundaries of conservative treatment and identify more efficient treatment methods. Recently, ozone 

therapy has been recognized for its safety and clinical efficacy in musculoskeletal disorders, including 

LBP, LDH, degenerative spinal disease, knee osteoarthritis, and meniscal injuries. Since the 

antibacterial effect of ozone was used to treat wounds during World War I, ozone treatment has been 

continuously studied in the medical field. Research has suggested relevant medical features of ozone, 

including its bactericidal and virucidal properties, inflammatory modulation, and circulatory 

stimulation [25]. Medical ozone therapy for LDH involves injecting a mixture of oxygen-ozone (O2-

O3) generated by special devices directly or indirectly through several ways: subcutaneous, 

intramuscular, intraarticular, and intradiscal [26]. At concentrations that show no cytotoxicity, 

moderate oxidative stress produced by the interaction of biological components with O3 may exert 

positive effects on several tissues [25]. In a multicenter, double-blinded RCT, 60 patients with LBP by 

LDH, a significant difference was found between the O2-O3 injection treatment and the placebo 

groups in the percentage of patients who had become pain-free (61% vs. 33%) after 6 months [27]. A 

recent study by Ö zcan et al. demonstrated the pre-and post-treatment pain scores in 62 patients with 

LBP. The authors reported a statistically significant improvement in the VAS and Oswestry disability 

index (ODI) scores at 3 months follow-up [28]. 
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3. Regenerative Therapies 

Most current management strategies for spinal diseases aim for symptomatic relief and 

muscular stabilization without targeting IVD regeneration [29,30]. However, recent progress in 

regenerative medicine and tissue engineering technology offers the capability of cell-and biomaterial-

based disc regeneration treatments. Current promising strategies for IVD regeneration include 

molecular therapy, which involves the injection of physiochemically active substances such as PRP; 

cell-based therapy utilizing mesenchymal stem cells (MSCs); and augmentation with biomaterials 

[31]. LIPUS has also been studied, focusing on bone enhancement or soft tissue regeneration. It has 

been reported that LIPUS treatment is effective in tendon, ligament, and bone-soft tissue healing in 

preclinical studies using animal models [32]. Since the capacity for IVD regeneration is based on the 

severity of disc degeneration, strategies for IVD regeneration treatment are based on the degree of 

IVD degeneration (IDD) [31]. For example, biomaterial-based therapies that maintain disc structure 

and activate the remaining disc cells are expected to be effective in LDH, and cell-based therapy for 

LDH with lumbar spinal canal stenosis, in which the number of remaining cells is further reduced, is 

a better strategy [30]. Furthermore, the proper indications and timing of their introduction for these 

relatively new therapies should be fully discussed with patients [30]. Here, we review recent clinical 

cases of regenerative therapies applied to the treatment of LDH.  

3.1. PRP Injection 

The most widely studied molecular therapy for IVD regeneration in the clinical setting is the 

application of PRP because of its anabolic potential [31]. PRP contains many cytokines and growth 

factors, which are vascular endothelial growth factor (VEGF), interleukin-1 receptor antagonist, 

transforming growth factor-β1, platelet-derived growth factor and insulin-like growth factor-1 etc 

[33,34]. Due to its autologous and antimicrobial nature, PRP application can be considered to have 

minimal risks in immunogenic reactions, side effects, and surgical site infections [35]. 

Xu et al. [34] compared the safety and efficacy of the transforaminal injection of PRP with 

steroids in 124 patients with radicular pain due to LDH. In their prospective, randomized controlled 

study, the PRP and steroid groups did not show intergroup differences during follow-up over 1 year 

in the VAS, pressure pain thresholds, ODI, physical function, and bodily pain, suggesting the possible 

application of PRP injection as a safer alternative [34]. Another RCT using an epidural injection of 

PRP in 15 patients demonstrated a statistically and clinically significant reduction in LegVAS and 

ODI, which was comparable to the results obtained using triamcinolone [35]. Le et al. (2023) injected 

4 ml of autologous PRP into the area of the affected nerve root of patients with radicular pain with 

LDH and observed improvement in all three evaluation tools (VAS, ODI, and SLRT) at 12 months 

follow-up with no associated complications [36]. 

Several meta-analyses have consistently concluded that PRP is safe and effective for treating 

LDH. A meta-analysis of PRP for LBP demonstrated a low incidence of adverse events compared to 

similar spinal injection techniques, with a well-documented safety profile [37]. Another meta-analysis 

of RCTs involving 131 patients with LBP showed that PRP injection significantly reduced pain scores 

and improved patient satisfaction with no increase in adverse events compared to the control 

intervention [38]. The timing of the pain-reducing effects of PRP injections remains controversial. 

Chang and Park (2021) analyzed three articles, including one RCT, concluding that intradiscal PRP 

injections showed that the pain-reducing effect significantly manifests two or six months after the 

injections but not after one month [39]. A long-term follow-up study reported that patients who 

received intradiscal PRP injections demonstrated statistically and clinically significant improvements 

in pain and function at 5–9 years [40].  

Some studies combined PRP injections with surgical treatments. Jiang et al (2022) carried out a 

prospective cohort study using transforaminal endoscopic lumbar discectomy (TELD) with and 

without PRP injection for LDH [11]. After the TELD procedure, the annular defect is the main reason 

for recurrent herniation. The study evaluated the effectiveness, disc remodeling, and recurrent rate 
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of LDH in TELD with and without PRP in LDH treatment. The data showed that TELD with PRP 

injection was a safe and effective treatment for patients with LDH in the medium-and long-term 

follow-up and that PRP injection was beneficial for disc remodeling and decreased the recurrence 

rate of LDH [11]. MRI observations during follow-up revealed a smaller spinal cross-sectional area 

and disc protrusion, indicating remodeling of the AF [11]. In this retrospective study, a combination 

of PELD and PRP hydrogel injection was performed in 98 consecutive patients with LDH in a 

retrospective study [41]. In this study, PRP injection was promising for disc remodeling during an 

18-month follow-up period. The study evaluated the Pfirrmann grade, which shows changes in the 

structural organization of the IVD, and a significant difference at the final 18-month follow-up was 

found between the two groups [41].  

As mentioned earlier, PRP contains numerous growth factors, which have physiological effects, 

including survival, growth, and differentiation of neurons, as well as angiogenesis, neurogenesis, 

and proliferation of mesenchymal cells [33]. Research on PRP treatment for LDH has demonstrated 

disc remodeling and nerve regeneration. PRP has a proliferative effect on chondrocyte-like cells in 

the anterior medial AF, which can increase ECM production [11]. The most important point in using 

PRP is to increase the concentration of platelets at the targeted sites so that the released cytokines and 

GFs consequently regulate inflammation and immunological responses during tissue healing [42]. It 

can be concluded that injection of autologous PRP can be considered an alternative therapeutic option 

to epidural steroids and surgery for the treatment of LDH [36]. However, large-scale, multicenter 

studies involving diverse patient populations are required to reinforce the current clinical evidence 

[37]. In addition, further intensive research is needed to develop an optimal protocol for PRP 

treatment and cost-effectiveness compared to conservative therapies, such as steroid application [34]. 

3.2. Cell-Based Therapy 

Among disc remodeling therapies, cell-based therapies using minimally invasive procedures 

have drawn attention owing to their regenerative potential. A cell therapy approach aims to resolve 

disc inflammation by inhibiting the abnormal secretion of cytokines and the proliferation and 

stimulation of native cells [43]. Disc cells, notochordal cells, and MSCs have therapeutic potential in 

treating IDD. Among them, autologous and allogeneic MSCs from BMAC are the most used cell 

sources for clinical trials because of their immunomodulatory function and multipotent capability. 

MSCs isolated from bone marrow and adipose tissue can differentiate into a phenotype similar to 

that of NP [44]. MSCs also secrete hundreds of mediators, cytokines, and signaling molecules to 

effectively modulate inflammatory responses and control the infiltration process, which finally leads 

to regeneration [45]. MSC transplantation has become a theoretically attractive therapy because of its 

potential to treat various musculoskeletal disorders [46]. 

It is difficult to find a case in which BMAC treatment was performed by targeting only LDH in 

a clinical setting. Rather, stem cell treatment using BMAC is often performed for IDD, a more 

associated cause of LDH or LBP. El-Kadiry et al. (2021) applied autologous BMAC injection therapy 

to 13 patients with LBP and showed clinical improvement over 12 months using pain and 

functionality questionnaires [47]. MRI scans demonstrated an 11.45% increase in disc height and a 

4.66% increase in spinal canal space size without worsening disc quality [47]. A systematic review of 

16 studies comprising 607 patients appraised the analgesic efficacy of BMAC for discogenic pain and 

anatomical changes of the disc assessed using MRI [48]. The study showed general improvements in 

pain and functional scores compared to baseline and objective improvements to a certain degree on 

spinal MRIs in some studies [48]. Another recent systematic review reported that MSC injections may 

be a feasible option for treating IDD during the first phase of degeneration [49]. In contrast, another 

systematic review took a conservative stance on the effectiveness of cell therapy by highlighting the 

lack of strong clinical evidence and questioning the safety, long-term complications, and cost-

effectiveness of the procedure [43]. 

An autologous BMAC source is the best option because it minimizes the risk of immune 

rejection. However, allogeneic BMAC are more convenient than autologous BMAC because the 
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intervention is simple and does not require invasive procedures. A possible limitation of allogeneic 

BMAC is host immune rejection; however, it can be tolerated because of its immunomodulatory 

nature [50]. In a RCT, allogeneic BMAC from 5 healthy donors were used to treat 24 patients with 

degenerative disc disease. The study confirmed that allogeneic MSC therapy may be a valid 

alternative for the treatment of degenerative disc disease due to a quick and significant improvement 

in algal functional indices and improved Pfirrmann grading in the test group [51].  

The use of cell therapy for the treatment of IDD poses several challenges. The IVD establishes 

an adverse microenvironment for resident cells and delivers exogenous cells, which limits the effect 

of cell therapy. This is due to its unique structure and characteristics, including being largely 

avascular, hypoxic, having low pH, high osmotic pressure, and high mechanical load [52]. This 

detrimental IVD environment raises several questions regarding cell survival and efficacy in vivo 

[48]. Therefore, the selection and securing of sufficient quality cells with high proliferative and 

differentiation potential is very important [30]. In addition, unstandardized protocols, including the 

preparation and dosage of injectables, unclear mechanisms of action of the biologic, and variable 

endpoints and measurement of outcomes, make comparison of data between studies difficult [47]. 

We have previously reported that the current clinical applications of MSC therapy for 

musculoskeletal diseases, such as degenerative osteoarthritis, lack consistency and low homogeneity 

in terms of detailed treatment methods [48]. Her et al. (2022) mentioned the same opinions regarding 

heterogeneity and poor generalizability among studies utilizing cell therapy for the treatment of IDD 

[48]. Therefore, a standardized protocol for the entire procedure, including outcome measures and 

follow-up periods, is necessary to build strong evidence for the efficacy of cell therapy.  

3.3. Biomaterial-Based Therapies 

Biomaterials are used alone or in combination with physiologically active components or cells 

to treat IVD. Biomaterial-based therapies involve the augmentation of biodegradable materials to 

maintain the disc structure by improving the disc height and mechanical stability of the vertebral 

segments [54]. The implantation of biomaterials can remove the mechanical compression of the nerve 

root and reduce pain caused by herniated discs [55]. Although details regarding their repair 

mechanisms have not been accurately identified, soft biomaterials allow the remaining resident disc 

cells to migrate into the structure and provide a framework for regeneration by native cells [30,56]. 

Several in vivo studies have demonstrated that various soft biomaterials have the potential to 

regenerate the IVD tissue by supporting the survival and stimulation of the remaining disc cells and 

facilitating ECM production [30]. Biomaterials for IVD regeneration include natural polymers, such 

as chitosan, collagen, gelatin, alginate, and hyaluronic acid (HA), and synthetic polymers, such as 

polyethylene glycol (PEG), polyurethane, polylactic acid, and polyglycolic acid [57]. Most materials 

have been recommended for use in combination because this allows for the mixing of properties from 

each material, thereby improving biodegradability, biocompatibility, or biomechanical functionality 

[54]. Several in vivo studies using cell-free biomaterials for the treatment of IVDs are listed in Table 

1. Very few human clinical trials have investigated the use of biomaterials alone or as cell scaffolds 

or delivery vehicles for IVD regeneration. Yin et al. (2014) reported clinical trials in which fibrin sealant 

was injected into the IVDs of patients for the treatment of symptomatic lumbar internal disc disruption, 

with significant improvement in pain and function at the 24-month follow-up (Table 1) [58]. 
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Table 1. In-vivo studies used biomaterials (acellular only) for IVD treatment. 

Biomaterials Prepared form Model Injury type Results Ref. 

Synthetic 

Biomaterials 

PGA (polyglycolic 

acid) 

PGA-hyaluronan 

implants in allogeneic 

serum 

Rabbits 
Disc defect 

(Discectomy) 

Tissue regenerated and disc water 

content improved after 12 

months.  

[59] 

PLGA (polylactic-

co-glycolic) acid 

PLGA/fibrin gel plugs 

in homogeneous 

fibrinogen solution 

Rabbits 
Disc defect 

(Discectomy) 

Significantly higher nerve fibers 

observed than control. 
[60] 

Natural 

Biomaterials 

Alginate 

bioresorbable ultra-

purified alginate 

(UPAL) gel in saline 

solution 

 

Rabbits and 

sheep 

Disc defect 

(Discectomy) 

Endogenous NP progenitor cells 

propagated, and extracellular 

matrix produced. 

[61] 

 

Alginate 

Dry and fibrous UPAL 

gel in saline solution 

 

Rats and 

rabbits 

Disc defect 

(Discectomy) 

Suppressed TNF-α and IL-6 

production, downregulated TrkA 

expression, inhibited IVD 

degeneration, and reduced 

nociceptive behavior observed. 

[62] 

 

Fibrin 

BIOSTAT 

BIOLOGX® Fibrin 

Sealant (FS) 

Minipigs 

Degenerative 

injury 

(nucleotomy) 

Structural, compositional, and 

mechanical repair was facilitated. 
[63] 

Fibrin 

fibrin hydrogel 

crosslinked with 

genipin (FibGen) 

Sheep 
Biopsy-type AF 

defect  

Both untreated and FibGen 

treated groups showed 

equivalency with no detectable 

differences in various outcomes.  

[64] 

Fibrin 
BIOSTAT 

BIOLOGX® FS 
Human 

Chronic, single, 

or contiguous 

two-level lumbar 

discogenic pain 

Mean low back pain VAS (Visual 

Analogue Scale) scores decreased, 

and mean RMDQ (Roland Morris 

Disability Questionnaire) score 

improved. 

[58] 

Hyaluronic acid 

(HA) 

HA hydrogel in 

phosphate-buffered 

saline (PBS) 

Rats 

Surgical 

puncture 

induced disc 

injury 

Nociceptive behavior reduced, 

hyperinnervation inhibited, and 

inflammation and regulation of 

matrix components attenuated. 

[65] 

HA 

HA/collagen hydrogel 

matrix with in-situ 

polymerization after 

implantation 

Minipigs 
Partial 

nucleotomy 

HA treatment resulted in more 

scarring and inflammation in the 

annulus, and gene expression of 

catabolic MMPs was up 

regulated. 

[66] 

Collagen 

mechanically stable 

collagen cryogel and 

fibrillated collagen 

with shape-memory 

Rats Tail nucleotomy 

The treatment exhibited 

outstanding chondrogenic 

activities, alleviated mechanical 

allodynia, maintained a higher 

concentration of water content, 

and preserved the disc structure 

by restoring the matrix proteins. 

[67] 

Collagen 

Bioorthogonal groups 

conjugated onto 

gelatin to create 

injectable hydrogel w/ 

TGFβ 

Rats 
Nucleotomy via 

aspiration 

TGFβ-loaded hydrogel resulted in 

the greatest water retention and 

displayed substantial histological 

recovery. 

[68] 

Combination 

polyethylene glycol 

diacrylate (PEGDA), 

genipin-crosslinked 

fibrin (FibGen), 

carboxymethyl 

cellulose–

methylcellulose (C-

MC) 

Combining adhesive 

and nonadhesive 

injectable hydrogels 

Sheep 

Partial 

discectomy 

 

All repaired IVDs maintained 

90% of their preoperative disc 

height. C-MC and FibGen+C-MC 

group had the best outcomes and 

may be appropriate for 

enhancement with bioactive 

factors. 

[69] 

PGA, hyaluronan 

freeze-dried 

resorbable 

polyglycolic acid 

(PGA)–hyaluronan 

implants in autologous 

sheep serum 

Sheep 
Partial 

discectomy 

Implantation induced nucleus 

pulposus tissue regeneration and 

improves disc water content.  

[70] 

In many cases, a biomaterial is used as a scaffold to stably fix physiologically active 

biocomponents at the injected site. Bolus injections of PRP are rapidly eliminated from the body, 
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requiring delivery for the continuous release of PRP to improve therapeutic efficacy [71]. The 

controlled release of physiologically active substances in PRP, which have therapeutic effects, can be 

maintained using such supporting materials. Nagae et al. (2007) compared the results obtained from 

groups treated with PRP-gelatin hydrogel microspheres, PRP alone, or PBS-impregnated 

microspheres [72]. The authors observed a decrease in the IDD rate with an increase in PG expression, 

significantly less severe lesions in the NP and AF, and an increase in IVD height in the group treated 

with PRP-gelatin-hydrogel-microspheres after two years [72,73]. Kumar et al. (2017) studied the 

safety and tolerability of intradiscal implantation of combined autologous adipose-derived MSC and 

HA derivatives in patients with chronic discogenic LBP [74]. The phase I clinical trial enrolled 10 

patients with eligibility, and the 10 patients underwent a single intradiscal injection at different doses 

(2 × 107 cells/disc, 4 × 107 cells/disc). The authors reported significant improvements in VAS, ODI, and 

SF-36 scores in both groups and three patients were determined to have increased water content in 

the disc according to diffusion MRI, demonstrating the promise of this regenerative medicine 

approach [74].  

In general, augmented biomaterials can reduce the compressive force on nerve roots and provide 

a more favorable environment for native cell proliferation and regeneration [54]. Another benefit of 

using biological materials as carriers for cells or physiologically active substances is the improved 

stability of bioactivity because they are protected against proteolytic and other denaturation processes 

after in vivo application [72]. Choi et al. showed that PRP remained active upon encapsulation and release 

from a PEG hydrogel for up to 14 days (until complete PEG gel degradation) [71]. The clinical application 

of biomaterial-based therapies requires further improvements in surgical techniques, in vivo stability, 

biodegradability, and non-immunogenicity [30,54].  

3.4. Low-Intensity Pulsed Ultrasound (LIPUS) 

LIPUS utilizes low-intensity pulsatory mechanical waves to provide noninvasive physical 

stimulation to target tissues. LIPUS has regenerative and anti-inflammatory effects; therefore, its 

therapeutic applications vary. In the field of orthopedics, LIPUS is an attractive treatment option for 

bone fractures, tendon and cartilage recovery, and IDD. Studies have shown that the effect of LIPUS 

in treating disease-associated tissues may be primarily associated with the upregulation of cell 

proliferation via activation of the integrin receptor and Rho/ROC/Src/ERK signaling pathway [75]. It 

also affects the expression of osteocalcin, alkaline phosphatase, VEGF, and MMP-13 expression [76]. In 

LDH, LIPUS likely functions by reabsorbing the escaped disk. Animal model experiments and in vitro 

studies have confirmed that reabsorption of the herniated disc occurs when LIPUS is used [77,78]. 

The IVD with weak vascularity is composed mainly of the AF, and the internal gelatinous 

vaginal nucleus is composed of chondrocytes. A recent MRI analysis of patients with IVD revealed 

that IVD can be reabsorbed spontaneously without surgery, and this reabsorption is associated with 

abundant vascular formation, macrophage infiltration, and upregulated MMP-3 expression [79]. In 

addition, IVD degeneration occurs due to changes in PG biosynthesis in the IVD. Therefore, the 

upregulation of PG synthesis in IVD cells may be an approach for treating disc degeneration. LIPUS 

promotes ECM synthesis in degenerative human NP cells by activating the FAK/PI3K/Akt pathway [80].  

Few studies have demonstrated the clinical efficacy of LIPUS in the spinal region. A randomized 

controlled study examined the effects of LIPUS in patients with lumbar spondylolysis and observed 

significant pain reduction and functional disability, demonstrating that LIPUS is a safe and effective 

method for early bone healing [81]. Another clinical trial compared high-intensity laser therapy 

(HILT) and a combination of ultrasound treatment and transcutaneous nerve stimulation (TENS) on 

cervical pain associated with cervical disc herniation; no statistical significance was found between 

the two groups in terms of cervical range of motion, VAS, and neck pain and disability scale scores 

[82]. However, both groups showed significant improvements, indicating that ultrasound has the 

potential as a therapeutic option for IVD. Rubira et al (2019) compared the effects of low-level laser 

and pulsed and continuous ultrasound on pain and physical disability in chronic nonspecific LBP in 

a randomized controlled clinical trial [83]. They divided 100 volunteers into four groups: pulsed laser, 
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pulsed ultrasound, continuous ultrasound, and control. They observed pain reduction in all three 

intervention groups, with greater relative pain reduction in the pulsed laser group and the highest 

relative gain in functional disability in the pulsed ultrasound group [83]. Boyraz et al. (2015) 

compared HILT and ultrasound treatment in patients with lumbar discopathy and showed a 

statistically significant improvement in the third month, although there was no difference between 

the groups ten days after the intervention [84]. 

A more controlled experimental design is required to investigate the therapeutic effects of LIPUS 

on LDH levels. Current studies have combined and compared various treatments rather than using 

LIPUS alone. In studies using methods such as exercise, hot packs, and TENS, it was difficult to 

measure the therapeutic effect of LIPUS alone. In addition, when comparing treatment effects, a 

radiological evaluation that can confirm tissue regeneration is often omitted. Therefore, it is currently 

difficult to confirm the tissue regeneration effect of LIPUS. Future studies are needed to determine 

the exact effect of LIPUS on IDD in a more controlled environment and standardization of protocols, 

with a focus on tissue regeneration.  

4. Conclusions 

When the symptoms of LDH are not relieved after conservative therapy, surgical treatment for 

rapid pain improvement and recovery is chosen; however, research examining the long-term effects 

of non-surgical treatment and surgical treatment reported no difference between the two groups. 

According to the findings of this review, patients who required surgical treatment also improved 

with non-surgical treatment. Considering the operative cost, possible adverse effects, and patients’ 

fear of the surgery, it seems necessary to take a more careful approach by integrating the observation 

of the patient's condition and opinion before switching to surgical treatment. In addition, clinical 

trials for new treatment methods should be conducted. The non-surgical methods discussed in this 

review show a certain level of clinical efficacy in the treatment of IDD, including LDH. Further 

research should be conducted on therapies that can promote tissue regeneration in patients with IDD, 

including LDH. Based on clinical studies using PRP, biomaterials, BMAC, and LIPUS, we observed 

that each method promoted tissue regeneration and alleviated symptoms. According to the 

conclusions thus far, the actual height change of the disk is presented in a PRP application study; 

however, clinical studies showing solid evidence of tissue regeneration are limited in the case of cell 

therapy and LIPUS. Therefore, a unified and safe protocol is required to compare the regenerative 

effects of each treatment. The method for presenting the results should also be standardized so that 

the effectiveness of the treatment methods can be compared. 
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The following abbreviations are used in this manuscript: 

PRP Platelet-rich plasma 

BMAC Bone marrow aspirate concentrate 

MSC Mesenchymal stem cells 

LDH Lumbar disc herniation 

IDD Intervertebral disc degeneration 

LIPUS Low intensity pulsed ultrasound 

HILT High-intensity laser therapy 

TEN Transcutaneous nerve stimulation 

VAS Visual analog scale 
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