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Abstract

Purpose This review aims to explore and summarize the

current clinical evidence about the use of regenerative

medicine such as mesenchymal stem cells or platelet-rich

plasma in intervertebral disc regeneration, in order to

clarify the state of art of these novel approaches.

Materials and methods We performed a research of the

available literature about regenerative medicine strategies

aiming to prevent intervertebral disc degeneration. All

preclinical trials and in vitro studies were excluded. Only

clinical trials were critically analysed.

Results The manuscript selection produced a total of 7

articles concerning the use of regenerative therapies in

intervertebral disc degeneration, covering the period

between 2010 and 2016. Articles selected were 4 about the

injection of mesenchymal stem cells-related results and 3

using platelet-rich plasma. The total population of patients

treated with regenerative medicine strategies were 104

patients.

Conclusions Regenerative medicine, such as the use of

mesenchymal stem cells or platelet-rich plasma, in

intradiscal disc degeneration has shown preclinical and

clinical positive results. Randomized clinical trials study-

ing the potential of MSCs intradiscal injection have not

been conducted, and PRP effect has been studied only

preliminarily. Additional more powered high-quality

studies are needed to really appreciate the long-term safety

and efficacy of regenerative medicine approaches in IDD.

Keywords Intervertebral disc degeneration �
Mesenchymal stem cells � Platelet-rich plasma �
Intervertebral disc regeneration � Tissue engineering

Introduction

Intervertebral disc degeneration (IDD) is considered one of

the most important causes of low back pain [1]. Interver-

tebral disc (IVD) has the role of shock absorber of the spine

and amortise compressive loading forces [2]. The IVD

consists of a inner gelatinous-based nucleus pulposus (NP)

surrounded by a fibro-cartilaginous ring: the annulus

fibrosus (AF). Cells in the NP lie in proteoglycan-rich

extracellular matrix (ECM) which plays an essential role

maintaining the IVD hydrated [3–5]. Disc degeneration

starts from degradation of proteoglycans in the NP, thus

loss in water content. NP dehydration is a process associ-

ated with decreased cell number and change in phenotype

of disc cells, resulting in loss of disc height, disc defor-

mation and segmental instability [6–8]. This sequential

process overloads surrounding structures of the IVD such

as end plates, facet joints and ligaments [9]. Surgical

strategies to address pain and disability from degenerated

disc diseases are spinal fusion and disc arthroplasty. These

procedures are expensive; they need invasive surgical

treatment with possible complications [10–12]. This sur-

gical techniques target the clinical symptoms instead of the

degenerative cascade itself; additionally in spinal fusion,

spine motion is not preserved and natural kinematics is

altered [13, 14]. Early in degeneration progress,
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conservative therapies, such as bed rest, anti-inflammatory

medications, analgesia and physical therapy, to invasive or

interventional strategies, such as epidural injections and

ablation techniques, are of value to reduce symptoms but

not effective in preserving natural state of the disc.

On the other hand, regenerative medicine would have a

curative intention aiming IVD regrowth. Tissue engineer-

ing approaches such as growth factors, chondrocyte trans-

plantation, gene therapy and intracellular regulatory

proteins are among the factors which have been demon-

strated to play an essential role in regeneration of NP cells,

both in vitro and in vivo [15–17].

In fact, IVD is avascular and during degeneration there

is no intrinsic capacity to repair and restore the number of

NP cells [5, 18]. Several authors demonstrated that

regenerative medicine can lead to positive effects on

intervertebral disc cells proliferation [19, 20] as well as in

other anatomical districts [21–24]. Despite this cheering

preclinical data, only few clinical trials aiming to evaluate

tissue engineering approaches in IVD have been performed

in the literature.

This review aims to explore and summarize the current

clinical evidence about the use of regenerative medicine in

intervertebral disc regeneration, in order to clarify the state

of art of these novel approaches and to evaluate whether

these promising strategies could now move from bench to

current clinical practice.

Materials and methods

We performed a research of the available English literature

on PubMed, MEDLINE, Google Scholar, Medscape and

EMBASE databases using various combinations of the

following keywords: intervertebral disc degeneration,

mesenchymal stem cells, platelet-rich plasma, gene ther-

apy, intervertebral disc regeneration, tissue engineering.

We considered only clinical evidence including clinical

trials, case series and case reports. Studies were selected

according to Preferred Reporting Items for Systematic

Reviews and Meta-Analysis (PRISMA). Two reviewers

(M.B. and L.C.) independently screened the titles and

abstracts from all identified articles to assess their appro-

priateness to the research focus. References from the

identified articles were checked in order not to miss any

relevant articles. A total of 1232 articles were identified; at

the end of our review process only 7 articles were included.

Reviews were excluded. The exclusion criteria were papers

not evaluating the regenerative medicine potential in IDD.

All preclinical trials and all in vitro studies were excluded.

Studies without dose and source of stem cells specification

as well as non-English papers were excluded. The

PRISMA flow 2009 diagram illustrates the number of

studies that have been identified, included and excluded as

well as the reason for exclusion (Fig. 1). Clinical trials

were divided in 2 tables according to the type of approach.

Table 1 summarizes studies related to MSC and evaluate

the following variables: study year, type of study and level

of evidence, system used to obtain MSC, concentration

method, volume or number of cells injected, duration of

follow-up, number of patients treated, age range and clin-

ical or radiological variables analysed. Table 2 includes

studies that involve PRP evaluating study year, type of

study and level of evidence, system used to obtain PRP,

number of patients treated, mean age/range, follow-up,

volume injected, analysed variables and results.

Results

The manuscript selection produced a total of 7 articles

concerning the use of regenerative therapies in IDD. Papers

included in our review cover the period between 2010 and

2016.

We split these articles in two groups according to the

regenerative approach used, obtaining two subgroups. The

first one (Table 1) included 4 articles exploring MSC

potential in IDD, while the second one (Table 2) consist of

3 studies focused on PRP.

Pettine et al. [25] (2016) evaluated a total of 26 patients

(aged 18–61 years, 13 single level and 13 two level) with

chronic low back pain ([6 months, non-responsive to other

conservative treatment) and degenerative disc disease

confirmed by magnetic resonance imaging (MRI) (Pfir-

rmann grade of IV–VII) and a visual analogue scale (VAS)

more than 4 at first visit. They evaluated initial Oswestry

Disability Index (ODI) and VAS score: 56.5% and 8.1

(0–10), respectively. ODI and VAS tests were repeated at

3,6,12 and 24 months following the procedure. MRI scans

were repeated at 12 months, and a new evaluation of

Pfirrmann grade was performed by a blinded independent

reviewer. Autologous bone marrow aspiration (BMA) was

collected from posterior iliac crest. BMA was then pro-

cessed to concentrate cell preparation. One millilitre from a

volume of 7 ml was used for cell analysis. The authors

noted no complications associated with the injection and

from 26 patients treated, only 5 needed surgical interven-

tion of lumbar fusion or artificial disc replacement. Only

one patient has reported clinical improvement after sur-

gery. ODI and VAS reduction in remaining 21 patients was

67 and 72%, respectively (p\ 0.001). Pfirrmann grade was

improved only in 8 patients by one grade; all others

patients maintained previous score. Authors noted that

amelioration of clinical outcomes in terms of ODI and

VAS score occurred within 3 months from disc injection.

Moreover, these clinical improvements were higher in
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patients with greater than 2000 MSC/ml. Mochida et al.

[26] in 2015 reported 3-year results of a prospective clin-

ical study. In nine patients, aged 20–29 years with Pfirrman

grade III disc degeneration (at the level adjacent to the

scheduled posterior interbody fusion) viable NP cells were

collected from the disc fused and co-cultured with autol-

ogous MSC. Seven days after fusion, one million activated

NP cells were injected in the upper level fused. Clinical

evaluations (using the Japanese Orthopaedic Association

scoring system for low back pain) and follow-up imaging

were performed at 1,2 and 4 weeks, 3 and 6 months, as

well as 1,2 and 3 years after NP injection. No clinical

adverse events were reported. Clinical outcome score

(JOA) improved from 14.2 ± 4.8 points preoperatively to

27.2 ± 1.6 at 3 years. Degeneration of intervertebral disc

treated was less than grade III according to Pfirrmann

classification in all cases. Nevertheless, there was no sig-

nificant variation in discs water content.

In 2011, Orozco et al. [27] conducted a clinical study of

10 patients (35 ± 7 years) treated using autologous bone

marrow mesenchymal stem cell. All these patients suffered

from chronic low back pain with disc degeneration with

intact AF. Autologous MSC injection was guided with

fluoroscopy into the NP area without any carrier. Before

injection, stem cells were expanded in culture for

7–10 days. Follow-up period was 12 months, and clinical

evaluation of low back pain, disability index and quality of

life were performed. Radiological evaluation was focused

on water content and improvement of disc height. Clinical

improvement of pain, disability and quality of life were

rapid (3 months). Water content of treated disc evaluated

with T2-weighted MRI showed a significative elevation at

12 months. Nevertheless, disc height was not recovered.

Fig. 1 PRISMA flow diagram

depicting the number of studies

that have been identified,

included and excluded as well

as the reason for exclusion
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Yoshikawa et al. [28] conducted the first report of two

patients affected by degenerative disc diseases treated with

autologous MSC transplantation. Patients selected satisfied

selection criteria based on MRI, X-ray myelography and

chronic low back pain. These patients were 70 and 67 years

old, respectively. One of them suffered from adjacent

segment disease after anterior interbody fusion of L4–L5.

Five millilitres of bone marrow fluid was aspirated from

ilium. After 2–4 weeks in culture, cells were placed in

10-ml injector with pieces of collagen sponge. After NP

removal, under fluoroscopy, MSCs were grafted in the

central regions of discs. Fenestration of AF was then sealed

with acellular collagen sponge. Two years after surgery,

although T1-weighted MRI failed to demonstrate

improvement, T2-weighted MRI showed increased signal

intensities, demonstrating increased water content in trea-

ted disc. Moreover, after surgery, low back pain, lower leg

numbness and pain improved. VAS score decreased to 18%

and Japanese Orthopaedic Association from 8 to 25 points.

Tuakli-Wosornu et al. [29] recently investigated the role

of lumbar intradiscal PRP injection. They performed a

prospective double-blind randomized controlled study to

determine whether a single injection of PRP could improve

pain and function of 36 patients with IDD. Twenty-nine of

the 36 treated patients (80.6%) have been evaluated in

terms of both pain and function using the Functional Rating

Index (FRI), Numeric Rating Scale (NRS) for pain, the

pain and physical function domains of the 36-item Short

Form Health survey (SF-36) and the modified North

American Spine Society (NASS) Outcome Questionnaire.

They have been treated with injections of autologous PRP

(1–2 ml) and compared with the control group treated with

1–2 ml of contrast agent. Data were collected at baseline,

one, four and eight weeks, six months and one year. Sta-

tistically significant improvements were found 8 weeks

after treatment with PRP compared with the control groups

with regard to pain (NRS best pain), function (FRI) and

patient satisfaction (NASS Outcome Questionnaire). Sig-

nificant improvement was maintained at 6 months and

1 year for FRI function; NRS worst pain and SF36 pain and

function.

In June of 2016, Levi et al. [30] performed a prospective

trial, trying to assess changes in pain and function in

patients after intradiscal injection of PRP. Twenty-two

patients have been enrolled in this trial and f.u. period

lasted 6 months. Authors considered as a positive results

when patients achieved at least 50% improvement in VAS

and 30% decrease in ODI. Positive results have been

obtained in 14% of patients after 1 month, in 32% after

2 months and in 47% after 6 months.

Akeda et al. [31] performed the first clinical trial with

the aim to determine the efficacy and feasibility of

intradiscal PRP. Outcomes measures included the VAS

scale, the Roland–Morris Disability Questionnaire at

baseline and at 6 months after treatment. X-ray and MRI

were obtained before and 4 months after treatment. At one

month of f.u., VAS score and RDQ decreased from

7.1 ± 1.2 to 1.8 ± 2 (p\ 0.01) and 11 ± 1.8 to 3.2 ± 2.4

(p\ 0.01), respectively. These results sustained for

6 months after treatment. Despite these encouraging clin-

ical results, MRI changes failed to change significantly.

Focusing our attention on the MSC-related results, the

total population of patients was 47 patients, with only one

study with more than 20 patients, which still represents a

small population. All patients treated suffered from disco-

genic back pain for at least 3 months after conventional

conservative therapy has failed. The highest follow-up

period was 3 years with a mean f.u. of 21 months. In the

majority of the included studies, benefits from MSC injec-

tion were noted starting from third month. All clinical trials

have used bone marrow as source of MSCs, and all the

studies used a minimal invasive method to obtain stem cells

(BMA) from ilium (posterior iliac crest or iliac crest). In

one study, MSC was used in co-culture with autologous NP

cells, to upregulate the viability and the number of NP cells.

This system is different from the other studies selected, and

it could be considered as an ex vivo differentiation of MSC.

None of the studies selected have a control group. In all the

included studies, the mean concentration of cells ranges

from 106 to 107/ml. Only Pettine et al. gave attention to

different MSC concentration and their influence in clinical

and radiological outcome. Nevertheless, Pettine et al. con-

ducted a non-blinded study, with no control groups. In this

trial, only MRI was used to diagnose and clearly identify the

level of IDD. Other 3 studies selected the combination of

X-ray and MRI. Only 2 studies evaluated Pfirrmann grade

of patients. MRI evaluation was always used to monitor the

overall recovery of disc height and water content. Results

are controversial: Mochida et al. demonstrated no signi-

ficative changes in water content, while Orozco demon-

strated a significative elevation of water content at

12 months of f.u. System used to assess clinical outcome is

heterogeneous (2 studies used a JOA scoring system for low

back pain while other 2 studies used ODI). All studies

evaluated pain with VAS scoring system. Only Orozco

evaluated clinical outcome in terms of quality of life

through the SF-36 questionnaire. No complication associ-

ated with the injection of MSC in diseased disc was quoted.

The level of evidence of the included study was low with all

of them settled on level 4. Yoshikawa et al. conducted a

report of two cases treated with an alternative method of

cellular therapy. MSC were seeded in collagen sponge.

Despite the positive results obtained, an insufficient level of

evidence affects this study.

Pooling data obtained from PRP clinical trial, and the

total population treated was formed by 57 patients. The
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highest follow-up period was 12 months with a mean f.u.

of 8 months. In all the evaluated studies, autologous PRP

has been used and no adverse effect or complications such

as spondylodiscitis, neurologic injury or progressive her-

niation after intradiscal injection have been reported. All

these studies showed similar positive clinical results. All

the included studies showed benefits from PRP injection

starting from first month after therapy. Several differences

in study design can be observed. These three studies used 3

different methods to evaluate clinical outcomes, which

make it difficult to critically summarize all obtained

results. Moreover, only Tuakli-Wosornu et al. compared

patients treated with PRP with a control group reaching a

level of evidence of IIa. In this study, no radiological

examination has been obtained to strengthen its evidence.

Although MRI is now considered of a paramount impor-

tance in the diagnosis and follow-up of these patients [32],

MRI evaluation was used only during participant recruit-

ment. Process for obtaining PRP has not been mentioned

by authors.

Levi et al. used an evaluation method with a poor level

of evidence, thereby rendering it very difficult to compare

with other selected studies. Moreover, the 22 patients

enrolled in the study and completed the 2 months of f.u.;

only 19 reached 6 months of f.u.

Akeda et al. stated that intradiscal injection of PRP is

safe and effective. They should consider the small number

of patients treated and the short-term results (only

6 months of f.u.). Despite these limitations, this is the first

clinical study that has been analysed MRI changes after

PRP injection.

Discussion

IVD is a dynamic structure and similar to most cartilagi-

nous structure, with low vascular support leading to poor

regenerative potential, especially when metabolic

homoeostasis is disrupted [33, 34]. At present, the gold

standard in IDD treatment is fusion surgery with several

techniques [35, 36], but these do not preserve the IVD. On

the other hand, conservative treatment is based on physical

therapy and cannot reverse the degenerative cascade

[37, 38]. Therefore, current research is directed towards an

interventional therapy that could inhibit degenerative

changes of IVD [7, 8, 39]. The ideal interventional therapy

should aim to achieve three objectives: resolve nociceptive

disc pain, slowing or reversal of catabolic metabolism

within IVD environment and partial or complete restora-

tion of disc tissue [40]. In this context, several regenerative

approaches have been attempted to address these issues,

including growth factor delivery, gene therapy, tissue

engineering and cell-based therapy.

Gene therapy could play a role modifying the gene

expression of disc cell, resulting in sustained production of

anabolic factors and gene regulators. Anabolic factors such

as TGF-b, BMP-2, BMP-7 or IGF-1, and gene regulators

such as SOX-9 and LMP-1 have demonstrated to modulate

the metabolic activity of disc cells, increasing proteogly-

cans disc content [41, 42]. Several side effects have been

described in preclinical evaluation of these gene therapy

approaches; thus, safer systems of transfection and trans-

duction should be tried before their clinical application

[43, 44].

Actually, stem cell therapy or autologous growth factor

injection is more attractive due to low harvest site mor-

bidity, favourable modulation of cells and concentration

and easier clinical application.

Tissue engineering approaches such as suitable scaffold

for stem cells or growth factors have been tested in vitro

and in vivo [45]. Architecture and mechanical properties of

scaffolds should allow their implantation in high-pressure

structure. Mercuri et al. [46] explored the use of a hydrogel

as a scaffold with the aim to treat IVD. The authors

demonstrated that the chemical stabilized elastin–gly-

cosaminoglycan–collagen hydrogel was able to increase

aggrecan and type II collagen synthesis in vitro inducing

differentiation of human-derived adipose tissue stromal

cells. In vivo evaluation performed by transplantation of

the hydrogel into rats showed that the material was fully

biocompatible. Nevertheless, preclinical studies testing

these techniques are cost-effective and still far from pos-

sible clinical application.

The 7 clinical studies included in our brief review

focused only on cell-based therapy with MSC or PRP.

Regenerative medicine on spine has been tested clinically

only with these approaches.

According to the International Society of Cellular

Therapy, MSCs are known for their self-renewal ability as

well as their capacity to sustain nearby cellular activity

[47]. They also demonstrated the capacity to differentiate

into osteoblasts, adipocytes, chondroblasts and cells with

phenotypic features of IVD under proper in vitro conditions

[48, 49]. MSCs have been sourced from different tissues. A

great interest about mesenchymal cells derived from bone

marrow, adipose or umbilical cord tissue could be detected

in the literature even if none of these sources has clearly

shown superiority [50]. In the selected clinical trials; all

MSCs derived from bone marrow aspiration. Some authors

consider adipose tissue as a superior source because of its

relatively higher concentrations of MSCs, obtainable with

moderately less invasive method and with better ability to

acquire IVD phenotype [51, 52]. Strassburg et al. [53]

demonstrated the capability of bone marrow-derived MSC

to differentiate in NP-like cells as well as, if co-cultured

with NP, they could stimulate NP cells to produce new cell
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matrix. Mochida et al. have clinically tested this thera-

peutic effect of MSCs [26].

In all MSC clinical studies, the concentration of injected

cells in IVD has been mentioned and that was ranging from

106 to 107 cells per disc. Serigano et al., using dog models,

further investigated the optimal number of MSC injection

dose per disc. They stated that a dose of cells per disc

ranging from 105 to 107 could better maintain survival and

localization of MSC within the centre of NP region [54].

Some authors have investigated how autologous bone

marrow-derived MSC could migrate to the injured IVD and

play a role in healing and regeneration. Daisuke Sakai et al.

have studied this ‘‘homing’’ process of MSCs. Their study

provides evidence to suggest that although MSCs are

recruited during disc degeneration, only a limited number

of MSCs migrate to the IVD, presumably because of its

avascular nature [55].

Yim et al. have published a systematic review of com-

parative controlled studies regarding the potential benefits

of using MSCs for disc regeneration. Twenty-four animal

studies (including smaller and larger size animal model)

were included, and 862 discs injected with MSCs were

evaluated and compared with 1603 control discs. All types

of MSCs (bone marrow, adipose or synovial tissue derived)

demonstrated a significative inhibition of disc degenera-

tion. Moreover, bone marrow-derived MSC showed better

quality of repair compared to non-MSC treatments [56].

Authors should keep in mind that in vivo animal models

are helpful to better accomplish safety, efficacy and fea-

sibility of MSC injection therapy, but an iatrogenic model

will never precisely reproduce a degenerated disc and its

complex microenvironment. Additionally, human and ani-

mal have several differences such as tissue size, spine

biomechanics and cell populations.

Evidence supporting disc tissue regeneration by

intradiscal MSCs injection exists, and there are also several

examples of positive preclinical results confirmed by

clinical trials.

Differentiation behaviour of MSC is regulated by sev-

eral grow factors. Growth factors are responsible for the

morphological and functional modification of NP cells. The

literature suggests how the process of differentiation and

regeneration could be moderate by many grow factors,

rarely by a single growth factor. Imbalance between ana-

bolic grow factors such as insulin-like growth factor-

1(IGF-1), transforming growth factors b (TGF b) or bone
morphogenetic proteins (BMPs) and catabolic enzymes as

matrix metalloproteinases (MMPs) and metalloproteinase

with thrombospondin motifs (ADAMTS) are implied in

degenerative processes of IVD [57, 58].

Several in vitro and in vivo studies demonstrated the

effects of growth factors in regulating IVD cell prolifera-

tion and chondrogenic matrix metabolism [59].

Thus, the efficacy of intradiscal injection of MSC could

be enhanced by combination with growth factors cocktails

such as PRP. Chen et al. created an ex vivo porcine model

of a degenerated IVD to test the regenerative ability of

three different therapeutic regimens including MSC, PRP

and MSC/PRP combined treatment. They concluded that

MSC or PRP, if used alone, leads to chondrogenic-related

mRNA expression and matrix synthesis. Curiously, the

combination of both resulted in an osteogenic differentia-

tion. These results were confirmed in ex vivo and in vivo

model [60].

Platelet-rich plasma (PRP) was defined as growth fac-

tors cocktail with potential effect on NP cells in terms of

promoting cell differentiation and reconstitution of human

NP tissue [61, 62]. We previously conducted a preclinical

review about the role of PRP injection in IVD degenera-

tion. Twelve articles concerning the use of PRP in IVD

were included in the review (6 in vitro and 6 in vivo

studies). All the included studies underlined the positive

histological results, and, when performed, MRI analysis of

in vivo studies underlined therapeutic effect of PRP [63].

At present, only 3 clinical studies have been performed

with positive midterm results demonstrating that PRP, if

used alone, could induce ECM regeneration and cell pro-

liferation [29–31]. PRP has been tested also in combination

with MSC as a therapeutic agent able to regenerate NP

[60].

Our systematic review has several limitations. Due to

the methodological heterogeneity of the included studies, it

is very difficult to compare obtained results and therefore

draw definitive conclusions. Moreover, no firm consensus

on evaluation of disc regeneration, patients’ selection and

clinical outcome improvement is identifiable. Lastly, the

low number of clinical studies, their poor level of evidence

and the extremely few tested population do not allow

reaching firm evidence. In order to confirm the promising

efficacy of regenerative medicine in IDD treatment, we

advocate for the standardization and implementation of

clinical studies, to better move this encouraging regenera-

tive therapy from bench to bedside.

In summary, this small review of the literature high-

lights that intradiscal injection of MSC or PRP should be

considered as possible treatments of chronic low back pain

caused by a degenerative disc disease. To the best of our

knowledge, this is the first review that considers and

summarizes current clinical evidence about regenerative

medicine approaches in IDD. The procedure to obtain PRP,

or to expand and transplant MSCs, is feasible and relatively

safe with many advantages over more invasive surgical

strategies. Intradiscal injection has demonstrated to be a

simple technique, conservative of spine biomechanics,

cost-effective, readily available and do not require long

hospitalization of the patient. Since MSC or PRP is
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autologous derived, they could avoid transmission of dis-

eases or immunological reaction [56].

However, randomized clinical trials studying the

potential of MSCs intradiscal injection have not been

conducted until now. PRP effect has been studied with a

sufficient level of evidence without considering MRI

modification only in one trial. Additional more powered

high-quality studies are needed to really appreciate the

long-term safety and efficacy of regenerative medicine

approaches in IDD. If further larger clinical trial will

confirm preliminary positive results, we believe that these

strategies will find their right place in IDD treatment

especially as interventional techniques prior to open stan-

dard surgery.
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