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Degenerative disc diseases: A Brief Review

Abstract:

Back pain of different etiology is a common encountered symptoms in daily practice.
Several factors were associated with the development of degenerative disease (DDD) of

the intervertebral disc(IVD).

The intervertebral disc, usually asymptomatic but once became symptomatic it will be
presented as a low back pain with is consider the main complain among the patient with
IVD. Both genetic as well as environmental factors lead to progressive redaction in
extracellular matrix (ECM) composition which resulted overtime in weak IVD. Clinically
back pain divided into two main categories: Inflammatory versus mechanical back pain,

DDD typically present with mechanical type lower back pain.

In patient with compatible history and physical exam findings, diagnosis of DDD can be
confirmed by computed tomography (CT) scan, magnetic resonance imaging (MRI), or

provocative discography.

The DDD can be manage with several treatment strategies such as conservative therapy
which aim to relief the pain, on the other hand, surgical approach which aim to
definitely treat the DDD. The current study aims to provide a brief review about

degenerative disc diseases.
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Introduction:

Back pain of different etiology is a common encountered symptoms in daily practice.
Several factors were associated with the development of degenerative disease (DDD) of
the intervertebral disc(IVD). (1) It is a common condition characterized by the
breakdown (degeneration) of one or more of the discs that separate the bones of the
vertebrae in response to several factors such as aging, repeated trauma or chronic
inflammatory condition, clinically this degeneration presented as back or neck pain. The
intervertebral disc, usually asymptomatic but once became symptomatic it will be
presented as a low back pain with is consider the main complain among the patient with
IVD. (1, 2). The intervertebral discs IVD cushion the vertebrae and absorb pressure on
the spine. (2). Both young and old people can be affected by IVD disorders. Many
management strategies are used to treat DDD, before considering the appropriate
treatment strategy multiple factors should be considered such as patient age at

presentation, present of co-morbid condition as well as disease severity.
Objective:

The current study aims to provide a brief review about degenerative disc diseases.
Pathophysiology:

Both genetic as well as environmental factors lead to progressive redaction in

extracellular matrix (ECM) composition which resulted overtime in weak IVD (5).

A decrease in nutrient supply resulted in a low PH state and reduction of oxygen
concentration which has been shown to negatively impact the IVD in its function to

maintain the ECM. (6, 7).

Aging changes the proportion of chondroitin-4-sulfate to chondroitin-6-sulfate, as well
as the proportion of chondroitin-4-sulfate to chondroitin-6-sulfate, with a corresponding
decrease in water content. Proteoglycan synthesis decreases, which reduces osmotic
swelling and oxygen and nutrient traffic to the disc. As a result of the reduced traffic,

breakdown products of link and non-collagenous proteins accumulate in the disc. The



brown discoloration of ageing connective tissues is caused by nonenzymatic

glycosylation of these breakdown products (6).

Although genetics appear to be one of the strongest risk factors to develop DDD, other
factors also contributing in accelerating the rate of degeneration such as endplates

calcification as well as inadequate nutrition inhibits (8).
Diagnosis:

Degenerative disc disease must be listed in the differential diagnosis of back pain, in
patient with compatible history and physical exam findings, diagnosis of DDD can be
confirmed by various diagnostic studies such as lumbar radiographs, computed
tomography (CT) scan, magnetic resonance imaging (MRI), or provocative
discography(9, 10).In patient diagnosed with DDD, a clinical response to treatment trial

also aid in confirming the overall diagnosis of DDD (11).

While both MRI and CT scanning can be used to assess the spinal canal , bony alignment
and the lumbar facets, MRl scan also allows for direct assessment of the neural and disc
structures. In patient whose clinical presentation compatible with DDD, and radiological
image (radiography and MRI) did not show any abnormality can explain patients’

symptoms, provocative discography can be used to confirm the presence of DDD.(12,13)

Radiographs in contrast with both MRI and CT scan only evaluate the anatomical
structure without assessment of disc, also radiograph may miss the early degenerative

changes(14).

Management:

1. Conservative Therapy:
The conservative therapy (non-surgical treatment strategy) contestant of non-
pharmacological therapy in form of physical exercise which strength the paraspinal

muscle which intern reduce the pain, an exercise program of 4 to 6 weeks duration can



be help majority of the patients (15).The pharmacological part of the conservative
management consistent of pain control medication such as nonsteroidal anti-
inflammatory drugs (NSAIDs), paracetamol, and muscle relaxants(baclofen) (16).

Finally, temporary pain relief can be achieved with injection of the targeted area.(17)

2. Percutaneous Intervertebral Disc Techniques (Reconstructive

Strategies):

The aim of reconstructive strategy relief the direct compression and the irritant from
the targeted nerve, different decompression techniques were used such as thermal
decompression (via lasers or radiofrequency probes), chemical (chymopapain) and

mechanical (18, 19).

oxygen—ozone mixture and radiopaque gel-like ethanol both used in chemical

decompression with immune modulating effect (20).
3. surgical management:

Several surgical interventions used to treat DDD, the optimal approach still a sourced of
controversy (21). Surgery is indicated urgently in patient who develop acute
neurological deficit (22). Among the remaining majority of the patients with chronic
back pain, with supportive radiological finding of disc degeneration, surgery is indicated

in those who fail the conservative management(23,24).
Conclusion:

Degenerative disc disease, one of the most common cause of lower back pain.
Development of DDD linked to several factors such as genetic. There are three major
treatment options; Conservative therapy with exercise and pain relief medication can be
used initially, if failed more definitive therapy can be achieved through the surgical

strategies.



References:

1.

Hall JA, Konstantinou K, Lewis M, Oppong R, Ogollah R, Jowett S. Systematic Review of
Decision Analytic Modelling in Economic Evaluations of Low Back Pain and Sciatica. App/

Health Econ Health Policy. 2019;17(4):467—-491. [PubMed] [Google Scholar]

Adams M.A,, Roughley P.J. What is intervertebral disc degeneration, and what causes
it? Spine (Phila Pa 1976) 2006;31:2151-2161. doi:
10.1097/01.brs.0000231761.73859.2c. [PubMed] [CrossRef] [Google Scholar]

Sharma A., Sargar K. Temporal evolution of disc in young patients with low back pain
and stress reaction in lumbar vertebrae. Am. J. Neuroradiol. 2017;38:1647-1652. doi:

10.3174/ajnr.A5237. [PMC free article] [PubMed] [CrossRef] [Google Scholar]

Schmidt H., Kettler A., Rohlmann A., Claes L., Wilke H.J. The risk of disc prolapses with
complex loading in different degrees of disc degeneration—A finite element

analysis. Clin. Biomech. (Bristol Avon) 2007;22:988-998. doi:
10.1016/j.clinbiomech.2007.07.008. [PubMed] [CrossRef] [Google Scholar]

Boden S.D., Davis D.O., Dina T.S., Patronas N.J., Wiesel S.W. Abnormal magnetic-
resonance scans of the lumbar spine in asymptomatic subjects. A prospective
investigation. J. Bone Jt. Surg. Am. 1990;72:403-408. doi: 10.2106/00004623-
199072030-00013. [PubMed] [CrossRef] [Google Scholar]

Schmidt H., Kettler A., Rohlmann A, Claes L., Wilke H.J. The risk of disc prolapses with
complex loading in different degrees of disc degeneration—A finite element

analysis. Clin. Biomech. (Bristol Avon) 2007;22:988-998. doi:
10.1016/j.clinbiomech.2007.07.008. [PubMed] [CrossRef] [Google Scholar]

Nachemson A, Lewin T, Maroudas A, Freeman MA. In vitro diffusion of dye through the
end-plates and the annulus fibrosus of human lumbar inter-vertebral discs. Acta Orthop

Scand. 1970, 41, 6:589-607. [PubMed] [Google Scholar]

Holm S, Holm AK, Ekstrom L, Karladani A, Hansson T. Experimental disc degeneration

due to endplate injury. J Spinal Disord Tech. 2004, 17, 1:64—71. [PubMed] [Google

Scholar]


https://www.ncbi.nlm.nih.gov/pubmed/30941658
https://scholar.google.com/scholar_lookup?journal=Appl+Health+Econ+Health+Policy&title=Systematic+Review+of+Decision+Analytic+Modelling+in+Economic+Evaluations+of+Low+Back+Pain+and+Sciatica&author=JA+Hall&author=K+Konstantinou&author=M+Lewis&author=R+Oppong&author=R+Ogollah&volume=17&issue=4&publication_year=2019&pages=467-491&pmid=30941658&
https://www.ncbi.nlm.nih.gov/pubmed/16915105
https://dx.doi.org/10.1097%2F01.brs.0000231761.73859.2c
https://scholar.google.com/scholar_lookup?journal=Spine+(Phila+Pa+1976)&title=What+is+intervertebral+disc+degeneration,+and+what+causes+it?&author=M.A.+Adams&author=P.J.+Roughley&volume=31&publication_year=2006&pages=2151-2161&pmid=16915105&doi=10.1097/01.brs.0000231761.73859.2c&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7960412/
https://www.ncbi.nlm.nih.gov/pubmed/28572152
https://dx.doi.org/10.3174%2Fajnr.A5237
https://scholar.google.com/scholar_lookup?journal=Am.+J.+Neuroradiol.&title=Temporal+evolution+of+disc+in+young+patients+with+low+back+pain+and+stress+reaction+in+lumbar+vertebrae&author=A.+Sharma&author=K.+Sargar&volume=38&publication_year=2017&pages=1647-1652&pmid=28572152&doi=10.3174/ajnr.A5237&
https://www.ncbi.nlm.nih.gov/pubmed/17822814
https://dx.doi.org/10.1016%2Fj.clinbiomech.2007.07.008
https://scholar.google.com/scholar_lookup?journal=Clin.+Biomech.+(Bristol+Avon)&title=The+risk+of+disc+prolapses+with+complex+loading+in+different+degrees+of+disc+degeneration%E2%80%94A+finite+element+analysis&author=H.+Schmidt&author=A.+Kettler&author=A.+Rohlmann&author=L.+Claes&author=H.J.+Wilke&volume=22&publication_year=2007&pages=988-998&pmid=17822814&doi=10.1016/j.clinbiomech.2007.07.008&
https://www.ncbi.nlm.nih.gov/pubmed/2312537
https://dx.doi.org/10.2106%2F00004623-199072030-00013
https://scholar.google.com/scholar_lookup?journal=J.+Bone+Jt.+Surg.+Am.&title=Abnormal+magnetic-resonance+scans+of+the+lumbar+spine+in+asymptomatic+subjects.+A+prospective+investigation&author=S.D.+Boden&author=D.O.+Davis&author=T.S.+Dina&author=N.J.+Patronas&author=S.W.+Wiesel&volume=72&publication_year=1990&pages=403-408&doi=10.2106/00004623-199072030-00013&
https://www.ncbi.nlm.nih.gov/pubmed/17822814
https://dx.doi.org/10.1016%2Fj.clinbiomech.2007.07.008
https://scholar.google.com/scholar_lookup?journal=Clin.+Biomech.+(Bristol+Avon)&title=The+risk+of+disc+prolapses+with+complex+loading+in+different+degrees+of+disc+degeneration%E2%80%94A+finite+element+analysis&author=H.+Schmidt&author=A.+Kettler&author=A.+Rohlmann&author=L.+Claes&author=H.J.+Wilke&volume=22&publication_year=2007&pages=988-998&pmid=17822814&doi=10.1016/j.clinbiomech.2007.07.008&
https://www.ncbi.nlm.nih.gov/pubmed/5516549
https://scholar.google.com/scholar_lookup?journal=Acta+Orthop+Scand&title=In+vitro+diffusion+of+dye+through+the+end-plates+and+the+annulus+fibrosus+of+human+lumbar+inter-vertebral+discs&author=A+Nachemson&author=T+Lewin&author=A+Maroudas&author=MA+Freeman&volume=41&issue=6&publication_year=1970&pages=589-607&pmid=5516549&
https://www.ncbi.nlm.nih.gov/pubmed/14734978
https://scholar.google.com/scholar_lookup?journal=J+Spinal+Disord+Tech&title=Experimental+disc+degeneration+due+to+endplate+injury&author=S+Holm&author=AK+Holm&author=L+Ekstr%C3%B6m&author=A+Karladani&author=T+Hansson&volume=17&issue=1&publication_year=2004&pages=64-71&pmid=14734978&
https://scholar.google.com/scholar_lookup?journal=J+Spinal+Disord+Tech&title=Experimental+disc+degeneration+due+to+endplate+injury&author=S+Holm&author=AK+Holm&author=L+Ekstr%C3%B6m&author=A+Karladani&author=T+Hansson&volume=17&issue=1&publication_year=2004&pages=64-71&pmid=14734978&

10.

11.

12.

13.

14.

15.

16.

17.

Ito K., Creemers L. Mechanisms of intervertebral disk degeneration/injury and pain: A
review. Glob. Spine J. 2013;3:145-152. doi: 10.1055/s-0033-1347300. [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

Shayota B., Wong T.L., Fru D., David G., Iwanaga J., Loukas M., Tubbs R.S. A
comprehensive review of the sinuvertebral nerve with clinical applications. Anat. Cell

Biol. 2019;52:128-133. doi: 10.5115/acb.2019.52.2.128. [PMC free article] [PubMed]

[CrossRef] [Google Scholar]

Modic MT, Masaryk TJ, Ross JS, Carter JR. Imaging of degenerative disk
disease. Radiology. 1988;168(1):177-186. [PubMed] [Google Scholar]

Rahme R, Moussa R. The modic vertebral endplate and marrow changes: pathologic
significance and relation to low back pain and segmental instability of the lumbar
spine. American Journal of Neuroradiology. 2008;29(5):838-842. [PMC free

article] [PubMed] [Google Scholar]

Modic MT, Steinberg PM, Ross JS, Masaryk TJ, Carter JR. Degenerative disk disease:
assessment of changes in vertebral body marrow with MR

imaging. Radiology. 1988;166(1 1):193—199. [PubMed] [Google Scholar]

Carrino JA, McGraw JK. Discography. In: McGraw JK, editor. Interventional Radiology of
the Spine: Image-Guided Pain Therapy. Totowa, NJ, USA: Humana Press; 2010. pp. 149—
165. [Google Scholar]

Chou R., Atlas S.J., Stanos S.P., Rosenquist R.W. Nonsurgical interventional therapies for
low back pain: A review of the evidence for an American Pain Society clinical practice
guideline. Spine (Phila Pa 1976) 2009;34:1078-1093. doi:
10.1097/BRS.0b013e3181a103b1. [PubMed] [CrossRef] [Google Scholar]

Luan S., Wan Q., Luo H., Li X,, Ke S., Lin C.,, Wu Y., Wu S., Ma C. Running exercise
alleviates pain and promotes cell proliferation in a rat model of intervertebral disc
degeneration. Int. J. Mol. Sci. 2015;16:2130-2144. doi: 10.3390/ijms16012130. [PMC
free article] [PubMed] [CrossRef] [Google Scholar]

Weber H., Holme I., Amlie E. The natural course of acute sciatica with nerve root
symptoms in a double-blind placebo-controlled trial evaluating the effect of
piroxicam. Spine (Phila Pa 1976) 1993;18:1433—-1438. doi: 10.1097/00007632-
199309010-00006. [PubMed] [CrossRef] [Google Scholar]



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3854582/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3854582/
https://www.ncbi.nlm.nih.gov/pubmed/24436865
https://dx.doi.org/10.1055%2Fs-0033-1347300
https://scholar.google.com/scholar_lookup?journal=Glob.+Spine+J.&title=Mechanisms+of+intervertebral+disk+degeneration/injury+and+pain:+A+review&author=K.+Ito&author=L.+Creemers&volume=3&publication_year=2013&pages=145-152&doi=10.1055/s-0033-1347300&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6624329/
https://www.ncbi.nlm.nih.gov/pubmed/31338228
https://dx.doi.org/10.5115%2Facb.2019.52.2.128
https://scholar.google.com/scholar_lookup?journal=Anat.+Cell+Biol.&title=A+comprehensive+review+of+the+sinuvertebral+nerve+with+clinical+applications&author=B.+Shayota&author=T.L.+Wong&author=D.+Fru&author=G.+David&author=J.+Iwanaga&volume=52&publication_year=2019&pages=128-133&pmid=31338228&doi=10.5115/acb.2019.52.2.128&
https://www.ncbi.nlm.nih.gov/pubmed/3289089
https://scholar.google.com/scholar_lookup?journal=Radiology&title=Imaging+of+degenerative+disk+disease&author=MT+Modic&author=TJ+Masaryk&author=JS+Ross&author=JR+Carter&volume=168&issue=1&publication_year=1988&pages=177-186&pmid=3289089&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8128601/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8128601/
https://www.ncbi.nlm.nih.gov/pubmed/18272564
https://scholar.google.com/scholar_lookup?journal=American+Journal+of+Neuroradiology&title=The+modic+vertebral+endplate+and+marrow+changes:+pathologic+significance+and+relation+to+low+back+pain+and+segmental+instability+of+the+lumbar+spine&author=R+Rahme&author=R+Moussa&volume=29&issue=5&publication_year=2008&pages=838-842&pmid=18272564&
https://www.ncbi.nlm.nih.gov/pubmed/3336678
https://scholar.google.com/scholar_lookup?journal=Radiology&title=Degenerative+disk+disease:+assessment+of+changes+in+vertebral+body+marrow+with+MR+imaging&author=MT+Modic&author=PM+Steinberg&author=JS+Ross&author=TJ+Masaryk&author=JR+Carter&volume=166&issue=1+I&publication_year=1988&pages=193-199&pmid=3336678&
https://scholar.google.com/scholar_lookup?title=Interventional+Radiology+of+the+Spine:+Image-Guided+Pain+Therapy&author=JA+Carrino&author=JK+McGraw&publication_year=2010&
https://www.ncbi.nlm.nih.gov/pubmed/19363456
https://dx.doi.org/10.1097%2FBRS.0b013e3181a103b1
https://scholar.google.com/scholar_lookup?journal=Spine+(Phila+Pa+1976)&title=Nonsurgical+interventional+therapies+for+low+back+pain:+A+review+of+the+evidence+for+an+American+Pain+Society+clinical+practice+guideline&author=R.+Chou&author=S.J.+Atlas&author=S.P.+Stanos&author=R.W.+Rosenquist&volume=34&publication_year=2009&pages=1078-1093&pmid=19363456&doi=10.1097/BRS.0b013e3181a103b1&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4307353/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4307353/
https://www.ncbi.nlm.nih.gov/pubmed/25607736
https://dx.doi.org/10.3390%2Fijms16012130
https://scholar.google.com/scholar_lookup?journal=Int.+J.+Mol.+Sci.&title=Running+exercise+alleviates+pain+and+promotes+cell+proliferation+in+a+rat+model+of+intervertebral+disc+degeneration&author=S.+Luan&author=Q.+Wan&author=H.+Luo&author=X.+Li&author=S.+Ke&volume=16&publication_year=2015&pages=2130-2144&pmid=25607736&doi=10.3390/ijms16012130&
https://www.ncbi.nlm.nih.gov/pubmed/8235813
https://dx.doi.org/10.1097%2F00007632-199309010-00006
https://scholar.google.com/scholar_lookup?journal=Spine+(Phila+Pa+1976)&title=The+natural+course+of+acute+sciatica+with+nerve+root+symptoms+in+a+double-blind+placebo-controlled+trial+evaluating+the+effect+of+piroxicam&author=H.+Weber&author=I.+Holme&author=E.+Amlie&volume=18&publication_year=1993&pages=1433-1438&pmid=8235813&doi=10.1097/00007632-199309010-00006&

18.

19.

20.

21.

22.

23.

24,

Thompson J.P., Oegema T.R., Jr., Bradford D.S. Stimulation of mature canine
intervertebral disc by growth factors. Spine (Phila Pa 1976) 1991;16:253-260. doi:
10.1097/00007632-199103000-00001. [PubMed] [CrossRef] [Google Scholar]

Friedmann T., Roblin R. Gene therapy for human genetic disease? Science (N.

Y.) 1972;175:949-955. doi: 10.1126/science.175.4025.949. [PubMed] [CrossRef] [Google

Scholar]

Duarte R., Costa J.C. Percutaneous laser disc decompression for lumbar discogenic
radicular pain. Radiologia. 2012;54:336—341. doi: 10.1016/j.rx.2011.02.008. [PubMed]

[CrossRef] [Google Scholar]

Einarson T.R., Bootman J.L., Smith G.H. Chymopapain. Drug Intell. Clin.
Pharm. 1984;18:560-568. doi: 10.1177/106002808401800702. [PubMed]

[CrossRef] [Google Scholar]

Wardlaw D. Sciatica caused by disc herniation: Why is Chymopapain Chemonucleolysis
denied to our patients? Int. J. Spine Surg. 2016;10:44. doi: 10.14444/3044. [PMC free
article] [PubMed] [CrossRef] [Google Scholar]

Huang Y.C., Hu Y., Li Z. Biomaterials for intervertebral disc regeneration: Current status
and looming challenges. J. Tissue Eng. Regen. Med. 2018;12:2188-2202. doi:
10.1002/term.2750. [PubMed] [CrossRef] [Google Scholar]

Bowles R.D., Setton L.A. Biomaterials for intervertebral disc regeneration and
repair. Biomaterials. 2017;129:54—67. doi: 10.1016/j.biomaterials.2017.03.013. [PMC
free article] [PubMed] [CrossRef] [Google Scholar].



https://www.ncbi.nlm.nih.gov/pubmed/2028297
https://dx.doi.org/10.1097%2F00007632-199103000-00001
https://scholar.google.com/scholar_lookup?journal=Spine+(Phila+Pa+1976)&title=Stimulation+of+mature+canine+intervertebral+disc+by+growth+factors&author=J.P.+Thompson&author=T.R.+Oegema&author=D.S.+Bradford&volume=16&publication_year=1991&pages=253-260&pmid=2028297&doi=10.1097/00007632-199103000-00001&
https://www.ncbi.nlm.nih.gov/pubmed/5061866
https://dx.doi.org/10.1126%2Fscience.175.4025.949
https://scholar.google.com/scholar_lookup?journal=Science+(N.+Y.)&title=Gene+therapy+for+human+genetic+disease?&author=T.+Friedmann&author=R.+Roblin&volume=175&publication_year=1972&pages=949-955&doi=10.1126/science.175.4025.949&
https://scholar.google.com/scholar_lookup?journal=Science+(N.+Y.)&title=Gene+therapy+for+human+genetic+disease?&author=T.+Friedmann&author=R.+Roblin&volume=175&publication_year=1972&pages=949-955&doi=10.1126/science.175.4025.949&
https://www.ncbi.nlm.nih.gov/pubmed/21981966
https://dx.doi.org/10.1016%2Fj.rx.2011.02.008
https://scholar.google.com/scholar_lookup?journal=Radiologia&title=Percutaneous+laser+disc+decompression+for+lumbar+discogenic+radicular+pain&author=R.+Duarte&author=J.C.+Costa&volume=54&publication_year=2012&pages=336-341&pmid=21981966&doi=10.1016/j.rx.2011.02.008&
https://www.ncbi.nlm.nih.gov/pubmed/6378565
https://dx.doi.org/10.1177%2F106002808401800702
https://scholar.google.com/scholar_lookup?journal=Drug+Intell.+Clin.+Pharm.&title=Chymopapain&author=T.R.+Einarson&author=J.L.+Bootman&author=G.H.+Smith&volume=18&publication_year=1984&pages=560-568&pmid=6378565&doi=10.1177/106002808401800702&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5374990/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5374990/
https://www.ncbi.nlm.nih.gov/pubmed/28377858
https://dx.doi.org/10.14444%2F3044
https://scholar.google.com/scholar_lookup?journal=Int.+J.+Spine+Surg.&title=Sciatica+caused+by+disc+herniation:+Why+is+Chymopapain+Chemonucleolysis+denied+to+our+patients?&author=D.+Wardlaw&volume=10&publication_year=2016&pages=44&pmid=28377858&doi=10.14444/3044&
https://www.ncbi.nlm.nih.gov/pubmed/30095863
https://dx.doi.org/10.1002%2Fterm.2750
https://scholar.google.com/scholar_lookup?journal=J.+Tissue+Eng.+Regen.+Med.&title=Biomaterials+for+intervertebral+disc+regeneration:+Current+status+and+looming+challenges&author=Y.C.+Huang&author=Y.+Hu&author=Z.+Li&volume=12&publication_year=2018&pages=2188-2202&pmid=30095863&doi=10.1002/term.2750&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5627607/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5627607/
https://www.ncbi.nlm.nih.gov/pubmed/28324865
https://dx.doi.org/10.1016%2Fj.biomaterials.2017.03.013
https://scholar.google.com/scholar_lookup?journal=Biomaterials&title=Biomaterials+for+intervertebral+disc+regeneration+and+repair&author=R.D.+Bowles&author=L.A.+Setton&volume=129&publication_year=2017&pages=54-67&pmid=28324865&doi=10.1016/j.biomaterials.2017.03.013&

