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I t is thought that intervertebral disc degenera-

tion starts in the nucleus pulposus.12 Reducing 
of glucosaminoglycan amount and the matrix 

cycle and decrease in the cellular number resulting in 
the reducing in the loss of water absorption capacity 
are the prominent cellular findings. The existing sur-
gical methods are not intended for the curing of the 
patient; they restrict motion in the postoperative pe-
riod and the fusion created transmits the extra stress 
to the adjacent spinal structures. The disc function is 
not restored even if the pain is eliminated. Several 
alternative methods have been developed for inter-
vertebral disc fusion, including synthetic interverte-
bral discs and fresh-frozen allograft transplantation.17 
Use of artificial materials is limited since they do not 
have self-repair and forming capacities.

Treatments intending the repair and regenera-
tion of the intervertebral disc tissue however, allow 
the restoration of the function together with the res-
toration of the anatomic morphology. 

Disc Structure

Intervertebral disc is histologically classified as fibro-
cartilage. The normal intervertebral disc includes at 
least seven different collagen types (Tip I, II, III, V, 
VI, IX, XI). Types I and II are most frequently seen 

types.4 While annulus fibrosus (AF) mostly includes 
Types Tip I and Tip II collagen, nucleus pulposus 
(NP) mostly include Type II collagen. Collagen plays 
and important role in the load-lifting task of the disc. 
Elements of the extracellular matrix changes with 
ageing and degeneration.2 Intervertebral disc is the 
most avascular tissue in the human body and regen-
eration of this tissue is as low as the articular carti-
lage.16 Therefore, almost no regeneration occurs in 
the nucleus pulposus and annulus fibrosus after the 
surgical treatments performed because of disc her-
niation, and degeneration of the intervertebral disc 
is unavoidable.11 

AF cells are cells with fibrochondrocyte charac-
teristics within dense and mechanically strong ma-
trix. NP cells, however, are located within mechan-
ically weaker matrix and contain larger amounts 
of water.19

According to the studies, the chondrocyte-like 
cells in the area forming the border between the me-
dial face of the AF, NP and the endplate also called 
in the junction point assume a critical role in the tis-
sue repair mechanism.21

The most prominent cellular and biochemical 
change related to degeneration is the decrease in 
the cellular density within the disc. Reducing of the 
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cartilage-specific extracellular matrix elements includ-
ing type II collagen accompanies this.9 The matrix 
proteoglycan binds water and creates a large inflation 
pressure. This pressure decreases with the decreas-
ing NP cell number and the lamellar structure in the 
internal side of AF will be impaired.2 The increasing 
biomechanical pressure causes annular tears.

Transplantation Types and Related Studies

The idea of supporting the cellular number through 
cell transplantation had originated from the decreas-
ing of NP cellular loss or increasing the regenera-
tion. In the rat model that was developed initially 
by Nishimura et al. in 1998, the fresh autologous or 
frost-preserved NP cells were restituted to the disc 
that degeneration was created through nuclear as-
piration, and slowing down of degeneration was 
shown.15 The regenerative therapies developed af-
ter this include the cell therapy, gen therapy and tis-
sue engineering.8 

Cell Therapy

The cells used for tissue engineering on annulus fi-
brosus are harvested from humans or other spe-
cies. It was found in the studies performed on nat-
urally herniated discs contained larger numbers of 
aged cells, which makes the use of these for regen-
eration more difficult.7 Since the external and in-
ternal AF cells cultured in vitro are found in arti-
ficial gel and lack the normal matrix tissue, they 
loose their original phenotypes and become iden-
tical. The reducing of the cellular diversity also re-
duces the similarity with the normal tissue. With 
the purpose of eliminating this negative effect, spe-
cialized 3-dimensional environmental factors are be-
ing studied.1,5,6 Use of the mesenchymal stem cells 
to avoid the problems like cellular ageing or insuf-
ficient cell number can be an alternative method.3 
However, there are no studies showing the trans-
formation of stem cells into AF cells.

In their study on dogs, Hohaus et al., they har-
vested autologous disc cells from the lumbar region 
lomber and multiplied them in the culture, and then 
cultured these cells again in the discs of the sub-
jects 12 weeks later; and found in this study that, 

disc cells survived after the transplantation, main-
tained their reproduction capacity and secreted nor-
mal-like extracellular matrix.9 Significant correla-
tions were found between the cell transplantation 
and the preservation of the height in the disc space 
in the long-term follow-up. 

In the Euro Disc Randomized Trial that followed 
this study, the disc materials harvested from 120 
patients with lumbar disc hernia and surgical in-
dication with minimal interventional open seques-
trectomy were cultured and the cells required for 
transplantation were obtained. According to the 
2-year results of the trial, it was found that in pa-
tients that autologous disc transplantation was per-
formed, the relief of pain was more prominent, the 
fluid contents of the disc cells was greater, and the 
fluid levels in the adjacent vertebral discs were sig-
nificantly higher.

Gen Therapy

Genetic studies on the disc regeneration have shown 
that the osteogenic protein-1 (OP-1) is effective on 
the NP cells and increases the total DNA production, 
collagen content and proteoglycan production.13,20 
On the other hand, Zhang et al. found that the bone 
morphogenetic protein-13 and transcription factor 
Sox9 increase the collagen production in AF cells.23 
Despite these promising studies, there are no animal 
or human genetic studies performed in vivo.

Tissue Engineering

The final purpose in AF tissue engineering is to en-
sure the mechanical stability and formation of live 
tissue in the long-term. The scaffolds used in tissue 
engineering must meet the AF deficit in the basis, 
must be capable of adhering to the surrounding tis-
sues, must provide the environment for the stem cells 
to survive, must be biocompatible and must meet 
the mechanical characteristics of the spinal motion 
segment.10 In vivo studies on tissue engineering are 
few in number.

Mizuno et al. cultured the cells they harvested 
from sheep NP and AF in the intervertebral disc alloy 
(bio-artificial disc) containing calcium alginate sur-
rounded with polyglycolic acid they obtained using 
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tissue engineering techniques, and implanted these 
cells on the backs of athymic mice.14 Although the 
AF cells of these composite have similarities with the 
normal tissue, further studies on cellular arrange-
ment, cellular reproduction, implantation of the disc 
material, compliance with the surrounding tissues 
and mechanical properties are required. 

Sato et al. cultured the annulus fibrosus cells in 
rabbits using the tissue engineering methods, and 
then injected this allograft containing the transplant 
cells to the damaged annulus fibrosus and nucleus 
pulposus lacunas in the rabbit intervertebral discs.19 
As a result of this study, the postoperative narrowing 
was markedly prevented in the intervertebral disc 
space in the group of tissue transplants including re-
generative cells, and it was shown that allograft AF 
cells were live and displayed reproductive cells.

Ruan et al. performed intervertebral disc trans-
plantation in humans for the first time.18 In this pre-
liminary clinical study, five allograft discs were im-
planted to five patients with cervical disc hernia 
without using fixation, and positive results were 
found at the year 5. Minimal height loss was ob-
served radiologically in the disc space. In this study, 
it was reported that although there was degenera-
tion in the early period, this was reversed in the late 
period. However, since the histological data could 
not be obtained with obvious reasons and since the 
benefits of the transplantation outweighing the risks 
is controversial, indicates that more comprehensive 
clinical studies are required. 

As an alternative to these studies, gel foam, pla-
tine coil, bone cement and tissue adhesives were in-
jected into the herniated disc model in swine, and 
it was found that gel foam only was not weaker 
as compared to the intact disc.22 However, in cases 
where the annulus defect is greater, this study has 
weaknesses.

In conclusion, researches on AF and NP are still 
in the beginning stage. Regeneration studies are in-
sufficient particularly in the areas of implantation 
and fixation. It is currently not known which patient 
groups will benefit more from autologous disc cell 
transplantation. However, if the future results of the 
studies on stem cells and regenerative cells meet the 
expectations, disc transplantation with safe an easy 
techniques is seen possible.
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