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Differences in calcification and osteogenic
potential of herniated discs according to
the severity of degeneration based on
Pfirrmann grade: a cross-sectional study
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Abstract

Background: Herniated discs may exhibit calcification, and calcified discs may complicate surgical treatment.
However, the osteogenic potential and expression of osteogenic markers in degenerative discs of different
degenerative grades are still unclear. Our purposes are to study the differences in calcification rate and osteogenic
potential of herniated discs according to different degenerative grades.

Methods: Fifty-eight lumbar intervertebral discs were removed from 41 patients. After grading according to the
Pfirrmann scale, calcification was analyzed by micro computed tomography (μ-CT), and expression of osteogenic
markers was analyzed by immunohistochemistry and real-time quantitative polymerase chain reaction (qPCR). Data
from μ-CT scans were compared with the Kruskal–Wallis test. The Mann–Whitney test was applied to compare data
between any two groups. Differences in osteogenic mRNA expression in different regions of the removed discs
(posterior vs. anterior) were analyzed by paired t tests. Differences in the posterior portion of removed discs of
different Pfirrmann grades were analyzed by one-way analysis of variance (ANOVA), and comparisons of data
between discs of any two grades were completed with least significant difference (LSD) tests.

Results: Significant differences in calcification according to μ-CT scanning were observed between discs of different
degenerative grades. Nearly half of the discs of Pfirrmann grade V showed the highest degree of calcification
compared to Pfirrman grade II discs. Bone morphogenetic protein (BMP)-2, Osterix, and Osteocalcin were detected
histologically in discs of Pfirrmann grades III–V. Alkaline phosphatase (ALP) expression was observed in discs
showing evidence of calcification. The qPCR analysis showed that BMP-2, Osterix, and Osteocalcin were expressed
in most degenerated discs. We also observed greater expression of these osteogenic markers in the posterior
portion of removed discs than in the anterior portion.

Conclusions: The osteogenic potential of degenerated intervertebral discs appears to increase with the severity of
degeneration and to be greater in the tissue near the spinal canal than in tissue in the inner portion of the disc.
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Background
Degenerative intervertebral disc disease leads to low
back pain and radiating leg pain that severely diminishes
patients’ quality of life [1]. Herniated discs may also ex-
hibit calcification [2], and calcified discs may adhere to
the epidural membrane, complicating surgical treatment
and introducing a high risk of cerebral spinal fluid leak-
age [3]. Calcification of degenerative discs mainly resides
in the herniated portion of the disc near the spinal canal.
However, whether the osteogenic potential of the herni-
ated intervertebral disc near the spinal canal is more
powerful than the relative inner portion of the disc is
still unclear. The expression of Bone morphogenetic
protein 2 (BMP-2), which is widely known as an osteo-
genic induction factor, and its receptors in degenerated
discs has been well elucidated [4], but the role of BMP-2
expression in intervertebral discs remains controversial
[5–7]. BMP-2 has been shown to accelerate chondrogene-
sis and extracellular matrix formation [8, 9], and other
studies have indicated that although BMP-2 cannot
prevent intervertebral disc degeneration, it can lead to
intervertebral disc ossification [7, 10]. Runx-2 is an
essential transcription factor that initiates the hyper-
trophic differentiation of chondrocytes [11, 12], and Type
X collagen expression is associated with endochondral
ossification [13]. Overexpression of Runx-2 and Type X
collagen has been observed in degenerated intervertebral
discs, which indicates that degenerative discs have some
extent of osteogenic potential [11, 14]. However, these
reports did not consider the severity of degeneration or
quantitatively compare the expression of osteogenic
markers. Moreover, expression of some important osteo-
genic markers, including Osterix and Osteocalcin, has not
been investigated in such discs.
The purpose of this study was to clarify the osteogenic

potential and expression of osteogenic markers in degen-
erative discs of different Pfirrmann grades and to investi-
gate the differences in osteogenic marker expression
between the portion of the intervertebral disc near the
spinal canal and that near the inner region of the disc.

Methods
Case selection
Forty-one cases were diagnosed as lumbar disc hernia-
tion or lumbar disc herniation combined with spinal
stenosis and were treated by discectomy via a posterior
Table 1 Primers for real-time PCR

Gene Upstream primer

β-actin CACCCAGCACAATGAAGAT

BMP-2 CTGAACTCCACTAATCATG

SP7 (Osterix) TCTGCGGGACTCAACAACT

BGLAP (Osteocalcin) AGGGCAGCGAGGTAGTGA
approach in Peking University Third Hospital between
February 2014 and December 2014. In 24 cases, a single
segmental procedure was performed, whereas a two seg-
mental procedure was performed in 17 cases. Fifty-eight
discs were removed: 14 discs of L3/4, 31 of L4/5, and 13
of L5/S1. Patients with bone metabolic disease, congeni-
tal bone malformation, gout, renal dysfunction, or hyper-
calcemia were excluded. Our study was approved by the
Medical Scientific Research Ethics Committee of Peking
University Third Hospital, and the patients provided in-
formed written consent to participation in this study.

Reagents and antibodies
Total RNA was extracted using Trizol reagent (15596–026)
from Invitrogen Life Technologies (Carlsbad, CS).
Reverse transcription was performed using the RevertAid
first strand cDNA synthesis kit (K1633) from Thermo-
Scientific (Waltham, MA). The real-time quantitative
polymerase chain reaction (qPCR) was carried out using
Faststart Universal SYBR Green Master from Roche
(Basel, Switzerland). Primers were synthesized by Invitro-
gen Biotechnology Co., Ltd., (Shanghai, China). Anti-BMP2
antibody (ab14933), anti-alkaline phosphatase (ALP)
antibody (ab95462), anti-Sp7/Osterix antibody (ab94744),
and anti-Osteocalcin antibody (ab93876) were purchased
from Abcam (London, UK). Secondary antibody and a
diaminobenzidine (DAB) kit (K5007) were obtained from
DakoCytomation (Glostrup, Denmark).

Grading of disc degeneration
The Pfirrmann grading system based on magnetic reson-
ance imaging (MRI) T2 weighted images was used to
classify the degenerative discs according to the severity
of degeneration [15]. The operator and first assistant
collaborated to judge the Pfirrmann grade of each disc,
and the corresponding author made a final decision.
Pfirrmann grade I indicates a normal, healthy disc as
only found in children, whereas Pfirrmann grade V indi-
cates the most severe degree of degeneration.

Disc removal
After the lumbar lamina was removed, the nerve root was
retracted in the posterior lumbar discectomy procedure,
leaving space for the posterior longitudinal ligament and
annulus fibrosus of the herniated side to be incised circu-
larly. Then the discs were removed using the nucleus
Downstream primer

CAAGAT CCAGTTTTTAAATCCTGAGTCAAGC

CCAT ACCCACAACCCTCCACAACC

CT TGGGAAAAGGGAGGGTAATCA

AG TCCTGAAAGCCGATGTGGTC



Table 2 Calcification rate based on μ-CT
N = 58 No. of cases - ± + ++

Pfirrman II 9 6 (66.7 %) 3 (33.3 %) 0 (0 %) 0 (0 %)

Pfirrman III 20 4 (20 %) 4 (20 %) 7 (35 %) 5 (25 %)

Pfirrman IV 18 0 (0 %) 2 (11.1 %) 10 (55.6 %) 6 (33.3 %)

Pfirrman V 11 1 (9.1 %) 1 (9.1 %) 4 (36.4 %) 5 (45.4 %)
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pulposus forceps. We designated the first piece of tissue
removed as the specimen. Eighteen specimens (3 of grades
II and V, 6 of grades III and IV) were selected to be fixed
in test tubes filled with 10 % neutral buffered formalin
with the anterior part of the specimen leaning on the
bottom of the tube for 12–24 h. Specimens were then
washed and temporarily steeped in 75 % ethanol at 4 °C
before μ-CT analysis. The other forty samples (6 of grade
II, 14 of grade III, 12 of grade IV, and 8 of grade V) were
transferred to a frozen storage tube immediately with the
anterior part of the specimen leaning on the bottom of
the tube and stored at −80 °C until analysis.

Micro computed tomography (μ-CT)
All 58 specimens were analyzed using a Siemens Inveon μ-
CT scanner (Siemens Medical Solutions, Knoxville, TN)
according to the following parameters: X-ray beam voltage,
80 kV; current, 500 μA; and effective resolution, 13.6 μm.
According to the semi-quantitative grading system of
Rutges et al. [16], we designated the absence of calcification
as -, the presence of a single area of calcification as ±, the
presence of two clear areas of calcification as +, and the
clear presence of multiple areas of calcification as ++.
Fig. 1 μ-CT scan revealing that the posterior portions of the removed inter
portions. White spots indicate the calcification spots in the removed disc. a
Histological analysis
Hematoxylin-eosin (HE) staining was used to evaluate
tissue organization, Von Kossa staining was used to deter-
mine mineralization, and immunohistochemical staining
was applied to investigate the expression of BMP-2, Osterix,
Osteocalcin, and ALP. After dehydration and paraffin
embedding, the specimens were sectioned at 5 μm. The
sections were deparaffinized and hydrated, and heat treat-
ment in citrate buffer (pH 6.0) was used for antigen re-
trieval. After the primary antibodies were added at proper
dilutions (1:400 for anti-BMP-2, 1:200 for anti-Osterix,
1:200 for anti-Osteocalcin, and 1:400 for anti-ALP), the sec-
tions were incubated for 2 hours at 37 °C. After addition of
the secondary antibody, DAB was used as the chromogen.
All sections were counterstained with hematoxylin.

mRNA extraction and cDNA synthesis
After μ-CT analysis, each removed intervertebral disc
was divided into posterior and anterior parts for qPCR
analysis. After being mixed with Trizol reagent and
ground sufficiently, the specimens were centrifuged and
reconstituted in Methenyltrichloride and propyl alcohol.
The product of centrifugation was total RNA. Reverse
transcription for cDNA synthesis was completed follow-
ing instructions provided by the manufacturer of the kit
employed (RevertAid first strand cDNA synthesis kit).

qPCR
β-actin was used as the reference gene. We randomly
chose five posterior portions of samples from each grade,
and eight samples that had been divided into posterior
vertebral discs contained more ossification sites than the anterior
is a Pfirrmann grade III disc, and (b) is a Pfirrmann grade V disc



Fig. 2 HE staining in (a) revealed mineralization (*) and cells
surrounding the mineralization spot (arrow) in degenerated discs.
Von Kossa staining in (b) verified the mineralization (*) in discs.
a and b are Pfirrmann grade IV discs
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and anterior parts for qPCR analysis. Because no osteo-
genic markers were detected in grade II samples in our
preliminary experiment, grade II samples were excluded
from qPCR analysis. qPCR was completed following the
protocol provided by the manufacturer of the product
(Faststart Universal SYBR Green Master) with the primers
listed in Table 1. The PCR program was set as follows:
pre-denaturation at 95 °C for 10 min (1 cycle), 40 amplifi-
cation cycles (95 °C for 15 s, cooling to 60 °C and holding
for 60 s), and then an increase from 75 °C to 95 °C at 1 °C
per 20 seconds to obtain the melting curve. Relative gene
expression was normalized to that in the anterior portion
of the removed discs when samples were grouped accord-
ing to the removed part of the disc, and by Pfirrmann
Grade III when grouped by Pfirrmann grade through ap-
plication of the Livak method [17].

Statistical analysis
Statistical analysis was completed using SPSS 20.0 for
Windows PC version (SPSS Inc., Chicago, IL). The
kappa value was calculated to determine interobserver
agreement regarding the Pfirrmann grade. Data from μ-
CT scans were compared with the Kruskal–Wallis test.
The Mann–Whitney test was applied to compare data
between any two groups. Differences in osteogenic mRNA
expression in different regions of the removed discs (pos-
terior vs. anterior) were analyzed by paired t tests. Differ-
ences in the posterior portion of removed intervertebral
discs of different Pfirrmann grades were analyzed by one-
way analysis of variance (ANOVA), and comparisons of
data between discs of any two grades were completed with
least squares difference (LSD) tests. P < 0.05 was consid-
ered statistically significant, except in the Mann–Whitney
test for which a corrected P < 0.007 as statistically signifi-
cant. The corrected P value in the Mann–Whitney test
was calculated using the following formula:

P0 ¼ P

C2
n þ 1

where P’ indicates the corrected P value (P = 0.05), and
“n” represents the number of groups, which was 4 in our
study. P’ was approximately 0.0071 based on the formula,
and thus, we defined P’ < 0.007 as statistically significant.

Results
The interobserver kappa value for determining the
Pfirrmann grade was 0.792 (P < 0.01). The μ-CT results
for intervertebral disc calcification in discs of different
Pfirrmann grades indicated that the percentage of discs
with a calcification grade of ++ increased from 0 % among
the Pfirrman grade II discs to 45.4 % among the Pfirrmann
grade V discs (Table 2). The corresponding Kruskal–
Wallis test results were χ2 = 19.274 with a P < 0.001,
and the Mann–Whitney test results showed a significant
difference between grades II and III (P < 0.007), grades II
and IV (P < 0.001), and grades II and V (P < 0.001),
whereas no significant difference in grades III and IV
(P = 0.105), grades III and V (P = 0.174), and grades IV
and V (P = 0.805) was observed. Thus, our μ-CT results
indicate a significant difference in the extent of degener-
ation and calcification between discs of Pfirrmann grade II
vs. III, IV, or V. In addition, we observed more ossification
sites in the posterior portions of removed intervertebral
discs than in the anterior portions (Fig. 1).
Mineralization was detected in degenerated discs by

HE staining, especially in the specimens that exhibited
calcification on μ-CT (Fig. 2a), in which more cells were
detected surrounding the calcification site. Von Kossa
staining verified the mineralization of spots as shown
in Fig. 2b. Moreover, based on immunohistochemical
staining, discs of Pfirrman grades III, IV, and V showed ex-
pression of BMP-2, Osterix, and Osteocalcin (Fig. 3a, b
and c), even if the μ-CT results did not reveal calcification.
ALP expression was observed only in the specimens for



Fig. 3 BMP-2 (a), Osterix (b), and Osteocalcin (c) were detected in degenerated discs, even if μ-CT did not show calcification. ALP (d) was positive
in herniated discs with evidence of calcification. In discs for which μ-CT indicated – or ± calcification, ALP expression was not detected or detected in
only a few cells (e), whereas staining for Osterix (f) was positive in the same position. a and d are Pfirrmann grade IV discs, b and c belong to grade V,
and e and f are grade III
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which μ-CT showed calcification categorized as + or ++
(Fig. 3d). In specimens with – or ± calcification scoring,
ALP expression was not detected or detected in only a
few cells (Fig. 3e), whereas staining for Osterix (Fig. 3f)
was positive.
The qPCR analysis revealed that most degenerated

discs, except those of Pfirrmann grade II and two speci-
mens of Pfirrmann grade III, expressed osteogenic
markers. In addition, according to comparisons by
paired t tests, the posterior portions of removed discs
showed greater expression of BMP-2 (P < 0.01), Osterix
(P < 0.01), and Osteocalcin (P < 0.05) than the anterior
portions (Fig. 4).
One-way ANOVA comparing osteogenic marker ex-

pression among discs of different Pfirrrmann grades also
confirmed significant differences in the expression of
BMP-2 (P < 0.01) and the Osteocalcin group (P < 0.05),
but no differences were observed in Osterix expression
(P = 0.124). Although LSD tests revealed no statistically
significant differences in gene expression between any
pair of adjacent Pfirrmann grades, the comparison of gene
expression data for Pfirrmann Grade III and Grade V discs
indicated that grade V discs expressed higher levels of
BMP-2 (P < 0.01), Osterix (P < 0.05), and Osteocalcin
(P < 0.01) than the grade III group (Fig. 5).

Discussion
Our μ-CT results indicate a significant increase in the
degree of intervertebral disc calcification with increasing
severity of degeneration based on the Pfirrmann grading
system, and this finding is consistent with the results of
a previous study [18]. The lack of significant differences



Fig. 4 BMP-2, Osterix, and Osteocalcin expression was greater in the posterior part of the removed intervertebral disc than in the anterior part.
*P < 0.05, **P < 0.01
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in calcification between discs of Pfirrmann grades III–V
may have been due to the use of calcification grading
system that is semi-quantitative, focusing only on the
number of calcified spots and not considering the size of
such regions. There was one specimen of Pfirrmann
grade V that appeared to have a “-” grade of calcification.
Although no calcification spot may have formed in this
sample or the formed calcification was below the reso-
lution of μ-CT, positive Osterix expression on immuno-
histochemical staining indicated the osteogenic potential
of the disc. Our μ-CT results also showed that the pos-
terior part of the removed intervertebral discs showed
much greater calcification than the anterior part.
Dystrophic calcification is a passive pathologic process

caused by necrosis or malnutrition, but it has been re-
ported that the calcification of intervertebral discs is an
active process that occurs along with hypertrophic differ-
entiation [16]. Our observation of cells expressing BMP-2,
Fig. 5 Greater expression of BMP-2 (P < 0.01), Osterix (P < 0.05), and Osteoc
grade III discs. *P < 0.05, **P < 0.01
Osterix, Osteocalcin, and ALP around and/or within
calcified tissue as well as the increased gene expression of
BMP-2, Osterix, and Osteocalcin in discs exhibiting
greater calcification indicate that intervertebral disc calci-
fication is an active process linked to osteogenesis. More-
over, based on the expression of Runx-2 in degenerated
discs [11], the ossification of intervertebral discs is an en-
dochondral process.
BMP-2 is a type of multifunctional growth factor

involved in the regulation and control of development,
differentiation, and apoptosis of osteoblasts, chondro-
blasts, neurocytes, and epithelial cells [19]. Takae et al. [4]
first reported the expression of BMP-2 and its receptors in
degenerated cervical intervertebral discs of mice in 1999.
Although their results indicated a relationship between
BMP-2 expression and disc degeneration, the exact rela-
tionship remained unclear. A series of in vitro and in vivo
studies has elucidated the roles of chondrogenesis and the
alcin, (P < 0.01) was observed in Pfirrmann grade V discs compared to
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regenerative effect of BMP-2 in the intervertebral disc
degeneration process [20, 21]. However, another study
[7] demonstrated Osteocalcin expression and calcium
deposition after treatment of intervertebral disc cells with
BMP-2, indicating that BMP-2 has an osteogenic effect in
intervertebral disc tissue. Our findings indicate that the
level of BMP-2 expression in intervertebral disc tissue is
related to the severity of degeneration, in accordance with
the results of a previous study [22]. Our data also reveal
that the expression levels of Osterix and Osteocalcin
follow trends similar to BMP-2, confirming that the
BMP-2 level is consistent with the osteogenic potential of
degenerated discs. We hypothesize that BMP-2 plays two
roles in degenerated discs: one is compensatory in which
BMP-2 accelerates cartilage repair, and because this
compensatory expression cannot completely reverse the
degeneration, overexpression of BMP-2 finally leads to the
ossification of discs as a side effect. The underlying mech-
anisms by which BMP-2 regulates chondrogenesis and
osteogenesis remain unknown, and in our future studies,
we will investigate methods to block the osteogenic effect
of BMP-2 to ensure proper intervertebral disc regener-
ation upon treatment with BMP-2.
Our μ-CT and qPCR results both demonstrated that

the posterior part of removed intervertebral discs pos-
sesses greater osteogenic potential than the anterior part.
This phenomenon may be caused by differences in the
local environments of these regions of discs. Interestingly,
the posterior part of intervertebral discs has also been
shown to exhibit more severe inflammation, fibrosis, and
angiogenesis than the anterior part [18]. However, the
presence of some degree of osteogenic potential in
the anterior part indicates that the differences in the local
environment are not the only cause for this phenomenon,
and some other undefined factors likely participate in the
induction of intervertebral disc ossification.
Our immunohistochemical staining experiments re-

vealed the presence of the osteogenic markers BMP-2,
Osterix, Osteocalcin, and especially ALP, which hydro-
lyzes calcium pyrophosphate [23] to initiate an irrevers-
ible process of calcification, and even in discs that did
not stain positively for ALP, Osterix expression was
observed. These findings suggest that osteogenesis in
the intervertebral disc is a very slow process first involving
the formation of dispersed, amorphous regions of calcifi-
cation or osteoid tissue with eventual formation of mature
bone in the long term. The formation of these calcified
tissues may be related to the inflammation and angio-
genesis that occur after disc degeneration or herniation.
The origin of osteoprogenitor cells responsible for
intervertebral disc ossification is still not clear. These
cells may be derived from primitive cells in the periph-
eral blood and/or from osteoprogenitor cells in the
degenerated disc [24]. Jin et al. reported that the origin
of these cells is the pre-existing primitive cells in the
disc. However, other studies have shown that the cells
responsible for ossification in aortic calcification and
tendinopathy are derived from the two different origins,
which suggests this possibility also in intervertebral
discs [25, 26].

Conclusions
Degenerated intervertebral discs appear to possess
osteogenic potential in direct relation to the severity of
degeneration. The more severely degenerated discs have
greater osteogenic potential than the less severely
degenerated discs. Moreover, the osteogenic potential
of the intervertebral disc tissue near the spinal canal
is greater than that of the tissue in the relative inner
portion of the disc.
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