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Abstract 

Background  Intervertebral disc calcification (IDC) combined with calcification in children has been sporadically 
reported, while ossification of the posterior longitudinal ligament (OPLL) in the cervical spine in pediatric patients 
is exceedingly rare. The aim of this study is to investigate the potential prognosis and outcomes associated with this 
condition.

Case presentation  We present an unusual case involving a 10-year-old Chinese child diagnosed with calcified cervi-
cal disc herniation and ossification of the posterior longitudinal ligament. Conservative treatment measures were 
implemented, and at the 1-month and 6-month follow-up, the patient’s pain exhibited significant improvement. 
Subsequent cervical MRI and CT scans revealed the complete disappearance of OPLL and substantial absorption 
of the calcified disc. During the three-month follow-up, CT demonstrated slight residual disc calcification, however, 
the patient remained asymptomatic with no discernible limitation in cervical motion.

Conclusions  We conducted a comprehensive review of several cases presenting with the same diagnosis. It 
is noteworthy that IDC combined with OPLL in children constitutes a rare clinical entity. Despite imaging indications 
of potential spinal canal occupation, the majority of such cases demonstrate complete absorption following conserv-
ative treatment, with OPLL exhibiting a faster absorption rate than calcified discs.

Keywords  Intervertebral disc calcification, Ossification of the posterior longitudinal ligament, Diagnosis, Treatment, 
Case report

Background
Intervertebral disc calcification (IDC) in children is a 
rare phenomenon. Since the initial report by Baron in 
1942, more than 300 cases have been documented [1]. 
It is characterized by calcification of the nucleus pulpo-
sus at one or more levels of the intervertebral disc, with 
the lower cervical spine commonly affected. Etiologi-
cally, IDC can be attributed to genetics factors, infection-
related inflammatory reactions, trauma, or nutritional 
metabolic deficiencies. Nevertheless, the majority of 
cases exhibit a self-limiting nature, offering a favora-
ble prognosis, thus obviating the necessity for invasive 
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diagnostic procedures, such as biopsy [2]. In contrast, 
ossification of the posterior longitudinal ligament (OPLL) 
is commonly seen in adults. Its pathological mechanism 
involves heterotopic ossification of the posterior longitu-
dinal ligament, which may result in compression of the 
spinal cord and nerve roots, thereby giving rise to vari-
ous clinical symptoms and signs. The onset of OPLL is 
insidious and often goes unnoticed by patients until they 
experience a sudden decline in muscle strength or even 
paralysis.

IDC combined with OPLL in children is exceed-
ingly uncommon, with only seven reported cases [3–9]. 
While conservative treatment has been predominantly 
employed in the majority of these cases, a standardized 
treatment protocol for this condition is currently lack-
ing. Through the presentation of a new clinical case and a 
comprehensive review of pertinent literature, our objec-
tive is to augment physicians’ diagnostic and treatment 
proficiency. Simultaneously, we aim to deepen our com-
prehension of the potential pathological mechanisms, 
treatment options, and the prospects for regression and 
prognosis associated with this uncommon condition..

Case presentation
This 10-year-old boy suffered from neck and shoulder 
pain along with restricted movement including diffi-
culty bowing and rotating his head, persisting for one 
month. He specifically noted heightened pain on the 
left side, exacerbated during prolonged periods of read-
ing, registering a visual analogue scale (VAS) score of 
4. The patient denied neck trauma, fever, and infection, 
oral medication use, and any history of other diseases. 
There was no identified familial history of OPLL in the 
relevant family history. Upon physical examination, the 
patient’s neck exhibited limited flexion and lateral rota-
tion, while maintaining normal muscle strength in the 
extremities with no discernible neurological abnormali-
ties. Laboratory findings revealed an eosinophil count 
of 0.6 × 109/L, slightly exceeding than the normal range 
(0–0.5 × 109/L). Other parameters such as blood cal-
cium level (2.35  mmol/L), erythrocyte sedimentation 
rate (ESR), C-reactive protein (CRP), and rheumatoid 
immune-related indexes was within the normal range.

Three-dimensional CT reconstruction indicated calcifi-
cation of the intervertebral disc at the C2/3 and C3/4 lev-
els, along with OPLL situated at the lateral edge of the C2 
vertebral body and the C2/3 disc level. MRI in the sagittal 
position on T2WI revealed diminished signal intensity in 
the posterior longitudinal ligaments of the C2/3 and C3/4 
discs, as well as the posterior border of the C2 vertebral 
body. In the transverse plane, the posterior longitudinal 
ligament at the C2/3 level exhibited central-left hernia-
tion, resulting in compression of the dural sac (Fig.  1). 

The spinal canal occupancy measured by using the imag 
J was approximately 30.30%. Furthermore, Materialise 
Mimics software was employed to convert the OPLL 
image of this patient into a three-dimensional model 
(Fig. 2), which clearly illustrated the morphology, precise 
location, and dimensions of both the OPLL and the calci-
fied disc.

The diagnosis of IDC with OPLL was confirmed based 
on the patient’s medical history and imaging examina-
tion. Considering the absence of current symptoms 
indicative of spinal nerve function impairment and the 
patient’s tolerable pain level, conservative treatment 
measures were adopted. These measures included cer-
vical brace protection and the administration of small 
doses of oral NSAIDs. The child experienced significant 
relief from neck and shoulder pain after one-month fol-
low-up. Subsequent cervical MRI and CT scans revealed 
that the complete disappearance of OPLL and the cal-
cified disc herniation showed substantial absorption. 
During the six-month follow-up, CT imaging indicated 
slight residual disc calcification, yet the patient remained 
asymptomatic without any any limitation of cervical 
motion (Fig. 3).

Discussion and conclusions
We conducted a comprehensive review of the existing 
literature to cervical IDC combined with OPLL in pedi-
atric cases identifying a total of seven reported instances 
(Table 1). Our analysis revealed a male-to-female ratio of 
3:4, with an age range spanning 6 to 11 years. The ethnic 
distribution demonstrated six cases among Asians and 
one among American. The prevailing clinical manifesta-
tions included neck and shoulder pain along with limited 
cervical movement, while one case presented with spinal 
radicular symptoms. Only two patients had a history of 
cervical spine trauma, and none exhibited recent infec-
tions. No noteworthy alterations were observed in the 
recorded laboratory indices. Upon evaluation of imaging 
data, it was observed that the majority of the disc calci-
fication were single interstitial, predominantly located at 
the C2-C3 level (n = 3, 37.5%), C3-C4 level (n = 1, 12.5%), 
C4-C5 level (n = 2, 25.0%), and C5-C6 level (n = 2, 25.0%). 
The distribution of OPLL was identified as primarily 
singular, manifesting at the C2-C3 level (n = 2, 28.57%), 
C3-C4 level (n = 2, 28.57%), C4-C5 level (n = 1, 14.29%), 
and C5-C6 level (n = 2, 28.57%) (Fig. 4). In our presented 
case, the calcified disc was identified across two seg-
ments, whereas the OPLL exhibited a continuous pattern 
along the posterior border of the C2 vertebral body and, 
less commonly, a nodular pattern at the C2/3 level.

Since the first case of intervertebral IDC was reported 
by Baron in 1942, approximately 300 cases have been 
documented in the literature [1]. IDC is characterized 
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by the calcification of the nucleus pulposus at one or 
more levels, often occurring in the lower cervical spine. 
Many patients are incidentally discovered through rou-
tine X-rays, while others present with nonspecific symp-
toms, including neck pain, limited cervical motion, and 

torticollis deformity [10]. Predominantly, neck and shoul-
der pain manifest as the most common clinical symptom 
in affected individuals [11].

IDC combined with OPLL in children is a rare con-
dition with a complex pathophysiology that involves 

Fig. 1  A-F CT images of cervical vertebra depict intervertebral disc calcification at the C2/3 and C3/4 levels, with protrusion of OPLL at posterior 
edge of the C2 vertebral body and the C2/3 intervertebral disc level, encroaching into the spinal canal; G-I MRI scans of cervical spine demonstrate 
a reduction in signal intensity in T2WI for the C2/3 and C3/4 intervertebral discs, as well as the posterior longitudinal ligament of the C2 vertebral 
body. In the transverse plane, the PLL at the C2/3 level exhibits central-left herniation, resulting in slight compression of the dural sac
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Fig. 2  A Intervertebral disc calcification is observed at C2/3 and C3/4 levels; B Sectional view shows finger-like protrusion of OPLL extending 
from the posterior edge of C2 vertebral body and C2/3 intervertebral disc level into spinal canal

Fig. 3  Radiological imaging at one month. A, B CT images reveal the absorption of IDC at the C2/3 and C3/4 levels after 1-month follow-up, 
and the OPLL at the posterior edge of C2 vertebral body and C2/3 disc level completely disappeared; C, D After 1-month follow-up, The transverse 
view showed alleviation of the compression on the dural sac at the C2/3 level,with residual calcification foci still present at the intervertebral disc 
level; E, F At the 6-month follow-up, MRI reveals increased signals in the C2/3 and C3/4 disc compared to the initial scans, indicative of reduced 
calcification
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multifactorial processes. While the precise etiological 
basis remains incompletely understood, several con-
tributing factors have been proposed, such as infection, 
trauma, and related pathological influences have been 
proposed as potential contributors to its development. 
Inflammatory mediators, such as histamine, tumor 
necrosis factor-α (TNF-α), interleukins (ILs), and vascu-
lar endothelial growth factor (VEGF), are thought to play 
a role. The inflammatory response triggered by calcified 
herniated discs may induce an inflammatory milieu in 
the posterior longitudinal ligament, promoting endo-
chondral osteogenesis. Mechanical stress resulting from 
disc calcification may cause stress changes in adjacent 
segments, contributing to the development of OPLL. 
This is particularly relevant in the cervical spine, where 
mechanical stresses are significant. Notably, the eryth-
rocyte sedimentation rate (ESR) stands out as the most 
sensitive indicator of IDC progression [11]. Schmit Pet 
al. reported two specific cases involving IDC patients, 
further shedding light on potential contributing factors. 
One case involved a child with a history of early corticos-
teroid treatment for rheumatoid arthritis, while the other 
child with Williams and Van Beuren syndrome. These 
instances underscore the plausible role of related patho-
logical factors in the genesis of IDC [12].

OPLL refers to the abnormal ectopic ossification occur-
ring in the posterior longitudinal ligament of the cervi-
cal spine. This condition can result in a restricted range 
of motion in the cervical spine and compression of the 
spinal cord [13]. Common symptoms of OPLL patients 
encompass neck pain, dysfunction in limb movement or 
sensation, and sphincter dysfunction. Surgical interven-
tion may become necessary in severe cases. The patho-
logical mechanism underlying OPLL entails the ectopic 
ossification of the posterior longitudinal ligament, a pro-
cess influenced by both genetic factors and non-genetic 

factors. Non-genetic contributors include dietary factors, 
obesity, mechanical stress stimulation, trauma-induced 
ligament injury, and hormone levels. Distinguishing 
between ossification and calcification of the PLL often 
involves a combination of clinical evaluation, imaging 
studies, and sometimes laboratory tests. Typically OPLL 
appears as continuous or segmental ossification along the 
posterior longitudinal ligament, creating a bony mass, 
and usually reveals a continuous low-signal intensity 
mass on T1-weighted images, corresponding to the ossi-
fied ligament. Differently, the calcification may show dis-
crete calcified deposits within the ligament, often without 
forming a continuous bony mass, and typically manifests 
as areas of signal void or low-signal intensity within the 
ligament on various sequences, representing calcified 
deposits. In some cases, laboratory tests measuring spe-
cific biochemical markers related to bone metabolism 
may provide additional information. However, this is less 
commonly used and typically reserved for cases where 
there is uncertainty or suspicion of an underlying meta-
bolic disorder. In rare cases where a definitive diagnosis 
is challenging, a biopsy of the affected ligament may be 
considered. However, due to the invasive nature of this 
procedure and the risk involved, it is usually not the first 
choice.

Cai [14] and Kawaguchi [15] conducted a compara-
tive analysis of plasma biomarker in patients with 
OPLL and healthy volunteers, differentiating between 
those with progressive and non-progressive OPLL. 
In OPLL patients, elevated levels of serum fibroblast 
growth factor-23 (FGF-23) and high-sensitivity C-reac-
tive protein (hs-CRP) were observed, accompanied by 
a significant reduction in serum phosphorus values. 
Moreover, concentrations of FGF-23 and hs-CRP in 
the ossification progression group exceeded those in 
the progression-free group. These findings suggests the 

Fig. 4  Distribution of IDC and OPLL levels in literature reports
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involvement of phosphorus metabolism, inflammatory 
response, and FGF-23 in the initiation and progres-
sion of OPLL. Matsunaga [16] reported that the area 
most commonly affected by the progression of OPLL 
is the region characterized by disc stretching and dis-
tortion. Zhang [17] conducted isolated cells extracted 
from OPLL patients demonstrated that mechanical 
stress markedly decreased vimentin expression while 
increasing the expression of osteocalcin (OCN), alka-
line phosphatase (ALP), and COL I in the ligament cells 
of OPLL patients. This in turn facilitated the osteogenic 
differentiation and triggered OPLL development. The 
prevalence of OPLL varies geographically, with rates 
of 1.8%-4.1% in Japan, 0.2%-1.8% in China, and only 
0.01%-1.7% in the United States and Europe [18]. The 
male-to-female ratio is approximately 2:1 [19].

The anatomical composition of the intervertebral disc 
is marked by the peripheral annulus fibrous and the cen-
tral nucleus pulposus. Notably, blood vessels are typically 
absent, except for the outer third of the annulus fibrosus, 
which contains a low number of cells [20]. In instances 
of intervertebral disc degeneration, stimulation induced 
by inflammatory mediators, such as histamine, tumor 
necrosis factor α (TNF-α), interleukins (ILs), vascular 
endothelial growth factor (VEGF), and neovasculariza-
tion occurs within the disc [21]. This stimulation leads to 
the differentiation of monocytes into macrophages, trig-
gering an increase in the release of matrix metallopro-
teinases (MMPs). This heightened release facilitates the 
process of disc calcification phagocytosis and resorption 
[22]. In contrast to the inability to resorb the abnormal 
ossification of adult OPLL, the anatomical characteris-
tics of the intervertebral disc and the process of degen-
erative reabsorption contribute to a slower resorption of 
calcification.

In our ongoing patient follow-up investigation, coupled 
with a review of the prognoses of the remaining seven 
children with IDC combined with OPLL reported in the 
literature, a noteworthy observation emerged. It was con-
sistently observed across all cases that the resorption of 
OPLL occurred earlier than the resorption of disc calci-
fication. Specifically, in the current case, complete disap-
pearance of OPLL was observed after merely 1  month. 
Furthermore, after 6  months mark, substantial resorp-
tion of the patient’s IDC was noted. In contrast, a case 
reported by Du [7] and others, where the patient with lin-
gering disc calcification even after 9  years of follow-up. 
This discrepancy underscores the significantly slower rate 
of IDC resorption compared to that of OPLL.

In consideration of the absence of reported cases 
involving irreversible spinal cord function damage solely 
due to OPLL in children, we propose a hypothesis that 
OPLL in children may be secondary to a specific state of 

IDC. This speculation is rooted in the concept that an 
inflammatory response within the posterior longitudinal 
ligament, thereby instigating the accumulation of inflam-
matory or immune factors. These factors, in turn, induce 
endochondral osteogenesis in the posterior longitudinal 
ligament [11]. The inflammation levels including CRP 
and ESR observed in relevant case reports may poten-
tially reflect this inflammatory response process [5–7]. 
Simultaneously, the calcification of intervertebral discs 
induces stress changes in the corresponding disc seg-
ments,, leading to an unstable state in the spine. This state 
of spinal instability accelerates the progression of OPLL. 
Unlike adult OPLL, the OPLL observed in children is still 
in an evolving state, characterized by an immature level 
of osteogenesis that is susceptible to resorption. This 
susceptibility is attributed to the high metabolic levels in 
children and the upregulation of blood supply resulting 
from inflammation around the ossification. These find-
ings provide a promising avenue for further research in 
this domain.

Neck and shoulder pain, stiffness, and limited motion 
represent the primary symptoms observed in the initial 
stages of IDC combined with OPLL in most pediatric 
cases, with severe neurological impairment of the spinal 
cord being a rare occurrence. In our study, we conducted 
a comprehensive review of OPLL morphology and spi-
nal canal encroachment in various cases. However, the 
actual parameters such as OPLL thickness haven’t been 
measured in some cases due to the absence of a rele-
vant scale in the provided imaging data. To address this 
limitation, we employed the imag J software for precise 
measurements, focusing on the Pavlov ratio and spinal 
canal occupancy. Our results revealed a range of spi-
nal canal occupation rates from 22.13–60.42%, with an 
average of 42.04 ± 11.42%. Additionally, the Pavlov ratios 
ranged from 0.79 to 1.06, with a mean of 0.93 ± 0.09. 
Interestingly, despite significant OPLL invasion, most 
children did not exhibit severe neurological impairment 
of the spinal cord. This phenomenon may be attributed 
to the larger effective space within the spinal canal in 
children, as well as to the fact the early stage of ossifica-
tion of children’s OPLL has a softer texture compared to 
adults’. Furthermore, unlike in adults, our examination 
of imaging characteristics highlighted a distinct pattern 
that the majority of OPLL in children was predomi-
nantly situated in the segment where IDC occurred, and 
the morphology of the OPLL protruding into the spinal 
canal exhibited rounded and smooth appearance, devoid 
of osteophytes or bone bridges evident in the vertebral 
body of this segment. These findings strongly suggest 
that children’s OPLL is more likely to develop second-
ary to IDC. Furthermore, the smooth morphology of the 
OPLL avoids impairing spinal cord function, resulting 
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in milder clinical symptoms, a notable contrast to the 
rapid decline in spinal cord function typically observed 
in adults with OPLL.

When children present with complains of neck and 
shoulder pain, limited mobility, or radicular symptoms 
lacking an obvious cause, the possibility of IDC children 
combined with OPLL should be considered. The distribu-
tion of this disease appears to demonstrate age-specific 
and race-specific skew. CT is the preferred diagnostic 
modality for IDC with OPLL, but it is not the primary 
choice for long-term follow-up in children due to the 
radioactivity [23]. Digital radiography (DR) and MRI can 
be used as examination methods to assess the extent of 
IDC and OPLL and spinal cord compression. Presently, 
conservative treatment stands as the preferred approach 
for IDC combined with OPLL, particularly in cases 
where there are no signs of spinal nerve impairment and 
the patient’s pain is tolerable. The rationale for conserva-
tive management lies in the generally positive outcomes 
observed, including the rapid reabsorption of OPLL. It 
aims to alleviate symptoms, prevent neurodeficits, and 
avoid the potential risks associated with surgical inter-
ventions. Conservative treatment measures such as cervi-
cal brace protection and oral non-steroidal drugs, can be 
employed with generally favorable outcomes. Zhu et  al. 
[8] suggested that the outcome of the disease is gener-
ally positive by studying patients with non-interventional 
treatment. In our cohort, no significant narrowing of 
the vertebral space, cervical instability, or hypertrophic 
folds of the ligamentum flavum were observed, the rar-
ity of significant neurodeficits in the literature supports 
the efficacy of conservative management. Due to uncer-
tain effects and the potential risk of exacerbating spinal 
cord injury in the traction state with heavy intraspinal 
compression [24], we do not recommend traction treat-
ment for patients. Surgical intervention is considered 
cautiously and reserved for cases with a rapid decline 
in spinal cord nerve function. The decision for surgery 
depends on the severity of neurological impairment, 
the presence of compression, and individual patient fac-
tors. Potential surgical procedures include decompres-
sion and stabilization to address spinal cord compression 
[25]. However, surgery is associated with inherent risks, 
and the decision to proceed should be carefully weighed 
against the potential benefits.

While OPLL may extensively encroach upon the 
spinal canal, the resultant impairment of spinal cord 
function is generally mild, and after conservative treat-
ment, reabsorption of OPLL tends to be rapid, leading 
to a positive prognosis. It is noteworthy that residual 
intervertebral disc calcification may persist, prompt-
ing the need for further investigation into its potential 
role in accelerating disc degeneration and contributing 

to the recurrence of OPLL in adults. In this presented 
case, we treated the child with cervical brace protec-
tion and a limited course of oral NSAIDs, effectively 
alleviating his pain symptoms but also mitigated the 
risk of unforeseen factors causing a rapid deterioration 
of spinal cord function. The overall prognosis for the 
patient was deemed quite favorable. In our perspective, 
surgical intervention should approached cautiously and 
reserved for cases where patients experience a rapid 
decline in spinal cord nerve function, warranting care-
ful consideration of the potential benefits and risks 
associated with such interventions.
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