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Abstract: Diffuse idiopathic skeletal hyperostosis (DISH) is a condition characterized by the calcifica-
tion and ossification of the ligaments of the cervical spine; in some cases, it may result in dysphagia.
The condition is more common in men over 50 years of age with metabolic disorders, and it is
often asymptomatic and not a major issue for patients. The etiology of DISH is poorly understood,
and known genetic factors indicate multiple signal pathways and multigene inheritance. In this
review, we discuss the epidemiological, clinical, and etiological aspects of DISH with a special focus
on dysphagia.

Keywords: cervical spine; DISH; diffuse idiopathic skeletal hyperostosis; Forestier disease; dyspha-
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1. Introduction

Diffuse idiopathic skeletal hyperostosis (DISH/Forestier’s disease) is a condition
characterized by the calcification and ossification of the ligaments of the cervical spine, and
the condition may be exclusive to this area of the spine [1].

DISH occurs with a frequency of 2–4% in patients over 40 years of age, up to 11% with
middle-aged patients, and this increases to 28% in those over 80 years of age [2]. DISH is
more common in men [2,3].

DISH is often confused with related major diseases such as ankylosing spondylitis,
spondylosis deformans, and degenerative spinal disease [3].

2. Etiopathogenesis—Molecular Aspects

Little is known about the pathogenesis of DISH. The condition is associated with
old age, males, obesity, hypertension, atherosclerosis, and diabetes mellitus [4]. On the
molecular level, the condition is associated with genetic factors, changes in signaling
pathways, and metabolic and vascular [5] inflammatory [6] factors.

The pathogenesis of DISH is likely polygenic and dependent on the interaction of
multiple gene variants, epigenetics, and environmental factors. DISH is likely influenced
by many polymorphisms influencing inheritance, pathology, and expression in various
genes [7].

2.1. Genetic Factors

Many proteins and signaling pathways are responsible for bone formation and healing,
including the Wnt/β-catenin signaling pathway. Wnt ligands bind to the receptor complex
(frizzled and low-density lipoprotein receptor-related protein (LRP5 or LPR6)), causing the
release of β-catenin by phosphorylation, which releases it from the multiprotein complex.
The accumulation of β-catenin in the cytoplasm and ultimately its translocation to the
nucleus result in the activation of target genes [8]. TGF-β is another signaling pathway
involved in the differentiation of bone-forming osteoblasts, skeletal genesis, and bone
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homeostasis. In humans, heterozygous pathogenic changes in fibrillin 1 (FBN1), trans-
forming growth factor beta receptor 1/2 (TGFBR1/2), or in TGF-β inhibit this signaling
pathway, phenotypically causing skeletal-deformity diseases (Marfan, Loeys Dietz, and
Camurati–Engelman syndrome) [9]. Many cytokines, growth factors, hormones, and vita-
mins are involved in the bone-repair and -remodeling phases. Growth factors belonging to
the TGF-β superfamily, bone morphogenetic proteins (BMP), or TGF-β1 act locally on bone
formation by stimulating the proliferation and osteogenic differentiation of mesenchymal
stem cells (MSC) [9].

Gorman et al. described a family with a genetic predisposition to DISH of the cervical
spine [10]. Among animals, some dog breeds (for example, boxers) were found to have a
higher incidence of DISH (40%) than that of other breeds (4%) [11]. Previous research found
that mouse modeling lacked the equivalent volume of nucleoside transporter 1 (ENT1)
signaling DISH [12].

Single nucleotide polymorphisms in the COL6A1 and FGF2 genes were associated with
the presence of DISH [12]. Other potential genes that were studied in patients with DISH
and chondrocalcinosis (DISH/CC) include R-spondin 4 (RSPO4), LEM domain-containing
3 (LEMD3), and protein phosphatase 2 regulatory subunit beta delta 2 (PPPR2RD) (Table 1,
Figure 1) [13,14].

Table 1. Genetic variants associated with DISH.

Gene SNP Population
Disorder

Associated with
DISH

References

FGF2 rs1476217/rs3747676 Korean OPLL Jun et al. [15]

COL6A1 intron 32 (−29) Japanese OPLL Tsukahara et al.
[16]

PPP2R2D rs34473884 Azorean CC Parreira et al.
[14]

RSPO4 rs146447064,
rs14915407 Azorean CC Couto er al. [13]

BMP4 rs17563 Azorean CC Couto er al. [13]

LEMD3 rs201930700 Azorean CC Couto er al. [13]
SNP, single nucleotide polymorphism; OPLL, ossification of the posterior longitudinal ligament; CC, chondrocal-
cinosis.
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pathways. Solid green arrows indicate activation; solid red bars indicate inhibition. Figure created using Servier Medical
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Future molecular studies should include other variants of the BMP4 gene (rs17563)
and the overexpression of ABCC6 [7].

2.1.1. COL6A1

The α-chain of Type VI collagen is a protein of the extracellular matrix encoded by
the COL6A1 gene, which forms the basis of osteoblastic cells or chondrocytes, which
participate in membrane or endochondral ossification. Certain COL6A1 variants were
shown to increase the posterior longitudinal ligament’s (OPLL) susceptibility to ossification.
Single-nucleotide polymorphisms (SNPs) in COL6A1 were only found in the Japanese DISH
patient population [16]. Patients with both OPLL and DISH showed more potent COL6A1
variants than patients with isolated OPLL did [12].

2.1.2. FGF2

Fibroblast growth factor 2 (FGF2) is part of a large family of growth factors that play
a role in the angiogenesis and mitogenesis of many cell types. FGF2 transmits signals
through two (FGFR2 and FGFR3) of the four known FGF receptors (FGFR), which contain
an extracellular immunoglobulin-like domain and a cytoplasmic tyrosine kinase domain.
The FGF family of proteins are involved in stem-cell growth, tissue regeneration, and
carcinogenesis [18]. The signaling pathways of FGF/FGFR play an important role in bone
development. In addition, FGF signaling is involved in the maintenance of adult bone
homeostasis and fracture healing. The synergism of FGF2 action with BMP2 with canonical
Wnt signaling was demonstrated [19].

FGF/FGFR plays a major role in bone development, including in the pathogenesis
of human ligament ossification. Previous research showed that the variant of FGFR1
is significantly associated with OPLL, and another variant in FGF2 is associated with
conditions coexisting with DISH [16].

2.1.3. RSPO4

Proteins from the R-spondin (RSPO) family consist of four members (RSpo1–4) whose
structures are 60% similar. The RSPO4 protein is involved in the activation of the Wnt/β-
catenin signaling pathways. The activation of the Wnt signaling pathway causes the
production of proteins responsible for bone formation, while disabling this pathway re-
duces the production of bone tissue. In patients with DISH/CC, two variants of the RSPO4
gene (rs146447064 and rs14915407) were found, and they occurred more often than in the
control group. Reducing the expression of the RSPO4 gene decreases Wnt activation and
may “protect” against the supergrowth of new bone [14].

2.1.4. LEMD3

The LEMD3 gene encodes 60 kD inner nuclear membrane protein Man1 (LEMD3) and
is a nuclear membrane protein that can inhibit the TGFβ signaling pathway by binding
to SMAD proteins, which are downstream pathway mediators. The heterozygous loss of
function mutations in LEMD3 enhances TGF-β signaling and leads to bone developmental
disorders such as osteopoikilosis and melorheostosis. LEMD3 normally antagonizes the
activation of the bone lining to bone-forming osteoblasts, generating a modeling-based
formation, possibly by reducing BMP and/or TGF-β signaling. Pathogenic LEMD3 variants
can disrupt the antagonistic effect of LEMD3 on TGF-β and BMP signaling, resulting in the
increased proliferation and early differentiation of bone-lining cells [20].

A previously discovered rare LEMD3 variant (rs201930700) of the DISH/CC pheno-
type may promote enhanced TGF-β signaling, leading to increased bone formation [14].

2.1.5. PPP2R2D

Protein phosphatases influence the signaling of the TGF-β superfamily, which reg-
ulates numerous cellular responses. They catalyze the removal of phosphate groups
from serine and/or threonine residues by the hydrolysis of phosphoric acid monoesters.
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PPP2R2D protein inhibits Type I ALK4 and ALK5 receptors in human cell lines, causing
the blockage of TGF-β pathway signaling. Parreira et al. found that the PPP2R2D variant
(rs34473884), which was significantly correlated with the DISH/CC phenotype, is the likely
cause of the condition’s development [15].

2.1.6. BMP4

BMP4 is a member of the BMP family and the TGF-β superfamily. It is involved in
osteoblast differentiation and bone formation, and is a factor that stimulates soft bone
ossification and the healing of bone fractures at an early stage. BMP4 was also found in
mesenchymal cells, soft bone cells, the periosteum, bone-marrow cavities, and muscle cells
adjacent to a fractured bone. BMP4 can indirectly stimulate bone formation by inhibiting
osteoclastogenesis.

The increased expression of BMP2 and BMP4 mRNA was observed as a result of
mechanical stress in spinal ligament cells in OPLL patients, and it is therefore possible that
this pathway may also be involved in ossification in DISH [5]. A significant association
was identified between DISH/CC and the genetic variant in BMP4 (rs17563) [7].

2.1.7. ALK2

Activin type I receptor (ALK2) is a transmembrane serine kinase receptor that activates
intracellular signaling pathways when bound to BMP. The p.K400E mutation in the ALK2
gene was demonstrated in a patient with DISH. Overexpressing cells ALK2 p.K400E
activate BMP signaling in response to osteogenic BMP ligands and a lack of response to
non-osteogenic ligand - activin A. BMP signaling ALK2 p.K400E was further enhanced by
the coexpression of the BMP type II receptor (BMPR-II) that increased phosphorylation of
ALK2 p. K400E. Increased ossification in DISH may be due to the enhanced induction of
osteogenic BMP signaling (more than activin A) by the ALK2 p.K400E receptors enhanced
by BMPR-II [21,22].

2.1.8. ENT1

Type 1 equilibrative nucleoside transporter (ENT1) is responsible for most of the trans-
port of adenosine across the cell membrane, which plays a role in bone homeostasis [23].
Adenosine promotes bone formation and resorption by activating different molecular
pathways depending on which adenosine receptor is activated [24].

Mice lacking ENT1 (ENT1-KO) exhibited decreased adenosine uptake, increased
plasma levels of circulating adenosine, and progressive ectopic calcified tissue of the
spine and the annulus fibrosus of the intervertebral disc [20]. Studies were carried out
on age-matched wild-type (WT) and ENT1-KO mice, and human cadaver spines meeting
radiographic DISH criteria. The role of ENT1 in bone metabolism in vivo may be confirmed
by the fact that patients without ENT1 exhibit increased ectopic mineralization [25].

Micro-computed tomography (CT) ENT1-KO mice revealed ectopic tissue calcification
in the spine cervical–thoracic section. Histological examination of human DISH changes
in mice resembled ENT1-KO. Microarray analysis in the affected tissue of ENT1-KO mice
revealed extensive transcription dysregulation of genes related to the cell cycle and genes
involved in the regulation of bone mineralization and development [26].

This phenomenon may explain how high levels of adenosine reduce the sensitivity of
adenosine receptors involved in the regulation of osteoclast and osteoblast functions [27].

2.1.9. Epigenetics in DISH

Epigenetic changes in the Wnt pathway genes are associated with changes in bone
density and osteoblast function [28]. DNA methylation is an important gene regulator of
the Wnt pathway. The Wnt ROR2 coreceptor shows progressive reduction in the methyla-
tion of its promoter DNA as it matures from mesenchymal stem cells into differentiated
osteoblasts. The hypomethylation of ROR2 and WNT5a was demonstrated in the mesenchy-
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mal stem cells of isolated spinal ligaments in patients with DISH. This hypomethylation
was associated with increased expression of ROR2 and WNT5a [29].

Noncoding RNA (ncRNA) includes microRNA (miRNA), long noncoding RNA
(lncRNA), and circular RNA (circRNA), which regulate neoplastic, inflammatory, and
degenerative processes [30]. miRNAs are short noncoding RNAs that are about 22 nu-
cleotides in length and bind to complementary targets in the three untranslated regions
(UTRs) of messenger RNA (mRNA), inhibiting mRNA translation and regulating many
signaling pathways [31]. The level of miRNA expression varies by tissue and fine-tunes
gene expression [30]. miRNAs interact with circRNA and lncRNA, regulating their stability;
in turn, they bind to miRNAs, alleviating the inhibition of miRNAs on their target genes
and increasing the expression levels of target genes [31]. The participation of noncoding
RNA in ossification of spinal ligament was demonstrated. miR-563 interacts with SMURF1,
which contributes to the ossification of OPLL by impeding ubiquitin-independent Smad
degradation [32]. The role of miR-615-3p and miR-132-3p is to inhibit osteogenic differen-
tiation by targeting forkhead box O1 protein (FOXO1) and growth differentiation factor
5 (GDF5) [32]. Angio miR-494 and miR-126-5p contribute to the proangiogenic effects of
BMP4 on endothelial cells [33]. However, ncRNA coregulation between OPLL and DISH
was not described.

2.2. Metabolic Factors

Growth hormone and insulin-like growth factor 1 were shown to promote bone for-
mation and found to be elevated in patients with DISH [5]. The proliferation of cells
forming fibroblasts, myoblasts, and osteoblasts is stimulated by TGF-β1, insulin, and
bone morphogenic protein (BMP2). In DISH, the mechanisms of new bone growth, espe-
cially in tendon-attachment areas, are not known, and the possible signaling pathways
involved in this process are Wnt-β catenins, nuclear factor κB, BMP2, prostaglandin I2, and
endothelin1 [34].

Obesity correlated with DISH may be a factor in the pathogenesis of spinal calcification
through a chronic process and inflammatory mediators (IL-6, TNF alpha, TGF-beta, VEGF)
due to the hypertrophy and ossification of spinal ligaments. Obesity may also significantly
affect the peripheral activity of osteoblasts and osteocytes through centrally regulated
processes. Leptin (adipokine) acts as a cytokine and hormone in bone metabolism and
cartilage homeostasis. As a proinflammatory cytokine, it stimulates the reorganization of
the chondrocyte cytoskeleton by increasing the secretion of degradation mediators, and
takes part in intervertebral-disc (IVD) tissue homeostasis by stimulating the proliferation
of intervertebral disc cells and inhibiting the apoptosis of nucleus cells. In degenerative
intervertebral disc disease (DDD), an increase in leptin was shown in IVD and the ligamen-
tum flavum. Leptin mediating the inflammatory response of IL-6 causes hypertrophy and
fibrosis of the yellow ligament by increasing collagen production. Leptin is expressed in the
yellow ligament and adjacent fat-favoring epidural fibrosis yellow ligament. Adiponectin
is an adipokine with an anti-inflammatory effect that reduces the production of TNF al-
pha, and it is less concentrated in DDD. In addition, the control of fat in bone regulation
showed caloric state-dependent responses in central neuropeptide Y (NPY). In states where
high-calorie NPY decreases rapidly, it increases the activity of osteoblasts [35].

Sohn et al. demonstrated an increase in bone mineral density (BMD) of the lumbar
spine and the femoral neck in patients with DISH compared to the control group. The
number of spine levels covered by DISH correlated with the BMD of the lumbar spine.
These results may suggest that, in DISH, the increase in BMD is a consequence of metabolic
processes [36].

2.2.1. Metabolic Syndrome and Obesity

Mader et al. found statistically significantly increased waist circumference and BMI in
patients with DISH compared to those of the control group, regardless of gender, which
indicates an association with obesity [37]. There were no significant differences between
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groups in serum total cholesterol, high-density lipoprotein, low-density lipoprotein, or
serum triglycerides [37,38].

2.2.2. Diabetes

There is increased incidence of DISH in people with Type 2 diabetes and impaired
glucose tolerance [39,40]. The Wnt signal pathway is regulated by inhibitors sclerostin and
Dickkopf-related protein-1 (Dkk-1). Patients with DISH showed lower levels of DKK-1
than those of healthy people [39].

2.2.3. Gout

Although DISH is more often diagnosed in patients with gout, genotypic analysis
related to gout did not confirm that it was a cause of DISH. Most likely, gout and DISH
share common risk factors, such as metabolic syndrome and obesity [41].

2.3. Vascular Factors

A significant increase in the number and width of the vertebral body nutritional
orifices and hypervascularization was observed in people with DISH [42]. However, it is
not known whether the newly formed bone required more supplying blood vessels or the
growth of the blood vessels facilitated or caused new bone to form.

The process of heterotopic new bone formation in the tendon attachment areas of
DISH patients is associated with abnormal osteoblast growth and activity, with active bone
remodeling. Osteogenesis is initiated by the growth factors insulin, insulin-like growth
factor-1, and growth hormone. Their action is not limited to bone tissue alone, and it is not
clear why ossification only begins in certain places. One possible explanation for this selec-
tive localization is angiogenesis, which is essential for osteoblast proliferation. This may be
due to the complex pathway of intercellular signaling between the vascular endothelium
and bone cells involving numerous mediators such as VEGF, the primary fibroblast growth
factor, TGF-β, and PDGF. This vascular endothelial mediation mechanism enables the
targeting of osteoclast and osteoblast precursors to specific locations. These processes
are also regulated by mediators and bone regulators including cytokines, estrogen, and
parathyroid hormone (PTH). Angiogenesis is an important factor in metabolic syndrome,
visceral obesity, dyslipidemia, diabetes, and atherosclerosis; the association of metabolic
disorders with DISH may support the role of angiogenesis. In patients with DISH, a
higher incidence of aortic-valve sclerosis (a marker of atherosclerosis and cardiovascular
events) and bonelike arterial calcification was found. Due to the angiogenesis stimulating
activity in patients with DISH, the disease can be considered part of the syndrome, not the
disease. Metabolic disorders accompanied by DISH, and their common characteristic is
angiogenesis [43].

Another vascular aspect was investigated by Bakker et al., who showed that newly
formed bone in the DISH of the cervical spine is located symmetrically in front of the
vertebral body as opposed to the thoracic spine, where it is located asymmetrically on the
anterolateral surface of the vertebra. Arteries can act as a natural barrier to newly formed
bone in DISH, so major vessels in the neck lateral to the vertebral bodies and the absence of
segmental arteries in the cervical vertebrae can contribute to linear (rodlike) bone growth,
as opposed to the thoracic spine, where segmental vessels are present. Unlimited forward
bone formation may explain the ventral displacement of the trachea and esophagus [44].

2.4. Inflammatory Factors

Some authors suggest the inflammatory factors characterize DISH, but so far, no
scientific evidence was found [6]. Histological examinations of human DISH patients
compared to ENT1-KO mice showed no inflammatory character [26].
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3. Clinical Aspects
3.1. Symptoms

Most cases of cervical-spine DISH are asymptomatic or only slightly symptomatic.
Symptoms related to the locomotive system include neck pain and stiffness. Compression
of the throat, esophagus, and trachea can cause dysphagia, shortness of breath, and stridor
(Table 2) [45]. Symptomatic cases are more common in men, and the main complaint is
dysphagia (75%). A case of the conversion of asymptomatic DISH to symptomatic DISH as
a result of an upper-respiratory-tract infection was described [46]. This may be relevant in
view of the appearance of respiratory viruses such as coronavirus disease 2019 (COVID-19),
which causes severe mucositis [46]. The management of DISH with airway disorders
should focus on intubation or tracheostomy in the event of an emergency that requires
intervention [47].

Table 2. Symptoms of cervical-spine DISH.

Symptom Characteristics and Frequency Mechanism

Neck pain, radicular pain, and
stiffness.

Frequently, motor segments are C5/C6
(40%) followed by C4/C5.

Increasing degeneration of intervertebral
discs and ossification of posterior

longitudinal ligament may lead to narrowing
of spinal canal.

Dysphagia (DISHphagia)

Present with solid foods, improved by
neck flexion, and aggravated by neck

straightening [48].
Incidence in patients with DISH is in the

range of 0.2–28% [49].
Combined symptoms: foreign-body

sensation, odynophagia, saliva
stagnation, dysphonia, dyspnea [50].

Incidence of dysphagia in patients with
cervical-spine DISH was influenced by

osteophyte thickness, cervical-spine
mobility, and craniocervical position [48].

Lower cervical-spine osteophytes on levels
C4–C6 can cause esophageal stricture and

mechanical trouble, causing varying degrees
of esophageal obstruction, impaired motility

of the epiglottis, and larynx-cartilage
deformity [51].

Large osteophytes can lead to dysphagia
through direct mechanical obstruction;
smaller osteophytes can act at the sites
accompanying immobilization of the
esophagus because the esophagus is

anatomically anchored on the
cricoid-cartilage and diaphragm level.

Chronic pressure may cause inflammatory
reaction in the wall of the esophagus and

adjacent soft tissue, leading to fibrosis and
adhesions, and painful reflex

esophageal-spasm-induced irritant
osteophyte [52].

Recurrent nerve paralysis caused by
hyperostosis may aggravate narrowing [50].

Breathing disturbances
Concomitant symptoms: dyspnea (14%),

cough (3%), dysphonia (2.5%), and
stridor [3,47].

Upper cervical-spine osteophytes are
responsible for the oropharynx, causing

respiratory distress and stridor.
Respiratory symptoms related to DISH are
associated with osteophytes inflammation

and fibrosis of the esophageal wall and
adjacent tissues causing obstruction of the
upper respiratory tract, and direct lesion of

the recurrent laryngeal nerve [3,47]

3.2. Diagnostics

X-rays of the cervical spine are usually sufficient for diagnosis, but computed to-
mography (CT) and magnetic resonance imaging (MRI) help to determine the extent of
the hyperostosis and its location in relation to the esophagus, and to identify associated
changes and complications (e.g., spinal stenosis and compression myelomalacia) [53,54].
Radiologically diagnosed DISH is based on the presence of “fluid” ossification along the
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anterolateral margins of at least four adjacent vertebrae, and no lesions associated with
spondyloarthropathy or degenerative spondylosis.

Hyperostosis occurs along the lower half of the anterior edge of the vertebral body
in the form of a “drooping drop”. The “drops” then tend to grow to form spurs (entheso-
phytes) until they band together. Spurs widen on the upper and anterior segment of the
vertebra, resulting in a “candle flame”, “parrot’s beak”, or “bridge” [55].

Esophageal diagnosis and laryngoscopy combined with a fluoroscopic barium swal-
lowing test may be useful in the diagnosis of DISH contributing to dysphagia or dyspho-
nia [56].

Videofluoroscopy (videoesophagogram) is considered to be the gold standard to show
the exact relationship of changes in the cervical spine with the swallowing function in
patients with dysphagia [50,57].

Criteria for diagnosis in research and clinical settings are controversial. In the re-
search setting, it is recommended to completely exclude DISH cases from patients with
comorbidities described in the Resnick and Niwayam exclusion criteria [4,58].

3.3. Treatment

Initially, all mild-to-moderate cases are treated with conservative methods, such as
diet modification by changing eating habits to a softer diet, drinking plenty of water with
food, eating more frequent and smaller meals, and taking more time to complete a meal [41].
Painkillers, sedatives, nonsteroidal anti-inflammatory drugs, muscle relaxants, and anti-
reflux medications are also used [5]. The role of disodium etidronate bisphosphonate in
preventing DISH in animal testing is not yet a standard in humans [56]. Corticosteroid
injections are also an option [5].

Physiotherapy, aimed at maintaining mobility and relieving pain, also has its place
as a therapy. As an accompaniment to degenerative changes, instruction on joint-relief
techniques may be important [5].

Due to the association of DISH with metabolic changes and visceral obesity, the edu-
cation and implementation of a healthy lifestyle in the form of physical activity, low con-
sumption of saturated fat and carbohydrates, and weight reduction are important [59,60].

The indication for surgical treatment is worsening airway obstruction and/or dyspha-
gia with failed ambulatory therapy [61]. Surgical intervention is reserved for symptomatic
cases that do not respond to nonsurgical treatment, progressive dysphagia with uninten-
tional weight loss, and people with respiratory symptoms [45].

Surgical treatment involves the direct anterior removal of osteophytes (Figure 2) [62].
Surgical resection of osteophytes usually results in excellent symptom relief [53]. Spinal
fusion may sometimes be warranted if there are accompanying symptoms of cervical-spine
instability [63]. Spinal fusion should be considered in patients with concurrent spinal-
cord or nerve compression, or spinal instability. Approximately 10% of patients with
DISH associated dysphagia require surgical decompression, while 70–100% of patients
report improvement in dysphagia after the surgical resection of anterior cervical-spine
osteophytes [64]. Worse results were reported in older patients (>75 years) [61,64]. Large
osteophytes increase the risk of damage to the esophagus during surgical exposure. The
esophagus can be difficult to mobilize, and to some extent, adhere to other cervical fascia
due to a local inflammatory response. The complication of the procedure concerns the
esophagus and recurrent damage to the laryngeal nerve [65]. Reossification with the
formation of new osteophytes may occur, and a second operation may be indicated [50].
DISH recurrence of the cervical spine may slowly and progressively develop, with an
average rate of 1–2 mm/year [61,66].
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dysphagia.

• The pathogenesis of DISH is unclear: polygenetic and epigenetic factors associated with
metabolic disorders, with the probable contribution of genes from signaling pathways
involved in bone formation (WNT, TGF β). DISH is usually asymptomatic.

• DISHphagia: the failure of conservative treatments (pharmacotherapy, modification by
changing eating habits, physiotherapy) is an indication for the surgical removal of the
osteophyte.

4. Summary

DISH is a common asymptomatic disease characterized by new bone formation and
metabolic abnormalities. We still know little about the pathogenesis of DISH; therefore,
there is no possibility of causal treatment. Clinical and metabolic disorders in DISH are
associated with extensive proliferative processes in the musculoskeletal system. DISH
pathogenesis is polygenic, and influenced by the interaction of many gene variants and
environmental factors. The DISH phenotype consists of potential disturbances in various
genes with different chromosomal localizations and expressions. Further molecular studies
are required to clarify and verify the diagnostic criteria, with particular emphasis on the
early symptoms. Studying the molecular mechanisms involved in bone formation, along
with identifying the genetic markers associated with DISH, may help to discover the
ossification pathogenesis of ligaments and tendon attachments; this could lead to targeted
and effective therapies.

Author Contributions: Conceptualization, M.D., Ł.K.; investigation, M.D., Ł.K.; data curation, M.D.,
Ł.K.; Writing—Original draft preparation, M.D., Ł.K.; Writing—Review and editing, M.D., Ł.K.;
visualization, M.D.; supervision, Ł.K.; project administration, M.D.; funding acquisition, M.D., Ł.K.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: MDPI research data policies.

Conflicts of Interest: The authors declare no conflict of interest.



Int. J. Mol. Sci. 2021, 22, 4255 10 of 12

References
1. Resnick, D.; Niwayama, G. Radiographic and pathologic features of spinal involvement in diffuse idiopathic skeletal hyperostosis

(DISH). Radiology 1976, 119, 559–568. [CrossRef]
2. Nascimento, F.A.; Gatto, L.A.; Lages, R.O.; Neto, H.M.; Demartini, Z.; Koppe, G.L. Diffuse idiopathic skeletal hyperostosis: A

review. Surg. Neurol. Int. 2014, 5, 122–125. [CrossRef]
3. Vaishya, R.; Vijay, V.; Nwagbara, I.C.; Agarwal, A.K. Diffuse idiopathic skeletal hyperostosis (DISH)—A common but less known

cause of back pain. J. Clin. Orthop. Trauma 2017, 8, 191–196. [CrossRef]
4. Kuperus, J.S.; Mohamed Hoesein, F.A.A.; de Jong, P.A.; Verlaan, J.J. Diffuse idiopathic skeletal hyperostosis: Etiology and clinical

relevance. Best Pract. Res. Clin. Rheumatol. 2020, 34, 101527. [CrossRef] [PubMed]
5. Mader, R.; Verlaan, J.J.; Buskila, D. Diffuse idiopathic skeletal hyperostosis: Clinical features and pathogenic mechanisms. Nat.

Rev. Rheumatol. 2013, 9, 741–750. [CrossRef] [PubMed]
6. Mader, R.; Pappone, N.; Baraliakos, X.; Eshed, I.; Sarzi-Puttini, P.; Atzeni, F.; Bieber, A.; Novofastovski, I.; Kiefer, D.; Verlaan, J.J.;

et al. Diffuse Idiopathic Skeletal Hyperostosis (DISH) and a Possible Inflammatory Component. Curr. Rheumatol. Rep. 2021, 23, 6.
[CrossRef] [PubMed]

7. Parreira, B. Genetic Variants Associated with Ectopic Calcifications. Ph.D. Thesis, University of Algarve, Faro, Portugal, 2018.
8. Gregson, C.L.; Duncan, E.L. The Genetic Architecture of High Bone Mass. Front. Endocrinol. 2020, 11, 595653. [CrossRef]
9. Frost, M.; Rahbek, E.T.; Ejersted, C.; Hoilund-Carlsen, P.F.; Bygum, A.; Thomsen, J.S.; Andreasen, C.M.; Andersen, T.L.;

Frederiksen, A.L. Modeling-based bone formation transforms trabeculae to cortical bone in the sclerotic areas in Buschke-
Ollendorff syndrome. A case study of two females with LEMD3 variants. Bone 2020, 135, 115313. [CrossRef]

10. Gorman, C.; Jawad, A.S.; Chikanza, I. A family with diffuse idiopathic skeletal hyperostosis. Ann. Rheum. Dis. 2005, 64, 1794–1795.
[CrossRef] [PubMed]

11. Kranenburg, H.C.; Westerveld, L.A.; Verlaan, J.J.; Oner, F.C.; Dhert, W.J.; Voorhout, G.; Hazewinkel, H.A.; Meij, B.P. The dog as an
animal model for DISH? Eur. Spine J. 2010, 19, 1325–1329. [CrossRef]

12. Warraich, S.; Bone, D.B.; Quinonez, D.; Ii, H.; Choi, D.S.; Holdsworth, D.W.; Drangova, M.; Dixon, S.J.; Seguin, C.A.; Hammond,
J.R. Loss of equilibrative nucleoside transporter 1 in mice leads to progressive ectopic mineralization of spinal tissues resembling
diffuse idiopathic skeletal hyperostosis in humans. J. Bone Miner. Res. 2013, 28, 1135–1149. [CrossRef]

13. Couto, A.R.; Parreira, B.; Thomson, R.; Soares, M.; Power, D.M.; Stankovich, J.; Armas, J.B.; Brown, M.A. Combined approach
for finding susceptibility genes in DISH/chondrocalcinosis families: Whole-genome-wide linkage and IBS/IBD studies. Hum.
Genome Var. 2017, 4, 17041. [CrossRef]

14. Parreira, B.; Couto, A.R.; Rocha, F.; Sousa, M.; Faustino, V.; Power, D.M.; Bruges-Armas, J. Whole exome sequencing of patients
with diffuse idiopathic skeletal hyperostosis and calcium pyrophosphate crystal chondrocalcinosis. Acta Reumatol. Port. 2020, 45,
116–126. [PubMed]

15. Jun, J.K.; Kim, S.M. Association study of fibroblast growth factor 2 and fibroblast growth factor receptors gene polymorphism in
korean ossification of the posterior longitudinal ligament patients. J. Korean Neurosurg. Soc. 2012, 52, 7–13. [CrossRef] [PubMed]

16. Tsukahara, S.; Miyazawa, N.; Akagawa, H.; Forejtova, S.; Pavelka, K.; Tanaka, T.; Toh, S.; Tajima, A.; Akiyama, I.; Inoue, I.
COL6A1, the candidate gene for ossification of the posterior longitudinal ligament, is associated with diffuse idiopathic skeletal
hyperostosis in Japanese. Spine 2005, 30, 2321–2324. [CrossRef] [PubMed]

17. Servier Medical Art. Available online: https://smart.servier.com (accessed on 4 February 2021).
18. Roberts, S.J.; Ke, H.Z. Anabolic Strategies to Augment Bone Fracture Healing. Curr. Osteoporos. Rep. 2018, 16, 289–298. [CrossRef]
19. Moosa, S.; Wollnik, B. Altered FGF signalling in congenital craniofacial and skeletal disorders. Semin. Cell Dev. Biol. 2016, 53,

115–125. [CrossRef]
20. Jann, J.; Gascon, S.; Roux, S.; Faucheux, N. Influence of the TGF-beta Superfamily on Osteoclasts/Osteoblasts Balance in

Physiological and Pathological Bone Conditions. Int. J. Mol. Sci. 2020, 21, 7597. [CrossRef]
21. Gupta, A.; Zimmermann, M.T.; Wang, H.; Broski, S.M.; Sigafoos, A.N.; Macklin, S.K.; Urrutia, R.A.; Clark, K.J.; Atwal, P.S.;

Pignolo, R.J.; et al. Molecular characterization of known and novel ACVR1 variants in phenotypes of aberrant ossification. Am. J.
Med. Genet. A 2019, 179, 1764–1777. [CrossRef]

22. Tsukamoto, S.; Kuratani, M.; Katagiri, T. Functional characterization of a unique mutant of ALK2, p.K400E, that is associated with
a skeletal disorder, diffuse idiopathic skeletal hyperostosis. Bone 2020, 137, 115410. [CrossRef]

23. Lopez, C.D.; Bekisz, J.M.; Corciulo, C.; Mediero, A.; Coelho, P.G.; Witek, L.; Flores, R.L.; Cronstein, B.N. Local delivery of
adenosine receptor agonists to promote bone regeneration and defect healing. Adv. Drug Deliv. Rev. 2019, 146, 240–247. [CrossRef]
[PubMed]

24. Corciulo, C.; Cronstein, B.N. Signaling of the Purinergic System in the Joint. Front. Pharmacol. 2019, 10, 1591. [CrossRef] [PubMed]
25. Daniels, G.; Ballif, B.A.; Helias, V.; Saison, C.; Grimsley, S.; Mannessier, L.; Hustinx, H.; Lee, E.; Cartron, J.P.; Peyrard, T.; et al.

Lack of the nucleoside transporter ENT1 results in the Augustine-null blood type and ectopic mineralization. Blood 2015, 125,
3651–3654. [CrossRef]

26. Dixon, J.; Beaucage, K.; Nagao, M.; Lajoie, G.; Veras, M.; Fournier, D.; Holdsworth, D.; Bailey, C.; Hammond, J.; Séguin, C. Mice
lacking the nucleoside transporter ENT1: A model of diffuse idiopathic skeletal hyperostosis in humans. In Proceedings of the
Orthopaedic Proceedings, Montreal, QC, Canada, 17 July 2020; p. 123.

http://doi.org/10.1148/119.3.559
http://doi.org/10.4103/2152-7806.130675
http://doi.org/10.1016/j.jcot.2016.11.006
http://doi.org/10.1016/j.berh.2020.101527
http://www.ncbi.nlm.nih.gov/pubmed/32456997
http://doi.org/10.1038/nrrheum.2013.165
http://www.ncbi.nlm.nih.gov/pubmed/24189840
http://doi.org/10.1007/s11926-020-00972-x
http://www.ncbi.nlm.nih.gov/pubmed/33496875
http://doi.org/10.3389/fendo.2020.595653
http://doi.org/10.1016/j.bone.2020.115313
http://doi.org/10.1136/ard.2004.033852
http://www.ncbi.nlm.nih.gov/pubmed/16284348
http://doi.org/10.1007/s00586-010-1280-6
http://doi.org/10.1002/jbmr.1826
http://doi.org/10.1038/hgv.2017.41
http://www.ncbi.nlm.nih.gov/pubmed/32895354
http://doi.org/10.3340/jkns.2012.52.1.7
http://www.ncbi.nlm.nih.gov/pubmed/22993671
http://doi.org/10.1097/01.brs.0000182318.47343.6d
http://www.ncbi.nlm.nih.gov/pubmed/16227896
https://smart.servier.com
http://doi.org/10.1007/s11914-018-0440-1
http://doi.org/10.1016/j.semcdb.2015.12.005
http://doi.org/10.3390/ijms21207597
http://doi.org/10.1002/ajmg.a.61274
http://doi.org/10.1016/j.bone.2020.115410
http://doi.org/10.1016/j.addr.2018.06.010
http://www.ncbi.nlm.nih.gov/pubmed/29913176
http://doi.org/10.3389/fphar.2019.01591
http://www.ncbi.nlm.nih.gov/pubmed/32038258
http://doi.org/10.1182/blood-2015-03-631598


Int. J. Mol. Sci. 2021, 22, 4255 11 of 12

27. Strazzulla, L.C.; Cronstein, B.N. Regulation of bone and cartilage by adenosine signaling. Purinergic Signal. 2016, 12, 583–593.
[CrossRef] [PubMed]

28. Husain, A.; Jeffries, M.A. Epigenetics and Bone Remodeling. Curr. Osteoporos. Rep. 2017, 15, 450–458. [CrossRef] [PubMed]
29. Chiba, N.; Furukawa, K.; Takayama, S.; Asari, T.; Chin, S.; Harada, Y.; Kumagai, G.; Wada, K.; Tanaka, T.; Ono, A.; et al. Decreased

DNA methylation in the promoter region of the WNT5A and GDNF genes may promote the osteogenicity of mesenchymal stem
cells from patients with ossified spinal ligaments. J. Pharmacol. Sci. 2015, 127, 467–473. [CrossRef]

30. Yuan, X.; Shi, L.; Chen, Y. Non-coding RNAs in ossification of spinal ligament. Eur. Spine J. 2021, 30, 801–808. [CrossRef]
[PubMed]

31. Hong, L.; Sun, H.; Amendt, B.A. MicroRNA function in craniofacial bone formation, regeneration and repair. Bone 2021, 144,
115789. [CrossRef]

32. Zhang, H.; Xu, C.; Liu, Y.; Yuan, W. MicroRNA-563 promotes the osteogenic differentiation of posterior longitudinal ligament
cells by inhibiting SMURF1. Zhonghua Wai Ke Za Zhi 2017, 55, 203–207. [CrossRef]

33. Esser, J.S.; Saretzki, E.; Pankratz, F.; Engert, B.; Grundmann, S.; Bode, C.; Moser, M.; Zhou, Q. Bone morphogenetic protein 4
regulates microRNAs miR-494 and miR-126-5p in control of endothelial cell function in angiogenesis. Thromb. Haemost. 2017, 117,
734–749. [CrossRef]

34. Pillai, S.; Littlejohn, G. Metabolic factors in diffuse idiopathic skeletal hyperostosis—A review of clinical data. Open Rheumatol. J.
2014, 8, 116–128. [CrossRef] [PubMed]

35. Chaput, C.D.; Siddiqui, M.; Rahm, M.D. Obesity and calcification of the ligaments of the spine: A comprehensive CT analysis of
the entire spine in a random trauma population. Spine J. 2019, 19, 1346–1353. [CrossRef]

36. Sohn, S.; Chung, C.K.; Han, I.; Park, S.B.; Kim, H. Increased Bone Mineral Density in Cervical or Thoracic Diffuse Idiopathic
Skeletal Hyperostosis (DISH): A Case-Control Study. J. Clin. Densitom. 2018, 21, 68–74. [CrossRef] [PubMed]

37. Mader, R.; Novofestovski, I.; Adawi, M.; Lavi, I. Metabolic syndrome and cardiovascular risk in patients with diffuse idiopathic
skeletal hyperostosis. Semin. Arthritis Rheum. 2009, 38, 361–365. [CrossRef]

38. Glick, K.; Novofastovski, I.; Schwartz, N.; Mader, R. Cardiovascular disease in diffuse idiopathic skeletal hyperostosis (DISH):
From theory to reality-a 10-year follow-up study. Arthritis Res. Ther. 2020, 22, 190. [CrossRef] [PubMed]

39. Fassio, A.; Adami, G.; Idolazzi, L.; Giollo, A.; Viapiana, O.; Bosco, E.; Negrelli, R.; Sani, E.; Sandri, D.; Mantovani, A.; et al. Diffuse
Idiopathic Skeletal Hyperostosis (DISH) in Type 2 Diabetes: A New Imaging Possibility and a New Biomarker. Calcif. Tissue Int.
2021, 108, 231–239. [CrossRef] [PubMed]

40. Mader, R.; Lavi, I. Diabetes mellitus and hypertension as risk factors for early diffuse idiopathic skeletal hyperostosis (DISH).
Osteoarthr. Cartilage 2009, 17, 825–828. [CrossRef]

41. Corkill, M.; Topless, R.; Worthington, A.; Mitchell, R.; Gregory, K.; Stamp, L.K.; Brown, M.; Merriman, T.R.; Dalbeth, N. Exploring
the Relationship between Gout and Diffuse Idiopathic Skeletal Hyperostosis (DISH): An Epidemiologic and Genetic Study.
Arthritis Rheumatol. 2018, 70 (Suppl. 10). Available online: https://acrabstracts.org/abstract/exploring-the-relationship-between-
gout-and-diffuse-idiopathic-skeletal-hyperostosis-dish-an-epidemiologic-and-genetic-study/ (accessed on 4 February 2021).

42. El Miedany, Y.M.; Wassif, G.; el Baddini, M. Diffuse idiopathic skeletal hyperostosis (DISH): Is it of vascular aetiology? Clin. Exp.
Rheumatol. 2000, 18, 193–200.

43. Pappone, N.; Ambrosino, P.; di Minno, M.N.D.; Iervolino, S. Is diffuse idiopathic skeletal hyperostosis a disease or a syndrome?
Rheumatology 2017, 56, 1635–1636. [CrossRef]

44. Bakker, J.T.; Kuperus, J.S.; Kuijf, H.J.; Oner, F.C.; de Jong, P.A.; Verlaan, J.J. Morphological characteristics of diffuse idiopathic
skeletal hyperostosis in the cervical spine. PLoS ONE 2017, 12, e0188414. [CrossRef]

45. Xu, M.; Liu, Y.; Yang, J.; Liu, H.; Ding, C. Ossification of the cervical anterior longitudinal ligament is an underdiagnosed cause of
difficult airway: A case report and review of the literature. BMC Anesthesiol. 2020, 20, 161. [CrossRef] [PubMed]

46. Dell’Era, V.; Garzaro, M.; Farri, F.; Gorris, C.; Rosa, M.S.; Toso, A.; Aluffi Valletti, P. Respiratory presentation of diffuse idiopathic
skeletal hyperostosis (DISH): Management and review of the literature. Cranio 2019, 1–4. [CrossRef]

47. Souza, S.; Raggio, B.; Bareiss, A.; Friedlander, P. Diffuse Idiopathic Skeletal Hyperostosis of the Cervical Spine: A Risk for Acute
Airway Obstruction. Ear Nose Throat J. 2020. [CrossRef] [PubMed]

48. Nishimura, H.; Endo, K.; Aihara, T.; Murata, K.; Suzuki, H.; Matsuoka, Y.; Takamatsu, T.; Maekawa, A.; Sawaji, Y.; Tsuji, H.; et al.
Risk factors of dysphagia in patients with ossification of the anterior longitudinal ligament. J. Orthop. Surg. 2020, 28. [CrossRef]

49. Garcia Callejo, F.J.; Oishi, N.; Lopez Sanchez, I.; Pallares Marti, B.; Rubio Fernandez, A.; Gomez Gomez, M.J. Incidence of diffuse
idiopathic skeletal hyperostosis from a model of dysphagia. Acta Otorrinolaringol. Esp. 2020, 71, 78–82. [CrossRef] [PubMed]

50. Lee, J.H.; Paeng, S.H.; Pyo, S.Y.; Kim, S.T.; Lee, W.H. Swallowing Difficulty in Diffuse Idiopathic Skeletal Hyperostosis with
Metabolic Syndrome. Korean J. Neurotrauma 2020, 16, 90–98. [CrossRef] [PubMed]

51. Bartalena, T.; Buia, F.; Borgonovi, A.; Rinaldi, M.F.; Modolon, C.; Bassi, F. DISH of the cervical spine causing epiglottis
impingement. Indian J. Radiol. Imaging 2009, 19, 132–134. [CrossRef]

52. Candelario, N.; Lo, K.B.; Naranjo, M. Cervical diffuse idiopathic skeletal hyperostosis (DISH) causing oropharyngeal dysphagia.
BMJ Case Rep. 2017, 2017. [CrossRef]

53. Dabrowski, M.; Sulewski, A.; Kaczmarczyk, J.; Kubaszewski, L. Surgical treatment of diffuse idiopathic skeletal hyperostosis of
cervical spine with dysphagia—Case report. Ann. Med. Surg. 2020, 57, 37–40. [CrossRef]

http://doi.org/10.1007/s11302-016-9527-2
http://www.ncbi.nlm.nih.gov/pubmed/27473363
http://doi.org/10.1007/s11914-017-0391-y
http://www.ncbi.nlm.nih.gov/pubmed/28808893
http://doi.org/10.1016/j.jphs.2015.03.008
http://doi.org/10.1007/s00586-020-06687-y
http://www.ncbi.nlm.nih.gov/pubmed/33387048
http://doi.org/10.1016/j.bone.2020.115789
http://doi.org/10.3760/cma.j.issn.0529-5815.2017.03.008
http://doi.org/10.1160/TH16-08-0643
http://doi.org/10.2174/1874312901408010116
http://www.ncbi.nlm.nih.gov/pubmed/25598855
http://doi.org/10.1016/j.spinee.2019.03.003
http://doi.org/10.1016/j.jocd.2016.09.001
http://www.ncbi.nlm.nih.gov/pubmed/27712986
http://doi.org/10.1016/j.semarthrit.2008.01.010
http://doi.org/10.1186/s13075-020-02278-w
http://www.ncbi.nlm.nih.gov/pubmed/32807215
http://doi.org/10.1007/s00223-020-00768-2
http://www.ncbi.nlm.nih.gov/pubmed/33047242
http://doi.org/10.1016/j.joca.2008.12.004
https://acrabstracts.org/abstract/exploring-the-relationship-between-gout-and-diffuse-idiopathic-skeletal-hyperostosis-dish-an-epidemiologic-and-genetic-study/
https://acrabstracts.org/abstract/exploring-the-relationship-between-gout-and-diffuse-idiopathic-skeletal-hyperostosis-dish-an-epidemiologic-and-genetic-study/
http://doi.org/10.1093/rheumatology/kew451
http://doi.org/10.1371/journal.pone.0188414
http://doi.org/10.1186/s12871-020-01077-9
http://www.ncbi.nlm.nih.gov/pubmed/32605592
http://doi.org/10.1080/08869634.2019.1667044
http://doi.org/10.1177/0145561320931212
http://www.ncbi.nlm.nih.gov/pubmed/32469245
http://doi.org/10.1177/2309499020960564
http://doi.org/10.1016/j.otoeng.2019.02.002
http://www.ncbi.nlm.nih.gov/pubmed/31122675
http://doi.org/10.13004/kjnt.2020.16.e4
http://www.ncbi.nlm.nih.gov/pubmed/32395457
http://doi.org/10.4103/0971-3026.50831
http://doi.org/10.1136/bcr-2016-218630
http://doi.org/10.1016/j.amsu.2020.07.009


Int. J. Mol. Sci. 2021, 22, 4255 12 of 12

54. Weglowski, R.; Piech, P. Dysphagia as a symptom of anterior cervical hyperostosis—Case report. Ann. Agric. Environ. Med. 2020,
27, 314–316. [CrossRef]

55. Mader, R.; Baraliakos, X.; Eshed, I.; Novofastovski, I.; Bieber, A.; Verlaan, J.J.; Kiefer, D.; Pappone, N.; Atzeni, F. Imaging of diffuse
idiopathic skeletal hyperostosis (DISH). RMD Open 2020, 6. [CrossRef] [PubMed]

56. Kumar, M.; Shahi, P.B.; Adsul, N.; Acharya, S.; Kalra, K.L.; Chahal, R.S. Progressive dysphagia and dysphonia secondary to
DISH-related anterior cervical osteophytes: A case report. Surg. Neurol. Int. 2020, 11, 69. [CrossRef] [PubMed]

57. Butler, A.J.; Ghasem, A.; Al Maaieh, M. Dysphagia following lumbar spine surgery in the setting of undiagnosed DISH of the
cervical spine: A case report. AME Case Rep. 2019, 3, 13. [CrossRef]

58. Kuperus, J.S.; Oudkerk, S.F.; Foppen, W.; Mohamed Hoesein, F.A.; Gielis, W.P.; Waalwijk, J.; Regan, E.A.; Lynch, D.A.; Oner, F.C.;
de Jong, P.A.; et al. Criteria for Early-Phase Diffuse Idiopathic Skeletal Hyperostosis: Development and Validation. Radiology
2019, 291, 420–426. [CrossRef] [PubMed]

59. Soejima, Y.; Arima, J.; Doi, T. Diffuse Idiopathic Skeletal Hyperostosis: A Case with Dysphonia, Dysphagia and Myelopathy. Am.
J. Case Rep. 2019, 20, 349–353. [CrossRef]

60. Zarei, M.; Golbakhsh, M.; Rostami, M.; Moosavi, M. Dysphonia, Stridor, and Dysphagia Caused by Diffuse Idiopathic Skeletal
Hyperostosis: Case Report and Review of Literature. Adv. Biomed. Res. 2020, 9, 47. [CrossRef]

61. Kolz, J.M.; Alvi, M.A.; Bhatti, A.R.; Tomov, M.N.; Bydon, M.; Sebastian, A.S.; Elder, B.D.; Nassr, A.N.; Fogelson, J.L.; Currier, B.L.;
et al. Anterior Cervical Osteophyte Resection for Treatment of Dysphagia. Glob. Spine J. 2020. [CrossRef]

62. Von der Hoeh, N.H.; Voelker, A.; Jarvers, J.S.; Gulow, J.; Heyde, C.E. Results after the surgical treatment of anterior cervical
hyperostosis causing dysphagia. Eur. Spine J. 2015, 24, 489–493. [CrossRef]

63. Ruetten, S.; Baraliakos, X.; Godolias, G.; Komp, M. Surgical treatment of anterior cervical osteophytes causing dysphagia. J.
Orthop. Surg. 2019, 27. [CrossRef]

64. Von Glinski, A.; Takayanagi, A.; Elia, C.; Ishak, B.; Listmann, M.; Pierre, C.A.; Blecher, R.; Hayman, E.; Chapman, J.R.; Oskouian,
R.J. Surgical Treatment of Ossifications of the Cervical Anterior Longitudinal Ligament: A Retrospective Cohort Study. Glob.
Spine J. 2020. [CrossRef] [PubMed]

65. Damade, C.; Masse, R.; Ghailane, S.; Petit, M.; Castelain, J.E.; Gille, O.; Mazas, S.; Bouyer, B.; Kieser, D.C. Anterior Cervical
Idiopathic Hyperostosis and Dysphagia: The Impact of Surgical Management—Study of a Series of 11 Cases. World Neurosurg.
2020, 138, 305–310. [CrossRef] [PubMed]

66. Miyamoto, K.; Sugiyama, S.; Hosoe, H.; Iinuma, N.; Suzuki, Y.; Shimizu, K. Postsurgical recurrence of osteophytes causing
dysphagia in patients with diffuse idiopathic skeletal hyperostosis. Eur. Spine J. 2009, 18, 1652–1658. [CrossRef] [PubMed]

http://doi.org/10.26444/aaem/106115
http://doi.org/10.1136/rmdopen-2019-001151
http://www.ncbi.nlm.nih.gov/pubmed/32111653
http://doi.org/10.25259/SNI_61_2020
http://www.ncbi.nlm.nih.gov/pubmed/32363064
http://doi.org/10.21037/acr.2019.05.03
http://doi.org/10.1148/radiol.2019181695
http://www.ncbi.nlm.nih.gov/pubmed/30938626
http://doi.org/10.12659/AJCR.913792
http://doi.org/10.4103/abr.abr_50_20
http://doi.org/10.1177/2192568220912706
http://doi.org/10.1007/s00586-014-3507-4
http://doi.org/10.1177/2309499019837424
http://doi.org/10.1177/2192568220922195
http://www.ncbi.nlm.nih.gov/pubmed/32875898
http://doi.org/10.1016/j.wneu.2020.02.097
http://www.ncbi.nlm.nih.gov/pubmed/32109645
http://doi.org/10.1007/s00586-009-1133-3
http://www.ncbi.nlm.nih.gov/pubmed/19714374

	Introduction 
	Etiopathogenesis—Molecular Aspects 
	Genetic Factors 
	COL6A1 
	FGF2 
	RSPO4 
	LEMD3 
	PPP2R2D 
	BMP4 
	ALK2 
	ENT1 
	Epigenetics in DISH 

	Metabolic Factors 
	Metabolic Syndrome and Obesity 
	Diabetes 
	Gout 

	Vascular Factors 
	Inflammatory Factors 

	Clinical Aspects 
	Symptoms 
	Diagnostics 
	Treatment 

	Summary 
	References

