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Abstract
Diffuse idiopathic skeletal hyperostosis (DISH) can lead to dysphagia, airway obstruction, and unstable 
vertebral fractures. Surgery can be performed to relieve cervical compression or stabilize fractures of the 
spinal column, with or without decompression of spinal cord injuries. In this review, the peri-operative 
surgical techniques in cases with DISH are discussed, as well as the pre-operative and post-operative pearls 
and pitfalls. It is essential for spine surgeons, including orthopedic surgeons and neurosurgeons, to be 
aware of the considerations, anticipations, and approaches for the management of dysphagia, airway 
obstruction, and fractures in DISH patients in order to improve patient outcomes for this specific at-risk 
patient population.
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Introduction
Forestier and Rotes-Querol [1] first described a case of spinal enthesis and hyperostosis in 1950, which 
later came to be termed diffuse idiopathic skeletal hyperostosis (DISH). Classification criteria for DISH were 
established by Resnick and Niwayama [2] back in 1976, including presence of anterolateral ossification of 
at least four contiguous vertebrae; (relative) preservation of the intervertebral disc height; and the absence 
of apophyseal joint bony ankylosis or sacroiliac joint erosion. To this date, it is unclear what the precise 
pathophysiology underlying the anterolateral new bone formation and ectopic calcification in DISH is. 
Patients affected with obesity, hypertension, and metabolic syndrome are more at risk for the development 
of DISH [3–5]. These associations suggest the involvement of inflammatory and metabolic components in 
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the process of new bone formation [3–5]. Moreover, increasing evidence is showing that patients with DISH 
have a relatively large burden of cardiovascular disease, including an increased risk for incident ischemic 
stroke [6, 7]. Extraspinal hyperostosis, including hypertrophic or atypical osteoarthritis, has also been 
reported in peripheral joints of DISH patients [3, 8]. Bone mineral density (BMD) may be inaccurately 
measured in DISH patients, as the local surplus of bone in the scanning field could overestimate the true 
BMD value [9], which is important for risk stratification of osteoporosis and fracture prevention.

Surgical treatment in DISH is most often performed for symptoms of DISH in the cervical region 
including dysphagia and airway obstruction, and also for fractures of the spinal column. The increased 
prevalence of metabolic comorbidities in patients with DISH warrants extra attention in the general work-
up for surgery. DISH requires additional considerations regarding pre-, peri-, and post-operative 
management, as DISH is an important modifier for treatment strategy and clinical outcome success [3]. The 
aim of this narrative review is to provide an overview of pre-operative considerations, surgical 
management, complications, and post-operative management for the most common disorders in DISH.

Indications for surgery
Dysphagia and airway obstruction

The presence of anterolateral ossification or osteophytes may obstruct and impinge the esophagus and/or 
airway, which can result in symptoms of dysphagia and dyspnea. Symptom severity for dysphagia may 
range from some difficulty to swallow solids to the inability to ingest liquids for the most severe cases. Two 
systematic reviews have been performed including a total of 623 DISH patients with dysphagia and/or 
airway obstruction reported between 1980 and 2021 [10, 11]. The prevalence is estimated to be 7:100,000 
and the mean age of presentation is 67.3 years, ranging from 35 to 91 years in literature [11]. Diagnosis is 
most frequently established using plain cervical radiographs, followed by cervical computed tomography 
(CT) and barium swallow radiographs. Symptoms usually include weight loss, neck pain, limited range of 
motion, and dysphonia [10, 11]. To date, no guidelines have been established for treatment. Non-surgical 
treatment includes dietary measures, nonsteroidal anti-inflammatory drugs (NSAIDs), corticosteroids, anti-
reflux drugs, muscle relaxants, and postural changes. Surgery is usually indicated after conservative 
treatment of dysphagia has failed, or if symptoms progress [11, 12]. Symptom progression may include the 
onset of neurologic symptoms or worsening of dysphagia, e.g., from solid to liquid dysphagia [11]. Some 
authors recommend surgery even in the case of mild dysphagia symptoms as DISH is known for its 
progressive nature [12]. Surgery aims to alleviate the mechanical pressure of the osteophytes on the soft 
tissues, trachea, and esophagus [13].

Vertebral fractures after trauma

In patients with DISH, traumatic vertebral fractures are frequently observed after minor trauma, as the 
energy distribution of traumatic energy is altered in the fused spine in DISH resulting in high local 
mechanical stress peaks [14, 15]. Hence, the ankylosed spine has been recognized as an important modifier 
for patient outcomes following vertebral fractures. Vertebral fractures in DISH are most commonly 
hyperextension fractures (type B3 fractures according to the AO Spine Classification) followed by 
displacement fractures (type C fractures according to the AO Spine Classification) [15–17]. For reference, in 
non-ankylosed spines, the proportion of hyperextension fractures is rare, being less than 1% in some 
cohorts [18]. Furthermore, injuries at the level of the cervical spine are more frequent compared to 
thoracolumbar fractures, with the spine levels of C5–7 most often affected [17].

Trauma patients with DISH are more likely to have worse clinical outcomes compared with trauma 
patients without DISH, including increased complications and mortality. Neurological deficit at the time of 
admission is present in a high percentage of DISH patients with vertebral fractures (around 40%, ranging 
from 21% to 100% in various cohorts) [15, 16]. Extended delay of clinical presentation may be observed in 
patients with DISH due to three main causes. First, because patients with DISH may suffer from pre-existing 
back pain making recognition more difficult. Second, a fracture can result from minor/trivial trauma, which 
may, upon presentation, lead to a low clinical suspicion of vertebral fractures. Finally, delays may also occur 
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because vertebral fractures in the ankylosed spine are more easily missed on imaging, due to subtle 
abnormalities or the overprojection of newly formed bone [15, 18, 19]. Presentation delays are reported to 
range from 15–41% in various cases in the literature [17].

Compared to spinal fractures in non-DISH patients, mortality is also increased in patients with an 
ankylosed spine, ranging from 0 to 32% at the timepoint of 1 year post-surgery. In the review of Rustagi 
et al. [16] 84% of all trauma patients suffered from complications, which most frequently included 
pneumonia and respiratory failure [17].

Patient comorbidities are also important to take into account whether surgical treatment should be 
initiated or not. In the review by Westerveld et al. [15], medical comorbidities were attributed as the 
leading factor of opting for conservative treatment in 46% of vertebral fractures.

Conservative treatment is in certain cases used to bridge the time between admission to surgery, and 
most frequently consists of halo immobilization in the case of cervical fractures, and immobilization with 
plaster jackets or braces for thoracic and lumbar fractures [17, 20].

Surgery was initially initiated only for cases with progressive neurological symptoms, or in cases of 
inadequate reduction or instability of the fracture hampering patient mobilization due to pain [15]. Current 
management strategies usually recommend surgery as first-line treatment, depending on the fracture 
classification and type of patient. Surgical treatment aims to stabilize the spine and prevent (further) 
neurological damage. Furthermore, immediate surgery prevents prolonged bedrest and hospitalization of 
non-surgically treated patients. Nonetheless, recommendations have been put forth regarding treatment 
algorithms, where surgery within 24 h is recommended in patients with incomplete spinal cord injuries 
(SCI). In cases of complete SCI decompressive and stabilizing surgery should be performed when the 
patient is physiologically and hemodynamically stable [19, 21]. A summary of the pre-, peri, and post-
operative considerations is provided in Figure 1.

Figure 1. The pre-, peri- and post-operative considerations in the surgical treatment of patients with DISH

Preoperative considerations
Comorbidity management

Patients with DISH have an increased risk for cardiovascular disease, obesity, type 2 diabetes, and 
metabolic syndrome [4, 5], and are most likely classified according to the American Society of 
Anesthesiologist Classification (ASA) as ASA 2 or higher. For the spine surgeon, it is important to be aware 
that patients with metabolic syndrome have an increased risk for complications following surgery [22, 23]. 
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Blood pressure regulation as well as adequate glucose regulation are essential to minimize complications, 
including poor wound healing after surgery [24]. Similarly, anterolateral bone formation at the level of the 
cervical spine, may result in compression of the esophagus and trachea. Therefore, patients with cervical 
DISH may be malnourished as a result of swallowing dysfunction, for which preoperative nutritional 
support may improve muscle mass and wound healing after surgery and reduce complication risk, 
including ulcers and infections [25].

Airway management and esophageal endoscopy

In patients with cervical DISH, passing devices through the esophagus and airway may prove difficult, as a 
result of narrowing of these structures due to compression of expanding cervical osteophytes. There have 
been cases described with difficult tracheal and fiberoptic intubation, which may result in failure to secure 
the airway for which an emergency tracheotomy would be required [26–30]. In cervical spine surgery for 
dysphagia, eight percent of DISH patients required a tracheostomy to secure the airway [11]. Limiting 
movement during airway management is important in order to prevent potential cervical injury, including 
fractures, secondary neurological injury or esophageal perforation [29]. Furthermore, endoscopy, 
laryngoscopy and transesophageal echocardiography may also cause perforation [31, 32].

Surgical team and surgical planning

For surgical management, close collaboration between specialists from neurosurgery and orthopedic 
surgery is recommended to optimize the surgical process and improve patient care. Ideally, spine surgery is 
performed by dual-attending surgeons from both neurosurgery and orthopedic surgery, with the inclusion 
of otolaryngology specialists at the level of the cervical spine [33]. All treating physicians should be 
involved in the surgical planning for DISH patients, which includes the diagnostic aspects, consideration of 
surgical approaches, method of osteophyte resection, and awareness of the role of each specialty within the 
care team, especially in complex cases. It is also important to anticipate the different anatomy which is 
likely be encountered intraoperatively, and discuss beforehand which aspects of surgery are more prone to 
error and complications, and require additional care and considerations. It is mandatory to plan 
preoperatively and to take patient positioning into account, to avoid complications as overstraining and 
implant failure.

Operating room table positioning

Surgery in patients with DISH is performed both in supine and prone position. For the removal of cervical 
osteophytes the supine position is most commonly used. Cervical lordosis of the spine is increased by the 
use of extra supporting cushions between the shoulders to accentuate lordosis and provide better access. 
Slight head rotation can be hampered in cases with extensive ossification.

Patient positioning is an important aspect to consider when trauma patients present with unstable 
vertebral fractures, to prevent secondary neurological damage. Hence, manual in-line stabilization is 
usually recommended in the case of vertebral fractures to prevent further displacement of the fracture [29]. 
In case of a fracture of the thoracolumbar spine, most often the patient is placed in prone position to allow 
for a posterior approach [34, 35]. For surgery that requires (antero)lateral exposure, the supine and prone 
position could also be used [35]. Specifically for the cervical spine, hyperextension of the neck should be 
avoided to prevent further injury. Moreover, it is important to take existing spinal deformities into account, 
which should be adapted to when positioning the patient intraoperatively.

Intraoperative imaging

Fluoroscopy is frequently used intraoperatively to assist with visualization during cervical osteophyte 
removal, mainly to prevent damage to the vertebral body and disc space in DISH [12, 36]. In spinal 
fractures, visualization of the spinal column is needed in percutaneous fracture stabilization. Fusion length 
and neurological symptoms were comparable in series comparing open and percutaneous screw 
fixation [37]. Penetrating endplate screws may also be an alternative option for patients with DISH, with 
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significantly lower screw loosening rates compared to percutaneous fixation (3% vs. 49%). Though the 
available evidence is low and more larger studies are needed to reaffirm these findings [38].

Surgical techniques

Surgery for DISH is mainly considered for the removal of symptomatic cervical osteophytes and the 
treatment of unstable spinal fractures (Figure 2A and B). For the resection of spinal osteophytes various 
surgical approaches can be used. Osteophyte resection can be performed using a combination of 
osteotomes, punches, rongeurs, and high-speed drill with a diamond or matchstick burr [12, 36]. The use of 
curved chisels has been associated with lower operation times (on average 66 min of total operation time) 
compared to the high-speed burr [12].

Figure 2. Cervical DISH. A. Preoperative barium swallow radiography showing extensive cervical DISH; B. postoperative lateral 
radiograph following partial anterior resection of levels C4–6

During osteophyte resection, close attention should be given to spare the annulus fibrosus in order to 
keep the vertebral disc intact. Damage to the intervertebral disc may result in motion segment instability, 
deformity, radiculopathy, and pain [39]. Furthermore, resection of the vertebral body itself should be 
avoided, therefore the spine surgeon must be able to differentiate between the vascular vertebral corpus 
and avascular overgrowth of osteophytes during surgery which can be difficult at times without adequate 
visualization. Minimizing the damage to the vascular vertebral body will also result in less bleeding during 
the operation [12]. In the case of vertebral thoracolumbar fractures, the most commonly used technique for 
spine stabilization includes open reduction and internal fixation, which is done by spanning at least three 
spine levels above and below the fracture to withstand the increased leaver forces as a result of the 
ankylosed spine (Figure 3A–C). Multilevel fixation may not always be necessary at the level of the cervical 
spine (Figure 4A–C). A summary is provided in Table 1.
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Figure 3. Thoracic DISH following trauma. A. Preoperative sagittal CT showing vertebral burst fractures of T8 and T11, and a 
compression fracture of T12; B. postoperative lateral radiograph following spinal fusion of C2–L1 with laminectomies of C3–7 
and percutaneous fixation of T6–L1; C. anterior-posterior radiograph showing luxation of the C2 pedicle screw

Figure 4. Cervical DISH following trauma. A. Preoperative sagittal CT showing a vertebral fracture of the C7 corpus, transverse 
process and facet joint; B. postoperative lateral radiograph following posterior fusion of C5–T2; C. postoperative anterior-
posterior radiograph following posterior fusion of C5–T2

Table 1. Surgical approaches and indications

Indication Surgical approach Recommendation
Anterolateral approach The preferred approach given the ease of osteophyte removal 

and extended exposure from C2–T1
Dysphagia Open

Transoral approach Indicated when exposure to the lower clivus or level C1 is 
needed

Posterior approach The preferred approach for the cervical and thoracolumbar spine
Combined anterior and 
posterior approach

Recommended in patients with unstable B- and C-type cervical 
fractures

Open

Anterior approach Generally not recommended due to high failure rates

Vertebral 
fractures

Minimally 
invasive

Posterior approach Suitable for neurologically stable patients with vertebral fractures
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Dysphagia
Smith-Robinson approach

The Smith-Robinson procedure, also known as the “classic” anterolateral approach, is a surgical approach 
that exposes the anterior vertebral bodies from C2–T1, and is the most commonly used approach for 
anterior cervical discectomy and fusion (ACDF) procedures. This approach can be easily used for 
osteophyte removal, with low risk for morbidity. Multilevel osteophyte resection can be easily performed, 
and this approach can be combined with other anterior procedures, including fusion, corpectomies, and 
discectomies when necessary. The osteophyte resection can also be combined with spinal fusion in some 
instances, usually when there is degenerative disease present or concerns exist for underlying instability. 
Plate fixation is generally used in the presence of radiculopathy and instability [40]. The structures at-risk 
during the surgical approach include the esophagus recurrent laryngeal nerve, sympathetic nerves, and 
carotid arteries [41].

General complications of this approach include dysphagia (5.3%), esophageal perforation (0.2%), 
recurrent laryngeal nerve palsy (1.3%), infection (1.2%), and hematoma (1%) [42].

Transoral approach

Surgery for the anterior craniocervical junction can be performed with the transoral approach, which 
provides exposure to lower clivus, C1, and C2 [43, 44]. This approach is less frequently used in spine 
surgery. There have been few reported DISH cases with dysphagia treated with the transoral approach, for 
which osteophytes were at the C1 level. C1 has been identified as the cause of impingement for only 0.7% of 
cases, as most levels responsible for dysphagia symptoms are C3 and C4 (68%) [11]. This approach has 
been associated with increased mortality and morbidity and should be reserved for specific cases that 
cannot be approached in different way [45]. Complications from this approach include pulmonary 
complications (4.8%), infection (3.6%), and death (2.4%) [44–46].

Traumatic vertebral fractures
Open surgery: posterior approach

The posterior approach is the most commonly used approach in trauma surgery for DISH, and provides the 
surgeon with multiple fixation points and excellent exposure to the spinal canal if decompression of the 
spinal cord is needed. The posterior approach is the first choice to treat fractures of the cervical, thoracic 
and lumbar spine [19]. The posterior approach is used in 11–100% of the cervical spine reports and 
64–100% of the thoracolumbar spine reports [21, 47–52]. Further advantages of the posterior approach 
include concurrent deformity correction and the possibility to decompress the spinal cord over multiple 
levels. The posterior approach is also effective for fractures of the cervical spine [47, 53], and this method 
results in lower complication rates and length of stay compared to the combined approach, though these 
differences were not statistically significant [54].

Open surgery: anterior approach

The anterior approach has been described in various series and small cohorts, resulting in limited evidence. 
The anterior approach was used in 11–68% of the cervical spine fractures and 25% of the thoracolumbar 
spine fractures [48–50, 52, 55]. The anterior approach has been associated with longer operation times and 
increased estimated blood loss and has been related  to post-operative complications like displacement of 
titanium plates and screw loosening, as well as internal fixation failure [55, 56]. In the study by Einsiedel 
et al. [57] anterior surgery alone resulted in implant failure in 50% of cases. Hence, this approach is not 
recommended in DISH patients with vertebral fractures in their series.

Open surgery: combined anterior and posterior approach

The combined anterior and posterior surgical approach is recommended in patients with cervical fractures, 
in particular unstable B- and C-type fractures [19]. The combined approach was used in 12–46% of the 
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cervical fractures and 12% of the thoracolumbar fractures [21, 48, 50–52, 55]. Treatment most frequently 
used includes long posterior stabilization, in combination with anterior fixation [58].

Even though surgery is prolonged and more extensive compared to anterior or posterior alone, the 
combined approach provides more spinal stability [59]. However, patients with DISH have the tendency to 
form new bone and thus might not need this extensive spinal stability.

A recent meta-analysis found no differences in complications, mortality, neurological outcomes 
between the combined approach and the posterior approach alone in cervical fractures [60]. The less 
invasive and shorter intervention with the posterior approach is therefore preferred. For thoracolumbar 
fractures, when fracture reduction is insufficient following posterior instrumentation, a combined approach 
may be a possible solution to prevent implant failure and pseudoarthrosis. Anterior plating and expandable 
cage systems may, in these cases, provide excellent spinal stability [19].

Minimally invasive approaches: posterior approach

Minimally invasive spine surgery for fracture treatment has been reported by a few small sample studies 
and is usually dependent on the severity of injury, surgeons preference, and geographical variation. 
Minimally invasive spine surgery can be performed for the posterior surgical approach, and may be a viable 
alternative to open surgery in patients with stable vertebral fractures. Minimally invasive surgery is most 
frequently performed for patients with hyperextension fractures [61–63].

Kohler et al. [61] reported 48 patients receiving posterior minimally invasive spine surgery. 
Perioperative outcomes were improved in the minimally invasive group, and they recommended minimally 
invasive surgery for neurologically intact patients with unstable spine injuries with minimal displacement.

In the series by Sedney et al. [62] and Moussallem et al. [63] patients receiving percutaneous 
stabilization had lower blood loss, shorter operative times and less often need for transfusion compared to 
the open group. However, length of stay and mortality did not differ between groups [62], but perioperative 
complication rates were lower compared to the open group [63]. Minimally invasive surgery may be a 
promising technique for patients with thoracolumbar fractures without neurological deficit.

Post-operative care
Dysphagia

Following surgery, a liquid diet is usually maintained, with a soft diet on the first post-operative day, 
gradually until a regular diet can be tolerated based on clinical symptoms. Generally, no cervical collar is 
required following surgery and patients can mobilize as tolerated [64]. It is important to post-operatively 
monitor hematoma formation [11], as this may compress the airway. Drains can be removed the day after 
surgery in case of minimal production.

For patients who suffered from dysphonia pre-operatively, speech therapy may be an effective option 
during rehabilitation, to improve voice quality [65]. Post-operative patient care can also involve the 
expertise of dieticians to optimize intake and food consistency during rehabilitation. After surgery, 
dysphagia may persist, albeit less severe compared to before surgery, for which swallowing exercises and 
expertise from speech-language pathologists may be beneficial. Generally, dysphagia symptoms 
significantly approve after osteophyte removal, with a success rate of 95.5% [11]. Post-operative 
deterioration of the symptoms of transient dysphagia can occur as a result of post-operative swelling, 
usually resolving within a few weeks [11]. There have been a few cases of recurrence of dysphagia in DISH 
patients following surgery, which is estimated at 4% after a mean follow-up of 3.7 years (range: 
0.4–9.0 years), including 1.7% of osteophyte regrowth occurring [11]. While there is no standardized 
guideline for recurrence prevention, a few cases have been described treated with post-operative 
radiotherapy (low doses of 5 × 2Gy) and/or prophylactic indomethacin to prevent recurrent bone 
growth [66]. The evidence of efficacy of these additional treatments is low and therefore currently not 
recommended following surgery.
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Vertebral fractures following trauma

Early mobilization following surgery for vertebral fractures is an important aspect of patient rehabilitation. 
Weight bearing progression after surgery should be gradually increased as deemed necessary.

Fusion rates in cohorts of vertebral fracture patients with an ankylosed spine are generally high, 
ranging from 87% to 100% [16]. Reoperation rates following stabilization ranged from 0 to 14%, mainly for 
debridement after infection, or refixation after implant failure [16, 50].

In general, improvement in neurological outcomes varied widely between 6% and 66% at latest follow-
up in different patient cohorts [15, 16]. After long-term follow-up, chronic pain may persist in surgically 
treated DISH patients following trauma and/or fracture, and these patients are at an increased risk for 
developing pseudoarthrosis [15, 16].

Partial or even complete SCI may be occur directly after spine trauma or sometimes develop in the 
work-up towards stabilization. Following SCI, rehabilitation is an important for patient recovery, though it 
is usually a long and arduous process. Complications associated with SCI include neurogenic bowel and 
bladder, increased risk for urinary tract infections, thrombosis, orthostatic hypertension, autonomic 
dysreflexia, as well as mental disorders [67]. The importance of early rehabilitation should be stressed for 
patients to maintain muscle strength, normal BMD, and to prevent joint contractures and further 
deterioration of the cardiovascular and respiratory systems [68].

Activity based interventions may also be considered. These effective therapies include functional 
electric stimulation to improve upper extremity independence, transcranial magnetic stimulation to 
improve patient walking speed and lower extremity function, and robotic assisted treadmill training to 
improve lower extremity function [69].

Conclusions
Surgical treatment for patients with DISH is most commonly performed for dysphagia, airway obstruction, 
and traumatic vertebral fractures. Treating physicians should be aware of the pitfalls during pre- and 
perioperative management in the work-up for surgery, including difficult intubation, patient comorbidities, 
and increased risk of neurological complications and mortality when treating fractures. Various treatment 
options are available, ranging from nonsurgical management, to surgery using various approaches with 
fusion, fixation, and/or decompression. It is essential for spine surgeons, including orthopedic surgeons and 
neurosurgeons to plan and be aware of the considerations, anticipations, and approaches for the 
management of dysphagia, airway obstruction, and fractures in DISH patients in order to improve patient 
outcomes for this special “at-risk” patient population.

Abbreviations
BMD: bone mineral density

CT: computed tomography

DISH: diffuse idiopathic skeletal hyperostosis

SCI: spinal cord injuries

Declarations
Author contributions

NIH: Conceptualization, Writing—original draft, Writing—review & editing, Project administration, 
Investigation. JSK: Conceptualization, Writing—original draft, Writing—review & editing. JJV: 
Conceptualization, Writing—original draft, Writing—review & editing, Supervision.

Conflicts of interest

The authors declare that they have no conflicts of interest.



Explor Musculoskeletal Dis. 2023;1:84–96 | https://doi.org/10.37349/emd.2023.00013 Page 93

Ethical approval

Not applicable.

Consent to participate

Informed consent to participate in the study was obtained from all participants.

Consent to publication

Informed consent to publication was obtained from relevant participants.

Availability of data and materials

Not applicable.

Funding

Not applicable.

Copyright

© The Author(s) 2023.

References
Forestier J, Rotes-Querol J. Senile ankylosing hyperostosis of the spine. Ann Rheum Dis. 
1950;9:321–30.

1.     

Resnick D, Niwayama G. Radiographic and pathologic features of spinal involvement in diffuse 
idiopathic skeletal hyperostosis (DISH). Radiology. 1976;119:559–68.

2.     

Mader R, Verlaan JJ, Buskila D. Diffuse idiopathic skeletal hyperostosis: clinical features and 
pathogenic mechanisms. Nat Rev Rheumatol. 2013;9:741–50.

3.     

Harlianto NI, Westerink J, Foppen W, Hol ME, Wittenberg R, van der Veen PH, et al.; On Behalf Of The 
Ucc-Smart-Study Group. Visceral adipose tissue and different measures of adiposity in different 
severities of diffuse idiopathic skeletal hyperostosis. J Pers Med. 2021;11:663.

4.     

Okada E, Ishihara S, Azuma K, Michikawa T, Suzuki S, Tsuji O, et al. Metabolic syndrome is a 
predisposing factor for diffuse idiopathic skeletal hyperostosis. Neurospine. 2021;18:109–16.

5.     

Harlianto NI, Oosterhof N, Foppen W, Hol ME, Wittenberg R, van der Veen PH, et al.; UCC-SMART-
Studygroup. Diffuse idiopathic skeletal hyperostosis is associated with incident stroke in patients with 
increased cardiovascular risk. Rheumatology (Oxford). 2022;61:2867–74.

6.     

Harlianto NI, Westerink J, Hol ME, Wittenberg R, Foppen W, van der Veen PH, et al.; UCC-SMART Study 
Group. Patients with diffuse idiopathic skeletal hyperostosis have an increased burden of thoracic 
aortic calcifications. Rheumatol Adv Pract. 2022;6:rkac060.

7.     

Mader R, Sarzi-Puttini P, Atzeni F, Olivieri I, Pappone N, Verlaan JJ, et al. Extraspinal manifestations of 
diffuse idiopathic skeletal hyperostosis. Rheumatology (Oxford). 2009;48:1478–81.

8.     

Westerveld LA, Verlaan JJ, Lam MG, Scholten WP, Bleys RL, Dhert WJ, et al. The influence of diffuse 
idiopathic skeletal hyperostosis on bone mineral density measurements of the spine. Rheumatology 
(Oxford). 2009;48:1133–6.

9.     

Verlaan JJ, Boswijk PF, de Ru JA, Dhert WJ, Oner FC. Diffuse idiopathic skeletal hyperostosis of the 
cervical spine: an underestimated cause of dysphagia and airway obstruction. Spine J. 
2011;11:1058–67.

10.     

Harlianto NI, Kuperus JS, Mohamed Hoesein FAA, de Jong PA, de Ru JA, Öner FC, et al. Diffuse 
idiopathic skeletal hyperostosis of the cervical spine causing dysphagia and airway obstruction: an 
updated systematic review. Spine J. 2022;22:1490–503.

11.     



Explor Musculoskeletal Dis. 2023;1:84–96 | https://doi.org/10.37349/emd.2023.00013 Page 94

Lofrese G, Scerrati A, Balsano M, Bassani R, Cappuccio M, Cavallo MA, et al. Surgical treatment of 
diffuse idiopathic skeletal hyperostosis (DISH) involving the cervical spine: technical nuances and 
outcome of a multicenter experience. Global Spine J. 2022;12:1751–60.

12.     

Oga M, Mashima T, Iwakuma T, Sugioka Y. Dysphagia complications in ankylosing spinal hyperostosis 
and ossification of the posterior longitudinal ligament|Roentgenographic findings of the 
developmental process of cervical osteophytes causing dysphagia. Spine (Phila Pa 1976). 
1993;18:391–4.

13.     

Geusens P, Vosse D, van der Linden S. Osteoporosis and vertebral fractures in ankylosing spondylitis. 
Curr Opin Rheumatol. 2007;19:335–9.

14.     

Westerveld LA, Verlaan JJ, Oner FC. Spinal fractures in patients with ankylosing spinal disorders: a 
systematic review of the literature on treatment, neurological status and complications. Eur Spine J. 
2009;18:145–56.

15.     

Rustagi T, Drazin D, Oner C, York J, Schroeder GD, Vaccaro AR, et al. Fractures in spinal ankylosing 
disorders: a narrative review of disease and injury types, treatment techniques, and outcomes. J 
Orthop Trauma. 2017;31:S57–74.

16.     

Ferree BA, Wieser M, Clarke RP. Hyperextension spinal fracture. Orthop Rev. 1989;18:1061–4.17.     
Jacobs WB, Fehlings MG. Ankylosing spondylitis and spinal cord injury: origin, incidence, 
management, and avoidance. Neurosurg Focus. 2008;24:E12.

18.     

Reinhold M, Knop C, Kneitz C, Disch A. Spine fractures in ankylosing diseases: recommendations of the 
spine section of the German Society for Orthopaedics and Trauma (DGOU). Global Spine J. 
2018;8:56S–68S.

19.     

Westerveld LA, van Bemmel JC, Dhert WJ, Oner FC, Verlaan JJ. Clinical outcome after traumatic spinal 
fractures in patients with ankylosing spinal disorders compared with control patients. Spine J. 
2014;14:729–40.

20.     

Kanter AS, Wang MY, Mummaneni PV. A treatment algorithm for the management of cervical spine 
fractures and deformity in patients with ankylosing spondylitis. Neurosurg Focus. 2008;24:E11.

21.     

Bajaj A, Shah RM, Brecount H, Kurapaty S, Patel AA, Divi SN. The effect of diabetes and metabolic 
syndrome on spine surgery outcomes. Curr Rev Musculoskelet Med. 2023;16:39–47.

22.     

Tzimas P, Petrou A, Laou E, Milionis H, Mikhailidis DP, Papadopoulos G. Impact of metabolic syndrome 
in surgical patients: should we bother? Br J Anaesth. 2015;115:194–202.

23.     

Greenhalgh DG. Wound healing and diabetes mellitus. Clin Plast Surg. 2003;30:37–45.24.     
Stechmiller JK. Understanding the role of nutrition and wound healing. Nutr Clin Pract. 2010;25:61–8.25.     
Naik B, Lobato EB, Sulek CA. Dysphagia, obstructive sleep apnea, and difficult fiberoptic intubation 
secondary to diffuse idiopathic skeletal hyperostosis. Anesthesiology. 2004;100:1311–2.

26.     

Dell’Era V, Garzaro M, Farri F, Gorris C, Rosa MS, Toso A, et al. Respiratory presentation of diffuse 
idiopathic skeletal hyperostosis (DISH): management and review of the literature. Cranio. 
2022;40:88–91.

27.     

Ozkalkanli MY, Katircioglu K, Ozkalkanli DT, Savaci S. Airway management of a patient with 
Forestier’s disease. J Anesth. 2006;20:304–6.

28.     

Thompson C, Moga R, Crosby ET. Failed videolaryngoscope intubation in a patient with diffuse 
idiopathic skeletal hyperostosis and spinal cord injury. Can J Anaesth. 2010;57:679–82.

29.     

Palmer JH, Ball DR. Awake tracheal intubation with the intubating laryngeal mask in a patient with 
diffuse idiopathic skeletal hyperostosis. Anaesthesia. 2000;55:70–4.

30.     

Gao H, Li X, Wang C. Pharyngeal perforation following laryngoscopy in a patient with dysphagia 
secondary to diffuse idiopathic skeletal hyperostosis: a case report. Medicine (Baltimore). 
2020;99:e21526.

31.     



Explor Musculoskeletal Dis. 2023;1:84–96 | https://doi.org/10.37349/emd.2023.00013 Page 95

Chang K, Barghash M, Donnino R, Freedberg RS, Hagiwara M, Bennett G, et al. Extrinsic esophageal 
compression by cervical osteophytes in diffuse idiopathic skeletal hyperostosis: a contraindication to 
transesophageal echocardiography? Echocardiography. 2016;33:314–6.

32.     

Mishra GS. Widening the horizons of otolaryngologist an interdisciplinary approach for surgical 
problems of cervical spine. Indian J Otolaryngol Head Neck Surg. 1999;51:93–109.

33.     

Schonauer C, Bocchetti A, Barbagallo G, Albanese V, Moraci A. Positioning on surgical table. Eur Spine 
J. 2004;13:S50–5.

34.     

Callahan RA, Brown MD. Positioning techniques in spinal surgery. Clin Orthop Relat Res. 1981:22–6.35.     
Kolz JM, Alvi MA, Bhatti AR, Tomov MN, Bydon M, Sebastian AS, et al. Anterior cervical osteophyte 
resection for treatment of dysphagia. Global Spine J. 2021;11:488–99.

36.     

Okada E, Shiono Y, Nishida M, Mima Y, Funao H, Shimizu K, et al. Spinal fractures in diffuse idiopathic 
skeletal hyperostosis: advantages of percutaneous pedicle screw fixation. J Orthop Surg (Hong Kong). 
2019;27:2309499019843407.

37.     

Hishiya T, Ishikawa T, Ota M. Posterior spinal fixation using penetrating endplate screws in patients 
with diffuse idiopathic skeletal hyperostosis-related thoracolumbar fractures. J Neurosurg Spine. 
2021;34:936–41.

38.     

Ito K, Creemers L. Mechanisms of intervertebral disk degeneration/injury and pain: a review. Global 
Spine J. 2013;3:145–52.

39.     

Chung YS, Zhang HY, Ha Y, Park JY. Surgical outcomes of dysphagia provoked by diffuse idiopathic 
skeletal hyperostosis in the cervical spine. Yonsei Med J. 2020;61:341–8.

40.     

Aronson N, Filtzer DL, Bagan M. Anterior cervical fusion by the smith-robinson approach. J Neurosurg. 
1968;29:396–404.

41.     

Yee TJ, Swong K, Park P. Complications of anterior cervical spine surgery: a systematic review of the 
literature. J Spine Surg. 2020;6:302–22.

42.     

Shaha AR, Johnson R, Miller J, Milhorat T. Transoral-transpharyngeal approach to the upper cervical 
vertebrae. Am J Surg. 1993;166:336–40.

43.     

Hsu W, Wolinsky JP, Gokaslan ZL, Sciubba DM. Transoral approaches to the cervical spine. 
Neurosurgery. 2010;66:A119–25.

44.     

Steinberger J, Skovrlj B, Lee NJ, Kothari P, Leven DM, Guzman JZ, et al. Surgical morbidity and 
mortality associated with transoral approach to the cervical spine. Spine (Phila Pa 1976). 
2016;41:E535–40.

45.     

Shousha M, Mosafer A, Boehm H. Infection rate after transoral approach for the upper cervical spine. 
Spine (Phila Pa 1976). 2014;39:1578–83.

46.     

Cornefjord M, Alemany M, Olerud C. Posterior fixation of subaxial cervical spine fractures in patients 
with ankylosing spondylitis. Eur Spine J. 2005;14:401–8.

47.     

Ma J, Wang C, Zhou X, Zhou S, Jia L. Surgical therapy of cervical spine fracture in patients with 
ankylosing spondylitis. Medicine (Baltimore). 2015;94:e1663.

48.     

An SB, Kim KN, Chin DK, Kim KS, Cho YE, Kuh SU. Surgical outcomes after traumatic vertebral 
fractures in patients with ankylosing spondylitis. J Korean Neurosurg Soc. 2014;56:108–13.

49.     

Caron T, Bransford R, Nguyen Q, Agel J, Chapman J, Bellabarba C. Spine fractures in patients with 
ankylosing spinal disorders. Spine (Phila Pa 1976). 2010;35:E458–64.

50.     

Sapkas G, Kateros K, Papadakis SA, Galanakos S, Brilakis E, Machairas G, et al. Surgical outcome after 
spinal fractures in patients with ankylosing spondylitis. BMC Musculoskelet Disord. 2009;10:96.

51.     

Backhaus M, Citak M, Kälicke T, Sobottke R, Russe O, Meindl R, et al. Spine fractures in patients with 
ankylosing spondylitis: an analysis of 129 fractures after surgical treatment. Orthopade. 
2011;40:917–24. German.

52.     

Taggard DA, Traynelis VC. Management of cervical spinal fractures in ankylosing spondylitis with 
posterior fixation. Spine (Phila Pa 1976). 2000;25:2035–9.

53.     



Explor Musculoskeletal Dis. 2023;1:84–96 | https://doi.org/10.37349/emd.2023.00013 Page 96

Luksanapruksa P, Millhouse PW, Carlson V, Ariyawatkul T, Heller J, Kepler CK. Comparison of surgical 
outcomes of the posterior and combined approaches for repair of cervical fractures in ankylosing 
spondylitis. Asian Spine J. 2019;13:432–40.

54.     

Kouyoumdjian P, Guerin P, Schaelderle C, Asencio G, Gille O. Fracture of the lower cervical spine in 
patients with ankylosing spondylitis: retrospective study of 19 cases. Orthop Traumatol Surg Res. 
2012;98:543–51.

55.     

Longo UG, Loppini M, Petrillo S, Berton A, Maffulli N, Denaro V. Management of cervical fractures in 
ankylosing spondylitis: anterior, posterior or combined approach? Br Med Bull. 2015;115:57–66.

56.     

Einsiedel T, Schmelz A, Arand M, Wilke HJ, Gebhard F, Hartwig E, et al. Injuries of the cervical spine in 
patients with ankylosing spondylitis: experience at two trauma centers. J Neurosurg Spine. 
2006;5:33–45.

57.     

Payer M. Surgical management of cervical fractures in ankylosing spondylitis using a combined 
posterior-anterior approach. J Clin Neurosci. 2006;13:73–7.

58.     

Olerud C, Frost A, Bring J. Spinal fractures in patients with ankylosing spondylitis. Eur Spine J. 
1996;5:51–5.

59.     

Chen HJ, Chen DY, Zhou SZ, Sang LL, Wu JZ, Huang FL. Combined anterior and posterior approach in 
treatment of ankylosing spondylitis-associated cervical fractures: a systematic review and 
meta-analysis. Eur Spine J. 2023;32:27–37.

60.     

Kohler FC, Schenk P, Bechstedt-Schimske M, Ullrich BW, Klauke F, Hofmann GO, et al. Open versus 
minimally invasive fixation of thoracic and lumbar spine fractures in patients with ankylosing spinal 
diseases. Eur J Trauma Emerg Surg. 2022;48:2297–307.

61.     

Sedney CL, Daffner SD, Obafemi-Afolabi A, Gelb D, Ludwig S, Emery SE, et al. A comparison of open 
and percutaneous techniques in the operative fixation of spinal fractures associated with ankylosing 
spinal disorders. Int J Spine Surg. 2016;10:23.

62.     

Moussallem CD, McCutcheon BA, Clarke MJ, Cui Q, Currier BL, Yaszemski MJ, et al. Perioperative 
complications in open versus percutaneous treatment of spinal fractures in patients with an ankylosed 
spine. J Clin Neurosci. 2016;30:88–92.

63.     

Urrutia J, Bono CM. Long-term results of surgical treatment of dysphagia secondary to cervical diffuse 
idiopathic skeletal hyperostosis. Spine J. 2009;9:E13–7.

64.     

MacKenzie K, Millar A, Wilson JA, Sellars C, Deary IJ. Is voice therapy an effective treatment for 
dysphonia? A randomised controlled trial. BMJ. 2001;323:658.

65.     

Ruetten S, Baraliakos X, Godolias G, Komp M. Surgical treatment of anterior cervical osteophytes 
causing dysphagia. J Orthop Surg (Hong Kong). 2019;27.

66.     

Sezer N, Akkuş S, Uğurlu FG. Chronic complications of spinal cord injury. World J Orthop. 
2015;6:24–33.

67.     

Nas K, Yazmalar L, Şah V, Aydın A, Öneş K. Rehabilitation of spinal cord injuries. World J Orthop. 
2015;6:8–16.

68.     

Duan R, Qu M, Yuan Y, Lin M, Liu T, Huang W, et al. Clinical benefit of rehabilitation training in spinal 
cord injury: a systematic review and meta-analysis. Spine (Phila Pa 1976). 2021;46:E398–410.

69.     


	Abstract
	Keywords
	Introduction
	Indications for surgery
	Dysphagia and airway obstruction
	Vertebral fractures after trauma

	Preoperative considerations
	Comorbidity management
	Airway management and esophageal endoscopy
	Surgical team and surgical planning
	Operating room table positioning
	Intraoperative imaging
	Surgical techniques

	Dysphagia
	Smith-Robinson approach
	Transoral approach

	Traumatic vertebral fractures
	Open surgery: posterior approach
	Open surgery: anterior approach
	Open surgery: combined anterior and posterior approach
	Minimally invasive approaches: posterior approach

	Post-operative care
	Dysphagia
	Vertebral fractures following trauma

	Conclusions
	Abbreviations
	Declarations
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	References

