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1   |   INTRODUCTION

Diffuse Idiopathic Skeletal Hyperostosis (DISH), also 
known as Forestier disease, is a skeletal condition charac-
terized by ossification of ligaments, tendons, and entheses 
near the cervical and thoracic vertebrae, with a prevalence 
ranging from 4% to 42% depending on the study popula-
tion.1–4 DISH in the cervical spine is frequently asymp-
tomatic and until recently had unclear diagnostic criteria. 
Consequently, the disease has been underdiagnosed and 
understudied.1–6 When DISH lesions are present in the 
cervical spine, symptoms typically manifest in males over 
50 and commonly include dysphagia, dysphonia, dys-
pnea, cervical spine pain, and neurological signs.1,2,5–9 

Dysphagia is indicated as the most common symptom 
in DISH patients, affecting between 17% and 25% of pa-
tients.2,5 Although dysphagia is regularly treated conser-
vatively, DISH-related dysphagia may require surgical 
intervention due to its advancing character.5,6

Lofrese et al.7 adopted a multi-center approach to de-
termine DISH surgical indications, and suggested tar-
geted bone resections for elderly DISH patients, whereas 
younger patients with DISH may necessitate broader de-
compressions. However, existing literature on surgical 
treatment for DISH primarily consists of case reports.3,8,9

Computer-assisted navigation (CAN) is an established 
tool in spine surgery, enabling pre- and intraoperative 
spinal imaging registration to provide immediate visual 
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feedback to surgeons.10 Numerous studies have demon-
strated that CAN enhances cervical spine surgery, leading 
to superior pedicle screw accuracy and fewer compli-
cations compared to non-navigated procedures.10–13 
Precision in cervical spine pedicle screw placement is 
crucial due to small pedicles and potential catastrophic 
consequences from minor deviations, such as vertebral 
artery or spinal cord injury.10,11,13 CAN is beneficial for 
anatomically complex procedures, such as spine tumor re-
section, facilitating optimized resection while minimizing 
trauma.14 We present the first case of DISH-related dys-
phagia treated via anterior cervical osteotomy and resec-
tion surgery with CAN.

The patient was informed that data from this case 
would be submitted for publication, and he provided 
consent.

2   |   DETAILED CASE HISTORY 
AND REPORT

A 68-year-old man, with a medical history of hyperten-
sion and hypercholesterolemia, presented with chief 
complaints of dysphagia to solids and liquids. Prior to his 
visit, he was evaluated in a separate institution where he 
was recommended to undergo a percutaneous endoscopic 
gastrostomy (PEG) procedure, where a feeding tube 
would allow him to receive nutrition directly through the 
stomach. During presentation day, the patient reported 
recent-onset neck pain, lower back pain from a previous 
right-sided hernia repair in 2017, and mild right hip dis-
comfort despite having a total hip arthroplasty in 2019. 
The patient denied daily medication use aside from oc-
casional aspirin. On physical exam, it was noted that the 
patient adjusted his head laterally to facilitate swallowing.

Cervical spine radiographs revealed extensive struc-
tural abnormalities, including diffuse DISH with non-
marginal syndesmophytes anteriorly. Syndesmophytes 
occupied approximately 75% of C3's vertebral body di-
ameter, with accompanying C2–C3 facet joint ankylosis, 
and ankylosis from C3 to the thoracic spine (Figure  1). 
Proliferative DISH-type lesions compressed the pharyn-
geal and esophageal structures, causing dysphagia. Large 
osteophytes were found at C3–C4, C4–C5, and C5–C6 
in pre-operative axial (Figure  1C,D,F,G) and sagittal CT 
(Figure  1B,E) scans and lateral X-ray scan (Figure  1A). 
Due to the worsening dysphagia, pain, and complex cervi-
cal deformity, the patient was recommended for anterior 
osteotomy and resection of C3-C6 DISH lesions with CAN.

Using CAN in the cervical spine provided real-time 
anatomical feedback, aiding targeted osteophyte removal 
and decompression of the C3–C6 region, while safe-
guarding critical neural and vascular structures. Surgery 

utilizing CAN proceeded without complication and was 
well-tolerated by the patient with adequate resection of 
bony lesions (Figure 2A–D).

3   |   SURGICAL PROCEDURE

The patient was positioned supine, and the anterior cer-
vical region was prepared using standard sterile tech-
niques (Figure 3). Prior to the surgery, a cervical spine CT 
scan was obtained and uploaded onto the CAN software. 
Subsequently, co-registration of pre-operative anatomy 
and instrumentation was defined for the area of interest 
after placement of a reference array (Figure 4). Real-time 
feedback of patient anatomy and trajectory was observed 
on the navigation monitor, facilitated by a direct “line-of-
sight” from the array to the navigation camera (Figure 4).

A left-sided Smith-Robinson anterior approach was 
employed from C3–C6. Retractors were placed, and a 
Caspar pin was inserted around the C4 level. CAN was 
used to define points on lateral and oblique fluoroscopy, 
which were verified intraoperatively. The operative level 
was confirmed using fluoroscopy and a navigated probe.

Large anterior osteophytic bones were resected, and 
several lesions were found to be deeper on the anterior 
and posterior dimensions than the 14 mm Caspar pin in-
sertion. In some regions, the lesions were displaced to the 
right, and in others, they were paramedian on the left, up 
to C3 cranially. The remaining bone formation from C3 to 
C6 was removed using a 4 mm steel bur to complete the 
primary resection.

An adequate bony resection was confirmed with a 3D 
fluoroscopic image (Figure 5). A small osteophyte on the 
right side was still visible on the 3D scan and was sub-
sequently resected. Hemostasis was meticulously con-
firmed, and the pharyngeal structures of the swallowing 
mechanism were visualized to ensure no direct injury. 
A deep surgical drain was inserted, and the incision was 
closed. The duration of surgery was recorded for a total 
for 1 h and 46 min. The patient was then transferred to the 
hospital bed, extubated, and in stable condition. Estimated 
blood loss was recorded as 100 milliliters and no surgical 
complications were indicated.

4   |   PATIENT-REPORTED 
OUTCOME MEASURES (PROM)

PROM questionnaires included the Stanford Swallowing 
Disturbance (SSD), Eating Assessment Tool (EAT-10), 
SSQ, Numeric Rating Scale (NRS), Scoliosis Research 
Society-22r (SRS-22r), Neck Disability Index (NDI), 
and Oswestry Disability Index (ODI) (Table  1). These 
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questionnaires were employed to evaluate swallowing, 
neck pain, overall functionality, and related disability.

4.1  |  Pre-operatively

PROMs were administered pre-operatively and 
scores were recorded; SSQ = 45 (45%), SSD = 14 (31%), 

EAT-10 = 26 (65%), NRS neck = 8/10, NDI = 32 (32%), and 
ODI = 48 (48%).

4.2  |  Post-operatively

PROMs were administered to the patient at follow-up 
post-operative visits (POVs) of 2 weeks (POV 1), 3 months 

F I G U R E  1   (A) Pre-operative lateral X-ray demonstrating large osteophytes formed from C3 to C6. (B) Sagittal: Pre-operative CT scan 
depicting severe DISH from C3 to C6 obstructing the esophagus. (C) Axial: Pre-operative CT scan depicting hyperostosis at C3–C4. (D) Axial: 
Pre-operative CT scan depicting hyperostosis at C4–C5. (E) Sagittal: Intraoperative 3D fluoroscopy depicting DISH from C3 to C6 obstructing 
the esophagus. (F) Axial: Intraoperative 3D fluoroscopy depicting hyperostosis at C3–C4. (G) Axial: Intraoperative 3D fluoroscopy depicting 
hyperostosis at C4–C5.
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(POV 2), 2 months (POV 3), and 1 year (POV 4) Two weeks 
post-operatively (POV-1), the patient reported complete 
resolution of dysphagia and significant reductions in neck 
pain and disability, with scores of SSQ = 0 (0%), SSD = 0 

(0%), EAT-10 = 1 (2.5%), NRS neck = 0/10, NDI = 2 (2%), 
and ODI = 2 (2%) (Table  1). The showed continued im-
provement, with the ability to consume a greater variety 
of foods and liquids.

F I G U R E  2   Post-operative visit (POV) radiographs. (A) POV 1 (2 weeks) (B) POV2 (3 months) (C) POV 3 (6 months) (D) POV 4 (1 year).
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5   |   DISCUSSION

DISH predominantly affects middle-aged and older in-
dividuals with chronic back pain and spinal stiffness. Its 
prevalence among those over 50 years old is reported up 
to 25% in various studies.15 Often an incidental finding on 
imaging, DISH diagnosis relies on specific clinical crite-
ria.16 In the cervical spine, DISH-related osteophytes can 
compress pharyngeal and esophageal structures, leading 
to dysphagia for which clear surgical guidelines remain 
limited.1–9 Moreover, individuals with DISH are at an 
increased risk of fractures through the disc space or ver-
tebral body.17 This case study supports anterior cervical 

osteotomy with CAN as a potential treatment approach 
for DISH-related dysphagia.

The complex and unique anatomy of DISH patients 
may necessitate the utilization of CAN during surgical 
intervention. Investigations have demonstrated high ef-
ficacy of CAN technology in complex anatomical sur-
geries such as thoracic pedicle screw insertion for adult 
spinal deformity surgery and cervical decompression 
in a patient with Klippel-Feil syndrome.18,19 Recent re-
search has showcased significant advancements in CAN 
technology, leading to improved accuracy during intra-
operative scanning and reduced registration time.18,20 
These developments are driven by modeling software that 

F I G U R E  3   (A) Patient placed in a supine position on a Maquet table. (B) Anterior cervical region was prepped and draped in a routine 
sterile fashion.

F I G U R E  4   (A) CAN navigated probe (green), is a direct “line-of-sight” from the array to the navigational axial view (B) CT image from 
CAN software in real-time feedback of patient anatomy and trajectory seen from a lateral view on the navigation monitor.
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generates detailed anatomical maps, and tracking soft-
ware that localizes instruments in real time across mul-
tiple displays.18,21 Consequently, stereotactic navigation 
has emerged as a valuable supplement for spine surgery, 
notably improving instrumentation accuracy in cases with 
atypical anatomy.18

Accurate instrumentation of the cervical spine is 
critical due to its proximity to vital structures such as 
the vertebral artery, nerve root, and spinal cord.22,23 
CAN technology can aid in achieving reproducible an-
atomical precision by reducing error and enhancing the 
surgeon's skill.18,22 However, despite several CAN tech-
nologies being granted clearance by the US Food and 
Drug Administration for use in spinal surgery, their ap-
plication in cervical spine surgery remains in its nascent 
stages compared to the thoracic and lumbar spine.23,24 
Efforts are being made to overcome software limita-
tions, allowing CAN to be used not only for bony anat-
omy in instrumented cases but also for decompression 
portions of procedures.22 Minor innovative challenges 
such as adapting commonly used surgical instruments 
to accommodate navigable optical arrays need to be ad-
dressed.21,22 Comprehensive surgical systems with the 
ability to navigate decompressive procedures and over-
lay augmented reality onto the operative field are on the 
horizon,22 and have the potential to aid in complex ana-
tomical cases such as DISH.

In this case of DISH-related dysphagia, the patient 
presented with significant morbidity, including impaired 
swallowing, compromised neck functionality, and signifi-
cant pain. Radiographs of the cervical spine demonstrated 
compression of esophageal and pharyngeal structures 
due to vertebral osteophytes. Despite a previous visit to 
another institution with similar symptoms a month prior, 

conservative treatment provided no relief. Conservative 
treatment for DISH commonly involves dietary restric-
tions, physical and swallowing therapy, and medications 
such as corticosteroids, antireflux agents, and muscle re-
laxants. No conservative treatment has proven to be effec-
tive, as surgery is employed in 66% of symptomatic DISH 
cases.25 Consequently, given his complex anatomy, the pa-
tient was recommended for curative osteotomy with CAN 
assistance.

Post-operative improvement was remarkable, with 
the patient experiencing immediate relief from his symp-
toms during his recovery in the post-anesthesia care unit. 
Subsequently, PROMs were collected at 2 weeks, 3 months, 
6 months, and 1 year post-operatively, revealing statisti-
cally significant improvement compared to pre-operative 
measurements. The patient expressed satisfaction follow-
ing the first post-operative visit, and at the final follow-up, 
he remained asymptomatic and expressed gratitude for 
the improvement in his quality of life. A systematic re-
view by Harlianto et al.25 demonstrated a post-operative 
complication rate of 22.4% following surgery for DISH in 
the cervical spine, with recurrent dysphagia as the most 
common complication. Therefore, the patient was closely 
monitored following the surgery to ensure no symptoms 
recurred. Achieving such a result may have proven chal-
lenging without the added accuracy provided by CAN 
during this complex surgical procedure.

6   |   CONCLUSION

This case provides the first evidence in support of the uti-
lization of CAN for addressing DISH-related dysphagia, 
underscoring its potential benefits in cases of complex 

F I G U R E  5   Intraoperative 3D fluoroscopic scans were obtained to confirm the bony resection. (A) axial, (B) coronal, (C) sagittal. A small 
bony region proximally on the right side of sagittal view was still visualized on the 3D scan which was subsequently resected (depicted by 
red arrow).



      |  7 of 8AVRUMOVA et al.

anatomy. Subsequent investigations should further assess 
the efficacy of CAN in managing surgically complex cases 
in the cervical spine.
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