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Abstract
Background

Diffuse idiopathic skeletal hyperostosis (DISH) is an age-related condition involving abnormal ossification
of soft tissues, including ligaments and joint capsules. Patients with DISH have an increased risk of
fractures, especially in ankylosed spines, which increases susceptibility to spinal cord injury. This study
aimed to explore the risk factors for neurological symptoms in patients with DISH-related fractures.

Material and methods

In this retrospective single-center study, 34 patients with fractures of the DISH-ankylosed segment who
underwent surgical treatment were included. Computed tomography (CT) and magnetic resonance imaging
(MRI) were used to investigate the fracture type, degree of displacement, rate of spinal canal stenosis, and
presence of posterior column injury. Radiographic and clinical risk factors for paralysis, defined as American
Spinal Injury Association impairment scale grades A, B, C and D) and sensory disturbances were analyzed.
Neurological prognosis was also examined.

Results

Of the 34 patients with DISH-related vertebral fractures treated by surgery, 16 (47%) experienced fracture-
related paralysis. The mean patient age was 75.0 years, with 29 men and five women. Four patients (25%)
showed postoperative neurological improvements. Injuries up to the posterior column and a high spinal
canal stenosis rate on CT sagittal images were risk factors for paralysis. The cut-off values for CT and MRI
stenosis rates were 32% and 55%, respectively.

Conclusions

Approximately half of DISH-related spinal fractures result in paralysis. Severe spinal canal stenosis on
sagittal CT and MR was identified as a risk factor for paralysis, with cutoff values of 32% and 55%,
respectively. In suspected cases of suspected DISH-related fracture, early CT and MRI are recommended. In
cases with a high risk of paralysis, early surgical intervention may be indicated to prevent late-onset
paralysis.

Categories: Neurosurgery, Trauma, Orthopedics
Keywords: computed tomography, diffuse idiopathic skeletal hyperostosis (dish), magnetic resonance, neurological
deficit, paralysis

Introduction

Diffuse idiopathic skeletal hyperostosis (DISH) is an age-related disease characterized by the ossification of
soft tissues, including ligaments and joint capsules. This disease was first described by Forestier and Rotes-
Querol in 1950 as senile ankylosing hyperostosis of the spine [1].

In 1975, Resnick and Niwayama et al. defined DISH as a systemic noninflammatory disease characterized by
ossification or calcification of at least four consecutive spinal levels [2]. The prevalence of DISH ranges from
2.9% to 42.0% depending on the classification criteria and the presence of risk factors within the studied
population [3-5]. Most patients with DISH are asymptomatic; accordingly, DISH is often discovered
incidentally on radiography and computed tomography (CT) examination of other diseases [6].

Patients with DISH are characterized by susceptibility to fracture. An ankylosed spine is four times more
likely to experience a fracture in its lifetime than a non-ankylosed spine, with a 58% higher risk of associated
spinal cord injury [7]. This could be attributed to the high instability of hyperextension (AO Spine-B3) [8] or
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displacement (AO Spine-C) fractures in patients with DISH [9].

However, the risk factors for neurological symptoms in patients with DISH remain unclear. Accordingly, this
study aimed to identify the risk factors for neurological impairment resulting from DISH-related fracture.

Materials And Methods

This retrospective study, which utilized anonymized data with a general opt-out procedure, was approved by
the Institutional Review Board of Kobe City Medical Center General Hospital. All procedures performed in
this study were in accordance with the ethical standards of our institutional ethics committee as well as the
1964 Helsinki Declaration and subsequent amendments or comparable ethical standards. The requirement
for informed consent was waived given the retrospective study design.

The inclusion criteria of this study were as follows: (1) patients who underwent spinal surgery for vertebral
fractures between January 2012 and December 2022 and (2) patients with ossification along the anterolateral
surface of at least four consecutive vertebrae, as defined by the Resnick criteria [2]. The exclusion criteria
were: (1) patients diagnosed with ankylosing spondylitis and (2) patients who had previously undergone
spinal surgery. Based on these criteria, 34 patients were included.

We collected data regarding age, sex, body mass index, cause of injury, delay in diagnosis, presence/absence
of DISH-related fracture, level of vertebral fracture, posterior-column damage as defined by Denis [10],
presence/absence of a complication of ossification of posterior longitudinal ligament (OPLL) at the fracture
site, AO classification, and the presence of motor weakness and sensory disturbance as determined using the
American Spinal Injury Association impairment scale (AIS) [11]. Paralysis was defined as AIS grades A, B, C,
and D. Preoperative magnetic resonance (MR) and computed tomography (CT) images were used to obtain
the following data (Figure /).

FIGURE 1: Radiographic parameters

1: Fracture angle: Fracture angle ("A" in figure) was defined as the angle between the superior and inferior
margins of the fractured vertebra in the CT sagittal image. 2: Fracture displacement distance (mm): The
displacement distance was measured in the slice with the greatest vertebral separation due to fracture in the CT
sagittal images. 3: Spinal canal stenosis rate on sagittal CT images: stenosis rate (%) = B/Cx100%. 4: Dural
stenosis rate on sagittal MR images: dural stenosis rate (%) = ((D+F)/2-E) /(D+F)/2x100%.

The fracture angle was defined as the angle between the superior and inferior margins of the fractured
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vertebra in the CT sagittal image (Figure I, Panel 1). The displacement distance was measured in the slice
with the greatest fracture-induced separation of the posterior vertebral wall in the CT sagittal images (Figure
1, Panel 2). The spinal canal stenosis rate on sagittal CT images was calculated as follows (Figure I, Panel 3):

Stenosis rate (%) = g x 100

To obtain the dural stenosis rate on sagittal MR images, the anteroposterior diameter of the dural canal at
the level of the vertebral body above and below the fracture, as well as the anteroposterior diameter of the
dural canal at the level of the most narrowing of the fracture, were measured. Subsequently, the dural canal
stenosis rate was calculated as follows (Figure 1, Panel 4):

D+F _

Dural stenosis rate (%) = QDT x 100
2

To identify risk factors for paralysis-associated DISH fracture, we analyzed the correlation of radiographic
and clinical parameters with the incidence of paralysis.

All statistical analyses were performed using JMP17 (JMP, Cary, NC). A p-value < 0.05 was considered
statistically significant. After confirming the homogeneity of variance using Levine’s test of equal variances,
we performed an independent samples t-test to determine if there were differences in continuous variables
according to the presence of neurological symptoms. Data are expressed as mean * standard deviation. Chi-
square tests were performed to determine if there were differences in nominal variables according to the
presence of neurological symptoms. Additional multivariate analyses were performed for variables with
significant between-group differences. The variance inflation factor (VIF) was used to assess
multicollinearity. The receiver operating characteristic (ROC) curve and area under the curve (AUC) for ROCs
were obtained by plotting sensitivity against the false-positive rate (1-specificity). The Youden index (J) was
calculated to determine the optimal cutoff values for the risk factors.

Results

We included 34 patients, comprising 29 men and five women, with an average age of 75.0 years. Motor
weakness and sensory disturbance were observed in 14 (41%) and 16 (47%) patients, respectively.
Furthermore, 14 patients sustained low-energy injuries resulting from falls from a standing position,
whereas 20 patients sustained fractures due to high-energy injuries. Two patients had fractures that were
not detected during the initial visit, whereas six patients were not seen on the day of injury (Table 7).
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Baseline characteristics
Age, years (meanzSD)
Sex, male (n, %)

BMI (mean + SD)

Cause of injury

Delay in diagnosis

Fracture characteristics

Fracture level

AO classification

Location of fracture

Fall from standing/sitting position

Fall from a height

Traffic accident

Patient delay (n, %)

Doctors delay (n, %)

Interval from injury to hospital visit (days)
Interval from injury to surgery (days +SD)
OPLL in fracture level (n, %)

Injury of the posterior element (n, %)
Cervical (n, %)

Thoracic (n, %)

Lumbar (n, %)

A (n, %)

B2 (n, %)

B3(n, %)

C (n, %)

Intervertebral disc(n, %)

Vertebral body(n, %)

Paralysis (+)
74.2 (47-94)+11.5
13 (81.2)
24.046.4
8 (50.0)

6 (37.5)

2 (12.5)

2 (12.5)
0(0.0)
0205
22.5+44.8
4(25.0)

11 (68.8)
9 (56.3)

6 (37.5)
1(6.3)
0(0.0)
1(6.3)

8 (50.0)

7 (43.8)

9 (56.3)

7(43.8)

TABLE 1: Demographic characteristics and clinical features

Paralysis (-) p-value

75.9 (60-89)+9.8 0.65

16 (88.9) 0.53
23.7 3.6 0.88
6 (33.3)
8 (44.4) 0.32
4(22.2)
4(22.2) 0.80
2 (11.1) 0.17
0.8 2.2 0.68
7.847.3 0.21
2 (11.1) 0.29
5 (27.8) 0.02*
7 (38.9)
8 (44.4) 0.49
3(16.7)
2 (11.1)
2 (11.1)

0.35
10 (55.6)
4(22.2)
6 (33.3)

0.09
12 (66.7)

DISH, diffuse idiopathic skeletal hyperostosis; BMI, body mass index; OPLL, ossification of posterior longitudinal ligament.

Paralysis (+), patients with paralysis; Paralysis (-), patients without paralysis.

In addition, 16, 14, and four cases involved the cervical, thoracic, and lumbar spine, respectively. Moreover,
33 patients had fractures that occurred within the ankylosed vertebrae at the DISH, with only one fracture
occurring at the lower end of the DISH. Six cases were complicated by OPLL. Injuries up to the posterior
column were correlated with paralysis occurrence. The AO classification was A2 in two cases, B2 in three
cases, B3 in 18 cases, and C in 11 cases. The group with paralysis tended to have slightly more cervical
involvement; however, this difference was not statistically significant. The distribution of fracture levels was
bimodal, with a predominance of the lower cervical vertebrae and the thoracolumbar transition area (Figure

24).
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FIGURE 2: (A) Distribution of fracture level, (B) Neurological prognosis
of all patients

Panel A: C, cervical; T, thoracic; L, lumbar

Panel B: AIS: American Spinal Injury Association Impairment Scale

Table 2 shows the correlation between radiographic parameters and paralysis occurrence. The dislocation
distance of the fracture and the spinal canal stenosis rate on CT sagittal images and the dura stenosis rate on
MR sagittal images were significantly correlated with neurological symptoms.

Imaging characteristics Paralysis (+) Paralysis (-) p-value
Fracture angle (° +SD) 7.8+134 6.1 £9.0 0.67

CT sagittal image Fracture displacement distance (mm +SD) 9.1+4.9 5.4 +3.3 0.02*
Stenosis rate (% +SD) 41.4 £24.0 14.3 £17.0 <0.01*

MR sagittal image Dural stenosis rate (% +SD) 60.6 +16.5 39.8 £15.9 <0.01*

TABLE 2: Comparison of radiographic parameters according to paralysis

CT, computed tomography; MR, magnetic resonance
Paralysis (+), patients with paralysis; Paralysis (-), patients without paralysis.

*A p-value < 0.05 was considered statistically significant.

Preoperative paralysis improved in four of the 16 patients, with the improvement being limited to one level
based on the AIS grade (Figure 2B).

The multivariate analysis was performed using parameters that showed a significant correlation with the
occurrence of neurological symptoms. We observed significant differences in the spinal canal stenosis rate
on CT sagittal images and the dura stenosis rate on MRI sagittal images (Table 3).
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Radiographic parameters p-value Odds ratio 95% CI VIF
Injury of the posterior element 0.22 3.65 0.45-29.34 -

Displacement distance (CT)(mm) 0.60 1.07 0.83-1.38 1.58
Stenosis rate (CT)(%) 0.03* 1.07 1.00-1.14 1.58
Dural stenosis rate (MR)(%) 0.04* 1.1 1.00-1.21 1.44

TABLE 3: Multivariable logistic regression analysis of risk factors for paralysis

Cl, confidence interval; VIF, variance inflation factor; CT, computed tomography; MR, magnetic resonance

*A p-value < 0.05 was considered statistically significant.

Univariate logistic regression analysis showed that the area under the curve was 0.82 for CT stenosis rate
and 0.83 for MRI stenosis rate, both of which were statistically significant with p < 0.001. The cut-off values
for CT and MRI stenosis rates were 32% and 55%, respectively (Figure 3).
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FIGURE 3: The receiver operating characteristic (ROC) curve

A: ROC curve of the spinal canal stenosis rate in the sagittal CT images for predicting paralysis. B: ROC curve of
the dural stenosis rate in the sagittal MR images for predicting paralysis.

These findings suggest that these factors are useful predictors of paralysis due to DISH-related fractures.

Discussion

This current study investigated the etiology and risk factors associated with paralysis in patients with DISH
fractures. The primary findings indicate that approximately half of the DISH-related spinal fractures were
accompanied by neurological symptoms, and 41% of the patients exhibited paralysis. Moreover, the
prognosis was unfavorable, with only one-fourth of the patients with paralysis showing improvement after
surgery. Severe spinal canal stenosis on sagittal CT and MR was identified as a risk factor for paralysis, with
cutoff values of 32% and 55%, respectively.

There has been an increase in the diagnostic rate of DISH with the widespread use of CT scans, with
previous reports indicating an incidence rate of 7-40% [3-5]. DISH is commonly observed in older men. Long
vertebral fusion via DISH results in loss of spinal mobility, and such patients often have low bone density,
which makes them susceptible to fracture from even minor trauma [12]. According to a Japanese nationwide
multi-institutional survey, the major cause of injury was falling from a standing or sitting position [13].
Once a fracture occurs, the lever-arm mechanism is activated, which increases the likelihood of
displacement of the fractured segments and subsequent spinal cord injury. In addition to the physical
consequences of spinal cord injuries, there is an increased risk of developing psychological disorders, such as
anxiety and depression. These conditions require psychiatric management and follow-up [14].

Risk factors for developing neurological symptoms remain unclear. Approximately half of the patients
present with neurological deficits immediately after injury, and approximately one-third of the patients
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present with Frankel grade A-C paralysis [13]. Okada et al. reported that posterior column injuries are
associated with structural instability and neurological symptoms [15]. Neurological symptoms are more
likely to occur in cervical spine injuries than in thoracolumbar spine injuries, and OPLL complications are a
risk factor [16]. Consistent with previous findings, our study shows that injuries extending to the posterior
column are associated with the occurrence of neurological symptoms and that cervical spine injuries tend to
exacerbate neurological symptoms. This study is among the few that have throughly investigated the
association between spinal fractures and post-injury neurological impairment in patients with DISH. In this
study, a high spinal canal stenosis rate on sagittal CT and MR images was significantly correlated with post-
injury paralysis. Moreover, the cutoff values of the stenosis rate for paralysis were 32% on CT and 55% on
MR. CT serves as the first emergency investigation performed when a DISH-related fracture is suspected,
which can be used to estimate the risk of paralysis. Delayed palsy has been mainly reported in patients with
thoracolumbar fractures with DISH [17]. In high-risk patients, early surgery can prevent delayed paralysis.

In this study, severe spinal canal stenosis on sagittal CT and MR was identified as a risk factor for paralysis,
with cutoff values of 32% and 55%, respectively. These values differ for the same sagittal slice. This
discrepancy may be attributed to the fact that, in contrast to CT, MR not only assesses bone but also
evaluates various soft tissues, including ligamentous components, intervertebral discs, and hematoma,
which may increase the degree of compression of the dural canal. In clinical practice, CT is often used for
initial screening; however, a comprehensive assessment of paralysis risk can be achieved by combining both
imaging procedures of examinations.

Delayed diagnosis is one of the most problematic features of spinal cord injury in DISH-related

fractures [18,19]. A previous study showed that patients with DISH may experience various clinical
symptoms, including back pain and stiffness in the spinal column [20]. In our study, six patients were not
seen on the day of injury because they did not present with serious symptoms immediately after the injury.
However, two of these patients developed paralysis symptoms while waiting and ended up visiting the
hospital. It is possible that patients with a history of back pain may misinterpret fracture pain immediately
following an injury as bruising or chronic pain. In our study, two patients were seen on the same day of
injury and were discharged without a radiographic diagnosis on the day of injury, with fractures observed on
CT or MRI at the next visit. Furukawa et al. reported that five out of 52 DISH-related fractures could only be
noted on MRI, even with retrospective observation [12]. Some reports have recommended CT or MRI to rule
out fractures in patients with low back pain who have DISH [17,21-23]. Okada et al. reported that delayed
diagnosis contributes to neurological deterioration [13]. Accordingly, prompt CT or MRI is necessary in
patients with DISH who present with low back pain.

In addition to early diagnosis, early treatment is necessary in patients with DISH-related fractures. Among
the 16 patients who had neurological symptoms, only four showed improved symptoms; further, they were
all limited to only one level of improvement in the Frankel classification. Bransford et al. reported that only
22% of patients with cervical DISH-related fractures showed postoperative neurological improvement [24],
which does not significantly differ from our findings. Neurological symptoms related to DISH-related
fractures are associated with poor treatment outcomes. However, surgical treatment has been associated
with a high rate of improvement in neurological symptoms [12]; moreover, early surgery after fracture is
associated with neurological improvement [16]. Prompt surgical spinal cord decompression may improve the
effectiveness of spinal cord decompression for spinal cord injury.

DISH-related fractures are considered susceptible to displacement given their inherent instability, which is a
characteristic similarly observed in long bone fractures [25]. This is also evident in patients with minimal
initial displacement without obvious paralysis. Therefore, prompt surgical intervention is recommended for
patients with DISH-related fractures, regardless of the presence or absence of paralysis. This is because the
risk of paralysis increases when the dislocation exceeds 32% on CT, as observed in our study.

This study has several limitations. First, this was a small-scale, single-center retrospective study. Therefore,
the possibility of selection bias could not be excluded, and treatment effects might have been overestimated.
Second, this study exclusively focused on surgical cases and did not consider conservative treatment cases.
This may have resulted in the inclusion of a considerable number of cases involving paralysis, which may
have introduced a degree of bias. Despite these limitations, this study identified novel imaging factors
associated with neurological deficits in patients with DISH. In the future, large-scale studies using advanced
imaging procedures such as CT and MR will be necessary to provide more accurate predictions regarding
neurological symptoms. Furthermore, the integration of artificial intelligence is expected to facilitate the
automation of diagnosis, treatment planning, and even prognosis prediction for each patient based on the
analysis of patient and image data at the time of injury [26].

Conclusions

Approximately half of the spinal fractures associated with DISH exhibited neurologic symptoms, with 41% of
these cases presenting with paralysis. The prognosis for paralysis resulting from DISH fractures was poor,
with only a quarter of patients demonstrating symptomatic improvement following surgical intervention.
Severe spinal canal stenosis on sagittal CT and MR images was identified as a significant risk factor for
paralysis development, with cutoff values of 32% and 55%, respectively. Patients exhibiting CT spinal canal
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stenosis greater than 50% were at an elevated risk of paralysis. In cases where paralysis is a high risk, early
surgical intervention may be a crucial step in the clinical management plan, provided that an accurate
diagnosis is made at the time of the initial examination.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Eijiro Onishi, Ryohei Saito, Sadaki Mitsuzawa, Satoshi Ota, Hisataka Takeuchi,
Yoshihiro Tsukamoto

Acquisition, analysis, or interpretation of data: Eijiro Onishi, Ryohei Saito, Shinnosuke Yamashita,
Tadashi Yasuda, Daiki Sako

Drafting of the manuscript: Eijiro Onishi, Ryohei Saito

Critical review of the manuscript for important intellectual content: Eijiro Onishi, Sadaki Mitsuzawa,
Satoshi Ota, Hisataka Takeuchi, Yoshihiro Tsukamoto, Shinnosuke Yamashita, Tadashi Yasuda, Daiki Sako

Supervision: Eijiro Onishi, Tadashi Yasuda

Disclosures

Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Kobe City Medical Center General Hospital issued approval zn240309. This study
was approved by the Kobe City Medical Center General Hospital review board (Approval number: zn240309).
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Forestier BJ, Rotes-Querol J: Senile ankylosing hyperostosis of the spine. Ann Rheum Dis. 1950, 9:321-30.
10.1136/ard.9.4.321

2. Resnick D, Shaul SR, Robins JM: Diffuse idiopathic skeletal hyperostosis (DISH): Forestier's disease with
extraspinal manifestations. Radiology. 1975, 115:513-24. 10.1148/15.3.513

3. Holton KF, Denard PJ, Yoo JU, Kado DM, Barrett-Connor E, Marshall LM: Diffuse idiopathic skeletal
hyperostosis and its relation to back pain among older men: the MrOS Study. Semin Arthritis Rheum. 2011,
41:131-8. 10.1016/j.semarthrit.2011.01.001

4. Westerveld LA, van Ufford HM, Verlaan JJ, Oner FC: The prevalence of diffuse idiopathic skeletal
hyperostosis in an outpatient population in The Netherlands. ] Rheumatol. 2008, 35:1635-8.

5. Kim SK, Choi BR, Kim CG, et al.: The prevalence of diffuse idiopathic skeletal hyperostosis in Korea . |
Rheumatol. 2004, 31:2032-5.

6. Mazieres B: Diffuse idiopathic skeletal hyperostosis (Forestier-Rotes-Querol disease): what's new? . Joint
Bone Spine. 2013, 80:466-70. 10.1016/j.jbspin.2013.02.011

7. Westerveld LA, van Bemmel JC, Dhert W], 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-
40.10.1016/j.spinee.2013.06.038

8. Vaccaro AR, Oner C, Kepler CK, et al.: AOSpine thoracolumbar spine injury classification system: fracture
description, neurological status, and key modifiers. Spine (Phila Pa 1976). 2013, 38:2028-37.
10.1097/BRS.0b013e3182a8a381

9. Kuperus JS, Mohamed Hoesein FA, de Jong PA, Verlaan JJ: Diffuse idiopathic skeletal hyperostosis: Etiology
and clinical relevance. Best Pract Res Clin Rheumatol. 2020, 34:101527. 10.1016/j.berh.2020.101527

10. Denis F: Spinal instability as defined by the three-column spine concept in acute spinal trauma . Clin Orthop
Relat Res. 1984, 65-76.

11.  Steeves JD, Lammertse D, Curt A, et al.: Guidelines for the conduct of clinical trials for spinal cord injury
(SCI) as developed by the ICCP panel: clinical trial outcome measures. Spinal Cord. 2007, 45:206-21.
10.1038/sj.5¢.3102008

12.  Furukawa M, Okuyama K, Ninomiya K, Yato Y, Miyamoto T, Nakamura M, Matsumoto M: Association of
continuous vertebral bone bridges and bone mineral density with the fracture risk in patients with diffuse
idiopathic skeletal hyperostosis. Asian Spine J. 2022, 16:75-81. 10.31616/asj.2020.0352

13.  OkadaE, Yoshii T, Yamada T, et al.: Spinal fractures in patients with diffuse idiopathic skeletal
hyperostosis: A nationwide multi-institution survey. ] Orthop Sci. 2019, 24:601-6. 10.1016/j.jos.2018.12.017

14. Mofatteh M, Mashayekhi MS, Arfaie S, et al.: Anxiety and depression in pediatric-onset traumatic spinal

2024 Saito et al. Cureus 16(12): e76403. DOI 10.7759/cureus.76403 8of9


https://dx.doi.org/10.1136/ard.9.4.321
https://dx.doi.org/10.1136/ard.9.4.321
https://dx.doi.org/10.1148/15.3.513
https://dx.doi.org/10.1148/15.3.513
https://dx.doi.org/10.1016/j.semarthrit.2011.01.001
https://dx.doi.org/10.1016/j.semarthrit.2011.01.001
https://www.jrheum.org/content/35/8/1635.long
https://www.jrheum.org/content/31/10/2032.long
https://dx.doi.org/10.1016/j.jbspin.2013.02.011
https://dx.doi.org/10.1016/j.jbspin.2013.02.011
https://dx.doi.org/10.1016/j.spinee.2013.06.038
https://dx.doi.org/10.1016/j.spinee.2013.06.038
https://dx.doi.org/10.1097/BRS.0b013e3182a8a381
https://dx.doi.org/10.1097/BRS.0b013e3182a8a381
https://dx.doi.org/10.1016/j.berh.2020.101527
https://dx.doi.org/10.1016/j.berh.2020.101527
https://pubmed.ncbi.nlm.nih.gov/6478705/
https://dx.doi.org/10.1038/sj.sc.3102008
https://dx.doi.org/10.1038/sj.sc.3102008
https://dx.doi.org/10.31616/asj.2020.0352
https://dx.doi.org/10.31616/asj.2020.0352
https://dx.doi.org/10.1016/j.jos.2018.12.017
https://dx.doi.org/10.1016/j.jos.2018.12.017
https://dx.doi.org/10.1016/j.wneu.2023.12.092

Cureus

Part of SPRINGER NATURE

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

cord injury: a systematic review. World Neurosurg. 2024, 184:267-282.e5. 10.1016/j.wneu.2023.12.092
Okada E, Tsuji T, Shimizu K, et al.: CT-based morphological analysis of spinal fractures in patients with
diffuse idiopathic skeletal hyperostosis. ] Orthop Sci. 2017, 22:3-9. 10.1016/}.jos.2016.09.011

Tsuji O, Suda K, Takahata M, et al.: Early surgical intervention may facilitate recovery of cervical spinal cord
injury in DISH. ] Orthop Surg (Hong Kong). 2019, 27:2309499019834783. 10.1177/2309499019834783
Katoh H, Okada E, Yoshii T, et al.: A comparison of cervical and thoracolumbar fractures associated with
diffuse idiopathic skeletal hyperostosis—A nationwide multicenter study. ] Clin Med. 2020, 9:208.
10.3390/jcm9010208

Caron T, Bransford R, Nguyen Q, Agel ], Chapman J, Bellabarba C: Spine fractures in patients with
ankylosing spinal disorders. Spine (Phila Pa 1976). 2010, 35:E458-64. 10.1097/BRS.0b013e3181cc764f
Hendrix RW, Melany M, Miller F, Rogers LF: Fracture of the spine in patients with ankylosis due to diffuse
skeletal hyperostosis: clinical and imaging findings. AJR Am ] Roentgenol. 1994, 162:899-904.
10.2214/ajr.162.4.8141015

Mader R, Verlaan J], Buskila D: Diffuse idiopathic skeletal hyperostosis: clinical features and pathogenic
mechanisms. Nat Rev Rheumatol. 2013, 9:741-50. 10.1038/nrrheum.2013.165

Whang PG, Goldberg G, Lawrence JP, et al.: The management of spinal injuries in patients with ankylosing
spondylitis or diffuse idiopathic skeletal hyperostosis: a comparison of treatment methods and clinical
outcomes. | Spinal Disord Tech. 2009, 22:77-85. 10.1097/BSD.0b013%e3181679bch

Campagna R, Pessis E, Feydy A, Guerini H, Thévenin F, Chevrot A, Drapé JL: Fractures of the ankylosed
spine: MDCT and MRI with emphasis on individual anatomic spinal structures. AJR Am J Roentgenol. 2009,
192:987-95. 10.2214/AJR.08.1616

Koivikko MP, Koskinen SK: MRI of cervical spine injuries complicating ankylosing spondylitis . Skeletal
Radiol. 2008, 37:813-9. 10.1007/s00256-008-0484-x

Bransford RJ, Koller H, Caron T, Zenner |, Hitzl W, Tomasino A, Mayer M: Cervical spine trauma in diffuse
idiopathic skeletal hyperostosis: injury characteristics and outcome with surgical treatment. Spine (Phila Pa
1976). 2012, 37:1923-32. 10.1097/BRS.0b013%e31825b17fc

Lukasiewicz AM, Bohl DD, Varthi AG, Basques BA, Webb ML, Samuel AM, Grauer JN: Spinal fracture in
patients with ankylosing spondylitis: cohort definition, distribution of injuries, and hospital outcomes.
Spine (Phila Pa 1976). 2016, 41:191-6. 10.1097/BRS.0000000000001190

Mofatteh M: Neurosurgery and artificial intelligence. AIMS Neurosci. 2021, 8:477-95.
10.3934/Neuroscience.2021025

2024 Saito et al. Cureus 16(12): e76403. DOI 10.7759/cureus.76403

90f9


https://dx.doi.org/10.1016/j.wneu.2023.12.092
https://dx.doi.org/10.1016/j.jos.2016.09.011
https://dx.doi.org/10.1016/j.jos.2016.09.011
https://dx.doi.org/10.1177/2309499019834783
https://dx.doi.org/10.1177/2309499019834783
https://dx.doi.org/10.3390/jcm9010208
https://dx.doi.org/10.3390/jcm9010208
https://dx.doi.org/10.1097/BRS.0b013e3181cc764f
https://dx.doi.org/10.1097/BRS.0b013e3181cc764f
https://dx.doi.org/10.2214/ajr.162.4.8141015
https://dx.doi.org/10.2214/ajr.162.4.8141015
https://dx.doi.org/10.1038/nrrheum.2013.165
https://dx.doi.org/10.1038/nrrheum.2013.165
https://dx.doi.org/10.1097/BSD.0b013e3181679bcb
https://dx.doi.org/10.1097/BSD.0b013e3181679bcb
https://dx.doi.org/10.2214/AJR.08.1616
https://dx.doi.org/10.2214/AJR.08.1616
https://dx.doi.org/10.1007/s00256-008-0484-x
https://dx.doi.org/10.1007/s00256-008-0484-x
https://dx.doi.org/10.1097/BRS.0b013e31825b17fc
https://dx.doi.org/10.1097/BRS.0b013e31825b17fc
https://dx.doi.org/10.1097/BRS.0000000000001190
https://dx.doi.org/10.1097/BRS.0000000000001190
https://dx.doi.org/10.3934/Neuroscience.2021025
https://dx.doi.org/10.3934/Neuroscience.2021025

	Association Between Trauma-Induced Vertebral Fractures and Motor Weakness in Patients With Diffuse Idiopathic Skeletal Hyperostosis
	Abstract
	Background
	Material and methods
	Results
	Conclusions

	Introduction
	Materials And Methods
	FIGURE 1: Radiographic parameters

	Results
	TABLE 1: Demographic characteristics and clinical features
	FIGURE 2: (A) Distribution of fracture level, (B) Neurological prognosis of all patients
	TABLE 2: Comparison of radiographic parameters according to paralysis
	TABLE 3: Multivariable logistic regression analysis of risk factors for paralysis
	FIGURE 3: The receiver operating characteristic (ROC) curve

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


