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Abstract

Diffuse idiopathic spinal hyperostosis (DISH) causes various problems, such as adjacent disc

dysfunction, pseudarthrosis, or reossification, when spinal surgery is performed or spinal fracture

occurs. The authors herein describe a patient with DISH in whom ossification of the anterior

longitudinal ligament progressively advanced from the thoracic to sacral vertebrae during a

14-year period. Surgery was performed three times to treat the characteristic problems associ-

ated with DISH: abnormal sagittal alignment of the spine, ossification of the posterior longitudinal

ligament, reossification of the laminectomy-treated regions and accompanying spinal canal

stenosis, pseudarthrosis after spinal fracture, and delayed palsy. DISH-associated problems

after spinal fusion are not rare, but this patient developed a particularly large number of problems

often seen in the long term after spinal fusion in patients with DISH. Clinicians must be aware of

problems being likely to occur in ossification-discontinuous and fragile regions during the post-

operative follow-up.
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Introduction

Diffuse idiopathic spinal hyperostosis

(DISH), previously also termed Forestier

disease and ankylosing spinal hyperostosis,1

is characterized by advancement of ossifica-

tion of the anterior longitudinal ligament
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until continuity of the spine and reduced
spinal mobility occur. Although the disease
slowly progresses, mobility of the sacroiliac
joint and major joints of the extremities are
retained and daily life is generally not
markedly affected.2 However, DISH
causes various problems when spinal sur-
gery is performed3,4 or spinal fracture
occurs.1,5–7 We herein describe a patient in
whom ossification of the anterior longitudi-
nal ligament advanced and became contin-
uous from the thoracic to sacral vertebrae
during a 14-year period, causing various
problems, and three surgeries were required
during this period.

DISH-associated problems after spinal
fusion are not rare and have been extensive-
ly analyzed.2–7 However, few case reports
have described the long-term follow-up.
The present case illustrates the development
of a large number of problems during the
long-term follow-up after spinal fusion in a
patient with DISH.

Case report

This study was conducted in conformity

with the ethical guidelines for clinical appli-

cation of human subjects established by the

Japanese Ministry of Health, Labour and

Welfare. Nihon University Itabashi

Hospital does not require institutional

review board approval for case reports.

Written informed consent was obtained

from the patient.
A 48-year-old woman presented to our

hospital for evaluation of lower back pain,

15-minute intermittent claudication, and

numbness of the bilateral lower limbs

(Figure 1(a)–(c)). She was diagnosed with

lumbar degenerative spondylolisthesis, and

surgery was performed. Laminectomy of

L4/L5 and posterior lumbar interbody

fusion were applied, and her symptoms

were resolved after surgery. No ossification

or bone bridge formation was noted in the

anterior longitudinal ligament at the

Figure 1. Imaging before and after the initial surgery. (a) Anteroposterior view of the lumbar spine on a
plain radiograph. (b) Lateral view of the lumbar spine on a plain radiograph. No ossification or bone bridge
formation was noted in the lumbar anterior longitudinal ligament. (c) Sagittal view of the lumbar spine on
plain T2-weighted magnetic resonance imaging. Spinal canal stenosis was shown at the L4/L5 level. (d) Lateral
view of the lumbar spine on a plain radiograph 2 years after surgery. Bone bridge formation was noted at L4/
L5 after posterior lumbar interbody fusion of L4/L5.
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lumbar level before surgery (Figure 1(b)).

Bone bridge formation at L4/L5 was

noted 2 years after surgery (Figure 1(d)).
Numbness of the bilateral lower limbs

and 2-minute intermittent claudication

recurred about 6 years postoperatively.

Progression of spinal canal stenosis was

noted at L2/L3 and L3/L4 (Figure 2(b)–

(e)), for which decompression and fusion

of L2–L4 was additionally performed

(Figure 2(f)). At this time point, ossification

and bone bridge formation of the anterior

longitudinal ligament had extended from

the thoracic vertebrae to L1 in the lateral

view of a plain radiograph of the lumbar

spine, and DISH was diagnosed based on

the Resnick diagnostic criteria1 (Figure 2

(a)). Incomplete bone bridge formation

was also noted in the anterior longitudinal

ligament at L1/L2. After the reoperation,

the symptoms remitted and the patient

returned to work.

She fell on her backside 7 years after the

reoperation and presented for evaluation of

persistent lower back pain. The L5 verte-

bral body, which was the lowest end of

the fused region, was fractured. Surgical

treatment was recommended, but conserva-

tive treatment was performed at the

patient’s request. The lower back pain

remained 6 months after the injury, and

numbness developed in the bilateral lower

limbs. Bone fusion of the fractured region

could not be achieved, and pseudarthrosis

developed (Figure 3(a)). Continuous ossifi-

cation and bone bridge formation of the

anterior longitudinal ligament were noted

on the cranial side of the L5 vertebral

body and at L5/S1. On computed tomogra-

phy, continuous ossification and bone

bridge formation of the anterior longitudi-

nal ligament were noted from the thoracic

vertebrae to the cranial and caudal sides of

the L5 fracture region, and L5 exhibited

Figure 2. Imaging before and after the second surgery. (a) Lateral view of the lumbar spine on a plain
radiograph 6 years after the initial surgery. Ossification and bone bridge formation of the anterior longi-
tudinal ligament from the thoracic vertebra to L1 were observed. (b, c) Sagittal view of the lumbar spine on
plain T2-weighted magnetic resonance imaging (MRI) 6 years after the initial surgery. Progression of spinal
canal stenosis was noted at L2/L3 and L3/L4. (d) Axial view of the lumbar spine on plain T2-weighted MRI 6
years after the initial surgery. Circumferential stenosis was noted at the L2/L3 level. (e) Axial view of the
lumbar spine on plain T2-weighted MRI 6 years after the initial surgery. Circumferential stenosis was noted
at the L3/L4 level. (f) Lateral view of the lumbar spine on a plain radiograph after reoperation.
Decompression and fusion of L2–L4 were applied.
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pseudarthrosis (Figure 3(b)). Moreover,

ossification of the posterior longitudinal lig-

ament was noted from L1/L2 to L2/L3

(Figure 3(b), (c)). Reossification of the

laminectomy-treated regions posterior to

the spinal canal was also noted, and the

largest ossification was observed at L2/L3

(Figure 3(b)–(e)). Magnetic resonance

imaging showed spinal canal stenosis by

the ossified lesions anterior and posterior

to the spinal canal at L2/L3.
Resection of the ossified laminectomy-

treated regions at L2/L3 to L4/L5 and

additional posterior fusion from L4 to
the iliac bones were performed (Figure 4).

The patient’s lower back pain and gait

disturbance improved after surgery.

Retrospectively, ossification and bone
bridge formation of the anterior longitudi-

nal ligament at T5–T11 could be confirmed

from the initial examination (Figure 5(a)) to
1 year after the initial surgery (Figure 5(b)),

but these changes were absent in the lumbar

and sacral vertebrae. Six years after the ini-
tial surgery, ossification on the cranial side

had advanced to T5–L1, and that on the

caudal side had advanced to L4–S1
(Figure 5(c)). Thirteen years after the initial

surgery (7 years after the reoperation), ossi-
fication and bone bridge formation of the

Figure 3. Imaging before the third surgery. (a) Vertebral body fracture of L5 became a pseudarthrosis 7.5
years after reoperation (6 months after the patient fell on her backside). Continuous ossification and bone
bridge formation of the anterior longitudinal ligament were noted at L5/S1 (cranial and caudal sides of the L5
fracture region, respectively). (b) Sagittal view on computed tomography (CT). Continuous ossification and
bone bridge formation of the anterior longitudinal ligament from the thoracic vertebrae to the cranial and
caudal sides of the L5 fracture region were observed, and the L5 vertebral body exhibited pseudarthrosis.
Ossification of the posterior longitudinal ligament (OPLL) was noted from L1/L2 to L2/L3, and the lam-
inectomy-treated regions were ossified posterior to the spinal canal. (c) Transverse view on CT. OPLL was
observed at the L2/L3 level. (d) Transverse view on CT. Reossification of the laminectomy-treated region
was noted at the L3/L4 level. (e) Transverse view on CT. Reossification of the laminectomy-treated region was
noted at the L4/L5 level. (f) Sagittal view on T2-weighted magnetic resonance imaging. Spinal canal stenosis
caused by the ossified lesions anterior and posterior to the spinal canal was observed at L2/L3.
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thoracic and lumbar anterior longitudinal
ligament had become continuous from the
thoracic to sacral vertebrae (Figure 5(d)).
During this period, the sagittal vertical
axis8 had become aggravated from
65.0mm at the first examination to 120.0,
168.9, and 180.8 mm at 1, 6, and 13 years
after the initial surgery, respectively. The
thoracic kyphosis angle (angle between the
superior endplate of T5 and inferior end-
plate of T12)8 also increased from 23.0� to
37.1� at 6 years and to 37.4� at 13 years.
The lumbar lordosis (angle between the
superior endplate of L1 and superior end-
plate of S1) also changed after surgery, with
angles of 42.0� before surgery and 27.0�,
0.6�, and 10.2� at 1, 6, and 13 years after
the initial operation, respectively (Table 1).

Discussion

In patients with DISH, characteristic bone

growth occurs in the spine and regions

other than the spine. DISH has also been

termed ankylosing spinal hyperostosis or

Forestier disease, and its pathology differs

from that of ossification of the posterior

longitudinal ligament and ligamentum

flavum and ankylosing spondylitis. The

diagnostic criteria of this disease are based

only on imaging findings, and normally, the

following three Resnick diagnostic criteria

must be met: (1) the presence of flowing

calcification and ossification along the ante-

rolateral aspects of at least four contiguous

vertebral bodies with or without associated

localized pointed excrescences at the

Figure 4. Postoperative plain radiograph after the third operation. (a) Anteroposterior view of the lumbar
spine after the third surgery. Resection of the ossified laminectomy-treated regions at L2/L3 to L4/L5 and
additional posterior fixation of L4–iliac bone were performed. (b) Lateral view of the lumbar spine on a plain
radiograph after the third surgery.
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intervening vertebral body–disc junctions;
(2) relative preservation of the interverte-
bral disc height in the involved vertebral
segments and the absence of extensive

radiographic changes of “degenerative”
disc disease, including vacuum phenomena
and vertebral body marginal sclerosis; and
(3) absence of apophyseal joint bony

Figure 5. The course of the lateral view of the lumbar spine on plain radiographs in the standing position.
(a) Before the initial surgery. (b) One year after the initial surgery. (c) Six years after the initial surgery.
(d) Thirteen years after the initial surgery (7 years after the second operation).

Table 1. Ossification of the anterior longitudinal ligament, bony bridge formation, and spinopel-
vic parameters.

Before

operation

1 year after

operation

6 years after

initial operation

7 years after

reoperation

Bridge of OALL T5–T11 T5–T11 T9–L1

L4–S1

T5–S1

SVA (mm) 65.0 120.0 168.9 180.8

Thoracic kyphosis (�) 23.0 20.0 37.1 37.4

Lumbar lordosis (�) 42.0 27.0 0.6 10.2

Pelvic incidence (�) N/A N/A 53.3 54.8

Pelvic tilt (�) N/A N/A 36.3 36.3

Sacral slope (�) N/A N/A 17.1 18.5

OALL, ossification of the anterior longitudinal ligament; SVA, sagittal vertical axis; Thoracic kyphosis, angle between

superior endplate of T5 and inferior endplate of T12; Lumbar lordosis, angle between superior endplate of L1 and superior

endplate of S1; Pelvic incidence, angle between the line perpendicular to the sacral plate at its midpoint and the line

connecting this point to the axis of the femoral heads; Pelvic tilt, angle between the vertical line and the line through the

midpoint of the sacral plate to the axis of the femoral heads; Sacral slope, angle between a horizontal line and the

sacral plate.
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ankylosis and sacroiliac joint erosion, scle-
rosis, or bony fusion.

DISH does not clearly cause clinical
symptoms other than reduction of spinal
mobility in many cases, and most patients
have a normal daily life. When fixation of
the spine is necessary because of degenera-
tive disease or spinal injury, investigation of
a surgical procedure in consideration of the
specific morphology and mechanical envi-
ronment is necessary.3,4,9 Because the
pathology is associated with a poor out-
come of surgical spinal fusion in many
cases, the disease has recently been attract-
ing attention and has been investigated
from various aspects. Metabolic abnormal-
ities and genetic and environmental factors
have been proposed as contributors to
DISH, but its cause remains unclear.
Changes in the overall spinal alignment
due to an increase in the thoracic kyphosis
angle and a decrease in the lumbar lordosis
angle,4,5 ossification of the other ligaments
around the spinal canal and spinal canal
stenosis,10 fracture and pseudarthrosis for-
mation in discontinuous and fragile
regions,11–13 and delayed palsy after frac-
ture6 have been shown to influence the
advancement of ossification and bone
bridge formation of the anterior longitudi-
nal ligament.14

We performed surgery three times during
a 14-year period in this patient. Anterior
longitudinal ligament ossification rapidly
progressed during this period, and ossifica-
tion and bone bridge formation were noted
in almost the entire anterior longitudinal
ligament from the thoracic to lumbar and
sacral vertebrae. Additionally, the thoracic
kyphosis angle increased and the lumbar
lordosis decreased, promoting abnormal
spinal alignment. Ossification of the liga-
ments around the spinal canal other than
the anterior longitudinal ligament was
also noted: ossification of the posterior
longitudinal ligament and reossification
of the laminectomy-treated regions and

accompanying spinal canal stenosis devel-
oped. Moreover, the fragile region between
continuous vertebrae was fractured and
pseudarthrosis was formed. The patient
experienced many DISH-induced spinal
problems throughout the 14 years. This
case illustrates that in patients with DISH,
ossification and bone bridge formation of
the anterior longitudinal ligament may rap-
idly progress within 14 years, which is a rel-
atively short period. Although abnormal
spinal alignment does not further progress
in regions with complete bone bridge
formed by ossification, clinicians should be
aware that the lack of due consideration for
fixation without focal lumbar lordosis has a
greater effect on global alignment than does
the progression of DISH and that problems
readily occur in discontinuous and fragile
regions. Additionally, treatment should be
performed with consideration of alignment
of the entire spine.

Conclusions

DISH-associated problems after spinal
fusion are not rare, but the present case
report illustrates the possibility of long-
term development of multiple problems in
such patients. In the present case, a patient
with DISH developed ossification and bone
bridge formation of the thoracic and
lumbar anterior longitudinal ligament that
advanced and became continuous from the
thoracic region to sacrum during a 14-year
period. She developed characteristic DISH-
associated problems that required three
surgeries throughout this time period:
abnormal sagittal alignment of the spine,
ossification of the posterior longitudinal lig-
ament, reossification of the laminectomy-
treated regions, and fragile fracture and
pseudarthrosis. During follow-up, clinicians
must be aware that a lack of due consider-
ation for fixation without focal lumbar
lordosis has a greater effect on global
alignment than does the progression of
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DISH and that problems are likely to occur
in ossification-discontinuous or frag-
ile regions.
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