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CLINICAL REPORT
SPINE

Patterns of Intrathecal Ossification in Arachnoiditis
Ossificans: A Retrospective Case Series

B. Thejeel,

ABSTRACT

C.S. Geannette,

M. Roytman, ““'DJ. Pisapia, ““').L. Chazen, and ““'S.T. Jawetz

SUMMARY: Arachnoiditis ossificans is an uncommon end-stage appearance of chronic adhesive arachnoiditis. Imaging features of

arachnoiditis ossificans are characteristic and should be diagnosed to avoid unnecessary intervention and guide prognosis and manage-

ment. In this case series, we retrospectively analyzed CT and MR imaging of 41 patients to identify common patterns of intrathecal

ossification and present the common etiologies. Thirty-two patients had a confirmed history of spinal instrumentation, 7 were discov-

ered on imaging without prior surgical history, 1 had a history of ankylosing spondylitis, and 1 had trauma. The most frequent site of

ossification was at the conus and cauda equina. Four patterns of ossification were identified, including central, nerve root encasing,

weblike, and peripheral. Arachnoiditis ossificans is an important, likely under-recognized consideration in patients who present with

back pain. Diagnosis can be made readily on CT; MR imaging diagnosis is also possible but may be challenging.

ABBREVIATION: AO = arachnoiditis ossificans

C hronic adhesive arachnoiditis is a spectrum of entities of vary-
ing severity and assorted imaging appearances. This patho-
logic entity involves the arachnoid mater layer of the meninges,
which is often inconspicuous on cross-sectional imaging and
becomes apparent in diseased states." Chronic adhesive arachnoi-
ditis predominates as thickening and scarring of the arachnoid
and pial surfaces and can also involve the nerve roots. The typical
features of chronic adhesive arachnoiditis include nerve root thick-
ening, nerve root clumping, nerve root peripheralization (empty
thecal sac), intradural soft-tissue masses, and thecal sac deformity,
all of which can be visualized on MR imaging,>* Chronic adhesive
arachnoiditis is not associated with a specific etiology but rather
can be seen following surgery, infection, inflammation, and/or
trauma.>* Some case reports have even demonstrated findings
after intrathecal administration of medications such as contrast or
chemotherapy.>®

Arachnoiditis ossificans (AO) is an infrequent pathologic en-
tity that appears on the spectrum of chronic adhesive arachnoidi-
tis, often as the end-stage disease process.”” In 1982, Barthelemy®
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published the first case of AO diagnosed on CT. Before this, AO
was often suspected radiologically; however, it was only diag-
nosed surgically or at postmortem examination. Since that time,
CT of the spine has allowed greater diagnosis of AO, with the
largest case series documenting 5 patients.” The underlying histo-
pathology in AO is thought to be osseous metaplasia in the set-
ting of chronic arachnoid inflammation leading to intrathecal
ossification.”!® However, despite chronic adhesive arachnoiditis
being easily seen on MR imaging, arachnoid ossification can be
inconspicuous and may, therefore, be overlooked or misdiag-
nosed. Although AO is a rare entity, it is likely more widespread
than previously thought. CT is considered a more accurate imag-
ing technique for AO because it can more accurately distinguish
intrathecal AO from the overarching diagnosis of chronic adhe-
sive arachnoiditis.>""!

The aim of this work was to identify patterns of ossification
on CT that are characteristic of AO and can assist radiologists in
making the correct diagnosis.

CASE SERIES

Institutional ethics review board at the Hospital for Special
Surgery and Weill Cornell University-New York Presbyterian
Hospital approval was obtained for this retrospective case series
from an orthopedic surgical hospital as well as a tertiary trauma
center for imaging studies performed between January 1, 2000,
and July 1, 2021. Cases were acquired through a search of an
institutional PACS, identifying patients with the diagnosis of AO
on either CT or MR imaging with histopathologic confirmation.
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Table 1: CT protocol used in spine imaging of the 41 patients included in the case series

CT Protocol

kV(peak) 120
mAs

Section thickness
Reformations

AutomA and SmartmAs with maximum dose 400 mA
0.625-mm section thickness, Bone Plus Algorithm
Multiplanar reformations, 2-mm reformats in sagittal and coronal planes and to disc levels and in soft-tissue windows

Table 2: MR imaging protocol used in spine imaging of the 41 patients included in the case series

2D Sagittal T2 2D Coronal T2 2D Axial T2 2D Sagittal T1 2D Sagittal T2 FLEX

TR (ms) 3500 4000 3500 620 5500

TE (ms) 110 104 110 10 10
Flip angle 180° 90° 180° 90° 142°
FOV (mm?) 260 280 280 280 260
Matrix 512 x 256 512 x 256 416 x 224 512 x 256 416 x 224
NEX 15 1 15 1 1
Receiver bandwidth (MHz) +83.33 +195.31 +83.33 +195.31 +£24414
Section thickness (mm) 3.5 3.5 3.5 35 35
Echo-train length 14 12 12 3 16
Acquisition time (min) 34 34 4-5 34 34

Note:— FLEX indicates 2-point Dixon fat-suppression.

Table 3: Demographics and characteristics of 41 patients with
confirmed diagnosis of AO

Demographics and Characteristics

Total patients 4]
Age (yr) 63 (SD, 18.8); range, 16-92
Etiology
Postsurgical 32
Idiopathic 7
Inflammatory 1
Posttraumatic 1
Sex
Male 18
Female 23
Location
Lumbar spine 36
Thoracic spine 5

Follow-up duration 3.9(SD 3.7) years; range,
8 months to 14 years

No follow-up 18 patients

Patients with MR 25

imaging correlation

The search yielded the following unique cases: 50 of AO, 383 of
chronic arachnoiditis, 7 of intrathecal ossification, and 3 of intra-
thecal calcification. Cases without CT or pathologic confirmation
were excluded. The electronic medical record was reviewed to
collect data on patient demographics. Prior relevant surgical and
medical history was acquired, including history of trauma, central
nervous system infection, and inflammatory disease.

MR imaging was performed on a 1.5T unit (Optima MR450w,
Discovery MR450, Signa HDxt; GE Healthcare) and on a 3T unit
(Signa Premier; GE Healthcare). CT was performed using a 64-
section scanner (Discovery 750 HD; GE Healthcare). Imaging
protocols can be reviewed in Tables 1 and 2.

The patients’ imaging studies were reviewed in consensus by
3 radiologists (a fellowship-trained musculoskeletal radiologist
with 10 years’ experience, a neuroradiologist with 2 years’ experi-
ence, and a musculoskeletal radiology fellow). Imaging was eval-
uated for the presence of meningeal ossification, location of the
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ossification, associated spinal cord or nerve root distortion, and a
pattern of ossification. Common patterns of ossification were
described and categorized. When available, MR imaging was
reviewed to evaluate corresponding lesions as well as associated
signal abnormalities within the nerve roots and cord. The data
sets were collected and collated in de-aggregate form. A series of
41 cases of AO was identified. A summary of patient demo-
graphics and characteristics is included in Table 3.

Four major etiologic categories were identified with the follow-
ing frequency: 1 inflammatory, 1 posttraumatic, 7 idiopathic, and
32 postsurgical. A 38-year-old male patient with a remote history
of gunshot wound to the thoracic and lumbar spine with follow-
up imaging demonstrating lumbar spine AO (Fig 1) was included;
this patient did not undergo any spinal surgery because he was
hemiparetic at the time of injury. One patient with a history of
ankylosing spondylitis was included, and, in addition to findings
of AO, imaging demonstrated classic features of diffuse syndes-
mophyte ankylosis with a “bamboo spine” appearance, interspi-
nous ligament ossification, and intradiscal calcification (Fig 2).

In 7 patients, AO was found without a history of symptoms,
inciting events, or risk factors. One of these patients was a 24-year-
old female gymnast presenting with low back pain without a history
of known trauma, infection, or inflammatory disorder. Another
case was a 20-year-old man who presented for whole-spine CT fol-
lowing a suicide attempt, and AO was discovered at the distal-most
aspect of the thecal sac. AO was also found within the thoracic
spine on a CT scan of the chest in 2 patients imaged for screening
for lung nodules. In another patient, AO was found in the lumbar
spine on a CT scan of the pelvis performed for evaluation of the hip
joints. Pre-existing AO was found on 2 lumbar spine CT scans in 1
patient presenting for imaging in the setting of acute trauma and in
another patient being evaluated for multiple myeloma.

The largest subset of patients consisted of 32 cases with a his-
tory of spinal surgery. Two patients underwent tethered cord
release, 8 patients underwent laminectomy only, and 22 patients
underwent combined laminectomy and instrumented arthrodesis
(Fig 3). The diagnosis of AO was made in patients with a history of



FIG 1. A 38-year-old male patient presenting 7 years following gunshot injury to the lumbar spine.
Imaging from the time of the injury was unavailable for review. Sagittal T2-weighted MR imaging
(A) demonstrates low signal thickening of the thecal sac as well as contour deformity of the the-
cal sac and its contents. Intermediate-signal tissue is present at the conus medullaris, relating to a
posttraumatic scar. CT image (B) demonstrates peripheral and weblike ossification within the the-
cal sac (white arrows), which is not definitively identified on MR imaging (white arrows). The web-
like ossification is better demonstrated on axial CT images (C and D), which also show multiple

foci of metallic debris related to the prior gunshot injury (red arrows).

FIG 2. CT images from a 66-year-old female patient with back pain
and stiffness. Sagittal (A and B) and axial (C) CT demonstrate features
of spinal ankylosis relating to inflammatory spondyloathropathy (blue
arrows). AO is evident by thick peripheral ossification of the
meninges most prominent at the tip of the thecal sac; however, it
can also be seen in the thoracic spine (red arrows).

surgery, on average, 13.4 (SD 14.7) years following the operation,
with a range of 1-47 years. Of these patients, 1 underwent spinal
fusion in the setting of a gunshot injury. All patients presenting fol-
lowing surgery had back pain. In 5 patients with history of spinal
fusion, consecutive CT demonstrated progression of ossification in
the setting of worsening of the patient’s symptoms (Fig 4).

One patient with a history of teth-
ered cord release developed lumbar
spine AO and subsequently underwent
surgical resection of the ossification.
Histopathologic analysis was performed
following staining with H&E. The resec-
tion specimen demonstrated peripheral
areas of osseous formation along the
margins of resected tissue, consisting of
meningothelial cells within leptomenin-
ges with scattered foci of calcification
(Fig 5).

Review of all imaging demonstrated
4 typical patterns of ossification seen in
our case series (Fig 6). Patients either
presented with a dominant pattern or
demonstrated a mixed presentation.
The first observed pattern was periph-
eral ossification along the border of the
thecal sac, which can be completely or
partially circumferential; this pattern
was observed in 8 patients. The second
observed pattern was central longitudi-
nal ossification within the thecal sac
with a filamentous morphology on sag-
ittal imaging, which was seen in 5
patients; depending on the location and appearance, this may rep-
resent ossification surrounding the filum terminale. The third
pattern was weblike ossification that fills the CSF space and insin-
uates throughout the thecal sac; 7 patients presented with this pat-
tern. Finally, a pattern in which the ossification encased =1 nerve
root was seen in 3 patients. In 18 patients, a mixed pattern of ossi-
fication was observed, which predominated as a combination of
central and peripheral as well as peripheral and weblike. In these
patients, the 2 patterns contributed equally to the overall appear-
ance of AO (Fig 7). In the 4 patients presenting with neurologic
symptoms of unilateral lower extremity weakness, numbness, and
neurogenic claudication, peripheral and nerve-encasing patterns
of ossification were seen.

Twenty-five patients had both MR imaging and CT of the
spine. MR imaging of the spine included sagittal and axial T1 and
T2, coronal T2, and sagittal STIR sequences; gradient-echo
sequences were not used and are not part of our routine nonsu-
pervised MR imaging of the thoracic and lumbar spine. Regions
of ossification demonstrated on CT corresponded to findings on
MR imaging predominating as areas of low-signal-intensity
thickening of the thecal sac and surrounding the nerve roots as
well as clumping up the nerve roots and contour distortion of the
thecal sac and nerve roots. Ossification was not reliably demon-
strated on MR imaging. The findings demonstrated on MR imag-
ing are not specific to AO and can be seen in the spectrum of
chronic adhesive arachnoiditis. Of 25 patients, 23 had a history of
spinal surgery, 1 had a gunshot injury, and 1 was in the incidental
group. In all except 1 patient, MR imaging was performed before
the CT scan. The only person who had a CT scan before MR
imaging had sustained a gunshot wound to the thoracic spine.
In the patients with a history of spinal instrumentation, all
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FIG 3. A 78-year-old man status post multiple lumbar surgeries. T2-weighted MR imaging of the lumbar spine including sagittal (A) and axial (D)
reformats demonstrates low signal thickening of the thecal sac and surrounding the nerve roots (red arrows), which manifests as weblike ossifi-
cation on sagittal (B) and axial (C) CT images (red arrows). MR images (A and D) depict the associated thecal sac distortion.

FIG 4. Comparison of CT scans of the lumbar spine of the same patient performed in 2008 with
follow-up in 2018 demonstrates progression of ossification (red arrows), which potentially con-

tributes to progression of pain and neurologic dysfunction.

underwent MR imaging followed by CT. CT was acquired to bet-
ter evaluate fusion hardware and the cause of back pain.

DISCUSSION
Chronic adhesive arachnoiditis is a pathologic entity seen in the
spine that includes a spectrum of severity. The most severe type,
AQ, is rare, and recognition is important in patients presenting
with back pain and neurologic deficits.>"*

This is the largest published series of patients diagnosed with
AO secondary to various etiologies. Within the published literature,
case reports and series of AO confirmed on imaging can be found

dating back to 1982.° Most of the published literature is limited to
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single case reports, with the largest case
series including 5 patients.” The most
common etiology for AO in the litera-
ture was spinal instrumented arthrodesis.
Other etiologies included trauma, infec-
tion, spondyloarthropathy, intrathecal
drug administration, and remote intra-
thecal contrast administration. The lum-
bar spine was the most common
location for AO within the published
case reports, with the second most com-
mon location reported in the thoracic

6-9,13-21 . :
no cases of cervical spine

spine;
AO were reported. The most common
clinical presentations were lower extrem-
ity weakness and back pain. Given this
distribution, we believe that there is a
link between location and etiology.

This series of patients was largely consistent with the demo-
graphics and characteristics of patients in the literature. In this se-
ries, 78% of patients had undergone spinal surgery, most whom
underwent spinal decompression or fusion, which speaks to the
prevalence of AO in this patient population. Thus, recognition is
important given the increasing volume of spinal surgery.”>*
While there are proposed treatment options primarily designed to
restore CSF flow dynamics, such as attempts to lyse adhesions,
these attempts have demonstrated limited success; therefore, AO
should be considered a “do-not touch lesion”*** because interven-
tion does not lead to symptom improvement or prevent progres-
sion of the pathologic process. Like many pathologic processes
without robust treatment, we believe that correct diagnosis of AO



FIG 5. A 16-year-old female patient with a history of remote tethered cord release and posterolateral fusion. MR imaging T2-weighted images
in the sagittal (A) and axial (B) planes demonstrate low signal thickening of the thecal sac with peripheralization and clumping of the nerve roots.
C, H&E stains of the resection specimen from the thecal sac at the lumbar spine demonstrate meningothelial cells within the resected leptome-
ninges (black arrow), with ossification along the margin of the specimen (white arrowhead) as well as scattered foci of calcification (black

arrowheads), consistent with AO.

is important, even in the absence of definitive treatment, because
it may prevent unnecessary testing such as CSF sampling, biopsy,
and even surgery, thus stressing the importance of acknowledging
the various imaging appearances and patterns of AO to prevent
misdiagnosis.

Most interesting, this series had 7 cases of idiopathic AO in
patients who were reportedly asymptomatic. Given the retrospec-
tive nature of this study, clinical information in this group of
patients was limited; thus, data were not always available to con-
firm the presence or absence of symptoms. This finding can be
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Central

FIG 6. In this series of 41 patients, 4 patterns of ossification that can be seen in AO were identified.
Ossification can occur as a combination of patterns, which was the most common in this series. CT
images demonstrate the 4 patterns. A, The central pattern demonstrates central ossification within
the thecal sac and can have the appearance of a dagger on the sagittal plane. B, Nerve root encase-
ment appears as circumferential ossification surrounding single or multiple roots of the cauda
equina. C, The peripheral pattern involves the walls of the thecal sac and can be circumferential or
discontinuous. D, The weblike pattern appears as ossification filling the thecal sac and insinuating
between the nerve roots. In all panels the red arrows point out the areas of ossification.

FIG 7. In some patients, a combined pattern of ossification was
observed. Axial CT images in 2 unique patients demonstrate 2 pat-
terns coexisting. A, The red arrow demonstrates the peripheral pat-
tern of ossification coupled with a central pattern as shown by the
white arrow. B. In this patient, the red arrow also indicates a region
of peripheral ossification, coupled with weblike ossification as indi-
cated by the white arrow.

interpreted in 2 major ways: One hypothesis is that not all
patients experience symptoms from these ossifications; alterna-
tively, the ossification may simply represent a “red herring” in the
work-up of patients who have a multitude of reasons for back
pain including failed back surgery. These findings further support
the importance of recognizing AO as a do not touch lesion.
Future prospective and longitudinal studies will be required to
answer this question.

The patterns of ossification seen in AO can be variable as
demonstrated in our series and within the literature. This vari-
ability may result in interpreters under-recognizing AO or mis-
taking it for another entity. In the literature, attempts have been
made to characterize and classify the patterns of ossification. In a
study by Domenicucci et al,*® the authors proposed a classifica-
tion system based on their review of 3 of their own case reports;
however, the analysis is limited due to the small sample size. The
large size of this series lends itself well to pattern analysis, and the

[3 Thejeel ©2023 www.ajnr.org

Nerve Root Encasing

most common ossification patterns were
classified. The 4 main patterns of ossifi-
cation identified, including peripheral,
central, weblike, and nerve encasing, can
serve as a guide for the physician inter-
preting CT of the spine when faced with
meningeal ossification. Given the retro-
spective nature of this case series, it is dif-
ficult to associate the different patterns
with the severity of symptoms or the
presence of neurologic deficits. Most of
these patients presented with symptoms
of pain, with only 10% presenting with
neurologic deficits including weakness
and paresthesia. In patients with neuro-
logic deficits, peripheral and nerve-
encasing patterns of ossification were
seen. This observation suggests that
these patterns of ossification may corre-
late with patient symptoms. However,
larger prospective studies are needed to
determine this effect.

In 25 patients, MR imaging was
available for review. However, the diag-
nosis of AO was not possible prospectively from the MR imaging
nor were there specific MR imaging features to suggest AO.
Theoretically, given the underlying osseous metaplasia driving
AO, a centrally T1-hyperintense and peripherally hypointense
lesion may be considered to represent AO; however, in our expe-
rience, the MR imaging finding predominates as T1/T2 low signal
indicative of cortical bone. Allowing for the small size of the
ossific lesion, the lower spatial resolution and higher section
thickness of MR imaging can conceal the T1-hyperintense fatty
medullary component of AO, which can be readily seen on CT as
hypodensity. In these cases, MR imaging demonstrated low signal
thickening of the thecal sac and nerve roots as well as nerve root
clumping and contour distortion of thecal sac, all of which are
nonspecific for AO and can be seen in the spectrum of chronic
adhesive arachnoiditis.

CT remains the technique of choice for the diagnosis of AO.
However, in many patients with back pain and neurologic symp-
toms, MR imaging may be indicated for diagnosis; thus, in these
patients who undergo only MR imaging, AO may be underdiag-
nosed. Radiologists supervising these examinations may elect to
add sequences such as fat-suppressed 3D-FLASH sequences™ or
a T2-weighted gradient recalled-echo sequence®” for better imag-
ing of cortical bone. These sequences have been reliably used for
many years to image osseous morphology and are readily avail-
able at most imaging suites. Emerging techniques in MR imaging
may, in the future, allow better identification of AO. One such
technique is zero-TE, which allows better characterization of ossi-
fication and bone structures by acquiring signal immediately after
applying the radiofrequency pulse, resulting in near-zero TEs,
which allow imaging of structures with very short transverse
relaxation times (T2) such as bones.*® This technique is not cur-
rently widely used clinically and remains in the research phase;
however, many studies evaluating musculoskeletal structures,
specifically the spine,”>* have shown promise.



CONCLUSIONS

AO is an important consideration, likely underdiagnosed, in

patients who present with back pain following spine surgery. CT

is considered diagnostic for AO, and MR imaging is less reliable

for definitive diagnosis though it is complementary in evaluating

chronic adhesive arachnoiditis. Ossification can progress with

time, and it is important to consider with worsening pain/weak-

ness postoperatively. We present the largest series of patients with

AO during a 20-year period and demonstrate patterns of ossifica-

tion: peripheral, central, encasing nerve roots, and weblike.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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