Thoracic myelopathy from ossification of the ligamentum flavum

Several previous studies on OLF myelopathy involved
fewer than 50 patients, and thus OLF myelopathy’s clini-
cal features remain unclear.!’8%121416182224 Iny the present
study, we collected data in 72 cases, which represents the
largest population reported to date. Most reports of OLF
myelopathy have originated from Japan, and this fact may
suggest that the number of patients might be fewer outside
Japan. 315182 Recently, however, several investigators
have reported on Caucasian, Indian, North African, and
Chinese patients.!3212.14.22

The reason for the high incidence of OLF in the Japa-
nese population is not clear. Authors of several recent
studies have indicated that the development of OPLL is
associated with certain genetic factors.*0%2 These factors
may also play a specific role in the origin of OLFE.

In the present study we found that OLF-induced my-
elopathy frequently developed in the lower thoracic re-
gion in elderly males. The authors of previous studies
have also indicated that OLF-related myelopathy most
commonly occurred in the lower one third of the thoracic
spine.’*” The symptoms of OLF-induced myelopathy
mimic those of lumbar disorders, resulting in misdiagno-
sis.121624 Half of our patients first noticed lower-extremity
tingling and numbness or pain; these symptoms can be the
chief complaints among patients with lumbar disorders.
Interestingly, 11% of the patients complained of back
pain, which is in contrast to patients with cervical
myelopathy who rarely experienced neck pain first.>*’ To
establish a correct diagnosis of OLF-related myelopathy, a
detailed neurological examination should be performed.
In addition, a lower thoracic region magnetic resonance
imaging study should be conducted once OLF-related
myelopathy is suspected due to spasticity or multiseg-
mental neurological deficits in the lower extremities.

Because OLF-related myelopathy affects the posterior
part of the spinal canal, a laminectomy is indicated. Some
technical modifications, however, have been developed
during the 15 years of the study, based on the conditions
of OLE.'®" The ligamentum flavum bilaterally has two
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F1G. 2. The CT classification of
OLF, with scans obtained at the
middle of the facet joint. A:
Lateral type. The ossified ligamentum flavum is located only in the
capsular portion of the ligamentum flavum, which can be detected
at the lateral edge of the spinal canal. B: Extended type. The ossi-
fied ligamentum flavum is located at the surface of the ligamentum
flavum but extends to the interlaminar portion of the ligament. C:
Enlarged type. The ossified ligamentum flavum protrudes into the
spinal canal, but both sides of ossified ligamenta flava are not fused
at the middle. D: Fused type. Bilateral ossified ligamenta flava
fuse at the middle of the spinal canal, but an incision can be found
at the middle of the ossified ligamentum flavum. E: Tuberous
type. Fused ossified ligamenta flava make a tuberous mass at the
middle of the spinal canal.

portions:; medially, the interlaminar portion and, laterally,
the capsular portion.?? Ossification usually begins in the
capsular portion and spreads to the laminar portion. Ossif-
ication enlarges anteriorly toward the spinal cord. Bilat-
eral ossifications then fuse in the middle of the lamina and
thicken to form a central tuberous mass.'> These fused or

FiG. 3. Preoperative CT myelogram obtained in a patient with
OLF and ossified dura mater at the T10~11 level. The ossified lig-
amentum flavum adheres to the ossified dura on the right side of
the spinal cord, and little contrast medium between the cord and
ossified ligamentum flavum is detected.
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TABLE 3

Relationship of postoperative JOA score and
recovery rate to various patient factors

Postop Variable (range)

Factor JOA Score Recovery Rate (%)
sex
male 7.7 (0-11) 46 (—38 to 100)
female 8.3 (4-10) 54 (0 to 88)
age (yrs)
=65 8.0 (0-11) 46 (—38 to 100)
>65 7.7 (2-11) 48 (0 to 100)
sex & age
male =65 8.0 (0-11) 47 (—38 to 100)
male >65 7.3(2-11) 42 (0 to 100)
female =65 8.0 (6-9) 43 (0 to 60)
female >65 8.4 (4-10) 60 (22 to 88)
preop duration of symptoms (mos)
=6 8.0 (4-11) 54 (—25 to 100)
6-12 8.3 (5-11) 47 (0 to 100)
12-24 7.6 (0~11) 43 (~38 to 100)
=24 7.7 (4-10) 41 (—25t075)
ossification of dura mater
present 6.5 (0-11) 30 (—38 to 100)
absent 8.0 (4-11) 49 (—25 to 100)

preop severity of myelopathy*

mild (JOA score =7) 9.0 (6-11) 45 (~38 to 100)
moderate (JOA score 4-6) 8.2 (4-11) 51 (0 to 100)
severe (JOA score =3) 5.9 (0-11) 41 (=25 to 100)

* A statistically significant difference (p < 0.05) was detected only in the
relationship between the JOA score and the preoperative severity of myel-
opathy.

central tuberous types of OLF frequently adhere to the
dura mater or fuse with its ossification.>®1722 The current
procedure of choice involves fenestration involving all
ligamenta flava for uni- or bilateral OLF at a single level
without fusion in the middle. Fenestration, or French-door
laminectomy, is performed for nonfused-type OLF at two
levels or more. En bloc laminectomy is chosen to treat the
fused or central tuberous types of OLF.!>!7

Several peri- and postoperative complications have
been reported in patients with OLF-induced myelopa-
thy.**# Cerebrospinal fluid leakage followed by the dis-
ruption of dura is one of the major intraoperative compli-
cations. In this series, dural tears occurred in nine patients
and most of them showed the ossified dura. In such cases,
the ossified ligamentum flavum needs to be excised to-
gether with the ossified dura, keeping the arachnoid intact
to avoid iatrogenic spinal cord damage.>'*1"?? Subse-
quently, duraplasty is required, usually with the placement
of artificial dura.*'372 Neurological deterioration can
occur immediately after surgery because of unintended in-
traoperative spinal cord manipulation.” A postoperative
epidural hematoma can also cause dense paralysis, which
was seen in one of our cases. Increased kyphotic spinal
deformity after laminectomy can cause late-onset neuro-
logical deterioration or localized back pain.?

Myelopathy caused by OLF is generally believed to
progress slowly.!3% In the present study, the mean preop-
erative duration of initial symptoms was nearly 2 years.
Forty percent of the patients in whom the preoperative
duration of symptoms was shorter than 6 months, howev-
- er, had severe myelopathy, which suggests that in some
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FiG. 4. Line graph showing the pre- and postoperative JOA
scores obtained in 72 patients. The score improved in 66 patients
during a mean follow-up period of 46 months.

cases, myelopathy progresses rapidly. Surgical decom-
pression has been the treatment of choice for compressive
myelopathy, and the results of this study indicate that out-
comes after decompression for OLF-induced myelopathy
are stable.! The postoperative neurological condition de-
pended on the preoperative severity of myelopathy; pa-
tients with a shorter preoperative duration of symptoms
tended to fare better than those in whom the duration of
myelopathy was longer. Thus, patients who present early
in the course of OLF with fewer disabilities should under-
go surgery quickly to avoid deterioration of myelopathy
and poorer results, which are highly possible if surgery is
delayed.

Conclusions

Myelopathy caused by OLF is uncommon, particularly
outside Japan. We have presented the clinical features and
surgical results obtained in 72 patients with this disorder;
this is the largest population reported to date. The surgical
outcome was relatively good and depended on the severi-
ty of myelopathy; thus, early and correct diagnosis is
required to avoid poorer results. Further education and
study of OLF-induced myelopathy are necessary, not only
for spine surgeons in Japan but also for neurosurgeons all
over the world.
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Myelopathy in Japan: Epidemiological Retrospective Study in Miyagi Prefecture during 15
Years. Tohoku J. Exp. Med., 210 (3), 199-208 —— Thoracic myelopathy is defined as spi-
nal cord compression in the thoracic region, leading to sensory and motor dysfunctions in
the trunk and lower extremities, and can be caused by various degenerative processes of the
spine. Thoracic myelopathy is rare, and there are many unsolved problems including its
epidemiological and clinical features. We have established a registration system of spinal
surgeries, which covered almost all surgeries in Miyagi Prefecture, and enrolled the data of
265 paﬁents with thoracic myelopathy from 1988 to 2002. The annual rate of surgery grad-
ually increased and averaged 0.9 per 100,000 inhabitants, which was less than 1/10 of that
for cervical myelopathy. About 20 patients with thoracic myelopathy are operated on in
Miyagi Prefecture each year. It frequently develops in middle-aged males. About half of
the cases were caused by ossification of the ligamentum flavam, followed by ossification of
the posterior longitudinal ligament, intervertebral disc herniation and posterior spur.
Patients usually noticed numbness or pain in the legs and the preoperative duration was
long, averaging 2 years. Its symptomatic similarities to lumbar disorders might cause diffi-
culty in making a correct diagnosis. Since thoracic myelopathy can markedly restrict the
activities of daily life, even general physicians should recognize this entity.
thoracic myelopathy; epidemiological study; ossification of the ligamentum flavum;
ossification of the posterior longitudinal ligament
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Thoracic myelopathy is defined as spinal
cord compression in the thoracic region, leading
to sensory and motor dysfunctions in the trunk
and lower extremities and urinary disturbance,
and can be caused by various degenerative pro-
cesses of the spine such as intervertebral disc her-
niation (HE), ossification of the posterior longitu-
dinal ligament (OPLL) and the ligamentum
flavam (OLF), and posterior spur (SP) (Smith and
Godersky 1987; Yonenobu et al. 1987; Otani et al.
1988; Mitra et al. 1996; Sato et al. 1997a; Fong
and Wong 2004). The posterior longitudinal liga-
ment connects the posterior aspects of the verte-
bral body while the ligamentum flavum is located
in the interlaminar space. OPLL, HE and SP can
compress the spinal cord from the anterior and
OLF from the posterior.

Unlike cervical myelopathy, the symptom-
atology of thoracic myelopathy is not well recog-
nized by orthopedists or even by spine surgeons
or neurosurgeons. It has often been overlooked or
misdiagnosed as lumbar spinal disorders as the
symptoms involve mainly the lower extremities
(Mitra et al. 1996; Sato et al. 1997a). The number
of the patients with thoracic myelopathy is much
smaller than that of those with cervical or lumbar
disorders (Mitra et al. 1996; Sato et al. 1997a).
Most previous studies reviewed fewer than 100
patients, usually 30 patients or less (Yonenobu et
al. 1987; Shiokawa et al. 2001; Hamouda et al.
2003). Thus, few epidemiological studies have
assessed the true incidence of thoracic myelopa-
thy necessitating surgery compared with cervical
or lumbar disorders. In addition, the clinical fea-
tures of thoracic myelopathy including the preva-
lence, age distribution, initial symptoms and the
rate of corresponding spinal factors remain
unclear.

Since 1988, all spine surgeries at the ortho-
pedic departments in Miyagi Prefecture, a prov-
ince in northeastern Japan with a population of
about 2.3 million, have been enrolled in the regis-
tration system of the Department of Orthopaedic
Surgery, Tohoku University School of Medicine
(Kokubun et al. 1996; Sato et al. 1997a).
Historically in Japan, patients with compressive
myelopathy have been usually treated by orthope-

dic surgeons rather than by neurosurgeons.
Therefore, the data from this registration system
should be reliable and, based on these data, we
have reported several epidemiological studies
(Kokubun et al. 1996; Sato et al. 1997a; Tanaka et
al. 2003). Sato et al. (1997a), reported the epide-
miological data on 81 patients with thoracic
myelopathy based on this registration system for
the 7 years between 1988 and 1994. To our knowl-
edge, no other epidemiological studies on it have
been reported from Japan or other countries. As
the registry continued, more than 250 patients
were surgically treated for thoracic myelopathy
during the 15 years to 2002. Using these data, the
purpose of this study was to define the epidemio-
logical and clinical features of thoracic myelopa-
thy in the Japanese. This paper focuses on the
epidemiological findings of this myelopathy in
Miyagi Prefecture and not on the surgical out-
comes nor on an analysis of the factors affecting
the postoperative improvement.

MATERIALS AND METHODS

This study was approved by the Ethical Committee
of Tohoku University School of Medicine. Between
1988 and 2002, 15,714 surgical operations at 30 hospitals
in Miyagi Prefecture were enrolled by the registration
system of the Department of Orthopaedic Surgery,
Tohoku University School of Medicine (Kokubun et al.
1996; Sato et al. 1997a). Two hundreds and sixty five
patients with thoracic myelopathy required surgical inter-
vention among the 14,458 patients in total who were the
residents of this prefecture and underwent spinal surger-
ies within the prefecture. These 265 patients were the
subjects of this study. Ten patients required 2 to 3 revi-
sions, secondary posterior fusion, dura mater repair,
addition decompression, and therefore, totally 278 surgi-
cal operations were performed, which accounted for 2%
of all the spinal surgeries.

Neurological deficits attributed to thoracic myelopa-
thy mostly included lower-extremity hyperreflexia,
plank paraparesis, and/or sphincter dysfunction.
Neurodiagnostic studies confirming this disorder includ-
ed abnormal myelograms, computed tomograms (CT)
and/or magnetic resonance imaging (MRI) studies. The
diagnoses and subsequent surgical operations were per-
formed by highly experienced spinal surgeons at 15 of
the 30 hospitals in Miyagi prefecture. Cases of thoracic
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myelopathy caused by spinal cord tumor, primary or
metastatic bone tumor, infection, spinal cord herniation
(Aizawa et al. 2001), and fracture or fracture dislocation,
were excluded from the current study.

The number of operations in each year was counted
and the annual rate per 100,000 inhabitants in Miyagi
Prefecture was calculated using the annual population of
this prefecture. Variables contributing to the clinical fea-
tures of thoracic myelopathy were assessed for the 265
patients: the gender and age, the initial symptoms, the
preoperative duration from the onset of the initial symp-
toms, the compressive factors for the spinal cord and the
locations in relation to the intervertebral disc levels, and
the types of surgical procedures. In addition, operative
findings on ossification of the dura mater that could not
be dissected from OLF, which is closely related to the
difficulty of the surgery, were investigated in the OLF
patients. The preoperative disease period was divided
into four: shorter than 6 months, from 6 months to 1 year,
from 1 to 2 years, and 2 years or longer.

REsuLTs

The annual rate of surgery for thoracic
myelopathy in Miyagi Prefecture gradually
increased and the average rate per 100,000 inhab-
itants for 5-year periods was 0.5 between 1988
and 1992, 0.8 between 1993 and 1997 and 0.9
between 1998 and 2002 (Fig. 1). The last rate
was thus almost double that of the earliest period.

Of the 265 patients undergoing thoracic
decompressions, males significantly outnumbered
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females (2.2 ratio), and were younger on average
than their female counterparts (Table 1). The
highest prevalence was for male patients in their
sixties, followed by those in their fifties and sev-
enties. On the other hand, the prevalence was
almost similar for female patients in their fifties,
sixties and seventies and they together accounted
for about 80% of all patients (Fig. 2).

OLF, OPLL, HE, and SP were most consis-
tently contributing spinal factors to thoracic
myelopathy, with half showing OLF, followed by
OPLL, HE, and OLF with OPLL and SP (Fig. 3).
Three patients had a combination of two of OLF,
HE or SP. The remaining 13 patients had rare
factors such as kyphoscoliosis (Sato et al. 1997b),
spondylolisthesis, or spinal canal stenosis in asso-
ciation with achondroplasia.

The most common initial symptoms included
numbness and tingling or pain in the lower
extremities, followed by spastic gait and/or weak-
ness. A handful (5%) of patients complained of
back pain. A few patients noted atrophy/cramping
of the lower extremities first. The preoperative
duration from the onset of the initial symptoms
averaged 2 years and about half of the patients
showed symptoms longer than 1 year while one
third were less than 6 months. HE patients
showed the shortest preoperative durations while
those of the SP patients were relatively long. The
mean age at surgery of the SP and HE patients

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

(year)

Fig. 1. Yearly changes in the surgical rate for patients with thoracic myelopathy in Miyagi Prefecture

from 1988 to 2002.
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TasLE 1. Summary of the patients with thoracic myelopathy.

Male: Female 182: 83"
Mean age at surgery

Male (n = 182)

Female (n = 83)

OLF (n = 139)

OPLL (n = 33)

OLF + OPLL (n=25)

HE (n =30)

SP(n=22)
Initial symptoms (n = 178)

Tingling, numbness or pain in legs

59 yrs (range; 29-84)
63 yrs (range; 32-85)
64 yrs (range; 38-85)
58 yrs (range; 39-84)
58 yrs (range; 36-73)
56 yrs (range; 38-79)
49 yrs (range; 29-72)

56% (n = 100)

Gait disturbance 35% (n = 62)

Back pain 5% (n=9)
Others 4% (n=17)

Averaged preoperative duration of symptoms 2 yrs (range; 1 month-18 yrs)
= 6 month 49 patients

6 months < = 1yr 34 patients

Tyr =2 <2yrs 29 patients

Z 2 yrs 43 patients

Unknown or not decidable 110 patients

OLF (n=139) 1.8 yrs (range; 1 month-11 yrs)
OPLL (n =33) 2.1 yrs (range; 1 month-17 yrs)
OLF + OPLL (n = 25) 2.4 yrs (range; 2 month-14 yrs)
HE (n = 30) 1.0 yrs (range; 1 month-6 yrs)

SP (n=22) 3.0 yrs (range; 2 month-18yrs)

OLF, ossification of the ligamentum flavum; OPLL, ossification of the posterior longitudinal
ligament; HE, intervertebral disc herniation; SP, posterior spur.
Statistically significant differences can be detected only in the male/ female ratio. "p < 0.05.

80
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Number of Patients

2029 30-39 4049 5059 60-69 70-79 >80 OV

Fig. 2. Age distribution of the patients with thoracic myelopathy in Miyagi Prefecture. Among males,
the patients in their sixties show the highest prevalence, and among females, those in the fifties,
sixties and seventies show almost equal prevalences.
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Others

-

Fig. 3. Spinal factors compressing the spinal cord
leading to thoracic myelopathy.
OLF, ossification of the ligamentum flavam;
OPLL, ossification of the posterior longitudinal
ligament; HE, intervertebral disc herniation;
SP, posterior spur.

was lower than that of those with the other com-
pressive spinal factors (Table 1).

The decompression levels for the four major
factors, OLF, OPLL, HE and SP, considered to be
responsible for the thoracic myelopathy are shown
in Fig. 4. The patients having a combination of
two of those factors were excluded as it was
uncertain which factor was responsible for the
myelopathy. The surgical levels for OLF were
between T10/11 and T11/12 in 65%, for OPLL
they were between T1/2 and T6/7 in 84%, for HE
at T7/8 or lower in 90%, and for SP between
T10/11 and T12/L1 in 64%.

The surgical procedures for the four major
compressing factors are summarized in Table 2.
Laminectomy was most frequently performed for
OLF followed by fenestration, partial resection of
the lamina with the spinous process and upper
part of the lamina kept intact. Before 1993, lami-
nectomy was performed in 24 of 27 patients and
hemilaminectomy in the others. Thereafter, OLF
at a single level without fusion in the middle of
the spinal canal was usually removed by fenestra-
tion and laminectomy, and fenestration was per-
formed with equal frequency (Sato et al. 1998).
Ossified dura mater that could not be dissected

80 OLF, EIOPLL, M Posterior Spur, E Herniation

70

60

50

40

30

20

Number of Decompressed Levels

10

)

s

ME Yk

C7/T1 T2 T2/3 T3/4 T4/5

Ts/6

Fig. 4. Distribution of the four major compressive factors in the spinal cord in relation to the interverte-

bral disc level.

OLF is most common in the lower thoracic spine while OPLL is frequently distributed in the upper
to middle thoracic. Intervertebral disc herniation is mainly detected in the middle and lower thorac-
ic spine and posterior spur in the lower thoracic spine.
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TasLE 2. Surgical procedures for the common compressing spinal factors in thoracic myelopathy.

OLF 139 patients
Laminectomy 78
Fenestration 45
Laminectomy + fenestration 9
Hemilaminectomy 3
Others 4

OPLL 33 patients
Laminectomy 24
Anterior decompression through posterior approach “Otsuka” 2
Anterior decompression & spinal fusion 2
Anterior decompression through a diagonal anterior and posterior approach 2
Others 3

OLF + OPLL 25 patients
Laminectomy 18
Laminoplasty + laminectomy 3
Fenestration 2
Anterior decompression through posterior approach “Otsuka” 2

Disc herniation
Anterior decompression & spinal fusion
Hemilaminectomy
Transverso-arthro-pediculectomy
Others

Posterior spur
Anterior decompression & spinal fusion
Laminectomy
Others

30 patients
13
6

22 patients
12
6
4

OLF, ossification of the ligamentum flavum; OPLL, ossification of the posterior longitudinal
ligament; HE, intervertebral disc herniation; SP, posterior spur.

from the OLF was observed in 12 (9%) of 139
patients who had OLF alone (Fig. 5). Thick or
beak-like OPLL combined with or without OLF
(Fig. 6) usually compressed the spinal cord very
severely and laminectomy alone could not achieve
sufficient decompression. In such cases, anterior
decompression through a diagonal anterior and
posterior approach was done for two patients
before 1994 (Kokubun et al. 1991), and anterior

decompression through posterior approach
described by Otsuka et al. (1983) was adopted for
four patients after 1997. HE was treated by ante-
rior decompression and spinal fusion (ASF)
through an extrapleural or thoracotomy approach
before 1996 and mainly by discectomy through a
transverso-arthro-pediculectomy approach from
the posterior afterwards (Sato 2003).
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Fig. 5. Preoperative CT-myelogram of OLF with
ossified dura mater at T10/11.
OLF protrudes right-ventrally and the contrast
medium between the spinal cord and OLF can
not be detected (arrowhead).

Fig. 6. Preoperative CT of a patient with OPLL.
A: Sagittal plane. Continuous OPLL can be found in the upper thoracic spine including beak-like
regions (arrows).
B: Axial plane. Thick OPLL occupijes the spinal canal at T3 level (arrowhead).
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Discussion

Thoracic spinal disorders including tumors
and fractures warranting surgical intervention
constituted only 7% of all spinal procedures
performed in the registration system of the
Department of Orthopaedic Surgery, Tohoku
University School of Medicine (Tanaka et al.
2003). Cases of thoracic myelopathy caused by
degenerative processes of spine were even fewer,
representing only 2% of all the spinal surgeries in
this study. The annual rate of surgery was 0.9 per
100,000 inhabitants from 1998 to 2002 in Miyagi
Prefecture, which was less than 1/10 of that for
cervical myelopathy (10.9) in the same prefecture
in the same period, but nearly doubled during
those 15 years (Tanaka et al. 2003). This increase
might be attributed to advances in neurodiagnos-
tic imaging including CT and MRI and in the
training of spinal surgeons.

The present study showed that thoracic
myelopathy more frequently develops in middle-
aged males. Previous studies also indicated that
male cases were more common than female cases
(Sato et al. 1997a; Shiokawa et al. 2001;
Hamouda et al. 2003). Thoracic myelopathy
patients were younger at operation than those with
cervical myelopathy. The patients in the latter
group were more frequently in their sixties to sev-
enties (Tanaka et al. 2003). It is unclear why tho-
racic myelopathy more often develops in middle-
aged people compared to cervical myelopathy
patients. OLF and OPLL, the major causes of
thoracic myelopathy, might be associated with
some genetic factors (Koga et al. 1998; Yamamoto
et al. 2002). The thoracic spine is naturally
kyphotic and the spinal cord runs anterior of the
spinal canal, which suggests the cord is more eas-
ily damaged from the anterior side. Additionally,
the spinal cord in the thoracic spine has a particu-
larly vulnerable region called the “watershed
zone” due to poor blood supply and the ratio of
the cord to the canal is larger than in other parts
of the spine (Stillerman and Weiss 1991). Since
the cord is debilitated more easily by compressive
spinal factors, thoracic myelopathy might develop
earlier than in the cases of cervical myelopathy.

The symptomatology of thoracic myelopathy
is similar to that of lumbar disorders (Mitra et al.
1996; Sato et al. 1997a). It usually appears first
in the lower extremities (Sato et al. 1997a). In the
current study, more than one half of the patients
initially noticed tingling, numbness or pain in the
lower legs. Interestingly enough, 5% of the
patients complained of back pain, which was in
contrast to patients with cervical myelopathy who
rarely presented with neck pain (Smith and
Godersky 1987; Bernhardt et al. 1993; Kokubun
et al. 1996; Mitra et al. 1996; Sato et al. 1997a).
Thoracic myelopathy usually progresses slowly

(Shiokawa et al. 2001; Fong and Wong 2004). In

the present study, the preoperative duration from
the initial onset of symptoms until surgery was
also relatively long, 2 years on average, which
might result from by this slow progression and the
difficulty of the diagnosis because of similarities
with lumbar disorders. However, the fact that
about one third of the patients showed preopera-
tive durations of less than 6 months suggests that
thoracic myelopathy sometimes progresses rapidly
(Otani 1988; Shiokawa et al. 2001; Fong and
Wong 2004). Careful observation is necessary in
order to avoid deterioration of the myelopathy.
OLF is the most common compressive factor
contributing to thoracic myelopathy in the
Japanese (Yonenobu et al. 1987; Sato et al.
1997a), and was responsible for 60% of all tho-
racic cord compression diseases in this series,
either alone or in combination with OPLL. As for
the location of the ossification of spinal ligaments,
OLF and OPLL showed contrasting appearances.
OLF is hardly found in the cervical spine
(Kokubun et al. 1996). On the other hand, OPLL
is one of the most frequent compressive factors of
cervical myelopathy and was found in 20% of such
patients (Kokubun et al. 1996). OPLL was found
mostly in the upper to middle thoracic spine,
whereas OLF was mostly in the lower thoracic in
the current study as previously described
(Yonenobu et al. 1987; Sato et al. 1997a). For the
development of OLF, mechanical stress also plays
an important role. Higher mechanical forces
cause more pronounced degenerative changes of
the facet joints and intervertebral discs at the
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thoracolumbar junction, which might lead to fur-
ther degeneration of the ligamentum flavum at the
lower thoracic spine (Payer et al. 2000).

Laminectomy is the standard procedure for
OLFE. From our experience, however, some tech-
nical modifications have been required based on
the conditions of OLF, depending on whether
bilateral OLFs are fused at the middle of the
spinal canal (Sato et al. 1998; Sato 2003).
Fenestration or French-door laminectomy was
performed for the non-fused OLF as longitudinal
resection of the lamina and ligamentum flavum at
the middle of the spinal canal is easy. Since it is
difficult to cut the fused OLF at the middle, en
bloc laminectomy was selected in such cases (Sato
et al. 1998; Sato 2003). Based on this surgical
strategy, the number of surgical procedures for
OLF myelopathy changed. About 10% of the
OLF patients in this study had the ossification of
the dura mater. The OLF needs to be removed
together with the ossified dura while keeping the
arachnoid intact, and subsequent dural repair is
required in order to avoid cerebrospinal fluid leak
(Sato 2003; Fong and Wong 2004).

There are still many unsolved problems in
the treatment of thoracic OPLL. In some patients,
laminectomy alone does not sufficiently decom-
press the spinal cord impinged from the front by
thick or beak-like OPLL in the thoracic spine
since the spinal curvature is kyphotic and the
spinal cord does not shift backward enough by it
(Yonenobu et al. 1987). Several surgical proce-
dures have been developed in order to ensure
sufficient decompression for OPLL, and these had
also been performed in this series (Ohtsuka et al.
1983; Kokubun et al. 1991). But the indications
for each procedure, the range of decompression
and the necessity for combined spinal fusion have
not been clarified completely.

Thoracic myelopathy is not common and not
well recognized by orthopedists or even by spinal
surgeons, particularly outside Japan (Yonenobu et
al. 1987). Not only orthopaedists but also general
physicians should know this entity since a delay
in diagnosis and subsequent treatment might
result in severe gait and urinary disturbance,
which can markedly restrict the activities of daily

life. In addition, spinal surgeons should better
recognize the clinical features and neurodiagnos-
tic findings of thoracic myelopathy that indicate
the need for surgical intervention.
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Facet cyst in the lumbar spine: radiological and
histopathological findings and possible pathogenesis
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Department of Orthopaedic Surgery, Tohoku Rosai Hospital;
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Object. The authors define facet cyst as a cyst located beside the facet joint and exhibiting a communication with
the joint, as demonstrated on arthrography and subsequent computed tomography (CT) of the joint space. The pur-
pose of this study was to determine the pathogenesis of facet cysts based on their radiological and histological fea-
tures.

Methods. Forty-six juxtafacet cysts in 45 patients (26 men and 19 women, age range 41-82 years) were surgi-
cally treated after evaluation by arthrography and subsequent CT scanning. A communication channel between the
cyst and the joint was confirmed in all cases and thus the lesions were designated facet cysts. In almost all patients
the involved facet joint showed moderate to severe degeneration. After a thorough preoperative radiological evalu-
ation, these cysts were excised en bloc by medial facetectomy with the entire ligamentum flavam. The specimens
were cut axially at the maximum diameter and were histologically investigated.

Morphologically, the cysts exhibited three shapes, appearing as: 1) a small protrusion, 2) a semicircular cyst, or 3)
around cyst. The cyst walls consisted of elastic and collagen fibers undergoing fibrinoid degeneration, but no synovial
lining cells were detected. The cystic cavities were regularly filled with fibrinoids, and myxoid degeneration was found

particularly in the larger cysts.

Conclusions. Facet cysts are closely related to the degeneration of the neighboring facet joint. Analysis of the
findings in this histological study suggests that there are several shapes of facet cysts. The authors propose that the
shape could depend on the stage of the cyst’s development.

Kuy WORDS ° synovial cyst ¢ ganglion cyst ° facet joint ¢ Jlumbar spine °

histopathological study

DVANCES in MR imaging have made it possible to
easily diagnose an intraspinal cystic lesion beside
L 3\ the facet joint of the lJumbar spine. Many hospitals
have MR imaging units and the numbers of reports in
which such cysts have been described is increasing.>*
13142125 Several terms for these cysts, including synovial
Cyst, M8 ganolion cyst,1%1? and pseudocystic le-
sion,” have been used. Synovial cysts and ganglion cysts
can be distinguished only by their histological findings,
which indicate whether they have synovial lining cells.>
In 1974, Kao, et al.," proposed the term “juxtafacet cyst”
to represent both synovial and ganglion cysts. Even there-
after, however, the term “intraspinal synovial cyst” was
more frequently used in the literature, on occasion despite
the histological findings.3#4152! In 1995, Hsu, et al.,” first
used the term “intraspinal facet cyst” to designate cysts as-
sociated with the facet joints regardléss of whether syno-
vial lining cells were present, because there were Cysts
that exhibited the histological features of both synovial

Abbreviations used in this paper: CT = computed tomography;
MR = magnetic resonance.
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and ganglion cysts. Different terms may indicate the same
disorders, and several authors have suggested that syno-
vial and nonsynovial cysts are not entirely separate enti-
ties.>11215 Such confusion in the terminology is a funda-
mental cause of the difficulty in understanding this entity.

Many researchers have suggested that the formation of
the juxtafacet cyst is closely related to ligamentum flavum
degeneration and also to facet joint degeneration. 121425
A communicating channel between the cyst and the facet
joint could exist and play a developmental role. In several
studies, investigators have confirmed the communication
between the cyst and the joint using facet joint arthrogra-
phy,* but this modality has not been applied in all
cases.>12 In addition, there have been only few reports in
which this communication was confirmed intraoperative-
1y or histopathologically.®'2?? The cyst—joint communica-
tion must be proved radiologically or histologically to
clarify the pathogenesis of juxtafacet cysts. Therefore, in
this study, we have defined facet cysts as those communi-
cating with the neighboring facet joint, as demonstrated
on arthrography and subsequent CT scanning, although
there might be other types of cysts in addition to those in
the facet joints.
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In the present study, we performed facet joint arthrog-
raphy and CT in all patients with juxtafacet cysts. In addi-
tion, we performed a medial facetectomy, removed the
cysts en bloc, and investigated tissue samples microscopi-
cally. Here, we present the radiological and histological
findings of these cysts in detail and discuss their patho-
genesis.

Clinical Material and Methods
Patient Population

Between January 1992 and December 2005, we estab-
lished MR imaging-based diagnoses of 75 lumbar juxta-
facet cysts in a consecutive series of 72 patients at the
Tohoku Rosai Hospital, Sendai, Japan. All patients un-
derwent facet joint arthrography and subsequent CT scan-
ning, and communication with the neighboring facet joint
was confirmed in all cases (Fig. 1). Thus, all the cysts in
the present study are described as “facet cysts.” There
were 43 male and 29 female patients, whose mean age at
the initial visit to the hospital was 65 years (range 15-86
years). Lumbar radiculopathy was demonstrated in 50
patients and cauda equina syndrome in 22. Initially, the
patients received conservative treatment involving the
injection of a steroid agent into the affected facet joints as
well as medical therapy,®'*!S and approximately one third
of the patients experienced symptomatic improvement.

The remaining 46 lumbar facet cysts in 45 patients were
surgically treated. These 45 cases form the basis of this
study. There were 26 men and 19 women whose mean age
at surgery was 06 years (range 41-82 years). Of the 46
cysts, three (6%) were located at 1.2-3, 10 (22%) at L34,
29 (63%) at 1.4-5, and four (9%) at L5-S1. We first deter-
mined the duration between the onset of symptoms and
treatment. Thereafter, patients were evaluated radiologi-
cally.

Radiological Examination

Plain lateral radiographs were reviewed to assess wheth-
er lumbar degenerative spondylolisthesis was present, and

FiG. 1. Axial CT scan obtained after facet joint arthrography.
The contrast medium clearly helps to delineate the communication
between the juxtafacet cyst and neighboring facet joint.
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if so it was divided into four guarters according to the
Meyerding classification.' The degenerative changes of
the involved facet joints were evaluated on CT scans and
graded as follows: Grade 0, normal; Grade 1, joint space
narrowing; Grade 2, joint space narrowing with osseous
sclerosis or hypertrophy; and Grade 3, severe degeneration
with joint space narrowing, sclerosis, and osteophytes.?

Surgical Procedure

At surgery, the facet cyst, usually adherent to the dura
mater, was resected en bloc with all of the ligamentum fla-
vum through medial facetectomy. This technique is con-
sidered not to affect lumbar stability.? The specimens were
immediately fixed in 10% neutral formalin, decalcified
using ethylenediaminetetraacetic acid, cut axially at the
cyst’s maximum diameter, and embedded in paraffin.
Both H & E and elastica~Masson trichrome staining tech-
niques were performed.

Histopathological Investigation

Morphological characteristics of the cysts were investi-
gated using a low-magnification microscope. Histopatho-
logical features were examined under a high-magnifica-
tion microscope to characterize the walls and contents of
the cysts. The findings of fibrinoid and myxoid degenera-
tion, granulation, and hemorrhage were graded as follows:
severe (findings were abundant), moderate (some pres-
ent); mild (minimal); and negative (absent). All findings
were reviewed by two of the authors (T.K., FX.). The in-
terobserver reliability of the findings was tested using the
Cohen kappa coefficient and found to be excellent—93%
agreement between the two observers (= 0.907).

Study Approval

This study was approved by the ethics committee of To-
hoku Rosai Hospital, and all patients provided detailed in-
formed consent before being treated.

Statistical Analysis

The relationships between the histopathological and
clinical and radiological findings were analyzed. For sta-
tistical analysis, the Tukey—Kramer and Kruskal-Wallis
tests were conducted. Probability values less than 0.05
were considered statistically significant.

Results

The mean duration between onset of symptoms and sur-
gical treatment was 13 months (range 4 weeks—7 years).
After surgery, symptoms and neurological deficits im-
proved in all patients. Nineteen of 45 patients had Grade
1 degenerative spondylolisthesis at the involved level.!s
Computed tomography demonstrated degenerative
changes in all the involved facet joints: joint space nar-
rowing, sclerosis of the subchondral bone, osseous cyst
formation, and bone spur formation. Based on the CT
findings,” we determined that one joint (2%) exhibited
Grade 1 features, 12 joints (26%) Grade 2 features, and 33
joints (72%) Grade 3 features. In almost all patients we
observed moderate to severe facet joint degeneration.

At low magnification, a communicating channel be-
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tween the cyst and the neighboring facet joint was clearly
detected in one section in three cases. Based on their
shapes, the facet cysts were divided into three types: those
with a small protrusion from the ligamentum flavam,
those exhibiting a semicircular shape, and those showing
a round shape like a papilla. Examination of the small pro-
trusions revealed collagen rather than elastic fibers inside
the cyst walls, with either a fissure or an obvious cavity.
Inspection of the semicircular and round cysts also
showed two types, with thick or thin cyst walls. According
to these findings, we classified the facet cysts into four
types: Type 1 was characterized by a small protrusion with
a fissure (Fig. 2A); Type 2, by a small protrusion with an
obvious cavity (Fig. 2B); Type 3, by a semicircular cyst;
and Type 4, by a round cyst. Types 3 and 4 showed two
subtypes, with thick cyst walls (Type 3a or 4a) or thin cyst
walls (Type 3b or 4b) (Fig. 2C-F). Six cysts were classi-
fied as Type 1, eight as Type 2, five as Type 3a, 13 as Type
3b, and seven each as Types 4a and 4b.

The ligamentum flavum showed degeneration with ir-
regularly arranged and disrupted elastic fibers, irregular
collagenous scarring, an increasing number of fibroblasts,
small-vessel proliferation, chondroid metaplasia, and oc-
casional calcium deposition and hemorrhage. Synovial
lining cells were not noted in any of the cases (Fig. 3). The
histological findings of the cyst walls and the contents of
the cysts are summarized in Table 1. The cyst walls con-
sisted of elastic and collagen fibers with fibroblasts. The
fibrinoid degeneration of Type 1 was mild. As the cysts
became larger, more frequent and severe fibrinoid degen-
eration was observed, and the ratio of the involved elastic

FiG. 2. Photomicrographs of the facet cysts resected en bloc with the neighboring facet joint. ~ A: Type 1: small pro-
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fibers became smaller. Types 2, 3, and 4a cysts also had
granulation and vessel proliferation in the cyst walls, par-
ticularly in the base of the cysts. Cavities were usually
filled with fibrinoids. Hemorrhage was occasionally
found in all types of the facet cysts but was most common
in Types 3 and 4 cysts. Many Types 3b and 4b cysts ex-
hibited myxoid degeneration in the cavity.

The relationships between the type of cyst and the pre-
operative duration of symptoms, and lumbar degeneration
are presented in Table 2. Twelve patients underwent sur-
gery within 3 months of symptom onset. The preoperative
symptom onset-treatment interval of patients with Type
3b cysts was the smallest, but there was no statistically
significant difference between the types. No relationship
was found between the type of cyst and the severity of the
spondylolisthesis at the involved level. Larger cysts, how-
ever, tended to be associated with more severely degener-
ated facet joints. More than three fourths of Types 3 and 4
cysts showed Grade 3 facet joint degeneration.

Discussien

The varying terms ascribed to intraspinal cysts that lie
near the facet joints have created confusion in the past. The
phrases synovial cyst, ganglion cyst, and pseudocyst have
been used;*12* however, certain cysts exhibit character-
istics of each type.® Whether a cyst has synovial lining cells
might not be clinically important.>*232 In the present
report, we defined facet cyst as a cyst located beside the
facet joint and in communication with the neighboring fac-

BN

trusion with a fissure. Only a fissure can be found inside the protruding ligamentum flavam. B: Type 2: small protru-
sion with a cavity. The cystic cavity is formed with fibrinoid degeneration. A communicating channel is clearly detect-
ed (arrowheads) between the cyst (asterisk) and the facet joint. C: Type 3a: semicircular cyst with a thickened cyst
wall. Granulation and small-vessel proliferations are noted in the wall of thecyst.  D: Type 3b: semicircular cyst with a
thin cyst wall. Fibrinoid degeneration and partial myxoid degeneration are noted in the cystic cavity. E: Type 4a: round
cyst with a thickened cyst wall. Increased collagen fibers and fibrinoid degeneration are observed in the wall of the cyst.
F: Type 4b: round cyst with a thin cyst wall. Marked myxoid degeneration is detected in the cystic cavity. Elastica~

Masson stain, original magnification
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12.5. Bars = 1 mm.
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the facet joint. All patients in our consecutive series were
placed in this category. In addition, we could confirm the
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FiG. 3. Photomicrographs of the wall and contents of the facet
Jjoin

cyst.  A: In the base of the cyst, small inflammatory cells are de-
tected in the degenerative elastic and collagen fibers, whereas syn-

ovial lining cells are not noted. B: Small-vessel proliferations

(arrowheads) are found at the base of the cyst.  C: Fibrinoids and
communication histologically. Such a definition would be

hemorthage (asterisk) are noted in the cystic cavity. H & E, orj,

nal magnification
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TABLE 2
Relationships berween the type of facet cyst and the preoperative symptom duration and spinal degeneration
Varjable Type 1 Type 3a Type 3b Type 4a Type 4b
mean preop duration (mos)* 13 (3-36) 12 (3-26) 22 (1-72) 6 (2-14) 13 (1-48) 19 (1-84)
3 mos (no. of cases) 1 1 1 5 2 2
spondylolisthesis (no. of cases) 3 5 2 4 2 3
Grade 3 facet degeneration (no. of cases) 2 5 4 10 6 6

* Parenthetical values refiect the range of preoperative symptoms in months.

useful when considering the pathogenesis of this type of
cyst.

Several hypotheses concerning the origin and develop-
ment of juxtafacet cysts have been reported. These lesions
have been described as originating from a synovium hez-
niation through a defective joint capsule,*12% from muci-
nous degeneration within the periarticular fibrous tis-
sue,>2 from proliferation of pluripotential mesenchymal
cells in the ligamentum flavum,>2 from repefitive
microtrauma with focal hemorrhage,'>**? and from a part
of the articular capsule of the facet joint or some distensi-
ble tissue penetrating into a ruptured degenerative liga-
mentum flavum.” Those hypotheses were based on the
findings of a small number of juxtafacet cysts, which were
not always removed en bloc with the ligamentum flavum
and the involved facet joint.*!22% In addition to the radio-
logical examinations of 46 facet cysts, we investigated the
cysts grossly and histologically after their complete en
bloc resection by medial facetectomy with all of the liga-
mentum flavam. A medial facetectomy should not affect
lumbar spinal stability,? and complete excision of the cyst
might be necessary to prevent its postoperative recur-
rence. Using these specimens, we could clearly evaluate
not only the cysts themselves but also the joints including
the ligaments.

In many patients with facet cysts we observed chronic
symptoms during a mean preoperative interval of more
than 12 months. The mean duration of the symptoms prior
to surgical treatment in patients with Type 3b cysts was
shorter than that in patients with other types. Type 3b cysts
were not as large as Type 4 lesions, and most of them had
hemorrhage in their cavities. The size of the cyst and
bleeding into its cavity might be related to acute onset or
sudden worsening of symptoms.

There are two portions of the ligamentum flavum, the
interlaminar and the capsular parts.'?*?” The normal liga-
mentum flavum consists of 80% elastic fibers and 20%
collagen fibers, but in spondylotic specimens the contents
vary from 50 to 80% elastic and 20 to 50% collagen fi-
bers.” Mechanical and biochemical factors are closely re-
lated to this process.>* An increase of collagen fibers has
been noted more markedly in the capsular portion,” which
suggests that this part might be broken more easily. As in
previous reports,>*>14% in this study there was instability
of the involved spinal region and degenerative facet joints
in many of the patients. Types 3 and 4 cysts were associ-
ated with more severe facet degeneration, one reason for
which could be that these lesions required more time to
form than the other cyst types. Spinal instability can cause
the ligamentum flavum to rupture, particularly in the cap-
sular portion. In all of our cases, facet joint arthrography
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and CT scanning showed communication between the
cyst and the facet joint. However, synovial lining cells, de-
scribed as synovial cysts in the literature, were absent in
all cases.'#5*1.1214 This fact suggested that synovial cells
had not yet invaded into the cysts or that the origin of the
lesions was not from a herniation of synovium into the lig-
amentum flavam.*"2!5 Synovial fluid from synovial cells
could infiltrate through the communicating channel,
which might enlarge the cysts.

Based on the radiological and histopathological find-
ings in this study, we propose that the following pathogen-
esis occurs during the formation of the facet cysts. Our
classification is related to this proposed pathogenesis (Fig.
4). 1) Degenerative arthritic changes and increased joint
motion in the lumbar spine cause ligamentum flavum de-
generation; collagen fibers substitute for elastic fibers in
areas where they become loose, and these then protrude
into the spinal canal. Spinal instability also causes rupture
and fissure in the ligamentum flavum, particularly in the
capsular portion. The fissure develops into a cavity, main-
1y because of joint fluid from the connected facet joint and
possibly because of secretion from fibroblasts.!®* Oc-
casionally, hemorrhage can occur. These stages of the cyst
would correspond to Types 1 and 2 cysts in this study. 2)
Growth of the cyst wall leads to more damage in the lig-
amentum flavum so that an inflammatory reaction with a
fibroblastic healing response occurs around the cyst wall.
This healing response thickens the cyst wall. These stages
are represented in Types 2 and 3a cysts. 3) The shape and
size of the cyst depend on the elasticity and intensity of the
cyst wall as well as the local anatomy of the spinal ca-
nal—Type 3a cysts can transform into Type 3b or develop

wpedh  typedd

HG. 4. Schematic drawings showing the development of facet
cysts in the lumbar spine, illustrating the proposed classification.
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into Type 4 lesions. As the cystic cavity becomes larger,
the cyst wall becomes thinner with fibrinoid degeneration
as seen in Types 3b and 4b. The contents of the cavity
show myxoid degeneration during the resorption of hem-
orrhage and fibrinoid debris.

Facet cysts occasionally regress spontaneously or
through conservative treatment.®>'s Symptoms in approx-
imately one third of our patients improved with nonoper-
ative management.”” Rupture or shrinkage of cysts could
facilitate regression, but when this would occur is unpre-
dictable.*'* If the patients” symptoms do not improve in
response to conservative treatment, excision of the cyst
should be performed.

Conclusions

Juxtafacet cysts that communicate with the neighboring
facet joints were defined as facet cysts in the present
study. We found that facet cysts have several shapes. Their
shape probably depends on the stage of their development.
The pathogenesis of facet cysts is closely related to degen-
erative instability of the lumbar spine and degenerative
changes in the ligamentum flavum and the facet joints. A
classification of these cysts and a pathogenesis, based on
our intensive study of 46 of them, is proposed.
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