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At the impact site, DHA-containing PCs exhibited irrevers-
ible reductions in an impact site-specific manner. This abnormal
reduction began from 1 d post-SCI and evolved up to 8 weeks
after SCI. The IMS results for DHA-containing PCs, i.e., PC
(diacyl-16:0/22:6) and PC(diacyl-18:0/22:6), are shown in
Fig. 3. In the control samples, four proximal/distal spinal cord
sections showed the aforementioned selective gray matter dis-
tribution, which remained unaltered 12 h post-SCL. However, a
primary reduction was observed at 1 d after SCI, which was
severe around the central canal and gray commissure. While the
decreased levels at the anterior and posterior horns were initial-
ly moderate (arrowheads),the DHA-PCs were even absent from
these regions at 1 week after SCI. This DHA-PC reduction is
unique due to its irreversible nature; indeed, DHA-PC reduc-
tions continued to evolve at 2 and 8 weeks post-SCI. These
observations are summarized in the upper panel of Fig. Sa, in
which averaged ion intensities of DHA-PCs from each whole
section have been calculated and represented as 3D bar charts.
The semi-quantified data also support the gradual decrease in
DHA-PCs from 1 week after SCI (Fig. 5, orange arrows). The
bottom panel in Fig. 5a shows extracted bar charts for the
impacted site from the 3D chart, and we confirmed that the
reduction in DHA-PCs—both PC(diacyl-16:0/22:6) and PC
(diacyl-18:0/22:6)—between normal and 8 weeks post-
injury was statistically significant (p<0.0001: normal (approx.
1300 data points) vs. 8 w (approx. 1200 data points):
Welch #test, for all three distinct animals). Given that other
studies have reported the disappearance of motor neurons
during the progression of SCI damage observed from ! d
after SCI , the irreversible reduction in DHA-PCs observed
in the present study may result from an irreversible deficit
of the neurons and could lead to motor dysfunction. Thus,
DHA-PC reduction may represent a potential clinical indi-
cator to evaluate the pathology of SCL

Temporary elevations of AA-containing PCs after SCI

We also found that AA-containing PCs showed stage- and
tissue location-specific patterns of increase. Interestingly, such
elevations were temporary events that were resolved by
8 weeks post-SCI. The IMS results for two AA-PCs, i.e., PC
(diacyl-16:0/20:4) and PC(diacyl-18:0/20:4), are shown in
Fig. 4. As shown in the red square, both AA-PCs showed
intense increases at the impact site at 1 week post-SCI, where-
as alterations at other tissue locations were minimal. These
observations are summarized in the lower panel of Fig. 5b, in
which averaged ion intensities of the AA-PCs from each
whole section are shown. The data also demonstrate that, for
both AA-PCs, the impact site exhibited the largest AA-PC
signal values at 1 week after treatment, which were approxi-
mately 2.5-fold greater than in other sections at the same SCI
stage. Moreover, the values gradually decreased with time
after SCI. We also confirmed that the increases in the AA-
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Fig. 5a-b Semi-quantified IMS data for DHA- and AA-PCs. The 3D P>
bar charts represent averaged ion intensities for DHA-PCs (a) and AA-
PCs (b) calculated from the IMS data for each whole section. These
semi-quantified data support the gradual decrease of DHA-PCs at
1 week post-SCI (orange arrows). In addition, the data demonstrate
that, for two AA-PCs, the impact site tissue at 1 week after treatment
exhibited the largest AA-PC signal values, which were approximately
2.5-fold greater than the other sections at the same time point (red
arrows). The lower panels in a and b show extracted bar charts for the
impacted site from the 3D charts. (n=3, error bars, S.E.)

PCs—both PC(diacyl-16:0/20:4) and PC(diacyl-18:0/20:4)—
between normal and 1 week post-injury were statistically
significant (»p>0.001: normal (approx. 1300 data points) vs.
lw (2000 data points / Welch #-test, for all three distinct
animals).

Both the timing and location of the elevated AA-PCs sug-
gest that they may be derived from invasive immune cells that
penetrate into the spinal cord body thorough the impaired
blood-brain barrier (BBB), which may occur as a series of
spatiotemporal events following SCI. Such immune cells are
known to produce several kinds of bioactive lipids, including
PGs derived from AA. Indeed, there may be a greater molec-
ular flux through the AA cascade in immune cells compared
with other cells, resulting in increased AA storage in the form
of AA-containing PCs in the cell membrane. Clinically, PGs
produced by invasive immune cells are closely associated with
inflammation [31-33]. Thus, we proceeded to conduct a de-
tailed analysis of elevated AA-PCs as well as PG profiling.

Invasive immune cells may represent a source of elevated
AA-PCs and LPCs

If invasive immune cells represent the source of elevated
AA-PCs, the spatial distribution of AA-PCs should reveal
co-localization with invasive cells that accumulate in areas
of tissue. Therefore, we performed a detailed analysis of the
AA-PC distribution in the slice containing the site of impact
at 1 week after SCI (Fig. 6). Accurate interpretation of the
lipid distribution data obtained by IMS also requires histo-
logical data and lipid ion distribution images. Therefore, we
stained tissue sections with H&E after performing IMS and
subsequently superimposed ion and microscopic images
obtained from the same section (lower panels of Fig. 6).
As can be seen from the upper panels in Fig. 6, a large
number of invading cell nuclei were found in tissue from the
impact site (hematoxylin-positive dots), which were not
seen in the proximal section. Moreover, close examination
of the area indicated by arrows (also see the inset)—where
immune cells were invading the spinal cord body—revealed
a strong signal for the AA-PC distribution in the expected
area of tissue.

We subsequently analyzed LPC molecular species, which
are hydrolysates of PCs produced as by-products following the
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Fig. 6 Invasive immune cells
may represent sources of
elevated AA-PCs and LPCs.
Microscopic images of
H&E-stained tissue sections at
1 week post-SCI after IMS
measurement of the proximal
and impact site regions (upper
panel). Ton images for PC
(diacyl-18:0/20:4) and a
potential hydrolysate, LPC
(18:0), were superimposed on
the H&E image (lower panel).
The area indicated by arrows
represents the region in which
immune cells were invading
into the spinal cord body (see
also the inset of the
H&E-stained image of the
impact site)

HE stained

lon image

Proximal

Impacted position

PC(diacyl-18:0/20:4) LPC(18:0)

catalysis of the release of fatty acid at the sn-2 position of
glycerol by phospholipase A2 (PLA2). In particular, enrich-
ment of the corresponding LPC [LPC(18:0)], produced from
the elevated AA-PC [PC(diacyl-18:0/20:4)] in the immune-
cell-rich region, would provide further evidence that invasive
immune cells hydrolyze AA-PC and release AA, resulting in
the production of PGs in the area of invasion. In general, LPC
(18:0) level was elevated at the impact site between one and
two weeks after SCI (see also Fig. S2 of the ESM). Further-
more, we found that LPC(18:0) was elevated in an area that
corresponded to PC(diacyl-18:0/20:4) accumulated area, while
LPC was localized in a more region-specific manner (Fig. 6,
lower-right panel; arrows). LPC localized on the border area—
where the invasive cells were in contact with cells of the spinal
cord body—as well as on major blood vessels. Therefore,
elevated region-specific production of PGs may result in
increased inflammation. Taken together, these results suggest
that invasive immune cells accumulate in an area that contains
both elevated AA-PC and LPC, supporting the hypothesis
that AA-PC-rich immune cells produce PGs in the area
of invasion—presumably at the border area where the immune
cells are in contact with spinal cord cells.

PGE2 displayed an elevation pattern similar to AA-PCs
and LPC

Finally, we profiled PGs in the spinal cord tissue blocks in
order to confirm our hypothesis that invasive immune cells—
originating from the impaired BBB at 1-2 weeks after SCI—
specifically produced PGs in the tissue area where elevated
AA-PCs and LPC were co-localized. Accordingly, there may
be a PG species that exhibits increases in the impact-site tissue
blocks that show a similar elevation/descent pattern to the
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SCI-1 week

immune cell invasion event and the pattern of AA-PC/LPC
elevation. Thus, we employed LC-ESI-MS/MS in MRM
mode for simultaneous quantification of trace amounts of
PGs. In general, PGs are produced under normal conditions
and maintained at very low concentrations (on the order of
pg/mg tissue) [34], as the production, diffusion, and degrada-
tion of PGs must be regulated due to their strong bioreactivity.
We found that all analyzed five PGs were increased after SCI.
In particular, PGE2 showed a very similar elevation/descent
pattern to that of AA-PC and LPC described above.

A 3D bar chart representing the results of PG quantification
in the impact-site tissue blocks at four time points as well as
the sham-operated sample is shown in Fig. 7. All of the

pg/ mg tissue

B-keto-PGF 1
PGD2

Fig. 7 Spatiotemporal peak in PG production in spinal cord blocks
following SCI. We employed LC-ESI-MS/MS in the MRM mode for
the simultaneous quantification of trace amounts of PGs. The 3D bar
chart represents the results of PG quantification in tissue blocks
corresponding to the impact site at four different time points and the
sham sample
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analyzed PGs increased following SCI, and each PG dis-
played characteristic elevation/descent patterns. In particular,
TXB2, PGE2, and PGD2 produced the first elevation peak at
1 week post-SCI. However, while the PGE2 peak was tem-
porary and had almost completely resolved by 2-8 weeks
post-SCI, PGD2 and TXB2 exhibited a bimodal pattern, pro-
ducing a second elevation at 8 weeks after SCI. In addition,
PGF2a produced a single-peak elevation at 1 d after SCI, and
6-keto-PGFla displayed a gradual increase. Since the first
elevation peak for most PGs was observed at 1 week after
SCI, it is likely that the invasive immune cells produce these
types of PGs. Among the PGs, the dynamics of PGE2 may
result from invasion and subsequent resolution, though further
evidence is required to prove this concept.

PGE2 has been implicated in the induction of central
sensitization of spinal neurons; therefore, information on the
spatial production pattemn of PGE2 in the injured spinal cord is
important to determine the type and location of the neurons
affected. Our data demonstrated that the maximum elevation
of PGE2 occurred 1 week after SCI. However, while we were
unable to directly identify where PGE2 is produced, imaging
data on the more abundant AA-PCs and LPC indirectly im-
plied that PGE2 may be produced at the edge of the area of
invasive immune cells. Further improvements in IMS meth-
odology enabling the imaging of PGs at high spatial resolution
will be required to test this hypothesis.

In addition, it is possible that microglial cells contribute to
PG elevation, particularly that of PGE2, since microglial cells
are activated in response to primary SCI [33] and proliferate
during the subacute phase. For example, obvious PGE2 ele-
vation was observed 1 day post-injury. As microscopy did not
indicate clear immune-cell invasion at this time point, we
should consider the contribution of microglia to PGE2 pro-
duction at this time point. Moreover, in vitro studies indicate
that microglia are indeed able to synthesize and release PGE2
[35-38]. Therefore, microglial PGE2 may also play an impor-
tant role in the generation of central sensitization after SCI .

One method to directly determine whether invaded immune
cells and activated microglia are responsible for PG elevation
is to analyze the specific lipid profile of purified immune cells
(including microglia) separated from SCI tissue samples. This
could be achieved by combining cell sorting and quantitative
mass spectrometry, which we are now implementing. Such
additional in vitro experiments in which microglial cells are
separately cultured and stimulated are required to evaluate the
capacity of these cells for PG production.

A degree of PG elevation was maintained and had evolved
at 8 weeks post-SCI. Since the invasion of immune cells was
almost resolved by 8 weeks post-SCI, it is possible that SCI
induced reorganization of the spinal cord body, thereby altering
cellular populations and properties [33] and resulting in con-
tinuous PG production. Such tissue reorganization is likely to
be caused by the subacute and severe inflammation mediated

by the invasive immune cells; therefore, the profile of the five
PGs analyzed in this study may be used to evaluate the stage of
SCI-induced inflammation, i.e., acute vs. chronic inflammation.

Conclusion

IMS and LC-ESI MS/MS analyses revealed both quantitative
and qualitative changes in lipids with respect to the amount of
PCs, the LPC distribution, and the amount of PGs generated.
Thus, invasive immune cells that penetrated from the impaired
BBB at 1-2 weeks after SCI may have specifically produced
PGs in areas of tissue where elevated AA-PCs and LPC were
commonly found. Although our data demonstrated that PGE2
elevation was maximal 1 week after SCI, we were unable to
directly identify where PGE2 is produced. Thus, further
improvements in IMS methodology to enable the imaging of
PGs are required.
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Examination of the influence of ossification of the anterior
longitudinal ligament on symptom progression and surgical
outcome of ossification of the thoracic ligamentum flavum:

a multicenter study
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Object. The purpose of this study was to provide the first evidence for the influence of an ossified anterior lon-
gitudinal ligament (OALL) on the clinical features and surgical outcomes in an ossified ligamentum flavum (OLF)

in the thoracic region.

Methods. Sixty-three patients who underwent surgery for a I-level thoracic OLF were identified, and preop-

erative symptoms, severity of symptoms and myelopathy, disease duration, MR imaging and CT findings, surgical
procedure, intraoperative findings, complications, and postoperative recovery were investigated in these patients.
Entities of OALLSs were found on sagittal CT images to be adjacent to or at the same vertebral level as the OLF were
classified into 4 types: no discernible type (Type N), one-sided (Type O), discontinuous (Type D), and continuous

(Type C).

Results. The duration of symptoms was especially long for Types D and C OALLs. Patients with Type D OALLs
had a significantly worse percentage of recovery, as well as worse preoperative JOA scores.

Conclusions. The authors’ results showed that a Type D OALL had strong associations with preoperative sever-
ity of symptoms and surgical outcomes. These findings may allow surgeons to determine the severity of preoperative
symptoms and the probable surgical outcomes from the OALL classifications. Moreover, surgery with instrumenta-
tion for Type D OALLs may produce better surgical outcomes. (DOI: 10.3171/2011.10.SPINE11296)

Key Worps

ossified anterior longitudinal ligament

first described in 1920 by Polgdr,® causes tho-
racic myelopathy. Thoracic myelopathy due to an
OLF generally requires surgical intervention because of
its progressive nature and its poor response to conserva-
tive therapy. The prevalence of OLF has been reported
to be 3.8%-26%,>?® which is very similar to the preva-

OSSIFICATION of the thoracic ligamentum flavum,

Abbreviations used in this paper: ALL = anterior longitudinal
ligament; CSM = cervical spondylosis myelopathy; DISH = diffuse
idiopathic skeletal hypertrophy; JOA = Japanese Orthopaedic Asso-
ciation; OALL = ossified ALL; OLF = ossified ligamentum flavum;
OPLL = ossified posterior longitudinal ligament.
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thoracic ossification of the ligamentum flavam
* surgical outcome °

multicenter study

lence of cervical ossification of the posterior longitudinal
ligament.'” However, predictive factors for an OLF are
unclear because of the paucity of reports on this condi-
tion.!-3-389.141523262730 (Giyen that obtaining detailed data
and analysis from a single-center study on this topic has
been insufficient and difficult, we investigated clinical
features, radiological findings, and surgical outcomes of
OLFs in a multicenter study.

Although the classification of OLF of Sato et al.? us-
ing axial CT images has been used in several studies,1430
the surgical outcomes in these reports did not correlate
significantly to the classifications. Unlike an OPLL, a tho-
racic OLF occurs most frequently in the lower thoracic

147

—402—



region.” This may be due to the anatomical character of
this spinal region, that is, the thoracolumbar spine, which
receives most of the mechanical and dynamic stresses.
Ossification of the ALL may also be seen in patients with
an OLF. The rate of progression of an OALL also may
be related to increased motion as with an OLE!%2> We
surmised that having an OALL may contribute to the
clinical features and surgical outcomes in thoracic OLF.
In this multicenter study, we analyzed pre- and postopera-
tive symptoms, radiological findings, intraoperative find-
ings, and surgical outcomes as they related to any type
of OALL that may have been present in patients with an
OLF. This is the first study in which symptom severity
and surgical outcome of thoracic OLFs have been evalu-
ated relative to concurrent OALL.

Methods
Patient Population

Between 2000 and 2008, 19,364 patients who under-
went spinal surgery were registered in the database of the
Nagoya Spine Group, a study group for spinal diseases
at Nagoya University and related institutions. We identi-
fied 63 patients who underwent single-level surgery for
thoracic OLF-induced myelopathy and observation for a
minimum of 2 years postoperatively. Preoperative symp-
toms, severity of symptoms and myelopathy, disease du-
ration, MR imaging and CT findings, surgical procedures,
intraoperative findings, complications, and postoperative
recovery were evaluated in these patients. We excluded
patients who had undergone surgery for cervical and tho-
racic OPLLs or cervical spondylosis myelopathy before
surgery for their OLF or during follow-up. We evaluat-
ed the severity of a patient’s myelopathy before and af-
ter surgery using the JOA scoring system (Table 1). We
evaluated postoperative improvement of symptoms using
the recovery ratio of the JOA score and the Hirabayashi
method* ([postoperative JOA score — preoperative JOA
score}/[17 - preoperative JOA score] x 100%), with a re-
covery ratio of 100% indicating the best postoperative
improvement.

Axial CT Classification of OLF

We used the classification for OLFs of Sato et al.,”?
which evaluates CT images and found the following 4
types of OLFs in our patients: lateral, extended and en-
larged, fused, and tuberous (Fig. 1).

Sagittal CT Image Classification of OALL Relative to the
OLF

We classified any OALL that was adjacent to or at
the same vertebral level as a patient’s OLF using sagittal
CT images. We found the following 4 types according to
where the OALL was located relative to the OLF (Fig. 2):
no discernible OALL immediately rostral or caudal to the
OLF (Type N); one-sided (Type O), in which the OALL
exists either immediately rostral or caudal to the OLF but
not at the OLF intervertebral level; discontinuous (Type
D), in which the OALL is present both rostrally and cau-
dally to the OLF but not at the same level as the OLF; and
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TABLE 1: Scoring system for the treatment of thoracic
myelopathy according to the JOA*

Score Description

LE motor function

0 unable to stand or walk by any means
1 unable to walk w/o a support on level ground
2 walks independently on level ground but needs
support on stairs
3 capable of fast walking but clumsily
4 normal
sensory function
LE
0 complete loss of touch & pain sensation
1 >50% of normal sensation &/or moderate pain or
numbness
2 normal
trunk
0 complete loss of touch & pain sensation
1 >50% of normal sensation &/or moderate pain or
numbness
2 normal
bladder function
0 urinary retention &/or incontinence
1 sense of retention &/or dribbling &/or thin stream
&/or incomplete continence
2 urinary retardation &/or pollakiuria
3 normal

* The total score for a healthy individual is 11. Abbreviation: LE = lower
extremity.

continuous (Type C), in which the OALL extends from
the rostral to the caudal levels, including the OLF level.

Statistical Analysis

Data were analyzed using SPSS software (version 19,
IBM SPSS). The mean values are presented as the mean
= SD. We used the Mann-Whitney U-test to analyze dif-
ferences between 2 groups and the Tukey test to analyze
differences among 4 groups, with p < 0.05 as the points of
statistical significance.

Results
Clinical Data

Sixty-three patients underwent surgery for a thoracic
OLF, comprising 49 men and 14 women, with a mean age
at surgery of 63.9 = 10.0 years (range 36—83 years). In
these patients, there were 94 levels of involvement. The
mean disease duration from symptom onset to surgery
was 174 = 21.4 months (range 1-120 months). The initial
symptoms were numbness of the lower extremities in 51
patients (80.9%), gait disturbance in 28 (44.4%), weak-
ness of the lower extremities in 11 (16.7%), strangulating
sensation of the trunk in 8 (12.7%), and urinary distur-
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Fiec. 1. Axial CT classification of OLFs, with scans obtained at the middle of the facet joint.

nal.
the middle of the spinal canal.

bance in 3 (4.8%) (some patients presented with multiple
symptoms) (Table 2).

Radiographic Findings

The levels decompressed for the OLF-induced my-
elopathy are shown in Fig. 3. No decompressions were
performed between T-5 and T-9, and the majority of the
affected levels (in 57 patients [90.5%]) were in the lower
thoracic region. Intramedullary signal intensity change on
MR images was observed in 55 patients (87.3%). Morpho-
logical classifications, as determined by axial CT images,
were lateral in 9 patients, extended and enlarged in 17
patients, fused in 32 patients, and tuberous in 5 patients
(15,31,37,and 11 cases, respectively, accounting for mul-
tilevel involvement). We classified the morphology of the
OALLs as seen on sagittal CT images as Type N in 28
patients, Type O in 22 patients, Type D in 7 patients, and
Type C in 6 patients (Table 3). The OLF and the OALL
tended to progress at a similar rate (Fig. 4).

Duration of Symptoms in Relation to Ossification Type
The types of OALL and OLF associated with longer

Fie. 2. Sagittal CT classification of OALLs at the OLF level.

0, in which the OALL exists at the rostral or caudal end of the OLF level but not at the OLF level.
exists at both the rostral and caudal ends of the OLF level but none at the OLF level.

the rostral to caudal level including the OLF level.
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A: Lateral type. The OLF 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 and enlarged type. The OLF is located at the surface of the ligamentum flavum and protrudes into the spinal ca-

C: Fused type. Bilateral OLFs fuse at the middle of the OLF.  D: Tuberous type. Fused OLFs make a tuberous mass at

symptom durations also tended to be more greatly (but
not significantly) ossified. Interestingly, the duration of
symptoms was especially long in patients with Type D
and C OALLs (Table 3).

Surgical Methods and Intraoperative Findings

Laminectomy was performed in 24 patients, lami-
noplasty in 32 patients, and posterior decompression
and fusion with instrumentation in 7 patients (Table 4).
Patients with an OLF in which bilateral ossification of
the ligamentum flavum was not fused in the middle of
the spinal canal were treated with laminoplasty, whereby
the laminae were removed en bloc and then returned af-
ter decompression. Laminectomies were performed at a
single level above and below the area of the OLF. The ex-
tent of facet joint resection was less than half of the joint
for both procedures. Surgeries with instrumentation had
facet resection of more than half a joint. Evaluation of the
surgical procedures performed with the various morpho-
logical OLF types showed that the lateral type was most
frequently treated with laminoplasty; the extended and
enlarged, and fused types were treated with laminectomy

A: Type N, showing no OALL around the OLF level.

B: Type
C: Type D, in which OALL
D: Type C, in which an OALL exists from
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TABLE 2: Demographics and clinical data of patients

Parameter Value*

sex

male 49

female 14
ageinyrs

mean 63.9

range 36-83
follow-up in mos

mean 42.3

range 24-118
disease duration in mos

mean 174

range 1-120

initial symptoms

LE numbness 51(80.9)
gait disturbance 28 (44.4)
LE weakness 11 (16.7)
urinary disturbance 3(4.8)

* Except for mean values, the values indicate the number of patients
with percentages in parentheses.

and laminoplasty; and the tuberous type was treated with
fusion. There was no tendency for a particular type of
surgery to be performed relative to the type of the OALL.
This held true whether the procedure was performed in
upper or lower thoracic lesions (Table 5).

Intraoperatively, we found adhesions of the OLF to
the dura mater in 23 patients (36.5%). When adhesions
were present and an OALL was also present, the OLF
tended to adhere to the dura mater (Table 6).

Preoperative Severity and Surgical Outcome by
Ossification Type

The mean preoperative JOA score was 58 = 2.2
(range 1-9). Patients with Type D OALL had a signifi-
cantly lower JOA score among the OALL types, although
there was no significant difference in JOA scores among
the OLF types (Table 7).

The mean recovery rate was 46.1% + 29.0% (range
2%—11%) at the 2-year follow-up. The surgical outcome

35 e
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Fie. 3. Bar graph showing the number of OLF levels at each joint.
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TABLE 3: Summary of patient data and symptom duration
classified by type of OLF and OALL

Variable No. of Patients (%) Mean Duration (mos)
signal intensity change 55 (87.3)
axial CT classification
lat 9(14.3) 744 =71
extended & enlarged 17 (27.0) 135185
fused 32 (50.8) 229+252
tuberous 5(7.9) 132214
sagittal CT classification
Type N 28 (44.4) 17.0 £20.0
Type O 22(34.9) 10.7 = 8.8
Type D 7(11.1) 324416
Type C 6 (9.5) 265+225

did not differ among our classifications of OLF, and the
lateral, and extended and enlarged types had correlatively
better outcomes. Based on our OALL classifications, pa-
tients with a Type D OALL had a significantly worse per-
centage of recovery, as well as worse preoperative JOA
scores (Table 7). We also calculated the mean recovery
rate excluding patients who received posterior decom-
pression and fusion, in case the recovery rate was affect-
ed by the use of surgical instrumentation. Patients with a
Type D OALL also had a significantly worse percentage
of recovery (Table 8).

Complications

There were some perioperative complications. One
patient with a fused-type OLF and a Type D OALL re-
ceived a laminectomy, but the thoracic myelopathy con-
tinued to progress immediately after surgery and then
recovered to the preoperative condition during follow-up.
Three patients (4.8%) sustained a dural tear intraopera-
tively, but there was no exacerbation of paralysis. Of 36
patients (57.1%) in whom intraoperative spinal cord (mo-
tor evoked potential) monitoring was performed, only 1
showed a decrease in amplitude. After temporary suspen-
sion of the surgical procedure, the amplitude recovered
and aggravated paralysis did not occur after surgery. One

16
14
12
10

O N B O

Extended Fused Tuberous
and

enlarged

Lateral

Fic. 4. Bar graph showing the relationship between OLFs and
OALLs. The OLFs and OALLs tend to progress at a similar rate.
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TABLE 4: Type of ossification and surgical methods

No. of Patients (%)

OALL
Type of Op Lat Extended & Enlarged Fused Tuberous Total ~ TypeN TypeO TypeD TypeC  Total
laminectomy 1 7 1 24(38.1) 7 10 5 2 24(381)
laminoplasty 8 9 0 32 (50.8) 18 8 2 4 32(50.8)
posterior decompression & fusion w/ instru- 0 1 7(11.9) 3 4 0 0 7(11.1)

mentation

patient who received a laminectomy had a fused-type
OLF, as well as a Type D OALL, and underwent further
fusion surgery because of exacerbation of paralysis due to
progressive kyphosis at the decompression level.

Discussion

Since 1920, when Polgdr® first reported on a tho-
racic OLF, the number of reports of thoracic OLFs has
increased. However, these are limited reports with-
out sufficient numbers of patients (that is, at least 20).--
3.589141523.2630 It js possible to diagnose thoracic OLF by
using MR imaging and CT scanning.>'> The incidence of
ossification of the thoracic ligamentum flavum has been
reported to be 3.8%-25%, including asymptomatic cas-
es.? Reported cases of thoracic OLF occurred most often
in the lower thoracic spine, followed by the upper thoracic
spine.2361 Similar to previous studies, 6 of our patients
had upper-level lesions and 57 patients had lower-level
lesions; there were no middle-level lesions. The reasons
for the high frequency of OLFs at lower thoracic levels
include increased mechanical stress where the thoracic
vertebrae form the junction between the rigid rib cage
and the elastic lumbar spine,”® a direct correlation be-
tween increased mobility of the spine and repetitive mild
trauma,!! and high tensile force present in the posterior
column.*

Resnick et al.?! used the term “ossification of the an-
terior longitudinal ligament” interchangeably with “dif-
fuse idiopathic skeletal hypertrophy,” which is charac-
terized by flowing calcification/ossification of ligaments,
particularly along the anterolateral aspect of the axial
skeleton across contiguous vertebral bodies with preser-
vation of intervertebral disc height. The spinal form of
diffuse idiopathic skeletal hypertrophy is characterized
by ossification of the ALL, with involvement of the cervi-
cal spine in approximately 76% of patients.>® Although

TABLE 5: Level of OLF and surgical method

No. of Pa- Level
Type of Op tients (%) Upper Middle Lower
laminectomy 24 (38.1) 3 0 21
laminoplasty 32(50.8) 2 0 30
posterior decompression & 7 (11.1) 1 0 6
fusion w/ instrumentation
total (%) 63 6(95 0 57(90.5)

the rate of progression of ossification of the ALL may
be related to increased cervical motion,'*? there is still a
high incidence in the thoracic spine, which is a relatively
immobile segment.'” The relationship between a thoracic
OLF and an OALL has not been reported previously. In
this study, we found that OALLs present around vertebral
levels were affected by OLFs. This correlation may be
due to the mechanical stress arising from the OALL, as
well as the OLF, as mentioned earlier.

Symptom Severity and Surgical Qutcome in Relation to
Classification of OALLs

Morphological classification of an OLF based on sag-
ittal plane features has been attempted using MR images,
but it was not predictive of outcome.” In the current study,
patients with an OLF who also had a Type D OALL had
more severe symptoms preoperatively and poorer out-
comes after surgery for their OLF, although there were
no obvious differences in symptoms or outcomes when
we considered only OLF classifications. This increased
symptom severity and the worse outcome may be due
to the focusing of mechanical stress when the OALL is
present both rostrally and caudally to the OLF (Type D),
as well as the addition of micromotion on the vulnerable
spinal cord, even within the essentially immobile thoracic
spine segments. In contrast, patients with a Type C OALL
had a good postoperative recovery, possibly because the
continuous segment of the OALL was produced before
the myelopathy became severe. It is interesting that Type
D and Type C OALLSs had different outcomes after the
OLF surgeries, despite similarly long disease durations.

TABLE 6: Summary of patients with adhesions of the OLF to the
dura mater

Type of Ossification No. of Patients (%)
OLF

lat 2(22.2)

extended & enlarged 2(11.8)

fused 17 (53.1)

tuberous 2 (40)
OALL

Type N 9(32

Type O 6 (27.3)

Type D 3 (42.9)

Type C 5(71.4)
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TABLE 7: Preoperative JOA score and postoperative
improvement by type of ossification®

K. Ando et al.

TABLE 8: Postoperative improvement hy ossification, with the
exception of patients who underwent fusion*

Mean JOA  Mean % Recovery

Type of Ossification Score in JOA Score p Value
OLF
lat 58=+16 58.6 + 191
extended & enlarged 5.4 +2.8 52.8+29.2
fused 57+20 39.8 + 301
tuberous 76 =11 40.7 £ 297
OALL
Type N 5820 49.4£27.0
Type O 6120 453319
Type D 2909 199147 <0.05
Type C 78+15 639222
overall 58+22 461 +29.0

* Only significant p values are recorded.

We originally calculated and compared surgical out-
comes for patients who did not undergo posterior fusions,
since instrumentation and stabilization may have directly
affected the outcome; however, the surgical outcomes
were similar whether fusion surgery was included or not.
This suggests that the location of OALL segments around
OLF segments affects surgical outcome.

There have been reports on predictive factors for
poor surgical outcome in OLF surgery, including older
age, a midthoracic OLF, involvement of more than 2 seg-
ments with the OLF, a coexisting OPLL or other spinal
disorders, a lower preoperative JOA score, an intramed-
ullary high signal intensity on MR imaging,® and a lon-
ger duration of symptoms before surgical intervention.!
However, there have not been reports regarding OALLSs
around OLF segments. We believe that an OALL occur-
ring around the OLF level is also an important factor for
predicting surgical outcome.

Surgical Methods for Thoracic OLFs Based on the
Classification of OALLs

There have been no reports on surgical outcomes
of a thoracic OLF when using instrumentation. In tho-
racic OPLL surgery, instrumentation can correct or pre-
vent the progression of kyphosis, thereby enhancing and
maintaining decompression.” In this study, patients with
aType N, O, or C OALL had a relatively good OLF sur-
gical outcome with laminectomies or laminoplasties. On
the other hand, patients with a Type D OALL had re-
stricted recovery of the spinal cord due to the focusing of
mechanical stress and micromotion explained previously.
Unfortunately, there were not enough patients in the Type
D classification to allow subgroup analysis between de-
compression and instrumented fusion. Therefore, this is a
biomechanical presumption due to the mechanical stress-
es present at the affected level. The increased stability
achieved with instrumentation may have influenced the
surgical outcome of the OLF. Although further studies on
a greater number of patients are necessary to better deter-
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Type of Ossification Mean % Recovery in JOA Score  p Value
OLF

fat 58.6 = 19.1

extended & enlarged 53.6 £30.0

fused 391 310

tuberous 50
OALL

Type N 498 =278

Type O 46.7 £33.2

Type D 199147 <0.05

Type C 63.9+222

* Only significant p values are listed.

mine the effects of surgical procedures on surgical out-
comes for OLFs, surgery with instrumentation for Type
D OALLs may have better surgical outcome.

Study Limitations

Limitations in the present study include its retrospec-
tive nature. However, because the yearly incidence of
thoracic OLFs is relatively low, prospective studies have
been difficult. The Nagoya Spine Group comprises spinal
specialists at Nagoya University and related institutions
who use similar imaging tests and treatment strategies.
Although this study evaluated patients with a thoracic
OLF who underwent single-level decompression, more
than 1 spinal segment is frequently involved. Moreover,
this is the first report that examines surgical outcomes for
a thoracic OLF as it relates to the concurrent presence of
an OALL. These results may also serve as basic data for
prospective studies that are planned in the near future.
Another limitation is that the stability achieved using in-
strumentation may have influenced the surgical outcome.

Conclusions

Sixty-three patients with thoracic OLFs were evalu-
ated in a multicenter study. Symptoms of thoracic OLFs
improved with surgery, but patients with Type D OALLs
had more severe symptoms preoperatively and poorer sur-
gical outcomes. Surgery with instrumentation for Type D
OALLs may produce a better surgical outcome.
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Abstract

Purpose There is no established consensus on the indi-
cations for surgery in patients with considerable cord
compression but only slight myelopathy. The purpose of
this study is to stimulate discussion about the indications
for surgery in these patients.

Methods The records of consecutive patients who
underwent cervical laminoplasty (CLP) during 3.5 years
were reviewed. Those patients whose pre-operative Japa-
nese Orthopaedic Association score (JOA score, maximum
17) for cervical myelopathy was 16 points or more, indi-
cating that they had very slight myelopathy, were selected.
The postoperative JOA scores of these patients were
checked via a chart review, and they were sent a survey
asking about their degree of satisfaction with the results of
surgery.

Results Of 143 patients who underwent CLP, 14 pre-
sented with a preoperative JOA score of 16 or more. No
patients showed a postoperative deterioration in JOA score.
Nine patients complained of pre-operative hand numbness
and this symptom disappeared postoperatively in seven
cases. Most patients were satisfied with the results of the
surgery: “very satisfied” in 11 cases and none selected
“slightly dissatisfied” or “very dissatisfied”.

Conclusions We believe that surgery can rescue well-
informed and deliberately selected patients with only slight
myelopathy, because their symptoms improve and they are
freed from persistent anxiety.
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Introduction

There is no established consensus on the indications for
surgery in patients with considerable cord compression but
only slight myelopathy. The myelopathy may progress with
time and become irreversible, and the surgical results and
satisfaction of patients with late-stage myelopathy are
usually poor [1, 2]. However, surgery is always accompa-
nied by the risk of major and minor complications, which
should not be ignored. Furthermore, some patients may do
well with conservative treatment [3]. We should weigh the
former against the latter, taking into consideration many
factors such as age, activity, general condition, under-
standing, psychological status and social background of the
patients, dynamic factors, the severity of cord compression,
and the intramedullary high signal intensity on T2 weigh-
ted MR images, and our own surgical skill and experience.
However, we often waver between conservative treatment
and surgery. Two recent review papers on cervical
spondylotic myelopathy (CSM) [1, 2] and the Japanese
Orthopaedic Association (JOA) guidelines for cervical
ossification of posterior longitudinal ligament (OPLL)
recommend conservative treatment for patients with mild
myelopathy. In contrast, some neurosurgeons aggressively
perform prophylactic surgery for those with cord com-
pression and few symptoms.

Cervical laminoplasty (CLP) is a very popular technique
for treating cervical myelopathy in our country, which has
a higher incidence than Western countries of patients with
developmental canal stenosis necessitating a wide range of
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decompression. This technique is well established and the
reported complication rates are acceptable, but some
problems such as axial symptoms or C5 palsy have not
been fully resolved [4-6]. The long term results of this
technique is satisfactory, with the preservation of the
enlarged cervical canal area and the maintenance of JOA
scores for cervical myelopathy (JOA score, Table 1,
maximum score 17 points) [7].

Table 1 Criteria for evaluation of the severity of cervical myelopa-
thy (JOA? score)

1. Motor function
A. Upper limbs, hands and fingers
0 = Unable to feed oneself with any cutlery
1 = Able to feed oneself with a spoon but not with chopsticks;
writing is impossible
2 = Able to feed oneself with chopsticks, though awkwardly;
writing is possible but not practical

3 = Slightly clumsy use of chopsticks; writing is clumsy but
practical

4 = Normal

B. Upper limbs, shoulder and elbow joints
—2 = Manual muscle testing of deltoid or biceps muscles < 2
—1 = Manual muscle testing of deltoid or biceps muscles = 3

—0.5 = Manual muscle testing of deltoid or biceps
muscles = 4

0 = Manual muscle testing of deltoid or biceps muscles = 5
C. Lower limbs
0 = Chairbound or bedridden
0.5 = Able to stand but unable to walk
1 = Requires walking aids
1.5 = Walks unaided but with difficulty
2 = Needs support when going up and down stairs
2.5 = Needs support when going down stairs
3 = Capable of fast walking but with some difficulty
4 = Normal
II. Sensory function
A. Upper limbs
0 = Complete sensory loss
0.5 = Severe sensory loss
1 = Mild sensory loss
1.5 = Subjective numbness without sensory loss
2 = Normal
B. Trunk, same as A
C. Lower limbs, same as A
III. Bladder function
0 = Retention and/or incontinence
1 = Sense of retention and/or incomplete continence
2 = Retardation and/or pollakiuria
3 = Normal

? The Japanese Orthopaedic Association
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In the present study, we retrospectively investigated
through a chart review and survey the clinical results and
satisfaction of the patients who underwent CLP despite
having only slight myelopathy. We focused on CLP
because it is the one of the most popular and established
technique, by which we have treated many patients. The
purpose of this study is to stimulate discussion about the
indications for surgery rather than to draw a conclusion.

Materials and methods

The records of consecutive patients who underwent CLP to
treat myelopathy between April 2006 and September 2009
were reviewed. CLP was generally performed for patients
with cervical spinal canal stenosis ranging across three or
more intervertebral discs and with lordotic or straight
alignment. In all cases, one of the spinal surgeons in our
hospital decided on and performed the surgery. Exclusion
criteria were CLP shortly after spinal cord injury, previous
cervical surgery and concomitant foraminotomy or fusion.
The patients’ pre-operative JOA scores were reviewed. The
patients whose pre-operative JOA score was 16 points or
more were selected. A JOA score of 16 or more indicates
very slight if any myelopathy, and was selected as the
threshold because considering only extreme cases makes
the purpose of the present study clearer. Further, the
complaints of most of these patients were only numbness
or sensory disturbance of the hands. This made the group
homogenous and made the interpretation of the results
simpler. The postoperative JOA scores of these patients
were checked through a chart review and they were sent a
survey asking about pre-operative symptoms, symptoms at
the time of response, why they underwent surgery, and
their degree of satisfaction with the result (Table 2).

Before surgery, all patients were well informed about
the possibility of worsening of their symptoms with ageing,
their irreversibility, the effects and limitations of the con-
servative treatments, the risks of the operation including
very rare major complications such as mortality or per-
manent quadriplegia and more popular complications such
as axial symptoms or C5 palsy, and the limitations of the
surgery. The merits and demerits of both conservative and
surgical treatment were thoroughly explained. We some-
times took a lot of time if the patients and their family had
many questions. Only patients, who and whose family
essentially understood the above explanation, became
candidates for operation. After discussion, the final deci-
sion was made by the patients and their families.

The precise technique for CLP and its postoperative care
has been described elsewhere [8]. Briefly, the technique
was conventional double-door laminoplasty, except that
suture anchors instead of interlaminar spacers were used to
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Table 2 Survey sheet

Question 1: Select your pre-operative symptoms (multiple
selections are allowed)

: None

: Nuchal and shoulder pain or stiffness
: Numbness in the hand

: Clumsiness of the hand

: Numbness in the lower limbs

: Difficulty in walking

A B W= O

: Disturbance of urination
7. Others

Question 2: Select your postoperative symptoms (multiple
selections are allowed)

: None

: Nuchal and shoulder pain or stiffness
: Numbness in the hand

: Clumsiness of the hand

: Numbness in the lower limbs

: Difficulty in walking

A BN = O

: Disturbance of urination
7: Others

Question 3: Why did you decide to undergo the operation
(multiple selections are allowed)?

1: Because my activities of daily living were disturbed by the
symptoms, although they were slight, and I wanted to improve
them by undergoing the operation

2: Because the doctors (including those at previous hospitals)
recommended the operation

3: Because I wanted to avoid being disabled in the future
4: Because I hated to live with anxiety about the future
5: Others

Question 4: Are you satisfied with the results of the surgery (one
selection)?

1: Very satisfied

2: Slightly satisfied

3: Neither satisfied nor dissatisfied
4: Slightly dissatisfied

5: Very dissatisfied

Free comments

keep the split laminae open. The bilateral muscles attached
to the C2 and/or C7 spinous processes were preserved as
far as possible. Patients wore a soft collar for about two
weeks after surgery.

Results

The total number of patients who fulfilled the selection
criteria was 146. However, the pre-operative JOA scores of
three patients were not available, resulting in 143 patients
(89 males and 54 females) being selected. Their mean age

Fig. 1 Distribution of pre-operative JOA scores of the patients who
underwent CLP. Black bars indicate the patients whose pre-operative
JOA score was 16 or more

was 660.6 years (33-92 years). The diagnosis was CSM in
120 patients and OPLL in 23 patients. The mean pre-
operative JOA score was 10.9 points and its distribution in
these patients is shown in Fig. 1.

Fourteen patients had a pre-operative JOA score of 16 or
more (9.7%, 11 males and three females) (Fig. 1, Table 3).
Four patients had the maximum JOA score of 17. Seven
patients complained of numbness in the hands without
sensory disturbance, resulting in a JOA score of 16.5. The
JOA score of the remaining three patients was 16: two
patients complained of mild sensory loss in the hands and
one patient complained only of being unable to fully extend
the fingers of the left hand. Although some patients com-
plained of clumsiness of the hand or numbness pre- and/or
postoperatively, they were allocated the maximum score
when the clumsiness was not objectively detectable or the
subjective numbness was occasional. The mean age of
patients with a JOA score of 16 or more was 51.9 years
(35-67 years), while that of the remainder was 68.2 years.
The mean age of the patients with a JOA score of 12 or less
(a widely accepted indication for CLP) was 70.9 years. Of
the 14 patients with a JOA score of 16 or more, nine were
diagnosed with CSM and five with OPLL. Eleven were
referred patients. Two of the non-referred patients came to
us asking for a second opinion because in a previous
hospital they were strongly recommended to undergo sur-
gery in spite of their mild symptoms.

Plain radiograms and MRI of all the patients demon-
strated considerable cervical spinal canal stenosis without
remarkable instability. Dural tube compression at three or
more levels and spinal cord deformity were observed on
MRI in all cases. Disappearance of the cerebrospinal fluid
signal on T2 weighted MRI was observed in all but one
patient (case 11, Fig. 2). Three patients demonstrated the
intramedullary high signal intensity on T2 weighted MR
images.
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Table 3 Details of the patients undergoing CLP with pre-operative JOA score of 16 or more

Case  Age Pre-operative  Postoperative  Postoperative Pre-operative  Present Decision  Satisfaction  Range

(years)  JOA score JOA score term of survey  symptoms symptoms  (Q3) Q4) of CLP
(at final FU) (months) QD) (Q2)

1 56 16.5 17 38 2 None 4 1 C2-6, T3, 4

2 S8 16.5 165 26 2 2 1,3 1 C2-6

3 54 16.5 17 25 1,2,3,5 None 1 1 C2-7

4 61 17 17 14 1 None 3,4 1 C3-7

5 64 16.5 17 12 2 1 2,3 1 C3-7

6 35 16 17 12 1,2,3 1,3 4 1 C3-T2

7 35 16 16 12 2 1,2 1 1 C3-6

8 56 16 16.5 12 1,2 1,2 1,2 3 C3-7

9 40 16.5 17 12 2 1 2,4 1 C2-7

10 40 17 17 12 7 1,7 5 3 C1-T1

11 40 16.5 17 12 1,2,5 1,4 3,4 1 C3-7

12 61 17 17 12 1 1 2,4 2 C2-7

13 67 17 17 12 None 1 2,4 1 C3-7

14 60 16.5 17 10 1,2 None 3,4,5 1 C1-7

Numbers in the columns from Q1 to Q4 correspond to the selection numbers in the survey (Table 2)
CLP cervical laminoplasty, JOA Japanese Orthopaedic Association, FU follow up, Q/-04 question number in the survey

Fig. 2 Pre-operative T2 weighted sagittal MRI (a) and axial MRI at
C4/5 (b) of case 11. Dural tube compression and spinal cord
deformity are apparent, but the cerebrospinal fluid signal was barely
detectable on both sagittal and axial images. No intramedullary high
signal intensity was observed on T2 weighted MR images

The final JOA score was obtained at least 10 months
postoperatively in all cases. The survey was retrieved
from all patients (response rate 100%), and the mean
postoperative follow-up at response was 15.8 months
(10-38 months). The demographic data and the survey
results for these 14 patients are shown in Table 3. The final
JOA scores of these patients were all 16 or more, and none
showed deterioration in the JOA score after surgery. Four
patients pre-operatively and 11 postoperatively had the
maximum score. Nine patients complained of numbness in
the hand pre-operatively, which was the most common
symptom. This symptom disappeared postoperatively in
seven cases. Seven patients pre-operatively and nine
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postoperatively complained of axial symptoms such as
nuchal or shoulder pain or stiffness. Five patients com-
plained postoperatively of de novo axial symptoms. In four
of them, the symptom was mild and the activity of daily
living was not disturbed. Only one patient complained of
moderate shoulder stiffness, which affected his activity.
However, none required sick leave or analgesics for the
axial symptoms. On the other hand, axial symptoms dis-
appeared postoperatively in three patients.

The reason why the patients underwent the operation
showed no particular trends. The most common reason was
“because I hated living with anxiety about the future”,
selected by eight of the 14 patients, followed by “because
the doctors recommended surgery” and “because I wanted
to avoid being disabled in the future” (five votes each),
then “because I wanted to improve my slight symptoms”
(four votes). Four of five patients who selected “because
the doctors recommended surgery” had been recommended
to undergo surgery by their previous doctors.

Most of the patients were satisfied with the results of the
surgery, that is, “very satisfied” in 11 cases, “slightly
satisfied” in one, and “neither satisfied nor dissatisfied” in
two. There were no patients who selected “slightly dis-
satisfied” or “very dissatisfied”. The main reasons for their
satisfaction, which were identified from patients’ free
comments made in the survey, were “my symptoms were
improved” and “I can live without anxiety about palsy”.
One patient who selected “neither satisfied nor dissatis-
fied” (case 10) commented “I recommend the operation to
patients in the same situation as me to prevent worsening of
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their symptoms”. One patient (case 3) was very satisfied
because after surgery he was able to play the violin as he
used to. Before the operation, he was sometimes unable to
move his fingers dexterously while playing the violin,
although he had no difficulty in daily living and his pre-
operative upper extremity motor function score was the
maximum (four points).

Case presentation (case 11)

A 40-year-old man was referred to us to treat an osteoid
osteoma in the left L2 superior articular process. His only
complaint was low back pain and he was classified as a
non-referred patient. However, he had a history of transient
quadriplegia after jumping from a height, at which time the
cervical spinal canal stenosis was identified. At that time,
the quadriplegia disappeared completely after several days
of emergency admission in another hospital. Plain lateral
radiograms of his cervical spine demonstrated a straight
alignment with an anterior—posterior distance of the spinal
canal of 10-12 mm, and MRI demonstrated spinal canal
stenosis with considerable cord compression from C3/4 to
C6/7 (Fig. 2). Although he had slight numbness on the
ulnar side of both hands, no sensory disturbance was
observed. The reflexes of his upper extremities were within
normal limits, but bilateral patellar tendon reflexes were
exaggerated. No pathological reflex was observed. Manual

Fig. 3 Postoperative T2 weighted sagittal MRI of case 11 two weeks
after surgery. The dural tube was successfully decompressed from
C3/4 to C6/7

muscle testing of the four extremities demonstrated no
muscle weakness. His JOA score was 16.5 points. We did
not recommend surgery, although we presented it as one of
the options. We advised him to give up his hobby of
driving in car races to prevent possible irreversible quad-
riplegia caused by a car accident.

After the successful resection of the lumbar osteoid
osteoma, he decided to undergo CLP. He did not want to
give up car racing, partly because it was closely related to
his job of running a tyre shop. He underwent CLP from C3
to C7 (double-door laminoplasty from C4 to C6 with
concomitant resection of distal lamina of C3 and proximal
lamina of C7) (Fig. 3). His postoperative course was
uneventful. :

At 1 year after operation, the numbness in his hands had
disappeared. Although he complained of occasional nuchal
pain and stiffness (which he had also complained of pre-
operatively), he returned to his work and car racing with
peace of mind. He chose “very satisfied” in the survey, and
commented that he was happy, without anxiety about the
future.

Discussion

The natural history of CSM or OPLL is not well known.
Symptoms are often stable, at least in the short term, and
only a modest number of patients improve while a signif-
icant minority eventually deteriorates. Worsening can
occur in a gradual and stepwise progressive fashion.
However, there are patients who present with sudden
irreversible quadriplegia caused by minor trauma, although
this is rare. However, the clinical course of an individual
patient is difficult to predict [1]. Even MRI cannot reliably
predict who will benefit from surgery and who will not. It is
generally believed that the predictive factors for a good
surgical outcome may include shorter duration of disease
and milder neuroimaging [1, 2], suggesting that early or
prophylactic surgery for myelopathy may be effective.
However, we should remember that surgery is always
accompanied by the possibility of major and minor com-
plications [4], which makes the indications for surgery in
patients with considerable cord compression but slight
myelopathy controversial.

In two recent review papers on CSM, the authors rec-
ommended a careful observation for asymptomatic or
mildly myelopathic patients [1, 2]. These recommenda-
tions, however, were drawn from statistical analysis of
mostly middle-term follow-up of such patients. In the
present study, some of the patients who underwent surgery
focused on the possible irreversible worsening of their
symptoms rather than the risks of the operation. The mean
age of the patients who underwent surgery was 16 years

@ Springer

—413—



Eur Spine J

younger than those patients whose pre-operative JOA score
was less than 16 points. This may reflect the patients’
concern about the remainder of their life: we should
remember that it is very important for some patients, par-
ticularly young patients, to live without anxiety about the
future. Another reason may be that the JOA score would be
higher in younger patients than in older patients with the
same grade of myelopathy because of a better ability to
compensate in younger patients.

Another point to note in the present study is that some
people were happy after surgery because their. slight
symptoms (numbness in the hands in most cases) were
relieved. Conservative treatment is usually recommended
for patients with mild myelopathy, not because the
symptoms improve with conservative treatment but
because in most cases the symptoms do not deteriorate for
a long time. Some patients, however, want to completely
remove their slight symptoms even at the risk of surgery.
For patients with apparent myelopathy, we usually
explain that numbness is one of the symptoms least likely
to disappear after surgery. However, in spite of repeated
pre-operative explanations, some patients, in particular
those with the intramedullary high signal intensity on T2
weighted MR images, complained of residual numbness
after surgery even though other symptoms improved. In
general, only a small percentage of patients experience
complete recovery of numbness, so it was surprising that
numbness disappeared in seven of nine patients in the
present study. Further, one patient was pleased because
he was again able to play the violin as he used to. In this
series, we can recall another patient of 56 years old with a
pre-operative JOA score of 15 who was very satisfied
with his surgery for the same reason. One patient (case 6)
was also satisfied because his finger extension improved
postoperatively. We should note that a slight symptom,
even if of little importance from our standpoint, might be
a major problem for patients, in particular younger
patients.

These results may raise questions about the surgeon’s
refusal to operate on patients simply because the patients
do not present with apparent myelopathy. However, we
should note with caution that the number of patients who
complained of axial symptoms increased postoperatively,
although the symptoms did not markedly disturb the
patients’ daily lives. We have used a conventional tech-
nique for CLP although several less invasive techniques
have been recommended to reduce axial symptoms [9].
Although this is not the focus of the present paper, refined
techniques may reduce the number of patients with de novo
axial symptoms. However, four of five patients who pre-
sented with de novo axial symptoms after operation were
very satisfied. This may demonstrate that freedom from
anxiety and improvement of slight neurological symptoms
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are much more important for them than the presence of
mild axial symptoms.

We want to stress that we are by no means radical
surgeons. We believe that thoughtless expansion of the
indications for CLP should be strictly avoided. The pro-
portion of patients in our series who were operated on in
spite of their high JOA score may be felt to be too high.
However, our hospital is a university hospital, and many of
the patients were referred to us asking for a final decision
when their previous surgeons hesitated to operate. If these
surgeons did not have doubts, they would not have rec-
ommended their patients to come to us, because CLP is one
of the most popular surgical techniques in our country. In
addition, we should stress that many of the referred patients
chose to be treated conservatively after our explanations of
their myelopathy and the risks/benefits of CLP, although to
present the exact number of these is impossible.

In the present study, we show the clinical results and the
satisfaction of the patients who underwent CLP despite
their slight symptoms. Their clinical results were good and
their satisfaction was high. It would be impossible to draw
a scientific conclusion based on the results of the present
study because the number of the patients is small, the
follow-up was short, conservatively treated patients were
not followed or compared, and the patients’ satisfaction
was closely related to not only clinical results but also their
understanding and philosophy. However, our results may
stimulate discussion concerning the indications for CLP in
such patients, in particular for young, active, intelligent
patients, against the prevailing opinion. We should keep
several points in mind as a basis for the discussion. First,
all the information about the natural course of the disease,
the effects and limitations of conservative treatments and in
particular about major and minor complications of surgery
that may result in permanent sequelae, should be given to
the patients, although some of these are not well known.
Second, we should understand that patients’ high satisfac-
tion does not always justify surgery. Usunally advanced age
and better postoperative health status were significantly
associated with higher satisfaction [10, 11]. Although our
patients were young, their postoperative health status was
high with few sequelae, probably as a result of the early
surgery, and this may have heightened their satisfaction.
However, patient satisfaction is subjective and is easily
affected by the surgeons’ pre-operative explanation. We
should try to keep a scientifically neutral position and
always be careful not to mislead the patient.

Nevertheless, we believe that some selected patients are
actually rescued by undergoing surgery, because their
symptoms, although slight, improve and they are freed
from persistent anxiety. Our endeavours to reduce the
complication rate of surgery may widen the indications of
CLP for these patients. However, we should be careful and
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modest in draw a conclusion, because long-term results of
cervical laminoplasty more than 20 or 30 years are not
fully known. Further, we should attempt to scientifically
determine the natural course of cervical myelopathy, the
long-term prognosis of conservative treatment and the
probability of irreversible palsy caused by minor trauma, to
provide more precise information to these patients. Lastly,
we should always caution ourselves not to expand
thoughtlessly the indications for surgery.
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Three-dimensional measurement of growth of ossification of
the posterior longitudinal ligament
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Object. Ossification of the posterior longitudinal ligament (OPLL) is a progressive disease that causes cervical
myelopathy. Because 2D evaluation of ossification growth with plain lateral radiographs has limitations, the authors
developed a unique technique to measure ossification progression and volume increase by using multidetector CT
scanning.

Methods. The authors used serial thin-slice volume data obtained by multidetector CT scanning in 5 patients.
The mean patient age was 63 years, and the mean follow-up duration was 3.1 years. First, a 3D model of OPLL was
semiautomatically segmented at a specific threshold. Then, a preoperative model of OPLL was superimposed on a
postoperative model using voxel-based registration of the vertebral bodies. Progression and volume increase were
measured using a digital viewer that was developed by the authors. Progression was visualized using a color-coded
contour on the surface of the OPLL model.

Results. All patients had progression of 0.5 mm or greater. The mean values concerning OPLL growth were as
follows: maximum progression length, 4.7 mm; progression rate, 1.5 mm/year; volume increase, 1622 mm?; volume
expansion rate, 37%; and volume increase rate, 484 mm?/year. The accuracy of superimposition by voxel-based
registration, defined as closeness to the true value, was less than 0.31 mm. For intraobserver reproducibility of the
volume measurement, the mean intraclass correlation coefficient, root mean square error, and coefficient of variation
were 0.987, 16.0 mm?, and 1.7%, respectively.

Conclusions. Ossification of the posterior longitudinal ligament progresses even after surgery. Three-dimension-
al evaluation with the aid of CT scans is a useful and reliable method for assessing that growth.

(DOI: 10.3171/2011.11 SPINE11502)

ossification ¢  posterior longitudinal ligament
volume increase *  progression ¢
growth
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a progressive disease with ectopic bone formation

in the spinal canal*”!7 Surgical invasion, young
age, and type of OPLL have been reported to be risk fac-
tors for progression.2!® However, the course of natural pro-
gression is still unclear, because OPLL grows slowly, by
the millimeter. Previous studies have reported documenta-
tion of the progression of OPLL by plain radiography.'5¢
To the best of our knowledge, however, there have been no

OSSIFICATION of the posterior longitudinal ligament is

Abbreviations used in this paper: CV = coefficient of variation;
ICC = intraclass correlation coefficient; OPLL = ossification of the
posterior longitudinal ligament; RMSE = root mean square error.
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reports of 3D evaluation of OPLL growth. We developed a
unique technique to evaluate growth three-dimensionally
using multidetector CT scanning. We then conducted a
study to determine the validity of our technique.

Methods
Data Source

We evaluated thin-slice CT volume data, available at
more than 2-year intervals, that had been obtained in 5
patients. All patients had a history of surgery for cervical
OPLL; we had access to CT volume data for OPLL before

289
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