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TABLE 3: Surgical outcomes and preoperative factors*

Mean Recov- OR (95% ClI) by Logistic
Factor (no. of patients w/ available data) ery Rate (%) Regression Analysis p Value

sex

M (34) 454 + 450

F (42 455+ 34.2 0.65 (0.18-2.43) 0.53
ageinyrs

<60 (48) 48.5 405

=60 (28) 40.2+36.7 0.70 (0.19-2.51) 0.58
morbidity period in yrs

<1(40) 46.5 + 421

1-3 (19) 479 £ 377

>3 (12) 440 +28.9 1.25 (0.50-3.13) 0.64
preop JOA score

<5(33) 471 335

25 (43) 441 +432 1.64 (0.47-5.73) 043
type of OPLL

beaked (17) 46.2 +53.6

continuous wave form (28) 49.7 +23.6

continuous cylindrical (13) 4143417

mixed (18) 411433 0.78 (0.41-1.49) 045
anteroposterior diameter of OPLL in mm

<5(2) 50.0+0.0

5-10 (60) 443422

=10 (12) 497 +225 1.47 (0.31-7.06) 0.45
kyphosis angle on MRI

<30° (28) 461 +32.8

=30° (37) 478 =439 1.10 (0.33-3.69) 0.88
level of OPLL

T1-4 (24) 44.0 = 38.9

T5--8 (41) 465+ 345

T9-12 (1) 447 +56.9 0.94 (0.33-2.74) 0.92
DM

no (55) 534+ 320

yes (19) 23.0 491 0.18 (0.04-0.78) 0.02t
T2 high-intensity lesion

no (14) 63.5+284

yes (59) 43.2 + 401 0.69 (0.14-3.46) 0.65
surgical method

pst decompression & fusion (47) 38.5+378

ant decompression & fusion via ant approach (12) 65.0 =356

ant decompression via pst approach & fusion (4) 28.8 +41.2

circumferential decompression & fusion (13) 575 = 411 1.55 (0.88-2.72) 013
use of instrumentation

no (7) 39.6£49.9

yes (69) 46.0 = 38.3 0.41 (0.03-5.47) 0.50
no. of surgeries

1(64) 447 + 391

22 (12) 492 +40.8 0.60 (0.10-3.61) 0.58

* Mean values are presented = SDs.
t Statistically significant.
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logical complications, and requires less intensive patient
care after surgery than the anterior approach.’® When
choosing a surgical method, surgeons should weigh the
technical demands, surgical invasiveness, and predictable
surgical outcomes of each surgical approach.

The outcome of anterior decompression via a poste-
rior approach (28.8% recovery rate) was the poorest as
compared with the other methods in this study, although
the difference was not statistically significant because of
the sample size.

Diabetes mellitus is known to be closely associated
with both the genesis of OPLL and a poor outcome of
decompression surgery for the myelopathy caused by
cervical OPLL.>> Of the patients in this series, 25% had
DM; these patients had a significantly poorer outcome
than those without DM. This finding may be attributable
to preoperative diabetic neuropathy, although we did not
assess the severity of preoperative DM. Furthermore, DM
can increase the risk of postoperative complications, in-
cluding infection and cardiopulmonary events. Therefore,
patients with DM should be informed of these problems,
and their DM should be well controlled prior to the start
of surgery, as asserted by Kawaguchi et al.?

The complication rate of 40.8% for this series of sur-
geries treating T-OPLL is rather high compared with the
complication rates for surgeries for other compressive
spinal diseases, especially considering that these surger-
ies were conducted at spine centers adept at treating T-
OPLL. These results clearly illustrate the difficulty as-
sociated with the surgical treatment of T-OPLL, even in
an era of advanced surgical techniques for spinal disor-
ders. To prevent intraoperative neurological events, neu-
rophysiological monitoring may be mandatory, although
its effectiveness should be clarified by additional larger
studies.

The present study had several limitations, including
its retrospective study design, relatively small sample
size, and differing preferences in surgical methods at the
various institutions. This selection bias in surgical meth-
ods may have had some impact on the surgical outcomes.
Nonetheless, these limitations may be inevitable because
of the rarity of T-OPLL.

Regardless, this study contains the largest case series
to clarify the factors associated with surgical outcomes
among patients with T-OPLL undergoing fusion surgery.

Conclusions

This retrospective multicenter review of 76 patients
who underwent fusion surgery for T-OPLL showed favor-
able surgical outcomes and identified a factor—no pre-
operative DM comorbidity—that was associated with a
good outcome.
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Objective. To investigate the incidence of neurological deficits after
cervical laminoplasty for ossification of the posterior longitudinal
ligament (OPLL).

Summary of Background Data. According to analysis of long-
term results, laminoplasty for cervical OPLL has been reported as
a safe and effective alternative procedure with few complications.
However, perioperative neurological complication rates of
laminoplasty for cervical OPLL have not been well described.
Methods. Subjects comprised 581 patients (458 men and 123
women; mean age: 62 * 10 years; range: 30-86 years) who had
undergone laminoplasty for cervical OPLL at 27 institutions between
2005 and 2008. Continuous-type OPLL was seen in 114, segmental-
type in 146, mixed-type in 265, local-type in 24, and not judged in 32
patients. Postoperative neurological complications within 2 weeks after
laminoplasty were analyzed in detail. Cobb angle between C2 and C7
(C2/C7 angle), maximal thickness, and occupying rate of OPLL were
investigated. Pre- and postoperative magnetic resonance imaging was
performed on patients with postoperative neurological complications.
Results. Open-door laminoplasty was conducted in 237, double-
door laminoplasty in 311, and other types of laminoplasty in 33
patients. Deterioration of lower-extremity function occurred after
laminoplasty in 18 patients (3.1%). Causes of deterioration were
epidural hematoma in 3, spinal cord herniation through injured
dura mater in 1, incomplete laminoplasty due to vertebral artery
injury while making a trough in 1, and unidentified in 13 patients.
Prevalence of unsatisfactory recovery not reaching preoperative
level by 6-month follow-up was 7/581 (1.2%). Mean occupying rate
of OPLL for patients with deteriorated lower-extremity function was
51.2 = 13.6% (range, 21.0%~73.3%), significantly higher than the
42.3 + 13.0% for patients without deterioration. OPLL thickness was
also higher in patients with deterioration (mean, 6.6 = 2.2 mm) than
in those without deterioration (mean, 5.7 = 2.0 mm). No significant
difference in C2/C7 lordotic angle was seen between groups.
Conclusion. Although most neurological deterioration can be
expected to recover to some extent, the frequency of short-term
neurological complications was higher than the authors expected.
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“he anterior approach for cervical ossification of the pos-
terior longitudinal ligament (OPLL) is theoretically rea-
sonable since the lesion is anterior.'* However, anterior
surgery for multisegmental OPLL is considered technically
demanding, and the potential for complications is reportedly
higher than with posterior surgery.>¢ On the basis of analy-
ses of long-term results, laminoplasty has been reported as a
safe and effective alternative procedure with few complica-
tions.” ! However, except for C5 motor palsy,'' periopera-
tive neurological complication rates in laminoplasty for cer-
vical OPLL have not been well described,'*!* although late
deterioration after laminoplasty for thick cervical OPLL has
been reported.®

As neurological sequelae after surgery lead to nonroutine
discharges and patient dissatisfaction even if recovery occurs,
preoperative information on potential risks of laminoplasty
should be included in the informed consent. To investigate the
frequency of severe deficits, particularly worsening of lower-
extremity function after laminoplasty for cervical OPLL, a
Research Group for Ossification of the Spinal Ligament spon-
sored by the Japanese Ministry of Health, Labor and Wel-
fare conducted a multi-institutional retrospective survey of
patients who had undergone laminoplasty for cervical OPLL.

MATERIALS AND METHODS

Methods

The survey pertained to all cervical OPLL patients who had
undergone laminoplasty during the 3-year period from April
2005 to March 2008 at any of the 27 institutions to which
members of the research group belonged. In January 2009,
questionnaires were sent to each institution and a total of 581
operated cases were collected. To assess the medical status of
patients on admission and complications after laminoplasty,
participating physicians reviewed the medical records. Patients
who received laminoplasty down to the first thoracic spine were
included, and patients with traumatic spinal cord injury within
3 weeks of surgery and patients who had undergone simultane-
ous anterior cervical surgery or spinal surgery below T2 were
excluded. Subjects comprised 458 men and 123 women, with a
mean age of 62 + 10 years (range, 30-86 years). Continuous-
type OPLL was seen in 114, segmental-type in 146, mixed-type
in 2635, local-type in 24, and not judged in 32 patients.

The items investigated were demographic data, radio-
graphic findings (radiograph, computed tomography [CT],
and magnetic resonance imaging [MRI]), surgical methods
and surgical results, complications, and surgical outcomes as
of 6 months after the surgery. Outcomes were assessed by mo-
tor function scores of the upper and lower extremities for cer-
vical myelopathy as defined by the Japanese Orthopedic As-
sociation.” Postoperative neurological complications within 2
weeks after laminoplasty were described in detail. Cobb angle
between C2 and C7 (cervical lordotic angle; C2/C7 angle),

Spine

maximal thickness, and occupying rate of OPLL were inves-
tigated. Pre- and postoperative MRI were investigated in pa-
tients with postoperative neurological complications.

All study protocols were approved by the institutional re-
view board at the Japanese Society for Spine Surgery and Re-
lated Research.

Statistical Analysis

SPSS version 17 software (SPSS, Chicago, IL) was used for
all statistical analyses. Means, standard deviations, and 95%
confidence intervals of differences were calculated for con-
tinuous variables, and comparisons were made using Student
t test. Values of P < 0.05 were considered significant.

RESULTS
Open-door laminoplasty was conducted in 237, double-door
laminoplasty in 311, and other types of laminoplasty includ-
ing skip-laminectomy in 33 patients.!® Preoperative Japanese
Orthopedic Association score for lower-extremity function
was 4in 78,3 in 109,2 in 237, 1in 121, and 0 in 36 patients.
Deterioration of lower-extremity function after laminoplasty
was seen in 18 patients (3.1%). The prevalence of unsatisfac-
tory recovery not reaching preoperative level by 6-month fol-
low-up was thus 1.2% (7/581) (Table 1). These deteriorations
were discovered on the same day as laminoplasty in 13, post-
operative day 1 in 1, postoperative day 2 in 1, postoperative
day 3 in 1, postoperative day S in 1, and postoperative day
12 in 1 patient (see Table 1). Causes of deterioration were epi-
dural hematoma in 3, spinal cord herniation through injured
dura mater in 1 (Figure 1), incomplete laminoplasty due to
vertebral artery injury while making a trough in 1 (Figure 2),
and unidentified in 13 patients (Figure 3). Of the 13 cases,
newly developed high-intensity areas on T2-MRI were identi-
fied in only 1 case (see Figure 3). In the case with vertebral
artery injury, laminoplasty was not completed and second-
round surgery was not performed because of postoperative
deep wound infection and poor general condition. Three
cases with epidural hematoma were diagnosed on the day
of surgery. All these cases underwent emergent surgery and
showed recovery. Spinal cord herniation was diagnosed on
postoperative day 5 and repair surgery was performed, result-
ing in improved lower-extremity function, although preopera-
tive level was not reached. One patient with deterioration on
postoperative day 12 due to an unidentified cause underwent
additional anterior corpectomy and fusion, improving to the
preoperative level. Intraoperative cerebrospinal fluid leak was
encountered in 37 patients (6.4%), and 1 patient showed
worsened myelopathy due to spinal cord herniation through
a split dura mater, as mentioned previously. In 3 of the 13
cases with deterioration due to an unidentified cause, cerebro-
spinal fluid leak occurred after intraoperative dural tear. No
significant differences in neurological complication rates were
seen between representative laminoplasties (double-door type
vs. open door type) (see Table 1).

Postoperative unilateral motor paresis of an upper extrem-
ity occurred in 23 patients (4%), with proximal paresis (C5
palsy) in 16 and distal paresis in 7 patients. At the 6-month
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1 79 M | Segmental 42.2 5.7 c3-C7 Double 0 1 0 0 VA injury

2 59 M | Mixed 61.5 8.0 C2-C6 Open 2 0 0 0 Unknown

3 47 M | Continu- 53.6 7.5 C3-C7 Z-plasty 0 1 0 2 Unknown
ous

4 47 M | Not 55.2 8.3 C3-C5 Open 0 4 1 4 Unknown
judged

5 74 M | Mixed 60.6 7.1 C3-T1 Double 0 1 0 0 Unknown

6 56 M | Continu- 53.6 11.9 C3-Cob Open 0 2 0 1 Unknown
ous

7 70 F | Segmental 54.8 6.9 C3-C7 Open 3 2 0 4 Unknown

8 53 M | Mixed 41.7 6.0 C2-Cé Open 1 2 1 2 Unknown

9 58 M | Mixed 30.5 5.0 C3-C7 Double 0 2 1 2 Hematoma

10 67 M | Segmental 38.0 4.5 C3-C7 Open 0 4 0 4 Hematoma

11 79 M | Mixed 50.0 6.0 C3-C7 Open 0 0 0 2 Hematoma

12 72 M | Mixed 63.6 9.6 C3-T1 Open 12 0 0 1 Unknown

13 76 M | Mixed 64.9 8.5 C3-T1 Double 0 2 0 1 Unknown
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ous

15 47 F | Mixed 59.1 6.5 C2-T1 Double 5 3 1 2 Cprd her-

niation
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ous

17 39 M | Mixed 30.8 4.0 C2-T1 Double 0 1 0 2 Unknown

18 43 M | Mixed 21.0 3 C3-C7 Open 0 2 0 1 Unknown

Double, double-door laminoplasty; JOA, Japanese Orthopedic Association; open, open-door laminoplasty; OPLL, ossification of the posterior longitudinal ligament; VA, vertebral artery.
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Figure 1. Postoperative T2-weighted imaging of a case with spinal cord
herniation through injured dura mater (arrow).

follow-up, one patient with proximal paresis showed little
recovery. In two patients with proximal paresis and four pa-
tients with distal paresis, partial recovery was achieved, with
muscle power rated at 3/5. The remaining 16 patients showed
full recovery. Nonspinal complications included superficial
wound infection in 13, transient postoperative delirium in 12,
urinary tract infection in 4, mild cerebrovascular accident in
4, pneumonia in 3, angina pectoris in 2, and gastric ulcer in 2
patients. All these complications were treated conservatively,
and full recovery was achieved.

Mean occupying rate of OPLL for patients with deteriora-
tion of lower-extremity function was 51.2 = 13.6% (range,
21.0%-73.3%), significantly higher than the 42.3 *= 13.0%
for patients without deterioration (unpaired ¢ test, P = 0.003;
95% confidence interval of the difference, 3.0-15.0%). OPLL
thickness was also higher in patients with deterioration (mean,
6.6 * 2.2 mm) than in those without deterioration (mean, 5.7
+ 2.0 mm; P = 0.04; 95% confidence interval of the differ-
ence, 0.4-1.9 mm). No significant difference in C2/C7 angle
was seen between the groups.

Spine

Figure 2. Postoperative CT of a case with vertebral artery injury due to
an excessively deep trough (arrow).

DISCUSSION

Laminoplasty has been considered to result in insufficient de-
compression for patients with kyphotic cervical spine or very
large OPLL>*!'S but has become the first option in the place
of anterior surgery not only for cervical spondylotic myelop-
athy but also for OPLL in Japan due to the technical sim-
plicity and reduced risk of complications.5” Several studies
of long-term results for laminoplasty in cervical OPLL have
reported the efficacy and safety of this procedure, and lami-
noplasty for cervical OPLL has generally been considered
successful.>'* However, previous reports of long-term results
for laminoplasty have not completely addressed short-term
neurological complications and few articles have addressed
the incidence of short-term neurological complications other
than motor paresis of the upper extremities.!»!* This study

Figure 3. Newly developed high-intensity area between C7 and T1 on
T2-weighted imaging (arrow). (A) Preoperative and (B) postoperative.
www.spinejournal.com E1001
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therefore focused on worsening lower-extremity function af-
ter laminoplasty. A small proportion of patients developed
permanent deficits of lower-extremity function, even though
the majority of neurological deficits proved transient or sal-
vageable.

Some causes of neurological deficit can be identified on
careful examination by the surgeon.!”® Of particular note is
the fact that postoperative worsening caused by epidural he-
matoma can be salvaged by quick response of the surgeon.
However, we could not identify the causes of deterioration of
lower-extremity function in 10 patients without cerebrospinal
fluid leakage or other evident causes. Possible mechanisms for
postoperative worsening of myelopathy may be incorrect po-
sitioning of the neck during surgery, edema, or reperfusion of
the decompressed spinal cord.’!® As Chiba ez al'! suggested,
the spinal cord in patients with very thick OPLL may be too
fragile to withstand rapid decompression and intramedullary
reperfusion may represent a contributing factor. However, the
retrospective nature of this survey did not allow us to reach
any conclusion in this regard. When causes cannot be identi-
fied from intraoperative findings and postoperative investiga-
tions, diverse explanations can be proposed to explain neuro-
logical deterioration. As a whole, the greater the occupying
rate of the OPLL, the higher the risk of postoperative neuro-
logical sequelae. However, some cases show no specific cause
and cervical alignment has not been identified as a significant
contributing factor.

Postoperative migration of the cervical spinal cord be-
tween split laminae has been reported as a cause of worsening
myelopathy." In this study, one such case was seen after dural
tear. Exacerbation of neurological symptoms soon or imme-
diately after the surgery and identification of the presence or
absence of cerebrospinal fluid leakage after dural injury are
major issues of concern. Of the 13 cases with deterioration
due to an unidentified cause, 3 showed cerebrospinal fluid
leaks. Iatrogenic factors including direct spinal cord injury
might also have caused neurological sequelae. Definite techni-
cal error was confirmed in another case with vertebral injury
through a posterior approach when making a lateral trough
(see Figure 2). This complication has not been reported in the
past literatures, and surgeons should be aware of this unac-
ceptable technical error.

The majority of previous studies have come from single
institution series. This study described surgical outcomes
on a national scale from representative samples of hospitals
that performed laminoplasty for cervical OPLL from 2005
to 2008. This relatively large study showed that two types
of laminoplasty (bilateral and unilateral types) were equally
popular in Japan. Neurological complications appear equally
likely with either type.

Our analysis did not take into account patient satisfaction
after surgery. Despite this limitation, information on compli-
cations is critical for counseling patients with cervical OPLL
about the risk of laminoplasty. Benefits of surgery and risks of
complications must be carefully considered to avoid patient
disappointment and unrealistic expectations.

E1002 www.spinejournal.com

In conclusion, although most neurological worsening
can be expected to recover to some extent, the frequency of
short-term neurological complications was higher than we
expected. Given the retrospective nature of this study, cases
showing complications could have been selectively exclud-
ed if the complications were mild. The number and type
of complications could thus be even higher than reported
here.

> Key Pomts

D Deter:orated !ower extremlty functlon occurred in
180fthe 581 patlents (3. 1%) who Underwent Iammo-
plasty for cervical OPLL. '

CI Unsatlsfactory recovery not reachlng preoperatlve
Ievels was seen in 7 of the 581 patlents (1.2%).

D Causes of deterioration were epldural hematoma in
3, splnal cord herniation through injured dura mater
in1, vertebral artery mjury while making a trough in

1, and umden’clﬁed in 13 patients. ,
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Study Design. Retrospective multicenter study.

Objective. To review the clinical characteristics of traumatic
cervical spinal cord injury (SCI) associated with ossification of the
posterior longitudinal ligament (OPLL).

Summary of Background Data. Despite its potentially devastating
consequences, there is a lack of information about acute cervical
SCI complicated by OPLL.

Methods. This study included consecutive patients with acute
traumatic cervical SCI (Frankel A, B, and C) who were admitted
within 48 hours of injury to 34 spine institutions across Japan. For
analysis of neurologic outcome, patients who had completed at
least a 6-month follow-up were included. Neurologic improvement
was defined as at least one grade conversion in Frankel grade.
Results. A total of 453 patients were identified (367 men, 86
women; mean age, 59 years). OPLL was found in 106 (23%)
patients (87 men, 19 women; mean age, 66 years). Most of
the patients with OPLL (94 of 106) were without bone injury,
presenting with incomplete SCl. The prevalence of OPLL
reached 34% in SCI without bone injury. The cause of SCI was
predominantly falls (74%). Only 25% of the patients were aware
of OPLL. Half of the OPLL patients reported gait disturbance
before injury. Forty-eight (52%) OPLL patients without bone
injury underwent surgery (median, 13.5 days after injury),
mostly laminoplasty. Overall, no significant difference was
noted in neurologic improvement between surgery group and
conservative group. However, further stratification showed that
surgery was associated with greater neurologic recovery in
patients who had gait disturbance before injury (P = 0.04).
Conclusion. Prevalence of OPLL among cervical SClwas alarmingly
high, especially in those without bone injury. Most of cervical SCI
associated with OPLL were incomplete, without bone injury, and
caused predominantly by low-energy trauma. The majority of the
patients were unaware of OPLL. Surgery produced better neurologic
recovery in patients who had gait disturbance before injury.
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ssification of the posterior longitudinal ligament
OPLL) affects about 2% of Japanese and is a
# major cause of cervical canal stenosis in Japan. Al-
though individuals with OPLL often remain asymptomatic,
chronic cord compression may lead to myelopathy, especially
in those with severe canal compromise.

OPLL is also known to predispose these individuals to se-
vere neurologic deterioration after trauma. Despite its poten-
tially devastating consequences, there is a lack of information
about acute cervical spinal cord injury (SCI) complicated by
OPLL. Except for a few case series, reports on this subgroup
of SCI patients remain largely anecdotal.>* The prevalence of
OPLL among patients with acute cervical SCI has not been de-
termined, and the clinical characteristics of SCI patients with
OPLL remain unclear as well. In particular, little attention has
been paid to a patient’s status before injury such as his or
her awareness of OPLL. In addition, optimum treatment of
SCI complicated by OPLL remains controversial; a dilemma
reflected by the wide variations in current treatment options,
ranging from emergency surgery to conservative treatment.
Although surgical decompression is widely believed to have
a beneficial role for those with persistent cord compression,
there is no comparative study supporting this hypothesis.

Here, we conducted a retrospective multicenter study to
determine the prevalence of OPLL among cervical SCI and
clarify the clinical characteristics of SCI patients with OPLL,
and further evaluated the efficacy of surgical treatment.

MATERIALS AND METHODS

This multicenter study was conducted by a Research Group
for Ossification of the Spinal Ligament sponsored by the
Japanese Ministry of Health, Labor and Welfare. This study
included all consecutive patients with acute traumatic cervi-
cal SCI (Frankel A, B, and C) who were admitted within 48
hours of injury from January 2000 to June 2006. Thirty-four
institutions to which the members of the research group be-
long joined this study. Severity of SCI was assessed by Frankel
grade classification.’ Presence of OPLL was confirmed using
plain radiographs or computed tomography (CT). On the ba-
sis of the criteria established by the Japanese Ministry of Pub-
lic Health and Welfare, OPLL was classified into the follow-
ing types: continuous, segmental, localized, and mixed.® The
maximum percentage of spinal canal stenosis was evaluated
using plain radiographs as previously reported.”

To assess patients’ medical status at admission and compli-
cations after the injury, we consulted medical charts and nurs-
ing summaries. Complications that occurred within 1 month
after injury were included in this study. The charts were also
evaluated for patient status before injury including awareness
of OPLL and preexisting gait disturbance. For analysis of
neurologic recovery, patients who had completed a 6-month
follow-up were included.

1454  www.spinejournal.com

Neurologic improvement was defined as one grade or great-
er improvement in Frankel grade. The ratio of patients who
achieved neurologic improvement was calculated. Patients were
stratified by whether they had gait disturbance before injury.

Continuous variables were compared using Student ¢ test
or Dunnett test, and categorical data were analyzed using
the x? test. Fisher exact test was used when appropriate. All
statistics were calculated using SPSS, version 13.0 (SPSS Inc,
Chicago, IL). Values were considered statistically significant
for P less than 0.05.

RESULTS
A total of 453 patients were initially identified (Table 1), in-
cluding 367 men and 86 women with a mean age of 59 years.
OPLL was found in 106 patients (87 men, 19 women; mean
age: 66 years), accounting for 23% of all patients. Peak in-
cidence of SCI in patients with OPLL occurred between 70
and 75 years of age, and about 80% of OPLL-associated
SCI patients (85 of 106) were classified as incomplete. Of the
453 patients, 274 (60%) were without bone injury, such as
fracture or dislocation, and nearly 90% of the patients with
OPLL (94 of 106) were also without bone injury. The preva-
lence of OPLL was 34 % among this subgroup of patients.
Clinical characteristics of SCI patients with OPLL were fur-
ther examined (Table 2). The primary cause of SCI in OPLL
patients was predominantly falls, followed by motor vehicle
accidents. Influence of alcohol use was reported in 19 patients
(18%). Of note, among patients who were aware of OPLL,
only one was under the influence of alcohol at the time of in-
jury. Concurrent fractures at other sites or visceral organ inju-
ries were relatively rare in this subgroup of SCI patients. Only
25% of patients were aware of OPLL before their injury, and
even fewer patients (17%) were regularly visiting a physician

No. (% of total) 106 (23%) 347 453

of patients

Sex (men/women) 87/19 280/67 367/86
Mean age at 66.2 = 1151 57.0%£18.6 | 59.2 £ 17.6
injury (yrs,

mean * SD)

Frankel grade at admission

A 21 125 146

B 29 76 105

C 56 146 202

SCI without 94 (34%) 180 274
fracture or

dislocation (%)

*Between-group difference was significant (P < 0.01).

SCI indicates spinal cord injury; OPLL, ossification of the posterior longitudi-
nal ligament; SD, standard deviation.
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for OPLL at the time of injury. Approximately half of patients
(44%) reported preexisting gait disturbance of varying degrees.

On radiographic evaluation, ossification type was found to
be continuous in 46 patients, mixed in 38, segmental in 12, lo-
calized in 5, and unclassified in 5. Mean maximum percentage
of spinal canal stenosis was 46 * 13% (mean * SD; range:
19%-85%). No significant difference was noted in maximal
canal compromise between Frankel grade groups at admis-
sion (Dunnett test).

We also evaluated the use of corticosteroids for treatment
of SCI. Of the 106 SCI patients with OPLL, 76 (72%) received
intravenous administration of corticosteroids. The Second Na-
tional Acute Spinal Cord Injury Study protocol® was applied
in 57 patients, whereas intermittent administration of a lower
dosage was performed in the remaining 19. Complications as-
sociated with intravenous corticosteroid administration were
reported in 10 patients, including gastrointestinal bleeding or
ulcer in 6, pulmonary complications in 2, and wound infection
and exacerbation of diabetes mellitus in 1 each.

We then examined the efficacy and safety of surgical treat-
ment, focusing on patients without bone injury (Table 3). Of
the 94 patients in this category, 48 (52%) underwent surgery
(median: 13.5 days after injury) whereas the remaining 46
received some form of nonoperative treatment. Clinical char-
acteristics of the two groups were comparable with regard to
age, sex, maximum canal stenosis, and severity of SCI. Most
of the surgery group patients (43 of 48) received laminoplasty.

Spine

Al and ( omplicalio 9
DF Pe S put Bone
' Age (yrs; mean [SD]) 64 (10)
Cause of SCI Sex (men/women) 38/10
H 0, )
Falling (% of total 78 74%) Severity of SCI (no. of patients [%])
Falling on one’s rear 9 Complete 8(17) 8(17)
Falling on a flat surface 42 Incomplete 40 (83) 38 (83)
Falling down stairs 16 Maximum canal stenosis 46 (13) 46 (14)
Falling from a height 11 (%; mean [SD])
Motor vehicle accident 19 Corticosteroid (no. of 29 (60) 39 (85)t
patients [%])
Sports-related 3
— Complications
Not specified 6
X Tracheotomy 7 (15) 6(13)
Alcohol involvement (% of total) 19 (18%)
- Pneumonia 9(19) 11 (24)
Concurrent fracture at other site 4
- . Sepsis 2 (7) 3(7)
Concurrent visceral organ injury 2
— Gastrointestinal bleeding 3 (6) 2 (4)
Awareness of OPLL before injury (% of total) 26 (25%)
= Urinary tract infection 8(17) 13 (28)
Regular doctor visit for OPLL (% of total) - 18 (17%)
. . Wound infection 3 (6) 2(4)
Gait disturbance before injury (% of total) 47 (44%)
*Complications occurring within T month of injury were included.
SClindicates spinal cord injury; OPLL, ossification of the posterior longitudi-
nal ligament. tsignificantly higher in conservative group (P < 0.01); continuous variables
were compared using Student t test; categorical data were analyzed using
Fischer exact test.

The conservative group was more likely to receive intrave-
nous corticosteroids (P < 0.01). No significant difference was
noted in documented complications between the surgery and
conservative groups.

Neurologic improvement was then examined in patients
who had completed at least 6 months of follow-up (Table 4).
Opverall, 72 of the 106 patients with OPLL underwent follow-
up at 6 months postinjury. Of the 94 OPLL patients presented
with SCI without bone injury, 64 (68 %) were followed up for
at least 6 months after injury (mean: 25 months; range: 6-27
months). Of these 64 patients, 41 showed neurologic recovery
at follow-up, as defined by one grade or greater improvement
in Frankel grade. No significant difference was noted in neu-
rologic improvement between the surgery and conservative
groups (surgery group: 71%, conservative group: 52%; P =
0.13).

‘We then stratified patients according to presence or absence
of gait disturbance before injury (Table 5). In this preplanned
analysis, surgery was associated with better neurologic recov-
ery in those who had gait disturbance before injury (surgery
group: 82%, conservative group: 44%; P = 0.04).

DISCUSSION

Our study had three major findings. First, we found an alarm-
ingly high prevalence of OPLL among cervical SCI, particu-
larly in those without bone injury. Second, we also identified
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Grade at follow-up Grade at follow-up
Al 8| c| o | ¢ Al s | c| o ¢
Grade at admission Grade at admission
A 3 2 2 A 3 1
B 3 5 4 1 B 1 2
C 1 5 11 4 C 2 6 8

Frankel grade was used as outcome measure.

*Patients who had completed at least 6 mo of follow-up were included.

the clinical characteristics of these patients: most of cervical
SCI associated with OPLL were incomplete, without bone in-
jury, and caused primarily by low-energy trauma. The vast
majority of patients were elderly and unaware of OPLL. Last,
we also found that surgery was associated with greater neu-
rologic recovery than conservative treatment in patients who
had gait disturbance before injury.

In this study, we focused on patients who had lost ambulato-
ry ability immediately after injury (Frankel A, B, and C). From
a practical point of view, traumatic SCI is intellectually indis-
tinguishable from aggravation of preexisting myelopathy in
individuals with OPLL, particularly when presented with mild

symptoms. Our sample of more than 100 patients with OPLL
represents the largest study of its subject matter ever reported.

OPLL was found to be highly prevalent in patients with
acute traumatic cervical SCI: in particular, OPLL was found
in 34% of cervical SCI patients without bone injury. Our find-
ings underscore the important role of OPLL in occurrence of
acute traumatic cervical SCI. In line with our present find-
ing, Koyanagi et al’ also previously reported that OPLL was
highly prevalent (38%) in SCI patients without bone injury.
The prevalence of OPLL among cervical SCI patients appears
to be increasing because prevalence values reported in earlier
studies have historically been less than 10%.%°

Grade at follow-up
A B | «C DJE A | 8 | c | b
Grade at admission Grade at admission
A 3 1 1 A 2 1
B 3 1 2 B 2
C 1 1 6 C 2 2 3

Grade at follow-up Grade at follow-up

A B C D A | B I C l D
Grade at admission Grade at admission '
A 1 1 A 1
B 4 3 B 1
C 4 9 C 4 3
Frankel gracle was used as outcome measure.
*Patients who had completed at least 6 mo of follow-up were included.
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We also sought to clarify the clinical characteristics of SCI
patients with OPLL. The majority of such patients were el-
derly with the peak incidence in those occurring between 70
and 75 years of age. Most of these patients were without bone
injury and presented with incomplete SCI. Concomitant in-
juries were relatively rare, and the primary cause of SCI was
minor trauma, such as a fall (74%). Patients suffered severe
neurologic deficit after experiencing even subtle trauma such
as falling from a standing height or falling onto one’s rear, un-
derscoring the fact that individuals with OPLL are extremely
vulnerable to trauma.

Despite its potential role in preventing SCI, patient aware-
ness of OPLL has not been fully investigated. We found that
the vast majority of SCI patients with OPLL were unaware of
OPLL before injury. An earlier study has suggested that once
patients are made aware of OPLL and its potential risk, they
are expected to more carefully avoid high-risk behaviors such
as walking on a slippery slope or drinking too much alcohol.”
Indeed, in this study, SCI associated with alcohol ingestion
was significantly decreased when patients had been made
aware of OPLL. This finding underscores the importance of
patient awareness and indicates the effectiveness of patient
education in reducing cervical SCI in those with OPLL.

The efficacy of decompressive surgery in treating cervical
SCI remains controversial,''? particularly in patients without
bone injury. Some authors recommend surgery for patients
with preexisting canal stenosis, as persistent cord compres-
sion may hinder neurologic improvement.'>"* In contrast,
other researchers have reported no additional benefit with
surgery in comparison to conservative treatment.'%!”

In this study, we evaluated the safety and efficacy of surgi-
cal treatment in patients with OPLL. Most of the surgeries
we conducted here were classified as “late surgery,” with a
median interval of 2 weeks from injury to surgery. The sur-
gery and conservative groups were comparable with regard
to age, maximum canal compromise, and initial severity of
neurologic injury (Table 3), and both groups had similar rates
of complications. Overall, no significant difference was not-
ed between the groups in neurologic recovery as defined by
improvement in Frankel grade (surgery group: 71%, conser-
vative group: 52%). However, further stratification showed
that surgery was associated with better neurologic recovery in
those who had gait disturbance before injury (surgery group:
82%, conservative group: 44%).

The reason why surgery benefitted patients with preexist-
ing gait disturbance is not clear. In most patients, presence
of gait disturbance indicated that the patient had already
developed myelopathy. Contrary to our initial hypothesis,
however, our results indicated that this subgroup of patients
experienced improved neurologic recovery after decompres-
sive surgery.

Two distinct factors must be considered in understanding
the pathomechanism of SCI in patients with OPLL: direct in-
jury by traumatic force, which is believed to be irreversible;
and preexisting cord compromise because of long-standing
compression. The relative contribution of these two factors
may vary among patients. Decompressive surgery may have

Spine

little or no benefit on primary cord injury caused by traumatic
force, but may in turn benefit cord compromise brought on by
persistent compression. Presumably, the contribution of trau-
matic force, an irreversible factor, may be smaller in patients
with gait disturbance before injury than in those without gait
disturbance. Patients with preexisting cord compromise may
be particularly vulnerable and may easily become paraplegic
on suffering minor trauma. In this study, we assumed that the
variable contribution of these two factors accounts for the
seemingly perplexing results obtained here. Further research
in this field may provide valuable information for predicting
neurologic recovery after decompressive surgery in SCI pa-
tients with preexisting canal stenosis.

Several limitations to our study warrant mention. First, the
follow-up period was relatively short. Although significant
improvement in motor function is known to be achieved with-
in 6 months after injury, longer term follow-up studies may
yield additional information.’* Our follow-up rate was 68%
at 6 months postinjury. This could have influenced the valid-
ity of our conclusion, although we found no apparent bias
in the patients who were lost to follow-up within 6 months.
Reasons for the dropout are not specified and can vary. This
study was carried out at academic tertiary referral centers
serving a relatively large area. SCI patients admitted to these
medical centers are subsequently transferred to local hospitals
near their residence after the acute phase. Presumably, some
patients, especially who remained nonambulatory, required a
great deal of assistance for transport. These patients might
have found it difficult to travel a long distance from their
residence to the hospital. We can also speculate that some pa-
tients, especially elderly patients, might have been suffering
from complications after injury or comorbidities. These medi-
cally fragile patients might have been in poor or deteriorated
health status and unable to show up at prescheduled check-
up. The conclusions of this study need to be verified by future
prospective studies. Second, Frankel grade was used as an
outcome measure. Frankel grade has been widely used to rank
severity of SCI in the literature despite its low discriminative
ability. We therefore may have underestimated the neurologic
recovery of the patients. Other validated outcome measures
with high-discriminative ability may provide more detailed in-
formation. In addition, the indications and timing of surgery
were not standardized between institutions, and thus selection
bias cannot be entirely discounted. Despite these limitations,
however, we feel that our study contains valuable information
of clinical importance, providing a basis for future research.

CONCLUSION

In conclusion, our results underscore the importance of OPLL
in the occurrence of acute traumatic cervical SCI in Japan,
particularly in patients without bone injury. Our data indi-
cate that patient awareness of OPLL may aid in preventing
cervical SCI. Furthermore, our results suggest the efficacy of
surgical decompression in patients with preexisting gait dis-
turbance. These findings may aid in implementing an action
plan aimed at prevention and better treatment of cervical SCI

complicated by OPLL.
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laminoplasty

Introduction

here is some controversy over the appropriate
10d of surgery for myelopathy caused by ossifica-
f .the posterior longitudinal ligament of the
1. spine (OPLL)”. We have reported that
ive laminoplasty (LAP)is effective and safer for
atients with OPLL with an occupying ratio of
41-60%>*?. However, some. studies reported
eurological outcome of anterior decompression
sion (ADF) would be better than that of
plasty for OPLL patients with hill-shaped and/

579 This retrospective

ssive ossified lesions
focused on OPLL with an occupying ratio of
an'60% and we compared surgical outcomes

tient-based evaluations between ADF and LAP.

Materials and Methods

erformed either LAP or ADF for cervical
due to OPLL on 25 patients with an OPLL
ratio-of greater- than 60% who could be
more than 2 years. Since we have treated
with cervical myelopathy due to OPLL so
roportion. of patients with an occupying ratio
‘than:60% to- total operated patients with
9% (25/130). Mean age at surgery was
(range, 41-74 years). LAP data was

or+13 patients (11 men and 2 women) in

Key words : ossification of the posterior longitudinal ligament (OPLL), anterior decompression and fusion,

which the mean duration of follow-up was 9.1 years
(range, 2-18 years), whereas ADF data was available
for 12 patients (7 men and 5 women) in which the mean
duration of follow-up was 8.9 years (range, 2-14
years) . During the period from 1986 to 1996, LAP was
the - only - procedure selected for compression
myelopathy™”. Although no definitive selection crite-
ria have been applied since 1996 in the selection of
either LAP or ADF, ADF was chosen on the basis of
the following characteristics : hill-shaped ossification,
massive ossified lesions, and sharp angulation of the
spinal cord*™. Surgical outcomes were assessed using
an original satisfaction questionnaire, 100-mm visual
analogue scales (VAS), and the Japanese Orthopedic
Association scoring systéin‘(JOA score) . Neurological
outcome was evaluated from recovery rate excellent,
>75% ; good, b0-74% ; fair, 25-50% ; poor, <25%.

Mean preoperative OPLL occupying ratio was
65.8% (range, 60-85%) in LAP and 67.5% (range,
60-80% )in ADF, respectively. Plateau-shaped ossified
lesions were observed in 6 LAP patients and 5 ADE
patients, whereas “hill-shaped -ossified  lesions were
observed in 7 LAP patients as well as 7 ADF patients.
The ADF and,LAP procedures have been described in
detail elsewhere' 3710 Autografts were used in all
patients who underwent ADF ; a tricortical iliac crest
graft was used in 2 patients and a fibular strut graft was
used in 10 patients. The mean number of intervertebral
levels fused was 3.3 (range, 2-5). Immobilization with

entof Orthopaedic Surgery, Osaka Rosai Hospital

ent of O;thopacdic Surgery, Osaka University, Graduate School of Medicine (2-2 Yamadaoka, Suita 565-0871,
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Table 1 Neurological outcomes of ADF and LAP (MeanxSD)

ADF(n=12) LAP(n=13) p
JOA score Preop 95+22 93x27 NS
(45-12) (5-12)
Final F/U | 13.3%19 12.1%25 NS
(10-16.5) (85-15)
Recovery rate Max 65+19% 49+23% 0.08
’ (33-92%) (0-80%)
Final F/U 52+18% 36+26% 0.08
(30-92%) (~21-69%)
Neurological deterioration null 2 cases

ADF : anterior decompression and fusion, LAP : laminoplasty, F/U :
follow-up, NS : not statistically significant, Max : at time of maximum

recovery

a halo-vest was maintained after surgery for a mean of
8.2 weeks (range, 6-14 weeks). Mean operation time
was 139 minutes (range, 100-185 minutes) for LAP
and 314 minutes (range, 190-470 minutes) for ADF,
and the mean estimated blood loss was 284g (range,
120-600g) for LAP and 600g (range 150-1,730g) for
ADF. Statistical analysis was performed using the
Student ¢ test.

Results

1. Surgical Outcomes

Among the 12 patients who underwent ADF, mean
JOA score improved from 9.5 (range, 4.5-12) before
surgery to 13.3 (range, 10-16.5) at final follow-up :
mean recovery rate was 65% (range, 33-92%)at time
of maximum recovery and 52% (range, 30-92%) at
final follow-up. On the other hand, among the 13
patients who underwent LAP, the mean JOA score
improved from 9.3 (range, 5-12) before surgery to 12.1
(range, 8.5-15)at final follow-up ; mean recovery rate
was 49% (range, 0-80%) at time of maximum
recovery and 369 (range, '— 21-699% ) at final follow-
up. The ADF surgical outcome tended to be superior to
that of LAP although the difference was not
statistically significant(p =0.08) (Table 1). The ADF
neurblogic outcome was excellent in 2, good in 4, and
fair in 6 of 12 patients, whereas the LAP neurologic

outcome was good in 3, fair in 8, and poor in 2 of 13
patients. The proportion of excellent or good results
(recovery rate of more than 50%) was 50% in ADF
patients and 23% in LAP patients, whereas fair and
poor outcomes (recovery rate of less than 50% ) were
more frequent in LAP (77%) than in ADF patients
(50%).

2 . Surgical Complications

With regard to intra-operative complications, cere-
brospinal fluid leakage due to dural tearing was
observed in one ADF case and 2 LAP cases. Among
the 12 patients who underwent ADF, neurologic
deterioration was observed in one case who demon-
strated C5 éegment lﬁalsy immediately after surgery
and additional anterior decompression was required
because of inadequate decompression of the ossifica- ~
tion ; pseudarthrosis in one case who required addi-
tional posterior stabilization with instrumentation ; and
laminoplasty was added thereafter in one case who
exhibited late neurologic deterioration 35 months after
surgery. Among the 13 patients who underwent LAP,
on the other hand, neurologic deterioration was
observed in one patient who developed epidural
hematoma and recovered completely after emergent
surgical reexploration ; transient palsy in the upper
extremity was observed in 2 cases ; and laminectomy
of the axis was added in one case who exhibited late
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Table 2 VAS after ADF and LAP (Mean=*SD)

; ADF(n=10) LAP(r=10) »p
Pain/stiffness of 60.0£33.3 204+26.7 0.09
neck or shoulder
Chest pain 260=276 6.7+11.2 0.08
Pain/numbness of 49.0£30.0 31.1+237 NS
arm or hand
Pain/numbness 436+304 422+31.1 NS
from chest to foot

statistically significant

deterioration 2 months after surgery.
iy, additional cervical spine surgeries were
iin 3 (25%) of 12 patients who underwent
reas they were required in 2 (15%) of 13
vho underwent LAP. With regard to postoper-
europathic pain, one patient (8% ),who experi-
dte’ neurologic deterioration due to a traffic
9 months after ADF, developed severe
grative pain in the left arm, whereas 4(31%)of
tients who underwent LAP developed severe
erative pain in the upper and/or lower extremi-

atient Satisfaction and Postoperative

patients (73% ) of the 11 responders among the
nts who underwent ADF reported being
ed with the results of their surgery, one (9% ) was
atisfied nor dissatisfied, and 2 patients (18%)
satisfied. Ten patients (91%) reported that
improved their condition and one (9% ) report-
1ange. Ten patients (91% ) reported that they
commend surgery if family or friends suffered
ame disease. On the other hand, 8 patients
the 10 responders among the 13 patients who
LAP reported being satisfied with the
their surgery, while 2(20%) were dissatis-
- patients (80% ) reported that surgery im-
heir condition one (109 ) reported no change

VAS : visual analogue scale (0-100mm), ADF : anterior
decompression and fusion, LAP : laminoplasty, NS : not

and one (10% ) reported a worsening of his condition.
Seven patients (709% ) reported that they would recom-
mend surgery if family or friends suffered from the
same disease.

Regarding patient-based evaluation, VAS of pain or
stiffness of the neck and shoulder as well as chest pain
tended to be higher in ADF and than LAP patients
although the difference was not statistically significant
(p=0.09 and 0.08) (Table 2).

Discussion and Conclusions

In patients with an occupying ratio =60%, the
neurological outcome of ADF tended to be better than
that of LAP although the difference was not
statistically significant. We consider that there might
be multiple predictive factors for OPLL ; not only
occupying ratio but also a hill-shaped ossification or
angulation of the spinal cord would have influence on
OPLL surgical outcomes’ ™. Moreover, the operation
took a longer time in ADF and additional cervical
spine surgeries were more frequent in ADF than in
LAP. Since we have never performed a simultaneous
anterior and posterior approach, it is difficult for us to
discuss its indication. In patients with an occupying
ratic =609%, however, we consider that it would be
better to add LAP for patients who have little
improvement or deterioration after ADF.

Although pain or stiffness of the neck and shoulders
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as well as chest pain tended to be higher in ADF than
in LAP patients, neuropathic pain which was different
from radicular pain or axial pain and difficult to treat
was observed more frequently in LAP patients.
Although palsy in the upper extremities has a benign
course after LAP, an unsolved problem is this
neuropathic pain : 31% patients who underwent LAP
developed severe postoperative neuropathic pain.
Since ossification remains ventral to the spinal cord
and can progress after LAP?, we consider that it might
be influenced by remnant or progression of ossified

lesions.
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Patient satisfaction with surgery for cervical myelopathy due
to ossification of the posterior longitudinal ligament

Clinical article
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Object. Surgical results in cervical myelopathy caused by ossification of the posterior longitudinal ligament
(OPLL) evaluated with a patient-based method have not yet been reported. The purpose of this study was to examine
patient satisfaction with surgery for cervical myelopathy due to OPLL and to clarify factors related to satisfaction.

Methods. Clinical data in 103 patients (74 male and 29 female) who underwent surgery for cervical OPLL were
retrospectively reviewed. The average age at surgery was 57 years, and the average follow-up period was 9.3 years.
Outcomes were assessed using an original satisfaction questionnaire, the conventional Japanese Orthopaedic As-
sociation (JOA) scoring system, the JOA Cervical Myelopathy Evaluation Questionnaire, the 36-Item Short Form
Health Survey, and the hospital anxiety and depression scale. Spearman rank correlation coefficients for 5-scale
patient satisfaction against outcome measures were calculated to test relationships between variables. All variables
were compared between the satisfied (responses of very satisfied or satisfied) and dissatisfied (responses of dissatis-
fied or very dissatisfied) groups. Parameters exhibiting a significant Spearman rank correlation or difference between
the groups were entered in a stepwise logistic regression analysis model, with satisfaction as the dependent variable.

Results. Sixty-nine patients were included in the analysis. There was not a significant difference in clinical data
between these 69 study patients and the other 34 patients. Fifty-five patients (80%) were satisfied with the results
of the surgery, and 58 patients (84%) reported that their condition was improved by the surgery. All patients who
reported being very improved were either very satisfied or satisfied with the results of surgery. Quality of life (QOL),
physical function (PF), and role physical (RP) were significantly correlated with patient satisfaction. The dissatis-
fied group had significantly more severe pain; lower maximum conventional JOA scores; lower maximum recovery
rates; worse lower-extremity function (LEF); reduced QOL; and lower PF, RP, and vitality scores. Stepwise logistic
regression analysis showed that PF, QOL, LEF, and maximum recovery rate based on JOA score were correlated with
satisfaction.

Conclusions. Eighty percent of patients were satisfied with the surgical results after treatment of cervical myelop-
athy due to OPLL. Surgery for cervical OPLL was effective, as evaluated by both doctor- and patient-based methods.
Patient satisfaction was related to QOL, PF (especially LEF), and improvement. (DOI: 10.3171/2011.1 SPINE10649)

Key Worps ¢
patient satisfaction

ossification of the posterior longitudinal ligament
myelopathy

e surgical outcome =+ cervical spine

Japanese Orthopaedic Association Cervical Myelopathy Evaluation Questionnaire

of the cervical spine (termed cervical OPLL) is
one of the major disorders that causes myelopa-
thy. It has previously been reported that surgical treat-

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: HAD = hospital anxiety and
depression; JOA = Japanese Orthopaedic Association; JOACMEQ
= JOA Cervical Myelopathy Evaluation Questionnaire; LEF =
lower-extremity function; NRS = numerical rating scale; OPLL =
ossification of the posterior longitudinal ligament; PF = physical
function; QOL = quality of life; RP = role physical; SF-36 = 36-Item
Short Form Health Survey; UEF = upper-extremity function; VAS
= visual analog scale.
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ments are effective for cervical OPLL with appropriate
indications #'92 Other studies have reported 50% to
70% recovery rates according to the conventional JOA
scoring system.'”'82> However, all of these previous re-
ports included only evaluations by doctor-based meth-
ods. Recently, patient-based evaluation methods have
drawn much attention for investigations of effectiveness
of treatments in many medical fields. Because the con-
cept of patient-based evaluation did not exist when the
conventional JOA scoring system was developed, patient
satisfaction, QOL, and psychological components are
not evaluated in the conventional JOA scoring system.
Given this background, the JOA produced a new evalu-
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Patient satisfaction with surgery for cervical OPLL

ation method for cervical myelopathy: the JOACMEQ,
a patient-based, multidimensional and statistically vali-
dated scoring system.>-¢

Evaluation from the patient’s viewpoint has become
essential for discussion of the effects of treatment. Al-
though there have been many reports of high patient satis-
faction with total hip or knee arthroplasty,'¢ lumbar disc
herniation,??¢ lumbar canal stenosis,?” and scoliosis,' no
study has reported the surgical results of cervical OPLL
evaluated with a patieni-based method. In the present
study, surgical treatments for cervical OPLL were evalu-
ated using a patient-based method, focusing on patient
satisfaction. The purpose of this study was first to investi-
gate patient satisfaction with cervical OPLL surgery, and
second to identify factors related to satisfaction.

Methods

Patient Population

A questionnaire was mailed to 103 consecutive pa-
tients with cervical OPLL (74 male and 29 female) who
had undergone surgery between 1981 and 2007. The aver-
age age at surgery was 57 years, and the average follow-
up period was 9.3 years. No patients were treated by the
first author. All patients presented with signs of cervical
myelopathy, such as spastic gait disturbance and/or clum-
siness of the hands. The surgical procedure was select-
ed appropriately, depending on the occupying ratio and
range of compression. Anterior decompression and fusion
was performed in 30 cases and laminoplasty in 73 cases.

The first author, as an independent observer, mailed
a set of survey sheets to all 103 patients and collected
the 72 completed sheets. Informed consent was obtained
from the patients, and the study was approved by the in-
ternal review board of our institution.

Outcome Measures and Questionnaires

The conventional JOA scoring system and recovery
rate were used to evaluate pre- and postoperative out-
comes of cervical myelopathy as a doctor-based evalua-
tion method.?® The occupying ratio of OPLL was used as
a radiographic assessment. Complications were defined
as neurological deterioration, CSF leakage, epidural he-
matoma, and dislocation of grafted bone.

A set of 4 survey sheets included the following: 1)
an original satisfaction questionnaire; 2) a JOACMEQ
scoring sheet; 3) an SF-36 scoring sheet; and 4) an HAD
scale. In the original patient satisfaction questionnaire,
patients were asked to select from among the following 5
options for closed-type questions: 1) very good; 2) good;
3) fair; 4) bad; and 5) very bad (Appendix). For open-type
questions, patients were asked whether they were satisfied
or dissatisfied, and they wrote their responses freely. Pain
was evaluated on an NRS of 0-5 in the neck, arms, and
legs; a score of 0 indicated no pain, whereas a score of 5
indicated intolerable pain.

The JOACMEQ has 5 functional scores (cervical
spine function, UEF, LEF, bladder function, and QOL),
which are obtained for corresponding domains according
to previously reported formulas.?>-¢ Each functional score
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ranges from 0 to 100, with higher scores indicating better
conditions. The JOACMEQ also includes 100-mm VASs
for pain or numbness in the neck, chest, arms, or hands,
and from the chest to the toes. A score of 0 indicates no
symptoms, and a score of 100 indicates the worst con-
ceivable symptoms.

The SF-36 is a widely used measure for health-related
QOL consisting of 8 scales, with higher scores indicating
a better condition:'>42¢ PF, RP, bodily pain, social func-
tioning, general health perceptions, vitality, role emotion-
al, and mental health. The HAD scale is a measure for
anxiety and depression.”?

Statistical Analysis

To confirm that the 69 patients included in the study
were an appropriate sample, demographic data were com-
pared with those of the 34 patients not included in the
analysis (Mann-Whitney U-test, and Fisher exact prob-
ability test). Spearman rank correlation coefficients for
5-scale patient satisfaction against all outcome measures
were calculated to test relationships between variables.
Patients were divided into 2 groups: satisfied (responses
of very satisfied or satisfied) and dissatisfied (responses of
dissatisfied or very dissatisfied). The 2 groups were com-
pared over all variables of the conventional JOA scoring
system, the JOACMEQ), pain scale, SF-36,and HAD scale
(Mann-Whitney U-test, Fisher exact probability test, and
Pearson chi-square test). Parameters that exhibited a sig-
nificant correlation or difference were entered in a step-
wise logistic regression analysis model, with satisfaction
as the dependent variable. The predefined significance
for inclusion in the next step of the regression model was
0.2. Statistical analyses were conducted with JMP version
8.0.1 software (SAS Institute, Inc.), and a p value less than
0.05 was considered significant.

Results

Response Rate and Patient Demographic Data

Of the 103 patients who underwent surgery and to
whom questionnaires were mailed, 75 received the survey
sheets. From these 75 patients, 72 sets of survey sheets
were collected. Of the remaining 31 patients, 13 had died,
15 were lost to follow-up, and 3 did not return the survey
sheets, for a response rate of 96% (72 of 75). No patient
died because of surgical complications. Of the 72 respond-
ers, 69 patients fully completed the survey; the remaining
3 patients could not complete the survey sheets due to
neurovascular disease or dementia, although their family
members partly filled in the questionnaire on the patients’
behalf. According to the returned questionnaires, all of
these 3 patients were satisfied with the surgery. These
incompletely answered survey sheets were not included
in further statistical analysis (Fig. 1). To verify these 69
patients as an appropriate sample, the demographic data
and conventional JOA scores at the last follow-up were
compared between the 69 study participants and the other
34 patients (Table 1). Although the 34 patients who were
not included tended to have lower scores, this difference
was not statistically significant.
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