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osteoinductive activity the same as CHO-derived rhBMP-2
both in vivo and in vitro [45]. However, these reports
included only results for E-BMP-2-induced ectopic bone
formation. Our question in this study was whether E-BMP-
2-adsorbed B-TCP can achieve lumbar spinal fusion in a
rabbit model the same as autogenous bone graft. Our
findings suggest E-BMP-2-adsorbed B-TCP granules can
effectively achieve posterolateral spinal fusion in a rabbit
model the same as autogenous bone graft. On the other
hand, from the original phase of preclinical and clinical
application of BMPs, they have been locally delivered with
Type I collagen sponges [5, 6, 10]. Although it is now
possible to generate large amounts of recombinant human
BMPs for medical use, the major challenge remains in the
development of optimal local delivery systems for these
proteins. To address this issue, we have investigated a
biodegradable polymer as a carrier for BMPs yielding slow
release and increasing the effects of BMPs [30], while
Seeherman et al. have investigated the efficacy of calcium
phosphate paste as a carrier for thBMP-2 for the treatment
of osteotomy [35]. We have generated an osteoinductive
composite consisting of rhBMP-2, B-TCP powder, and
biodegradable polymer for the treatment of various skeletal
disorder models [12, 26, 36]. Howcver, the results of these
investigations are not yet clinically applicable because of
the use of agents not approved for clinical use, such as
biodegradable polymers. To address this problem, we used
B-TCP, which is widely applied clinically, as a delivery
system for BMP. As a result the necessary amount of BMP-
2 to obtain lumbar spinal fusion is higher than that reported
in our previous study [26]. We found lumbar spinal fusion
occurred with the use of B-TCP and extended release of E-
BMP-2 as previously described [32, 43]. Large quantities
of BMPs facilitated ostcoclast formation and resultant
resorption and remodeling of newly formed bone in a dose-
dependent manner (Figs. 5, 6), as previously reported [36].
This excessive osteoclast differentiation and bone resorp-
tion is an indirect effect of ostcoblast differentiation and
RANKL (receptor activator of NFxB ligand) expression
induced by BMP stimulation [28, 37, 46] and a direct effect
of BMP on osteoclastogenesis [44]. As previously de-
scribed [21], these observations also indicate that excessive
amounts of BMP might fail to yield required new bone
formation, and that it is important to use optimal doses of
BMP in clinical situations such as spinal fusion. E-BMP-2-
adsorbed B-TCP granules may thus be useful as new
malterials for osteogenesis, especially for spinal fusion, and
successfully address issues related to the clinical applica-
tion of BMPs noted above.

Our preliminary findings suggest E-BMP-2-adsorbed
porous B-TCP could be an effective alternative to autoge-
nous bone grafting for generation of new bone and
promotion of regenerative repair of bone, and potentially

utilizable in the clinical setting for the treatment of spinal
disorders.
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Abstract The purpose of this study was to examine
factors affecting the severity of neurological deficits and
intractable back pain in patients with insufficient bone
union following osteoporotic vertebral fracture (OVF).
Reports of insufficient union following OVF have
recently increased. Patients with this lesion have various
degrees of neurological deficits and back pain. However,
the factors contributing to the severity of these are still
unknown. A total of 45 patients with insufficient union
following OVF were included in this study. Insufficient
union was diagnosed based on the findings of vertebral
cleft on plain radiography or CT, as well as fluid
collection indicating high-intensity change on T2-weighted

MRI. Multivariate logistic regression analysis was per- -

formed to determine the factors contributing to the
severity of neurological deficits and back pain in the
patients. Age, sex, level of fracture, duration after onset
of symptoms, degree of local kyphosis, degree -of angular
instability, ratio of occupation by bony fragments, pres-
ence or absence of protrusion of flavum, and presence
or absence of ossification of the anterior longitudinal
ligament (OALL) in the adjacent level were used as
explanatory variables, while severity of neurological
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deficits and back pain were response variables. On mul-
tivariate analysis, factors significantly affecting the
severity of neurological deficits were angular instability of
more than 15° [adjusted odds ratio (OR), 9.24 (95%
confidence interval, CI 1.49-57.2); P < 0.05] and ratio of
occupation by bony fragments in the spinal canal of more
than 42% [adjusted OR 9.23 (95%Cl 1.15-74.1);
P < 0.05]. The factor significantly affecting the severity
of back pain was angular instability of more than 15°
{adjusted OR 14.9 (95%CI 2.11-105); P < 0.01]. On the
other hand, presence of OALL in the adjacent level
reduced degree of back pain [adjusted OR 0.14 (95%CI
0.03-0.76); P < 0.05]. In this study, pronounced angular
instability and marked posterior protrusion of bony frag-
ments in the canal were factors affecting neurological
deficits. In addition, marked angular instability was a
factor affecting back pain. These findings are useful in
determining treatment options for patients with insuffi-
cient union following OVF.

Keywords Osteoporotic vertebral fracture - Risk factor -
Insufficient bone union - Neurological deficit - Back pain

Introduction

Fracture associated with osteoporosis has become a major
problem because the population of elderly individuals has
been increasing [4]. Modalities efficacious in preventing as
well as treating osteoporosis-associated fractures are thus
desired in the coming decade [7]. Among such fractures,
vertebral fractures are the most common type with signifi-
cant morbidity [24].

The osteoporotic vertebral fracture (OVF) has severe
impact on activities of daily living and quality of life in
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elderly patients and is the beginning of a long-lasting
deterioration of the patient’s health [28]. Some patients
present with intractable back pain for prolonged periods of
time, while others suffer from neurological deficits within a
few months’ time after fracture. In such cases, insufficient
union is often noted on plain radiography and/or MRI [18,
22]. Recently, reports of insufficient union have been
increasing [13, 15, 19, 26, 29].

Patients with insufficient union following OVF have
been treated with various methods conservatively and
surgically. Surgical procedures include resection of frac-
tured vertebral bodies and grafring of autologous bone with
implants through the anterior approacn are one option,
while closed-wedge osteotomy through the posterior
approach has been another [9, 20, 25, 27]. However, con-
sidering the age and comorbidities of affected patients,
each of these procedures is rather invasive. Vertebroplasty
is less invasive and has been reported to yield successful
clinical results for painful OVF, but not to yield satisfac-
tory results for patients with neurological deficits [2, 8, 14,
23].

Thus, the treatment options for insufficient union fol-
lowing OVF have not been clearly established. To eluci-
date useful treatment options for this lesion, it is necessary
to evaluate the factors contributing to neurological deficits
and/or intractable back pain associated with this type of
fracture. The purpose of this study was to elucidate the
factors affecting the severity of neurological deficits and
intractable back pain in patients with insufficient bone
union following OVF,

usessunrt’

a

Fig. 1 Radiological assessment. a Local kyphosis was calculated as
Cobb angle between the upper endplate of the vertebra just cranial to
the fractured vertebra and the inferior endplate of the vertebra just
caudal to the fractured vertebra on lateral plain X-ray films.
b, ¢ Angular instability was calculated as_change in Cobb angle on

) Springer

Material and methods
Patient population

A total of 45 patients treated for insufficient union fol-
lowing OVF were retrospectively reviewed. Insufficient
union was diagnosed based on intravertebral vacuum cleft
on plain radiography or CT, as well as fluid collection on
T2-weighted MRI within the vertebral body. All patients
had continued to complain of symptoms for longer than
2 months (range 2-36 months, mean 6.9 months).

There were 10 men and 35 women whose mean age at
the time of diagnosis was 74 years (range 56-87 years).
The fracture levels were T9 in 1 patient, T11 in 3, T12 in
22,L1in11,L21in 6,L41in 1, and L5 in 1. In these patients,
bone mineral density was measured in the lumbar spine or
femoral neck, and the diagnosis of osteoporosis was con-
firmed. Other metabolic bone diseases and malignancies
such as myeloma and metastatic cancer were excluded. The
precipitating events leading to the fracture were fall in 22
patients (48.8%), lift of a heavy objectin 5 (11.1%), and no
recollection of trauma in 18 (40%). The comorbidities were
diabetes in 12 patients (26.7%) and rheumatoid arthritis in
four (8.9%) take steroids. For neurological findings, 10
patients had a hyperreflexia and 19 a hyporeflexia in their
legs. Twenty-five patients had a sensory deficit. Eleven
patients had a sphincter dysfunction.

Eight patients were managed with posterior decom-
pression and fusion surgery, 23 vertebroplasty, and 14
conservative therapies such as a corset or analgesics.

d

lateral dynamic radiography (b extension, ¢ flexion). d Ratio of
occupation by bony fragments of the spinal canal was calculated as
ratio in percentage of bony fragment diameter to adjacent normal
canal diameter on mid-sagittal MR images
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Table 1 Patient demographics

Characteristics No. of Mean or
subjects percent

Mean age (years) 74.0
Mean duration 6.9

of fracture (months)
Sex
Male 10 22.2%
Female 35 77.8%
Level of injury
L2 or below 8 17.8%
L1 11 24.4%
T12 or above 26 57.8%
Mean local kyphosis (°) 24.8
Mean angular instability (°) 114
Mean ratio of occupation 38.1

by bony fragments (%)
Protrusion of flavum

Absent 36 80%
Present 9 20%
Adjacent OALL

Absent 31 71.1%
Present I3 28.9%
Neurological deficits

None 24 53.3%
Mild 10 22.2%
Severe 11 24.5%
Back pain

None or mild 7 15.6%
Moderate 16 35.6%
Severe 22 48.8%

Radiological assessment

Local kyphosis was calculated as the Cobb -angle between
the cranial endplate of the vertebra just tranial to the frac-
ture and the caudal endplate of the vertebra just caudal to
the fractured vertebra on lateral plain X-ray films (Fig. 1).
Angular instability was calculated as change in vertebral
wedge angle on lateral dynamic radiography. Ratio of
occupation by bony fragments of the spinal canal was
calculated as the ratio in percentage of sagittal diameter of
bony fragments to sagittal diameter of the spinal canal on
mid-sagittal MR images.

Statistical analysis

As response variables, severities of neurological deficits
and of back pain were each graded using three levels. For
neurological deficits, “none” was defined as no neuro-
logical deficit, “mild” as Manual Muscle Test (MMT)
score of grade 4, and “severe” as MMT score of grade 3 or

less. For back pain, “none or mild” was defined as VAS
score less than 30, “moderate” as VAS score from 30 to
70, and “severe” as VAS score above 70.

Explanatory variables included age, sex, level of fracture,
duration of symptoms after onset, angle of local kyphosis,
degree of angular instability, ratio of occupation by bony
fragments of the spinal canal, presence or absence of pro-
trusion of flavum in the spinal canal, and presence or absence
of ossification of the anterior longitudinal ligament (OALL)
in the adjacent level. Continuous variables (angle of local
kyphosis, degree of angular instability, and ratio of occu-
pation by bony fragments of the spinal canal) were catego-
rized by approximate tertile, except for age, and duration of
fracture. Levels of fracture were divided into three catego-
ries. The first category was the level cranial to T12, that of the
spinal cord. The second category was the level of L1, that of
the conus medullaris. The third category was L2 and caudal
to L2, the levels of the cauda equina. Other characteristics
were treated as dichotomous variables (male/female for sex,
present/absent for protrusion of flavum, or adjacent OALL).

To express the associations between severe neurological
deficits or severe back pain and explanatory variables, odds
ratio (ORs) and their 95% confidence intervals (Cls) were
computed using the proportional odds model in logistic
regression. We calculated P values for the scores to test the
proportional odds assumption in order to confirm that use
of the proportional odds model would be appropriate for
these models.

All analyses were performed using Statistical Analysis
System Version 9.1 (SAS Institute, Inc., Cary, NC, USA).
Findings of P < 0.05 were considered significant.

Results

Patient demographic variables are shown in Table 1.
Overall, 46.7% of patients exhibited mild or severe neu-
rological deficits, with findings of less than grade 4 on
MMT, and 84.4% had moderate or severe back pain, with a
VAS score of more than 30.

Neurological deficits

Table 2 shows the associations between explanatory vari-
ables and severity of neurological deficits. Univariate
analysis showed that pronounced angular instability within
the affected vertebral body of more than 15° significantly
increased the OR of neurological deficits {crude OR, 10.0
(95%CI 2.12-47.7); P < 0.01]. Marked spinal canal
encroachment by protruding bony fragments was also a
factor significantly contributing to neurological deficits.
ORs were 6.74 (95%CI 1.11-40.9, P < 0.05) for moderate
protrusion from 33 to 41% and 11.9 [(95%CI 2.11-68.0);
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Table 2 Univariate and multivariate ORs for severity of neurological deficits

Univariate

Multivariate

Characteristics Neurological deficits
None Mild Severe OR (95%CI) P value OR (95%CI) P value
n n n

Age (year) per 1 year 0.96 (0.89-1.04) 0.341 0.91 (0.82-1.02) 0.106
Sex

Male 5 4 i { 1

Female 19 6 10 1.20 (0.31-4.66) 0.794 0.66 (0.12-3.69) 0.634
Level of injury

L2 or below 4 4 1 1

L1 6 2 2.09 (0.37-11.8) 0.406 3.31 (0.31-35.6) 0323
T12 or above 14 4 8 2.06 (0.47-9.05) 0.341 4.87 (0.66-35.9) 0.120
Duration of fracture 0.96 (0.85-1.08) 0.532 0.99 (0.84-1.18) 0.932

(month) per 1 month

Local kyphosis (°)

-21 5 6 2 1 1

22-28 10 3 2 0.45 (0.10-1.94) 0.281 0.31 (0.04-2.44) 0.263
29+ 9 1 1.14 (0.29-4.37) 0.855 0.62 (0.08-4.97) 0.653
Angular instability(®)

-7 12 1 2 1 i

8-14 7 5 2.59 (0.51-13.2) 0.252 2.20 (0.25-19.6) 0.479
15+ 5 4 8 10.0 (2.1247.7) 0.004 9.24 (1.49-57.2) 0.017
Ratio of occupation

by bony fragments (%)

-32 12 1 1 1 1

33-41 5 6.74 (1.11-40.9) 0.038 2.35 (0.29-18.9) 0421
42+ 7 3 8 11.9 (2.11-68.0) 0.005 9.23 (1.15-74.1) 0.037
Protrusion of flavum

Absent 21 7 8 1 1

Present 3 3 3 2.27 (0.58-8.94) 0.241 0.56 (0.08-4.06) 0.569
Adjacent OALL

Absent 17 8 7 1 1

Present 7 1.15 (0.34-3.89) 0.828 1.79 (0.35-9.26) 0.483

OR odds ratio, CI confidence interval

P < 0.01] for severe protrusion of more than 42%. No
other explanatory variables examined significantly con-
tributed to neurological deficits on univariate analysis.
Multivariate analysis showed that pronounced angular
instability in the upper tertile, of more than 15°, and high
ratio of occupation by bony fragments, in the upper tertile of
more than 42%, were factors significantly contributing to
the degree of neurological deficit [adjusted OR 9.24 (95%ClI
1.49-57.2); P < 0.05 and adjusted OR 9.23 (95%CI 1.15-
74.1); P < 0.05, respectively]. No other variables examined
were significant factors on multivariate analysis (Fig. 2).

Intractable back pain

Table 3 shows the associations between explanatory
variables and severity of back pain in patients with

) Springer

insufficient union following OVF. Univariate analysis
revealed that moderate angular instability ranging from 8°
to 14° had an OR of 4.45 [(95%CI 1.01-19.6); P < 0.05)]
while marked angular instability of more than 15° had an
OR of 9.83 [(95%CI 2.19-44.1); P < 0.01). No other
variables examined were significant factors on univariate
analysis.

Multivariate analysis showed that pronounced angular
instability of more than 15° was a factor significantly
contributing to intractable pain [adjusted OR 14.9
(95%CI 2.11-105); P < 0.01]. On the other hand, the
existence of OALL in the level adjacent to the fracture
was a factor reducing the degree of back pain [adjusted
OR 0.14 (95%CI 0.03-0.76); P < 0.05]. No other vari-
ables examined were significant factors on multivariate
analysis.
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Multivariate Odds Ratio for severity of neurological deficits
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Fig. 2 Multivariate odds ratios for severity of neurological deficits and back pain. The y axis is on a log scale. The I bars denote 95% confidence
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Discussion

The pain associated with OVF usually improves if there is
no severe residual deformity. Ettinger et al. reported that
vertebral deformities cause marked back pain if vertebral
height ratios fall four standard deviations below the normal
mean [6]. However, pseudoarthrosis following OVF has
recently come to be considered a poor prognostic factor for
prolonged and intractable pain [10, 14, 16]. On the other
hand, Hashidate et al. reported that in 66.7% of patients
back pain decreased naturally despite the presence of ver-
tebral instability in cases of vertebral pseudoarthrosis [11].
Thus, not all patients with non-union exhibited prolonged
and intractable back pain. As noted above, the factors
causing prolonged and intractable back pain in the case of
insufficient bone union following OVF are still unknown.
Toyone et al. reported a significant correlation between
back pain and changes in wedging rate from supine to
standing positions for OVF of recent onset [31]. In the
present study, marked angular instability of the affected

vertebral body significantly contributed to severity of back
pain.

The presence of an intravertebral cleft had been
reported to be a risk factor for progressive vertebral
collapse inducing neurological deficits [15, 17]. A few
previous studies investigated the relationship between
neurological deficits and radiological findings. Hashimoto
et al. reported that ratios of occupation by bone fragments
in the spinal canal of more than 35% at epiconus level,
more than 45% at conus medullaris level, and more than
55% at cauda equina level were factors significantly
associated with neurological impairment in traumatic
burst fracture [12]. Trafton et al. reported that burst
fracture at T12 or L1 with canal encroachment of more
than 50% of mid-sagittal canal diameter was a significant
risk factor for neurological impairment ([32]. These
reports were both on acute traumatic vertebral fracture.
Nguyen et al. reported a series of ten patients with
osteoporotic vertebral burst fracture, which led to varying
degrees of neurologic compromise. In their cases, mean
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Table 3 Univariate and multivariate ORs for severity of back pain

Characteristics Back pain Univariate Multivariate
None or miid Moderate Severe OR (95%CI) P value OR (95%CI) P value
n n n
Age (year) per 1 year 0.98 (0.91-1.06) 0.658 1.05 (0.94-1.18) 0.406
Sex
Male 2 4 4 1 1
Female 5 12 18 1.56 (0.42-5.84) 0.509 2.15 (0.43-10.6) 0.348
Level of injury
L2 or below 0 1 1
L1 1 7 3 0.24 (0.04-1.48) 0.125 0.15 (0.01-213) 0.160
T12 or above 6 7 13 0.30 (0.06-1.44) 0.133 0.20 (0.02~1.96) 0.165
Duration of fracture 0.96 (0.87-1.07) 0.459 0.97 (0.83-1.14) 0.715
(month) per 1 month
Local kyphosis (°)
=21 1 3 1 1
22-28 3 5 7 0.36 (0.08-1.63) 0.186 0.72 (0.10-5.35) 0.751
29+ 3 8 0.28 (0.06-1.20) 0.086 0.37 (0.04-3.36) 0.377
Angular instability(®)
-7 6 5 4 1 1
8-14 0 7 6 4.45 (1.01-19.6) 0.048 2.19 (0.28-17.2) 0.456
15+ 1 4 12 9.83 (2.19-44.1) 0.003 14.9 (2.11-105) 0.007
. Ratio of occupation
by bony fragments (%)
-32 3 5 6 1 1
33-41 3.19 (0.69-14.7) 0.137 4.72 (0.65-34.2) 0.124
42+ 3 8 7 0.99 (0.27-3.63) 0.983 0.47 (0.07-3.29) 0.445
Protrusion of flavum
Absent 5 13 18 1 1
Present 2 3 4 0.72 (0.18-2.84) 0.958 4.04 (0.47-34.6) 0.202
Adjacent OALL
Absent 3 11 18 i 1
Present 4 5 4 0.30 (0.09-1.05) 0.059 0.14 (0.03-0.76) 0.023

OR odds ratio, CI confidence interval

canal compromise was 41% {21]. No reports were found
in our review of the literature on the relationship between
neurological deficits and intravertebral instability. Baba
et al. reported 27 patients who suffered osteoporotic
vertebral collapse with late neurological complications.
They considered the pathology in this lesion to involve
abnormal hypermobility at the fractured spinal level with
gradual retropulsion of fractured fragments into the spinal
canal, resulting in late paralysis [1].

In the present study, it was found that intravertebral insta-
bility contributes to the degree of neurological deficits in cases
of insufficient union following OVF. Stabilization of the
lesion site without decompression is, thus, a treatment option
for this condition. Some studies have reported that treatment
with immobilization without decompression, such as conser-
vative management using a plaster body cast, vertebroplasty,

@ Springer

or posterior in situ stabilization, could result in nenrological
improvement with progression of bone union [3, 5, 30]. These
findings suggest that spinal instability is related to the patho-
genesis of neurological deficits.

In this study, the factors significantly contributing to
neurological deficits were angular instability of more than 15°
and ratio of occupation by bony fragments of the spinal canal
of more than 42%. The factors contributing to severity of back
pain were angular instability of more than 15° and absence of
OALL in the adjacent segment. As noted above, intraverte-
bral angular instability was a factor common to neurological
deficits and back pain. Stabilization of the fractured vertebra
thus appears to be the most important treatment option for
insufficient fracture following OVF. In patients with bony
encroachment of higher percentage, decompression is needed
to obtain satisfactory surgical results.
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Conclusions

In conclusion, we investigated the factors contributing to
the severity of symptoms in patients with insufficient union
following OVF. Factors significantly contributing to the
severity of neurological deficits were angular instability of
more than 15° within the affected vertebral body and ratio
of occupation by bony fragments in the spinal canal of
more than 42%. Factors significantly contributing to the
severity of back pain were angular instability of more than
15° and absence of adjacent OALL. Angular instability was
thus a factor common to both neurological deficits and
prolonged back pain.
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Recovery Process Following Cervical Laminoplasty in

Patients With Cervical Compression Myelopathy

Prospective Cohort Study
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 Study Design. Prospective cohort study.

Ob;ectwe To investigate the recovery process after
faminoplasty in patients with cervical myelopathy, and
the effects of patient age and duration of symptorns be-
fore surgery on the recovery process.

Summary of Background Data. The surgical resu[ts of
laminoplasty for cervical myelopathy have been well doc-
umented, but there have been few reports. on the recov-
ery process after cervical Iammoplasty ' '

Methods. The study group consisted of 98 patients
who underwent double-door laminoplasty for cervical
myelopathy All cases were followed for a minimum of5
years. The JOA score, 10 seconds grip and reiease test
{10-second test}, and grasp strength were evaluated at
“fixed pomts" after surgery, and the recovery process in
each subject was assessed: The maximum recovery time
point, defined as the time point when the value just
reached a plateau after surgery, was evaluated in each
subject.

Patients were divided into 2 groups by age (<70 years
and = 70 years) or duration of stptoms before surgery
{<1year and = 1 year), and the effects of these factors on
surgical results were investigated. - o

Results. The preoperative values of ail parameters sig-
nificantly improved 5 vears after surgery. The JOA score
reached a plateau earlier (8.7 months) than did the grasp
strength (21.7 months) and 10-second test {26.6 months).
The maximum recovery time point of the JOA score was
statistically late in the elder group (=70 years) compared
to the younger group (<70 years}). The recovery rates of
the JOA score and the degree of recovery for the 10-
sacond test in patients with symptoms lasting <1 vear
were statistically greater than those in patients with
symptoms lasting =1 year.

Conclusion. The functional status assessed by the JOA
score recovered within 1 year after surgery but further
recovery can be expected up to 2 years after surgery. The
comparative study suggested that patient age influenced
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the process of recovery, and the duration of symptoms
~ before surgery influenced the degree of recovery.
Key words: cervical myelopathy, recovery process,
laminoplasty, age, duration of symptoms, Spme 2009;34:
2874-2879

Cervical laminoplasty is the treatment of choice for cer-
vical compression myelopathy, and satisfactory surgical
outcomes have been reported even after long follow-up
periods.!™ Clinically, functional recovery is not rapid
after surgical treatment, and the process varies depend-
ing on each patient’s conditions.

The duration after surgery required to achieve maxi-
mum recovery and the factors influencing the recovery pro-
cess are the greatest concerns for both physicians and pa-
tients, even though little relevant information has been
reported. Therefore, we prospectively investigated and
evaluated the recovery process of cervical myelopathy after
laminoplasty, using the Japanese Orthopedic Association
(JOA) score as an index of functional and neurologic status,
the 10 seconds grip and release test {10-second test) as an
index of hand coordination, and the grasp strength as an
index of muscle strength at selected time points. Further-
more, we analyzed the effects of age and duration of symp-
toms before surgery on the recovery process.

m Materials and Methods

All patients diagnosed with compressive cervical myelopathy
from February 1995 to February 2002, who provided consent
for the operation and were followed for more than § years were
included in this study, Exclusion criteria at enrollment were
cervical kyphosis (more than 10°), radicular pain of the upper
extremity due to radiculopathy, and ossified posterior longitu-
dinal ligament occupying more than 70% of the spinal canal. A
total of 116 consecutive patients undergoing double-door
laminoplasty for cervical compressive myelopathy were en-
rolled in this study. Among these patients, 2 patients who died
during the follow-up period and § patients who could not be
evaluated because of another neuromuscular disease (amyotro-
phic lateral sclerosis, 1 case; spinocerebellar degeneration, 1
case; myodystrophy, 1 case) or trauma (distal radius fracture, 2
cases) during the follow-up period were excluded from the study.
Another 11 patients were excluded because they could not be
followed up at one or more time points during the follow-up
periad. As a result, a total of 98 patients with complete data (69
men and 29 women; mean age, 59.6 years) were included in the
study. The follow-up period ranged from § to 12 years with a
mean of 6.8 years. The lesions inducing myelopathy were cervical
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spondylosis in 60 patients, cervical disc herniation in 20 patients,
and ossification of the posterior longitudinal ligament in 18 pa-
tients. Double-door laminoplasty was performed by 3 of the au-
thors (H.M., M.S., and T.T.), using the technique described by
Kurokawa.” Briefly, the patient was placed in the prone position
on the operating table, using a Mayfield fixator, and the spinous
processes and laminae of the involved level were exposed subpe-
riosteally using a midline incision. The spinous processes were
split sagittally with a high-speed burr. Bilateral gutters for the
hinges were carefully made with a high-speed burr at the transi-
tional area between the facet joint and laminae. Next, spinal canal
enlargement was achieved by opening the split laminae bilaterally
with a spreader and positioning an apatite wollastonite-
containing glass ceramic or hydroxyapatite spacer that was held in
place with nonabsorbable sutures. Surgery was performed at the
C3-C7 levels in 88 patients, C2-C7 levels in 4 patients, C3-Thl
levels in 4 patients, C3-C6 levelsin 1 patient and C2~Th1 levelsin
1 patient.

The JOA score for assessment of cervical myelopathy (Table
1), 10-second test {(numbers of grip and release cycles within 10
seconds) and grasp strength were evaluated before the surgery
and at 3, 6, 9, 12, 18, 24, 36, 48, and 60 months after the
surgery. The evaluations were randomly performed by 1 of 3
physicians (H.M., M.S. or T.T.) at each time point. The grasp
strength was measured by an electrical dynamometer
(TKK5401; HATA Sporting Goods Industry Co., Osaka, Ja-
pan) with elbow extension in the standing position (or sitting
position if the patient could not stand), and the 10-second test
was evaluated with the sitting position on a chair. The scores of
the 10-second test and grasp strength were determined as the
means for both hands. The maximum recovery time point was
determined as the time point when maximum recovery was

Table 1. Scoring System for the Treatment of Cervical
Myelopathy by the Japanese Orthopaedic Association
(JOA Score)

I Motor function of upper extremity
0 unable to feed aneself with any tableware including chopsticks,
spoon, or fork, and/or unable to fasten huttons of.any size
1 can manage to feed oneself with speon andfor fork but not with
chopsticks
2 sither chopstick feeding or writing is possible but not practical,
and/or large buttons can be fastened
3 either chopstick feeding or writing is clumsy but practical, and/or
cuff buttons can be fastened
4 Normal
il Motor function of lower extremity
0 unable to stand and walk by any means
1 unable to walk without a cane or other support on a level
2 walks independently on a level but needs support on stairs
3 capable of fast but clumsy walking
4 Normal
I Sensory function
A Upper extremity
0 Apparent sensory loss
1 Minimal sensory loss
2 Normal
B Lower extremity (same as Al
C Trunk {same as A}
1V Bladder function
0 urinary retention and/or incentinence
1 sense of retention and/or dribbling and/or thin stream and/or
incomplete continence
2 urinary retardation and/or pollakiuria
3 Normal
Total points = 17

obtained {point at which the score just reached its plateau), and
was evaluated for each patient. If the curve of the scores had
double peaks and the difference between the 2 scores was less
than 1 point, the earlier time point was determined as the max-
imum recovery time point. If the later score was 1 point or more
higher than the earlier score, the later time point was deter-
mined as the maximum recovery time point. The recovery rates
of the JOA scores were calculated by the Hirabayashi method.
The degrees of recovery for the 10-second test and the grasp
strength were determined as the differences between the preop-
erative scores and the scores at 60 months after surgery.

To evaluate the effects of age at surgery on the surgical
results, the patients were classified into 2 age groups: <70 years
(n = 73) and =70 years (n = 25). To evaluate the effects of the
duration of symptoms before surgery on the surgical results,
the patients were classified into 2 groups according to the du-
ration of symptoms: <1 year (n = 65) and =1 year (n = 33).
The maximum recovery time points and degrees of recovery for
each parameter were compared between the groups. No signif-
icant intergroup differences in the patient demographics were
observed between the groups according to the age at the time of
surgery and the duration of symptoms before surgery.

Statistical Analysis
Data are presented as means * SEM, Statistical analyses were
performed using STATVIEW 5.5 (Abacus Concepts, Berkeley,
CA) and the unpaired nonparametric Mann-Whitney U test at
a 95% confidence level or the Bonferroni method. Values of
P < 0.05 were considered significant.

B Results

The preoperative JOA score of 11.1 *+ 0.4 improved to
14.3 + 0.2 at § years after surgery (P < 0.0001), and the
mean recovery rate was 50.1 = 3.8% (Figure 1).

In 80 patients {81%), the JOA score reached its maxi-
mum recovery within 12 months after surgery, with a mean
time point of 8.7 + 0.9 months (see figure, Supplemental
Digital Content 1, heep:/links.lww.com/BRS/A397). The
preoperative 10-second test of 16.3 * 0.6 times improved
to 25.4 = 0.7 times at 5 years after surgery (P < 0.0001),
with a mean maximum recovery time point of 25.6 * 0.7
months (Figure 1). The preoperative grasp strength of
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Figure 1. Changes in the JOA score, grasp strength, and 10-
second test before and after surgery. Each arrow and number
indicates the mean maximum recovery time point {months).
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Table 2. Demographic Data of the Patient With and
Without Temporal Weakness of Grasp Strength

Temporal Weakness of {+) {—}
Grasp Strength {n = 34) {n = 64) P
Sex
Male (%) 26{76.4) 44 (68.8) NS
Femnale{%]) 8{23.6) 20(31.2) NS
Age 576+ 17 606 = 1.6 NS
Diagnosis (%)
CSM 67.6 57.8 NS
COH 7 17.2 NS
QOPLL 178 219 NS
Duration of symptom 259 + 46 124+ 28 P = 0.0038

NS indicates not significant {Man-Whitney U test); CSM, cervical spondylosis;
CDH, cervical disc herniation; OPLL, ossification of posterior longitudinal
figament.

24.6 + 1.2 kg improved to 28.0 = 1.1 kg at 5 years after
surgery (P < 0.0001), with a mean maximum recovery time
point of 21.7 + 1.4 months (Figure 1). The recoveries of the
10-second test and grasp strength continued for a longer
period than the JOA score.

In 34 patients (34.7%), the grasp strength at 3 months
after surgery decreased to <90% of the preoperative
value. However, 97% of the patients recovered their
grasp strength to the preoperative score within 2 years.
The demographic data for the patients with or without
temporary deterioration in grasp strength are shown in
Table 2. The duration of symptoms was significantly
longer in patients with temporary deterioration than in
patients without temporary deterioration (25.9 * 4.6 vs.
12.4 + 2.8 months, P = 0.0038).

There were no significant differences in the maximum
recovery time points or degrees of recovery for each
value among the patients with cervical spondylosis, cer-
vical disc herniation, and ossification of the posterior
longitudinal ligament (Table 3).

Effects of Age at Surgery (< 70 Years vs. =70 Years)
on the Surgical Results
Although the preoperative values of the JOA score and
grasp strength were lower in the older patient group,

Table 3. Comparison of Each Peak and Degree of
Recovery Between the Causes of Myelopathy

cs COH OPLL
fn=260 (n=20) {n = 18) P
JOA score
Max recovery time point
Total 88x11 77x18 99x24 NS
Recovery rate 50445 605=81 361=x118 NS
Grasp strength
Max recovery time point 200+ 18 175+20 254+44 NS
Degree of recovery 31+16 2516 59=x37 NS
10 s test
Max recovery time point  21.3+25 197+39 191+35 NS
Degree of recovery 79+08 109+14 84=x18 NS

NS indicates not significant (Bonferroni method); CSM, cervical spondylosis;
CDH, cervical disc herniation; OPLL, ossification of posterior longitudinal
ligament,

there were no differences in the recovery rates of the JOA
score and the degrees of recovery for the 10-second test
and grasp strength. The maximum recovery time point of
the JOA score was significantly later in the older group
than in the younger group (10.5 * 1.6 vs. 8.1 *= 1.1
month, P = 0.016) (Figure 2, Table 4), whereas there
were no differences in the recovery time points of the
grasp strength and 10-second test between the 2 groups.
Among the JOA scores, the maximum recovery time point
of motor function of the lower extremity showed the largest
difference between the older and younger groups (10.8 =
2.4 vs. 6.0 + 1.0 months, P = 0.0005) (Table 4). In the
older group, the mean motor function score of the lower
extremities deteriorated within 60 months after the maxi-
mum recovery time point while that in the younger group
was maintained {Figure 2). The mean grasp strength in the
older group also deteriorated within 60 months after the
maximum recovery time point.

Effects of the Duration of Symptoms Before Surgery

{<1 Year vs. =1 Year) on the Surgical Results
The recovery rate of the JOA score and degree of recov-
ery for the 10-second test were significantly greater in
patients with symptoms lasting <1 year than in patients
with symptoms lasting =1 year (56.1% vs. 38.7%, P =
0.047; 6.3 vs. 9.8 times, P = 0.026) (Figure 3, Table 5).
Although there was no difference in the degrees of recovery
of the grasp strength between the 2 groups, transient weak-
ness of the grasp strength at 3 months after surgery (<90%
of the preoperative value) was observed more often in pa-
tients with symptoms lasting =1 year than in patients with
symptoms lasting <1 year (55.8% vs. 20.3%, P = 0.0006)
(Figure 4). There was no significant difference in the maxi-
mum recovery time points between the 2 groups.

m Discussion

There have been many reports describing satisfactory
surgical outcomes of laminoplasty for cervical stenotic
myelopathy even after long-term follow-up periods.!™
Most of these reports were based on evaluations of the
surgical outcomes at various but only a few time points
after the surgery (e.g., final follow-up), and few reports
have referred to the recovery process. The duration of func-
tional recovery following cervical laminoplasty is one of the
greatest concerns for both patients and surgeons.

The present study has revealed the process of func-
tional recovery after cervical laminoplasty in patients
with myelopathy. Neurologic functions evaluated by the
JOA score reached the maximum recovery point at an
earlier time point (8.7 months) than those evaluated by
the 10-second test (25.6 months) and grasp strength
(21.7 months). The JOA score is a simple scoring system,
and truly reflects the neurologic and functional status.
However, the evaluation is expressed with discrete vari-
ables, and small differences in the patient’s conditions
cannot be detected by this scoring system. On the other
hand, the grasp strength and 10-second test are evalua-
tion methods with continuous variables. In addition,
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group than in the younger group.

JOA score mainly reflect the function of the upper and the
lower extremities and the urinary tract, while the grasp
strength and 10-second test represent the function of upper
extremity only. The discrepancies in the maximum recov-
ery time points among the parameters may be due to these
characteristics. Although the validity was not evaluated in
the present study, both the grasp strength and 10-second
test were reported to be reliable and reproducible methods
for evaluating the upper limb function of patients with my-
clopathy.®” Functional recovery evaluated by the JOA
score reached a plateau within 1 year after surgery, but we
can still expect further functional recovery for up to about
2 years after surgery. This information may be useful for the
rehabilitation of patients. T

Tahle 4. Comparison of Each Peak and Degree of
Recovery Between the Group That the Age Was Under 70
Years Old and That Was Over 70 Years Old

=70 yr =70 yr
{n = 173) (n = 25) P
JOA score
Max recovery time point
Total 8110 10516 P = 0016
Category
I 55 %07 6815 NS
it 60+ 10 101+ 24 P = 0.0005
I 1411 8620 NS
v 31=01 36+03 NS
Recovery rate 534 + 43 403 +83 NS
Grasp strength
Max recovery time point 208x16 193 £ 3.0 NS
Degree of recovery 38+ 11 22210 NS
10 s test
Max recovery time point 197 £ 21 211 x38 NS
Degree of recovery 8908 79+ 13 NS

NS indicates not significant (Man-Whitney U test).
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Although the influence of the patient’s age at the time
of surgery on the surgical outcome has been investigated
in many studies, there is no agreement on this subject.
Nagata et al® reported on the clinical outcomes of elderly
patients (>65 years) with cervical myelopathy in whom
anterior or posterior decompression was performed.
They found significantly poorer outcomes in elderly pa-
tients than in younger patients. Hasegawa et al’ per-
formed a comparative study on the clinical outcomes
after surgical treatment for cervical spondylotic myelop-
athy between patients older than 70 years and younger
than 60 years, and described comparable surgical results
between the 2 groups. In the present study, there were no
significant differences in the recovery rates of the JOA
score and the degrees of recovery for the 10-second test
and grasp strength at 5 years after surgery between the
older patients (270 years) and younger patients (<70
years). Regarding the recovery process of the JOA score,
recovery was significantly slower in the older patients
(=70 years). In addition, the recoveries of the motor
function of the lower extremities and grasp strength of
the elderly patients were not maintained during the 60
months after surgery. These results suggest that the time
point for evaluation is important when evaluating the
effects of patient age at surgery on the surgical outcomes,
and the results are influenced by that time point.

There have been some reports on the influence of the
duration of symptoms before surgery on the surgical re-
sults.'"'2 Suzuki et al'! analyzed the spastic gait in pa-
tients with cervical spondylotic myelopathy using a
three-dimensional gait analysis system, and demon-
strated that spasticity was increased in patients with a
long duration of symptoms before surgery. Yamazaki et
al'* demonstrated that a short duration of symptoms
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was one of the factors that predicted an excellent recov-
ery for elderly patients with cervical spondylotic myelop-
athy after laminoplasty.

In the present study, although the duration of symp-
toms did not affect the time course until maximum re-
covery, it significantly affected the recovery rate of the
JOA score and the degree of recovery il the 10-second
test. In patients with cervical stenotic myelopathy, re-
peated minor trauma and ischemia in the spinal cord and
their accumulation lead to demyelination, necrosis,
and/or cavitation.!® The present results suggest that the
accumulation of damage during a longer duration of
symptoms is irreversible for the spinal coid:

B

Table 5. Comparison of Each Peak and Degree of
Recovery Between the Group That Duration of Symptom
Was <1 Year and That Was =1 Year

<lyr =1yr
{n = 65) {n =33) P
JOA score
Max recovery time point
Total 8211 98+ 16 NS
Category
1 5708 6309 NS
i 7012 1615 NS
] 76 11 79+17 NS
Y 3101 35+03 NS
Recovery rate 56.1 x 44 38721 P = 0,047
Grasp strength
Max recovery time point 208> 17 197 £ 27 NS
Degree of recovery 36+09 3217 NS
10 s test
Max recovery time paint 216 £ 24 186 + 3.0 NS
Degree of recovery 9807 63 = 1.4 P = 0.001

NS indicates not significant iMan-Whitney U test).
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The present study has revealed for the first time that
transient weakness of grasp strength at 3 months after
surgery occurred in 36.7% of all patients. This frequency
was relatively high compared with those of other com-
plications, even though it recovered within 2 years after
surgery in 97% of the patients. Deterioration was more
often seen in patients with symptoms lasting =1 year
(53.1%) than in patients with symptoms lasting <1 year
(18.4%). This deterioration could not be explained
merely by muscle atrophy in the upper extremities due to
long-term symptoms, and some segmental nerve root

{% of the patients)

&0
50
40

30

Duration of <lyr 21yr

symptoms
Figure 4. Percentages of patients with a decrease in grasp
strength at 3 months after surgery. The occurrence of the deteri-
oration is significantly higher in patients with symptoms lasting =1
year than in patients with symptoms lasting <1 year.
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palsy such as C5 nerve root palsy after surgery or repet-
fusion injury in the spinal cord may also have influenced
the grasp strength. Although the cause of this temporary
deterioration was not clarified, this phenomenon should
be kept in mind for cervical laminoplasty.

W Conclusion

During the process of neurologic recovery after cervical
laminoplasty in patients with compression myelopathy,
the JOA score (8.7 months), grasp strength (21.7
months), and 10-second test (25.6 months) reached their
maximum recovery points in that order. The functional
recovery assessed by the JOA score reached a plateau
within 1 year after surgery, but further recovery can be
expected for up to 2 years after surgery. Comparative
studies suggested that patient age at surgery influenced
the process of the recovery and that the duration of
symptoms before surgery influenced the degree of the
recovery. These pieces of information appear to be uscful
for both patients and surgeons.

W Key Points

e Functional recovery occurs within 1 year after
surgical treatment in cervical compression my-
elopathy but further recovery can be expected up
to 2 years after surgery. .

e Ageatthe time of surgery mﬂuences the recovery
process after surgery.

o The duration of symptoms before surgery influ-
ences the degree of recovery. ;

e The transient deterioration of grasp strength was
seen in 35% of patients after laminoplasty.
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Supplemental digital content is available for this arti-
cle. Direct URL citations appear in the printed text and are
provided in the HTML and PDF versions of this article on
the journal's Web site (www.spinejournal.com).
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