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To our knowledge, however, factors associated with fusion be-
tween lamina and HA and the effects of HA shapes on out-
comes have not yet been assessed. We therefore analyzed fac-
tors significantly affecting fusion between lamina and HA as 
well as the effects of HA shape on post-operative clinical and 
radiological outcomes.    

MATERIALS AND METHODS
 
We retrospectively analyzed the outcomes of 45 patients (33 

men, 12 women) with myelopathy who underwent midline 
splitting open door laminoplasty using HA between January 
2004 and January 2010. Mean follow up duration was 28.1 

INTRODUCTION
 
Midline splitting open-door laminoplasty has been consid-

ered an effective and safe method for decompressing multiseg-
mental cervical lesions caused by cervical spondylotic myelopa-
thy (CSM), ossification of the posterior longitudinal ligament 
(OPLL), or intervertebral disc herniation with developmental 
canal stenosis, as well as for achieving immediate stability of 
these lesions1,5,9,11,13,16,18). Since the development of an artificial 
hydroxyapatite (HA) spacer for laminoplasty, several studies 
have described its biocompatibility, post-operative contact sta-
tus with lamina, and fusion rate, as well as post-operative canal 
narrowing and displacement of HA after laminoplasty2,3,6,10,12,15). 
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ical outcome was change in Japanese Orthopedic Association 
(JOA) score (0-17). Recovery from myelopathy at 12 months was 
calculated using the formula : 12 month JOA score-pre operative 
JOA score)/(17-pre operative JOA score). 

Cervical X-rays were taken preoperatively, immediately post-
operatively, and after 3, 6, and 12 months and computed tomog-
raphy (CT) was performed preoperatively, immediately post-op-
eratively, and after 12 months. Change in overall cervical 
lordosis, dimension of the spinal canal, and anterior-posterior 
(AP) distance between the posterior surface of the vertebral 
body and the anterior surface of HA were assessed on axial CT 
images.

Bonding status between lamina and HA immediately after 
surgery, and fusion between lamina and HA at 12 months were 
assayed as described2,4). 

Factors that affected the rate of fusion between laminae and 
HA (D or E status which were classified 
as fused status by Iguchi et al.) were ana-
lyzed by uni- and multivariate logistic 
regression4). Age, sex, diagnosis, level of 
operation, smoking, diabetes mellitus 
(DM), and type of HA were included in 
these analyses.

Groups were compared using the Wil-
coxon signed rank test, paired t-test, χ2 
test, Fisher’s exact test, Mann-Whitney 
test, Linear mixed model, and uni- and 
multivariate logistic regression. If p value 
is under 0.05, we defined it statistically 
significant.

RESULTS
 
Of the 45 included patients, 33 (23 

males, 10 females) received winged type 
HA and 12 (10 males, 2 females) received 
the wingless type. Surgeries were per-
formed on 142 levels, 99 in the winged 
type and 43 in the wingless type group. 
There was no significant difference be-
tween those two groups in baseline char-
acteristics (Table 1). 

Mean JOA scores changed from 10.4± 
2.94 to 13.3±2.35 in the winged type 
group and from 10.8±2.87 to 13.8±3.05 
in the wingless type group, with mean 
calculated recovery rates of 48±35.5% 
and 53±45.2%, respectively (p=0.706) 
(Table 2). 

Immediate post-operative bonding sta-
tus of the winged and wingless groups 
were excellent at 6 and 15 levels, respec-
tively; good at 88 and 27 levels, respec-

months (range, 12-61 months). Of these patients, 23 were diag-
nosed with CSM and 22 with OPLL. Patients with cervical ky-
phosis, evidence of cervical instability, serious medical prob-
lems, and those who underwent prior anterior cervical surgery 
were excluded. All laminoplasties were performed by a single 
surgeon. Gutters were made at the bilateral laminofacet junc-
tions with a 3 mm diameter diamond type burr, and the mid-
line spinous process was split with a 2 mm diameter diamond 
type burr. We used APACERAM® HA (PENTAX, Tokyo, Ja-
pan), with 100-500 µm macropores and 0.5-2.0 µm micropores. 
A winged or wingless type HA was inserted between the split 
spinous processes and fixed with black silk (Fig. 1). Patients 
were classified into two groups based on HA shape; the baseline 
characteristics of the winged and wingless groups are shown in 
Table 1. The selection of patients was randomized. Informed con-
sent for all the patients before surgery was done. The primary clin-

Table 1. Characteristics of the two patient groups

Winged type group 
(n=33)

Wingless type group 
(n=12) p value

Mean age, years (range) 64.2 (48-80) 59.1 (45-66) p>0.05
Sex (male : female) 23 : 10 10 : 2
Smoking history (%)       4 (12.1%)       2 (16.7%)
Diabetes mellitus (%)       9 (27.3%)       4 (12.1%)
Osteoporosis (%)     3 (9.1%)     1 (8.3%)
Surgical levels (total) 99 43
    C3 21   5
    C4 31   9
    C5 27 13
    C6 17 10
    C7   3   6

Osteoporosis defined as T score <-2.5

Table 2. JOA score changes in the two groups

Pre-operative
JOA score

Post-operative 12 
month JOA score

Recovery rate  
(%) p value

Winged type group 
(n=33) 

10.4±2.94 13.3±2.35 48±35.5 0.706

Wingless type group 
(n=12)

10.8±2.87 13.8±3.05 53±45.2

JOA : Japanese Orthopedic Association

Fig. 1. Types of HA. A : Winged type. B : Wingless type. HA : hydroxyapatite.
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tively; fair at 4 and 1 levels, respectively; 
and poor at 1 and 0 levels, respectively 
(p<0.001) (Table 3).

The overall post-operative 12 month 
fusion rate between lamina and HA, 
classified as D or E status was 27.46%, 
18.2% in the winged and 48.8% in the 
wingless group (p=0.001) (Table 3).

Better immediate post-operative bond-
ing between lamina and HA was associ-
ated with a significantly higher probabil-
ity of fusion (p=0.014) (Table 4). 

Uni- and multivariate logistic regres-
sion analyses showed that male gender, 
diagnosis of OPLL, and wingless type of 
HA were statistically significant factors 
affecting 12-month post-operative fu-
sion (Table 5).

Mean cervical lordosis, defined as the 
angle between C2 and C7 inferior end 
plates, changed from 11.73 to 10.95 de-
grees in the winged type group and from 
12.27 to 18.11 degrees in the wingless 
type group (p=0.135) (Fig. 2).

The spinal canal dimension was in-
creased immediately after surgery, from 
190.76 to 291.46 in the winged group 
and from 189.25 to 290.60 in the wing-
less group, but decreased to 276.77 and 
276.93, respectively, after 12 months 
(p=0.970) (Fig. 3).

The AP distance of the spinal canal on 
axial CT images was increased immedi-
ately after surgery from 11.52 mm to 
19.22 mm in the wingless group and 
from 11.59 mm to 18.18 mm in the 
winged group, decreasing to 18.67 mm 
in the wingless group at 12 months, but 
remaining stationary, at 17.93 mm, in 
the winged group (p=0.021) (Fig. 4).

DISCUSSION
  
HA have several advantages compared 

with autologous bone grafts for expan-
sive midline splitting laminoplasty, in-
cluding good biomechanical stability 
and reductions in operation time, blood 
loss, and donor site morbidity8,12,14,15). 
Although HAs have been shown to be 
biocompatible and to fuse with lami-
na2-4,6,10), no previous study had analyzed 
the relationship between HA shape and 

Table 3. Bonding state between lamina and HA in the two groups 

Winged type 
group (n=99)

Wingless type 
group (n=43) p value

Immediate Excellent 6 (6.1%) 15 (34.9%) p<0.001
  post-operation Good 88 (88.9%) 27 (62.8%)

Fair or Poor 5 (5.0%) 1 (2.3%)
Post-operative A, B, C (non-fusion) 81 (81.8%) 22 (51.1%)     0.001
  12 month D, E (fusion) 18 (18.2%) 21 (48.8%)

HA : hydroxyapatite

Table 4. Relationship between immediate post-operative bonding state and 12 month fusion

Non-fusion (A, B, C) Fusion (D, E) p value
Excellent (n=21) 10 (47.6%) 11 (52.4%) 0.014
Good (n=115) 88 (76.5%) 27 (23.5%)
Fair or Poor (n=6)   5 (83.3%)   1 (16.7%)

Table 5. Logistic regression tests of factors affecting fusion between lamina and HA 

Univariate analysis Multivariate analysis
Odds Ratio p value Odds Ratio p value

Age 0.995 0.851
Sex Male 4.494 0.079 3.775 0.045*

Female 1 1
Diagnosis OPLL 4.117 0.019 4.831 0.011*

CSM 1 1
Surgical level C3 1

C4 1.235 0.666
C5 1.139 0.812
C6 0.770 0.678
C7 1.576 0.499

Type of HA Winged 1 1 0.047*
Wingless 4.295 0.071 3.089

Smoking Yes 0.284 0.221
No 1

Diabetes mellitus Yes 2.764 0.080 2.384 0.157
No 1 1

HA : hydroxyapatite, OPLL : ossification of the posterior longitudinal ligament, CSM : cervical spondylotic my-
elopathy

Fig. 2. A : Cervical lordosis, defined as the angle between C2 and C7 inferior end plates. B : 
Changes in cervical lordosis in the winged and wingless groups. Lordosis changed from 11.73 to 
10.95 degrees in the winged type group and from 12.27 to 18.11 degrees in the wingless type 
group (p=0.135).
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outcomes. We therefore assessed the ef-
fects of HA shape (winged versus wing-
less) on clinical and radiological out-
comes. As assessed by JOA scores, there 
were no significant between group dif-
ferences in clinical outcomes, primarily 
because this clinical outcome was affect-
ed by decompression of the spinal cord. 
Moreover, there was no between group 
difference in post-operative expansion 
of spinal canal dimensions and subse-
quent dimensional reduction, suggest-
ing that similar cord decompression re-
sulted in similar clinical outcomes.

Regardless of HA shapes, our overall 
fusion rate (27.46%) between HA and 
lamina was similar to previous reports4,8). 
Although post-operative bonding be-
tween HA and lamina has been classi-
fied, its effect on final union was not as-
sessed2). In contrast, we found that initial 
contact status between lamina and HA 
significantly affected fusion status. In 
addition, HA shape was significantly 
associated with initial contact status of 
HA with lamina. HA wings may limit 
the wide contact between HA and lam-
ina, whereas the wingless type of HA 
can be inserted deeply into the split 
spinous process and form a wider con-
tact with bone, resulting in a higher fu-
sion rate 12 months later.

Multivariate analysis showed that male 
sex, OPLL, and wingless type of HA 
were significantly associated with higher 
HA fusion rate. Range of motion (ROM) 
is significantly lower with OPLL than 
with CSM, suggesting that the decreased 
ROM of OPLL provided the stabiliza-
tion needed for fusion between the HA 
and lamina8). We also believe that better 
initial bonding status of wingless type 
HA seems to be contributing factor of 
higher fusion rate. However, the reason 
that fusion rates are higher in male than 
in female patients remains unclear. 

In agreement with previous findings, 
we observed dimensional reduction of 
the spinal canal after immediate post-
operative widening8). Our CT results 
showed that, when we used both type 
HAs, the tip of the spinous process tend-
ed to be resorbed and move inward 

Fig. 3.  A : Spinal canal dimension measurements. B : The spinal canal dimensions increased im-
mediately post-operatively in both groups, from 190.76 to 291.46 in the winged group and from 
189.25 to 290.60 in the winged group, but decreased to 276.77 and 276.93, respectively, after 12 
months (p=0.970).

Fig. 4. A : AP distance, as measured on CT axial image. (Upper image) immediate post-operative AP 
distance; (lower image) AP distance after 12 months. B : The AP distance of the spinal canal in-
creased immediately after surgery from 11.52 mm to 19.22 mm in the wingless group and from 
11.59 mm to 18.18 mm in the winged type group. After 12 months, the AP distances were 18.67 
mm and 17.93 mm in the wingless and winged groups, respectively (p=0.021). AP : anterior-poste-
rior, CT : computed tomography.
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Fig. 5. A : Immediate post-operative axial CT image in the winged type group showing good touch 
status. B : Post-operative 12 month axial CT in the same patient showing non-fusion and spinous 
process resorption. C : Immediate post-operative axial CT image in the wingless type group show-
ing good touch status. D : Post-operative 12 month axial CT in the same patient showing fusion, but 
spinous process resorption. CT : computed tomography.
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expansive laminoplasty for ossification of the posterior longitudinal lig-
ament of the cervical spine : more than 10 years follow up. J Neurosurg 
96 : 180-189, 2002

6.	Kaito T, Hosono N, Makino T, Kaneko N, Namekata M, Fuji T : Postop-
erative displacement of hydroxyapatite spacers implanted during dou-
ble-door laminoplasty. J Neurosurg Spine 10 : 551-556, 2009

7.	Kawaguchi Y, Kanamori M, Ishihara H, Ohmori K, Nakamura H, 
Kimura T : Minimum 10-year followup after en bloc cervical lamino-
plasty. Clin Orthop Relat Res : 129-139, 2003

8.	Kimura A, Seichi A, Inoue H, Hoshino Y : Long-term results of double-
door laminoplasty using hydroxyapatite spacers in patients with com-
pressive cervical myelopathy. Eur Spine J 20 : 1560-1566, 2011

9.	Kimura I, Shingu H, Nasu Y : Long-term follow-up of cervical spondy-
lotic myelopathy treated by canal-expansive laminoplasty. J Bone Joint 
Surg Br 77 : 956-961, 1995

10.	Kokubun S, Kashimoto O, Tanaka Y : Histological verification of bone 
bonding and ingrowth into porous hydroxyapatite spinous process 
spacer for cervical laminoplasty. Tohoku J Exp Med 173 : 337-344, 1994

11.	Kong Q, Zhang L, Liu L, Li T, Gong Q, Zeng J, et al. : Effect of the de-
compressive extent on the magnitude of the spinal cord shift after ex-
pansive open-door laminoplasty. Spine (Phila Pa 1976) 36 : 1030-1036, 
2011

12.	Kubo S, Goel VK, Yang SJ, Tajima N : Biomechanical evaluation of cer-
vical double-door laminoplasty using hydroxyapatite spacer. Spine (Ph-
ila Pa 1976) 28 : 227-234, 2003

13.	Kurokawa T, Tsuyama N, Tanaka H, Kobayashi M, Machida H, Naka-
mura K, et al. : [Double-open door laminoplasty]. Bessatsu Seikeigeka 
2 : 234-240, 1982

14.	Martin-Benlloch JA, Maruenda-Paulino JI, Barra-Pla A, Laguia-Gar-
zaran M : Expansive laminoplasty as a method for managing cervical 
multilevel spondylotic myelopathy. Spine (Phila Pa 1976) 28 : 680-684, 
2003

15.	Nakano K, Harata S, Suetsuna F, Araki T, Itoh J : Spinous process-split-
ting laminoplasty using hydroxyapatite spinous process spacer. Spine 
(Phila Pa 1976) 17 : S41-S43, 1992

16.	Ogawa Y, Chiba K, Matsumoto M, Nakamura M, Takaishi H, Hi-
rabayashi H, et al. Long-term results after expansive open-door lamino-
plasty for the segmental-type of ossification of the posterior longitudinal 
ligament of the cervical spine: a comparison with nonsegmental-type 
lesions. J Neurosurg Spine 3 : 198-204, 2005

17.	Ratliff JK, Cooper PR : Cervical laminoplasty : a critical review. J Neu-
rosurg 98 : 230-238, 2003

18.	Sakaura H, Hosono N, Mukai Y, Ishii T, Iwasaki M, Yoshikawa H : 
Long-term outcome of laminoplasty for cervical myelopathy due to disc 
herniation : a comparative study of laminoplasty and anterior spinal fu-
sion. Spine (Phila Pa 1976) 30 : 756-759, 2005

19.	Shimamura T, Kato S, Toba T, Yamazaki K, Ehara S : Sagittal splitting 
laminoplasty for spinal canal enlargement for ossification of the spinal 
ligaments (OPLL and OLF). Semin Musculoskelet Radiol 5 : 203-206, 
2001

20.	Suk KS, Kim KT, Lee JH, Lee SH, Lim YJ, Kim JS : Sagittal alignment of  
the cervical spine after the laminoplasty. Spine (Phila Pa 1976) 32 : 
E656-E660, 2007

slightly, resulting in canal narrowing (Fig. 5). We also believe that 
the dimensional reduction well correlate with reduction of AP 
distance in this study. Post-operative displacement of HA and re-
sorption of the spinous process has been reported previously3,6). 
We observed a statistically significant difference in HA displace-
ment between the two groups. HA wings may prevent its sub-
sidence, while also preventing wider contact with bone and in-
crease resorption of contacted bone, resulting in a lower fusion 
rate. Nevertheless, this structural difference was not associated 
with clinical outcomes.

Although kyphotic deformities have been observed after lam-
inoplasty in previous many studies, we observed maintenance 
of lordosis over 12 months in both groups, but additional fol-
low up is needed5,7,17,19,20). 

CONCLUSION

Although the two types of HA yielded similar clinical out-
comes, their radiological outcomes differed. The changes of cer-
vical lordosis and, canal dimension were not significantly differ-
ent between winged and wingless typed HA. The AP distance 
change of wingless type showed bigger subsidence that of winged 
type. The wingless typed HA also showed significantly better fu-
sion rate between lamina and HA after 12 months. Multivariate 
analysis showed that OPLL, male gender, and wingless type HA 
were significantly associated with fusion rate.  
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