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Dural damage due to a loosened hydroxyapatite
intraspinous spacer after spinous process—splitting
laminoplasty

Report of two cases

AtsusHl ONo, M.D., PH.D., TorU YOKOYAMA, M.D., Pu.D.,
Taxuya NUMASAWA, M.D., PH.D., KaNiCHIRO WADA, M.D., PH.D.,
AND SatosHI Ton, M.D., PH.D.

Department of Orthopaedic Surgery, Hirosaki University School of Medicine, Hirosaki, Japan

v'Excellent results from laminoplasty for cervical spinal myelopathy have been reported in many studies. Neverthe-
less, C-5 nerve root palsy or axial pain such as neck and shoulder pain after laminoplasty are known postoperative com-
plications. To the authors’ knowledge, dural damage from dislocation of the hydroxyapatite intraspinous spacer due to
absorption of the tip of the spinous process has not been reported. Two cases of dural damage from dislocation of the
hydroxyapatite intraspinous spacer after laminoplasty are described. )

Radiographs, computed tomography myelography, and magnetic resonance (MR) imaging revealed the dislocation
of the hydroxyapatite intraspinous spacer, the absorption of the tip of the spinous process, and dural sac compression
due to the hydroxyapatite intraspinous spacer. In one patient, the MR imaging studies revealed liquorrhea around the
hydroxyapatite intraspinous spacers. Both patients underwent removal of the hydroxyapatite intraspinous spacer and
attained good neurological recovery.

In patients with dislocation of the hydroxyapatite intraspinous spacer associated with absorption of the tip of the spi-
nous process after spinous process—splitting laminoplasty, each case should be evaluated for aggravating symptoms of
myelopathy, dural damage, and liquorrhea around the spacer. (DOI: 10.3171/SPI-07/08/230)

Key Worps * complication ¢ dural defect ° hydroxyapatite intraspinous spacer *

laminoplasty e+ spinous process

decompress the spinal canal and reconstruct the pos-
terior structure of the cervical canal to treat myelop-
athy resulting from spondylosis and ossification of the pos-
terior longitudinal ligament. Many studies have reported
excellent results from laminoplasty.>3<11-13
At our institution, a hydroxyapatite intraspinous spacer
was developed in 1987, and it has been used to maintain
the enlargement instead of autogenous iliac bone." Excel-
lent results have been reported after spinous process—split-
ting laminoplasty in which the hydroxyapatite intraspinous
spacer was used. Nevertheless, C-5 nerve root palsy'®!™?
or axial pain such as neck and shoulder pain have been re-
ported after laminoplasty.”®5% New surgical methods have
recently been developed to prevent these complications.!*!®
Damage to the dura mater from dislocation of the hy-
droxyapatite intraspinous spacer due to absorption of the

L AMINOPLASTY Of the cervical spine was developed to

Abbreviations used in this paper: CT = computed tomography;
MR = magnetic resonance.
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tip of the spinous process has not been reported. We de-
scribe two cases of dural damage from the implant, sec-
ondary to a loosened intraspinous spacer due to absorption
of the tip of the C-4 spinous process.

Case Reports
Case 1

This 60-year-old man had presented with numbness and
muscle weakness in the upper and lower extremities. Cer-
vical spondylotic myelopathy was diagnosed, and he un-
derwent spinous process—splitting laminoplasty in which
hydroxyapatite intraspinous spacers were implanted from
C-3 to C-7. After surgery, the patient had a good neurolog-
ical recovery and returned to work. Five years postopera-
tively, he experienced progression of muscle weakness bi-
laterally in the upper and lower extremities. Radiographs
showed that the hydroxyapatite intraspinous spacer of C-4
was dislocated. The CT myelography studies demonstrated
absorption of the tip of the C-4 spinous process (Fig. 1),
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Fic. 1. Case 1. Follow-up CT myelography studies obtained 5 years postoperatively revealing dislocation of the hy-
droxyapatite intraspinous spacer associated with the absorption of the tip of the C-4 spinous process. Left: Three-di-
mensional CT scan. Right: Center level of the C-4 spacer.

and MR imaging studies demonstrated dural sac compres- rior side of the C-4 spacer was in contact with the dura
sion caused by the C-4 spacer (Fig. 2); the patient under- mater and a pinhole-sized defect within the dura was found.
went removal of this spacer. Intraoperatively we could see There were no defects in the arachnoid layer and no liquor-
that the C-4 spacer was loose, but that the other hydroxyap- rhea. After the second surgery, the patient attained a good
atite spacers had fused with the spinous process. The ante- neurological recovery.

FiG. 2. Case 1. Sagittal MR imaging studies. An image obtained 6 months postoperatively (left) demonstrates no com-
pression of the spinal cord. The 5-year postoperative image (right), however, demonstrates dural sac compression caused
by the hydroxyapatite intraspinous spacer at C-4.

J. Neurosurg: Spine / Volume 7 / August, 2007 231

— 186 —



A. Ono et al.

2]

FiG. 3. Case 2. Radiographs obtained 1 year (left) and 4 years (right) after laminoplasty. This patient had undergone
spinous process—splitting lJaminoplasty in which hydroxyapatite intraspinous spacers were implanted from C-3 to C-7. At
4 years postoperatively, radiographs showed that the spacer of C-4 and C-5 was dislocated.

Case 2

This 53-year-old man presented with numbness and
muscle weakness bilaterally in the upper extremities. Cer-
vical spondylotic myelopathy was diagnosed, and he un-
derwent spinous process—splitting laminoplasty in which
hydroxyapatite intraspinous spacers were implanted from
C-3 to C-7. After surgery, the patient had a good neurolog-
ical recovery and returned to work. Four years postopera-
tively he experienced headache, neck pain, and pain radiat-
ing to the upper and lower extremities and back during
flexion of the neck. Radiographs showed that the hydroxy-
apatite intraspinous spacers of C-4 and C-5 were dislocat-
ed (Fig. 3). The CT myelography studies revealed absorp-
tion of the tip of the C-4 and C-5 spinous processes (Fig. 4),
and MR imaging demonstrated liquorrhea around the hy-
droxyapatite intraspinous spacers of C-4 and C-5 (Fig. 5).
The patient underwent removal of the spacers from C-3 to
C-7. Intraoperatively we saw that although the C-4 and
C-5 spacers were loose, other hydroxyapatite spacers were
fused with the spinous process. The anterior side of the
C-4 spacer was in contact with dura mater, and a 5-mm?
defect was present in the dura mater and arachnoid layer
(Fig. 6). Duraplasty was performed to relieve the liquor-
rthea. After the second surgery, the patient had no symp-
toms and was again able to return to work.

232

FiG. 4. Case 2. Follow-up CT myelography study obtained 4
years postoperatively, demonstrating dislocation of the hydroxyap-
atite intraspinous spacer associated with absorption of the tip of
C-4 and C-5 spinous processes.

J. Neurosurg: Spine / Volume 7 / August, 2007
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FiG. 5. Case 2. Sagittal (A) and axial (C) MR images obtained 1 year postoperatively demonstrating a good result.
Sagittal (B) and axial (D) MR imaging studies obtained 4 years postoperatively demonstrating liquorrhea (arrows)
around the hydroxyapatite intraspinous spacers of C-4 and C-5.

Discussion

Since 1987, C3-7 spinous process—splitting laminoplas-
ty in which hydroxyapatite intraspinous process spacers are
used has been performed for cervical myelopathy at our in-
stitution." The intraspinous process spacer was specifically
designed for this procedure. This implant has a trapezoid
shape and a small hole, and is held in place with two nonab-
sorbable sutures passed through holes made in the expand-

J. Neurosurg: Spine / Volume 7 / August, 2007

ed posterior elements. The porosity of a hydroxyapatite in-
traspinous process spacer is 40%. These devices come in
12-, 15-, and 20-mm widths. We select the optimal spacer
size for the width of the split spinous process after the lam-
ina has been expanded.

As an adequate size for hydroxyapatite spacers for the
patient in Case 1, we selected the 15-mm spacer for C-3
and C-4 and the 20-mm spacer for C5-7. There was no dis-
placement of the intraspinous process spacers at the 3-year

233
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FiG. 6. Case 2. Intraoperative photographs. The anterior side of the C-4 spacer contacted with the dura mater, and a
defect (arrows) was present in the dura mater and arachnoid layer measuring 5 mm?. Left: Photograph taken before
removal of the hydroxyapatite intraspinous spacer; liquorrhea was recognized between the C-4 and C-5 spacers.  Right:
Photograph taken after removal of the spacer. The defect in the dura mater and arachnoid layer can be seen on the ante-

rior side of the C-4 spacer.

postoperative evaluation in this patient. At the 4-year fol-
low-up, however, radiographs showed that the C-4 spacer
was dislocated. An adequate size for hydroxyapatite spac-
ers for the patient in Case 2 was the 20-mm spacer in C3-7.
There was no displacement of the implants at the 2-year
postoperative evaluation. At the 3-year follow-up, howev-
er, radiographs showed that the C-4 and C-5 spacers were
dislocated.

Regarding complications related to the hydroxyapatite
intraspinous spacer after spinous process—splitting lamino-
plasty, it has been reported that absorption of the tip of the
spinous process occurred in laminoplasty, that the implant
remained unfused with the spinous process in approxi-
mately 10% of cases, and that dislocation of the spacer oc-
curred in approximately 3%.2*¢ The most common position
for dislocation of the hydroxyapatite intraspinous spacer
was at C-4, and the incidence of dislocation was higher in
proportion to the amount of intervertebral motion before
surgery.’

In our two patients, the aggravated symptoms of myelop-
athy, dural damage, and liquorrhea around the spacer were
most likely due to contact of the anterior side of the C-4
spacer with the dura mater after absorption of the tip of the
spinous process, and lack of fusion of the hydroxyapatite

234

intraspinous spacer with the spinous process, which caused
dislocation of the C-4 spacer toward the spinal cord and
shifting of the cord dorsally.

To prevent dislocation ‘of hydroxyapatite intraspinous
spacers at our institution, the spinous processes have been
split using a thread-wire saw.*® The laminae were often so
small or thin that reconstruction of the posterior arch was
difficult, especially in the midcervical levels (C3-5). For
spinous process—splitting procedures, in the past surgeons
have used high-speed burs to divide the spinous processes.
However, a large quantity of bone in the spinous process
was sacrificed by the high-speed bur. By using the thread-
wire saw, the cancellous bone of the split spinous process
could be maintained, the fit between the hydroxyapatite in-
traspinous spacer and the split spinous process was better,
and the absorption of the tip of the spinous process de-
creased. Nevertheless, in spinous process—splitting lamino-
plasty procedures, a lack of blood supply to the tip of the
spinous process is expected due to splitting of the soft tis-
sues and the creation of bilateral gutters. The absorption of
the tip of the spinous process may not be completely pre-
ventable. In patients with dislocation of the hydroxyapatite
intraspinous spacer associated with absorption of the tip of
the spinous process after spinous process—splitting lam-

J. Neurosurg: Spine / Volume 7 / August, 2007
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inoplasty, each case should be evaluated for aggravating
symptoms of myelopathy, dural damage, and liquorrhea
around the spacer.

Conclusions

Two patients suffered dural damage from dislocation of
the hydroxyapatite intraspinous spacer after laminoplasty.
Radiographs, CT myelography, and MR imaging studies
revealed the dislocation of the spacer and absorption of the
tip of the spinous process. The patients underwent removal
of the hydroxyapatite intraspinous spacer and attained good
neurological recovery.

References

1. Edwards CC 11, Heller JG, Silcox DH III: T-Saw laminoplasty for
the management of cervical spondylotic myelopathy. Spine 25:
1788-1794, 2000

2. Hiasa M, Henmi T, Kanematu Y, Sakamoto R, Hamada Y: [Spi-
nous process-splitting laminoplasty using hydroxyapatite spinous
process spacer.] Cent Jpn J Orthop Traumat 41:451-452, 1998
(Jpn)

3. Hirabayashi K, Satomi K: Operative procedure and results of ex-
pansive open-door laminoplasty. Spine 13:870-876, 1988

4. Ito ], Harata S, Ueyama K, Ichikawa S: [Utility of the hydroxyap-
atite intra-spinous spacer.] Spine Spinal Cord 8:187-191, 1995
(Jpn)

S. Tto T, Tsuji H: Technical improvements and results of laminoplas-

.ty for compressive myelopathy in the cervical spine. Spine 10:
729-736, 1985

6. Kanemura A, Iguchi T, Kurihara A, Yamazaki K, Sato K,
Kasahara K: [Cervical laminoplasty with hydroxyapatite spacer
sintered at 900° C.] Rinsho Seikei Geka 37:263-269, 2002 (Jpn)

7. Kawaguchi Y, Kanamori M, Ishihara H, Nobukiyo M, Seiki S, Ki-
mura T: Preventive measures for axial symptoms following cervi-
cal laminoplasty. J Spinal Disord Tech 16:497-501, 2003

8. Kawaguchi Y, Matsui H, Ishihara H, ‘Gejo R, Yoshino O: Axial
symptoms after en bloc cervical laminoplasty. J Spinal Disord
12:392-395, 1999

9. Kawai S, Sunago K, Doi K, Saika M, Taguchi T: Cervical lamino-
plasty (Hattori’s method). Procedure and follow-up results. Spine
13:1245-1250, 1988

J. Neurosurg: Spine / Volume 7 / August, 2007

10. Minoda Y, Nakamura H, Konishi S, Nagayama R, Suzuki E, Ya-
mano Y, et al: Palsy of the C5 nerve root after midsagittal-split-
ting laminoplasty of the cervical spine. Spine 28:1123-1127,
2003

11. Nakano K, Harata S, Suetsuna F, Araki T, Ito J: Spinous process-
splitting laminoplasty using hydroxyapatite spinous process spac-
er. Spine 17 (3 Suppl):S41-843, 1992

12. Satomi K, Nishu Y, Kohno T, Hirabayashi K: Long-term follow-
up studies of open-door expansive laminoplasty for cervical
stenotic myelopathy. Spine 19:507-510, 1994

13. Seichi A, Takeshita K, Ohishi I, Kawaguchi H, Akune T, Anamizu
Y, et al: Long-term results of double-door laminoplasty for cervi-
cal stenotic myelopathy. Spine 26:479-487, 2001

14. Shiraishi T, Fukuda K, Yato Y, Nakamura M, Ikegami T: Results
of skip laminectomy-minimum 2-year follow-up study compared
with open-door laminoplasty. Spine 28:2667-2672, 2003

15. Takeuchi K, Yokoyama T, Aburakawa S, Saito A, Numasawa T,
Iwasaki T, et al: Axial symptoms after cervical laminoplasty with
C3 laminectomy compared with conventional C3-C7 laminoplas-
ty: a modified laminoplasty preserving the semispinalis cervicis
inserted into axis. Spine 22:2544-2549, 2005

16. Tomita K, Kawahara N, Toribatake Y, Heller JG: Expansive mid-
line T-saw laminoplasty (modified spinous process-splitting) for
the management of cervical myelopathy. Spine 23:32-37, 1998

17. Tsuzuki N, Abe R, Saiki K, Zhongshi L: Extradural tethering
effect as one mechanism of radiculopathy complicating posterior
decompression of the cervical spinal cord. Spine 21:203-211,
1996

18. Uematsu Y, Tokuhashi Y, Matsuzaki H: Radiculopathy after
laminoplasty of the cervical spine. Spine 23:2057-2062, 1998

19. Yonenobu K, Hosono N, Iwasaki M, Asano M, Ono K: Neurolog-
ic complications of surgery for cervical compression myelopathy.
Spine 16:1277-1282, 1991

20. Yoshida M, Tamaki T, Kawakami M, Nakatani N, Ando M, Ya-
mada H, et al: Does reconstruction of posterior ligamentous com-
plex with extensor musculature decrease axial symptoms after
cervical laminoplasty? Spine 27:1414-1418, 2002 ’

Manuscript submitted February 18, 2007.

Accepted April 10, 2007.

Address reprint requests to: Atsushi Ono, M.D., Ph.D., Depart-
ment of Orthopaedic Surgery, Hirosaki University School of Medi-
cine, 5 Zaifu-cho, Hirosaki 036-8562, Japan. email: atsu-ono@cc.
hirosaki-u.ac.jp. _

235

— 190 —



Arch Orthop Trauma Surg (2007) 127:475-480
DOI 10.1007/s00402-007-0372-1

ORTHOPAEDIC OUTCOME ASSESSMENT =

Limitations of activities of daily living accompanying reduced
neck mobility after cervical laminoplasty

Kazunari Takeuchi - Toru Yokoyama * Atsushi Ono *
Takuya Numasawa - Kanichiro Wada -
Gentaro Kumagai - Satoshi Toh

Received: 1 August 2006 / Published online: 21 June 2007
© Springer-Verlag 2007

Abstract

Introduction  After laminoplasty, difficulties with neck
mobility often interfere with patients’ activities of daily liv-
ing (ADL). Although it has been reported that the flexion—
extension range of motion significantly decreased after
laminoplasty, in many studies using radiographs there were
few patient-based outcomes. The purpose of this study was
to reveal the frequency, severity and factors related to
limitations of ADL accompanying neck mobility after
laminoplasty.

Materials and methods A total of 58 patients were evalu-
ated after laminoplasty to determine the frequency, severity
and pre- and postoperative related factors of postoperative
limitations of ADL accompanying each of three neck
movements: (1) extension, (2) flexion and (3) rotation. The
severity of limitations of each ADL was assessed using a
questionnaire that was completed by the patient.

Results Difficulties in neck movement, such as rotation
(41%), extension (34%) and flexion (17%), in that order
(P =0.001), caused limitations of ADL. The most relevant
factor of limitations of ADL accompanying extension, flex-
ion, and rotation were small postoperative O-C7 range of
motion (P =0.0001), small preoperative O-C7 range of
motion (P =0.001), and small postoperative rotation range
of motion (P = 0.0005), respectively.

Conclusion There were more than a few patients with
limitations of ADL accompanying reduced neck mobility

K. Takeuchi (B4) - T. Yokoyama - A. Ono - T. Numasawa -
K. Wada - G. Kumagai - S. Toh

Department of Orthopaedic Surgery,
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after laminoplasty. This knowledge may be useful in the
clinical outcomes of cervical laminoplasty.

Keywords Cervical laminoplasty -
Activities of daily living (ADL) - Cervical myelopathy -
Mobility - Range of motion

Introduction

In recent years, long-term results of over 10 years for
cervical myelopathy after cervical laminoplasty have
been reported [10, 22, 29], and the neurological
improvement following cervical laminoplasty has been
as satisfactory as the outcome from anterior cervical
fusion. However, difficulties in neck mobility including
extension, flexion and rotation often interfere in
patients” activities of daily living (ADL) after laminopl-
asty, despite good postoperative neurological improve-
ments. Regarding range of motion (ROM), it has been
reported in many studies using radiographs that the flex-
ion—extension ROM was significantly decreased after
laminoplasty [1, 6, 13, 14, 21, 22, 28, 30]. However,
these studies were performed with a “film” evaluation
and were not patient-based outcomes that reflect the clin-
ical symptoms accompanying postoperative difficulty of
neck mobility. Therefore, the detailed particulars about
the limitations of ADL accompanying reduced neck
mobility after l]aminoplasty remain unclear.

This study examined retrospectively the frequency and
severity of limitations of ADL accompanying neck mobil-
ity after laminoplasty and the related factors. This knowl-
edge might be useful in the clinical outcomes of cervical
laminoplasty.
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Materials and methods
Patient group

Between 1988 and 2001, 85 patients with cervical myelopa-
thy were treated with spinous process-splitting laminopl-
asty using hydroxyapatite spinous process spacers from C3
to C7 at Hirosaki University Hospital [17]. Of these 85
patients, 58 who were followed for more than 1 year were
of an average age of 59 years (range 34-76 years) at the
time of surgery. There were 43 men and 15 women. Cervi-
cal spondylotic myelopathy (CSM) was clinically evident
in 30 cases and ossification of the posterior longitudinal lig-
ament (OPLL) was present in 28 cases. Bone graft was not
performed in all cases. Experienced spinal surgeons per-
formed the operations in this series. The postoperative col-
lar periods varied from 2 to 8 weeks. The patients wore a
"Philadelphia collar or a cervical collar. The average follow-
up period was 4 years and 4 months (range 1 year to
12 years and 2 months), and the follow-up rate was 72%.

The frequencies of postoperative limitations of ADL
accompanying each of the following neck movements were
investigated: (1) extension, (2) flexion, and (3) rotation
(Table 1). The severity of limitations of each ADL was
assessed using a questionnaire that was completed by the
patient (Table 2).

The flexion—-extension ROM at O-C7 was measured
using McGregor line and the posterior tangents of the C7
vertebral body on lateral flexion and extension radiographs
of the cervical spine. The decrease in the rate of ROM was
calculated using the following formula: Decrease rate
(%) = (1 — postoperative ROM/preoperative ROM) x 100.
The postoperative rotation ROM of patients with their spec-
tacles on as measure lines was photographed in the cranial
view using a digital camera (Fine Pix 4900 Zoom, Fuji

Table 1 ADL index accompanying neck mobility

Movement ADL

Extension Gargling

Flexion Watching one’s step when climbing
down the stairs or going down a slope

Rotation Looking right and left when driving

a car or crossing the street

ADL activities of daily living

Table 2 Questionnaire on the severity of the limitations of ADL

1. Easy (no limitation)
2. Difficult (mild limitation)
3. Impossible (severe limitation)

ADL activities of daily living

& Springer

Photo Film Co., Ltd., Tokyo, Japan) (Fig. 1). All the radio-
graphs and digital photographs were scanned on a computer
(Windows; VAIO Computer, Sony Corp., Tokyo, Japan)
and measured using CANVAS 8§, accurate to 0.1° (Deneba
System, Inc., Arlington, USA). The measurements of ROM
were done by two observers, and interobserver reliability
was calculated. The second observer was blinded to the
findings of the first observer. Reliability for the ROM was
studied in terms of the intraclass correlation coeflicient [2].
Interlaminar bone fusion of lamina was investigated from
C2-C3 to C6-C7. Interlaminar bone fusion was evaluated
by trabecular bone formation in a lateral radiograph [26].

Factors related to limitations of ADL were statistically
analyzed in each movement. Preoperative factors, including
gender, age, disease (CSM or OPLL), O-C7 ROM and Jap-
anese Orthopedic Association (JOA) score were analyzed.
Postoperative factors, including collar period, O-C7 ROM,
decrease rate of O-C7 ROM, rotation ROM, number of
interlaminar bone fusions and JOA score were analyzed.
Student’s ¢ test, Welch’s ¢ test, Mann—-Whitney’s U test, x2
test and Fisher’s exact probability test were used in the sta-
tistical analysis. All P values less than 0.05 were consid-
ered statistically significant.

Results

The frequencies and severity of limitations of ADL are
shown in Fig. 2. In a comparison of frequency between no
limitations and mild/severe limitations, there was a
significant difference among the three ADL (P = 0.001, *
test). After cervical laminoplasty significantly more
patients had limitations of ADL requiring rotation and
significantly fewer patients had limitations of ADL
requiring flexion.

Results of comparison between no limitations and mild/
severe limitations of ADL accompanying extension are
shown in Table 3. The average postoperative O-C7 ROM
was smaller (P =0.0001) in the presence of mild/severe
limitations (36.2°) than of no limitations (48.2°). The aver-
age decrease in the rate of O-C7 ROM was larger
(P=0.005) in the presence of mild/severe limitations
(33.9%) than of no limitations (11.5%).

Results of comparison between no limitations and mild/
severe limitations of ADL accompanying flexion are shown
in Table 4. Diseases were significantly different (P = 0.038)
between no limitations and mild/severe limitations. There-
fore, significantly more patients with OPLL had limitations
of ADL requiring flexion. The average preoperative O-C7
ROM was smaller (P =10.001) in the presence of mild/
severe limitations (41.1°) than of no limitations (61.9°).

Results of comparison between no limitations and mild/
severe limitations of ADL accompanying rotation are shown in
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Fig. 1 Measurements of
rotation ROM. The lines for
measurements were obtained
using glasses and the pattern of
clothes. a Left rotation angle.

b Right rotation angle. The total
of the left and right rotation
angles was calculated as rotation

ROM
I I T O O R
Extension 38 patients (66%) 17 (29)
Flexion 48 (83) I 10 (17)
Rotation 34 (59) l
I I O
0 10 20 30 40 60

50
No [ |mid

Proportion of severity (%)

Fig. 2 Frequencies and severity of limitations of ADL accompanying
each movement after cervical laminoplasty. Significantly more pa-
tients had limitations of ADL accompanying rotation

Table 5. The average postoperative rotation ROM was
smaller (P = 0.0005) in the presence of mild/severe limita-
tions (76.4°) than of no limitations (95.1°). Average num-
ber of interlaminar bone fusions was greater (P = 0.006) in
the presence of mild/severe limitations (2.1 laminas) than
of no limitations (1.1 laminas). Average postoperative JOA
score was lower (P =0.027) in the presence of mild/severe
limitations (12.0 points) than of no limitations (13.6 points).
The intraclass correlation coefficient for O—C7 ROM and
rotation ROM were 0.92 and 0.99, respectively. Good inte-
robserver reliability was observed for the parameters.

Case study

A representative case (Fig. 3): a 73-year-old man with CSM
underwent C3—C7 laminoplasty. He had mild limitations of
ADL accompanying all movements of extension, fiexion
and rotation at 8 years and 6 months after surgery. Pre- and
postoperative O-C7 ROM were 38° and 11.9°, respectively,
and the decrease in the rate of O-C7 ROM was 69%. Post-
operative rotation ROM was 41.8°. The number of interla-
minar bone fusions was three. Pre- and postoperative JOA
score were 1 point and 10.5 points, respectively.

Table 3 Comparison between no limitations and any limitations in
extension

Parameter Nol Mild/severe P value
imitations limitations

Number of cases 38 20 -

Preoperative factors

Gender (male:female) 26:12 . 173 ns¢

Age (years) 603 +9.4 56.6 +12.3 ns

Disease (CSM:OPLL) 23:15 7:13 ns®

O-C7 ROM (degree) 593 £ 195  59.6+ 199 ns

JOA score (points) 10.7+£3.2 10.2 £ 4.1 ns

Postoperative factors '

.Collar periods (weeks) 23+12 44124 ns?

0O-C7 ROM (degree) 4824103 362+114 0.0001

Decrease rate of 1154288 3394273 0.005
0O-C7 ROM (%)

Number of interlaminar 1.2 £ 0.9 21+15 ns®
fusions

JOA score (points) 134 £2.6 12.2 + 3.0 ns

Mean =+ standard deviation

ns not significant, CSM cervical spondylotic myelopathy, OPLL ossifi-
cation of the posterior longitudinal ligament, ROM range of motion

Student’s ¢ test, * Welch's ¢ test, ® Mann-Whitney U test, ¢ Chi-
squared test, 9 Fisher's exact probability test

Discussion

Cervical laminoplasty has become a standard technique for
compressive myelopathy by CSM or OPLL, and the neuro-
Jogical outcomes over 10 years have been satisfactory [10,
22, 29]. However, several clinical problems after Jaminopl-
asty have been reported, including late deterioration of
myelopathy symptoms [9, 14, 18, 22], C-5 palsies [4, 15,
16, 19, 29] and axial symptoms [7, 11, 12, 23, 27, 31].
Especially in recent years, a great deal of attention has been
paid to axial symptoms as postoperative complications,
which adversely affect patients’ quality of life. On the other
hand, radiological problems after laminoplasty, including

_@_ Springer
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Table 4 Comparison between no limitations and any limitations in
flexion '

Mild/severe P value

Parameter - No

limitations  limitations
Number of cases 48 10 -
Preoperative factors
Gender (male:female) 34:14 9:1 ns®
Age (years) 589+109 569+89 ns
Disease (CSM: OPLL) 28:20 2:8 0.038¢
0O-C7 ROM (degree) 619+ 184 41.1%17.4 0.001
JOA score (points) 104433 113447 ns
Postoperative factors . ‘
Collar periods (weeks) 29+19 36122 ns

455+ 104 3474199 ns
2004283 1124440 ns°

O-C7 ROM (degree)

Decrease rate
of O-C7 ROM (%)

Number of interlaminar fusions 1.4 4 1.2
13.1+£2.7

19+ 1.1 ns®

JOA score (points) 12128 s

Mean = standard deviation
ns not significant, CSM cervical spondylotic myelopathy, OPLL ossifi-
cation of the posterior longitudinal ligament, ROM range of motion

Student’s ¢ test, ® Welch’s 1 test, ® Mann-Whitney U test, ¢ Fisher's
exact probability test )

Table 5 Comparison between no limitations and any limitations in
rotation

Parameter No

Mild/severe P value
limitations limitations

Number of cases 34 24 -
Preoperative factors
Gender (male:female) 25:9 18:6 ns®
Age (years) 59.0+10.5 592+109 ns
Disease (CSM: OPLL)  20:14 10:14 ns®
JOA score (points) 107433  104+38  ns
Postoperative factors
Collar periods (weeks) 2.8+2.0 34119 ns
Follow-up (months) 51.1+£325 576+313 ns
Rotation ROM (degree) 951158 7641229  0.0005
Number of fused laminas 1.1 0.9 2114 0.006*
JOA score (points) 13.6+28 120+ 24 0.027

Mean =+ standard deviation

ns not significant, CSM cervical spondylotic myelopathy, OPLL ossifi-
cation of the posterior longitudinal ligament, ROM range of motion

Student’s ¢ test, * Mann-Whitney U test,® Chi-squared test

cervical malalignment [5, 8, 14, 20, 24, 25, 28-30] and loss
of the flexion-extension ROM have also been reported [1,
6, 13, 14, 21, 22, 28, 30]. Although flexion-extension ROM
was reported to be decreased to about half of the preopera-
tive ROM after laminoplasty in many radiological studies,

&) Springer

these studies were not patient-based outcomes that reflect
the clinical symptoms accompanying difficulty in neck
mobility. In the current retrospective study, the authors
showed that the frequency, severity and factors related to
limitations of ADL varied according to each of the three
neck movements, namely, extension, flexion and rotation.

The current study had several limitations. The ADL
indexes study might not have determined only ADL accom-
panying neck mobility after laminoplasty, because there is a
possibility that compensation factors like hip and/or body
mobility were involved. In addition, changes due to surgery
in the severity of the limitations of ADL were unapparent,
because preoperative ADL accompanying neck mobility
was not examined. To reveal the influence of reduced neck
mobility after laminoplasty, a comparative study, including
pre- and postoperative ADL, with a group of similarly aged
normal subjects may need to be done.

In this study, factors related to the limitations of ADL
accompanying extension were small postoperative O-C7
ROM and a large decrease rate of O-C7 ROM. As neither
of these factors were relevant to limitations of ADL accom-
panying flexion, loss of flexion—extension ROM might be
greater in extension than in flexion after laminoplasty. On
the other hand, the relevant factors for limitations of ADL
accompanying flexion were not postoperative ROM, but
disease and preoperative ROM. As the average preopera-
tive O—C7 ROM was smaller (P = 0.0009, Welch's ¢ test) in
OPLL (51°) than in CSM (67°) in this study, there is a pos-
sibility that the OPLL patients with small preoperative
ROM had limitations of ADL accompanying flexion before
surgery. On the other hand, one of the factors related to lim-
itations of ADL accompanying rotation was small postop-
erative rotation ROM. Our present results, which
demonstrated that the average postoperative rotation ROM
was 76.4° in the group with mild/severe limitations and
95.1° in the group with no limitations, were not inconsistent
with the study by Bennett et al. [3]," which reported that
active ROM utilized to cross the street was 86°, measured
for normal subjects using a cervical range of motion device.
The large number of interlaminar bone fusions was also one
of the factors related to limitations of ADL accompanying
rotation. There was a significant negative correlation
between the number of interlaminar bone fusions and post-
operative rotation ROM (P = 0.008, Spearman’s correlation
coefficient), and there was no significant correlation
between the number of interlaminar bone fusions and post-
operative O-C7 ROM in this study. Therefore, flexion—
extension ROM at the upper cervical spine might increase
in compensation for loss of ROM at the middle and lower
cervical spine due to interlaminar bone fusions, although
rotation ROM might not compensate for interlaminar bone
fusions. Although another related factor was low postopera-
tive JOA score, the authors cannot explain the relevance of
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Fig. 3 A 73-year-old man with
cervical spondylotic myelopathy
underwent C3—C7 laminoplasty.
a Extension. b Flexion. ¢ Left
rotation. d Right rotation

this factor to limitations of ADL accompanying rotation in
this study. A detailed study of the spinal cord using such
methods as magnetic resonance imaging will be helpful for
defining the anatomical relationship between neurological
improvement and neck mobility.

The current study focused on the limitation to ADL
accompanying reduced mobility after cervical laminopl-
asty. After cervical laminoplasty, more than a few patients
had limitations of ADL accompanying reduced mobility,
and the related factors varied according to each of the three
cervical movements of extension, flexion and rotation. For
revealing the change in ADL after surgery, however, it will
be necessary to analyze both pre- and postoperative ADL.
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ORIGINAL ARTICLE

Cervical Range of Motion and Alignment After
Laminoplasty Preserving or Reattaching the
Semispinalis Cervicis Inserted Into Axis

Kazunari Takeuchi, MD,* Toru Yokoyama, MD,* Atsushi Ono, MD,* Takuya Numasawa, MD,*
Kanichiro Wada, MD,* Gentaro Kumagai, MD,* Junji Ito, MD,t Kazumasa Ueyama, MD,}
and Satoshi Toh, MD*

Study Design: A radiographic study in 111 patients using
radiographs was conducted.

Objective: To clarify whether the modified laminoplasty with C3
laminectomy preserving the semispinalis cervicis (SSC) inserted
into C2 could maintain the postopertive range of motion
(ROM) and sagittal alignment compared with conventional
C3-C7 laminoplasty reattaching the muscle to C2.

Summary of Background Data: Intraoperative injury of the SSC
is relevant to the significant loss of ROM and the malalignment
after laminoplasty. To expose the C3 lamina, however, the SSC
inserted into C2 could not be preserved in conventional C3-C7
laminoplasty.

Methods: The ROM and sagittal alignment of 70 patients (group
A) (52 men, 18 women, mean age 59y, mean follow-up period
1y and 7mo) with C4-C7 laminoplasty with C3 laminectomy
were compared with those of 41 patients (group B) (28 men, 13
women, mean age 59y, mean follow-up period 2y and 6mo)
with C3-C7 laminoplasty using radiographs of the cervical spine.

Results: Regarding C2-C7 ROM, the postoperative ROM was
larger (P = 0.003) and the decrease rate of ROM was smaller
(P = 0.0006), and decreased ROM in extension was smaller
(P <0.0001) in group A. Regarding O-C2 ROM, the increased
ROM was smaller (P = 0.043) and increased ROM in extension
was smaller (P = 0.001) in group A. Regarding O-C7 ROM,
the postoperative ROM was larger (P = 0.029) in ‘group A.
Regarding the cervical alignment, the increased lordotic angle at
O-C2 was smaller (P = 0.046) in group A.

Conclusions: This modified laminoplasty preserving the SSC
inserted into C2 is an effective procedure for maintaining
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postoperative  ROM, especially in extension, and sagittal
alignment of the upper cervical spine well.

Key Words: cervical laminoplasty, range of motion (ROM),
alignment, cervical myelopathy, semispinalis cervicis muscle

(J Spinal Disord Tech 2007;20:571-576)

In recent years, the long-term results over 10 years for
cervical spondylotic myelopathy (CSM) or ossification
of the posterior longitudinal ligament (OPLL) after
cervical laminoplasty have been reported, and the
neurologic outcomes have been satisfactory.!=> As one
of the problems after laminoplasty, however, many
studies have reported that the flexion-extension range of
motion (ROM) was significantly decreased after lamino-
plasty.»2>*10 In our institutions, the flexion-extension
ROM was decreased to about half of preoperative ROM
after conventional C3-C7 laminoplasty reattaching
the semispinalis cervicis (SSC) to C2. It has also been
reported that the normal cervical alignment was often lost
after laminoplasty,!'~!> and that postoperative nonrepair
of the SSC inserted into C2 was correlated with significant
loss of cervical lordosis.!3

The SSC, most of which inserts into the C2 spinous
process,'® acts as a dynamic stabilizer'®!” and as an
extensor of the cervical spine.'®!® Therefore, the SSC
inserted into C2 might be closely related to ROM and
alignment after cervical laminoplasty. In conventional
C3-C7 laminoplasty, however, it is very difficult to
preserve the SSC insertion into C2 while opening the C3
lamina. Therefore, the SSC insertion in C2 has been
transiently detached from the C2 spinous process, and
then repaired to the C2 spinous process at the time of
wound closure.!>?° From 2001, therefore, the authors
changed the laminoplastic procedure from C3-C7
laminoplasty to C4-C7 laminoplasty with C3 laminect-
omy for complete preservation of the SSC inserted in
C2.2! The purpose of this study was to clarify whether this
modified laminoplasty preserving the SSC insertion into
C2 could maintain the postoperative ROM and cervical
alignment compared with C3-C7 laminoplasty reattach-
ing the SSC to C2.
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MATERIALS AND METHODS

Subjects (Group A)

The population consisted of 70 patients with
cervical myelopathy who underwent C4-C7 laminoplasty
with C3 laminectomy, between 2001 and 2003, with a
minimum follow-up period of radiologic evaluation of
1 year. These 70 patients (group A) were the subjects of
the study. Average age was 59.2 & 11.5 years (range, 26 to
86y) at the time of surgery. There were 52 men and 18
women. CSM was clinically evident in 48 cases and OPLL
was present in 22 cases. Average Japanese Orthopedic
Association (JOA) score was 11.7 £ 3.2 before surgery,
and 13.8 + 3.0 at the latest follow-up visit. The average
follow-up period was 19.4 + 6.0 months (range, 12 to
32mo).

Controls (Group B)

Since 1987, C3-C7 double-door laminoplasty using
hydroxyapatite spinous process spacers has been per-
formed for cervical myelopathy in our institutions2? with
the postoperative collar period varying from 4 to 12
weeks. From 1997, the collar period was shortened to less
than 2 weeks, which was nearly the same as the collar
period in group A. The population consisted of 41
patients with cervical myelopathy who underwent C3-C7
laminoplasty with postoperative collar period less than 2
weeks, between 1997 and 2001, with a minimum follow-
up period of radiologic evaluation of 1 year. These 41
patients (group B) were the controls of the study. The
average age was 58.9 & 11.0 years (range, 33 to 76y) at
the time of surgery. There were 28 men and 13 women.
Patients demonstrated CSM in 29 cases and OPLL in 12
cases. There were no significant differences in age, sex
distribution or the cause of myelopathy between these
2 groups. Average JOA score was 10.0 + 3.8 before
surgery, and 13.1 £ 2.9 at the latest follow-up visit. The
average follow-up period was 29.9 + 11.6 months (range,
12 to 67 mo); it was significantly longer (P < 0.0001) than
that of group A.

Operative Technique and Postoperative
Management

During the surgical procedure in group A, lami-
nectomy was performed at C3 and the SSC insertion in
C2 was preserved completely. Laminoplastic procedure
was performed at C4-C7. In group B, the SSC insertion in
C2 was transiently detached from the C2 spinous process,
and then reattached to the C2 spinous process at the time
of wound closure, and laminoplastic procedure was
performed at C3-C7. In both groups, the laminoplastic
procedure was adapted from the spinous process-splitting
laminoplasty using hydroxyapatite spinous process
spacers (double-door type) reported by Nakano et al,2?
and the spinous processes were split using a thread-wire
saw.® The postoperative collar period was for 1 to 2 weeks
in both groups. As postoperative management in both
groups, the patients were permitted to sit up or walk

572

within ! week after operation and the postoperative
exercise was started at 1 to 2 weeks after operation.

| Radiologic Evaluation

The ROM at O-C2, C2-C7, and O-C7 was measured
on lateral flexion and extension radiographs of the
cervical spine. The O-C2 ROM was measured using
McGregor line?> and the posterior tangent of the
odontoid process. The C2-C7 ROM was measured using
the posterior tangents of the odontoid process and the C7
vertebral body. The ROM at O-C7 was measured using
McGregor line and the posterior tangents of the C7
vertebral body. The decrease rate of each ROM was
calculated using- the following formula: decrease rate
(%) = (1 — postoperative ROM /preoperative ROM) x 100.
The decreased ROM at C2-C7 in each of the movements of
flexion and extension at the final follow-up was calculated
using the following formula: decreased ROM (degree) in
flexion (or extension) = preoperative angle in flexion (or
extension) — postoperative angle in flexion (or extension).
The increased ROM at O-C2 in each of the movements of
flexion and extension at the time of final follow-up was
calculated using the following formula: increased ROM
(degree) in flexion (or extension) = postoperative angle in
flexion (or extension)— preoperative angle in flexion (or
extension). Sagittal alignment at O-C2 and C2-C7 was also
measured on lateral radiograph in neutral view. The O-C2
angle was measured as an angle between McGregor line and
the line formed by the inferior border of the vertebral body
of C2. Lordotic angle at C2-C7 was derived from the
posterior tangents of the odontoid process and the C7
vertebral body. The increased angle of lordotic angle at
O-C2 and C2-C7 at the final follow-up was calculated using
the following formula: increased lordotic angle (degree) =
postoperative angle — preoperative angle. All the radio-
graphs were scanned on a computer (Windows; VAIO
Computer, Sony Corp., Tokyo, Japan), and were measured
using CANVAS 8 accurate to 0.1 degree (Deneba System,
Inc, Arlington). The measurements of ROM and sagittal
alignment were done by 2 observers and interobserver
reliability was calculated. The second observer was blinded
as to the findings of the first observer. Reliability was
studied in terms of the intraclass correlation coefficient.2*

The ROM and sagittal alignment were analyzed
using ¢ test. The relations between follow-up period and
ROM and sagittal alignment measurement were also
statistically analyzed using the Spearman rank correlation
test. All P values less than 0.05 were considered
statistically significant.

RESULTS

ROM

Results of measurements of C2-C7 ROM are shown
in Table 1. Average postoperative C2-C7 ROM was
larger (P = 0.003) in group A (27 degrees) than in group
B (20 degrees), and the average decrease rate of C2-C7
ROM was smaller (P = 0.0006) in group A (19%) than in
group B (47%). Decreased ROM in extension was smaller

© 2007 Lippincott Williams & Wilkins
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TABLE 1. Comparison of ROM at C2-C7 Between Grotips A
and B

TABLE 3. Comparison of ROM at O-C7 Between Groups A
and B )

Group A Group B P Group A Group B I 4
Preoperative (degree) 389+ 158 42.1 £ 15.2 n.s. Preoperative (degree) 604 £174 61.2+£174 n.s.
Postoperative (degree) 269 £ 12.6 20.0 £10.3 0.003 Postoperative (degree) 51.4 +£13.1 46.0 £ 10.9 0.029
Decrease rate (%) 19.2 + 54.6 474 + 30.5 0.0006* Decrease rate (%) 9.2 +30.8 17.7 £ 31.8 n.s.
Decreased ROM
Flexion (degree) 10.5 + 10.3 11.9 £ 12.7 n.s. Mean = standard deviation.
Extension (degree) 14%76 10.2 £ 10.7 <0.0001 n.s. indicates not significant.

*Welch 1 test.
Mean # standard deviation.
n.s. indicates not significant.
Student 1 test.

(P <0.0001) in group A (1 degree) than in group B (10
degrees). Results of measurements of O-C2 ROM are
shown in Table 2. Average increase rate of O-C2 ROM
was smaller (P = 0.043) in group A (31%) than in group
B (67%). Increased ROM in extension was smaller
(P =10.001) in group A (1 degree) than in group B
(6 degrees). Results of measurements of O-C7 ROM are
shown in Table 3. Average postoperative O-C7 ROM was
larger (P = 0.029) in group A (51 degrees) than in group
B (46 degrees). On the other hand, there was no
correlation between follow-up period and preoperative
and postoperative ROM at C2-C7, O-C2, and O-C7.
There was a statistical trend at longer follow-up periods
toward larger decreased rate of C2-C7 ROM (P = 0.051),
although the correlation was not statistically significant.
There was no correlation between follow-up period and
decreased rate of O-C7 ROM. The intraclass correlation
coefficient for measurements of ROM at C2-C7, O-C2,
and O-C7 were 0.97, 0.99, and 0.97, respectively. Good

interobserver reliabilities were observed for the para- -

meters.

Sagittal Alignment

Results of measurements of sagittal alignment at
C2-C7 are shown in Table 4. Average preoperative and
postoperative alignments, and the increased lordotic
angle were similar in groups A and B. Results of
measurements of sagittal alignment at O-C2 are shown
in Table 5. Increased lordotic angle at O-C2 was smaller

TABLE 2. Comparison of ROM at O-C2 Between Groups A
and B

Student ¢ test.

(P =0.047) in group A (0 degree) than in group B (2
degrees). On the other hand, there was no correlation
between follow-up period and preoperative and post-
operative cervical alignment at C2-C7 and O-C2. The
intraclass correlation coefficient for measurements of C2-
C7 alignment and O-C2 angle were 0.98 and 0.99, res-
pectively. Good interobserver reliabilities were observed
for the parameters.

Case Study

A Representative Case in Group A

A 68-year-old man with CSM underwent C4-C7
laminoplasty with C3 laminectomy and had postoperative
evaluation at 18 months after surgery (Fig. 1). Preopera-
tive and postoperative C2-C7 ROM was 42 and 36
degrees, respectively, and the decrease rate was 15%.
Preoperative and postoperative O-C2 ROM was 19 and
18 degrees, respectively. Preoperative and postoperative
0O-C7 ROM was 61 and 54 degrees, respectively, and the
decrease rate was 12%. Preoperative and postoperative
alignment at C2-C7 was 22 and 35 degrees, respectively.
Both the preoperative and postoperative O-C2 angle was
8 degrees. JOA score was 7 before surgery, and 14 after
surgery.

DISCUSSION

Recently, the long-term results over 10 years for
cervical myelopathy after laminoplasty have been
reported'~ and the neurologic improvement has been as
satisfactory as the outcome from anterior cervical fusion.
However, some postoperative problems after lamino-
plasty have been reported, including significant loss of
ROM! 2410 and cervical malalignment.’'"!* During

Group A Group B P
Preoperative (degree) 214+75 19.0 £ 7.3 ns. TABLE 4. Comparison of Sagittal Alignment at C2-C7
Postoperative (degree) 244 £ 7.1 259+175 ns. Between Groups A and B
Increase rate (%) 30.7 £ 83.8 674 £ 102.6 0.043 Group A Group B P
Increased ROM ]
Flexion (degree) 22+ 46 12 £33 n.s.* Preoperative (degree) 199+ 144 19.1 £11.1 ns.
Extension (degree) 0.7 6.1 57+ 8.7 0.001*  Postoperative (degree) 2284124 1994116 ns.
Increased lordotic angle (degree) 29+99 0.7+11.4 n.s.
*Welch 1 test.
Mean = standard deviation. Mean # standard deviation.
n.s. indicates not significant. n.s. indicates not significant.
Student 1 test. Student ¢ test.
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TABLE 5. Comparison of Sagittal Alignment at O-C2 Between
Groups A and B

Group A Group B P
Preoperative (degree) 16288 129+82 ns.
Postoperative (degree) 159+£79 144+81 ns.
Increased lordotic angle (degree) -03x49 1.5+39 0.047

Mean + siandard deviation.
n.s..indicates not significant.
Student 1 test.

conventional C3-C7 laminoplasty, the SSC needs to be
cut at its attachment point on the C2 spinous process to
expose ‘the C3 lamina completely. Conley et al,'® in
analyzing the cross-sectional areas and signal intensity of
the cervical posterior muscles after neck motion using
magnetic resonance imaging (MRI), reported that the
SSC acts as an extensor of the cervical spine. Vasabada
et al'® reported in a 3-dimensional biomechanical study
that most of the extension-moment-generating capacity
comes from the SSC. On the other hand, Nolan and
Sherk'¢ reported that the SSC acts as a dynamic
stabilizer, and that laminectomy involving the axis
resulted in the loss of normal cervical alignment. Iizuka
et al,'® evaluating prospectively the morphology of the
extensor musculature after laminoplasty using the coronal
view of MRI, reported that morphologic repair of SSC
had not been maintained in 18% of patients in whom the
SSC insertion into C2 had been repaired, and that the
degree of SSC repair affected postoperative cervical
alignment. The current authors considered that the SSC
insertion at C2 should be preserved during laminoplasty

FIGURE 1. A 68-year-old man with CSM.
Postoperative cervical alignment and
ROM were maintained. A, Cervical align-
ment before surgery. B, Flexion before
surgery. C, Extension before surgery. D,
Cervical alignment 18 months after sur-
gery. E, Flexion 18 months after surgery.
F, Extension 18 months after surgery.
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for preservation of postoperative ROM and cervical
alignment.

Many authors have reported that preoperative
ROM was significantly decreased after cervical lamino-
plasty, although there were few reports about the
procedure for preservation of postoperative ROM. Tizuka
et al'’ reported that the ROM after laminoplasty was
better maintained, especially in extension, in patients who
wore the cervical collar for 4 weeks rather than for 8
weeks. They speculated that early removal of the cervical
collar prevents contracture of the facet joint and post-
operative atrophy and dysfunction of the extensor
musculature of the cervical spine. In the current study,
the collar periods were less than 2 weeks and post-
operative managements were the same between the 2
groups, therefore, preservation of the SSC inserted into
C2 could prevent the loss of the extension in C2-C7 ROM
after laminoplasty. Also, this modified laminoplasty
could reduce the postoperative increased extension
ROM at O-C2, which might occur as a compensatory
change for loss of ROM at the middle and lower cervical
spine. Yokoyama et al,?’ in analyzing 50 patients after
laminoplasty using MRI, reported that the narrowing of
dura diameter at Cl occurred after surgery, and was
significantly correlated with small postoperative C2-C7
ROM. In cervical laminoplasty, in other words, it is
important that postoperative C2-C7 ROM is maintained
well. After this modified laminoplasty preserving the SSC
insertion in C2, the whole cervical ROM at O-C7 was also
maintained well without the compensatory change of
0-C2 ROM. Therefore, this procedure was effective in
maintaining postoperative C2-C7 and O-C7 ROM and
preventing compensation of O-C2 ROM.

© 2007 Lippincott Williams & Wilkins
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In the current study, although there was a statistical
trend at longer follow-up periods toward larger decreased
rate of C2-C7 ROM, the relation between follow-up
period and decreased rate of C2-C7 was not statistically
significant. Kimura et al,® evaluating the long-term results
over 5 years of 29 patients after cervical laminoplasty,
reported that the decreased rate of ROM was approxi-
mately 40% at the short-term follow-up (6 to 12 mo) and
it remained unchanged at the long-term follow-up (5 to
14y). Kawaguchi et al,? evaluating the long-term results
over 10 years of 126 patients after laminoplasty, also
reported that the ROM decreased rapidly 1 year after
surgery and the subsequent ROM was almost unchange-
ably maintained. Therefore, significance might not have
been reached in our study, because the minimum follow-
up period was 1 year.

Loss of normal cervical alignment has been reported
to occur often after laminoplasty. Some authors reported
about the relationship between cervical malalignment and
cervical posterior muscles, especially the deep muscles,
after laminoplasty. Fujimura and Nishi,'! evaluating 53
patients after expansive open-door laminoplasty using
computed tomography images, reported that there was
correlation between the deep muscles area and the curve
index, and that a marked decrease in the curve index
occurred in many cases in which the deep nuchal muscle
area decreased to 60% or less of the preoperative size.
Sasai et al,'? analyzing 31 patients after laminoplasty,
reported that lordotic alignment at C2-C3 and C6-C7
before surgery significantly decreased in 84% and 81% of
patients, respectively, and that loss of lordotic alignment
at C2-C3 was largely attributed to detachment of SSC on
C2. Tizuka et al,!? evaluating prospectively the morphol-
ogy of the SSC of 22 patients after laminoplasty using
coronal view of MRI, reported that postoperative
nonrepair of the SSC inserting into C2 was relevant to
significant loss of cervical lordosis. In the current study,

preoperative and postoperative C2-C7 alignment, and’

postoperative increased lordotic angle at C2-C7 were
similar between the 2 groups. Maeda et al,?® evaluating
the cervical ROM and alignment of 30 patients after
expansive laminoplasty, reported that early removal of
cervical orthosis and early postoperative rehabilitation
was important for preservation of postoperative cervical
lordosis. As the collar periods were less than 2 weeks and
postoperative exercise was begun early in both groups in
the current study, postoperative C2-C7 alignment could
be maintained well in both groups. On the other hand, O-
C2 angle underwent only minimal changes after this
modified laminoplasty preserving the SSC, but was
slightly increased after C3-C7 laminoplasty reattaching
the SSC. Preservation of the SSC insertion into C2 might
reduce the compensatory change of alignment at O-C2
after laminoplasty. :

In conclusion, this modified laminoplasty preserving
the SSC inserted into C2 maintained the postoperative
ROM, especially in extension, and compared well with
C3-C7 laminoplasty. The C2-C7 alignment was main-
tained well after laminoplasty both with and without

© 2007 Lippincott Williams & Wilkins

preservation of the SSC, but compensation of O-C2 angle
was smaller after this modified laminoplasty than after
C3-C7 laminoplasty.
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