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Abstract:

Background: Preoperative cervico-thoracic kyphosis and cervical regional positive imbalance are the risk factors for
postoperative cervical kyphosis after expansive laminoplasty (ELAP). However, the relationship between preoperative global
sagittal spinal alignment and postoperative cervical kyphosis in patients with cervical ossification of the posterior longitudi-
nal ligament (OPLL) is unclear. The purpose of this study was to investigate the relationship between the onset of postop-
erative cervical kyphosis after ELAP and the preoperative global spinal sagittal alignment in patients with OPLL with nor-
mal sagittal spinal alignment.

Methods: Sixty-nine consecutive patients without preoperative cervical kyphosis who underwent ELAP for OPLL and
cervical spondylotic myelopathy (CSM) were enrolled. The global sagittal alignment radiography preoperatively and 1 year
postoperatively were examined. The subjects were divided into a postoperative cervical lordosis group (LG) or a kyphosis
group (KG) at 1 year postoperatively. The preoperative global sagittal spinal alignment between LG and KG in CSM and
OPLL was compared.

Results: The occurrence of cervical kyphosis after ELAP was 7 of 27 cases (25.9%) in OPLL and 13 of 42 cases
(31.0%) in CSM. In patients with CSM in the KG, C7 the sagittal vertical axis (SVA) was smaller than in the LG. In pa-
tients with cervical OPLL in the KG, C2-C7 angle, C2-C7 SVA, and thoracic kyphosis (TK) were smaller than those in the
LG. In OPLL, the age of the KG was younger than that of LG; however, this was not a significant difference in CSM.

Conclusion: In patients with cervical OPLL without preoperative global spinal sagittal imbalance, preoperative small C2-

C7 angle, C2-C7 SVA, TK, and younger age were typical characteristics of postoperative cervical kyphosis after ELAP.
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Introduction

Cervical posterior decompression is a posterior indirect
decompression surgery, and sufficient cervical lordosis (CL)
is important for the posterior shift of the spinal cord after
surgery"?. Therefore, it is well accepted that expansive open-
door cervical laminoplasty (ELAP) is not suitable for pa-
tients having preoperative cervical kyphotic alignment”. In
particular, a kyphotic cervical spine accompanied with an
extensive ossification of the posterior longitudinal ligament
(OPLL) will be a major factor leading to a poor surgical
outcome after ELAP”. Because cervical laminoplasty pre-

serves the posterior elements (e.g., ligamentous tension
band), ELAP is theoretically advantageous to maintain cer-
vical sagittal alignment and to avoid postoperative kyphosis
in compared with laminectomy".

However, postoperative cervical kyphosis occurs at 5% to
30% after ELAP, even if preoperative CL is maintained””,
and there are some studies investigating the preoperative
factors related to postoperative cervical kyphosis after
ELAP’Y. Lee et al reported that in 35 of 50 cases (70%),
CL decreased after ELAP”. In cases with OPLL, a postop-
erative kyphotic deformity would be a particularly critical
complication because laminoplasty does not decompress the
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Table 1.
Characteristics in Ossification of the Posterior Longitu-
dinal Ligament (OPLL) and Cervical Spondylotic My-
elopathy (CSM).

Patient Demographic and Morphometric

OPLL CSM P value
Age (years) 65.1x10.0  66.3x10.3 0.33
Sex (male/female) 23/4 25/17 <0.01
C2-C7 SVA (mm)  23.3x10.8  22.7+13.7 0.42
C2-C7 angle (°) 13.5£10.5 10.0£9.0 0.07
T1 slope (°) 26.6+7.4 30.3+7.4 0.98
C7 SVA (mm) 12.8+36.3  28.1+34.5 0.96
TK (°) 31.9+12.9  33.5%8.1 0.74
LL (°) 457119  46.8+13.6 0.63
PT (°) 15.2+6.1 16.4+7.5 0.76
PI(°) 46.8+12.4  50.4+9.9 0.90

The proportion of men was higher in OPLL than that of CSM. Pre-
operative spinal parameters showed no significant difference be-
tween the OPLL and CSM groups.

spinal cord by ossified ligaments'”.

The recent work by Kim et al specifically investigating
postlaminoplasty cases reported that the preoperative higher
T1 slope is a risk factor for developing kyphotic change af-
ter 2 years”. However, others reported that T1 slope does
not affect a change in CL after ELAP™". At present, the
preoperative factors that predict postoperative kyphosis have
yet to be fully identified. We hypothesized that this discrep-
ancy may have occurred because these studies analyzed only
cervical regional alignment; the global sagittal alignment
needs to be taken into consideration. Indeed, there are a few
studies involving the global spinal sagittal alignment based
on C2-C7 sagittal vertical axis (SVA) and C7 SVA as well
as the cervical regional alignment that suggest the impor-
tance of the global sagittal alignment as determinants of
clinical outcomes after laminoplasty in cervical spondylotic
myelopathy (CSM)™'”. We have recently reported that preop-
erative cervical shape influences the incidence of postopera-
tive cervical kyphosis in patients with OPLL". However, the
evaluation of global sagittal alignment in patients with
OPLL and its comparison with non-OPLL have not been
studied and should also be considered in order to better pre-
dict outcomes after ELAP.

Age is also an important factor associated with postopera-
tive cervical kyphosis. Advanced age in addition to cervical
regional sagittal imbalance were reported as preoperative
risk factors for kyphotic deformity after laminoplasty for
CSM”.

The purpose of this study was to investigate the relation-
ship between the onset of postoperative cervical kyphosis af-
ter ELAP and the preoperative global spinal sagittal align-
ment in patients with cervical OPLL with preoperative nor-
mal sagittal spinal alignment.
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Materials and Methods

This is a retrospective radiographic study of a consecutive
case series of OPLL and CSM patients. Among a total of
174 consecutive patients who received ELAP for cervical
OPLL and CSM in our hospital from January 2011 to De-
cember 2015, patients with a history of previous cervical
spine surgery and patients who underwent anterior or poste-
rior fixation with ELAP and who could not stand up without
assistance were excluded. Finally, 69 patients were enrolled
with the following criteria: underwent global sagittal align-
ment radiography prior to and 1 year after surgery, without
cervical kyphosis (C2-C7 angle was O or greater than 0),
without imbalance according to a cervical spine deformity
(CSD) classification'”, and without adult spinal deformity
(C2-C7 SVA is 80 mm or less than 80 mm; C7 SVA is 95
mm or less than 95 mm). The distribution of OPLL was as
follows: the segmental type in 13, the continuous type in 3,
and the mixed type in 11 cases. The patients’ demographic
data are summarized in Table 1.

The following parameters were measured on lateral
whole-spine standing radiographs in the neutral position pre-
operatively and 1 year postoperatively: the total distance
from the plumb line of the pedicle center of the C2 vertebra
to the posterior superior corner of the C7 vertebra (C2-C7
SVA), CL assessed by the C2-C7 Cobb angle that was de-
fined as the angle from the lower endplate of C2 to the
lower endplate of C7 (C2-C7 angle), the angle between the
T1 upper endplate and the horizontal plane (T1S), the angle
between the T4 upper edge and T12 lower edge (TK), the
distance from the C7 plumb line to the sacral posterior an-
gle (C7 SVA), the angle from the upper endplate of L1 to
the upper endplate of the sacrum (LL), the angle between
the sacral plate and the horizontal plane (SS), the angle be-
tween the line connecting the midpoint of the sacral plate to
the axis of the femoral head and the gravity line (PT), and
the angle between the perpendicular to the sacral plate at its
midpoint and the line connecting the point to the middle
axis of the femoral head (PI). The radiographs were meas-
ured twice by the first observer (K.E., a board-certified or-
thopedic spinal surgeon), then independently measured on a
different day by a second observer (H.S., also a board-
certified orthopedic spinal surgeon). Descriptions of the ac-
curacy of this method, including the intra-observer and inter-
observer agreements, were described in detail in a previous
paper”. Global spine anteroposterior and lateral radiographs
were obtained by using digital slot-scanning radiography
with a Sonialvision-safire fluoroscopy system (Shimadzu
Corporation, Kyoto, Japan). An alignment of the C2-C7 an-
gle of 0° or more was defined as lordosis, and an alignment
of the C2-C7 angle less than 0° was defined as kyphosis.
From the results of CL measurements at 1 year after ELAP,
the subjects were divided into two groups, namely, the lor-
dosis group (LG) and the kyphosis group (KG).

All subjects provided written informed consent after ex-
planation of the experimental protocol. This study was ap-
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Table 2. Preoperative Parameters of the Kyphosis Group
(KG) and the Lordosis Group (LG) in Cervical Spondylotic My-
elopathy (CSM).
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Table 3. Preoperative Parameters of the Kyphosis Group
(KG) and the Lordosis Group (LG) in Ossification of the Poste-
rior Longitudinal Ligament (OPLL).

KG LG P value d* KG LG P value d*
Age (years) 67.7+9.2 65.7+10.9 0.73 0.20 Age (years) 60.9+13.1  67.7+7.2 <0.05 0.79
C2-C7SVA (mm)  24.5+8.5 22.8+11.8 0.70 0.16 C2-C7SVA (mm)  12.7+17.5  26.1£10.5  <0.05 0.80
C2-C7 angle (°) 8.6+8.9 15.8+10.6 0.02 0.73 C2-CT7 angle (°) 5.4+5.6 11.6%9.5 0.03 0.75
T1 slope (°) 252453 27.2+1.2 0.16 0.42 T1 slope (°) 26.8+7.4 31.5+7.2 0.09 0.63
C7 SVA (mm) -2.849.8 19.8+38.3 0.02 0.67 C7 SVA (mm) 29.1£31.5  27.7+36.3 0.53 0.35
TK (°) 32.9+3.6 31.4+24 0.64 0.47 TK (°) 28.7+8.4 35.2+7.4 0.05 0.82
LL (°) 47.0£12.7  45.1+11.8 0.67 0.15 LL (°) 51.4+13.6  45.1x13.5 0.84 0.46
PT (°) 13.9+4.9 15.8+6.6 0.15 0.32 PT (°) 15.4+6.9 16.8+7.9 0.34 0.19
PI (°) 41.8+6.6 48.2+13.5 0.02 0.55 PI (°) 53.7+8.3 49.2+10.3 0.86 0.48

In patients with CSM in the KG, C2-C7 angle, C7 sagittal vertical axis
(SVA), and PI were significantly smaller than those in the LG.
*d: effect size

proved by the Institutional Review Board of our institution.
Values were expressed as the means + standard deviation.
Statistical analyses were performed using the JMP software
package version 10.0 (SAS Institute Inc., Cary, NC, USA).
A non-paired #-test was used for pairwise comparisons. A P
value of less than 0.05 was considered to indicate a statisti-
cally significant difference.

Results

Patient demographics are shown in Table 1. The propor-
tion of men was higher in OPLL than that in CSM. Preop-
erative spinal parameters showed no significant difference
between the OPLL and CSM groups (Table 1). The occur-
rence of cervical kyphosis after ELAP was 7 of 27 cases
(25.9%) in OPLL and 13 of 42 cases (31.0%) in CSM. In
OPLL, the KG included 5 men and 1 woman (60.9 + 13.1
years old), and the LG had 18 men and 3 women (67.7 +
7.1 years old). In CSM, the KG included 9 men and 4
women (67.7 + 9.2 years old), and the LG had 16 men and
13 women (65.7 += 10.9 years old). Regarding preoperative
global sagittal spinal alignment of CSM in the KG, C2-C7
angle, C7 SVA, and PI were significantly smaller than those
in the LG (P < 0.05). In patients with cervical OPLL in the
KG, C2-C7 SVA, C2-C7 angle, and TK were significantly
smaller than those of the LG. There were no significant dif-
ferences in lumbo-pelvic alignments between the two groups
in OPLL (Table 2, 3).

Global spinal sagittal alignments and age in CSM and
OPLL

In OPLL, age in the KG was significantly younger than
that in the LG, although there was no significant difference
between both groups in CSM (Table 2, 3).

Discussion

Several risk factors associating with loss of lordosis after
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In patients with cervical OPLL in the KG, C2-C7 sagittal vertical axis
(SVA), C2—C7 angle, and thoracic kyphosis (TK) were significantly smaller
than those in the LG. There were no significant differences in lumbo-pelvic
alignments between the two groups in OPLL.

*d: effect size

Partially adopted from Seki et al'® with permission.

posterior cervical decompression surgery have been reported
as follows: the younger age at the time of surgery, laminec-
tomy of four or more levels, surgery involving the C2 lam-
ina, performance of facetectomies, and increased preopera-
tive range of motion'"”. Our results showed that there were
common and characteristic different factors in sagittal spinal
alignment between CSM and cervical OPLL. The preopera-
tive small C2-C7 angle was the common risk factor associ-
ated with postoperative cervical kyphosis after disruption of
posterior elements by ELAP. In CSM, smaller C7 SVA was
another risk factor for postoperative cervical kyphosis. Mi-
zutani' reported two subclasses of cervical kyphosis accord-
ing to C7 SVA and explained that the negative C7 SVA was
characterized by straightened thoracolumbar junction and
large lumbar lordosis. The preoperative small C7 SVA af-
fects the decreasing CL by reciprocal change between the
cervical and thoraco-lumbar spine. In OPLL, the characteris-
tic cervico-thoracic sagittal alignment presenting as postop-
erative cervical kyphosis (the KG) was small C2-C7 SVA,
C2-C7 angle, and TK. The primary smaller C2-C7 SVA,
particularly negative cervical imbalance, induces loss of the
CL by reciprocal change (Fig. 1-b). However, C7 SVA and
thoraco-lumbo-pelvic sagittal alignment were not related to
postoperative cervical kyphosis in OPLL. These differences
between CSM and OPLL may be due to the poor global spi-
nal flexibility in patients with cervical OPLL. In multicenter
CT studies, more than 42.3% of patients with cervical
OPLL also have OPLL in the thoraco-lumbar spine'”. And
diffuse idiopathic skeletal hyperostosis and ossification of
the ligamenta flava in the thoraco-lumbar spine often present
together with cervical OPLL"™. Suzuki presented that the
elderly persons also lose the lumbo-pelvic compensation
mechanism because of the rigid spine’”. It is, therefore, pos-
sible at least in part that the global spinal compensatory
mechanisms are waned in rigid spine in the presence of
OPLL.
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C7 SVA

(b)

Schematic presentation of postoperative cervical kyphosis.

There are two types of postoperative cervical kyphosis that the mechanism is different de-

pending on the positive or negative C7 SVA.

(a) The global spinal sagittal alignment showing positive imbalance and high T1 slope.

(b) The global spinal sagittal alignment showing negative balance and low T1 slope.

Regarding the relationship between age and the loss of
CL after ELAP, Kim et al mentioned that age did not affect
the postoperative cervical kyphosis in OPLL”, whereas
Sakai et al showed that advanced age is one of the risk fac-
tors for postoperative cervical kyphosis in CSM”. In our re-
sults, advanced aged patients were less likely to develop
postoperative cervical kyphosis. Presumably elderly patients
with OPLL may have limited mobility of the global spine
because of having more advanced ossification at multiple
levels. Therefore, the reciprocal changes in the global spine
as well as the cervical spine might be limited in elderly pa-
tients with OPLL.

Preoperative cervico-thoracic kyphosis and cervical re-
gional positive imbalance are considered as risk factors for
postoperative cervical kyphosis*”
pensated cervical sagittal spinal balance and the weight of
the head will act as a continuous mechanical force resulting
in postoperative kyphosis in patients having high T1 slope™.
The destruction of posterior cervical elements by lamino-
plasty also reported to accelerate the cervical imbalance and
induce cervical kyphosis”. However, some controversies still
exist, such as the importance of T1 slope for postoperative
cervical kyphosis because these previous studies mainly ana-
lyzed cervical regional alignments and did not take the

. In addition, the uncom-

global imbalance into account”™*'".

There are two types of cervical kyphosis that the mecha-
nism is different depending on the positive or negative C7
SVA. A patient having positive C7 SVA imbalance would
develop cervical kyphosis accompanied with high T1 slope
(Fig. 1-a). A patient having negative C7 SVA imbalance
would develop cervical kyphosis accompanied with low T1
slope'” (Fig. 1-b). These two C7 SVA imbalances should be
considered separately. For this reason, we excluded patients
having preoperative cervical and truncal positive imbalance
according to the definition of CSD classification and adult
spinal deformity'. In patients with cervical OPLL without
global spinal sagittal imbalance, small C2-C7 angle, small
C2-C7 SVA, and small TK in younger age are typical char-
acteristics of postoperative cervical kyphosis after ELAP.

This study has the following limitations. First, clinical and
functional outcomes were not evaluated; however, the radio-
logical assessment in the present study could show the char-
acteristic of prospective findings helpful for avoiding post-
operative complications. Second, the number of subjects was
relatively small because of the strict inclusion criteria. Third,
the ossification at other spinal segments and types of cervi-
cal OPLL were not evaluated. The influence of various
types of ossification needs to be analyzed in future studies.
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