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Abstract

Purpose Cervical sagittal balance has received increased
attention as an important determinant of radiological and
clinical outcomes. However, no prospective studies have
compared the impact of cervical sagittal balance between
anterior and posterior surgeries. We previously conducted a
prospective study comparing anterior decompression with
fusion (ADF) and laminoplasty (LAMP) for degenerative
cervical myelopathy (DCM) and reported; however, analysis
of cervical alignment within the concept of sagittal balance
has yet to be performed, because that concept has recently
been proposed. This study aimed to review this prospective
cohort, specifically focusing on cervical sagittal balance.
Methods We prospectively performed ADF or LAMP for
DCM patients based on the year of enrollment: ADF was
performed in odd-numbered years and LAMP in even-
numbered years. Cervical lateral X-ray images taken in the
neutral standing position were evaluated preoperatively
and at a 1-year follow-up. The radiographic measurements
included the following: (1) CL (cervical lordosis: C2-7
lordotic angle), (2) CGH (center of gravity of the head)-C7
SVA (sagittal vertical axis), and (3) C7 slope. The clinical
results were evaluated using the Japanese Orthopedic
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Association scoring system for cervical myelopathy (C-
JOA score).

Results We analyzed the data for 66 patients (ADF n = 28,
LAMPn = 38). While the CL and CGH-C7 SV A in the ADF
were unchanged after the operation, those in the LAMP
group worsened, especially in patients with preoperative
cervical sagittal imbalance. The C7 slopes were not affected
by the operation in either group. The postoperative decreases
in the CL in the LAMP group correlated with the preopera-
tive CGH-C7 SVA (r = 0.618, P < 0.01), but those in ADF
group did not. In patients with preoperative cervical sagittal
imbalance (CGH-C7 SVA >40 mm), the recovery rate of the
C-JOA score in the ADF group was superior to that in the
LAMP group (67.3 vs. 39.8 %). In contrast, for patients
without cervical sagittal imbalance, the recovery rate of the
C-JOA score showed no significant difference between the
ADF and LAMP groups (64.5 vs. 58.7 %).

Conclusions Postoperative cervical sagittal alignment and
balance were maintained after ADF but deteriorated fol-
lowing LAMP, especially in patients with preoperative
CGH-C7 SVA >40 mm. In these patients, neurological
recovery after LAMP was unsatisfactory. LAMP is not
suitable for degenerative cervical myelopathy patients with
preoperative cervical sagittal imbalance.

Keywords Cervical sagittal balance - Cervical spondylotic
myelopathy - Degenerative cervical myelopathy - Anterior
decompression with fusion - Laminoplasty

Introduction
Anterior decompression with fusion (ADF) and lamino-

plasty (LAMP) are standard surgical procedures for the
treatment of degenerative cervical myelopathy (DCM)
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[5, 16]. To date, several studies have investigated post-
surgical changes in cervical sagittal alignment
[7, 8, 9, 17, 23, 27, 33]. Postoperative deterioration of
cervical alignment, such as a kyphotic deformity, has
occasionally been observed, and studies have indicated that
this deterioration has worsened clinical outcomes, espe-
cially after LAMP [10, 12, 27].

Recently, cervical sagittal balance has been identified as
an important determinant of radiological and clinical out-
comes following cervical surgeries as well as thora-
columbar spinal surgeries [19, 22, 34]. However, little is
known about the precise impact of cervical sagittal bal-
ance. Furthermore, no prospective studies have compared
the impact of cervical sagittal balance between anterior and
posterior surgeries.

We previously conducted a prospective study com-
paring ADF and LAMP in the treatment of DCM and
reported the radiological and clinical outcomes [7].
However, because the concept of cervical sagittal balance
has been recently proposed, detailed analysis of cervical
alignment within the concept of sagittal balance has yet to
be performed. In this study, we reviewed the changes in
cervical sagittal alignment and neurological outcomes,
focusing specifically on cervical sagittal balance, in the
prospective comparative cohort between the ADF and
LAMP.

Materials and methods
Materials

A total of 76 consecutive patients with DCM were included
in this prospective study. Each patient underwent a cervical
surgery, ADF or LAMP, at our hospital between 1996 and
2003 and provided adequate informed consent. Exclusion
criteria included the presence of myelopathy caused by
cervical disc herniation or ossification of the posterior
longitudinal ligament and any history of a previous cervical
spine surgical intervention or injury. In addition, patients
who could not maintain an upright position without assis-
tance or who did not receive a standing X-ray preopera-
tively were excluded.

Choice of surgical procedure

The patients were divided into two groups based on the
year of enrollment. A total of 34 patients was enrolled in
the ADF group in 1997, 1999, 2001, and 2003, and 42
patients were enrolled in the LAMP group in 1996, 1998,
2000, and 2002.

Operative procedure
Anterior decompression with fusion

Operative segments were selected on the basis of the
findings from radiological studies and preoperative spinal
cord-evoked potentials recorded from an epidural elec-
trode. Discectomy was performed for 1-level lesion, and
corpectomies were performed for 2-level lesion or more.
The cervical spine was reconstructed using an autologous
bone with plate and screw fixation. The autologous bone
was harvested from an iliac crest for less than 2-level and a
fibula for 3-level or more. The patient’s neck was immo-
bilized externally using a collar for 2-3 months.

Laminoplasty

The double door LAMP without lamina spacer was per-
formed. The paravertebral muscles were detached from the
spinous processes on both sides and the processes at C3-6
were removed. The laminae at C3-6 were split at the
midline, and bilateral gutters were fashioned using a high-
speed air-burr drill. The bilateral laminae were kept open
by sutures to the capsule of the facet joint. Small bone
chips made from the removed spinous processes were
inserted into the bilateral gutters. For patients who had
spinal cord compression at the C2/3 level, the inferior
lamina at C2 was fenestrated. For patients who had spinal
cord compression at the C6/7 level, the superior lamina at
C7 was fenestrated. In all patients, the C2 and C7 spinous
processes and the paravertebral muscles that were attached
to these spinous processes were preserved. The patient’s
neck was immobilized externally using a collar for
3—4 weeks.

Outcome measures

Cervical lateral plane X-ray images obtained in the
standing position were measured at the preoperative stage
and at a l-year follow-up visit. The radiographic mea-
surements included the following: (1) CL (cervical lordo-
sis: C2-7 lordotic angle), (2) CGH (center of gravity of the
head)-C7 SVA (cervical sagittal vertical axis), which is the
distance between the anterior margin of the external
auditory canal plumb line and the posterior-cranial corner
of the C7 vertebral body [34], and (3) C7 slope (Fig. 1).
The clinical results were evaluated using the Japanese
Orthopedic  Association score system for cervical
myelopathy (C-JOA score) at the preoperative stage and at
a l-year follow-up. The recovery rate (RR) of the C-JOA
score was calculated using Hirabayashi’s method [6].
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Fig. 1 Radiographic measurements. a CL (cervical lordosis: C2-7
lordotic angle). b CGH (center of gravity of the head)-C7 SVA
(cervical sagittal vertical axis). ¢ C7 slope

Statistics
Statistical analysis was performed using SPSS for Win-

dows version 19.0 (SPSS Institute, Chicago, IL). The
Student unpaired ¢ test, the Mann—Whitney U test, and the

% test were used to compare the differences between the
ADF group and the LAMP group, and the Student paired
t test was used to examine the differences between the
preoperative and postoperative data in both groups. The
Pearson correlation coefficient was used to evaluate the
relationships between a postoperative decrease in CL and
the preoperative factors. Furthermore, a single linear
regression analysis was used to determine the relationship
between the postoperative decrease in CL and the CGH-C7
SVA in the LAMP group. A statistically significant dif-
ference was set at P < 0.01 and 0.05.

Results
Patient demographics

Seventy-two of 76 patients completed the 1-year follow-up.
The remaining 4 patients could not be followed and so data
were missing for these patients. Six patients could not
obtain completely data, because the external auditory canal
or C7 vertebra could not see clearly in the X-ray images.
We analyzed 66 (86.8 %; 50 males, 16 females) of the 76
patients. The patients received ADF in 28 cases (ADF
group) and LAMP in 38 cases (LAMP group). The
patients’ demographic data are shown in Table 1. There
were no significant differences in the age at surgery, gen-
der, the C-JOA score, duration of symptom, the number of
cord compression levels on magnetic resonance imaging,
the CL, the CGH-C7 SVA, and the C7 slope between the
two groups prior to surgery. The number of operative
segments in the ADF group was less than that in the LAMP
group (P < 0.01).

Table 1 Demographic data of
patients in ADF and LAMP

group

ADF group LAMP group P
Age at surgery (years) 56.8 + 10.3 60.3 + 10.5 0.181
Gender (male:female) 21:7 29:9 0.902
C-JOA score (pts) 10.3 £ 2.7 103 £ 24 0.938
Duration of symptom (month) 9.7+94 104 £ 7.0 0.731
No. of cord compression levels on MRI 22 4+08 1.9 £ 0.8 0.142
CL (°) 13.6 £ 8.0 145+ 112 0.716
CGH-C7 SVA (mm) 19.5 £ 155 18.7 £ 17.6 0.828
C7 slope (°) 241 +£73 26.1 £ 8.4 0.331
Operative segments (cases) 1 segment: 6 C2-7: 1 -

2 segments: 9 C3-6: 14

3 segments: 12 C3-7:23

4 segments: 1
No. of operative segments 234+09 3.7 +0.7 <0.001*

ADF anterior decompression with fusion, LAMP laminoplasty, C-JOA Japanese Orthopedic Association for
cervical myelopathy, CL C2-7 lordotic angle, CGH center of gravity of head, SVA sagittal vertical axis

*P <001
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Table 2 Postoperative outcomes in ADF and LAMP group

ADF group LAMP group P

Radiological outcomes

CL (®) 15.0 £ 8.0 9.1 £ 126 0.025*

CGH-C7 SVA (mm) 164 £ 13.6 25.8 £20.2  0.036%

C7 slope (°) 242 +£66 24676 0.820
Clinical outcomes

Postop. C-JOA score (pts) 14.4 £ 2.3 140+ 13 0.110

RR of C-JOA score (%) 649 + 19.0 555+ 135 0.069

ADF anterior decompression with fusion, LAMP laminoplast, CL
C2-7 lordotic angle, CGH center of gravity of head, SVA sagittal
vertical axis, C-JOA Japanese Orthopedic Association for cervical
myelopathy, postop postoperative, RR recovery rate

* P <0.05

Table 3 Correlations between postoperative decrease of cervical
lordosis and preoperative or operative factors

ADF group LAMP group
r P r P
Postop. decrease of CL versus
Preop. CL 0.342  0.075 0.196 0.237
Preop.CGH-C7 SVA 0.191 0.331 0.618 <0.001%*
Preop. C7 slope —0.004 0.985 0.255 0.122
No. of operative segments 0.298 0.124 —0.107 0.522

Postop. Decrease of CL was defined as Preop. CL-Postop. CL

Correlation analysis was performed by the Pearson correlation coef-
ficient procedure

ADF anterior decompression with fusion, LAMP laminoplasty, Postop
postoperative, Preop preoperative, CL C2-7 lordotic angle, CGH
center of gravity of head, SVA sagittal vertical axis, r Pearson cor-
relation coefficient value

* P <0.01

Fig. 2 Correlations between (%)

the postoperative decrease of 40
CL and the preoperative CGH-
C7 SVA in the LAMP group

30

Postop. Decrease of CL

-20

-20

Postoperative outcomes

While the operation had no effect on the CL and CGH-
C7 SVA in the ADF group, they worsened following
the operation in the LAMP group (individually,
P < 0.01, P < 0.01). The operation had no effect on the
C7 slopes in either group. The postoperative CL and
CGH-C7 SVA in the ADF group were superior to those
in the LAMP group (individually, P < 0.05, P < 0.05)
(Table 2).

While the C-JOA scores in both groups improved after
surgery, there were no significant differences in the post-
operative C-JOA score or the RR of the C-JOA score
between the ADF and LAMP groups.

Correlations between postoperative decrease
in cervical lordosis and the preoperative
or operative factors

We investigated which preoperative or operative factors,
including preoperative CL, CGH-C7 SVA, C7 slope, and
the number of operative segments influenced the postop-
erative decrease in the CL (preoperative CL—postoperative
CL) by Pearson correlation coefficient analysis (Table 3).
The decrease in the CL positively correlated with the
preoperative CGH-C7 SVA in the LAMP group (Pearson
correlation coefficient value (r) = 0.618, P < 0.01,
Fig. 2); however, no such correlation was observed in the
ADF group. There were no correlations between the post-
operative decrease in CL and either the other preoperative
factors or number of operative segments in either group.
Therefore, the cervical alignment was influenced by the
preoperative cervical sagittal balance in the LAMP group,
but not in the ADF group.

60 (mm)

y=0.2922x-0.2412
R?=0.3857

Preoperative CGH-C7 SVA
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Table 4 Comparison between
ADF and LAMP in patients
with preoperative cervical

Imbalance subgroup

Balance subgroup

sagittal Imbalance and Balance
subgroups

ADF LAMP P ADF LAMP P

Radiological factors

Preop. CL (°) 125 £ 99 122 +£49 1.000 138+79 149119 0.701

Postop. CL (°) 133+67 —66=£60 0.012% 153 +£83 11.5+11.6 0.184

Preop. CGH-C7 SVA (mm) 483 + 7.8 482 +£64 1.000 148 £10.6 142 £ 140 0.859

Postop. CGH-C7 SVA (mm) 31.8 +9.5 57.8 £ 8.8 0.014* 13.8 £ 12.6 21.0+ 16.6 0.082

Preop. C7 slope (°) 273 £100 320+42 0461 23.6£69 252+86 0464

Postop. C7 slope (°) 27.8 £ 7.3 256 £79 0.624 23.6+64 245+£80 0.665
Clinical factors

Preop. C-JOA score (pts) 10.8 £ 4.6 11.6 £ 1.3 0902 10.1 +£24 10.0+£25 0.809

Postop. C-JOA score (pts) 143 £ 24 137+ 1.1 0806 145+23 141+£13 0.126

RR of C-JOA score (%) 67.3 £ 21.1 398 £8.3 0.027% 645 £ 19.1 587 £11.2 0.324

Imbalance was defined as a preoperative CGH-C7 SVA >40 mm and Balance was <40 mm

ADF anterior decompression with fusion, LAMP laminoplasty, Postop Postoperative, Preop Preoperative,
CL C2-7 lordotic angle, CGH center of gravity of head, SVA sagittal vertical axis, C-JOA Japanese
Orthopedic Association for cervical myelopathy, RR recovery rate

* P <0.05

Impact of preoperative cervical sagittal balance
for surgical outcomes

In addition, we focused on the preoperative cervical
sagittal balance and divided the patients into two subgroups
based on the preoperative CGH-C7 SVA: the Imbalance
was defined as a CGH-C7 SVA >40 mm in accordance
with the previous studies [19, 27, 34] (Imbalance subgroup)
and the Balance was CGH-C7 SVA <40 mm (Balance
subgroup). Nine (13.6 %) of the 66 patients exhibited
preoperative cervical sagittal imbalance (4 patients in the
ADF group, 5 patients in the LAMP group).

We compared the outcomes between the ADF group and
LAMP group for both of the subgroups (Table 4). The
preoperative demographics showed no statistically signifi-
cant differences between the ADF and LAMP groups in
either subgroup. For the Imbalance subgroup, while the
operation had no effect on the CL in the ADF group, that in
the LAMP group worsened following the operation
(P < 0.05), and the postoperative CL in the LAMP group
was inferior to those in the ADF group (P < 0.05) (Fig. 3).
Although all of five patients following LAMP in the
Imbalance subgroup had a cervical lordosis alignment
preoperatively (CL >0°), all of them occurred the postop-
erative kyphotic deformity (CL <0°). In the Balance sub-
group, the postoperative CL and CGH-C7 SVA were not
significantly different between the ADF and LAMP groups.
These results indicate that the cervical sagittal alignment of
the patients with preoperative cervical sagittal imbalance
deteriorates after LAMP, and not after ADF (Fig. 4).

In the Imbalance subgroup, the RR of the C-JOA score
in the ADF group was superior to that in the LAMP group

@ Springer

Cervical lordosis

ADF LAMP ADF LAMP

Imbalance Balance

OPreop. ®Postop.

Fig. 3 Postoperative changes of the CL in comparison between ADF
and LAMP in patients with preoperative cervical sagittal Imbalance
and Balance subgroups. 3% P < 0.05

(67.3 vs. 39.8 %, P < 0.05) (Fig. 5). In contrast, in the
Balance subgroup, the RR of the C-JOA score showed no
significant difference between the ADF and LAMP groups
(64.5 vs. 58.7 %).

Discussion
ADF can achieve a direct anterior decompression and

stabilize the spinal column. On the other hand, LAMP
generates a direct posterior decompression effect and an
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Fig. 4 Preoperative X-ray
image a of a 61-year-old man
with cervical sagittal imbalance
(CGH-C7 SVA: 58 mm). An
X-ray image at a 1-year follow-
up after C3—-6 ADF b showed
that the cervical lordosis was
maintained. A preoperative
X-ray image ¢ of a 50-year-old
man with cervical sagittal
imbalance (CGH-C7 SVA:

50 mm). Although he had
cervical lordotic alignment, an
X-ray image at a 1-year follow-
up after LAMP d showed
postoperative kyphotic
deformity

(%)
100

80

60

40

20

Recovery rate of C-JOA score

ADF LAMP ADF LAMP

Imbalance Balance

Fig. 5 Recovery rate of the C-JOA score in comparison between
ADF and LAMP in patients with preoperative cervical sagittal
Imbalance and Balance subgroups. 3% P < 0.05

indirect anterior decompression effect resulting from the
posterior shift of the spinal cord from the anterior com-
pressive lesions. Therefore, postoperative posterior cord
shift was needed [2, 31], and it is known that LAMP is not
suitable for patients with preoperative cervical kyphosis
[18, 28, 32]. However, we sometimes encounter patients
who develop postoperative kyphosis, despite normal pre-
operative cervical alignment. Sakai et al. reported that the
kyphotic deformity after LAMP for DCM patients without
preoperative kyphotic alignment occurred in 5.2 % [27]. In
this study, whereas we did not decide to exclude patients
with excessive cervical kyphosis, because it had been
unclear whether the cervical kyphosis was, in fact, related
to postoperative outcome at the beginning of this study, we
included no patient with preoperative excessive kyphosis
over 10°: however, postoperative kyphotic deformity over
10° occurred in 7.8 % of the patients following LAMP. It
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suggests that factors other than preoperative cervical
alignment involve occurrence of postoperative kyphotic
deformity following LAMP.

In recent years, the concept of sagittal balance based on
cervical SVA was proposed in the cervical spine. Cervical
sagittal balance has been found to affect the HR-QOL of
patients similar to the thoracolumbar spine. Oe et al.
examined a sample of healthy volunteers and reported that
cervical sagittal imbalance negatively influenced HR-QOL
[19]. Protopsaltis et al. showed that improvement in the
cervical sagittal balance following corrective surgery for
thoracolumbar deformity was related to HR-QOL
improvement [22]. Tang et al. found that HR-QOL was
associated with postoperative cervical sagittal balance
based on cervical SVA [34]. Based on the results of these
studies, the cervical sagittal balance appears to closely
correlate with patients” HR-QOL.

Several studies have addressed changes in cervical
alignment, focusing on sagittal balance before and after
cervical surgeries. Kim et al. reported that cervical sagittal
balance was maintained after anterior cervical discectomy
with fusion for DCM patients [11]. Chen et al. also
demonstrated that cervical sagittal balance was improved
following anterior cervical corpectomy with fusion for
myelopathy patients due to ossification of the posterior
longitudinal ligament (OPLL) [3]. On the other hand, Lin
et al. reported that cervical SVA in DCM patients is
worsened after LAMP [14]. Lee et al. reported that cervical
sagittal balances deteriorated after laminectomy and
LAMP in myelopathic patients due to OPLL [13]. Sakai
et al. reported that cervical SVA was worse after LAMP for
DCM patients; moreover, preoperative sagittal imbalance
was a risk factor of kyphotic deformity after LAMP, and
neurological recovery in patients with the kyphotic defor-
mity was poor [27]. Although these previous studies
implied the superiority of the anterior procedure over the
posterior in preventing postoperative cervical imbalance
and malalignment, no prospective studies have directly
compared anterior and posterior procedures in terms of
postoperative changes in the sagittal alignment, balance,
and clinical outcomes. We previously conducted prospec-
tive studies and reported comparing anterior decompres-
sion with fusion (ADF) and laminoplasty (LAMP) for
DCM [7] and OPLL [26]. Therefore, we reviewed the
influence of surgical procedures (anterior or posterior) on
the cervical alignment change and neurological recovery,
with a focus on the sagittal balance using the prospective
ADF and LAMP cohorts for DCM.

This study yielded important findings: (1) the postop-
erative CL and cervical sagittal balance after ADF were
maintained; however, those after LAMP worsened, espe-
cially in the patients with preoperative cervical sagittal
imbalance; (2) the postoperative decrease of CL was
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correlated with preoperative CGH-C7 SVA in the LAMP
group, but not in the ADF group; and (3) in the patients
with preoperative cervical sagittal imbalance, neurological
recovery in the LAMP group was inferior to that in the
ADF group.

In cervical sagittal imbalanced patients, it is well known
that CL is increased to compensate for the balance
adjustment or forward gazing, and thus, CL closely cor-
relates with cervical sagittal balance [1, 21]. In fact, the
preoperative cervical alignment type for all of the cervical
imbalanced patients was lordosis in this study. In the
imbalanced state, the cervical extensor muscles play a
critically important role in maintaining the lordosis of the
cervical spine. For these conditions, it is speculated that the
invasion in the posterior extension mechanism by LAMP
causes postoperative cervical malalignment. Furthermore,
it may interrupt the posterior cord shift or generate an
anterior impingement of the spinal cord, ultimately
resulting in impairment of the neurological recovery. On
the other hand, ADF does not damage these posterior
muscles at all, because of its approach from the anterior-
lateral intermuscular planes. Therefore, ADF may maintain
the cervical alignment and balance after surgery and lead to
good neurological recovery even in such cases. Based on
the results of our study, posterior decompression alone
should not be applied to patients with preoperative cervical
sagittal imbalance.

To determine the surgical procedure, of course, overall
judgment should be exercised based on the patient’s gen-
eral condition, comorbidities, and complications. In cases
where to the anterior procedure would be more difficult to
perform, alternative posterior procedures may be viable
choices. In this study, we performed the conventional
LAMP (at least C3-6 even if 1 level lesion) to achieve
posterior spinal cord shift certainly. However, recently,
various minimally invasive posterior decompression pro-
cedures, such as muscle preserving LAMP, skip laminec-
tomy (LAM), or selective LAM, were reported
[25, 29, 30, 35]. Shiraishi et al. showed cervical curvature
index after skip LAM was superior to the conventional
LAMP [29], and selective LAM also could retain postop-
erative cervical alignment [30]. Lin et al. reported that
postoperative cervical alignment and balance after muscle
preserving LAMP were superior to those after the con-
ventional LAMP [15]. Posterior decompression with fusion
(PDF) may also be another choice [24]. Miyamoto et al.
reported that postoperative cervical alignment and neuro-
logical recovery following PDF were superior to LAMP in
DCM patients with local kyphosis [18]. Lee et al. reported
that PDF could maintain cervical sagittal alignment, but
not LAM/LAMP, in myelopathic patients due to OPLL
[13]. However, we think more studies assessing theses
alternative procedures were needed, because it is still
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unclear the impact of preoperative sagittal balance on these
surgical outcomes.

The potential limitations of this study include the rela-
tively small cohort size. In addition, the relationship between
the cervical parameters and thoracolumbar or spinopelvic
parameters could not be confirmed, because the whole
sagittal radiograph was not used. Recently, cervical sagittal
alignment or surgical outcomes were recognized to be
affected by thoracolumbar alignment and balance. Diebo
et al. reported that cervical lordosis was increased to main-
tain horizontal gaze in patient with C7-SVA >50 mm and
greater thoracic kyphosis [4]. Jalai et al. reported thora-
columbar corrective surgery for adult spinal deformity
resulted in higher cervical deformity rates [8]. Oshima et al.
said that postoperative functional outcome scores following
LAMP were significantly lower in patients with C7-SVA
>50 mm [20]. More prospective studies with large popu-
lations, including whole spine sagittal radiographs, to assess
the postoperative change in cervical alignment or balance are
needed. Although further investigations remain necessary,
our findings demonstrate that postoperative cervical sagittal
alignment and balance were maintained after ADF yet
deteriorated following LAMP. ADF is preferred to LAMP
especially for patients with cervical sagittal imbalance.

Conclusions

Postoperative cervical sagittal alignment and balance were
maintained after ADF, but deteriorated following LAMP,
especially in patients with preoperative CGH-C7 SVA
>40 mm. In these patients, neurological recovery after
LAMP was unsatisfactory. LAMP is not suitable for
degenerative cervical myelopathy patients with preopera-
tive cervical sagittal imbalance.
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