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Abstract

Background: The impact of the T1 slope minus cervical lordosis (T15-CL) on surgical outcomes in patients with
degenerative cervical myelopathy undergoing laminoplasty (LP) remain uncertain.

Methods: One hundred patients who underwent cervical LP were retrospectively reviewed. Radiographic measure-
ments included C2-C7 lordosis (CL), T1 slope (T1S), and C2-C7 sagittal vertical axis (SVA). Additionally, pain numeric
rating scale, neck disability index (NDI), 12-Item Short-Form Health Survey, Euro QOL 5 dimensions (EQ5D), and
Japanese Orthopedic Association score were investigated. According to past reports, T1S—-CL > 20° was defined as
mismatched. Then, based on T1S-CL mismatching, patients were divided into 2 groups.

Results: This research understudied 67 males and 33 females with a mean age of 67 y. Preoperatively, only eight
patients showed a T15-CL mismatch. While the C2-7 Cobb angles did not change significantly after surgery, the T1
slope (T1S) angle increased, increasing the T15-CL as a result. As we compared the clinical outcomes based on the
preoperative T15-CL mismatching, there were no significant differences between the two groups. On the other hand,
the number of patients in the mismatched group increased to 21 patients postoperatively. As we compared clinical
outcomes based on the postoperative T15-CL mismatching, the postoperative NDI score and preop/postop EQ5D
score were significantly worse in the mismatch group.

Conclusions: Although cervical LP showed inferior outcomes in patients with postoperative T1S-CL mismatch even
in the absence of severe preoperative kyphosis (> 10°), preoperative T15-CL mismatch was not adversely prognostic.

Keywords: Cervical myelopathy, Postoperative cervical alignment, OPLL, Kyphosis, Patient-reported outcome

Background

Multiple surgical options for degenerative cervical mye-
lopathy (DCM) have been observed, including poste-
rior decompression and fusion, anterior decompression
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and fusion, then laminoplasty. As for posterior decom-
pression, preoperative cervical kyphosis was related to
poorer neurological improvements because of an insuf-
ficient posterior shift of the spinal cord after decompres-
sion surgery [1]. Additionally, although postoperative
kyphotic changes occur after laminoplasty, the impor-
tance of preserving posterior supporting structures has
been emphasized [2]. As the number of past papers on
thoracolumbar deformity surgeries has increased, the
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influence of the T1 slope (T1S) on cervical spine surgery
has also been attracting growing interest [3, 4]. Remark-
ably, the association between T1S and cervical lordo-
sis (CL) has been advocated. Several past reports have
also investigated the influence of T1S minus CL (T1S-
CL) on the surgical outcomes of cervical spine surgery,
because the ideal degree of CL is considered to be dif-
ferent, depending on the magnitude of T1S, including
two reports on cervical laminoplasty [5, 6]. Besides, past
reports included patients who experienced preoperative
kyphosis of the cervical spine, which are considered to
have affected the surgical results. Therefore, in this study,
we solely focused on patients who lacked severe preop-
erative kyphosis (> 10°) and were considered indicative of
laminoplasty. The purpose of this study was to investigate
an influence of T1S-CL mismatch on surgical outcomes
of cervical laminoplasty in the absence of preoperative
kyphosis of >10°.

Methods

Patient selection

The institutional review board of the authors institu-
tion approved the study protocols. We retrospectively
reviewed 100 patients with degenerative cervical mye-
lopathy who underwent double-door laminoplasty
between 2004 and 2019 and replied to the questionnaires
of patient-reported outcomes both pre- and postop-
eratively. Patients with preoperative kyphosis of>10° or
those without preoperative or postoperative radiographic
examinations of the whole spine were excluded. Addi-
tionally, patients with rheumatoid arthritis, disc hernia-
tion, tumor, trauma, severe lumbar spinal canal stenosis,
or previous surgery were also excluded.

Data collection

Demographic data, including sex, age, and follow-up
period, were collected from electronic medical records.
Then, clinical data were evaluated using the recovery rat-
ing score of the Japanese Orthopedic Association (JOA),
which was calculated using the method by Hirabayashi
et al. [7]. Subsequently, neck pain was measured using the
numerical rating scale (NRS). Patient-reported outcomes
included the neck disability index (NDI), 12-Item Short-
Form Health Survey (SF-12), and Euro QOL 5 dimen-
sions (EQ5D). Next, pre-and postoperative standing
lateral radiographs of the spine were obtained using the
upper arms in a neutral hanging position. As for the radi-
ographic parameters, the C2—C7 (CL) lateral Cobb angle,
the T1 slope (T1S) angle, the C2-C7 SVA (C2-7SVA),
and the T1S-CL were measured. The C2—-C7 angle was
measured, which was defined by the angle between the
inferior end plate of C2 vertebra and the inferior endplate
of C7 vertebra. T1-CL>20° was defined as mismatching
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[5], and patients were divided into two based on their
T1S-CL mismatching scores. Afterward, laminoplasty
was conducted using an expansive double-door spinous
process-splitting (Kurokawa) method [8]. The LP level
depended on the degree of compression. Finally, patients
were allowed to walk on the second day after surgery,
isometric cervical muscle exercises allowed just after the
operation, and collars were not routinely applied except
when the patients complained of severe neck pain after
surgery.

Statistical analysis

Statistical analyses were conducted using JMP for Win-
dows v.15.0 JMP® 15 SAS Institute Inc., Cary, NC, USA).
Univariate statistical analyses were performed using the
Student’s paired and unpaired t-tests. The P-value <0.05
was considered statistically significant. Finally, Pearson’s
correlation coefficient was used to assess correlations
between the preoperative and postoperative cervical
parameters.

Results

Patients

One hundred (67 males; 33 females) patients were
included in this study, including sixty patients with cer-
vical spondylotic myelopathy (CSM) and 40 patients
with ossification of the posterior longitudinal ligament
(OPLL). The mean age at surgery was 66.9+10.1 years.
The mean follow-up period was 31.4+20.9 months
(Table 1).

Radiographic and clinical outcomes
The preoperative and postoperative radiographic param-
eters were moderately to highly correlated, as shown
in Table 2 (r=0.59-0.78). While the C2-7 Cobb angle
did not change significantly after surgery, the T1 slope
(T1S) angle increased, increasing the T1S-CL as a
result (Table 2). As for the clinical outcomes, all values
improved postoperatively.

Next, we divided the patients into two groups based
on their T1S-CL values. Preoperatively, only eight

Table 1 Demographic Data of Patients who Underwent LP for
DCM

Number of cases 100

Age, y, mean=£SD 66.9+10.1 (range, 31-83)
3144209 (range, 12-99)
67:33

60: 40

Follow up period, mo, mean £ SD
Sex (male: female), n
Disease (CSM: OPLL), n

DCM degenerative cervical myelopathy, CSM cervical spondylotic myelopathy,
OPLL ossification of the posterior longitudinal ligament
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Table 2 Preop and Postop radiographic parameters and clinical
outcomes

Preop Postop Pvalue Correlation
(Pearson’sr)

(C2-C7 angle (degrees) 1594116 1484134 029 0.69

T1 slope angle 248+£827 262+926 0.02 0.78
(degrees)

T15-C27 angle 893+£945 114+122 002 059
(degrees)

C2-C7SVA (mm) 2504139 281+170 0.02 0.69
NRS (Neck pain) 3294308 2694261 0.03

PCS 2494179 338+£179 <001

NDI 375177 2664+158 <001

EQ5D 057+0.19 068+0.18 <0.01

JOA score 108+£225 139+£221 <001

The bold value indicates considered significant (P <0.05). SVA sagittal vertical
axis, NRS numeric rating scale, PCS physical component summary, NDI neck
disability index, EQ5D Euro QOL 5 dimensions, JOA Japanese Orthopedic
Association

patients showed mismatches, namely, T1S-CL larger
than 20°. Therefore, we compared the clinical outcomes
based on the preoperative T1S-CL. Although no signifi-
cant difference between the two groups was observed,
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postoperative NDI demonstrated worse scores in the
mismatched group (Table 3). Alternatively, results
showed a patient increase in the mismatched group to 21
patients postoperatively (Table 4). As we compared clini-
cal outcomes based on the postoperative T1S-CL, the
postoperative NDI and preop/postop EQ5D scores were
significantly worse in the mismatched group (Table 4).

Discussion

Preoperative cervical kyphosis has been reported to
result in poorer surgical outcomes after LP because of
an insufficient posterior shifting of the spinal cord based.
Therefore, anterior or posterior fixation surgery is con-
sidered in patients with preoperative kyphosis. How-
ever, even in patients with preoperative CL, previous
studies have shown kyphotic alignment changes after
LP, and poor prognostic parameters leading to postop-
erative kyphotic deformities after cervical LP have been
reported [9, 10]. For example, Kim et al. [4] consid-
ered a high T1 slope a significant predictor of kyphotic
alignment changes in patients after laminoplasty. They
insisted that surgical trauma to the posterior muscula-
ture led to kyphotic deformity, because a high T1 slope
represents the possibility of thoracolumbar deformity

Table 3 Comparison of preoperative and postoperative clinical outcomes based on preoperative T15-CL

Mismatch group (N=8)  Match group (N=92) P value

Age, y, mean +SD 69.8+£6.65 66.7£10.7 042
Follow up period, mo, mean £ SD 204+£7.7 324+£216 0.01
Sex (male/female), n 7/1 60/32 0.20
C2-C7 angle (degrees) Preop 6.25+6.32 16.7+£11.7 <0.01
Postop 2.88+£7.38 159+134 <0.01

T1 slope angle (degrees) Preop 3344870 2404789 0.02
Postop 314111 25.7+9.07 0.19

T15-C27 angle (degrees) Preop 27.1+546 7354801 <0.01
Postop 285+11.7 987+11.2 <0.01

C2-C7SVA (mm) Preop 44.1 +£8.66 234+£13.1 <0.01
Postop 478£17.7 263+160 0.01

NRS (Neck pain) Preop 4134290 3.22+£3.12 043
Postop 3.88+2.69 2.59+2.60 0.19

PCS Preop 23.14£225 251177 0.77
Postop 33.8+£109 33.8+£185 0.99

NDI Preop 41.0£14.7 372177 0.58
Postop 373+187 257+£154 0.06

EQ5D Preop 051+£0.13 057+£0.19 0.41
Postop 059+0.14 069+0.18 0.13

JOA score Preop 104+£1.92 10.8+£2.29 0.62
Postop 13.0£3.06 140+£2.15 0.24

JOARR 4764352 4894319 0.91

The bold value indicates considered significant (P < 0.05). SVA sagittal vertical axis, NRS numeric rating scale, PCS physical component summary, NDI neck disability

index, EQ5D Euro QOL 5 dimensions, JOA Japanese Orthopedic Association, JOARR recovery rate of the JOA score
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Table 4 Comparison of preoperative and postoperative clinical outcomes based on postoperative T1S-CL
Mismatch group (N=21) Match group (N=79) P value
Age, y, mean=£SD 70.7+£7.18 659+10.6 0.55
Follow up period, mo, mean £ SD 2714199 3254213 0.23
Sex (male/female), n 16/5 51/28 032
C2-C7 angle (degrees) Preop 8524792 1784118 <0.01
Postop -0.12+11.2 188£11.1 <0.01
T1 slope angle (degrees) Preop 26.14+8.99 2444815 045
Postop 2964109 25348.67 011
T15-C27 angle (degrees) Preop 176+£827 6.63+845 <0.01
Postop 29.7+821 649+7.76 <0.01
C2-C7SVA (mm) Preop 327+£134 2294135 <0.01
Postop 4564175 234+137 <0.01
NRS (Neck pain) Preop 3.62+3.04 3.20+£3.12 0.59
Postop 3294283 2.53+£256 0.25
PCS Preop 204+184 26.1+£179 0.21
Postop 345+109 33.7+£195 0.86
NDI Preop 4044209 36.84+16.5 041
Postop 3304158 2484156 0.04
EQ5D Preop 049+0.22 0.59+0.19 0.04
Postop 061014 0.71£0.19 0.02
JOA score Preop 9.95+2.89 10.9+£2.03 0.07
Postop 13.24£259 141+£2.10 0.09
JOARR 449+£318 4994322 0.55

The bold value indicates considered significant (P <0.05). SVA sagittal vertical axis, NRS numeric rating scale, PCS physical component summary, NDI neck disability
index, EQ5D Euro QOL 5 dimensions, JOA Japanese Orthopedic Association, JOARR recovery rate of the JOA score

and a more prominent CL is required in such patients.
The relationship between high T1 slope and increased
CL is further supported by the fact that patients with a
higher T1 slope demonstrated a higher incidence of post-
operative interlaminar bony fusion in patients undergo-
ing laminoplasty, possibly because such patients should
have increased CL to maintain their head position [11].
Oshima et al. [12] reported that patients with larger
C7-SVA showed poor patient-reported outcomes before
and after surgery after adjusting for age using propensity
scores. They also observed that although patients with a
global imbalance also demonstrated cervical imbalance,
which was considered the reason for the poor outcomes
in such patients, the improvement of PROs was not dif-
ferent. As a result, they insisted on preserving the poste-
rior supporting musculature particularly in patients with
sagittal imbalance. Nonetheless, patients should have an
adequate degree of CL dependent on the magnitude of
thoracolumbar sagittal imbalance.

Additionally, it is reasonable to investigate the influence
of T1S-CL on surgical outcomes after cervical surgery.
According to past reports, an excellent T1S-CL value
was proposed to be 16° in patients with spinal deform-
ity [13]. Iyer et al. [14] have also shown that T1S-CL was

correlated with decreasing preoperative NDI in patients
undergoing cervical spine surgery. In patients undergoing
LP, several past reports have investigated the influence of
T1S-CL on surgical outcomes. For example, Chen et al.
[6] investigated the impact of T1S-CL on postoperative
neck pain (>4 in VAS score) in 85 patients undergo-
ing double-door laminoplasty. They reported that 20° of
T1S-CL and 2.89 cm cervical SVA were considered cut-
off values of postoperative neck pain. Rao et al. [5] simi-
larly set the cut-off value of preoperative T1S-CL as 20°
and investigated the influence on surgical outcomes after
open-door laminoplasty. Consequently, they reported
that patients with preoperative T1S-CL>20° demon-
strated a postoperative kyphotic deformity. Hence, these
reports concluded that patients with preoperative T1S-
CL>20° should not undergo cervical laminoplasty to
avoid postoperative cervical kyphotic changes. The cur-
rent study divided the patients into two groups based
on their T1S-CL mismatching (>20°). Although patients
in the postoperative T1S-CL mismatching group had
lower EQ5D or NDI values, preoperative T1S-CL did
not affect the surgical outcomes. One possible reason
for the discrepancy between our study and past reports
was that our study excluded cases of patients with severe



Sakamoto et al. BMC Musculoskeletal Disorders (2022) 23:810

preoperative kyphosis. Most of the patients had preop-
eratively cervical lordosis, and only 8% showed preop-
erative T1S-CL mismatch, which could have affected
the statistical results. Nevertheless, a significant cor-
relation between pre- and postoperative T1S-CL values
was observed (r=0.59). Interestingly, the results differed
when we divided the patients based on their postopera-
tive T1S-CL value. We observed that patients with T1S-
CL mismatches demonstrated poorer surgical outcomes,
which we consider reasonable because postoperative
radiographic parameters more accurately represented
the postoperative state of patients’ HRQOL. From the
results of our study, we did not consider LP as contrain-
dicative in patients with preoperative T1S-CL mismatch
in case they did not have severe kyphosis of the cervical
spine. Yet, considering that the correlation between pre-
and postoperative T1S-CL values was relatively strong,
patients with preoperative T1S-CL mismatch are pro-
posed to develop postoperative T1-CL mismatch. Thus,
surgeons should carefully preserve posterior supporting
structures, such as semispinalis muscles attaching to C2
and nuchal ligaments connecting to C7.

This study focused on the degree of T1S-CL because
we considered that the preoperative degree of cervical
lordosis, not cervical sagittal balance, would influence
the effectiveness of posterior decompression surgery.
However, a T1S-CL mismatch >20° was reported to be
related to C2-C7 SVA >40 mm, which is considered the
threshold of cervical deformity [15, 16]. Indeed, several
reports have also demonstrated the possible involvement
of regional cervical balances in surgical LP outcomes. For
example, cervical SVA was initially reported to be related
to surgical results after a posterior fixation surgery of the
cervical spine, showing that patients with postoperative
cervical SVA of 40 mm or more had worse NDI scores.
Similarly, Kato et al. reported that patients with preop-
erative cervical SVA of 35 mm or more expressed worse
neck pain and SF-36 scores after cervical LP [17]. In their
study, although cervical balance did not aggravate after
surgery, cervical posture was considered to affect postop-
erative neck pain and HRQOL. Moreover, Sakai et al. [18]
showed that sagittal cervical imbalance (center of gravity
of the head >42 mm) was the preoperative risk factor for
kyphotic deformity after LP for CSM. These reports indi-
cated surgical results based on postoperative neck pain
or HRQOL, which can differ from the symptoms directly
related to cervical myelopathy. Nevertheless, it should
be noted that postoperative cervical kyphosis can occur
after cervical laminoplasty in patients with a large cervi-
cal SVA or T1S-CL mismatch.

There are several limitations in this study. First, it is
important to recognize that this study used a retrospec-
tive design. Second, the sample size was relatively small.
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Third, our sample lacked patients with severe cervical
kyphosis (>10°). Therefore, further prospective studies
should provide sufficient evidence for treating patients
with DCM.

Conclusions

Although cervical LP showed inferior outcomes in
patients with postoperative T1S-CL mismatch even
in the absence of severe preoperative kyphosis (>10°),
preoperative T1S-CL mismatch was not adversely
prognostic.
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