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Influence of Preoperative T1-Slope and Cervical Sagittal 
Vertical Axis on Postoperative Cervical Sagittal Alignment 

Following Posterior Cervical Laminoplasty
NINAD BHAT, BS1; SHANE BURCH, MD1; BOBBY TAY, MD1; SIGURD H. BERVEN, MD1; VEDAT DEVIREN, MD1; 

AND ALEKOS A. THEOLOGIS, MD1

1Department of Orthopaedic Surgery, University of California - San Francisco (UCSF), San Francisco, CA, USA

ABSTRACT
Background:  Assess correlation between preoperative cervical sagittal alignment (T1 slope [T1S] and C2-C7 cervical 

sagittal vertical axis [cSVA]) and postoperative cervical sagittal balance after posterior cervical laminoplasty.
Methods:  Consecutive patients who underwent laminoplasty at a single institution with >6 weeks postoperative follow-

up were divided into 4 groups based on preoperative cSVA and T1S (Group 1: cSVA <4 cm/T1S <20°; Group 2: cSVA ≥4 cm/
T1S ≥20°; Group 3: cSVA <4 cm/T1S ≥20°; Group 4: cSVA <4 cm/T1S <20°). Radiographic analyses were conducted at 3 
timepoints, and changes in cSVA, C2-C7 cervical lordosis (CL), and T1S -CL were compared.

Results:  A total of 214 patients met inclusion criteria (28 patients had cSVA <4 cm/T1S <20° [Group 1]; 47 patients 
had cSVA ≥4 cm/T1S ≥20° [Group 2]; 139 patients had cSVA <4 cm/T1S ≥20° [Group 3]). No patients had cSVA ≥4 cm/T1S 
<20° (Group 4). Patients either had a C4-C6 (60.7%) or C3-C6 (39.3%) laminoplasty. Mean follow-up was 1.6 ± 1.32 years. 
For all patients, mean cSVA increased 6 mm postoperatively. cSVA significantly increased postoperatively for both groups with 
a preoperative cSVA <4 cm (ie, Groups 1 and 3 [P < 0.01]). For all patients, mean CL decreased 2° postoperatively. Groups 1 
and 2 had significant differences in preoperative CL but nonsignificant differences at 6 weeks (P = 0.41) and last follow-up (P 
= 0.06).

Conclusion:  Cervical laminoplasty resulted in a mean decrease in CL. Patients with high preoperative T1S, irrespective 
of cSVA, were at risk of loss of CL postoperatively. While patients with low preoperative T1S and cSVA <4 cm experienced a 
decrease in global sagittal cervical alignment, CL was not jeopardized.

Clinical Relevance:  The results of this study may facilitate preoperative planning for patients undergoing posterior 
cervical laminoplasty.

Level of Evidence:  3.

Cervical Spine

Keywords: cervical laminoplasty, sagittal alignment, cervical lordosis, T1 slope, SVA

INTRODUCTION

Posterior cervical laminoplasty is a common surgical 
technique to address cervical spinal cord compression 
secondary to cervical spondylosis and ossification of 
the posterior longitudinal ligament. Its use is typically 
reserved for patients with minimal neck pain, multi-
level pathology, and preserved cervical lordosis (CL).1,2 
As loss of CL after posterior cervical laminoplasty 
may jeopardize clinical outcomes,3 a comprehensive 
understanding of risk factors for loss of cervical sag-
ittal alignment after the operation is important. While 
several risk factors for the loss of CL after posterior 
cervical laminoplasty have been identified,3–5 the rela-
tionship between preoperative cervical alignment and 
postoperative cervical alignment in patients undergoing 
cervical laminoplasty has not been fully explored. As 

such, the goal of this investigation is to assess changes 
in cervical alignment after cervical laminoplasty based 
on preoperative cervical alignment, particularly sever-
ity of cervical sagittal vertical axis (cSVA) and T1 slope 
(T1S).

METHODS

Patient Cohort

After Institutional Review Board approval at our 
institution, consecutive patients who underwent poste-
rior cervical laminoplasty between January 2008 and 
September 2018 were identified. Patients included for 
analysis were those with no prior cervical spine surgery, 
complete radiographic data, and minimum 6-week fol-
low-up.
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Radiographic Analysis

Radiographic analysis was performed on lateral 
radiographs of the cervical spine taken in the neutral 
position at 3 timepoints: preoperative, 6-week fol-
low-up, and last follow-up. The following 3 sagittal 
alignment parameters were measured for each patient 
at each timepoint (Figure):

1.	 C2-C7 sagittal vertebral angle
2.	 C2-C7 lordosis by Cobb’s method
3.	 T1S

Differences between the C2-C7 Cobb and T1S 
were calculated for each patient at each timepoint by 
subtracting the T1S from C2-C7 lordosis.

Patients were divided into the following 4 groups 
based on the degree of the cSVA and T1S:

1.	 SVA <40 mm, T1S <20°
2.	 SVA ≥40 mm, T1S ≥20°
3.	 SVA <40 mm, T1S ≥20°
4.	 SVA >40 mm, T1S ≤20°

Statistical Analysis

Means and SDs were calculated for each radiographic 
parameter at each time point for the different cohort of 
patients. Using Microsoft Excel, paired t tests and anal-
ysis of variance tests were used to compare changes in 
radiographic parameter. A P value <0.05 was used for 
statistical significance.

RESULTS

A total of 341 patients underwent posterior cervical 
laminoplasty in the time frame studied. Of these 341 
patients, 214 patients met inclusion criteria (134 men, 
80 women; mean age 63.5 ± 12.0 years, range 20–86 
years). There were 28 patients who had cSVA <4 cm/
T1S <20° (Group 1). Forty-seven patients had cSVA ≥4 
cm/T1S ≥20° (Group 2), and 139 patients had cSVA <4 
cm/T1S ≥20° (Group 3). No patients had cSVA ≥4 cm/
T1S <20° (Group 4). Mean follow-up was 1.6 ± 1.32 
years (range 0.3–10.8 years). All patients underwent 
multilevel laminoplasty, with the most common levels 
treated being C4-C6 (60.7%) and C3-C6 (39.3%).

Data for preoperative and postoperative cervical 
alignment for the entire cohort and for the 3 subgroups 
are presented in the Table. For the entire cohort, average 
cSVA was <4 cm. When comparing groups, it was 
found that there were significant differences between 
all groups at each timepoint for cSVA. After the oper-
ations, average cSVA significantly increased for the 
entire cohort (average increase of 6.2 mm between pre-
operative and last postoperative measurements). For 
Group 1 (cSVA <4 cm/T1S <20°), there was a signif-
icant increase in cSVA after the operation (2.0 cm pre-
operative to 2.6 cm at latest follow-up). Similarly, there 
was a significant increase in cSVA (2.7 cm preoperative 
to 3.4 cm at latest follow-up) for Group 3 (cSVA <4 cm/
T1S ≥20°). For Group 2 (cSVA ≥4 cm/T1S ≥20°), there 
were no significant changes in cSVA after the operation.

The average preoperative C2-C7 CL for the entire 
group was 16°. After the operation, average CL 

Figure.  Representative cervical alignment radiographic parameters. SVA, sagittal vertical axis.
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decreased (average decrease of 1.9° between preop-
erative and last postoperative measurements). When 
comparing groups, it was found that there were no 
differences in preoperative CL between Groups 2 and 
3 (patients with T1S ≥20°). Group 1 (cSVA <4 cm/
T1S <20°) had a significantly greater preoperative 
CL compared with Group 2 (cSVA ≥4 cm/T1S ≥20°), 
but nonsignificant differences at 6 weeks (P = 0.41) 
and last follow-up (P = 0.06). Compared with pre-
operative, Group 1 (cSVA <4 cm/T1S <20°) showed 
a mean increase in CL of 2°, and patients with T1S 
≥20° (Groups 2 and 3) showed a mean decrease of 2° 
and 3°, respectively, at latest follow-up.

DISCUSSION

Posterior cervical laminoplasty is a common sur-
gical technique utilized to decompress the cervical 
spinal cord with the goal to improve neurologic func-
tion and reduce pain.6,7 As postoperative CL has been 
shown to be correlated with postsurgical neck pain 
and disability,3 the goal of this investigation was to 
assess the influence of preoperative cervical align-
ment, particularly severity of cSVA and T1S, on post-
operative cervical sagittal alignment. This study had 
2 major findings: (1) patients with high preoperative 
T1S, irrespective of cSVA, were at risk of loss of CL 

postoperatively; and (2) patients with low preopera-
tive T1S and cSVA <4 cm experienced a decrease in 
global sagittal cervical alignment without jeopardiz-
ing CL. These results are in concordance with and 
also add a unique dimension to the current literature 
on sagittal alignment following posterior cervical 
laminoplasty.

Changes in the sagittal profile following cervical 
posterior laminoplasty have been an area of great 
interest and investigation.8 As loss of sagittal cervical 
alignment is purported to jeopardize clinical outcomes, 
several studies have attempted to assess preoperative 
factors that predict the loss of CL following poste-
rior cervical laminoplasty. Historically, the leading 
theories regarding loss of CL after laminoplasty cen-
tered around magnitude of CL. For example, Suk et 
al identified 3 preoperative risk factors that predicted 
postoperative kyphosis: (1) preoperative neutral posi-
tion lordotic angle <10°, (2) preoperative diagnosis 
of cervical spondylotic myelopathy, and (3) a preop-
erative kyphotic angle during flexion that is greater 
than the extension lordotic angle.4 However, within 
this model, effects on changes on CL were mixed, 
likely due to the fact that other parameters of cervical 
sagittal alignment, including cSVA and T1S, were not 
considered.

Table.  Patient subgroups based on cervical SVA and T1S.

Variables
All Patients

(n = 214)

SVA <4 cm,
T1 <20°
(n = 28)

SVA ≥4 cm
T1 ≥20°
(n = 47)

SVA <4 cm
T1 ≥20°
(n = 139) P

Age, y, mean ± SD  
(min-max)

63.5 ± 11.9
(20–86)

58.5 ± 14.9
(20–79)

64.8 ± 10.8
(40–84)

64.1 ± 11.5
(30–86)

>0.05

Gender
 � Men 134 12 38 84 >0.05
 � Women 80 16 9 55
Follow-up, y, mean ± SD  

(min-max)
1.6 ± 1.3

(0.3–10.8)
1.76 ± 1.5
(0.3–6.7)

1.7 ± 1.2
(0.4–5.4)

1.6 ± 1.3
(0.3–0.8)

>0.05

SVA
 � Preoperative 31.4 ± 13.9 20.2 ± 9.4 51.1 ± 9.0 27.0 ± 8.6 <0.01
 � 6-wk PO 39.4 ± 16.0 27.4 ± 11.0 57.1 ± 17.3 36.4 ± 11.4 <0.01
 � Last PO 37.6 ± 15.5 26.1 ± 10.9 55.1 ± 16.4 34.0 ± 12.8 <0.01
 � P <0.01 0.01 0.26 <0.01
C2-C7 lordosis
 � Preoperative 16.4 ± 11.5 7.9 ± 5.2 16.2 ± 11.1 18.2 ± 11.9 <0.01
 � 6-wk PO 12.1 ± 9.6 11.6 ± 11.3 13.8 ± 9.6 11.7 ± 9.2 >0.05
 � Last PO 14.5 ± 10.7 10.4 ± 7.9 14.4 ± 10.0 15.3 ± 11.3 >0.05
 � P <0.01 0.12 0.12 <0.01
T1S
 � Preoperative 31.2 ± 11.3 14.4 ± 5.3 39.4 ± 9.6 31.8 ± 9.0 <0.01
 � 6-wk PO 28.1 ± 11.7 16.5 ± 7.9 34.7 ± 10.4 28.7 ± 10.8 <0.01
 � Last PO 30.3 ± 10.8 17.5 ± 7.1 37.1 ± 10.0 30.6 ± 9.3 <0.01
 � P 0.19 0.23 0.11 0.08
T1-(C2-C7 lordosis)
 � Preoperative 14.8 ± 10.3 6.5 ± 7.7 22.2 ± 8.1 13.7 ± 9.6 <0.01
 � 6-wk PO 16.0 ± 12.5 4.7 ± 13.3 20.9 ± 11.6 17.0 ± 11.0 <0.01
 � Last PO 15.9 ± 12.4 7.1 ± 9.1 22.7 ± 11.6 15.9 ± 12.4 <0.01
 � P 0.57 0.11 0.75 0.14

Abbreviations: PO, postoperative; SVA, sagittal vertical axis; T1S, T1 slope.
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More recently, the importance of cSVA and T1S on 
cervical alignment following laminoplasty has gained 
greater appreciation. For example, in an investigation 
of 174 patients without preoperative kyphotic align-
ment, Sakai et al found that an SVA measurement >4.2 
cm measured from the center of gravity of the head to 
C7 and advanced age (>75 years) were predictors of 
postoperative kyphotic alignment following lamino-
plasty.9 In a retrospective review of 49 patients who 
underwent open door laminoplasty, Lee et al noted 
that laminoplasty has a high probability of resulting 
in loss of CL, and that the T1S was significantly asso-
ciated with change in the postoperative Cobb angle.10 
Specifically, it was reported that patients with higher 
T1Ss demonstrated loss of CL postoperatively.10 
Miyazaki et al and Kim et al also demonstrated that 
loss of CL after laminoplasty is significantly cor-
related with preoperative T1S.11,12 Our findings cor-
roborate these results, as we found that patients with 
high T1Ss (>20°), irrespective of the global sagittal 
cervical alignment (cSVA), demonstrate significant 
decreases in CL and cSVA postoperatively compared 
with patients with low T1Ss.

In contrast to the patients with high T1Ss, patients 
in our study with low T1Ss demonstrated an improve-
ment, albeit slight, in CL after the operation. While 
the low T1S patients had a significant increase in 
cSVA, the average cSVA remained <4 cm. This high-
lights the notion that the preservation and improve-
ment of CL after laminoplasty are most likely related 
to alignment of the thoracolumbar spine (ie, thoracic 
kyphosis), as manifested in the T1S.

Our study’s findings should be considered in the 
context of its limitations. Notably, there is heteroge-
neity in the study population with regard to age at the 
time of surgery and follow-up time. However, as all 
patients had 6-week postoperative radiographs, and 
that changes in the radiographic alignment parame-
ters between 6 weeks and last follow-up are not sig-
nificantly different, heterogeneity in latest follow-up 
likely does not influence the results. Other limitations 
include variations in levels of laminoplasty performed 
and by whom. Last, while the absence of clinical out-
comes may be considered a limitation, the goal of this 
study was to purely assess radiographic changes in 
sagittal alignment after laminoplasty based on varia-
tions in preoperative sagittal alignment.

CONCLUSION

We anticipate that the results of this study will 
assist in the preoperative planning and counseling of 

patients for whom posterior cervical laminoplasty is 
considered.
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