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Abstract
Purpose Thoracic inlet angle (TIA) is a sagittal radiographic parameter with a constant value regardless of posture and is 
significantly correlated with the sagittal balance of the cervical spine. However, the practical use of TIA has not been studied. 
This study aimed to investigate the usefulness of the preoperative TIA for predicting the development of kyphotic deformity 
after cervical laminoplasty in comparison to the preoperative T1 slope (T1S).
Methods A total of 98 patients who underwent cervical laminoplasty without preoperative kyphotic alignment were included 
(mean age, 73.7 years; 41.8% female). Radiography was evaluated before surgery and at the 2-year follow-up examination. 
The cervical sagittal parameters were measured on standing radiographs, and the TIA was measured on T2-weighted MRI 
in a supine position. Cervical alignment with a C2–C7 angle of ≥ 0° was defined as lordosis, and that with an angle of < 0° 
was defined as kyphosis.
Results Postoperative kyphosis occurred in 11 patients (11.2%). Preoperatively, the kyphosis group showed significantly 
lower values in the T1S (23.5° vs. 30.3°, p = 0.034) and TIA (76.1° vs. 81.8°, p = 0.042). We performed ROC curve analysis 
to clarify the impact of the preoperative TIA and T1S on kyphotic deformity after laminoplasty. The optimal cutoff angles 
for TIA and T1S were 68° and 19°, respectively, with similar diagnostic accuracy.
Conclusion This study demonstrated the clinical utility of the preoperative TIA for predicting the risk of postoperative 
kyphotic deformity after cervical laminoplasty. These findings suggest the importance of the preoperative assessment of 
thoracic inlet alignment in cervical spine surgery.

Keywords Thoracic inlet angle · T1 slope · Cervical laminoplasty · Postoperative kyphotic deformity · Cervical sagittal 
alignment

Introduction

The thoracic inlet angle (TIA), proposed by Lee in 2012, is a 
morphologic parameter that correlates with cervical sagittal 
alignment. Owing to the rigidity of the rib cage, TIA is con-
sidered a constant value specific to each patient regardless 
of his/her posture [1]. Prior studies have shown concordance 
between TIA values measured on radiographs in a stand-
ing position and magnetic resonance imaging (MRI) in a 
supine position [2, 3]. Although TIA has been considered 

an important parameter of cervical alignment, similar to the 
pelvic incidence in lumbo-pelvic alignment [4], the practical 
utility of the TIA has not been well characterized.

Kyphotic deformity is a common complication after 
cervical laminoplasty with a reported incidence of up to 
10% [5]. Kyphotic deformity may result in severe neck 
pain after surgery, neurological dysfunction, and even 
reoperation [6–8]. The preoperative T1 slope (T1S) in 
a standing position or its substitute C7 slope (C7S) are 
the radiographic parameters that are most frequently 
investigated in relation to the prediction of postoperative 
kyphotic deformity [9]; however, these parameters are 
often difficult to evaluate because of poor visibility of the 
endplates with overlying anatomical structures such as 
shoulder blades or the presence of severe myelopathy that 
precludes assessment in a standing position. Therefore, 
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more practical parameters that are not affected by patients’ 
physique and neurological status are needed.

In this study, we evaluated the preoperative TIA on MRI 
in a supine position in patients who underwent cervical 
laminoplasty. The purpose of this study was to investigate 
the usefulness of the TIA for predicting the development 
of kyphotic deformity after cervical laminoplasty in com-
parison to other radiographic parameters.

Materials and methods

Study design and settings

This retrospective, single-center study included patients 
who underwent cervical laminoplasty for cervical spine 
myelopathy (CSM) and ossification of the posterior lon-
gitudinal ligament (OPLL) between January 2013 and 
December 2018. All patients were enrolled if they met 
the following inclusion criteria for this study: (1) received 
both MRI and standing radiography, (2) preoperative lor-
dotic or straight sagittal alignment (C2–C7 angle  ≥ 0°), 
(3) open-door expansive laminoplasty without posterior 
fusion and (4) a minimum follow-up period of 2 years. 
The exclusion criteria were as follows: (1) the presence 
of rheumatoid arthritis, neuromuscular diseases, mental 
disorders, electrolyte abnormalities, or hemodialysis, (2) 
loss to follow-up or incomplete data, and (3) inability to 
undergo radiographic evaluation in a standing position due 
to difficulty standing without any support (Fig. 1).

This study was designed and conducted according to 
the ethical principles of the Declaration of Helsinki. The 
research protocol was approved by our institutional review 
board (approval number: HS2019-117), and informed con-
sent was obtained from all of the patients.

Demographic data collection

Demographic data were collected, including age, sex and 
Japanese Orthopaedic Association cervical myelopathy 
(JOA) score.

Radiographic outcomes

The sagittal radiographic parameters included the C2–C7 
cervical lordotic angle (C2–C7A), C2–C7 sagittal vertical 
axis (cSVA), neck tilt (NT) and T1S in a standing position. 
TIA was defined as the angle formed by a line from the 
center of the T1 upper endplate (T1UEP) vertical to the 
T1UEP and a line connecting the center of the T1UEP and 
the upper end of the sternum [1]. TIA was also measured on 
T2-weighted MRI in a supine position. The global sagittal 
balance included the sagittal vertical axis (SVA) and the T1 
pelvic angle (TPA) on whole-spine radiographs in a standing 
position. The measurements of the parameters are shown in 
Fig. 2. In the present study, cervical alignment with a C2–C7 
angle ≥ 0° was defined as lordosis, and that with an angle 
of < 0° was defined as kyphosis [10, 11].

The primary outcome of this study was the development 
of postoperative kyphosis, which was determined based on a 
lateral radiograph obtained through two years of postopera-
tive follow-up.

Surgical technique and management 
of the posterior tension band for open‑door 
expansive laminoplasty

Cervical laminoplasty, clinically characterized by multi-
level simultaneous decompression, has been widely used 
and has resulted in favorable outcomes for the treatment 
of cervical myelopathy [12]. Open-door expansive lamino-
plasty was performed for all patients in this study. The C4-6 
laminae received open en-bloc with C7 rostral-side and C3 

Fig. 1  Flow diagram of patient 
enrollment. CSM cervical spine 
myelopathy; OPLL ossification 
of the posterior longitudinal 
ligament

98 patients included in the final cohort

123 Patients who underwent cervical laminoplasty for CSM or OPLL in 2013-2018 

25 excluded: 
Preoperative Cervical Kyphotic Alignment (n = 4)

Rheumatoid Artritis (n = 3)
Lost Follow-Up (n = 3)
Incomplete Date (n = 7)

Inability to Undergo Radiograph in a Standing Position (n = 8)

Postoperative kyphosis group
(n = 11)

Non-kyphosis group
(n = 87)
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caudal-side laminotomy or C3 laminectomy. The insertions 
of the deep extensor musculature and the nuchal ligament 
into the C2 and C7 spinous processes were meticulously pre-
served to maintain cervical lordotic alignment after surgery 
[13]. Mini-plates were used to maintain the opening of the 
laminae. The mini-plates were anchored with screws at the 
lateral mass and opened lamina. Incisions were closed with 
absorbable sutures in the skin layer after repairing the nuchal 
ligament, and a sterile dressing was placed. The duration of 
cervical collar placement was one week after surgery.

Statistical analyses

The Mann‒Whitney U test was used for the comparison of 
continuous variables. Fisher’s exact probability test was used 
for the comparison of categorical variables. Receiver operating 
characteristic (ROC) curves of the candidate parameters were 

generated, and areas under the curve (AUCs) were calculated 
to identify the accuracy and reliability of these parameters for 
predicting the development of postoperative kyphosis. High, 
moderate and low accuracy was defined as AUCs of > 0.9, 
0.7–0.9, and 0.5–0.7, respectively, while an AUC of < 0.5 was 
defined as a chance result.

All statistical analyses were conducted using the EZR soft-
ware program (version 1.41.1, Saitama Medical Center, Jichi 
Medical University, Saitama, Japan) [14]. P values of < 0.05 
were considered to indicate statistical significance, and the 
variance was the standard deviation.

TIA

T1S

NT

C2-C7A

TPA

SVA
cSVA

A C B

Fig. 2  Measurement of sagittal parameters. A The sagittal radio-
graphic parameters in a standing position. C2–C7 cervical lordotic 
angle (C2–C7A) was measured by the Cobb method, it was defined as 
the angle formed between the horizontal line of the C2 lower endplate 
and the horizontal line of the C7 lower endplate. T1 Slope (T1S) was 
defined as the angle formed between the horizontal plane and the T1 
upper endplate (T1UEP). Neck Tilt (NT) was defined as the angle 
formed between a vertical line of the sternum tip and a line drawn 
from the sternum tip through the center of the T1UEP. C2–C7 sagittal 
vertical axis (cSVA) was defined as the distance between the plumb 
line through the C2 center and the plumb line of the posterior of C7 

upper endplate. B T2-weighted MRI in a supine position. Thoracic 
inlet angle (TIA) was defined as the angle formed between a line 
from the center of the T1UEP vertical to the T1UEP and a line con-
necting the center of the T1UEP and the upper end of the sternum. C 
Whole-spine radiographs in a standing position. Sagittal vertical axis 
(SVA) was defined as the distance between the plumb line through 
the C7 center and the plumb line of the posterior of S1 upper end-
plate. T1 pelvic angle (TPA) was defined the angle formed between 
a line from the center of T1 to the femoral heads and a line from the 
femoral heads to the center of S1 upper endplate
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Results

Patients

A total of 98 patients without preoperative kyphotic align-
ment were included in this study (mean age, 73.7 [range, 
65–90] years; 41.8% female) (Table 1). Postoperative kypho-
sis occurred in 11 patients (11.2%). The age, sex, and JOA 
score were comparable between the two groups.

Radiographic parameters at baseline

Preoperatively, the cSVA and NT were comparable between 
the kyphosis and nonkyphosis groups (cSVA, 24.2 mm vs. 
25.2 mm; NT, 51.3° vs. 53.2°) (P > 0.05) (Table 2). The 
kyphosis group showed significantly lower values in the 
C2–C7A (4.2° vs. 16.5°, p < 0.001), T1S (23.5° vs. 30.3°, 
p = 0.034) and TIA (76.1° vs. 81.8°, p = 0.042) than the 
nonkyphosis group. The global sagittal balance, includ-
ing the SVA and TPA, was comparable between the two 
groups (SVA, 29.1 mm vs. 43.5 mm; TPA, 17.3° vs. 18.3°) 
(P > 0.05).

Correlations of parameters

We performed a correlation coefficient test to explore the 
correlation between TIA and other parameters (Fig. 3). There 

were positive correlations between TIA and other param-
eters, and the correlation coefficients of T1S, C2–C7A, NT 
and cSVA were 0.43, 0.24, 0.52 and 0.44, respectively.

Risk factor analyses

We compared the ROC curves to evaluate the predictive 
ability of the TIA and T1S as preoperative radiographic 
parameters (Fig. 4). The preoperative TIA and T1S had 
similar diagnostic accuracy as predictors of postoperative 
kyphosis (TIA, AUC = 0.68, 95% CI = 0.49 to 0.86; T1S, 
AUC = 0.70, 95% CI = 0.49 to 0.91, DeLong test: P = 0.83).

Next, we performed an ROC curve analysis to clarify 
the impact of the preoperative TIA and T1S on kyphotic 
deformity after laminoplasty. The optimal cutoff angles of 
the TIA and T1S were 68° (sensitivity = 0.33 and specific-
ity = 0.97) and 19° (sensitivity = 0.5 and specificity = 0.89), 
respectively.

Discussion

This study revealed the clinical utility of preoperative TIA 
for predicting the risk of postoperative kyphotic deformity 
after cervical laminoplasty in comparison to the T1S. A pos-
itive correlation was found between TIA measured by MRI 
in the supine position and other sagittal parameters meas-
ured on a standing radiograph, with the parameters showing 

Table 1  Demographic date

SD standard deviation; JOA score Japanese orthopaedic association score

Whole cohort 
(N = 98)

Kyphosis (N = 11) Non-kyphosis 
(N = 87)

P value

Age, mean (SD) 73.7 (5.3) 74.2 (6.5) 73.6 (5.2) 0.68
Sex, no. (%) 0.76
 Male 57 (58) 8 (73) 49 (56)
 Female 41 (42) 3 (27) 28 (44)

JOA score, mean (SD) 9.9 (2.8) 10.3 (3.4) 9.8 (2.7) 0.63

Table 2  Radiographic analysis

Date were presented as mean ± standard deviation
cSVA C2–C7 sagittal vertical axis; T1S T1 slope; TIA thoracic inlet angle; SVA sagittal vertical axis
* P value < 0.05 between the kyphosis and nonkyphosis groups

Whole cohort (N = 98) Kyphosis (N = 11) Non-kyphosis (N = 87) P value

cSVA (mm) 25.1 ± 16.9 24.2 ± 23.2 25.2 ± 16.1 0.86
C2–C7 angle (°) 15.1 ± 10.6 4.2 ± 3.1 16.5 ± 10.4  < 0.001*
T1S (°) 29.5 ± 9.9 23.5 ± 14.5 30.3 ± 9.1 0.03*
TIA (°) 81.2 ± 8.7 76.1 ± 10.2 81.8 ± 8.3 0.04*
Neck tilt (°) 52.9 ± 9.4 51.3 ± 12.1 53.2 ± 9.0 0.52
T1 pelvic angle (°) 18.2 ± 11.1 17.3 ± 12.8 18.3 ± 11.0 0.77
SVA (mm) 41.9 ± 42.2 29.1 ± 50.9 43.5 ± 41.1 0.29



1183European Spine Journal (2024) 33:1179–1186 

similar accuracy in predicting postoperative kyphosis. The 
optimal cutoff angles of the TIA and T1S were 68° and 19°, 
respectively.

Postoperative kyphotic deformity and radiographic 
parameters

Postoperative kyphotic deformity is one of the major com-
plications after cervical laminoplasty. Postoperative cer-
vical sagittal imbalance, including kyphotic deformity, is 
associated with neck pain, neurological deterioration and 
functional disability, such as difficulty in forward gazing [7, 

8, 15, 16]. Previous studies reported that postoperative cervi-
cal kyphotic deformity occurred in approximately 5–10% of 
patients after cervical laminoplasty [5]. Although there are 
various factors that cause postoperative cervical kyphotic 
deformity, several studies have reported parameters for pre-
dicting postoperative kyphosis. The optimal cutoff value 
of preoperative C2–C7A for predicting postlaminoplasty 
kyphosis has been reported to be 7–10° in patients without 
preoperative kyphotic alignment [10, 17]. Sakai et al. [18] 
reported that the center of gravity of the head to the C7 
SVA ≥ 42 mm was a risk factor for postoperative kypho-
sis. The T1S was also a useful parameter for predicting 
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Fig. 3  Correlation between the TIA and other parameters. There 
were weak or moderate positive correlations between TIA and other 
parameters. A The correlation coefficient between TIA and T1A was 

0.43. B The correlation coefficient between TIA and NT was 0.52. C 
The correlation coefficient between TIA and C2–C7 A was 0.24. D 
The correlation coefficient between TIA and cSVA was 0.44
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postoperative kyphosis [19]. When postoperative kypho-
sis was defined as the loss of the cervical lordotic angle, a 
high T1S was associated with a higher risk of postoperative 
kyphosis [20]. Furthermore, the T1S is not only a predictor 
of postoperative kyphosis but also an important factor in 
determining the sagittal balance of the cervical spine [4, 21]. 
However, T1UEP, an element of the T1S, can be difficult to 
visualize on radiographs due to overlying anatomical struc-
tures [22]. Tamai et al. [9] reported that 62.2% of T1UEPs 
on radiographs were invisible. They also reported that the 
C7S could potentially be substituted for the T1S, but that 
6.7% of C7 upper endplates were similarly invisible.

Clinical utility of the TIA in spine surgery

In this study, we proposed the alternative use of the TIA 
when the T1S or C7S was difficult to evaluate. The advan-
tages of TIA is that it is an anatomical parameter that is 
unaffected by posture. This characteristic is similar to pel-
vic incidence (PI) in spinal-pelvic parameters, suggest-
ing that TIA could be used to predict the innate cervical 
lordotic alignment [1, 4]. The TIA is constant, irrespec-
tive of the patient's position and can be beneficial in cases 
where the evaluation of T1S is challenging due to overlap 
of the upper arm and scapula. Changes in position can 
significantly affect most sagittal parameters, but the TIA 

was the only parameter that did not change with different 
positions [2, 3]. In addition, several studies have reported 
associations between the TIA and other parameters [4, 23].
Yang et al. [24] reported that the TIA minus the C0–C7 
angle may significantly impact cervical alignment, and a 
greater value of TIA minus the C0–C7 angle was related 
to a greater degree of C2–C7 SVA. However, the practical 
use and potential utility of the TIA has not been studied 
and applied in spine surgery.

The present study demonstrated the clinical utility of 
the TIA for predicting the risk of postoperative cervical 
kyphotic deformity after cervical laminoplasty. It could 
be presumed that a low TIA decreases the T1S and that a 
low T1S requires low cervical lordosis to obtain balanced 
cervical sagittal alignment. As a result, patients with a low 
preoperative TIA had a smaller preoperative C2–C7A, and 
a small C2–C7A was associated with the risk of postop-
erative kyphosis, as previously reported [10]. TIA can be 
beneficial in cases where the evaluation of T1S is chal-
lenging due to overlap of the upper arm and scapula. Con-
versely, T1S may be a more precise parameter for evaluat-
ing sagittal alignment in a standing position, taking into 
account the impact of current thoracolumbar alignment on 
the cervical posture. The combination of both parameters 
has the potential to synergize their respective strengths 
and weaknesses.
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Fig. 4  The ROC curve for predicting postoperative kyphosis. 
A The ROC curve of T1S for predicting postoperative kypho-
sis (AUC = 0.70, 95% CI = 0.49 to 0.91). The optimal cutoff angle 
was 19° (sensitivity = 0.5 and specificity = 0.89). B The ROC curve 

of TIA for predicting postoperative kyphosis (AUC = 0.68, 95% 
CI = 0.49 to 0.86). The optimal cutoff angle was 68° (sensitiv-
ity = 0.33 and specificity = 0.97)
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Limitations

The present study is associated with several limitations. 
First, this was a small retrospective cohort study, so larger 
validation studies should be performed to confirm the find-
ings of the present study. Second, we investigated the util-
ity of the TIA alone, without validating its formulae with 
other sagittal parameters. The TIA was conceptualized as 
an analogy to PI in lumbar-pelvic alignment, so the TIA 
might be more effective when combined with other cervical 
sagittal parameters. Third, our study did not assess the risk 
of an excessively large TIA. Previous research has reported 
that postoperative cervical kyphotic alignment changes were 
increased in patients with a large T1S [20]. Therefore, the 
T1S is a parameter that is not suitable if it is too small or 
too large [25], with an optimal range reported to be between 
13° and 25° [19]. It is anticipated that the TIA may exhibit 
similar characteristics, and future research should aim to 
investigate the optimal range of the TIA.

Despite these limitations, we have elucidated the clini-
cal implications of the preoperative TIA regarding the risk 
of postoperative kyphotic deformity. While the current 
study validated the use of the TIA alone, future research 
is anticipated to explore its application in combination 
with other sagittal spine parameters.

Conclusions

This study demonstrated the clinical utility of the preoper-
ative TIA for predicting the risk of postoperative kyphotic 
deformity after cervical laminoplasty in comparison to the 
T1S. These findings suggest the importance of the pre-
operative assessment of the thoracic inlet alignment in 
cervical spine surgery, as the TIA is a feasible and meas-
urable parameter independent of the patient position and 
anatomical structures.
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