
Vol:.(1234567890)

Eur Spine J (2018) 27:1034–1041
https://doi.org/10.1007/s00586-017-5385-z

1 3

ORIGINAL ARTICLE

MRI kinematic analysis of T1 sagittal motion between cervical 
flexion and extension positions in 145 patients

Koji Tamai1,3 · Zorica Buser1 · Permsak Paholpak1 · Kittipong Sessumpun1 · 
Patrick C. Hsieh2 · Hiroaki Nakamura3 · Jeffrey C. Wang1 

Received: 9 May 2017 / Revised: 26 September 2017 / Accepted: 5 November 2017 / Published online: 11 November 2017 
© Springer-Verlag GmbH Germany, part of Springer Nature 2017

independent factor for the negative group (p  =  0.008, 
adjusted odds ratio = 5.958).
Conclusion  Based on T1 sagittal motion, 40% of the 
patients were classified in positive group (the T1 vertebra 
followed the head motion in flexion and extension), and 
20% were classified in the negative group (the T1 vertebra 
moved in the opposite direction from the head motion). T1 
height < 27 mm was a potential predictor of negative group.

Keywords  Kinematic magnetic resonance imaging · T1 
slope · T1 sagittal motion · Cervical sagittal balance · T1 
height

Introduction

Cervical sagittal balance is one of the most critical compo-
nents which affects health-related quality of life (HRQOL) 
and surgical outcomes [1, 2]. Although there are many fac-
tors that can influence the cervical balance [3], T1 vertebral 
body is considered as one of the key players [4, 5]. Orien-
tation of T1 vertebral body has an effect on the amount of 
lordosis required to maintain the sagittal balance of cervi-
cal spine and upright horizontal gaze. Several studies have 
verified the relationship between the surgical outcomes or 
HRQOL and T1 slope, a landmark of spinal sagittal bal-
ance [6–9]. However, little is known about the change in T1 
sagittal motion and T1-related parameters between flexion 
and extension, essential information needed to understand 
the influence of posture on T1 slope. One of the reasons 
for the lack of knowledge is the difficulty to identify the T1 
vertebral body. Upright X-ray films are often used to analyze 
T1-related parameters; however, the T1 vertebral body is not 
clearly seen on the upright cervical X-ray due to the shoulder 
and thoracic trunk interference. Studies have shown that the 

Abstract 
Purpose  Although the T1 vertebra is considered as an 
important factor of cervical balance, little is known about 
its motion between flexion and extension. The purpose of 
present study was to analyze the T1 sagittal motion using 
kinematic magnetic resonance imaging (kMRI), and to iden-
tify factors that relate to T1 sagittal motion.
Methods  We retrospectively analyzed 145 kMR images 
taken in weight-bearing neutral, flexion and extension posi-
tions. Cervical balance parameters were evaluated in each 
position. The degree of T1 sagittal motion was defined as 
[(T1 slope at extension) − (T1 slope at flexion)]. All patients 
were divided into three groups: Positive group (T1 followed 
the head motion, T1 sagittal motion > 5°), Stable group 
(5 ≥, ≥ − 5) and Negative group (T1 moved in the opposite 
direction from the head motion, > − 5). The groups were 
compared and multivariate logistic regression analysis was 
calculated.
Results  There were 57 (40%) patients in the positive, 56 
(39%) in the stable and 32 (22%) in the negative group. The 
positive group had the largest C2–7 sagittal vertical axis 
in flexion (p < 0.001) and the shortest in the extension 
(p = 0.023). Similar trends were seen in cranial tilt and cer-
vical tilt. The value of T1 height < 27 mm was a significant 
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sternum and T1 vertebral body parameters could be esti-
mated in 11% of the X-ray scans [10] and that the reproduc-
ibility of the T1-related parameters was extremely low [11]. 
Computer tomography (CT) has also been used to evaluate 
the T1-related parameters [12]; however, those images do 
not represent physiologic alignment, as they are obtained in 
the supine position. Use of kinematic magnetic resonance 
imaging (kMRI) could potentially overcome those limita-
tion, as it allows for scans to be taken in various weight-
bearing positions, including neutral, flexion, and extension 
positions [13–15]. The purpose of the present study was to 
analyze the T1 sagittal motion using kMRI, and to identify 
factors that relate to T1 sagittal motion.

Materials and methods

Selection of patients

Our database was compliant with all regulations associated 
with the Health Insurance Portability and Accountability 
Act (HIPPA). The institutional review board at our institu-
tion approved the study protocol with a full waver of HIPAA 
Authorization and Informed Consent due to the retrospective 
nature of our study.

We retrospectively reviewed the age distribution of 
our kMRI database including 1385 cervical patients who 
received kMRI for neck pain or radiculopathy with or 
without neurological deficits between November 2010 
and February 2016. Patients were divided into six groups 
according to their age: 20 years of age (n = 119), 30 years 
of age (n = 298), 40 years of age (n = 424), 50 years of age 
(n = 406), 60 years of age (n = 115) and > 70 years of age 
(n = 21). Before selecting the patients, one-way analysis of 
variance (ANOVA) was used to calculate power analysis for 
three groups; 108 patients (power 0.80, α = 0.05, f = 0.30) 
were needed for the analysis [16]. Therefore, from each 
age group, we picked consecutive patients from randomly 
selected time point to eliminate the deviation of age. As a 
result, 155 patients were included in this study. The average 
age was 49.2 years (22–99 years), with 72 males and 73 
females (Fig. 1).

Kinematic magnetic resonance imaging (kMRI)

MRI of the spine was performed using a 0.6-T MRI machine 
(Upright Multi-Position, Fonar Corp., New York, NY, USA). 
Two horizontal orientated, opposing magnetic doughnuts 
placed 18 in. apart were used, allowing scanning of the 
patient sitting in an upright, axially loaded position. The 
image protocol included T1- (TR 671 ms, TE 17 ms, thick-
ness 4.0 mm, field of view 30 cm, matrix 256 × 224, number 
of excitations 2) and T2- (TR 3000 ms, TE 140 ms, thickness 

4.0 mm, field of view 30 cm, matrix 256 × 224, number of 
excitations 2) weighted sagittal fast spin-echo images that 
were obtained using a flexible surface coil with the patient 
seated in upright weight-bearing neutral (0°), flexion (40°) 
and extension (− 20°) positions. Observers reviewed the 
images using the eRAD PACS system software (version 
7.2.38.0, South Carolina, USA).

Cervical disc degeneration

Disc degeneration was classified into five grades using 
T2-weighted sagittal MR images according to the grading 
system proposed by Pfirrmann et al. [13, 17]. Grade I indi-
cated normal, whereas Grade V indicated the most advanced 
disc degeneration. Intra- and inter-observer reliability for 
this grading system was previously reported: 0.982 and 
0.962, respectively [18]. We recorded the grades of all six 
levels from C2–3 to C7–T1 for each patient and divided 
patients into two groups: mild disc degeneration (grade I, II 
and III) and severe degeneration (grade IV and V).

Cervical spine parameters

All cervical parameters were evaluated using T2-weighted 
MR sagittal image. Cervical alignment was categorized into 

Fig. 1   Patients selection. 1385 cervical kMRI were divided into six 
groups according to generations. To eliminate the deviation of age, 
we selected out the consecutive patients from each generational 
group. Finally, 145 kMRI images were enrolled in this study



1036	 Eur Spine J (2018) 27:1034–1041

1 3

one of the four groups, lordosis, kyphosis, straight, and sig-
moid, using a system proposed by Chiba et al. [19, 20]. The 
C2–C7 Cobb angle was defined as the angle between the tan-
gent lines of the lower endplates of C2 and higher endplates 
of C7 vertebral body (Fig. 2). Cervical range of motion was 
calculated as follows: [(C2–7 Cobb angle at extension posi-
tion) − (C2–7 cobb angle at flexion position)]. C2–7 sagittal 
vertical axis (SVA) was defined as the horizontal distance 
between the center of C2 and the center of the C7 verte-
bral body. The center of vertebral body was determined as 
the point of intersection of crossing diagonals within body 
on the central sagittal kMRI image [3]. Orientation param-
eters including cervical tilt and cranial tilt were measured 
[4]. Cervical tilt was defined as the angle formed between 
a perpendicular line off the center of T1 upper end plate 
and another line extending from the center of T1 upper end 
plate to the center of C2. The cranial tilt was defined as the 
angle formed between the line from the center of T1 upper 
end plate through the C2 center and a vertical line off the 
center of the T1 upper end plate. Positive value of cervical 
tilt or cranial tilt indicated that the line extending from the 
center of T1 upper end plate to the center of C2 is anterior to 
the perpendicular line off the center of T1 upper end plate.

Thoracic index (TI) parameters

T1 slope was measured as the angle between a horizontal 
line and the T1 upper end plate [3] (Fig. 2). Neck tilt (NT) 
was defined as the angle formed by a vertical line passing 

through the upper border of sternum and a second line 
drawn from the sternum tip through the center of T1 upper 
end plate [4]. Furthermore, we added the new parameters, 
T1 distance and T1 height, to evaluate the location of T1 
and sternum. T1 distance and height were defined as the 
horizontal and vertical distances between the center of T1 
and the top of the sternum, respectively. These five cervi-
cal spine parameters and four thoracic index parameters 
were evaluated in neutral, flexion and extension positions.

T1 sagittal motion

T1 sagittal motion was defined as a difference between 
flexion and extension; [(T1 slope at extension position) 
− (T1 slope at flexion position)]. We divided all subjects 
into three groups according to the T1 sagittal motion: 
positive group, stable group and negative group. Positive 
group included patients with T1 sagittal motion of > + 5°, 
meaning that the T1 vertebra followed the head motion 
in F-E movement  (Fig. 3a and b). The negative group 
included patients who had T1 sagittal motion < − 5°, the 
T1 moved opposite from the head motion (Fig. 3c and d). 
Stable group was defined with T1 sagittal motion between 
+ 5° and − 5°. Cutoff value (5°) was defined based on 
the measurement error of T1 slope among three observers 
(KT, PP and KS; senior spine surgeons), representing an 
average differences between the maximum and minimum 
value of three observers using 25 sample kMR images.

Fig. 2   Schematic drawing of the parameters. C2–C7 angle: the angle 
formed by tangents of the C2 and C7 lower end plates. T1 slope: the 
angle formed by a horizontal line and the upper end plate of T1. Neck 
tilt: the angle between a vertical line off the sternum tip and a second 
line drawn from the sternum tip through the center of the T1 upper 
end plate (T1 UEP). Cervical tilt: the angle between the perpendicu-
lar line off the center of the T1 UEP and another line drawn from the 
C2 center through the center of the T1 UEP. Cranial tilt: the angle 

formed by the plumb line off the center of the T1 UEP and the line 
connecting the center of C2 with the center of T1 UEP. SVA C2–C7: 
the distance between the plumb line through the C2 center and the 
plumb line of the posterior of C7 upper end plate. SVA sagittal verti-
cal axis. T1 height the minimum distances between the center of T1 
vertebral body and horizontal line passes the top of sternum. T1 dis-
tances the minimum distances between the top of sternum and verti-
cal line passes the center of T1 vertebral body
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Statistical analysis

The inter- and intra-observer reliabilities of T1 slope were 
assessed using intraclass correlation coefficients (ICCs). 
Three observers measured T1 slope with 30 T2 weighted 
images twice. ICCs were calculated between and within 
them. Chi square tests for categorical variables, and one-
way ANOVA for continuous variables, were used to iden-
tify differences among the positive, stable, and negative 
groups. To verify which factors determine the T1 sagittal 
motion, negative and positive group parameters in neu-
tral position were compared using Tukey test and residual 
analysis, as univariate analysis. The result of residual 
analysis was described as p < 0.05 when the all variables 
of two groups were |r| > 1.96, according to the Haberman’s 
method [21]. Variables with a significance of p < 0.05, 
per univariate analysis, were included in the multivari-
ate logistic regression model which was adjusted for disc 
degeneration and cervical alignment. The negative group 
was set as a dependent variable. Additionally, continuous 
variables were converted into three categorical variables 
according to their average and standard deviation (SD); 
Average + 1.0SD >, between Average ± 1.0SD, > Aver-
age − 1.0SD. Finally, parameters in flexion and extension 
position were compared between three groups using one-
way ANOVA and between each combination using Tukey 

test. All analyses were performed using SPSS computer 
software (version 23; SPSS, Chicago, IL, USA). p < 0.05 
was considered as statistically significant.

Results

The overall intra-observer reliability of T1 slope was 
0.977 (95% CI 0.961–0.986) and the inter-observer reli-
ability between three spine surgeons was 0.973 (95% 
CI 0.918–0.990) during the first assessment and 0.982 
(95% CI 0.962–0.992) during the second measurement. 
Among 145 patients, 93 patients (64.1%) had cervi-
cal lordosis, 29 patients (20.0%) showed kyphosis, 22 
patients (15.2%) showed straight and 1 patient (0.7%) 
showed sigmoid in neutral position. The mean value 
of T1 slope was 29.3° ± 9.1° in neutral, 30.3° ± 10.6° 
in flexion and 27.4 ± 9.1 in extension, and T1 sagittal 
motion was − 0.2° ± 10.2° (range from − 24.8° to 23.8°, 
Table 1). The difference between E–F (ΔE–F) for C2–7 
Cobb angle, indicating the range of cervical motion, was 
37.7° ± 18.2°. Also, the cranial tilt, cervical tilt and ΔE–F 
for C2–7 SVA were − 25.4° ± 16.3°, − 23.9° ± 14.7° and 
− 33.8 ± 19.2 mm, respectively, suggesting the forward 
movement of head in flexion position.

Fig. 3   Representative images of T1SM. a, b Positive group (38 year 
old female): the T1 slope was 44° in flexion position and 18° in 
extension position. T1 sagittal motion was 26°. c, d Negative group 

(56 years old male): the T1 slope was 8° in flexion position and 41° in 
extension position. T1 sagittal motion was − 33°

Table 1   Average of all parameters at three positions

ΔE–F differences between flexion and extension

Cobb C2–7 (°) SVA C2–7 (mm) T1 slope (°) Neck tilt (°) Cranial tilt (°) Cervical tilt (°) T1 height (mm) T1 distance (mm)

Neutral 13.3 ± 16.2 17.3 ± 11.0 29.3 ± 9.1 45.5 ± 10.8 14.5 ± 7.7 20.9 ± 7.9 37.4 ± 10.3 48.4 ± 9.8
Flexion − 13.5 ± 14.6 40.8 ± 15.6 30.0 ± 10.6 47.2 ± 10.8 31.6 ± 11.9 37.4 ± 12.1
Extension 24.2 ± 15.7 6.9 ± 12.3 27.4 ± 9.1 47.0 ± 10.8 6.3 ± 11.4 13.6 ± 8.5
ΔE–F 37.7 ± 18.2 − 33.8 ± 19.2 −2.6 ± 10.2 −0.2 ± 7.9 − 25.4 ± 16.3 − 23.9 ± 14.7
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Analysis of T1 sagittal motion

The scatter diagram showed the diversity of T1 sagit-
tal motion, although the mean value was nearly zero 
(Fig. 4). Regarding the T1 sagittal motion positive group 
had 57 cases, stable group 56 and negative group had 32 
cases. The comparison between three groups showed no 
statistical significance in sex (p = 0.196), average age 
(p = 0.091), cervical ROM (p = 0.570), rate and extent of 
cervical disc degeneration (p = 0.082, 0.071, respectively) 

and all parameters in neutral position except for T1 height 
(p = 0.033, Table 2). Univariate analysis between the 
positive and the negative group showed significant dif-
ferences only in T1 height (p = 0.029) in neutral position. 
The average value and SD of T1 height were 37.4 and 
10.3 mm; therefore, the T1 height was converted into three 
categorical groups for multivariate analysis; > 47, 47–27 
and 27 mm >. Multivariate logistic regression analysis 
adjusted for cervical disc degeneration and cervical align-
ment showed that the 27 mm > T1 height was an inde-
pendent factor (ref 47–27 mm, p = 0.008, adjusted odds 
ratio 5.598) relating to the negative group (Table 3).  

Analysis of flexion and extension position

There was no significant change in the C2–7 Cobb angle 
between three groups in flexion and extension (p = 0.225, 
0.650, respectively, Table 4). However, C2–7 SVA showed 
that positive group had the largest distances in flexion 
position (p < 0.001) and the shortest in the extension posi-
tion (p = 0.023). Similar trends were also seen in cranial 
tilt and cervical tilt. 

Fig. 4   Scatter diagram of T1 sagittal motion. The scatter diagram 
showed the diversity of T1 sagittal motion, although the mean value 
was nearly zero

Table 2   Demographics of three 
groups

* P > 0.05
#  Chi square test
§  One-way ANOVA
†  Tukey test
‡  Residual analysis

Positive group Stable group Negative group p value#§ 
(three 
groups)

p value†‡ (P vs N)

Number (%) 57 (39.3) 56 (38.6) 32 (22.1)
Age 50.3 (28–87) 45.4 (22–74) 53.5 (22–99) 0.091 0.673
Sex (male/female) 23/34 31/25 18/14 0.196 > 0.05
C2-7ROM 39.1 ± 20.2 38.0 ± 19.3 34.9 ± 11.7 0.570 0.543
Disc degeneration
 Mean grade 3.7 ± 0.9 3.4 ± 0.9 3.8 ± 0.8 0.082 0.791
 Number of DD 34 (59.6) 24 (42.9) 21 (65.6) 0.071 > 0.05

Parameters in neutral position
 Kyphosis 13 (22.8) 9 (16.1) 7 (21.8) 0.640 > 0.05
 C2–7 Cobb 12.8 ± 17.4 14.8 ± 15.7 11.4 ± 15.0 0.619 0.914
 C2–7 SVA 18.7 ± 12.0 17.2 ± 9.3 15.0 ± 11.7 0.304 0.272
 Neck tilt 44.8 ± 8.9 44.9 ± 11.7 47.9 ± 12.1 0.356 0.383
 Cervical tilt 32.2 ± 8.5 20.6 ± 6.9 18.8 ± 8.1 0.140 0.121
 Cranial tilt 15.8 ± 8.5 14.2 ± 6.6 12.8 ± 7.7 0.177 0.167
 T1 slope 30.2 ± 8.4 30.2 ± 8.1 25.9 ± 11.3 0.058 0.082
 T1 height 39.0 ± 10.1 38.0 ± 9.3 33.3 ± 11.7 0.033* 0.029*
 T1 distance 49.3 ± 10.0 47.1 ± 9.8 48.9 ± 9.4 0.799 0.984
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Discussion

This is the first study to demonstrate the difference in T1 
sagittal motion between the flexion and extension position. 
Furthermore, we found that T1 height was the independent 
variables relating to T1 sagittal motion groups, but not cervi-
cal disc degeneration and cervical alignment.

In this study, the positive group, included almost 40% 
of the patients, had motion of T1 vertebra aligned with the 
head motion in F–E. On the other hand, in the negative 
group including 20% of the patients, T1 vertebra motion 
had opposite direction to the head motion. In the positive 
group, C2–7 SVA, cervical tilt and cranial tilt were the larg-
est in the extension, and the smallest in flexion. In particular, 
the head position in the positive group was the most forward 

in flexion and the most backward in extension compared to 
the other groups. At the same time, patients in the negative 
group kept their head position stable during flexion–exten-
sion as compared to patients in the positive group. This sug-
gests that patients in the positive group do their cervical 
flexion–extension with head swinging, while patients in the 
negative group do flexion–extension without head swinging.

Regarding the factors relating to T1 sagittal motion, our 
result demonstrated that T1 height was the only independ-
ent factor regardless to age, sex, cervical disc degeneration 
and cervical alignment in neutral position. The patients with 
T1 height < 27 mm had 5.6 times higher incidence to be 
placed in the negative group than the patients with T1 height 
between 27 and 47 mm. The T1 height and head position are 
just one of the factors in determining T1 sagittal motion, 
along with other factors such as global spinal balance or 
thoracic flexibility which were not possible to be evaluated 
in the current study.

T1 sagittal motion has several clinical implications in 
cervical sagittal balance. Firstly, it helps to understand the 
impact of posture on T1-related parameters such as T1 slope. 
A number of papers analyzed cervical balance using T1 
slope in neutral position [22–24]; however, in patients with 
a severe spine pathology obtaining a neutral position might 
be difficult. Our results demonstrated that flexion does not 
always increase the T1 slope, thus highlighting the need to 
better understand the change of T1 motion with position. In 
addition, there could be a potential relationship between T1 
sagittal motion and progression of cervical deformity after 
surgery. Oe et al. reported that large T1 slope was a risk fac-
tor of correction loss in patients with adult spine deformity 

Table 3   Multivariate logistic regression analysis

Dependent variables: negative group

OR p value 95% CI

Disc degeneration
 Grade I, II, III 1.00
 Grade IV, V 0.991 0.994 0.369–2.681

Cervical alignment
 Lordosis or straight 1.00
 Kyphosis 0.751 0.634 0.230–2.681

T1 height
 27–47 mm 1.00
 > 47 mm 0.580 0.516 0.112–3.007
 27 mm > 5.598 0.008 1.595–22.265

Table 4   Parameters at dynamic position

Blank: p > 0.05, * p < 0.05, ** p < 0.01, ***p < 0.001
P group positive group, S group stable group, M group negative group

Positive group Stable group Negative group p value of ANOVA p value of Tukey test

P vs S P vs N S vs N

Flexion position
 C2–7 Cobb −16.1 ± 14.6 −12.2 ± 13.9 −11.2 ± 16.0 0.225
 C2–7 SVA 50.3 ± 11.8 38.2 ± 13.7 28.1 ± 13.8 0.001 > ** ***
 Neck tilt 43.5 ± 8.1 46.9 ± 11.7 54.2 ± 10.2 0.001 > *** **
 Cervical tilt 45.9 ± 8.6 35.1 ± 9.6 26.3 ± 10.5 0.001 > *** *** ***
 Cranial tilt 40.2 ± 8.6 29.1 ± 9.7 20.9 ± 9.9 0.001 > *** *** ***
 T1 slope 35.6 ± 8.1 30.7 ± 8.7 18.9 ± 8.8 0.001 > *** *** ***

Extension position
 C2–7 Cobb 23.1 ± 16.6 25.8 ± 16.7 23.2 ± 12.2 0.650
 C2–7 SVA 3.5 ± 13.1 8.4 ± 11.7 10.1 ± 10.6 0.023 *
 Neck tilt 48.7 ± 8.9 45.5 ± 12.1 46.5 ± 11.5 0.295
 Cervical tilt 10.5 ± 8.5 10.5 ± 8.3 16.5 ± 7.4 0.001 * **
 Cranial tilt 4.1 ± 9.1 6.6 ± 14.7 9.6 ± 7.2 0.094
 T1 slope 23.0 ± 8.6 30.3 ± 8.5 30.2 ± 8.0 0.001 > *** **
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[8]. Kim et al. reported that the decrease in cervical lordo-
sis after laminoplasty was correlated with pre-operative T1 
slope [9]. We assume that not only the T1 slope but also the 
T1 sagittal motion can be related to postoperative deformity.

This current study has several limitations. First, results 
of the current study are derived using kMRI modality. Fur-
ther study using standard radiography (X-ray film, CT or 
MRI) would be needed to validate the relationships between 
various factors and T1 sagittal motion. Second, this study 
included symptomatic patients with neck pain or radiculopa-
thy with or without neurological deficits. Although those 
symptoms might have influenced the outcomes, eliminating 
the deviation of age during patient selection should have 
minimized this bias. Furthermore, we did not evaluate the 
whole spine balance. Finally, the lack of patient’s medical 
records made it difficult to verify the relationship between 
T1 sagittal motion and symptoms, and to determine the 
normal and abnormal range. To overcome these limitations, 
further studies verifying the factors which determine the T1 
sagittal motion, or evaluating the relationship between T1 
sagittal motion, symptoms and deformity, would be impor-
tant. However, this study was conducted using clear MR 
images with a sufficient number for analysis, and showed 
high ICCs confirming high reproducibility. Therefore, in 
spite of these limitations, we believe that these findings can 
provide guidance in understanding the cervical balance.

Conclusions

Among 145 patients, 32 (22.1%) were in the negative group 
with T1 sagittal motion having an opposite direction to the 
head motion. Age, sex, cervical alignment, cervical disc 
degeneration, range of motion and T1 slope in neutral posi-
tion were not significantly different between the groups. T1 
height was the only significant independent factor related 
to the T1 sagittal motion; patients with T1 height < 27 mm 
had 5.6 times higher chance to be in the negative group than 
patients with T1 height between 27 and 47 mm.
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