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Abstract

Objective To identify factors associated with T1 slope (T19).

Methods A total of 215 patients over 18 years old who underwent whole-spine X-rays to evaluate lower back pain
were enrolled in this study. T1S, pelvic tilt (PT), sacral slope (SS), pelvic incidence (PI), thoracic kyphosis (TK), lumbar

groups.

(p=0.023).

lordosis (LL), cervical lordosis (CL), thoracolumbar kyphosis (TLK), and sagittal vertical axis (SVA) were measured.
Patients were divided into balance, compensatory balance, thoracic compensation, and thoracic decompensation

Results TK (p<0.001), SVA (p<0.001), and CL (p=0.020) were significantly related to high T1S. The balance group
had the smallest PT, largest SS and largest LL of the four groups (p <0.001). The thoracic compensation group had
the smallest TK of all groups (p <0.001). There was no significant difference in T1S between the balance and thoracic
compensation groups (p=0.099). The thoracic decompensation group had a larger T1S than the balance group

Conclusions Caudal spine segments had a sequential effect on cranial spine segments. T1S reflected the
compensation ability of the spine. The absence of balance tended to increase the T1S. Pelvic posterior rotation and
thoracic compensation were two crucial factors protecting against increased T1S in patients with ASD.

Keywords Pelvic compensation, Spinopelvic balance, Spine global balance, T1 slope, Thoracic compensation

Introduction

Over the last 20 years, sagittal spine alignment had been
studied extensively from the thoracolumbar to the cer-
vical spine [1]. T1 slope (T1S) had received substan-
tial attention because it is the junction of the cervical
and thoracolumbar spine. In 2010, [2]Knott et al. pro-
posed that the T1 slope helped evaluate sagittal balance.
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Subsequently, the T1S was studied in terms of cervical
sagittal alignment. Pelvic parameters affect the entire
underlying sagittal spinal profile; [3]Lee et al. intro-
duced the notion that thoracic inlet alignment param-
eters, including T1S, influenced the sagittal balance of
the cranium and cervical spine. Ames et al. [4] suggested
that mismatch of T1S and cervical lordosis (CL) were
significant for cervical deformity. Studies reoprted that
extremely high T1S should be considered thoracic defor-
mity or thoracolumbar deformity and suggested cor-
rection of the thoracic spine to reduce T1S [1, 5]. Some
studies demonstrated that patients with a high T1S had
more kyphotic cervical alignment after cervical surgery
[6-9]. These findings suggest that T1S is an essential
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parameter in spine sagittal balance evaluation, surgery
planning, and outcome prediction.

Which factors are related to the T1S? There is no stan-
dard answer for this question. Inoue et al. [10] reported
that the T1S increased with age. Lee et al. [11] found that
T1S was influenced by thoracic inlet angle and thoracic
kyphosis (TK). Pesenti et al. [12] reviewed adolescent
idiopathic scoliosis patients and found that a higher T1S
was associated with worse global alignment. However,
age, spine global alignment, and thoracic alignment were
affected by one another. Deeper insight is needed to clar-
ify the factors related to the T1S.

Therefore, this study aimed to analyze the relationship
between spine sagittal parameters and T1S and attempt
to identify the factors related to T1S.

Method

Patient selection

The institutional review board approved this study of
the authors’ affiliated institution. We retrospectively
reviewed 215 patients over 18 years old who underwent
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Fig. 1 Method to measure spine sagittal alignment
PT: pelvic tilt; SS: sacral slope; PI: pelvic incidence; TK: thoracic kyphosis;
vertical axis; T1S:T1 slope
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whole-spine X-rays to evaluate lower back pain between
2019 and 2020 and all patients were followed up for at
least three months. Exclusion criteria were congeni-
tal spine deformity, neck pain, history of spine surgery,
malignancy, or neurological disorders. Demographics
including age and sex were recorded.

Spine radiographic parameters

Whole-spine standing lateral radiographs were obtained
in a standardized upright position. Spine sagittal align-
ment measurements were defined as follows with neutral
standing lateral x-ray images (Fig. 1).

T1S was defined as the angle between a horizontal
plane and a line parallel to the superior T1 endplate. Pel-
vic tilt (PT) was defined as the angle between the line
connecting the midpoint of the S1-endplate to the axis
of the femoral heads and the vertical plane. Sacral slope
(SS) was defined as the angle between the horizontal and
sacral endplates. Pelvic incidence (PI) was defined as the
angle perpendicular to the sacral endplate at its midpoint
and the line connecting this point to axes of the femoral

LL: lumbar lordosis; CL: cervical lordosis; TLK: thoracolumbar kyphosis; SVA: sagittal
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heads. TK was measured from the upper endplate of T4
to the lower endplate of T12. Lumbar lordosis (LL) was
defined as the angle between S1-endplate and L1 upper
endplate. Cervical lordosis (CL) was measured between
the C2 lower endplate and the C7 lower endplate. Tho-
racolumbar kyphosis (TLK) was measured by the Cobb
angle between the upper endplate of T10 and the lower
endplate of L2. The C7 sagittal vertical axis (SVA) was
defined as the horizontal distance from the superior
posterior end of the upper sacral endplate to the C7
plumbline. We defined lordosis as a positive value and
kyphosis as a negative value.

Group classification

According to the T1S, patients were divided into a low
T1S group (T1S<25°) and a high T1S group (T1S>25°).
According to the SVA value, patients were divided into
a low SVA group (SVA<50 mm) and a high SVA group
(SVA>50 mm). In the low SVA group, we evaluated PT
and PI-LL. Patients with PT>25° or PI-LL>10° were
separated into a compensatory balance group and the
other patients were separated into a balance group. In
the high SVA group, we evaluated postoperative SVA

aasfnnssfinnaadl
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and postoperative TK of patients who underwent lumbar
fusion surgery (cranial fusion level below L1) and under-
went postoperative full-length X-rays. Patients with post-
operative SVA>50 mm were considered unsatisfactory
correction and were excluded. Patients with increased
TK (postoperative TK — preoperative TK < -5°) were sep-
arated into a thoracic compensation group. Patients with
decreased or unchanged TK (postoperative TK — preop-
erative TK > -5°) were separated into a thoracic decom-
pensation group (Fig. 2). Patients in the compensatory
balance and high SVA groups were included in the adult
spinal deformity (ASD) group. The flowchart of group
classification is displayed in Fig. 3.

Data analysis

All collected data were analyzed using IBM SPSS Sta-
tistics, version 22.0 (IBM Corp., Armonk, NY, USA).
Statistical analysis was performed using the t-test,
Mann—Whitney U test, Kruskal-Wallis H test, Pearson
correlation analysis, one-way analysis of variance, the
Tamhane T2 post hoc test, or the Fisher least signifi-
cant difference post hoc significance test. We performed
one-to-one propensity score matching using logistic

thoracic decompensations
i

Fig. 2 Examples of thoracic compensation (A-1,2) and thoracic decompensation (B-1,2) groups

TK: thoracic kyphosis
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PT<25° and PI-LL<10°
N=71

PT>25° or PI-LL>10°

N=79

SVA<50mm
N=150 (Low SVA Group)

Non-surgery or without
postoperative full-length X-ray
N=19

Patients
N=215

SVA>50mm
N=65 (High SVA Group)

N=46

Surgery treatment
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Balance Group
N=71

Compensatory

Balance Group
N=79 (ASD Group)

Postoperative SVA>50mm
N=1

Postoperative SVA<50mm
N=45

TK increased

N=22

Thoracic Compensation Group
N=22 (ASD Group)

Fig. 3 The flowchart of group classification

TK decreased or unchanged

INSD3

Thoracic Decompensation Group
N=23 (ASD Group)

PT: pelvic tilt; Pl: pelvic incidence; TK: thoracic kyphosis; LL: lumbar lordosis; SVA: sagittal vertical axis; ASD: adult spinal deformity

Table 1 Comparison between low T1S and high T1S groups

Parameters  Total LowT1S HighT1s P (Low
(n=215) (n=114) (n=101) T1S vs.

High

T1S)
Age (years) 65671128 6289+1040 6882+1146 <0.001
Sex (M/F) 71/144 33/81 38/63 0.178
T1S (%) 2626+787  20.55+341 3034+£430  <0.001
PI(°) 49.65+9.21 49.93+£909  49.34+938 0.640
PT (°) 1834+9.11 17.86+8.64 18.89+9.63 0412
SS (%) 3131+£935  3207+£894  3045+9.77 0.207
LL (°) 2823+1638 2635+15.04 3036%17.60 0.073
TLK (°) -11.70£11.64  -993+£1152  -13.70£11.51 0.017
TK(°) -3466+12.89 -30.18+£10.74 -39.71+£1329 <0.001
CL(°) 171941282 1286+1122 2208+1279 <0.001
SVA (mm) 287944389 1334£3735 4623+4436 <0.001

T1S: T1 slope; PT: pelvic tilt; SS: sacral slope; Pl: pelvic incidence; TK: thoracic
kyphosis; LL: lumbar lordosis; CL: cervical lordosis; TLK: thoracolumbar kyphosis;
SVA: sagittal vertical axis

regression with match tolerance of 0.02 based on covari-
ates include age, sex, and PI value, to adjust for the dif-
ferences between the groups. The results are presented
as the mean valuetstandard deviation. A probability (P)
value of £0.05 was considered statistically significant.

Results

T1 slope analysis

In this retrospective study, we initially analyzed 215 con-
secutive patients, including 144 females and 71 males.
The mean age was 65.67111.28 years. We divided 114
patients into the low T1S group. We divided 101 patients
into the high T1S group. The demographic data and
radiological parameters of the low T1S and high T1S
groups are shown in Table 1. Age, TLK, TK, CL, and
SVA showed significant differences between the Low T1S
and the High T1S group (p<0.001, p=0.017, p<0.001,
p<0.001, and p<0.001, respectively). The Low T1S
group was younger, had a smaller TLK, a smaller TK, a
smaller CL, and a smaller SVA. There were no significant
differences in sex, PI, PT, SS, or LL between the groups
(Table 1).

We used the Pearson correlation coefficients to analyze
the correlations between parameters and T1S (Table 2).
T1S had significant correlations with age, TLK, TK,
CL, and SVA (Pearson correlation coefficients of 0.261,
-0.145, -0.420, 0.487, and 0.394, respectively).

To identify the factors associated with high T1S, step-
wise regression analysis was performed using the dichot-
omous variable logistic regression model. We found that
TK (OR=0.915, p<0.001), SVA (OR=1.267, p<0.001),
and CL (OR=1.038, p=0.020) were significantly related
to high T1S (Table 3).
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Table 2 Pearson coefficients and p-values between parameters

andT1 slope
Parameters Pearson P
coefficients value

Age 0.261 <0.001
Pl 0.010 0.885
PT 0.088 0.196
SS -0.076 0.264
LL 0.039 0.566
TLK -0.145 0.034
TK -0420 <0.001
CcL 0487 <0.001
SVA 0.394 <0.001

PT: pelvic tilt; SS: sacral slope; PI: pelvic incidence; TK: thoracic kyphosis; LL:
lumbar lordosis; CL: cervical lordosis; TLK: thoracolumbar kyphosis; SVA: sagittal
vertical axis

Group classification

Of the 215 patients, 150 had an SVA<50 mm, including
71 patients in the balance group and 79 patients in the
compensatory balance group. Sixty-five patients had an
SVA>50 mm, of whom 21 were excluded due to non-
surgical treatment or unsatisfactory correction. We ana-
lyzed postoperative parameters in 45 patients; 22 were
separated into the thoracic compensation group, and 23
were separated into the thoracic decompensation group
(Fig. 3).

Table 3 Stepwise logistic regression for high T1 slope
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Comparison among four groups

We compared demographic data and radiological param-
eters among the Balance, compensatory balance group,
thoracic compensation, and thoracic decompensation
group (Table 4). There were no significant differences in
sex, PI and TLK among the four groups. The thoracic
decompensation group was older than the balance and
compensatory balance groups, and the thoracic com-
pensation group was older than the compensatory bal-
ance group (p<0.001). The thoracic decompensation
group had a more significant T1S than the balance and
compensatory balance groups (p<0.001). The balance
group had a smaller PT than the compensatory balance,
thoracic compensation, and thoracic decompensation
groups (p<0.001). The balance group had the largest SS
in all groups (p=0.001). The balance group had the larg-
est LL, and the thoracic compensation group had the
smallest TK of all groups (p <0.001). The thoracic decom-
pensation group had a larger CL than the balance and
compensatory balance groups (p=0.001).

Comparison between thoracic compensation and balance
groups

Twenty patients in balance group were matched with
twenty patients in thoracic compensation group using
propensity score matching with a match tolerance of 0.02
based on age, sex, and PI (Table 5). The thoracic compen-
sation group had a larger PT, a smaller SS, a smaller LL,
a smaller TK, and a larger SVA than the balance group

parameters Coefficient of regression Standard error Wald x? P value OR 95%ClI

TK -0.088 0.017 26.897 <0.001 0915 0.885-0.947
SVA 0.236 0.049 23.199 <0.001 1.267 1.150-1.394
CL 0.037 0.016 5449 0.020 1.038 1.006-1.071

TK: thoracic kyphosis; CL: cervical lordosis; SVA: sagittal vertical axis

Table 4 Comparisons among balance, compensatory balance, thoracic compensation, and thoracic decompensation groups

Parameters Balance Compensa- Thoracic Thoracic de- P
(n=71) tory balance compensation compensation value
(n=79) (n=22) (n=23)
Age (years) 63.06+10.57* 6282+1157l@ 68.09+9.23! 7491 +7.94*@ <0.001
Sex (M/F) 24/47 23/56 8/14 10/13 0618
T1S(°) 24.23+538*% 2329+561l@  2634+7.06! 29.50+£6.25%@ <0.001
PI(°) 4725+8.29 51.74+8.60 49.78+10.12 48.74+9.32 0.062
PT (°) 1191+£535% @ 2097+7.21* 2356+11.13! 20.57£10.66@ <0001
SS(°) 3434+892%l@ 30.77+2622%  2622+1042# 28.17+981@ 0.001
LL (°) 4408+9.03*@ 3243+1079% 21.75+1240%S5 31.28+12.89@$ <0001
TLK (°) -11.62+12.08 -11.03+10.68 -11.73+£11.75 -1801+£13.62 0.086
TK(°) -3786+10.18%  -33.50+12.55! -2329+11.90%# -37.70+£15.25# <0001
CL(°) 1542+£1264*  1327+£1025@ 19.70+12.60! 2327+£10.74*@  0.001
SVA (cm) -006£235%1@  1.07+259% 823+2.86M# 8.05+2.24@ <0.001

* @,), and # indicated p<0.05 between the two subgroups

T1S: T1 slope; PT: pelvic tilt; SS: sacral slope; Pl: pelvic incidence; TK: thoracic kyphosis; LL: lumbar lordosis; CL: cervical lordosis; TLK: thoracolumbar kyphosis; SVA:

sagittal vertical axis



Liu et al. BMC Surgery (2023) 23:145

Table 5 Comparison between the thoracic compensation and
balance groups

Parameters Balance Thoracic P
(n=20) compensa-

tion

(n=20)
Age (years) 68.30£10.18 67.85+9.55  0.886
Sex (M/F) 8/12 8/12 1
T1S(°) 2441+3.84 2731£6.63 0.099
PI(°) 47.79+861 4841+953 0830
PT (°) 10.77+6.55 2151£938 <0.001
SS () 37.02+967  2691+1066 0.003
LL (°) 50.07+7.29 2294+1229 <0.001
TLK (°) -16.10+£11.28 -11.98+1232 0276
TK (°) -4066+£804 -23.86+12.26 <0.001
CL(°) 1707+1152 2048+1298 0.385
SVA (cm) -0.18+243 7944271 <0.001

T1S: T1 slope; PT: pelvic tilt; SS: sacral slope; PI: pelvic incidence; TK: thoracic
kyphosis; LL: lumbar lordosis; CL: cervical lordosis; TLK: thoracolumbar kyphosis;
SVA: sagittal vertical axis

Table 6 Comparison between the thoracic decompensation
and balance groups

Parameters Balance Thoracicde- P
(n=14) compensa-
tion (n=14)
Age (years) 72294559  72.71£8.20 0.873
Sex (M/F) 7/7 5/9 0.541
T1S (°) 24.10£5.53 29.04+529 0.023
PI (°) 4656+8.72  46.00£8.81 0.866
PT (°) 12.18+5.21 17.34+845 0.062
SS () 3439+7.26 28.66+8.68 0.069
LL(°) 4644710  3141£13.00 0.001
TLK (°) -16.89+1396 -2074+14.18 0475
TK(?) -4341£926 -40.00+£1694 0515
CL(°) 15.59+9.35 2438+12.69 0.047
SVA (cm) 0.71+2.64 7.38+1.94 <0.001

T1S: T1 slope; PT: pelvic tilt; SS: sacral slope; Pl: pelvic incidence; TK: thoracic
kyphosis; LL: lumbar lordosis; CL: cervical lordosis; TLK: thoracolumbar kyphosis;
SVA: sagittal vertical axis

(p<0.001, p=0.003, p<0.001, p<0.001, p<0.001, respec-
tively). However, there was no significant difference in
T1S between the balance and thoracic compensation
groups (p=0.099).

Comparison between the thoracic decompensation and
balance groups

Fourteen patients in balance group were matched with
fourteen patients in thoracic decompensation group
using propensity score matching with a match tolerance
of 0.02 based on age, sex, and PI (Table 6). The thoracic
decompensation group had a larger T1S, a smaller LL,
a larger CL, and a larger SVA than the balance group
(p=0.023, p=0.001, p=0.047, p<0.001, respectively).
There were no significant differences in PT, SS, TLK, or
TK between the balance and thoracic decompensation
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groups (p=0.062, p=0.069, p=0.475, and p=0.515,
respectively).

Discussion

Spine sagittal alignment has received focus over the
past two decades [1]. The T1 vertebral body, fixed by
the two sides of the rib, is the junction of a transitional
region between the mobile, lordotic cervical spine and
the rigid, kyphotic thoracic spine, all of which cause
potential instabilities. T1S, as a parameter reflecting sag-
ittal morphology of the T1 vertebral body, is associated
with whole sagittal balance. The T1S larger than 25° or
less than 13° indicated that the spine was unbalanced [2].
Studies found that the T1S had a linear relationship with
CL [13-15]. These findings suggested that the T1S is an
essential parameter in assessing cervical and global spinal
sagittal balance [12, 16—18]. The value of the T1S is fun-
damental for surgical planning and outcome prediction
[5, 8,9, 19-23]. According to previous studies, age, spine
global alignment, and thoracic alignment were associ-
ated with T1S [2, 11, 12, 24]. We initially analyzed 215
consecutive patients in the present study and found that
older age, larger TLK, larger TK, larger CL, and larger
SVA were associated with a high T1S. Pearson correla-
tion analysis showed that the T1S had significant corre-
lations with age, TLK, TK, CL, and SVA. Dichotomous
variable logistic regression showed that TK, SVA, and CL
were significantly related to the high T1S. These findings
suggested that the T1S was influenced by lower adjacent
segments and global spine alignment. CL compensated
for the T1S to maintain horizontal gaze. These results
were consistent with a previous study demonstrating that
caudal spine segments had a sequential effect on cranial
spine segments [25].

Some studies found that the T1S increased with age
[10, 26]. However, there are also spine sagittal parameters
other than age that have relationships with the T1S. Sev-
eral studies reported the relationships between T1S and
other global spine parameters. Lee et al. [1, 3] found a
significant relationship between T1S and TK. A high T1S
was related to a large CL to maintain the sagittal balance
of the cervical spine [27]. We believe that age-related
degenerative changes of the spine explained T1S change.
Aging spines lose the characteristic shape of the verte-
bral body disks resulting in decreased lumbar lordosis or
thoracolumbar kyphosis. Compensatory mechanisms for
degenerative changes might influence the T18S.

We used a four-group classification to analyze the
influence of ASD and thoracic compensation on the
T1S. Compared with the Balance group, compensa-
tory balance group and high SVA groups had lower LL
and greater PT, suggesting that posterior pelvic rotation
occurred in three ASD groups to compensate for lum-
bar deformity. Because of reasonable compensation in
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Fig. 4 Examples and compensation mechanism diagrams of the balance (A 1,2), compensatory balance (B 1,2), thoracic compensation (C 1,2), and

thoracic decompensation (D 1,2) groups

the compensatory balance group, the T1S was slightly
reduced and similar to the balance group. In the high
SVA group, the thoracic compensation group had
decreased TK, restricting T1S enlargement. There was
no significant difference in T1S between the balance and
thoracic compensation groups. According to propensity
score matching, compared with the balance group, the
thoracic compensation group had posterior pelvic rota-
tion and decreased TK. The increased T1S in the thoracic
compensation group was not significantly different from
the balance group. However, the thoracic decompensa-
tion group had no extra compensation ability to reduce
the T1S. According to propensity score matching, com-
pared with the balance group, the thoracic decompen-
sation group showed limited pelvic posterior rotation,
limited TK decrease, but increased T1S. These findings
suggested a significant difference in T1S between the tho-
racic decompensation and balance groups. In our opin-
ion, posterior pelvic rotation and thoracic compensation
are two crucial factors protecting against T1S increases
(Fig. 4).

Extension of the thoracic spine and pelvic retroversion
are essential mechanisms to prevent the center of grav-
ity from moving forward. Garbossa et al. [28]reported
three types of spinal alignment, and active compensa-
tion mechanisms in the hidden imbalance state could
maintain the balance of the global spine. However, an
imbalanced spine state had anterior gravity lines despite
active compensation mechanisms. In the present study,
the compensatory balance group maintained the global
spine and T1S balance well because of reasonable com-
pensation. Extension of the thoracic spine in the tho-
racic compensation group prevented the T1S from over
enlargement despite the balance of the global spine being
destroyed. The thoracic decompensation group could not

prevent the increase in T1S because of lack of compen-
sation. In other words, the T1S reflected the compensa-
tion ability of the spine. Patients with high T1S might
lack compensation ability for spine degeneration. Studies
reported that high T1S induced postoperative kyphotic
change after cervical laminoplasty [7-9, 19-21, 29].
These studies may help to explain that the poor outcome
of high T1S patients after surgery may be related to lack
of compensation.

This study has several limitations. First, a large sam-
ple cohort with long-term follow-up is more suitable to
address this question. Second, lower limb parameters
were not evaluated because of the range of whole-spine
radiography. Finally, more deep studies are needed to
validate our results further. Nevertheless, we believe that
our results help understand the value of the T1 slope.

Conclusion

Caudal spine segments had a sequential effect on cranial
spine segments. TK, SVA, and CL were highly related to
the T1S. T1S reflected the compensation ability of the
spine. Unbalanced spines tended to increase T1S. Pel-
vic posterior rotation and thoracic compensation were
two crucial factors protecting against increased T1S in
patients with ASD.

Abbreviations

T1S T1 slope

CL Cervical lordosis
PT Pelvic tilt

SS Sacral slope

PI Pelvic incidence
TK Thoracic kyphosis
LL Lumbar lordosis

TLK  Thoracolumbar kyphosis
SVA (7 sagittal vertical axis
ASD  Adult spinal deformity
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