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Abstract

Introduction Understanding the normal anatomy of thoracic kyphosis (TK) in healthy subjects is essential for evaluating
sagittal malalignment and planning the surgery accordingly. The aim of this study was to identify the proportion of thoracic
kyphosis originating from disc versus vertebral body shape and to describe its variation according to age and thoracic kypho-
sis magnitude.

Methods This study was a retrospective review of a prospective multicenter database of healthy volunteers aged 18 years or
older. Vertebral body and disc sagittal Cobb angles were measured at each level and summed within each of the 3 TK regions
(Upper, Middle and Lower TK). Relative contributions of discs and vertebral bodies to Upper, Middle, Lower, and total TK
were assessed in the whole cohort, and according to age and TK groups, after stratification. Finally, a multivariate analysis
including age and TK magnitude was conducted.

Results Among these 645 subjects, the mean age was 37.6 £ 16.3 years with 51% of females. Intervertebral discs were
kyphotic in Upper and Middle TK with respective discs contribution to total TK of 4.2% and 9.6%, for a total of 13.8% of
total kyphosis. Lower TK discs were lordotic, with a participation of -13.2% of total TK, leading to an overall discs contri-
bution to TK of 0.6%. Vertebral bodies were all kyphotic with a contribution of 99.4% of total kyphosis. Vertebral bodies
kyphosis increased across age groups for Middle TK (p = 0.004), Lower TK (p < 0.001), and Total TK (p < 0.001). Discs
contributions to total TK increased significantly with increasing TK (-13.8% for Low TK, -1.5% for Average-Low TK, 5.7%
for Average-High TK and 9.1% for High TK), (p < 0.001). Finally, discs contribution was significantly greater in males than
in females, with respective values of 2.6% and -1.8% (p = 0.01).

Conclusion This study highlights the predominant role of vertebral bodies contribution to thoracic kyphosis, 99.4% on aver-
age. The contribution of disc to thoracic kyphosis (values ranging from -13.8% to 9.1%) increases significantly with increas-
ing thoracic kyphosis magnitude. The association of age with thoracic kyphosis was greater for vertebral bodies than discs,
particularly in Middle and Lower TK.

Keywords Discs versus vertebral bodies; Thoracic kyphosis, Discs contribution; Vertebral bodies contribution; Healthy
volunteers, Age

Introduction

The upright erect position and bipedal walking that humans
perform daily rely on spino-pelvic balance, and therefore
depend on the adequation between pelvic parameters and
spinal curvatures [1, 2]. With physiological or pathological
aging, this alignment is modified with a decrease in lumbar
lordosis and an increase in thoracic kyphosis [3—5]. These

changes can trigger spinopelvic compensation mechanisms
to maintain a horizontal gaze [6—8]. A thorough understand-
ing of these mechanisms requires first extensive knowledge
of normative spinal anatomy.

The loss of lumbar lordosis has been recognized as a
major driver of adult spinal deformity and spino-pelvic
malalignment [3]. Consequently, lumbar lordosis has been
the focus of numerous publications examining its amplitude,




distribution, apex, age-related changes, and its relationship
with pelvic morphology [9—11]. This body of literature has
enhanced our understanding of lumbar lordosis and led to
the definition of patient-specific alignment based on pelvic
morphology and age [12—14]. In contrast, thoracic kyphosis
has not been studied extensively.

Understanding the normal anatomy of thoracic kyphosis
(TK) in healthy subjects is essential for evaluating sagittal
malalignment and planning the surgery accordingly. Tho-
racic kyphosis amplitude and apex distribution have recently
been studied in the literature [15]. Lafage et al. described the
association between the amplitude of thoracic kyphosis and
its shape, finding that in subjects with small kyphosis, two-
thirds of the curvature was located in the upper segments
of the thoracic spine, while in subjects with large kyphosis,
the curvature tended to adopt a symmetrical shape around
T7 [16]. Other studies have explored correlations between
age and TK, as well as the relationship between age, verte-
bral bodies, and disc height [17]. Finally, He et al. recently
studied 32 patients with degenerative thoraco-lumbar defor-
mity, finding that vertebral bodies contributed 94.2% to total
curvature, significantly more than the 5.77% contribution
from discs [18]. However, the respective contributions of
each vertebral body and disc to thoracic kyphosis, as well as
their variation according to age or TK magnitude, have not
been studied in a healthy population, to our knowledge and
still represents a gap in the literature.

Therefore, the aim of this study was to identify the pro-
portion of thoracic kyphosis originating from disc versus
vertebral body shape and to describe its variation according
to age and thoracic kyphosis magnitude.

Methods
Patient population

This study was a retrospective review of a prospective mul-
ticenter database of healthy volunteers aged 18 years or
older. All subjects underwent full-body stereoradiography
in free-standing position. Subjects with spine pain, previous
spine surgery, history of spinal fracture, knee/hip osteoar-
thritis or replacement were excluded. Subjects with transi-
tional vertebrae in the thoracic or lumbar spine were also
not included. This study was conducted after IRB approval
(CPP Ile-de-France VI — Approval # 6036). All participants
gave their informed consent to participate in this study.

Data collection

Demographic parameters, including age, sex, and body
mass index (BMI), were collected. Radiographic param-
eters were obtained after 3D reconstruction of the spine and
pelvis using a previously validated semi-automated method
[19, 20], which demonstrated good reproducibility [21, 22].
First, the spinal line from C3 to L5 was drawn by the user
on the frontal and lateral views. The software then gener-
ated a 3D spinal reconstruction and retro-projected the 3D
models of the vertebra on the radiographs. This model was
then manually adjusted by the user to precisely fit vertebral
contours visible on the radiographs. Upon data extraction,
the radiographic parameters of interest for the current analy-
sis included:

e Total thoracic kyphosis (TK): Upper endplate of T1-
Upper endplate of L1;

e Lumbar lordosis (LL): Upper endplate of L1- Upper
endplate of S1.

e Pelvic incidence (PI).

Total TK was split into 3 equal regions because these 3
regions vary differently [23, 24], (Fig. 1):

e Upper TK (T1 upper endplate - T5 Upper endplate),
e Middle TK (T5 upper endplate - T9 upper endplate),
e Lower TK (T9 upper endplate - L1 upper endplate).

Vertebral body and disc sagittal Cobb angles were measured
at each level and summed within each of the 3 TK regions.
For each region (upper, middle, and lower TK) and for the
total TK, a ratio was calculated between the sum of the discs
angles and the regional TK angle (including bone and discs)
and another ratio between the sum of the discs angles and
the global TK angle (also including bone and discs). The
same ratios were calculated for the vertebral bodies. Rela-
tive contributions of discs and vertebral bodies to Upper,
Middle, Lower, and total TK were assessed.

Statistical analysis

First, demographics and radiographic parameters were
described for the whole cohort and expressed as mean +
standard deviation (SD). The normality of variable distri-
bution was tested using the Shapiro-Wilk test. Correlations
were sought between age, PI, LL, total TK, and each of the
3 TK regions. Discs and vertebral bodies’ contribution to
regional and total TK were described for the whole cohort
and expressed as median and inter-quartile range (IQR).
The cohort was stratified using Jenks method into four age



Fig. 1 Thoracic kyphosis (TK)
breakdown into 3 regions: Upper
TK (Upper endplate of T1- Upper
endplate of T5), Middle TK (Upper
endplate of T5- Upper endplate of
T9, Lower TK (Upper endplate of —
T9- Upper endplate of L1) [23]

Total TK: |
50.9+10.9°

Contribution:
- Discs : 9.8%
- Bodies : 90.2%

Disc angle
(T9-T10)

Table 1 Mean+SD regional kyphosis (expressed in degree) for upper TK, middle TK and lower TK according to age. Significant p-values from

ANOVA or Kruskal-Wallis analyses are denoted with an asterisk if<0.05

Age groups Cohort (n=645) Young Adult (n=139) Middle-aged (n=112) Older p-values
(n=291) (n=103)

Regional disc angles in thoracic kyphosis (°)

Upper TK 2.1£6.9 1.9+£73 25+6.3 1.4+6.8 2.8+6.5 0.31

Middle TK 4.9+45 49+4.4 44442 49+42 58+5.1 0.10

Lower TK -6.9+5.7 —6.7£5.5 —6.7+£5.2 -7.1£6.5 -79+6.3 0.31

Total Discs 0.02+£10.2 0.1+99 0.1+9.8 -09+£11.0 0.7+11.0 0.72

Regional vertebral body angles in thoracic kyphosis (°)

Upper TK 17.5+7.9 17.5+7.8 171£73 17.4+8.3 18.2+8.3 0.74

Middle TK 18.5+5.6 179+5.0 18.4+6.1 18.8+5.7 20.3+6.1 0.004*

Lower TK 148 +5.7 139+5.1 145+55 15.8+6.3 16.6+£6.3 <0.001%*

Total Bodies 50.8£11.6 49.2+£10.8 50.0+11.2 52.0+£12.0 55.0+12.8 <0.001*

groups: “Young” (18-29 years), “Adult” (2942 years),
“Middle-aged” (42-58 years) and “Older” (>58 years)
[25, 26]. The segmental angles and relative contributions
of discs and vertebral bodies to Upper, Middle, Lower, and
total TK were compared between groups using ANOVAS for
normally distributed variables or Kruskal-Wallis tests oth-
erwise. Post-hoc analyses were performed using pairwise
t-tests for normally distributed variables or Wilcoxon’s tests
otherwise, with Bonferroni correction.

The cohort was also stratified using Jenks method into
four TK groups: “Low” (<41°), “Average-low” (41°-51°),
“Average-high” (51°—63°), and “High” (>63°). The same
analyses as for age groups were carried out according to
TK groups.

Finally, a multivariate analysis including age and TK mag-
nitude was conducted to determine the relative contribution
of discs and vertebral bodies to TK. The statistical analysis
was carried out using RStudio (Version 2023.09.1+494),
with p-values lower than 0.05 considered significant.

Results
Cohort description (Tables 1 and 2; Figs. 1 and 2)
Out of the 879 subjects in the database, 645 were eligible

and included in the current analysis, of whom 329 were
females (51%), (Fig. 2).



Table 2 Median (IQR) contribution of discs and vertebral bodies to thoracic kyphosis for upper TK, middle TK, lower TK and total TK according
to age. Significant p-values from ANOVA or Kruskal-Wallis analyses are denoted with an asterisk if<0.05

Age Groups Cohort (n=645) Young Adult Middle-Aged Older p-values
(n=291) >(n=139) (n=112) (n=103)

Disc contribution to thoracic kyphosis (%)

Upper TK (%) 9.8 9.8 13.0 35 14.3 0.26
(-13.0-30.8) (—-14.0-29.1) (-9.8-32.1) (—22.5-28.8) (-3.9-32.0)

Middle TK (%) 20.3 21.1 17.7 21.1 20.6 0.40
(10.5-29.4) (11.7-28.9) (9.5-28.5) (9.9-29.2) (11.7-34.2)

Lower TK (%) -50.3 -51.8 —54.7 —43.4 —40.6 0.49
(—143.8--3.3) (-173.3--3.8) (-127.0--10.9) (—199.2-2.3) (-102.9-7.7)

Total Disc TK (%) 0.6 —-0.8 2.7 0.2 2.5 0.74
(-13.0-12.6) (-13.6-13.2) (-10.7-12.3) (-14.5-11.7) (-11.6-11.6)

Vertebral body contribution to thoracic kyphosis (%)

Upper TK (%) 90.2 90.2 87.0 96.5 85.7 0.26
(69.2-113.5) (70.9-114.0) (67.9-109.8) (71.2-122.5) (68.0-103.9)

Middle TK (%) 79.7 79.0 82.3 78.9 79.4 0.40
(70.6-89.5) (71.1-88.3) (71.5-90.5) (70.8-90.1) (65.8-88.3)

Lower TK (%) 150.3 151.8 154.7 143.4 140.6 0.49
(103.3-243.8) (103.8-273.3) (110.9-227.0) (97.7-299.2) (92.3-202.9)

Total Body TK (%) 99.4 100.8 97.3 99.9 97.5 0.74
(87.4-113.0) (86.8-113.6) (87.7-110.7) (88.3-114.5) (88.4-111.6)

| 879 patients I

166 patients excluded for
age < 18 years old
68 patients excluded for
transitional vertebra

\ 4

645 patients

329 females (51%) | 316 males (49%) |

Fig.2 Flow chart

In the entire cohort, the mean age was 37.6+16.3 years,
and the mean BMI was 24.6+4.5 kg/m”. The mean TK was
50.94+10.9°, the mean LL was —56.9+11.3°, and the mean
PI was 49.24+9.5°. The mean Upper TK was 19.6+8.1°, the
mean Middle TK was 23.4+7.1°, and the mean Lower TK
was 7.9+7.7°. The most frequent thoracic apex locations
were T6 and T7 in 34.7% and 33.2%, respectively. There
was a significant correlation between TK and LL with a
value of —0.31 (p<0.001). PI was not correlated with total
TK (p=0.41), nor with any of the 3 TK regions. There was
no significant association of PI with vertebral bodies or
discs’ contributions for the total TK (p=0.27 for both), nor
in any of the TK regions (Upper, Middle and Lower). There
was a weak but significant correlation between age and TK
(r=0.2; p<0.001), Upper TK (r=0.06; p=0.15), Middle
TK (r=0.16; p<0.001), Lower TK (»=0.07; p=0.07).

Discs kyphosis and discs contribution

On average, the sum of the discs in Upper and Middle TK
was kyphotic with a mean value of 2.1+£6.9° and 4.9+4.5°
respectively whereas discs were lordotic in Lower TK with
a mean value of —6.9+5.7° (Table 1). Disc contributions to
Upper and Middle TK were 9.8% and 20.3% respectively
(Table 2). Upper and Middle TK discs contributions to total
TK were respectively 4.2% and 9.6%, representing a total
of 13.8% of total kyphosis with a mean value of 7.0£8.5°
(Tables 1 and 2). As Lower TK discs were lordotic, their
participation in lower TK was —50.3% and —13.2% of total
TK, leading to an overall disc contribution to TK of 0.6%
(Table 2). Discs contribution was therefore maximal in Mid-
dle TK, where kyphosis was the greatest.

Vertebral bodies kyphosis and contribution

Conversely to the discs, vertebral bodies were all kyphotic.
The sum of vertebral bodies was kyphotic with a mean
value of 17.5+7.9° in Upper TK, 18.5+5.6° in Middle TK
and 14.8+5.7° in Lower TK for a total of 50.8+11.6° in
total kyphosis (Table 1). There was a major vertebral bodies
contribution to TK in Upper and Middle TK with respec-
tive values of 90.2% and 79.7%. In the lower thoracic
spine, since kyphotic vertebral bodies compensated for lor-
dotic discs, vertebral bodies contribution to Lower TK was
150.3% (Table 2). The most important contribution to Total
TK came therefore from vertebral bodies with a value of
99.4% in the cohort (Table 2). Appendix 1 shows the seg-
mental values for each vertebral body and disc, the regional
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Fig. 3 Total body kyphosis by age categories. Blue double arrows rep-
resented the significant differences between age groups

Table 3 Median (IQR) contribution of discs and vertebral bodies to
thoracic kyphosis for upper TK, middle TK, lower TK, and total TK
according to sex. Significant p-values from ANOVA or Kruskal-Wallis
analyses are written in bold and denoted with an asterisk if<0.05

Sex Comparison Female Male p-values
(n=329) (n=316)

Disc contribution to thoracic kyphosis (%)

Upper TK (%) 3.2 17.5 <0.001%*
(-22.6-22.8) (-3.1-37.6)

Middle TK (%) 18.8 21.9 0.02%
(9.2-28.9) (13.8-31.0)

Lower TK (%) —42.6 —61.5 0.08
(-126.5-2.9) (-156.9--8.2)

Total Disc TK (%) -1.8 2.6 0.01*
(-14.4-11.1)  (-10.4-13.5)

Vertebral body contribution to thoracic kyphosis (%)

Upper TK (%) 96.8 82.5 <0.001%*
(77.2-122.6)  (62.4-103.1)

Middle TK (%) 81.2 78.1 0.02*
(71.1-90.8) (69.0-86.2)

Lower TK (%) 142.6 161.5 0.08
(97.1-226.5)  (108.2-256.9)

Total Body TK (%) 101.8 97.4 0.01*
(88.9-114.4)  (86.5-110.4)

kyphosis values with their respective contributions, and the
overall kyphosis value.

Age group analysis

There was no significant difference in disc kyphosis or in
disc contribution with age (p=0.72 and p=0.74 respec-
tively), (Tables 1 and 2). Vertebral bodies kyphosis increased
across age groups for Middle TK (p=0.004), Lower TK
(»<0.001), and Total TK (p<0.001), but not for Upper TK

(Table 1 and Fig. 3). The post-hoc analysis revealed that
vertebral bodies were more kyphotic for the Total TK in the
older group compared to young (p<0.001) and adult sub-
jects (p=0.003), (Fig. 3).

Sex comparison (Table 3)

Discs contribution to total TK was significantly higher in
males than females, with respective values of 2.6% and
—1.8% (p=0.01), (Table 3). Differences were more pro-
nounced in the most kyphotic regions, with respective values
of 17.5% versus 3.2% in Upper TK (p<0.001) and 21.9%
versus 18.8% in Middle TK (p=0.02), (Table 3). Vertebral
bodies contribution was higher in females than males with
respective values of 101.8% and 97.4% (p=0.01), (Table 3).

TK groups analysis (Tables 4 and 5)

The four TK groups were: “Low” (<41°), “Average-low”
(41°=51°), “Average-high” (51°-63°), “High” (>63°).
Discs kyphosis and vertebral bodies kyphosis both
increased significantly with increasing TK (p<0.001),
(Table 4). Discs contributions to total TK increased signifi-
cantly with increasing TK (p<0.001) with respective val-
ues across TK groups of —13.8% for Low TK, —1.5% for
Average-Low TK, 5.7% for Average-High TK and 9.1% for
High TK, (Table 5 and Fig. 4). Moreover, vertebral bodies
contribution decreased with increasing TK (p<0.001), with
respective values across TK groups of 113.8% for Low TK,
101.5% for Average-Low TK, 94.3% for Average-High TK
and 90.9% for High TK, (Table 5 and Fig. 4). These differ-
ences were more important in Upper TK with values rang-
ing from —1.7% to 15% (p=0.002), and Middle TK with
values ranging from 15.5% to 23.5% (p<0.001), where
kyphosis was the highest (Table 5).

Age significantly increased with TK groups (»p=0.001),
(Table 4). Multivariate analysis demonstrated that discs
contribution increased with increasing TK, while control-
ling for age (p<0.001).

Discussion

Our results address the gap in the literature concerning TK
by providing the first detailed description of discs and ver-
tebral bodies contributions to TK and their variation accord-
ing to age, sex and thoracic kyphosis magnitude, in a large
cohort of asymptomatic adults. Among these 645 subjects,
intervertebral discs were found to be kyphotic in Upper and
Middle TK with respective discs contribution to total TK of
4.2% and 9.6%, for a total of 13.8% of total kyphosis. How-
ever, Lower TK discs were lordotic, with a participation of



Table 4 Mean=SD segmental Cobb angles (expressed in degree) for upper TK, middle TK, lower TK and total TK according to TK groups. Sig-
nificant p-values, issues from ANOVA or Kruskal-Wallis analyses are written in bold and denoted with an asterisk if<0.05

TK groups Low Average-Low (n=227) Average-High (n=227) High p-values
(n=110) (n=281)

Segmental disc angle in thoracic kyphosis (°)

Upper TK 0.1+7.5 1.4+6.5 3.3+6.7 3.1+£6.7 <0.001*

Middle TK 2.6+4.7 4.4+4.0 5.7+4.2 7.3+4.3 <0.001*

Lower TK —9.2£5.5 —7.4£5.8 —6.1£5.5 —5.1£5.6 <0.001*

Total Discs —6.5+10.3 -1.6+8.9 2.9+£9.6 53+9.9 <0.001*

Segmental vertebral body angle in thoracic kyphosis (°)

Upper TK 14.4+73 16.2+7.2 18.6+7.9 22.1+7.5 <0.001*

Middle TK 15.2+4.8 17.7+4.9 19.1+£4.9 23.9£6.0 <0.001*

Lower TK 12.2£4.8 13.9+£5.1 15.7+£5.7 18.0£6.3 <0.001*

Total Bodies 41.8+£9.9 47.7+8.9 53.4+9.8 64.1£10.1 <0.001*

Age (years)

Age 32.9+13.2 36.9+15.9 38.2+15.9 44.1£19.9 0.001*

Table 5 Median (IQR) contribution to thoracic kyphosis for upper TK, middle TK and lower TK according to TK groups. Significant p-values,
issues from ANOVA or Kruskal-Wallis analyses are denoted with an asterisk if<0.05

TK groups Low Average-Low (n=227) Average-High (n=227) High p-values
(n=110) (n=81)

Disc contribution to thoracic kyphosis (%)

Upper TK (%) -1.7 10.5 15.0 11.0 0.002*
(—33.9-28.3) (—20.6-29.7) (-3.3-32.6) (—4.1-28.1)

Middle TK (%) 15.5 18.1 22.0 23.5 <0.001*
(—3.8-27.7) (10.5-27.8) (13.8-32.0) (16.3-30.7)

Lower TK (%) —66.6 -53.9 -50.3 -35.1 0.11
(—223.4-148.0) (-182.5--3.6) (-134.9--11.8) (-81.1--3.3)

Total Disc TK (%) -13.8 -1.5 5.7 9.1 <0.001*
(—36.5-1.0) (-16.3-9.9) (-8.4-16.1) (-5.1-18.1)

Vertebral body contribution to thoracic kyphosis (%)

Upper TK (%) 101.8 89.5 85.0 89.0 0.002*
(71.7-133.9) (70.3-120.6) (67.4-103.4) (71.9-104.1)

Middle TK (%) 84.5 81.9 78.0 76.5 <0.001*
(72.3-103.8) (72.1-89.5) (68.0-86.2) (69.3-83.7)

Lower TK (%) 166.6 153.9 150.3 135.1 0.11
(—48.0-323.4) (103.6-282.5) (111.8-234.9) (103.3-180.1)

Total Body 113.8 101.5 94.3 90.9 <0.001*

TK (%) (99.0-136.5) (90.2-116.3) (83.9-108.4) (81.9-105.1)

—13.2% of total TK, leading to an overall discs contribu-
tion to TK of 0.6%. Vertebral bodies were all kyphotic with
a contribution of 99.4% of total kyphosis. This study also
showed that age association with thoracic kyphosis was
greater for vertebral bodies than discs. This study is the first
to our knowledge to show that disc contribution to thoracic
kyphosis increases significantly with increasing thoracic
kyphosis magnitude. Finally, discs contribution was signifi-
cantly greater in males than in females.

This study found that the vertebral bodies contributed up
t0 99.4% of the total thoracic kyphosis (TK), while the discs
contribution was negligeable (0.6%). However, one char-
acteristic of the discs revealed in this study is their vary-
ing angulation: kyphotic in the Upper and Middle TK, and
lordotic in the Lower TK. These findings align with those
from Goh et al. who, in a review of 93 lateral radiographs,

reported that vertebral morphology was highly predictive
of thoracic curvature, while disc morphology had a weaker
association, and that these differences were larger in mid-
thoracic region [27]. Similarly, in a recent study on 32
patients with degenerative thoraco-lumbar deformity, He et
al. reported a total vertebral bodies contribution of 94.23%,
for a disc contribution of only 5.77% [18]. Other studies
have confirmed the kyphotic nature of thoracic vertebrae in
different populations [28, 29].

It is well known that thoracic kyphosis tends to increase
with physiological aging [30-33]. In this study, signifi-
cant association between age and thoracic kyphosis was
observed, with a greater contribution of vertebral bodies
than discs, particularly in the Middle, Lower and Total TK.
This accentuation of kyphosis seems more linked to bony
component than disc. Regarding the bony component, some
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Decrease in discs contribution and increase in vertebral bodies contri-
bution are associated with an increase in TK

authors attribute this increase to osteoporosis, especially
vertebral fractures, which are more common in the middle
and lower thoracic region [34, 35]. In addition, the asymp-
tomatic nature of many osteoporotic fractures, as confirmed
by several studies, explain the increase in thoracic kypho-
sis with age in our healthy volunteer population [36]. Fur-
thermore, increased stresses on the anterior aspect of the
vertebral body could increase bone remodeling in cases of
low bone density [37]. Additionally, other studies have sug-
gested that increased kyphosis may be related to decreased
muscle integrity in elderly population, contributing to poor
posture, which in turn can lead to increased compressive

load on thoracic and thoraco-lumbar spine over time [33,
38-40].

This study also showed that the contribution of discs was
greater in males than in females. Schmorl and Junghan, in
their book, explained that age-related kyphosis was associ-
ated with loss of disc height in males without osteoporosis
[41]. This assertion has been confirmed by several authors,
who found a higher rate of disc degeneration in males, as
well as a greater rate of thoracic disc herniation [42—45].
In a recent study of 2016, Stromgqvist et al., found out of
15,631 patients operated for disc herniation a male rate of
56% [46]. Manns et al. highlighted that disc degeneration
is a physiological and often asymptomatic process begin-
ning at first with concentric tears in the anterior parts of the
discs and resulting in anterior disc bulging that then pro-
gresses to fibrosis [17]. Goh et al. showed that these anom-
alies occurred mostly in mid and lower thoracic kyphosis
[42]. Other authors confirmed the greater contribution of
bony kyphosis in females, attributing this to asymptomatic
osteoporotic fractures, related to hormonal factors such as
the decrease in estrogen, which leads to a reduction in bone
density [17, 34, 35]. Stone et al. found that bone mineral
density was an independent risk factor for increased tho-
racic kyphosis leading to discussions about preventive
osteoporosis treatments [47]. However, in that same recent
study, the authors suggested a probable genetic component,
which may not be corrected with treatment, corroborating
Manns et al.’s results [17, 47]. In these osteoporotic patients
scheduled for ASD surgery, hormone therapy is therefore
indicated as a preventive measure to limit the hyperkypho-
sis associated with these processes.

This study also showed that larger kyphosis was associ-
ated to a greater discs contribution to TK. To our knowl-
edge, this finding has not been previously reported in
literature. Liu et al. reported in a population of ankylosing
spondylitis patients that vertebral bodies contribution was
greater when the overall kyphosis was greater than 70°;
however, this was a very specific pathological population
[48]. While the current study was conducted in a cohort of
asymptomatic subjects, it would be interesting to observe
how the discs and vertebral bodies contribution changes
with progression of sagittal malalignment and activation of
thoracic compensation mechanisms. These questions repre-
sent an important area of future investigation and could help
to understand junctional complications, given the burden
of proximal junctional kyphosis (PJK) in adult deformity
surgery. Despite recent efforts to understand its pathogen-
esis, risk factors, prevention, and treatment, PJK remains a
frequent complication, occurring in 23% to 41% of patients
undergoing surgery for spinal deformity [49]. Increased
thoracic kyphosis has been identified as an important pre-
dictor of PJK [50] but this may be an oversimplification of



a complex morphological issue. Increasing TK results in
higher discs contribution, allowing greater micro-mobility
within the construct and at its proximal end, which could
potentially explain this risk factor.

Limitations

This study has several limitations. First its cross-sectional
nature does not permit to investigate the effects of aging
on thoracic kyphosis. In addition, this study did not use
MRI, CT scans which could have provided a more accu-
rate assessment of disc and vertebral degeneration. In this
study, the volunteers were only healthy volunteers who did
not complain of any spinal pain and who had no history of
trauma or vertebral fracture. However, undetected vertebral
compression fracture can contribute to a TK increase and it
is difficult to separate them from vertebral degeneration. No
assessment of bone mineral density was carried out, which
would have allowed to correlate the results with possible
osteopenia or osteoporosis. However, biplanar radiography
allowed to evaluate the spine in standing position.

Conclusion

This study highlights the predominant role of vertebral bod-
ies contribution to thoracic kyphosis, 99.4% on average. The
contribution of disc to thoracic kyphosis (values ranging
from —13.8% to 9.1%) increases significantly with increas-
ing thoracic kyphosis magnitude. The association of age
with thoracic kyphosis was greater for vertebral bodies than
discs, particularly in Middle and Lower TK. Finally, discs
contribution was greater in males than in females, which
may be attributed to a higher rate of disc degeneration in
males and the presence of asymptomatic osteoporotic frac-
tures in females. These findings provide a foundation for
improving treatments of degenerative thoracic kyphosis and
pathological hyper kyphosis. The data from this study may
help reduce the risk of PJK by evaluating in further studies
the deviation from normal discs and vertebral bodies contri-
bution in patients with deformity and PJK.

Appendix

See Table 6.

Table 6 Segmental (vertebral body and disc), regional and global sag-
ittal alignments of asymptomatic volunteers. Percentages of the differ-
ent regional TKs were expressed versus T1-L1. Kyphotic angles were
reported with positive values and lordotic angle with negative values

Segmental (°) Regional (°) Global (°)
T1 body 6.5+3.8 Upper TK 19.6+8.1 T1-L1
T1-T2disc  -1.7+£3.4 (T1-TS)  (38.9+149% TK
T2 body 39431 of Global TK) 50.9+10.9
T2-T3 disc 0.6+3.0

T3 body 32428

T3-T4 disc  1.4+2.3

T4 body 43422

T4-T5 disc ~ 1.5+2.5

T5 body 45+2.6 Middle TK 23.4+7.1

T5-T6 disc 1.9+1.9 (T5-T9  (46.8+12.1%

T6 body 4.6+22 of Global TK)

T6-T7 disc  1.4+1.8

T7 body 5.0+2.1

T7-T8 disc 1.5£1.6

T8 body 47+2.0

T8-T9 disc  0.1+1.7

T9 body 32421 LowerTK 7.9+7.7

T9-T10 disc —0.6+1.8 (T9-L1)  (143+14.4%
T10body  3.3+24 of Global TK)
T10-T11 disc —1.1+2.1

T11 body 42423

T11-T12 disc —1.8+2.4

T12 body 41423

T12-L1 disc —3.7+2.5
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