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Abstract 

Background Physiological thoracic kyphosis (TK) allows sagittal balance of human body. Unlike lumbar lordosis (LL), 
TK has been relatively neglected in the literature. EOS is an imaging technique employing high-sensitivity xenon par-
ticles, featured by low-dose exposure combined with high accuracy compared to conventional radiography. The aim 
of this study was to investigate predictors of TK in patients with phyiological spine morphology using EOS imaging.

Methods EOS images of 455 patients without spinal anomalies were retrospectively assessed for TK (T1- T12), upper 
thoracic kyphosis (UTK, T1-T5), lower thoracic kyphosis (LTK, T5-T12), LL (L1-S1) and pelvic incidence (PI). The latter 
curves were measured by two researchers separately and the average of the two measurements was used for further 
analysis.

Spearman non-parametric correlation was estimated for age, PI, LL, LTK, UTK and TK. Multiple robust linear regres-
sion analysis was employed to estimate TK, controlling for the effect of age, sex, LL and LTK.

Results The mean age of patients was 28.3 ± 19.2 years and 302 (66.4%) of them were females. The mean TK, 
UTK and LTK was 45.5° ± 9.3, 16 ± 7.4° and 29.7° ± 8.9, respectively. The mean UTK in people under 40 years of age 
was 17.0° ± 7.2, whereas for patients 40+ years old it was 13.6° ± 7.4. At univariable analysis TK positively correlated 
with UTK (p<0.001), LTK (p<0.001) an LL (p<0.001). At multivariable linear regression TK increased with LTK (RC = 0.67; 
95%CI: 0.59; 0.75) or LL (RC = 0.12; 95%CI: 0.06; 0.18), whereas it decreased with age (RC = -0.06; 95%CI: -0.09;—0.02).

Conclusion If EOS technology is available, the above linear regression model could be used to estimate TK 
based upon information on age, sex, LL and LTK. Alternatively, TK could be estimated by adding to LTK 17.0° ± 7.4 
for patients < 40 years of age, or 13.6° ± 7.4 in patients 40 + years old. The evidence from the present study may be 
used as reference for research purposes and clinical practice, including spine examination of particular occupational 
categories or athletes.
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Background
At sagittal view, the human spine is composed of four 
curves: cervical lordosis (CL); thoracic kyphosis (TK); 
lumbar lordosis (LL); and sacral kyphosis (SK) [1]. The 
distribution of latter curves follows a natural alignment 
along the sagittal plane, functional to maintain the health 
of spine and intervertebral discs, improving the perfor-
mance of movements of the human body while contain-
ing energy consumption [2].

TK is often defined as the angle between the supe-
rior end plate of T1 and the inferior end plate of T12 
vertebrae. TK typically increases with age (particu-
larly after 40 years), yet it may be influenced by various 
conditions including Schuermann disease, congenital 
vertebral anomalies or post-traumatic / inflammatory 
disorders [3].

The standard approach to measure TK at lateral spinal 
radiography is the Cobb method, where TK corresponds 
to the angle between two parallel lines, one tangent to 
the upper end plate of T1 and another tangent to lower 
end plate of T12. The physiological range of TK varies 
between 20 to 50 degrees [4, 5]. Likewise, the upper tho-
racic kyphosis (UTK, T1-T5) and lower thoracic kyphosis 
(LTK, T5-T12) can be measured in a  similar fashion [6, 
7]. The mean angle for UTK (T1-T5) is calculated based 
on routine radiographs, with variability by several factors 
including geographical area and  different  study popula-
tion.  Since the quality of the proximal thoracic portion 
(C1-S1) of lateral conventional radiographs (X ray) of the 
spine is often unsuitable to visualize the upper T1 end-
plate [8], a study on 100 healthy individuals older than 
40  years suggested to estimate UTK (T1-T5) by adding 
an extra 14° ± 8 to the angle of LTK (T5—T12) [9]. In view 
of the above, the present study aimed to estimate UTK 
in a group of patients with physiological spine morphol-
ogy  using  EOS, an imaging technique employing high-
sensitivity xenon particles, reportedly featured by low 
dose radiation exposure combined with higher accuracy 
compared to CT scan [10, 11]. To the best of our knowl-
edge, UTK was never estimated by EOS imaging thus far.

Methods
This retrospective observational study was conducted 
between July 2020 –July 2021 at Shafa-Yahyaian Hospital 
(Tehran, Iran).

EOS imaging
EOS (Paris, France) is an imaging technique employing 
high-sensitivity xenon particles, featured by low-dose 
exposure combined with high accuracy compared to 
conventional radiography. With EOS the patient is stand-
ing or sitting and a full body image at time is taken from 

frontal and sagittal views. Despite delivering a much 
lower radiation dose to the thoracic and lumbar region, 
the quality of EOS imaging was reportedly higher than 
CT scan for all anatomical spinal structures, with the 
exception of the lumbar spinous process [11]. In 2D 
images of the skeletal system, the radiation dose used 
by EOS is up to 8—10 times lower than CT scan. For 3D 
imaging, the dose required for CT-scan reconstruction 
has been further reduced by 800–1,000 times, yet main-
taining an accuracy as good as CT scan [12].

Further advantages of EOS include the possibility of 
simultaneous imaging of the spine and lower extremities 
and a relatively shorter preparation time for the radiolog-
ical image (15 to 30 min less) [10, 13].

Study Population (New sub-title). All patients with a 
healthy physiological spine curves or with aspecific lum-
bar pain consecutively accessing Shafa-Yahyaian Hospital 
(Tehran, Iran) between July 2020 –July 202 to undergo 
EOS of the thoracic spine were considered in the present 
study. Patients were excluded if:

1) < 8 years of age and/or;
2)  using brace and/or;
3) affected by:

• Thoracolumbar (T12-L1) kyphosis > 10 degrees or 
lumbar kyphosis of any level, and/or

• Pelvic obliquity, and/or;
• Any deformity or shortening of lower limbs, and/

or;
• Any significant deformity along sagittal or coronal 

plane of the spine needing brace, and/or
•  TK > 60 degrees, thoracic scoliosis > 25 degrees 

or lumbar scoliosis > 15 degrees, and/or;
• History of any type of spine or lower extremities 

surgery, and/or;
• Acute or chronic or healed spinal fracture or 

infection.

The following measurements were taken from EOS 
images using sterEOS software and Cobb method 
(Fig. 1) [14]:

1) TK (paralleled lines with upper T1 and lower T12 
endplate), measuring also the angle between them;

2) UTK (angle between upper T1 and lower T5 end-
plate);

3) LTK (angle between upper T5 and lower T12 end-
plate);

4) LL (angle between upper L1 and S1 endplate); The 
average of two patient measurements was considered 
for further analysis. Pelvic Incidence (PI), which var-
ies between 33° to 85° in the general healthy popu-



Page 3 of 7Ghandhari et al. BMC Musculoskeletal Disorders          (2024) 25:403  

lation, is defined as the angle between the line per-
pendicular to the sacral endplate at its midpoint and 
a line connecting this point to the axis of the femoral 
head [15].

Statistical analysis
For quantitative variables, median, interquartile  range 
(IQR) and mean ± standard deviation (SD) was calcu-
lated, whereas categorical variables were reported as 
frequencies and percentages. Kolmogorov–Smirnov 
test was used to assess the normal distribution of quan-
titative variables.

A multivariable robust linear regression was fitted to 
investigate factors associated with TK as linear end-
point, reporting adjusted regression coefficients (aRC) 
with 95% confidence interval (95%CI). Stata 14.0 (Stata 

Corporation, College Station, Texas, USA) was used for 
statistical analysis.

Results
Six-hundred-sixty-three out of 3,482 patients examined 
by EOS were included in the study.

However, the analysis was eventually restricted to 455 
patients whose information on spinal curves was avail-
able.  In two patients the  information on UTK and LTK 
was not available, due to undetectable anatomical bor-
ders of the upper and lower T5 endplates.

Three-hundred-two patients (66.4%) were females. 
Patients’ age ranged between 5–76 years, with a median 
of 19 years (IQR; 13–44) and a mean of 28.3 ± 19.2 years. 
Females were slighly older than males, with a median age 
of 21 (IQR: 13; 46) vs. 17 (IQR: 13–44) years and a mean 
age  of 29.6 ± 19.4 versus 25.8 ± 17.6  years, respectively 
(Table 1).

Fig. 1 Measurement of sagittal curve angles by EOS imaging. TK= Thoracic kyphosis; UTK= upper Thoracic kyphosis; LL= Lumbar lordosis; PI= Pelvic 
incidence. a TK, LL and PI. b UTK
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As can be seen from Table  2, the median TK was 47° 
(IQR: 40; 53) and the respective  mean was 45.5° ± 9.3, 
while the median UTK was 16° (IQR: 10.9–20.4) and the 
respective mean was 16° ± 7.4.

Table  3 shows the  Spearman non-parametric correla-
tion between variables involved. As can be seen:

• TK positively  correlated with UTK (p < 0.001), LTK 
(p < 0.001) and LL (p < 0.001);

• UTK negatively  correlated with LTK (p < 0.001)  and 
age (p<0.001);

• LTK positively correlated with LL (p < 0.001) and age 
(p = 0.020);

• LL positively correlated with PI (p<0.001) (new bullet 
point) PI positively correlated with age (p<0.001).

Table 4 displays the distribution of TK, UTK and LTK 
by age and sex. As can be noted, patients aged 40 + years 
exhibited  significantly lower UTK (13.6° ± 7.4 versus 
17.0 ± 7.2; p < 0.001), yet higher LTK (30.5° ± 9.7 versus 
29.4° ± 8.6; p < 0.001) and slightly lower TK (44.0° ± 10.0 
vs. 46.1 ± 9.0, p = 0.031). By contrast, there was no differ-
ence in TK by age group in females (p = 0.060) or males 
(p = 0.319). Table 5 displays the output of a robust mul-
tiple linear regression model including sex, age, LL and 
UTK. As can be seen, TK increased significantly with 
LTK (RC = 0.67; 95%CI: 0.59; 0.75) and LL (RC = 0.12; 
95%CI: 0.05; 0.18), whereas it diminished with age 
(RC = -0.05; 95%CI: -0.09; -0.02). The latter multiple lin-
ear regression model [TK = 19.03 + (1.23 × sex) – (0.05 × 
age) + (0.67 × LTK) + (0.12 × LL)], featured by goodness 
of fit (Fig. 2), could be used to estimate TK if informa-
tion on UTK is not available (Table 5). Alternatively, TK 
could be estimated by adding the mean UTK found in 
the present study (17.0° ± 7.2 for patients aged < 40 years 
against 13.6° ± 7.4 for patients aged 40 + years) to 
LTK measured.

Table 1 Distributions of study patients by age and sex

N= Number, %= percentage, IQR= median interquartile range, M ± SD= 
mean ± standard deviation

Patients N (%) Range Median (IQR) M ± SD

Age (years) All 455 8–76 19 (13; 44) 28.7 ± 18.9

Females 302 (66.4) 8–76 22 (13; 46) 30.0 ± 19.6

Males 153 (33.6) 8–69 17 (14; 37) 26.3 ± 17.3

Table 2 Angle degrees of thoracic kyphosis (TK), upper thoracic 
kyphosis (UTK), lower thoracic kyphosis (LTK); lumbar lordosis 
(LL) and pelvic incidence (PI). Range, median, interquartile range 
(IQR), mean ± standard deviation (SD)

Spinal curves Range Median (IQR) Mean ± SD

Min Max

TK (T1-T12) 15.0° 60.0° 47° (40–53) 45.5° ± 9.3

UTK (T1-T5)
(Missing: 2)

0.2° 41.3° 16° (10.9–20.4) 16.0° ± 7.4

LTK (T5-T12)
(Missing: 2)

0.7° 55.2° 30° (23.5–35.8) 29.7° ± 8.9

LL ( L1-S1) 8.0° 90.0° 57° (49–65) 56.6° ± 11.5

PI 24.0° 85.0° 48° (40–55) 48.3° ± 11.2

Table 3 Sperman non parametric correlation. Correlation coefficients with respective p-value

Orange highlights mark positive significant correlations. Green highlights mark negative significant correlations

TK= Thoracic kyphosis, UTK= Upper thoracic kyphosis, LTK= Lower thoracic kyphosis, LL= Lumbar lordosis, PI= Pelvic incidence, yrs= years
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Discussion
Key findings
In the present study, the mean TK, UTK and LTK of all 
patients were 45.5° ± 9.3, 16.0° ± 7.4 and 29.7° ± 8.9 respec-
tively. At multiple regression analysis  TK significantly 
increased with LTK or LL, whereas it decreased with age. 
If information on UTK is not available, TK could be esti-
mated from LTK, LL and patient age using the above mul-
tiple linear regression model. Alternatively, TK could be 
estimated by adding to LTK the mean UTK calculated in 
the present study (17.0° ± 7.4 for patients aged < 40 years 
or 13.6° ± 7.4 in patients 40 + years old).

Generalizability
Following measurements by Gelb et al. [9] in 1995, if the 
upper thoracic end plates were not clear at conventional 
X-ray, TK was estimated by adding 14° ± 8 to LTK, a fig-
ure slightly lower than the mean UTK (16.0° ± 7.4) found 
in the present study. Furthermore, the mean LTK esti-
mated by Gelb et  al. was slightly higher (34° ± 11) than 
that found in  the present study (29.7° ± 8.9). The latter 
discrepancies may be explained by differences in study 
populations, since all patients in the study by Gelb et al. 
were > 40 years old and age was inversely correlated with 
UTK and positively correlated with LTK in the present 
investigation [9].

For instance, in an Italian study on 160 volunteers 
aged > 60  years examined by EOS imaging the mean 
TK was 54.6° ± 13.6, increasing with age (49.4 ± 13.2 at 
60–69 years vs. 54.4 ± 13.2 at 70–79 years vs. 63.5 ± 11.3 
at 80 + years). Likewise, the mean LTK in the latter study 
was 47.6° ± 12.6, again increasing with age (44.9 ± 13.7 at 
60–69  years  vs. 44.9 ± 11 at 70–79  years vs. 46.4 ± 9.1 at 
80 + years) [16].

However, a recent systematic analysis on 23 studies 
reported an average TK of 48.3° ± 6.2, an estimate similar 
to that found in the present study (45.5° ± 9.3) [17]. Like-
wise, Abrisham et  al. reported a mean TK of 43.5° ± 6.4 
among 403 patients examined by EOS during 2016–2018 
[18].

In the present investigation the mean LL and PI were 
56.6° ± 11.5 and 48.3° ± 10.9 respectively. According to 
the open literature, the mean LL varies widely from 
25° ± 11.4 [19] to 64° ± 10 [9], again depending on differ-
ences between study populations (in terms of age, race, 
body mass index, among  others), measurement meth-
ods and sample size. For instance, whilst Sebaaly et  al. 
[20] reported a mean LL of 59.4° ± 9.9 in 373 caucasian 
patients aged 18–45 years, Abrisham et al. found a mean 
LL of 32.4° ± 6.2 [18]. The findings of Abrisham et al. are 
likely influenced by measurement of LL from upper L1 
end plate to lower L5 end plate. L5-S1 disk lordosis has 
an important role in the restoration of segmental and 
global LL [21, 22].

 Differently from LL, PI positively correlated with age in 
the present investigation. However, the latter evidence is 
still inconclusive – again likely due to differences in study 
populations [23, 24]. Nevertheless, PI tendd to gradually 
increase during childhood as a result of bipedal walking, 
to stabilize after bone maturity [15].

Strenghts and weaknesses
Despite a generalizability limited by the type of study 
population and  some unmeasured potential confoud-
ners as genetics, race and co-morbidities, the findings 

Table 4 Comparison of thoracic kyphosis (TK), upper thoracic 
kyphosis (UTK) and lower thoracic kyphosis (LTK) by age and sex. 
Mean degrees ± standard deviation (M° ± SD); ANOVA p-value

Patients Spinal curve Age M° ± SD P -value

All TK < 40 years 46.1 ± 9.0 0.031

40 + years 44.0 ± 10.0

UTK < 40 yeras 17.0 ± 7.2 < 0.001

40 + years 13.6 ± 7.4

LTK < 40 years 29.4 ± 8.6 < 0.001

40 + years 30.5 ± 9.7

Females TK < 40 years 45.6 ± 9.2 0.060

40 + years 43.5 ± 10.1

UTK < 40 years 16.6 ± 7.0 < 0.001

40 + years 13.4 ± 7.5

LTK < 40 years 29.1 ± 8.4 0.362

40 + years 30.3 ± 10.0

Males TK < 40 years 47.1 ± 8.7 0.419

40 + years 45.1 ± 9.6

UTK < 40 years 17.5 ± 7.5 0.013

40 + years 14.1 ± 7.1

LTK < 40 years 29.8 ± 9.0 0.319

40+ years 31.1 ± 9.0

Table 5  Robust multivariable linear regression model estimating 
thoracic kyphosis (TK)

RC= Regression coefficients, 95%CI= 95% confidence interval, LTK= Lower 
thoracic kyphosis, LL= Lumbar lordosis. Multiple linear regression model fitted 
onto 453 complete observations

TERMS RC (95%CI) p-value

Constant term 19.03 (14.90; 23.15) <0.001

LTK (linear term) 0.67 (0.59; 0.75) <0.001

LL (linear term) 0.12 (0.05; 0.18) <0.001

Age (years, linear term) - 0.05 (-0.09; -0.02) 0.002 

Sex Females reference 0.077

Males 1.23 (-0.13; 2.60)
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of the present study provided some useful reference 
to estimate TK in patients with physiological spine  if 
information on UTK is not available.

Conclusions
If UTK is not available, TK could be estimated 
by the above multiple linear regression model 
[TK = 19.03 + (1.23 × sex) – (0.05 × age) + (0.67 × LTK) +   
(0.12 × LL)]. Alternatively, TK could be estimated by 
adding the mean UTK  measurements from the pre-
sent study (17.0° ± 7.4 for patients < 40  years of age vs. 
13.6° ± 7.4 in patients 40 + years  old) to the  observed 
LKT.

The evidence from the present study may be used as 
reference  for research purposes and clinical practice, 
including spine examination of  particular occupational 
categories or  athletes. Future studies should investigate 
sagittal balances by different age groups, conditions and 
treatment of patients.
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