
The objective of this prospective consecutive cohort

study was to investigate the effect of sagittal cervical

profile, gender and age on the thoracic kyphosis in

228 subjects, mainly adults, free of spinal complaints

and with a thoracic kyphosis of less than 50°. The

subjects, who were actually treated for lower extre-

mity problems, were divided into two groups : the

68 subjects in group 1 (30%) had loss of cervical

lordosis , while the 160 subjects in group 2 (70%) had

a physiological cervical lordosis. In group 1 (loss of

cervical lordosis) the mean angles of the upper

(T1T6), lower (T7T12), and whole (T1T12) thoracic

kyphosis were 8° ± 2 (range : 3-28°), 15° ± 4 (range :

6-40°), and 24° ± 6 (range : 10-46°), respectively. In

group 2 the normal cervical lordosis seemed to lead to

a compensatory increase in these values : 13° ± 4

(range, 4-35°) (p = 0.008), 21° ± 5 (range : 6-45°) (p =

0.012), and 34° ± 8 (range : 12-50°) (p = 0.007). In

both groups gender had no significant effect on the

values of the thoracic kyphosis (p > 0.05). Also age

had no influence, neither in group 1 nor in group 2 as

a whole, but in group 2 advanced age (> 50 years) was

correlated with a significant increase in the lower

(T7T12) (p = 0.009) and whole (T1T12) thoracic

kyphosis (p = 0.007). This study yields standards for

reference for the normal curvatures of the spine in

the sagittal plane. The literature is quite controversi-

al on this matter. 
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INTRODUCTION

The significance of the sagittal curvatures of the
spinal column has been reported previously (14).
The thoracic curve is mostly seen as the primary
curve, while the cervical and the lumbar curves are
considered as secondary curves. However, some
authors consider the cervical curve to be the
primary  curve, because it is already formed at
approximately  10 weeks of fetal life. 
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It has been reported (17) that the prevalence of
“loss of cervical lordosis” is 42% in asymptomatic
patients, a ratio comparable with the ratio in the
current study (30%) ; however, one third of these
patients’ films were taken in a position of cervical
kyphosis. A recent study (13) demonstrated that in
individuals around 40 years of age and with no
kyphotic deformity, the mean cervical lordotic
curve was the lowest in a group with chronic neck
pain, and the greatest in normal controls, with acute
pain having the intermediate lordosis. 

To the best of our knowledge, there has been
only one study examining the relation between the
sagittal profile of the cervical spine and the thoracic
spine, more specifically in 8, 11 and 15-year-old
children (18). This is why the current study focused
on a mainly adult population. 

PATIENTS AND METHODS

Between 2004 and 2009, 228 subjects, free of
spinal problems but undergoing treatment for lower
extremity problems, were included in this study.
There were 127 females and 101 males, with an
average age of 38.7 years (range : 13 to 72). All
subjects who were asked agreed to take part in the
study. The exclusion criteria were : previous history
of spinal trauma, surgery, degenerative and syste-
mic disease, and a thoracic kyphosis of more than
50°. The 228 volunteers were divided into two gro-
ups : group 1 consisted of 68 subjects (30%) with
loss of cervical lordosis, and group 2 of 160 sub-

jects (70%) with physiological cervical lordosis
(table I). For each patient medical history, physical
examination, gender, age, height and weight were
recorded.

The radiological assessment was carefully stan-
dardized. The subject stood in a relaxed position,
holding onto a support at the level of the chest.
Using the light beam of the X-ray machine, the sha-
dow of a metal wire was projected onto the lateral
aspect of the head, and this was used to define the
inclination of the head. The angle to the horizontal
line was adjusted to 20° and the head was orienta-
ted so that this line projected from the external ope-
ning of the ear to the eye (10). Cervical radiographs
were made with the beam of the X-ray machine
centred 15 cm below the ear at the standard distan-
ce of 183 cm. lateral thoracic and whole spine radi-
ographs were similarly taken, but at a lower level.
The cervical lordosis was evaluated according to
the posterior tangent technique originally described
by Albers (1) and Gore et al (9) : the lordosis was
defined as the angle between the posterior walls of
the vertebral bodies C2 and C7 (fig 1). Harrison et

al (16) analyzed this technique and reported good
inter- and intra-observer reliability, with a lower
standard error of measurement (less than 2°) than
with the Cobb method. The literature yields no defi-
nition of a normal cervical lordosis. For this reason
we chose a tolerance of  ± 4º as a possible measure-
ment error, with 95% confidence intervals (6,10,23),
and therefore defined physiological lordosis as < -
4º (negative = lordotic), and cervical kyphosis as
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Table I. — Demographics

Group 1 : loss of cervical lordosis : 
68 subjects or 30%

Group 2 : normal cervical lordosis : 
160 subjects or 70%

p value

Cervical sagittal curve
(Mean, SD) (negative 
value = lordotic curvature)

-2.4° ± 1.4° -18.2° ± 13.2° < 0.001

Gender (F/M) 57%F 43%M 54%F 46%M 0.71

Age (Mean, SD) 37.9 ± 12.7y 39.4 ± 13.6y 0.63

Height (F/M) 166.2 ± 6.8cm 174.5 ± 8.1cm 164.9 ± 6.2cm 176 ± 7.9cm 0.42

Weight (F/M) 72.4 ± 10.6kg 84.5 ± 11.4kg 70.8 ± 9.7kg 82.3 ± 10.8kg 0.55

Global sagittal alignment
(modified technique)

68 ± 9mm 74 ± 6mm 0.12



+4° (positive = kyphotic), while the grey area in
between or “loss of cervical lordosis” was defined
as +4º to -4º (19). The upper (T1-T6), the lower (T6-
T12), and the whole (T1-T12) thoracic kyphosis
were measured by means of the Cobb method.
Global sagittal alignment was analyzed by measu-
ring the horizontal distance between the plumb line
(a vertical line drawn through the center of C7 ver-
tebra) and the posterior (modified technique : clas-
sically the anterior) superior corner of the sacrum.
All the measurements were done by the same obser-
ver (SE).

Statistical analysis was performed using SPSS
version 11.0 (Chicago, Il). Differences in continu-
ous variables between group 1 and group 2 were
examined with an unpaired t-test. The Pearson’s
correlation coefficient test was used to evaluate the
influence of cervical lordosis, gender and age on

upper, lower, and whole thoracic kyphosis.
Significance was defined as p < 0.05.

RESULTS

Comparability of the study groups

Group 1 and 2 were comparable with regard to
their gender distribution (F/M = 57%/43% versus
54%/46% : p = 0.71) (table I). They were also of
comparable age (37.9 years, SD 12.7, range 13–70,
versus 39.4 years, SD 13.6, range : 12–72) : p =
0.63. No significant height (p = 0.42) or weight (p
= 0.55) differences were observed. As to global
sagittal alignment (the mean distance between the
plumb line from the center of C7 and -in the current
study- the posterior superior corner of the sacrum) :
68 ± 9 mm in group 1 and 74 ± 6 mm in group 2,
which was absolutely comparable (p = 0.12). The
plumb line fell anterior to the posterior superior
corner of the sacrum on all radiographs. 

Influence of sagittal cervical profile on thoracic

kyphosis

In group 1 (loss of cervical lordosis) the upper,
lower and whole thoracic kyphosis were not prono-
unced : respectively 8 ± 2º (range : 3-28º), 15 ± 4º
(range, 6-40º), and 24 ± 6º (range : 10-46º). In
group 2 (physiological cervical lordosis) the normal
lordosis seemed to lead to a compensatory increase
of these curves : 13 ± 4º (range : 4-35º), 21 ± 5º
(range : 6-45º), and 34 ± 8º (range : 12-50º), respec-
tively. The differences with group 1 were signifi-
cant : p = 0.008 , p = 0.012, and p = 0.007 (fig 2). 

Influence of gender on thoracic kyphosis

In group 1 gender had no influence on upper,
lower and whole thoracic kyphosis : p = 0.78, p =
0.86, and p = 0.81. In group 2 the same statement
could be made : p = 0.72, p = 0.66, and p = 0.69.

Influence of age on thoracic kyphosis

In group 1, no significant correlation was found
between age and upper, lower and whole thoracic
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Fig. 1. — Posterior tangent method of Harrison et al (16) : the
angle formed by the tangent lines at the posterior margins of
the vertebral bodies C2 and C7 is a measure of the cervical
sagittal curve. 



kyphosis : p = 0.066, p = 0.082 and p = 0.075. In
group 2, the same was true, but if individuals older
than 50 were compared with those younger than 50,
there was a significant increase in the lower and
whole thoracic kyphosis : p = 0.009 and p = 0.007
(fig 3). 

DISCUSSION

This is the first study to investigate the influence
of cervical sagittal curvature, age, and gender on
the upper, lower and whole thoracic kyphosis in
mainly adult asymptomatic subjects. 

Several methods have been described for the
evaluation of the sagittal curvature of the cervical
spine (1,9,16). There is a consensus that a lordotic
curvature constitutes the “physiological” or “nor-
mal” situation for the cervical spine (14), however,
the exact values and the recommended methods of
measurement are not clearly described. Normal
limits have been published ranging from -20º to -
35º for C2C7 (3,8,11,22), but these values are highly
related to the method of measurement used and the
positioning of the patient during the radiograph.
Moreover, factors such as tilt of the pelvis, sitting or
standing position, shape of the back rest when sit-

ting, and head position can all influence the sagittal
curve of the cervical spine (17,20,22). We used the
roentgenographic approach described by Grob et al

(10). We assumed that keeping the head position in
a standardized position would limit any possible
drawbacks in this respect.

We used the posterior tangent method to evalua-
te the sagittal cervical curvature (8,22,25). We chose
a tolerance of  ± 4º as a possible measurement error,
with 95% confidence intervals (6,10,23), and therefo-
re defined physiological lordosis as < -4º , and
cervical  kyphosis as >+4°, while the grey area in
between or “loss of cervical lordosis” was defined
as +4º to -4º. This scale led to an average physiolo-
gical cervical lordosis of -18.2 ± 13.2º in 70% of
the subjects (group 2) (table I), which was consis-
tent with the findings of Gore et al (8), Harrison et

al (15), and Nojiri et al (22) : respectively -23 ± 21º, 
-34º (range-16.5 to +66º) and -16.2 ± 12.9º. The same
scale led to an average “loss of cervical lordosis”
of -2.4 ± 1.4°, in 30% of the subjects (group 1)
(table I). This last incidence was lower in most
other comparable studies : 7.2% according to
Borden et al (3), 19% according to Juhl et al (20),
7.4% according to Hald et al (11), and 42% accor-
ding to Helliwell et al (18). The high incidence of
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Fig. 2. — In group 1 (loss of cervical lordosis) the upper (UTk) , lower (lTk), and whole (WTk) thoracic kyphosis were signifi-
cantly less pronounced than in group 2 (normal cervical lordosis), apparently because in group 2 the kyphosis compensated for the
more pronounced cervical curve. 



“loss of cervical lordosis” in the present study can
be attributed to the fact that different measurement
techniques (depth of curvature, categorisation in
relation to the aspect) were used in the other studies.

Influence of cervical sagittal curve on thoracic

kyphosis : we observed that patients with loss of
cervical lordosis (group 1) also had a less pronoun-
ced upper, lower, and whole thoracic kyphosis than
patients with a physiological cervical lordosis. This
is consistent with the findings of Hardacker et

al (12). Cervical and thoracic sagittal curves seem
to compensate each other. In contrast, Hellsing et

al (18) found no such correlation, but all their sub-
jects were children. 

Gender : Hardacker et al (12) observed that statisti-
cally men had a more pronounced cervical lordosis
than women. Also Helliwel et al (17) reported that
women were more likely to have loss of cervical lor-
dosis than men. But Gore et al (8) found no significant
effect of gender on cervical spinal alignment.
However, these studies did not group patients as
having either “loss of cervical lordosis” or “physiolo-
gical lordosis”. In the current study, we observed no
effect of gender on “loss of cervical lordosis” or
“physiological lordosis”, as women were equally rep-
resented in group 1 and 2. Moreover, gender had no

effect on the upper, lower, and whole thoracic kypho-
sis, neither in group 1 nor in group 2. These findings
concur with those of Gelb et al (7) who found no dif-
ference between females and males as to thoracic
kyphosis.

Age : Gore et al (8) observed a significant increase
in the cervical lordosis between age 20-25 and age
40-45, in women as well as in men. Hardacker et

al (12) also noted this correlation. In contrast with
these findings, we did not observe any such correla-
tion. Moreover, in the current study we found no sig-
nificant correlation between age and the degree of the
upper, lower, and whole thoracic kyphosis, neither in
group 1 nor in group 2. However, in group 2, subjects
older than 50 years, had a significant increase in the
lower and the whole thoracic kyphosis. This finding
was not supported by Hardacker et al (12) and Gelb et

al (7) who found no correlation between increasing
age and thoracic kyphosis. 

A limitation of this study is the fact that it did not
check intra- and inter-observer reliability, as all mea-
surements were made only once by the same obser-
ver (SE). In conclusion, this study yields standards
for reference for the normal curvatures of the sagittal
plane of the spine. The literature is quite controversi-
al on this matter. 
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Fig. 3. — In group 2 (normal cervical lordosis) subjects above age 50 have a significant increase of the lower and whole thoracic
kyphosis (UTk : upper thoracic kyphosis ; lTk : lower thoracic kyphosis ; WTk : whole thoracic kyphosis). 
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