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Abstract: The spine has a series of normal curves when viewed from the side. These curves help to better
absorb the loads applied to the spine from the weight of the body. The cervical spine (neck) and the lumbar
spine (lower back) have a normal inward curvature that is medically referred to as lordosis or lordotic curvature
by which the spine is bent backward. The aim of the study was to evaluate normal values of thoracic kyphosis
in a sample of asymptomatic Nigerians to determine if an association exists between age, gender and kyphotic
angle in Nigerian Africans. A total of 122 certified lateral chest radiographs were harvested from film libraries
of three centers; the University of Port Harcourt Teaching Hospital, Port Harcourt and Braithwaite Memorial
Hospital, Port Harcourt both in Rivers State, and Eku Baptist Hospital, Eku, Delta State. Of the 122 patients
sampled, only 94 radiographic films divided into 50 males and 44 females were selected for the  study  Cobbs
4-line method or Goh standard technique was used in this study. Age and kyphotic angle were evaluated in
both sexes using the SPSS Version 17 software program. Results showed a positive correlation between age
and kyphotic angle with regards to sex. There were no significant differences in kyphotic angle in females and
in males. Findings will add to existing knowledge in radiologic anatomy and the data it provides will help
physicians and therapists in group specific evaluation of scoliosis and other chest related health conditions.
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INTRODUCTION be properly balanced over the pelvis. This can lead to

The spine has a series of normal curves when viewed [1].
from the side. These curves help to better absorb the In the fetus in utero the column lies flexed in its whole
loads applied to the spine from the weight of the body. extent, like the letter C. This anterior flexion or concavity
The cervical spine (neck) and the lumbar spine (lower is the primary curvature of the column, and it is retained
back) have a normal inward curvature that is medically throughout life in the thoracic, sacral and coccygeal parts
referred to as lordosis or lordotic curvature by which the [2].
spine is bent backward. The thoracic spine (upper back) In adults, the normal spine, when viewed from the
has a normal outward curvature that is medically referred side (laterally), is not a straight line  as   it   is  when
to as kyphosis or kyphotic curve by which the spine is viewed from the front (anteriorly) or back (posteriorly).
bent forwards [1]. The thoracic (rib cage) portion of the spine has a normal

The normal curves of the spine allow the head to be forward curvature, called  “kyphosis”,  which  has a
balanced directly over the pelvis. If one or more of the normal range (20 to 50 degrees).  This  forward curvature
curves is either too great or too small, the head may not is  matched  by  reverse  curvatures   called  lordosis in the

back  pain,  stiffness  or  altered  gait or walking pattern
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cervical spine and lumbar spine. The combination of influence, neither in group 1 nor in group 2 as a whole, but
forward and reverse curves in the spine allows people to in group 2 advanced age (> 50 years) was correlated with
sit and stand upright [3]. a significant increase in the lower (T7T12) (p = 0.009) and

Standring [4] describes the thoracic curve as whole (T1T12) thoracic kyphosis (p = 0.007). Hojjati and
kyphosis (convex dorsally) which extends between the Sheikhpour [10] however reported a significant difference
second and the eleventh and twelfth thoracic vertebrae, in kyphotic angles from pre to post test in experimental
and its apex lies between the sixth and ninth thoracic group in their study to show that seated exercise therapy
vertebrae. This curvature is caused by the increased improves posture and balance in hyperkyphotic elderly
posterior depth of the thoracic vertebral bodies. female whereas in the control group, they observed no

Kyphosis also refers to the normal apical-dorsal difference between pre and post test. In a study to
sagittal contour of the thoracic and sacral spine. As a demonstrate  the   relationship  between  thoracic
pathological entity, hyperkyphosis or abnormal kyphosis kyphosis curvature and subacromial space, Cheshomi [11]
is an accentuation of this normal curvature. observed a significant correlation between thoracic
Hyperkyphosis may cause pain and potentially lead to kyphosis curvature and subacromial space. Asghari and
neurologic deficit and abnormal cardiopulmonary function Imanzadeh [12] investigated the relationship between
[1]. There are other disorders that can lead to kyphosis in kyphosis and depression anxiety in athlete and non-
adults. The most common of these is from sustaining athlete male students. They reported that there was no
multiple compression fractures of the bony building significant relationship between evidence of kyphosis,
blocks of the spine (vertebrae) from osteoporosis. Other depression and anxiety in both athlete and non-athlete
causes include degenerative arthritis, ankylosing subjects.
spondylitis, spine infections and spine tumors. Each of
these disorders can lead to a collapse of the front MATERIALS AND METHODS
(anterior) and the development of hyperkyphosis [5].
Briggs et al. [6] showed that a strong relationship exists Chest radiographs of 122 patients examined at the
between thoracic curvature and net segmental loads and University of Port Harcourt Teaching Hospital,
between thoracic curvature and muscle forces. They also Braithwaite Memorial Hospital both in Port Harcourt,
provided biomechanical evidence that increases in River State and Eku Baptist Hospital, Eku, Delta State.
thoracic kyphosis are associated with significantly higher Identification numbers and the code of patients for a
multisegmental spinal loads and trunk muscle forces in normal chest examination were encrypted on the films. Of
upright stance. These factors were seen likely to the 122 patients sampled, only 94 radiographic films were
accelerate degenerative processes in spinal motion selected for the study. Patients were accepted as normal
segments and contribute to the development of if no thoracic or spinal complaints were noted in the
dysfunction and pain [6]. Choi et al. [7] is of the view that request for radiologic examination and no radiologic
kyphotic condition decreases the  latency  of  motor abnormalities in the chest including the thoracic spine
control test, especially in backward movement implying were identified. 
that kyphotic condition may serve as a protective factor Radiographs were placed on the viewing box for
against falls.  Mendoza-Lattes et al. [8] showed that measurement. The degree of kyphosis was measured by
proximal junctional kyphosis developed in patients where a modification of the Cobb technique as used for scoliosis
the thoracic kyphosis remained greater in magnitude also known as the standard measuring technique or the
relative to the lumbar lordosis, and where the sagittal Cobb four-line method [13]. The upper (T4) and lower (T9)
balance seemed corrected. In a study to show the vertebra bodies defining the curve were selected and lines
influence of sagittal cervical profile on gender and age on drawn with pencils along the superior endplate of T4 and
the thoracic kyphosis, Erkan et al. [9] investigated the the Inferior endplate of T9. Perpendiculars were extended
effect of sagittal cervical profile, gender and age on from these two lines drawn through these superior
thoracic kyphosis. They explained that   in both groups, landmarks markings of T4 and inferior markings of T9. The
group 1 with loss of cervical lordosis  and group2 with resulting angle was measured from the intersection of the
normal cervical lordosis, gender had no significant effect two perpendiculars. The protractor was used to draw the
on thoracic kyphosis while pointing out that age had no perpendiculars and measure the angles.



World J. Med. Sci., 15 (3): 104-110, 2018

106

Fig. 1: The Standard (Cobb) measuring technique for the
quantification of thoracic kyphosis [14]

Fig. 2: Measurement of thoracic kyphosis using Cobb’s
measuring technique

The measurements were done on one set of films per
patient. Pencil lines were erased with erasers. For each
patient, one measurement error, a sample of 10 cases of 94
was drawn and the cases re-measured. The maximum
difference between first and second readings was about
2 degrees.  This study spanned between November 2014
and August 2015.

Data obtained were analysed using Statistical
Program SPSS® Version 17.0. Descriptive statistics was
used to determine the mean. Inferential statistics was
done correlation and no parametric tests. Ethical approval
was sought and obtained from the Department of
Anatomy Research Ethics Committee and consent
obtained from Chief Imaging Scientists, Department of
Radiology University of  Port  Harcourt  Teaching
Hospital,   Braithwaite    Memorial   Hospital  Port
Harcourt and Eku Baptist Hospital Eku, Delta State to
access their Film Libraries. Approval was given on the
promise that data collected will solely be used for research
purpose.

Inclusion/Exclusion Criteria: Radiographs that were
ascertained to have no abnormality of lungs or thoracic
skeleton and seen to have proper positioning and suitable
radiographic technique met the criteria for use. These
patients were diagnosed as having normal heart size and
contour, clear lung field, no focal lesions seen and intact
normal bony cages and were considered as normal for
study. Also, inclusions for selection were legible x-rays
films in good conditions and the possibility to measure
the kyphotic angle. All patients were ambulatory and also
met the criteria required for positioning. Only the mid
thoracic region between T4 and T9 was considered for
this study.

Patients with disease conditions such as
Scheuermann’s disease, congenital spinal abnormalities,
paralytic and metabolic processes, cystic fibrosis,
vertebra fracture of the thoracic spine, inflammatory or
traumatic conditions that could cause an exaggeration of
the normal thoracic curvature were excluded. Also,
patients less than 10 years of age were left out. 

RESULTS

Tables 1 and 2 show age distribution and frequency
of cases in female and male groups respectively. The
males had a mean age of 38.66±19.61 with a mean kyphotic
angle of 21.60±1.74° (Table 3) while Table 4 shows the
females with a mean age of 38.50±17.16 having a mean
kyphotic angle of 21.45±1.99°. 

A strong positive relationship between age and
kyphotic angle in males ( =0.000; standard error of
estimate being low at 1.378) was observed. Pearson
correlation (R) (0.620) demonstrated further that the
relationship was strong and positive suggesting that as
males increased in age, the kyphotic angle also increased
(Table 5). Similarly, a positive relationship between age
and kyphotic angle in females ( =0.000; standard error of
estimate being low at 1.052) was observed. Pearson
correlation (R) (0.853) further illustrated the strength of
the relationship as a very strong positive one between
age and kyphotic angle implying that as females’ age
increased, the kyphotic angle also increased linearly
(Table 6). The coefficient of correlation between the
kyphotic angle and age (0.853) in females was
significantly higher than that of males (0.620) (  < 0.05).
This shows a higher association between the kyphotic
angle and age in females than in the males. 

Similarly, the regression analysis showed that the
relationship between the age and kyphotic angle in
female   was    significantly    greater    ( <0.05)   than  that
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Table 1: Age distribution, frequency of cases, mean age and mean kyphotic angle in females. 
Age Range (Years) Frequency Mean Age (Years) Mean Kyphotic Angle (°)
10 – 19 6 16.67 19.50
20 – 29 8 25.33 20.11
30 – 39 10 33.70 21.30
40 – 49 9 42.44 21.89
50 – 59 4 53.50 22.75
;60 – 69 3 64.33 23.33
70 – 79 2 73.50 24.50
80 – 89 1 84.00 26.00
Total 44 49.18 22.42

Table 2: Age distribution, frequency of cases, mean age and mean kyphotic angle in males
Age Range (Years) Frequency Mean Age (Years) Mean Kyphotic Angle (°)
10 – 19 6 15.20 18.60
20 – 29 13 25.00 19.77
30 – 39 11 33.54 21.00
40 – 49 7 42.33 21.43
50 – 59 5 53.00 22.50
60 – 69 4 65.00 23.00
70 – 79 2 74.50 24.00
80 – 89 2 82.00 25.50
Total 50 48.82 21.98

Table 3: Mean of age and kyphotic angle in males
No. of Cases Mean Std. Deviation

Age 50 38.66 1.96
Angle 50 21.60 1.74

Table 4: The mean of age and kyphotic angle in females.
No of Cases Mean Standard Deviation

Age 44 38.50 17.16
Angle 44 21.45 1.99

Fig. 3: Scatter diagram of relationship between age and kyphotic angle in males
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Fig. 4: Relationship between the age and the kyphotic angle in female

Table 5: Correlations showing association between age and kyphotic angle in males

Pearson Correlation (R) Coefficient of Determination (R Square) Std. Error of the Estimate  value Inference

0.62 0.384 1.378 0.000 Significant

Table 6: Correlations showing relationship between age and kyphotic angle in females

Pearson Correlation(R) Coefficient of Determination (R Square) Std. Error of the Estimate  value Inference

0.853 0.728 1.052 0.000 Significant

Table 7: Non-Parametric Tests- Mann-Whitney Test for kyphotic angle in male and female showing Ranks

Gender No of Cases Mean Rank Sum of Ranks

Female 44 46.52 2047.00
Male 50 48.36 2418.00

Total 94

Table 8: Non-Parametric Tests- Mann-Whitney Test for kyphotic angle in male and female showing Test Statistics

Mann-Whitney U Wilcoxon W  Value Inference

1057.000 2047.000 0.740 Not Significant

between age and kyphotic angle in males with the degree of kyphosis increased with increasing age, a
Coefficient of Determination (R ) (0.728) in females and finding consistent with those of Fon et al. [15], Carlos and2

(0.384). Jose [16] and Bartynski et al. [17].
The kyphotic angle in the males was greater than that This also agrees with the findings of Cowan [18] who

in the females. However, the test statistics shows no also found an increase in the kyphotic angle with age,
significant difference between the two genders ( >0.05) though with a different method of measurement. A reason
(Tables 7 and 8). for this increase could be as a result of the associated

DISCUSSION progression of years as suggested by Fon et al. [15] and

This study shows the normal range of kyphosis in kyphosis such as the possibility of poor posture and
asymptomatic patients. The degree of kyphosis was aging of soft tissues with a resultant loss of muscle tone
found to be related to age of the subjects in that the as postulated by Milne and Lander [19].

changes in soft mineral content of the bones with the

or some variables related to age contributory to thoracic
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Briggs et al. [6] also suggested that an increased 6. Briggs,  A.M.,  J.H.  Van  Dleen,  T.V.  Wringley,
curvature in the thoracic spine is associated with higher
spinal loads attributable to gravity and muscle force, and
that a strong linear relationship exists between the
magnitude of load and thoracic kyphosis. Bruno et al. [20]
opined that for all posture conditions, compressive
loading increased with increasing thoracic kyphosis, with
loading increasing more in the thoracolumbar and lumbar
regions than in the mid-thoracic region. Loading increases
the most for the uncompensated posture, followed by the
compensated posture, with the congruent posture almost
completely mitigating any increases in loading with
increased thoracic kyphosis [19]. They added that these
findings indicated that both thoracic kyphosis and spinal
posture influence vertebral loading during daily activities.

With respect to gender, Fon et al. [15] accessed
kyphosis on lateral x-rays of 2 – 77 years olds with no
postural anomalies, and concluded that the rate of
increase was higher in females than in males. Our finding
is consistent with this however, the difference was not
significant.

CONCLUSIONS

A relationship exists with kyphotic angle and age
such that as age increases, kyphotic angle increases. The
association of kyphosis with age demonstrated in this
study clearly shows a range of 17° to 26° as normal for
thoracic kyphosis taken from T4 to T9. Similarly, angle of
kyphosis in males was found to be higher than that of the
females though with no significant difference. The results
should serve as useful guide for the prediction of normal
thoracic kyphosis of the mid thoracic region.
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