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Purpose: The quality and condition of the human body are of particular importance. This
is because the positive and negative changes resulting from this matter could affect other
conditions. The skeletal condition of the spine is an essential part of a person’s physical condition.
Recognizing correct positions has always attracted the attention of sports scientists. The present
study reviewed the normative data of the thoracic and lumbar curvature.
Methods: We investigated the studies conducted from 1980-2016. We studied and used related
articles that measured spinal curvatures and investigated invasive and non-invasive methods. The
authors reported previous studies without any bias.
Results: The obtained results indicated that spine norms are different in research reports.
Thus, further investigating this subject is required for recognizing, categorizing, screening, and
decreasing the prevalence of spinal deformities.
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Conclusion: We reviewed the studies on the prevalence of spinal abnormalities and the provision
of natural alignment and the extent of injury to the area in athletes. The relevant data suggested
a great variation in applying measurement methods, as well as the homogeneity between the
studied communities. Therefore, comparing the present results and categorizing studies should
be performed with great caution.

Highlights
● The prevalence of spinal biomechanical changes in different research reports.

Plain Language Summary
To identify, classify, screen, and ultimately reduce the prevalence of spinal biomechanical changes, it is necessary to
conduct and expand such studies.
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1. Introduction

he quality and status of the human body are
of particular importance. This is because
the positive and negative changes resulting from it affect other conditions [1]. The
spine skeletal status is an essential part of
one’s physical condition. The spine is among the most
significant components of the upper body. In addition to
protecting the spinal cord, it is one of the most sensitive
body parts; it highly impacts movement and maintaining
the rigidity or stiffness of the human body framework
[2]. This moving part can provide different forms to the
human body and design various situations.
Moreover, it could develop an appropriate appearance
and stature for the human body [1-3]. Spine, as a body
axis, has specific structural features to meet mechanical
needs, such as stability and mobility [4]. One of such
features is arches that majorly affects strengthening the
spine. These arches not only increase the absorption of
pressure by the spine but also contribute to the muscles’
efficiency, associated with the spine [4]. The arches of
spine influence and compensate each other; therefore, increased kyphosis can affect spinal biomechanical changes affecting other arches, like lumbar lordosis. Accordingly, by decreasing or increasing the arches, the spine
will biomechanically move towards instability [5]. The
proper and normal organizing of the skeletal structure in
terms of biomotor and biomechanical matters facilitates
the performance of basic activities and the daily living
activities of individuals. Any abnormal status of upper
body skeletal structure, especially the spine, damages the
person’s overall stature and appearance and affects the
natural action of other vital organs in the chest and abdomen [1]. Recognizing spine abnormalities has always
drawn the attention of sports science experts. Most of
them believe that middle school students are at a critical
period due to changes resulting from physical growth.
Physical-motor weaknesses at these ages sometimes
remain constant after puberty. Accordingly, individuals
might be affected by lifetime adverse physical conditions [5]. Some studies conducted in Iran have reported
a high prevalence of these abnormalities. Sazvar studied
male guidance school students in Zanjan; it was concluded that 93.8% of the studied students had at least one
spinal abnormality. In this study, 14.6% and 24.4% of
the samples had kyphosis and lordosis, respectively [2].
Assessing abnormality and determining the degree of
spinal curvature and assessing the norm is some form
of judgment. Thus, a wider range of accurate information about them could help to reduce the odds of judg-

184

mental errors [6, 7]. Transforming numerical values resulting from the instrument to scores, according to the
given individual characteristics, will only be valid when
the individual tests’ numerical value is compared with
the homogeneous groups at equal conditions [8, 9]. The
exact range of thoracic kyphosis and lordosis is mainly
assessed by X-rays; however, limited studies have evaluated spinal curvature in the sagittal plane. Furthermore,
most studies have investigated the lateral inclinations of
the spine (e.g., scoliosis) [10]. Besides, most of these
studies disregarded reporting details on kyphosis and
lordosis. For example, they overlooked details on the
mean range of kyphosis and lordosis in growing children. They have also failed to report whether angles or
the process of changes are important or not; the possibility of the natural curvatures of these arches to be plotted
during growth, and the importance of the ratio of arches,
in comparison with the individual ones. A reason for an
inadequate date on the sagittal spinal plane in upright
position posture is the lack of a simple, inexpensive,
and non-invasive technique to describe and determine
the normal mean range of these spinal curvatures. These
curvatures on the sagittal plane cannot be measured using an X-ray of the spine. Moreover, this method cannot
be used to screen large populations due to being harmful
to children and costly [11].
The thoracic kyphosis angle is the initial inclination of
the spine, i.e., composed of 12 vertebrae. The thoracic
kyphosis angle increases with aging; such an increase is
more frequent in females [12, 13]. Hyper-kyphosis, or
an increase in the chest curvature more than the normal
range, is among the prevalent spinal disorders. Biomechanical data suggested that increased thoracic kyphosis
may be associated with a higher load on the spine and
trunk force in an upright position; this may speed up the
degradation process of muscles and increase the pain and
spinal dysfunction [14, 15].
Increased thoracic kyphosis is also associated with
reduced physical function, respiratory function impairment, increased neck pain, headache, and discomforts,
like subacromial pain syndrome [16, 17]. Despite several studies on the normal range of thoracic angle, there
is a controversy on its value. For example, in a study
conducted by Willner and Johnson, the lowest value
of kyphosis was observed between the ages of 10 and
12 years. Besides, the mean kyphosis angle in 8- and
16-year-olds was 35 and 44 degrees, respectively [18].
The study investigated 2-20-year-old boys. Accordingly,
Proctor and Bleck reported a 27-degree angle as a normal
one [19]. The mean size of thoracic kyphosis in the study
conducted by Voutsinas and MacEwen was 38.1 degrees
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in white boys, 34.3 degrees in black boys, 38.5 degrees
in white girls, and 36.9 degrees in black girls [20]. Based
on various research studies, the kyphosis value in adults
varies from 35 to 37 degrees; however, such studies have
been conducted on heterogeneous populations [21, 22].
Boseker et al. reported the normal range of kyphosis to
be 20-50 degrees [23]. Such great differences may be
due to differences in the study tools, sample characteristics (age, gender, etc.), and research limitations that certainly affect spine curvature. They may also be related to
factors, such as age, gender, geographic area, and race,
i.e., claimed to affect this curvature [22-24]. Despite various studies conducted around the world on the normal
range of thoracic kyphosis, each region seems to need
its value. Additionally, with increasing lordosis, spine
biomechanics changes led to its non-alignment due to
increased loading on the facet joints and increased shear
force at the lumbosacral junction [25-28].
Studies suggested an increase in clinical and functional
importance of diagnosing lumbar lordosis, i.e., a key feature in maintaining balance in the sagittal plane [29-31].
Balance at the sagittal plane or natural vertebral-sagittal
alignment in standing position is the postural goal of
ergonomics, physiotherapy, and surgical interventions.
Although various lumbar lordosis and kyphosis may
match the standard criteria, it is difficult to certainly state
whether the researcher, surgeon, therapist, or patient has
achieved the postural goal. In this study, the keywords
of “spine,” “vertebra,” “lordosis,” “waist,” “posture,”
“pathology,” “size” and a combination of them were
searched in the databases of Google Scholar, Magiran,
ScienceDirect, PubMed, and SID.
The obtained results reported the angles of lumbar lordosis among children, as follows: between upper surface
of L1 and lower surface of S1: 51.3 degrees; from the
bottom of L1 to upper surface of S1: 54.8 degrees, above
L2 to high surface of S1: 49 degrees; above L1 to upper
surface of L5: 31.5 degrees, and between upper surface
L1 and lower surface L5: 39.6 degrees [31]. Another
study investigated the lumbar lordosis of 149 healthy
adults. They included 76 males and 73 females with a
mean age of 50 years. The Mean±SD Lumbar Lordosis Angle (LLA), Lumbosacral Angle (LSA), and Sacral
Inclination Angle (SIA) were 33.2±12.1, 11.4±4.7,
and 26.4±10 degrees, respectively. This study revealed
a high correlation between LLA and SIA (r=0.883,
P=0.0001); LLA was an ideal parameter for evaluating
the LLA [32]. Several studies have investigated spinal
curvature in the sagittal plane; however, no study was
found on determining the norm of kyphosis and lumbar
lordosis. Therefore, this study aimed to reach a more ac-

curate conclusion by reviewing the conducted studies.
We determined the specific size and norm range for the
level of increase or decrease in spinal curvatures.

2. Materials and Methods
The studies conducted from 1980-2016 were reviewed
in this article. For this purpose, the keywords of “lordosis, spinal angle, normal range, thoracic kyphosis, spinal
curvature, assessment, norm, and non-invasive methods” were searched in Pub Med, ScienceDirect, Google
Scholar, Magiran, and SID databases. A manual searching was also performed for finding the articles that were
not possible to obtain through a database search. Then,
after excluding duplicate articles based on the inclusion
criteria, the articles containing information on the thoracic and lumbar spine were selected. Inclusion criteria
included all articles related to spinal arches and the assessment of invasive and non-invasive methods of measuring arches. The researcher had no bias in collecting
and submitting papers and did not apply his experiences
or theories and merely reported the available evidence.
In the first stage, 35 articles related to the research subject were selected. Among these articles, the articles that
>70% of their content was related to the subject of spinal norms were selected based on a purposive sampling
method. Thus, the selected articles and three books were
considered as the sources of this research.

3. Results
The selected studies were divided into three groups
based on different spine regions. The first, second, and
third groups included the articles that have investigated
the thoracic kyphosis, the lumbar lordosis, and both of
these arches, respectively.
Thoracic arches of the spine
In 2000, Busker et al. investigated the radiographic
results of 121 healthy adolescents and determined the
healthy angle of kyphosis for these subjects. They reported this angle at the normal ranged 20-50 degrees
[23]. Ball et al. explored 250 healthy 30-79-year-old
women and argued that the lumbar lordosis degree increased with aging. They also documented that the highest increase in lumbar lordosis occurred between 50 and
59 years of age [33]. Shamsi et al. measured 582 male
students in terms of the normal kyphosis range and reported a mean kyphosis value in these 13-18-year-olds.
The researchers also stated that this curvature increased
from the age of 13-16 years and slightly decreased from
the age of 16-18 years [15].
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Lumbar arches of the spine
Yodas et al. indicated that stopping an increase in the
lumbar arch angle and a flexible ruler supported its reduction at higher ages. They stated that, after the age of
60 years, the lumbar arch angle decreased without any
increase (mean arch: 49.5 degrees in females and 43 degrees in males) [24]. Hegazy examined the anatomy of
the lumbar lordosis on a sagittal plate in Egyptian adults
[34]. Normal Magnetic resonance imaging (MRI) of the
lumbar spine obtained from 93 patients (46 males and
47 females, aged 25-57 years) were retrospectively reviewed. Taweetanalarp and Purepong measured lumbar
curvature in two regions of the lumbar spine in healthy
and overweight adults. They also compared the upper
and lower lordosis and reported the Mean±SD value of
upper lordosis (distance between T12 and L4) 14.5±5.9
for the healthy-weight subjects and Mean±SD scores
of lower lordosis (from L4 to S2) for this group was
16.1±6.4. In overweight patients, the Mean±SD lordosis value was 7.8±7.4 for upper lordosis and 22.9±7.9
for lower lordosis [35]. The values obtained for the LLA
ranged from 30 to 67 degrees and were higher in females
(52.20 degrees) compared to males (41.98 degrees). Hay
et al. investigated the lumbar lordosis curvature in males
and females using a computed tomography (CT) scan.
After examining the hospital data of 158 patients (81
males and 77 females), they reported that the lordosis
curvature was significantly larger in females than that
of males (Mean±SD length of lordosis curvature was
182±13 cm in females and 19.4±1.5 cm in males) [36].
Kyphosis and lordosis of the spine
Sidhou and Singhal conducted a comprehensive study
on >1000 females aged 20-80 years in India using a flexible ruler. The achieved results suggested a significant
increase in the lumbar lordosis degree from the age of
45-70 years (between 0.5 and 0.75 cm); however, the
LLA decreased from the age of 70 years onwards (0.250.3) [38]. Furthermore, Geliv and Walpone investigated
the changes in kyphosis and lumbar lordosis during the
growth period. They compared 350 males with 368 females aged between 5 and 20 years. They reported that
the kyphosis increased linearly from 25 degrees at the
age of 7 to 38 degrees at the age of 19 years; similarly,
lordosis increased linearly from 22 at the age of 5-32
years degrees at the age of 20 years [37]. Kamali investigated and formulated a norm for kyphosis and lordosis in
high school students in Gilan Province, Iran. After measuring the arches in 402 high school girls, it was reported
that 15-year-old girls had a Mean±SD lordosis angle of
45.27±15.22 degrees and a Mean±SD kyphosis angle
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of 93.73±8.02 degrees. Besides, Mean±SD lordosis angle in 16- and 17-year-old girls were 46.67±17.87 and
46.53±12.57, respectively, and Mean±SD kyphosis angle in these two age groups was reported at 41.91±7.89
and 41.18±8.38 degrees, respectively [39]. Rajabi and
Latifi formulated the healthy range for kyphosis and
lordosis in Iranian males and females. The lordosis and
kyphosis of the samples were measured using a flexible
ruler. Investigating 2400 people, including 1200 males
and 1200 females in 5 age groups selected from different
segments of society and 5 geographic regions of Iran,
these researchers reported the mean and healthy range
of kyphosis and lordosis [40]. In a study on 636 healthy
12-17-year-old boys, the mean kyphosis and lordosis
values for 6 age groups was reported, using a flexible
ruler. The value of lordosis and kyphosis varied in different age groups and the minimum and maximum values
of kyphosis were reported at the age groups of 12 and 17
years, respectively. The minimum lordosis was observed
in the age group of 14 years. In this study, the mean kyphosis increased with aging [11].

4. Discussion
Abnormal physical posture and the body’s inability to
maintain the body stature in addition to physical complications can have adverse psychological consequences,
such as depression, isolation, defects in responsibility,
the lack of confidence, and early fatigue. The results of
the studies mentioned above indicated that the prevalence of spinal postural abnormalities is high and varies
in different research reports. Thus, to identify, classify,
screen, and ultimately reduce the prevalence of these
abnormalities, it is necessary to conduct and expand
such studies. A review of studies on the prevalence of
spinal abnormalities revealed a high variation in the use
of measurement methods, and lower homogeneity was
observed among the studied populations in different
studies. Thus, the collected results should be compared
and categorized with caution. For example, early studies
conducted in Iran have used a chessboard to measure the
kyphosis and lordosis angles, i.e., a qualitative method
without sufficient validation.
The use of digital cameras, 3D analysis method [12, 35,
45], spinal pantograph [37], and radiography [23] were
other methods used in the studies. Numerous studies
have applied flexible rulers for this measurement. With
a closer look at the measurement method through a flexible ruler, we realized differences in the measurement
details among these studies that might affect the obtained
results. For example, T1 and T12 [11-42], T2, and T12
[15-40] landmarks have been used in the measurement
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Thoracic kyphosis
Thoracic kyphosis

There was no difference among
various age groups and between
the two genders.

The lumbar lordosis degree
increased with aging and the
largest lumbar lordosis increase
occurred between 50 and 59
years of age.
A 2.8-degree reduction in angle of
kyphosis was also observed.

The mean lumbar angle was
significantly higher in the overweight group than that of the
normal weight group.

The lordosis was significantly
larger in females than males.

After the age of 60 years, the
lumbar angle decreased and no
increase was observed.

The minimum kyphosis was
reported in the age group of 12
years, and the maximum was
reported in the age group of 17
years.
Minimum lordosis was observed
in 14 years of the old group. The
mean kyphosis increases with
increasing age.
The kyphosis arch increases
linearly from 25 degrees at the
age of 7-38 years degrees at the
age of 19 years, and the lordosis
arch increases linearly from 22
degrees at the age of 5-32 years
degrees at the age of 20 years

Thoracic kyphosis

20-50 degrees

1.7-12 cm2

Upper and lower lordosis

Radiography

In subjects with
normal BMI,
Mean±SD upper
lordosis: 14.5±5.9;
lower lordosis:
16.1±6.4;
in overweight
subjects, lordosis:
18.8±7.4 and lower
lordosis: 22.9±7.9

Lordosis

The kyphosis increased from 1316 years and slightly decreased
from 16-18 years old.

Mean±SD lordosis
length: was 182±13
cm in females and
19.4±1.5 cm in
males

Lordosis

35.49 degrees

The mean arch:
49.5 degrees in
females and 43
degrees in males

Flexible
ruler

The Mean±SD
value of kyphosis
ranged from
39.64±8.70 to
46.02±8.67. The
value of lordosis
ranged from
44.96±10.27 to
44.45±10.42

Spinal Pantograph

Kyphosis was 25
to 37 degrees, and
lumbar lordosis
was 22 to 32
degrees

60 individuals

15-25 years

Investigating lumbar
lordosis in men and
women

158 individuals

Mean age: 42.2 years

CT scan

The effect of age
and gender on
lordosis

119 males
and 116
females

20-79 years

Flexible
ruler

The investigation of
the changes of the
kyphosis and lordosis during growth

636 boys

350 males
and 368
females

5-20 years

The determination
of the norm range
of kyphosis and
lordosis

5-20 years

Measuring upper
and lower lordosis
in adults with
normal BMI and
overweight

2012

2015

Radiography
and spine
board

2015

250 individuals

Flexible
ruler

2006

The effect of spinal
extension exercises
on the prevention
of kyphosis

Descriptions

Lordosis and kyphosis

121 individuals

Mean Arch

Lordosis and kyphosis

2000

Determining the
healthy angle of
kyphosis

Age

582 individuals

Arch Site

13-18 years

2014

The determination
of healthy range of
kyphosis in male
students

Assessment
Tool

5-19 years

Sample Size

30-79 years

Objective

2009

Year

2007

Author
Shamsi et al. [15]
Boseker et al. [23]
Titanalarp et al. [34]
Hay et al. [36]
Geliv et al. [37]

Taheri et al. [11]

Yodas et al. [24]

Ball et al. [33]

Row
1
4
5
8

7

6

3

2

Table 1. Thoracic arches and Kyphosis and lordosis of the spine

Flexible
ruler
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2400 girls

Flexible
ruler

Flexible
ruler

Age

of kyphosis. These differences are also true for the measurement of the lordosis angle. Rajabi et al. conducted
a comprehensive study on 2400 Iranians. This sample
included 1200 males and 1200 females in 5 age groups
of ≤14 years, 15-24 years, 25-44 years, 45-64 years, and
≥65 years. Based on the results, the Mean±SD norm of
kyphosis were 40.82±8.4 in boys ≤14 years; 41.77±10 at
the age group of 15-24 years; 42.80±10 at the age group
of 25-44 years; 43.19±8.48 at the age group of 45-64
years, and 43.37±9.98 at the age group of 65 years.
A study by Rajabi and Latifi on lordosis suggested that
this value increases in both genders with aging. They argued than an increase in lordosis continues in women up
to 45-64 years of age; however, after this period, it gradually decreases in women [40]. The pattern of changes
in lordosis among men is similar to that of women; however, its reduction begins at the age of 44 years in men
and increases rapidly after the age of 60 years. Given
increasing lordosis with aging, various researchers have
also reported that age is an important factor in increasing lordosis [12, 43]. Rajabi and Latifi also reported an
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Mean Arch

Descriptions

Lordosis and kyphosis

Formulating the
healthy ranges of
the curvatures of
the lumbar spine
of Iranian men and
women

402 girls

Flexible
ruler

Arch Site

An increase in
kyphosis was
observed between
0.5 and 0.75 cm,
and a reduction in
the lordosis angle
was equal to 0.25
to 0.3 cm

The lordosis angle significantly
increased from the age of 45-70
years, but the lumbar angle decreased from the age of 70 years
onwards.

Lordosis and kyphosis

Investigating and
formulating spinal
arches in students

1000 females

Assessment
Tool

15-year-old girls
had Mean±SD
lordosis angle of
45.27±15.22 and
kyphosis angle of
93.73±8.02;
16-year-old girls
had Mean±SD angular lordosis of
46.67±14.76 and
kyphosis angle of
41.91±7.89;
17-year-old girls
had Mean±SD
lordosis angle of
46.53±12.57 and
kyphosis angle of
41.18±8.38

The degree of lordosis angle increased significantly from the age
of 45-70 years, but the lumbar
angle decreased from the age of
70 years onwards.

Mean±SD lumbar
lordosis was
46.99±14 in
females and 38.60
±11 in males

A comparison of lumbar lordosis
between males and females
suggested that the mean lumbar
lordosis was higher among
females compared to males. Also,
the degree of lumbar lordosis
increased with aging, i.e., uniform
in both genders and follows a
similar trend.

Lordosis and kyphosis

Investigating agerelated changes
in lordosis and
kyphosis

20-80 years

Sample Size

15-17 years

Objective

5 age groups

2009

1983

Year

2010

Author
Sidhou et al. [38]
Daneshmandi et al. [39]
Rajabi et al. [40]

11

10

9

Row
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increase in lordosis and kyphosis at the growth ages is
higher in girls than that of boys and other age groups.
This difference is justified by the fact that developmental
mutation in girls occurs two years earlier than that of the
boys [44].
Rajabi and Latifi stated that the value of kyphosis increases with aging, and it follows a similar trend in both
genders. The present results indicated that the total mean
of lordosis (regardless of age) was 42.39 in males and
42.27 in females, i.e., approximately equal in both genders or slightly higher in males. Millen and Williamson
found that although the lordosis increases in both genders with aging, this increase is greater among females.
In general, increased lordosis with aging has been supported in most studies [12, 46-49]. In this regard, longitudinal and cross-sectional studies have reported an
increase in lordosis with aging [45]. This trend has been
supported by invasive measurement methods, like Xrays [12, 45] and by non-invasive measurement devices
[38]; however, some researchers [45, 50] have reported
that this increase is more apparent after the age of 40
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years in females [12]. Reduced muscle strength and endurance resulted from aging decrease the spine-holding
muscles; this may be a major cause of lordosis in both
genders. In aging, spine changes tend to increase cervical curvature and kyphosis and decrease lordosis. The
need to sit and bend the thighs and knees, especially
in the elderly, results in reduced lordosis and increased
kyphosis. During aging, the spine is inclined towards
hyper-kyphosis, part of which depends on factors, such
as reduced muscle strength, centrum deformity, reduced
mobility, osteoporosis, the shortening of the abdominal
muscles, the stiffness of the ligaments and discs, and
one’s lifestyle [40].
Mika et al. (2005) highlighted that in the spine with
osteoporosis, back muscle weakness is more associated
with reduced bone mass in the occurrence of spinal deformities [51]. These results reflect that the differences
in Back Extensor Strength (BES) of the healthy group
and osteoporotic group can be due to pain, discomfort,
and of the improper stimulation of these muscles [5052]. Sianaki et al. (1996) reported that BES decreased,
and the kyphosis angle increased with aging. Therefore,
age is a crucial factor in the relationship between BES
and kyphosis angle [52]. Thus, back extensor muscles
play a key role in maintaining the thoracolumbar spine
alignment. Accordingly, increased kyphosis angle may
not occur merely due to reduced bone mass; postural
deformities in patients with osteoporosis are strongly associated with soft tissue changes in the spine, especially
the back muscles.

5. Conclusion
This study was descriptive in terms of nature and its objective was to prepare an index for lordosis and kyphosis
variables. Thus, its results can be used as a basis for further comparisons and judgments on the degree of lordosis and kyphosis in the men and women of different ages
across the country, considering the research conditions.
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