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Techniques used for determination of Biological Age
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Abstract: The human body has two different ages: a chronological age and a biological age. Chronological age refers to the time a human has
been alive, while biological age refers to how old the body seems in terms of functionality. The need to determine biological age viz a viz
chronological age is important as it indicates an individual’s present as well as future health status. In fact, it plays a very important role in
determining people who might be at risk for age related physical and physiological disorders and can also predict disability in later life. There
are numerous techniques presently used to determine the biological age and they all are valid in their own way. The purpose of this review is to

recapitulate the different techniques used to determine the biological age.
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. INTRODUCTION

The average life span of overall people denotes the life
expectancy of the people. Life expectancy as has improved
in recent years; however, there has been no effect on the
main aging process [1]. Aging successfully basically refers
to being disease free and avoid any kind of disability, then
consistently maintain physical and mental health, engaging
socially through lifetime, and latterly they underwent
quantitative genetic analysis [2,3].

A. Biological age: definition and estimation

It is a simple question asking for someone’s age. In the
end, all we want to know is the time that has passed since
their birth, i.e. the chronological age. However, it is way
more intricate to answer such a simple question. Aging of
tissue and varies immensely and depends on the individual,
just as the diseases do and all this leads to the difference in
which people age from one another [4]. The time period a
person has lived i.e. the chronological age, is an inaccurate
indicator of prominence of process of aging [5]. Whereas,
the biological age is an individual’s status of functionality in
reference to their chronological peers on the basis of how
well the individuals function in regard to the individuals of
same chronological age [6]. This basically signifies that for
any given age group biological age can be found irrespective
of any bias [4]. Henceforth, the differences between the
chronological age and biological age is a consequence of the
disparity in the rate of process of aging among people [7],
consequently, at any given chronological age the value of
biological age can vary broadly [8]. One of the great
importance of biological age is that it directly relates to the
one’s active life expectancy, their rest of the healthy life
span and their overall health status [6]. Biological age can
thus, be of great help in envisaging disability in near future,
contributing towards the measurement of relative fitness,
aids in recognizing people which are prone to age-related
disorders and predicting mortality irrespective of the
chronological age [8,9]. Actually, individuals whose
physiological functioning is poor are referred to as
“biologically older” in comparison to their chronological
peers; on the contrary, individuals whose physiological
functioning is healthy are considered as “biologically
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younger” [4]. Developing a catalog which is a derivative of
various number of biological variables known as
“Biomarkers of Aging” can signify the theory of biological
age and these hold a close relation to the maintenance of life
a moreover it is associated to some extent with the
chronological age. [11]. As we know, that the aging of
tissues and organs happen at a variable rate [5] , henceforth,
to specify the overall aging of an organism it is important to
acquire biomarkers from greater part of systems and
compile them broadly [4].

1. LITERATURE REVIEW

A. Use of X-Ray in Age Determination

Evaluation of biological maturity corresponds accurately
to the method of skeletal age [12]. Moreover, clinical
conditions in children can be evaluated significantly with
the help of skeletal maturity. A few of those conditions
comprise of inequality between two paired limbs i.e.
anisomelia (could be hereditary or acquired), disorder of
spine such as scoliosis, and any hormonal condition that
might influence maturity [13-18].

As a matter of fact, the ends of each bone are called
epiphysis where articulation takes place it includes an
ossification center with a supportive growth plate known as
physis, which is at ninety degrees to the long axis of the
bone [19]. Factors contributing to the growth of diaphysis
are: the multiplication of cartilage cells of physis and its
transformation due to mineralization leads to the formation
of a new bone [19]. The fusion of epiphysis with the rest of
bone takes place when skeletal maturity is attained and then
the physis or the growth plate disappears [19]. The timing of
the fusion of bones and the timing of epiphysial ossification
is not concurrent across the body. Actually, some bone’s
ossification takes place straight away after birth and in some
it starts between 14 and 17 years of age [19]. Moreover,
variation in the timing of epiphysial fusion and closure of
physis is in between 10 to 25 years of age, and female’s
skeletal maturation is approximately two years prior to boys
[20-21].

For determination of skeletal maturity there are three
most imperative and commonly used techniques: the
Greulich-Pyle, [22] the Tanner— Whitehouse [23,24,25] and
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the Fels method;[26] all of which have a common basis of
working i.e. the radiographs of the left hand and the wrist.

The Tanner, Whitehouse and Healy (TW1), [23] is a
more authentic and accurate radiographic method, which
was published in 1962 and subsequently was revised in 1975
and 1983 as TW2 [24] and in 2001 it was once again
modified as TW3 [25]. In this method, the relative maturity
scores are given to the radius, ulna, carpal bones and
phalanges and the resultant combined score is used to
determine the skeletal age [19].

B. 3D-Facial Imaging

For intricate diseases, aging is a major risk factor [27].
The importance of accurately estimating the biological age
are: evaluating the level of aging process and its reversal
quantitatively [28,29], evaluating the possibility of
developing age-related diseases and design a type of
treatment which can be individualized [30]. Despite of the
meticulous research that has been done till this date, there
are no consistent or unambiguous aging marker to
specifically assess an individual’s biological age [30]. On
the other hand, the latest development of the 3D (three-
dimensional) imaging technology, for example the
extensively used camera system i.e. the stereo
photogrammetric camera system or the 3dMDface System,

and the technique used to reform the 3D images using a
single-pixel detectors [31]. Moreover, the 3D facial data is
being used in various fields these days, like in the diagnosis
of diseases (such as age-related disorders) and comparison
between the ethnic population of facial morphology [32-34].

. METHODOLOGY

A. Tanner and Whitehouse (TW2) Method:

The TW method is not an age based method, instead it
depends on the maturation level of 20 selected Regions of
Interest (ROI) in particular bones of hand and wrist in each
age population [35]. Each ROI’s development level is
classified into definite stages which are labeled as (A, B,
C...1). Each stage of development for each bone is assigned
a numerical score separately and the total maturity score can
be calculated by adding all the scores from the ROI’s. Then
correlating this score with the bone age discretely for males
and females [35]. Although the Tanner and Whitehouse
method is somewhat complex and needs more time; when
compared to the GP method the TW method seems more
reliable and reproducible [36].

Scores L Scores M
Stage Stage
A B C A B C
R 0 10 20 0 8 16
Bone U 0 10 25 5 12 26
M 0 12 17 0 9 14
Scores
Observed
Stage System L  System M
R B 10 8
Bone U A 0 5]
M C 17 14
Mean: 9 9
Sum of squares of deviations : 146 42

(R=Radius; U=Ulna; M=Metacarpal)

Data: The Assessment of Skeletal Maturity and Predic-
tion of Adult Height, 2nd Ed. 1984
J.M. Tanner, R.H. Whitehouse, N. Cameron, W.A.
Marshall, M.J.R. Healy and H. Goldstein Aca-
demic Press, London

Figure 1. Two different systems for scoring bone maturity [41].

B. 3-D Facial Imaging

Less than 300 subjects of broad age group ranging from
17 to 77 years old was taken, and then their 3D human facial
images and blood profiles were collected to reveal the
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features of face which directly corresponds to the
chronological and age and overall health, further they
generated the first comprehensive map of aging human
facial phenome by enumerating detailed aging-related facial
phenotypes from the data of images [37]. For different
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individuals, the comparison of 2D facial images was done
by, Turaga et al. [38], which basically gave a description of
face shapes and their relative differences with the help of
geometric and landmark relationships. Since the 3D facial
data acquired basically are in the form of spatial
coordinates, with the help of formerly developed 3D facial
image registration tool all the facial images can be aligned
together [39,40]. Afterwards, each vertex is taken as a
scaled milestone for the comparison of facial morphological
or geometric changes throughout the process of aging,
where any kind of alteration between different images is
already relative to position changes [37]. Moreover, the
enumeration of ten intuitive facial features was done on the
basis of 17 salient landmarks to present a subset of the most
apparent facial indexes among less than thirty thousand
vertices that were observed [37]. Now, to extract the facial
changes that became prevalent due to aging all vertices’
values are aligned and transformed and then the information
for all 3D geometric vertices is used [37].

V. OBSERVATION

A. Tanner and Whitehouse Test:

The relationship between the genetic and environmental
influences directly corresponds to the rate of skeletal
maturation. Henceforth, it is probable that in the population
there will be differences between both in the mean of
skeletal maturity at a specified age and in the pattern of
growth from one age to next. For that reason, it is enviable
to develop definite standards for each pertinent population.
There is no problem when it comes to the TW Il scoring
system, in which, the maturity score of a source sample can
be allied to the age of the same [41]. On the other hand,
when it comes to bone age technique, the maturity score is
measured against the original source, which is a setback
[41]. The radiographs from normal children can be acquired
and utilized to represent the bone maturity scores. The bone
scoring technique (i.e. TW 1) is independent to that of the
existing maturity standards. This is one of the foremost
advantages of TW Il technique [41].

B. 3-D facial imaging:

This study’s results revealed a consistent and suitable
aging marker. On the whole, the state of aging can be
evaluated correctly by making use of a non — invasive
procedure on the face which is much more accurate than the
routine physical examinations. We know that individuals of
same chronological age have different physiological ages
and at regular level it can differ by £ 6 years [37]. One great
importance of the 3D facial image base predictor of the
physiological age is that it will evaluate the degree of aging
process and its reversal quantitatively, and in order to design
treatments for individual’s assessment of risks of age related
diseases is important [37].

V. DISCUSSION

Presently, there are various methods being used to
determine an individual’s biological age. The traditional
method of Physical Examination has been replaced with
more refined and accurate techniques to determine the
biological age.

Nominal time requirement and establishment of
adequate reproducibility are the prominent attributes of the
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methods based on radiographs of hand and wrist in the
assessment of the biological age [19]. The necessity to use
the ionizing radiation is one of the disadvantages. Although,
the dose of ionizing radiation with a left-hand radiograph is
approximately negligible, numerous ethical committees of
different countries do not approve the usage of x-ray for the
sole purpose of age determination in hale and hearty
adolescents and children [19]. For assessment of biological
maturity, the skeletal age is taken as a reliable method, even
though it is incapable in resolving an accurate chronological
age and has limitations in the evaluation of skeletal age by
X-ray scanning. It has been examined that there is disparity
of several years in bone age of adolescents with same
chronological age [19].

Numerous features of face, like the slope of the eye and
the distance between the nose and the mouth, associate
radically with aging [37]. Lastly, even though, the features
of facial morphology correlate extensively with health
indicators found in the blood, the blood profiles are found to
be less reliable aging biomarkers than the facial features
and, therefore reveals an enhanced overall health status than
the chronological age.
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