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Radiological Analysis of Human Hand in
Terms of Artistic Anatomy

Artistik Anatomi Ac¢isindan
Insan Elinin Radyolojik Analizi

ABSTRACT Objective: The hands are one of the most conspicuous parts of the body. The aim of this
study was to investigate the relationship between the bones that comprise the hands and their aes-
thetic importance in terms of the Fibonacci series. Material and Methods: In this study, which was
designed retrospectively, 123 digital hand roentgenograms of adult patients were reviewed. Each
finger was measured in terms of metacarpal, proximal, middle, and distal phalangeal lengths by
using a digital caliper. The proximal phalangeal length was subtracted from the sum of the lengths
of the middle and distal phalanges and the metacarpal length was subtracted from sum of the lengths
of the proximal and middle phalanges, to investigate the conformity to Fibonacci sequence. The
Bland-Altman method was used to evaluate the measurements. Results: There is a mathematical har-
mony between all finger bones in terms of the Fibonacci sequence. The first, second, and fifth me-
tacarpals conform to the Fibonacci sequence; however the third and fourth metacarpals do not.
Conclusion: It can be easily proven that all of the bones that form fingers are in accordance with
the Fibonacci sequence. These results convince us that Fibonacci sequence can be used for the re-
construction of human hand after a serious trauma or congenital anomalies.

Key Words: Anatomy artistic; radiography; hand; finger phalanges; anthropometry

OZET Amag: Eller viicudun en fazla dikkat ¢eken kisimlarindandir. Calismamizin amaci eli olus-
turan kemikler arasindaki iligkiyi ve Fibonacci serisi agisindan estetik 6nemini incelemektir. Gereg
ve Yontemler: Retrospektif tasarimda planlanan ¢aligmamizda, 123 yetigkin hastanin én-arka el
grafisi incelendi. Her bir parmakta metakarpal, proksimal, medial ve distal falanks uzunluklar di-
jital kumpas ile 6l¢iildii. Proksimal falanks uzunluklar: distal ve medial falankslarin toplam uzun-
luklarindan, metakarpallerin uzunluklar ise proksimal ve medial falankslarin toplam uzunlukla-
rindan gikartilarak Fibonacci serisine uygunluklar aragtinldi. Olgiim sonuglarimiz, Bland Altman
metoduyla degerlendirildi. Bulgular: Parmaklar olugturan tiim kemikler arasinda matematiksel ola-
rak Fibonacci serisi ile uyumun oldugunu séyleyebiliriz. Birinci, ikinci ve besinci metakarpaller Fi-
bonacci serisine uygunluk gostermektedir; ancak ticiincii ve dordiincii metakarpaller gosterme-
mektedir. Sonug: Insan elini olusturan kemikleri, uzunluklar agisindan Fibonacci serisiyle iligkilen-
dirmenin miimkiin olabilecegini sdyleyebiliriz. Bu sonuglar, insan elinin ciddi travma ya da konje-
nital anomalilerinin rekonstritksiyonunda Fibonacci serisinden faydalanilabilecegini ortaya koy-
maktadir.

Anahtar Kelimeler: Artistik anatomi; radyografi; el; parmak falankslari; antropometri
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he human hand is a symbol of beauty and also an indicator of char-
acter from the perspective of its shape and function.! Thus, many pa-

tients not only want the surgeons to repair the function of their
hands, but they also want their hands to look beautiful.? Throughout his-
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tory, many artists and philosophers searched for a
magical mathematical formula that could explain
beauty; the search ended in a formula called “the
golden mean.”* Although there is no written doc-
ument about the origin of this numerical value,
there are many references to it throughout his-
tory.>® The golden mean is generally attributed to
Pythagoras and Plato, but it is also thought to be
connected to logarithmic and equiangular spirals
and the Fibonacci sequence.”®

The Fibonacci sequence was first described by
Leonardo Pisano Bigollo (also known as Fibonacci)
in his book Liber Abaci published in 1208. With
this book, Fibonacci tried to introduce the nume-
ration decimal that also includes zero to the intel-
lectually dormant Europe. In the last section of his
book, he put forward a riddle-like problem about
the reproduction of rabbits in a confined area. This
riddle, which was like a problem, points out an
arithmetical sequence, resulting in a particular ra-
tio. Each new number in the series was simply the
sum of two before it (1, 1, 2, 3, 5, 8, 13....). The ra-
tio of two successive numbers approximates a 1.62
continuing value (1; 2; 1.5; 1.60; 1.625; 1.615......).
After the first twelve numbers, this numerical va-
lue can be fixed to 1.618 when the numbers are ro-
unded up.>® This irrational value is alternately
called “the golden mean”, “golden ratio”, “golden
section” or Fibonacci sequence, and is used in many
works of architecture, music, art and sculpture.®!°
However these numbers and ratios seemed to be
used by artists intuitively. Leonardo da Vinci, ho-
wever, used these values deliberately in his experi-
ments. For example, he designed the drawing of
Luca Pacioli’s book The Divina Proportione, in
which there was a profile showing the golden me-
an of the human face. At the beginning of twenti-
eth century, Le Corbusier mentioned the
proportions of the human body, in his study known
as “Modular”.#1

Today, in the medical field, as well as in ana-
tomy, there are many clinical branches such as
plastic reconstructive and esthetical surgery which
consider the human body as an artistic object. Ho-
wever, current studies mostly deal with the face
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and have neglected the other parts of the body.
However, like the face, the hands attract the most
attention and are difficult to hide.

The aim of this study is to investigate the rela-
tion between the bones that form the hands and
the Fibonacci sequence. We present the existence
of such a ratio based on scientific data in the est-
hetical view of the human body.

I MATERIAL AND METHODS

Posteroanterior radiograms of the hands of patients
who had applied to Trakya University Medical
School Hospital between February 1 and March 25
of 2008 were examined. All X-rays were examined
by an experienced muscle-skeleton radiologist and
an anatomist at a general-purpose Polystar Siemens
workstation. Cases in whom bone development
had not been completed, patients with congenital
and developmental dysplasia, metabolic illnesses
that affect bones, traumatic deformations, surgical
operations, or unsatisfactory radiograms were not
taken into consideration. Measurements were per-
formed in radiograms of 123 patients (66 males, 57
females) with a mean age of 47,80+14,99.

Although this study was designed retrospecti-
vely, ethical approval was obtained from the local
Ethical Review Committee of the Faculty of Medi-
cine. The reason for planning a retrospective study
was to avoid needless radiation exposure to the pa-
tients.

To have more accurate measurements and to
clarify the anatomical structures better, the shots
were enlarged. Metacarpal (first metacarpal [mcl],
second metacarpal [mc2], third metacarpal [mc3],
fourth metacarpal [mc4], fifth metacarpal [mc5]),
proximal phalangeal (proximal phalanx of the
thumb [ppl], proximal phalanx of the index finger
[pp2], proximal phalanx of the middle finger [pp3],
proximal phalanx of the ring finger [pp4], proximal
phalanx of the little finger [pp5]), middle phalan-
geal (middle phalanx of the index finger [mp2],
middle phalanx of the middle finger [mp3], midd-
le phalanx of the ring finger [mp4], middle phalanx
of the little finger [mp5]), and distal phalangeal
(distal phalanx of the thumb [dp1], distal phalanx
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of the index finger [dp2], distal phalanx of the mid-
dle finger [dp3], distal phalanx of the ring finger
[dp4], distal phalanx of the little finger [dp5])
lengths were measured between the distal and pro-
ximal tips of the metacarpals and phalanges by
using digital caliper.

The differences between proximal phalangeal
lengths (pp2, pp3, pp4, pp5) and the sum of the dis-
tal and middle phalangeal lengths of each finger
(the sum of distal and middle phalangeal lengths of
index finger [f2], the sum of distal and middle pha-
langeal lengths of middle finger [f3], the sum of dis-
tal and middle phalangeal lengths of ring finger
[f4], the sum of distal and middle phalangeal
lengths of little finger [f5]), except the thumb, we-
re measured. Similarly, the differences between the
lengths of metacarpals (mc2, mc3, mc4, mc5) and
the sum of proximal phalangeal and middle pha-
langeal lengths (sum of proximal phalangeal and
middle phalangeal lengths of index finger [{2a],
sum of proximal phalangeal and middle phalange-
al lengths of middle finger [f3a], sum of proximal
phalangeal and middle phalangeal lengths of ring
finger [f4a], sum of proximal phalangeal and mid-
dle phalangeal lengths of little finger [f5a]) were
calculated (Fig. 1). Owing to the absence of midd-
le phalanx in the thumb, the difference between
the first metacarpal (mcl) and the sum of distal
(dpl) and proximal phalangeal lengths of first fin-
ger were calculated to investigate the conformity
to Fibonacci sequence.

STATISTICAL ANALYSIS
Bland & Altman Method

The Bland & Altman plot is a statistical method to
compare two measurements techniques. In this
graphical method, the differences (or alternatively
the ratios) between the two techniques are plotted
against the averages of the two techniques. Hori-
zontal lines are drawn at the mean difference, and
at the limits of agreement, which are defined as the
mean difference plus and minus 1.96 times the
standard deviation of the differences. The Bland-
Altman method was used in evaluation of the nine
parameters; one of the thumb (f1-m1), two para-
meters of each of the other fingers (f2-pp2, f2a-m2,
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FIGURE 1: PA radiogram of a hand. Bone lengths identified by the name of
the field used for statistical analysis. pp- proximal phalanx; dp-distal phalanx;
mp-middle phalanx; mc-metacarpal; Thumb-1;Index finger- 2;Middle finger-
3; Ring finger -4; Little finger -5.

TABLE 1: Descriptive statistics of difference values.
%95 Confidence Interval
Differences  Mean SD Lower Limit Upper Limit
f1-m1 47 2.6 -0.4 9.8
f2-pp2 -0.3 23 -4.6 4.1
f2a-m2 5.3 2.8 -10.8 0.1
f3-pp3 1.3 2.3 -3.3 6.0
f3a-m3 6.3 3.3 0.1 12.7
f4-pp4 2.9 2.1 1.2 7.0
f4a-m4 8.9 2.8 3.6 14.2
f5-pp5 1.6 25 -3.3 6.5
f5a-m5 =87 2.7 -9.0 1.6

£3-pp3, f3a-m3, f4-pp4, {5-pp5, and f5a-m5). In the
Bland-Altman method, to be able to talk about har-
mony, the 95% confidence interval (d + 1.96 SD)
should include zero and the distribution of the val-
ues should be within confidence limits as much as
possible. 1!

RESULTS

The values obtained by the subtraction of proximal
phalangeal and metacarpal lengths from the sum of

Turkiye Klinikleri ] Med Sci 2010;30(2)
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FIGURE 2: Distribution graph of f1-m1 average against difference value
(Bland and Altman).

FIGURE 3: Distribution graph of f2-pp2 average against difference value
(Bland and Altman).
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FIGURE 4: Distribution graph of f2a-m2 average against difference value
(Bland and Altman).

two previous bone lengths are shown in Table 1.
Distribution graphics of each parameter according
to Bland-Altman analysis can be found in Figs. 2-10.

In the examination of f1-m1, f2-pp2, f2a-m2,
f3-pp3, f4-pp4, 5-pp5, and {5a-m5 distribution
graphics, it can easily be seen that all graphics inc-
luded zero and are in harmony with the Fibonacci
sequence.

When the Table 1 is subjected to scrutiny, it
can be seen that f2-pp2 is the most harmonious pa-
rameter with -0.3 + 2.3 difference value (95% con-
fidence interval: -4.6 to 4.1) followed by f3-pp3 and
f4-pp4 couples, respectively. Discordant parame-
ters were f4a-m4 with 8.9 + 2.8 difference value

Turkiye Klinikleri ] Med Sci 2010;30(2)

FIGURE 5: Distribution graph of f3-pp3 average against difference value
(Bland and Altman).
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FIGURE 6: Distribution graph of f3a-m3 average against difference value
(Bland and Altman).
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FIGURE 7: Distribution graph of f4-pp4 average against difference value
(Bland and Altman).

FIGURE 8: Distribution graph of f4a-m4 average against difference value
(Bland and Altman).
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FIGURE 9: Distribution graph of f5-pp5 average against difference value
(Bland and Altman).

(95% confidence interval: 3.6-14.2), and f3a-m3
with 6.3 + 3.3 difference value (95% confidence in-
terval: 0.1-12.7).

When proximal phalangeal lengths were taken
into consideration, it was seen that the value of in-
dex finger was below zero in most of the patients.
Middle, ring and little finger values of the subjects
were above zero in general. The difference values
were determined as equal to zero in index fingers of
four patients and in ring finger and little finger of
two patients.

In the evaluation of metacarpals, it was seen
that the difference of second metacarpal was gene-
rally below zero, whereas the values of the other
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FIGURE 10: Distribution graph of f5a-m5 average against difference value
(Bland and Altman).

fingers were above zero. In first and fifth metacar-
pals of one subject, the difference value was equal
to zero, showing perfect harmony.

I DISCUSSION

According to the results of this study, it is possib-
le to say that distal, middle, and proximal phalan-
geal lengths of all the subjects are in harmony with
Fibonacci sequence. However, the harmony bet-
ween middle and proximal phalangeal lengths was
observed only in the second and the fifth metacar-
pals, when the metacarpals’ lengths were sub-
stracted from the sum of middle and proximal
phalangeal lengths.

Turkiye Klinikleri ] Med Sci 2010;30(2)
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This number sequence that is thought to be
the foundation of human aesthetics has attracted
scientists’ interest since ancient times and is recog-
nized in many animate and inanimate objects.

After becoming aware of the spiral of florets
in the daisy and by the leaves around its stem,
which follow precisely the Fibonacci series in mat-
hematics, Turing and his students wrote several pa-
pers addressed to the problem of leaf arrangement
(phyllotaxis), which continues to exercise many bi-
ologists today. Turing’s paper has inspired a current
generation of mathematical modeling of spatial pat-
terns in living organism. '

In his study “On Growth and Form”, Thomp-
son pointed out how the Fibonacci sequence un-
derlies many natural forms such as the spiraling
Nautilus shell, the arrangement of scale rows on
Norway spruce cones, cellular structure, arrange-
ments of leaves and animal horns. Actually,
Thompson has demonstrated that there is a lawful
underlying mathematical structure to forms based
on the golden section and Fibonacci sequence.'>!*
Additionally, Carson, Arnheim, and Naylor stated
that spirals of growing flowers were related to the
Fibonacci sequence.!®>1¢ Fensom, in his article, tal-
ked about the possibility that human evolution
stops when it reaches the golden number.!” Yama-
gishi et al., in his study, put forward the compati-
bility between the human gene nucleotide
arrangement and the Fibonacci sequence.'® Moreo-
ver, McWhinnie studied the golden mean of hu-
man growth, biology, and architecture.' The first
book in history defining human proportions is
Polycleitus’ Canon. According to Tobin, Polyclei-
tus mentioned several ratios in his book."

The application of the golden ratio to dental
aesthetics was first documented by Lewin in 1978
who also explained its history and mathematics. He
also explained regarding the association of the pro-
portion with an aesthetically pleasing dentition and
smile.?

Esthetical dentists have used many such for-
mulas while reconstructing the teeth to obtain a
“nice smile.” Lombardi claimed the existence of
golden mean between the human teeth as well.”!

Turkiye Klinikleri ] Med Sci 2010;30(2)

Preston studied the relationship of the golden
ratio in maxillary dentition and found a golden ra-
tio between the perceived width of the maxillary
central and lateral incisors.?

Mack discussed the importance of treating the
dentition according to the face based on the golden
ratio. He stated that the lower one —thirds of the
face significantly influences the facial appearance
and warned regarding potential complications oc-
curring in facial aesthetics when only mounted
casts were used for diagnosis.

Robert Ricketts, an orthodontist, discussed the
golden ratio in ideal face proportions by using his
self-designed tool “the golden dividend.”** Likewi-
se, Stephan Marquart, who has performed many
important studies on the ratios of human aesthetic
and symmetry, designed a series of beauty masks
based on the golden ratio.?

Jefferson illustrated many golden ratio diag-
rams and computer generated photographs provi-
ding an ideal picture of the complete head and
supported his work with cephalometric tracings.

Littler observed an arithmetical relation
among the bones that shape the hand and said that
finger movements form equiangular spirals.® Addi-
tionally, Powell related the rumba dance and mu-
sic to the Fibonacci sequence.’ Twentieth-century
music has been directly related to the Fibonacci se-
quence by Kramer, Manuel and Santiago, and Wal-
ker stated that the golden mean could be used in
calculating electrical circuit resistance.?*?® Nevert-
heless, there are many studies that contradict the
research about the golden ratio and Fibonacci sequ-
ence.”

During a review of the literature, we came ac-
ross many studies on the lengths of hand bones, ra-
tios among the fingers and the factors affecting
these ratios. We were able to find two articles in
which the Fibonacci sequence and the golden rati-
o of the length of fingers were discussed. In one of
these two studies Park et al. worked on 100 hand-
graphics and in the other study Hamilton and Dun-
smuir worked on 197 graphics.3®3' Although both
of these studies had used the same parameters, the
points used in the measurements differ. Hamilton
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and Dunsmuir measured the distance between the
rotation centers of the hand bones. On the other
hand, Park et al. measured the distance between
the mid-points of joint cavities. In the present
study, we found the actual bone length by measu-
ring the distance between the base and distal tip
points of metacarpals and phalanges.

Except for the thumb, where proximal phalan-
geal length was subtracted from the sum of distal
and middle phalangeal lengths, we determined that
the “0” value was in the 95% confidence interval
in each finger. Likewise, when the metacarpal
length was subtracted from the sum of proximal
and middle phalangeal lengths of f2a-m?2 and f5a-
f5, we observed that the “0” value was in 95% con-
fidence interval for each finger. The thumb, which
has no middle phalanx revealed “0” value in 95%
confidence interval when its metacarpal length was
subtracted from the sum of proximal and distal
phalangeal lengths.

Unlike the present study, Park et al. could not
find any correlation to the Fibonacci sequence in

Dunsmuir did not look for the Fibonacci sequence,
but looked for the golden ratio, which was thought
to be the result of the Fibonacci sequence. They co-
uld not prove the existence of the golden ratio.

I CONCLUSION

It can be suggested that all of the bones that form
the fingers were in harmony with the Fibonacci se-
quence mathematically. Similarly, the existence of
this mathematical sequence can be seen in f1-m1,
f2a-m2, and f5a-m5. However, because of not hav-
ing any “0” value in the 95% confidence interval,
f3a-m3 and f4-m4, do not conform to the Fibonac-
ci sequence.

There are many studies in which some num-
bers and ratios in nature are used by artists throug-
hout history. In this study, we claim that it is
possible to relate the bones forming the human
hand with the Fibonacci sequence. As a conclusion,
the Fibonacci sequence can be used as an alterna-
tive option in reconstruction of the human hand
after a serious trauma or in case of congenital ab-

21-6.
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any of the fingers. In their study, Hamilton and normalities.
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