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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.1 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.2 Throughout his-
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tory, many ar tists and phi lo sop hers se arc hed for a
ma gi cal mat he ma ti cal for mu la that co uld exp la in
be a uty; the se arch en ded in a for mu la cal led “the
gol den me an.”3,4 Alt ho ugh the re is no writ ten do c-
u ment abo ut the ori gin of this nu me ri cal va lu e,
the re are many re fe ren ces to it thro ug ho ut his-
tory.5,6 The gol den me an is ge ne rally at tri bu ted to
Pytha go ras and Pla to, but it is al so tho ught to be
con nec ted to lo ga rith mic and equ i an gu lar spi rals
and the Fi bo nac ci se qu en ce.7,8

The Fi bo nac ci se qu en ce was first des cri bed by
Le o nar do Pi sa no Bi gol lo (al so known as Fi bo nac ci)
in his bo ok Li ber Aba ci pub lis hed in 1208. With
this bo ok, Fi bo nac ci tri ed to in tro du ce the nu me -
ra ti on de ci mal that al so inc lu des ze ro to the in tel -
lec tu ally dor mant Eu ro pe. In the last sec ti on of his
bo ok, he put for ward a ridd le-li ke prob lem abo ut
the rep ro duc ti on of rab bits in a con fi ned are a. This
ridd le, which was li ke a prob lem, po ints out an
arith me ti cal se qu en ce, re sul ting in a par ti cu lar ra -
ti o. Each new num ber in the se ri es was simply the
sum of two be fo re it (1, 1, 2, 3, 5, 8, 13....). The ra -
ti o of two suc ces si ve num bers ap pro xi ma tes a 1.62
con ti nu ing va lu e (1; 2; 1.5; 1.60; 1.625; 1.615......).
Af ter the first twel ve num bers, this nu me ri cal va -
lu e can be fi xed to 1.618 when the num bers are ro -
un ded up.5,9 This ir ra ti o nal va lu e is al ter na tely
cal led “the gol den me a n”, “gol den ra ti o ”, “gol den
sec ti o n” or Fi bo nac ci se qu en ce, and is used in many
works of arc hi tec tu re, mu sic, art and sculp tu re.9.10

However the se num bers and ra ti os se e med to be
used by ar tists in tu i ti vely. Le o nar do da Vin ci, ho -
we ver, used the se va lu es de li be ra tely in his ex pe ri -
ments. For examp le, he de sig ned the dra wing of
Lu ca Pa ci o li’s bo ok The Di vi na Pro por ti o ne, in
which the re was a pro fi le sho wing the gol den me -
an of the hu man fa ce. At the be gin ning of twen ti -
eth cen tury, Le Cor bu si er men ti o ned the
pro por ti ons of the hu man body, in his study known
as “Mo du lar”.4,10 

To day, in the me di cal fi eld, as well as in ana -
tomy, the re are many cli ni cal branc hes such as
plas tic re cons truc ti ve and est he ti cal sur gery which
con si der the hu man body as an ar tis tic ob ject. Ho -
we ver, cur rent stu di es mostly de al with the fa ce

and ha ve neg lec ted the ot her parts of the body.
However, li ke the fa ce, the hands at tract the most
at ten ti on and are dif fi cult to hi de.

The aim of this study is to in ves ti ga te the re la -
ti on bet we en the bo nes that form the hands and
the Fi bo nac ci se qu en ce. We pre sent the exis ten ce
of such a ra ti o ba sed on sci en ti fic da ta in the est -
he ti cal vi ew of the hu man body. 

MATERIAL AND METHODS

Pos te ro an te ri or ra di og rams of the hands of pa ti ents
who had app li ed to Trak ya Uni ver sity Me di cal
Scho ol Hos pi tal bet we en Feb ru ary 1 and March 25
of 2008 we re exa mi ned. All X-rays we re exa mi ned
by an ex pe ri en ced musc le-ske le ton ra di o lo gist and
an ana to mist at a ge ne ral-pur po se Poly star Si e mens
work sta ti on. Ca ses in whom bo ne de ve lop ment
had not be en comp le ted, patients with con ge ni tal
and de ve lop men tal dyspla si a, me ta bo lic ill nes ses
that af fect bo nes, tra u ma tic de for ma ti ons, sur gi cal
ope ra ti ons, or un sa tis fac tory ra di og rams we re not
ta ken in to con si de ra ti on. Me a su re ments we re per-
for med in ra di og rams of 123 pa ti ents (66 ma les, 57
fe ma les) with a me an age of 47,80±14,99.  

Alt ho ugh this study was de sig ned ret ros pec ti -
vely, et hi cal ap pro val was ob ta i ned from the lo cal
Et hi cal Re vi ew Com mit te e of the Fa culty of Me di -
ci ne. The re a son for plan ning a ret ros pec ti ve study
was to avo id ne ed less ra di a ti on ex po su re to the pa-
ti ents.

To ha ve mo re ac cu ra te me a su re ments and to
cla rify the ana to mi cal struc tu res bet ter, the shots
we re en lar ged. Me ta car pal (first me ta car pal [mc1],
se cond me ta car pal [mc2], third me ta car pal [mc3],
fo urth me ta car pal [mc4], fifth me ta car pal [mc5]),
pro xi mal pha lan ge al (pro xi mal pha lanx of the
thumb [pp1], pro xi mal pha lanx of the in dex fin ger
[pp2], pro xi mal pha lanx of the midd le fin ger [pp3],
pro xi mal pha lanx of the ring fin ger [pp4], pro xi mal
pha lanx of the litt le fin ger [pp5]), midd le pha lan -
ge al (midd le pha lanx of the in dex fin ger [mp2],
midd le pha lanx of the midd le fin ger [mp3], midd -
le pha lanx of the ring fin ger [mp4], midd le pha lanx
of the litt le fin ger [mp5]), and dis tal pha lan ge al
(dis tal pha lanx of the thumb [dp1], dis tal pha lanx
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of the in dex fin ger [dp2], dis tal pha lanx of the mid-
d le fin ger [dp3], dis tal pha lanx of the ring fin ger
[dp4], dis tal pha lanx of the litt le fin ger [dp5])
lengths we re me a su red bet we en the dis tal and pro -
xi mal tips of the me ta car pals and pha lan ges by
using di gi tal ca li per. 

The dif fe ren ces bet we en pro xi mal pha lan ge al
lengths (pp2, pp3, pp4, pp5) and the sum of the dis-
tal and midd le pha lan ge al lengths of each fin ger
(the sum of dis tal and midd le pha lan ge al lengths of
in dex fin ger [f2], the sum of dis tal and midd le pha-
lan ge al lengths of midd le fin ger [f3], the sum of dis-
tal and midd le pha lan ge al lengths of ring fin ger
[f4], the sum of dis tal and midd le pha lan ge al
lengths of litt le fin ger [f5]), ex cept the thumb, we -
re me a su red. Si mi larly, the dif fe ren ces bet we en the
lengths of me ta car pals (mc2, mc3, mc4, mc5) and
the sum of pro xi mal pha lan ge al and midd le pha-
lan ge al lengths (sum of pro xi mal pha lan ge al and
midd le pha lan ge al lengths of in dex fin ger [f2a],
sum of pro xi mal pha lan ge al and midd le pha lan ge -
al lengths of midd le fin ger [f3a], sum of pro xi mal
pha lan ge al and midd le pha lan ge al lengths of ring
fin ger [f4a], sum of pro xi mal pha lan ge al and mid-
d le pha lan ge al lengths of litt le fin ger [f5a]) we re
cal cu la ted (Fig. 1). Owing to the ab sen ce of midd -
le pha lanx in the thumb, the dif fe ren ce bet we en
the first me ta car pal (mc1) and the sum of dis tal
(dp1) and pro xi mal pha lan ge al lengths of first fin-
ger we re cal cu la ted to in ves ti ga te the con for mity
to Fi bo nac ci se qu en ce.

STA TIS TI CAL ANALY SIS

Bland & Alt man Met hod

The Bland & Alt man plot is a sta tis ti cal met hod to
com pa re two me a su re ments tech ni qu es. In this
grap hi cal met hod, the dif fe ren ces (or al ter na ti vely
the ra ti os) bet we en the two tech ni qu es are plot ted
aga inst the ave ra ges of the two tech ni qu es. Ho ri -
zon tal li nes are drawn at the me an dif fe ren ce, and
at the li mits of ag re e ment, which are de fi ned as the
me an dif fe ren ce plus and mi nus 1.96 ti mes the
stan dard de vi a ti on of the dif fe ren ces. The Bland-
Alt man met hod was used in eva lu a ti on of the ni ne
pa ra me ters; one of the thumb (f1-m1), two pa ra -
me ters of each of the ot her fin gers (f2-pp2, f2a-m2,

f3-pp3, f3a-m3, f4-pp4, f5-pp5, and f5a-m5). In the
Bland-Alt man met hod, to be ab le to talk abo ut har-
mony, the 95% con fi den ce in ter val (d ± 1.96 SD)
sho uld inc lu de ze ro and the dis tri bu ti on of the va l-
u es sho uld be wit hin con fi den ce li mits as much as
pos sib le. 11

RESULTS

The va lu es ob ta i ned by the sub trac ti on of pro xi mal
pha lan ge al and me ta car pal lengths from the sum of

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.

%95 Confidence Interval

Differences Mean SD Lower Limit Upper Limit

f1-m1 4.7 2.6 -0.4 9.8

f2-pp2 -0.3 2.3 -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 2.5 -3.3 6.5

f5a-m5 -3.7 2.7 -9.0 1.6

TABLE 1: Descriptive statistics of difference values.
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two pre vi o us bo ne lengths are shown in Tab le 1.
Dis tri bu ti on grap hics of each pa ra me ter ac cor ding
to Bland-Alt man analy sis can be fo und in Figs. 2-10.

In the exa mi na ti on of f1-m1, f2-pp2, f2a-m2,
f3-pp3, f4-pp4, f5-pp5, and f5a-m5 dis tri bu ti on
grap hics, it can ea sily be se en that all grap hics inc -
lu ded ze ro and are in har mony with the Fi bo nac ci
se qu en ce.

When the Tab le 1 is sub jec ted to scru tiny, it
can be se en that f2-pp2 is the most har mo ni o us pa-
ra me ter with -0.3 ± 2.3 dif fe ren ce va lu e (95% con-
fi den ce in ter val: -4.6 to 4.1) fol lo wed by f3-pp3 and
f4-pp4 co up les, res pec ti vely. Dis cor dant pa ra me -
ters we re f4a-m4 with 8.9 ± 2.8 dif fe ren ce va lu e

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).

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

FIGURE 5: Distribution graph of f3-pp3 average against difference value
(Bland and Altman).

FIGURE 6: Distribution graph of f3a-m3 average against difference value
(Bland and Altman).
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(95% con fi den ce in ter val: 3.6–14.2), and f3a-m3
with 6.3 ± 3.3 dif fe ren ce va lu e (95% con fi den ce in-
ter val: 0.1–12.7).

When pro xi mal pha lan ge al lengths were ta ken
in to con si de ra ti on, it was se en that the va lu e of in -
dex fin ger was be low ze ro in most of the pa ti ents.
Midd le, ring and litt le fin ger va lu es of the sub jects
we re abo ve ze ro in ge ne ral. The dif fe ren ce va lu es
we re de ter mi ned as equ al to ze ro in in dex fin gers of
fo ur pa ti ents and in ring fin ger and litt le fin ger of
two pa ti ents.

In the eva lu a ti on of me ta car pals, it was se en
that the dif fe ren ce of se cond me ta car pal was ge ne -
rally be low ze ro, whe re as the va lu es of the ot her

fin gers were abo ve ze ro. In first and fifth me ta car -
pals of one sub ject, the dif fe ren ce va lu e was equ al
to ze ro, sho wing per fect har mony.

DISCUSSION

Ac cor ding to the re sults of this study, it is pos sib -
le to say that dis tal, midd le, and pro xi mal pha lan -
ge al lengths of all the sub jects are in har mony with
Fi bo nac ci se qu en ce. Ho we ver, the har mony bet -
we en midd le and pro xi mal pha lan ge al lengths was
ob ser ved only in the se cond and the fifth me ta car -
pals, when the me ta car pals’ lengths were sub-
stracted from the sum of midd le and pro xi mal
pha lan ge al lengths. 

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).

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

FIGURE 10: Distribution graph of f5a-m5 average against difference value
(Bland and Altman).
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This num ber se qu en ce that is tho ught to be
the fo un da ti on of hu man aest he tics has at trac ted
sci en tists’ in te rest sin ce an ci ent ti mes and is re cog -
ni zed in many ani ma te and ina ni ma te ob jects.

Af ter be co ming awa re of the spi ral of flo rets
in the da isy and by the le a ves aro und its stem,
which fol low pre ci sely the Fi bo nac ci se ri es in mat -
he ma tics, Tu ring and his stu dents wro te se ve ral pa-
pers ad dres sed to the prob lem of le af ar ran ge ment
(phyllo ta xis), which con ti nu es to exer ci se many bi-
o lo gists to day. Tu ring’s pa per has ins pi red a cur rent
ge ne ra ti on of mat he ma ti cal mo de ling of spa ti al pat-
terns in li ving or ga nism. 12

In his study “On Growth and For m”, Thomp-
son po in ted out how the Fi bo nac ci se qu en ce un-
der li es many na tu ral forms such as the spi ra ling
Na u ti lus shell, the ar ran ge ment of sca le rows on
Nor way spru ce co nes, cel lu lar struc tu re, ar ran ge -
ments of le a ves and ani mal horns. Ac tu ally,
Thomp son has de mons tra ted that the re is a law ful
un derl ying mat he ma ti cal struc tu re to forms ba sed
on the gol den sec ti on and Fi bo nac ci se qu en ce.13,14

Ad di ti o nally, Car son, Arn he im, and Nay lor sta ted
that spi rals of gro wing flo wers we re re la ted to the
Fi bo nac ci se qu en ce.10,15,16 Fen som, in his ar tic le, tal -
ked abo ut the pos si bi lity that hu man evo lu ti on
stops when it re ac hes the gol den num ber.17 Ya ma -
gis hi et al., in his study, put for ward the com pa ti -
bi lity bet we en the hu man ge ne nuc le o ti de
ar ran ge ment and the Fi bo nac ci se qu en ce.18 Mo re o -
ver, McWhin ni e stu di ed the gol den me an of hu -
man growth, bi o logy, and arc hi tec tu re.14 The first
bo ok in his tory de fi ning hu man pro por ti ons is
Poly cle i tus’ Ca non. Ac cor ding to To bin, Poly cle i -
tus men ti o ned se ve ral ra ti os in his bo ok.19

The app li ca ti on of the gol den ra ti o to den tal
aest he tics was first do cu men ted by Le win in 1978
who al so exp la i ned its his tory and mat he ma tics. He
al so exp la i ned re gar ding the as so ci a ti on of the pro-
por ti on with an aest he ti cally ple a sing den ti ti on and
smi le.20

Est he ti cal den tists ha ve used many such for-
mu las whi le re cons truc ting the te eth to ob ta in a
“ni ce smi le.” Lom bar di cla i med the exis ten ce of
gol den me an bet we en the hu man te eth as well.21

Pres ton stu di ed the re la ti ons hip of the gol den
ra ti o in ma xil lary den ti ti on and fo und a gol den ra -
ti o bet we en the per ce i ved width of the ma xil lary
cen tral and la te ral in ci sors.22

Mack dis cus sed the im por tan ce of tre a ting the
den ti ti on ac cor ding to the fa ce ba sed on the gol den
ra ti o. He sta ted that the lo wer one –thirds of the
fa ce sig ni fi cantly inf lu en ces the fa ci al ap pe a ran ce
and war ned re gar ding po ten ti al comp li ca ti ons oc-
cur ring in fa ci al aest he tics when only mo un ted
casts we re used for di ag no sis.23

Ro bert Ric ketts, an ort ho don tist, dis cus sed the
gol den ra ti o in ide al fa ce pro por ti ons by using his
self-de sig ned to ol “the gol den di vi dend.”24 Li ke wi -
se, Step han Mar qu art, who has per for med many
im por tant stu di es on the ra ti os of hu man aest he tic
and symmetry, de sig ned a se ri es of be a uty masks
ba sed on the gol den ra ti o.3

Jef fer son il lus tra ted many gol den ra ti o di ag -
rams and com pu ter ge ne ra ted pho tog raphs pro vi -
ding an ide al pic tu re of the comp le te he ad and
sup por ted his work with cep ha lo met ric tra cings.25

Litt ler ob ser ved an arith me ti cal re la ti on
among the bo nes that sha pe the hand and sa id that
fin ger mo ve ments form equ i an gu lar spi rals.8 Ad di -
ti o nally, Po well re la ted the rum ba dan ce and mu -
sic to the Fi bo nac ci se qu en ce.9 Twen ti eth-cen tury
mu sic has be en di rectly re la ted to the Fi bo nac ci se-
qu en ce by Kra mer, Ma nu el and San ti a go, and Wal -
ker sta ted that the gol den me an co uld be used in
cal cu la ting elec tri cal cir cu it re sis tan ce.26-28 Ne vert -
he less, the re are many stu di es that con tra dict the
re se arch abo ut the gol den ra ti o and Fi bo nac ci se qu -
en ce.29

Du ring a re vi ew of the li te ra tu re, we ca me ac -
ross many stu di es on the lengths of hand bo nes, ra-
ti os among the fin gers and the fac tors af fec ting
the se ra ti os. We we re ab le to find two ar tic les in
which the Fi bo nac ci se qu en ce and the gol den ra ti -
o of the length of fin gers we re dis cus sed. In one of
the se two stu di es Park et al. wor ked on 100 hand-
grap hics and in the ot her study Ha mil ton and Dun-
s mu ir wor ked on 197 grap hics.30,31 Alt ho ugh both
of the se stu di es had used the sa me pa ra me ters, the
po ints used in the me a su re ments dif fer. Ha mil ton



Turkiye Klinikleri J Med Sci 2010;30(2)696

Yılmaz ve ark. Anatomi

and Duns mu ir me a su red the dis tan ce bet we en the
ro ta ti on cen ters of the hand bo nes. On the ot her
hand, Park et al. me a su red the dis tan ce bet we en
the mid-po ints of jo int ca vi ti es. In the pre sent
study, we fo und the ac tu al bo ne length by me a su -
ring the dis tan ce bet we en the ba se and dis tal tip
po ints of me ta car pals and pha lan ges.

Ex cept for the thumb, whe re pro xi mal pha lan -
ge al length was sub trac ted from the sum of dis tal
and midd le pha lan ge al lengths, we de ter mi ned that
the “0” va lu e was in the 95% con fi den ce in ter val
in each fin ger. Li ke wi se, when the me ta car pal
length was sub trac ted from the sum of pro xi mal
and midd le pha lan ge al lengths of f2a-m2 and f5a-
f5, we ob ser ved that the “0” va lu e was in 95% con-
fi den ce in ter val for each fin ger. The thumb, which
has no midd le pha lanx re ve a led “0” va lu e in 95%
con fi den ce in ter val when its me ta car pal length was
sub trac ted from the sum of pro xi mal and dis tal
pha lan ge al lengths.

Un li ke the pre sent study, Park et al. co uld not
find any cor re la ti on to the Fi bo nac ci se qu en ce in
any of the fin gers. In the ir study, Ha mil ton and

Duns mu ir did not lo ok for the Fi bo nac ci se qu en ce,
but lo o ked for the gol den ra ti o, which was tho ught
to be the re sult of the Fi bo nac ci se qu en ce. They co -
uld not pro ve the exis ten ce of the gol den ra ti o.

CONCLUSION

It can be suggested that all of the bo nes that form
the fin gers were in har mony with the Fi bo nac ci se-
qu en ce mat he ma ti cally. Si mi larly, the exis ten ce of
this mat he ma ti cal se qu en ce can be se en in f1-m1,
f2a-m2, and f5a-m5. Ho we ver, be ca u se of not ha v-
ing any “0” va lu e in the 95% con fi den ce in ter val,
f3a-m3 and f4-m4, do not con form to the Fi bo nac -
ci se qu en ce.

The re are many stu di es in which so me num-
bers and ra ti os in na tu re are used by ar tists thro ug -
ho ut his tory. In this study, we cla im that it is
pos sib le to re la te the bo nes for ming the hu man
hand with the Fi bo nac ci se qu en ce. As a conc lu si on,
the Fi bo nac ci se qu en ce can be used as an al ter na -
ti ve op ti on in re cons truc ti on of the hu man hand
af ter a se ri o us tra u ma or in case of con ge ni tal ab-
normalities.
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