
Turkiye Klinikleri J Med Sci 2011;31(1) 15

Morphologic and Morphometric
Variations of Calcaneus and Their
Importance in Surgical Procedures

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Cal ca ne us is the lar gest tar sal bo ne that sup ports ta lus and is fre qu ently in vol ved
in frac tu res. The re la ti on bet we en ta lus and cal ca ne us is dis tor ted in so me disorders such as pes-equ i no
va rus or pes-pla no val gus. A tho ro ugh know led ge of the ana to mi cal va ri a ti ons of an te ri or and midd le fa -
cets, sus ten ta cu lum ta li and the sul cus in bet we en them is es sen ti al in or der to ke ep the os te o tomy ex tra -
ar ti cu larly. The re fo re, in this study, we ai med to des cri be de ta i led morp ho metry of cal ca ne us. 
MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  In this study, 80 cal ca ne i (40 right, 40 left) from the col lec ti on of Do kuz Ey lul
Uni ver sity De part ment of Ana tomy we re used. The lengths of the bo nes were me a su red using ver ni er ca -
li per which is sen si ti ve to 0.01 mm, and thick ness of the bo nes was me a su red using di gi tal ca li per with a
sen si ti vity of 0.01 mm. In addition, me di al ang le of sus ten ta cu lum ta li was me a su red by Ima ge To ol on the
di gi tal pho tog raphs ta ken from the up per sur fa ce of the cal ca ne us. RRee  ssuullttss:: In 38.7% of the ca ses, a sul cus
(an te ri or cal ca ne al gro o ve) was iden ti fi ed bet we en midd le and an te ri or fa cets. In 61.3%, the re was no sul-
cus bet we en the fa cets. In ca ses with a sul cus, a trans ver se li ne be gin ning from the midd le of sul cus to-
wards the la te ral si de (os te o tomy li ne) was fo und to be ave ra ge 13.3 mm pos te ri or to the cal ca ne o cu bo id
jo int on a-verage. Bet we en midd le and pos te ri or fa cets, fo ur dif fe rent morp ho lo gic types of pos te ri or cal-
ca ne al gro o ve we re iden ti fi ed. The ave ra ge depth of this gro o ve was 2.3 mm. It was ob ser ved that the gro -
o ve was fun nel shaped in 40%, re ver se fun nel shaped in 3.9%, sand glass shaped in 35% and cylin dric in
21.3%. We de tec ted 2.8 fo ra mens on average in the pos te ri or cal ca ne al gro o ves and 47.5% of the se we re
lo ca li zed at the 1/3 an te ri or re gi on. Me di al an gu la ti on of sus ten ta cu lum ta li was 115 deg re es on ave ra ge. 
CCoonncc  lluu  ssii  oonn::  We be li e ve that the re sults of this study are im por tant for ort ho pe dic surgeons who perform
ex tra ar ti cu lar os te o tomy at dis tal cal ca ne us or de a l with cal ca ne al frac tu res. 

KKeeyy  WWoorrddss::  Cal ca ne us; frac tu res, bo ne; bo ne leng the ning; ana tomy 

ÖÖZZEETT  AAmmaaçç::  Kal ka ne us ta lusu des tek le yen ve kı rık la rı na sık lık la rast la nan en bü yük tar sal ke mik tir. Ta -
lus ve kal ka ne us ara sın da ki iliş ki pes-equ i no va rus ve pes-equ i no val gus gi bi ba zı pa to lo ji ler de bo zu la bi -
lir. Kal ca ne us un ön ve or ta ek lem yüz le ri ara sın da an te ri or kal ka ne al olu ğun bu lun ma sı eks tra ar ti kü ler
os te o to mi yi ger çek leş tir me de esas tır. Bu özel lik le ri ne de niy le, ça lış ma mız da kalkaneusun de tay lan dı rıl -
mış mor fo met ri si ni or ta ya koy ma yı amaç la dık. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Bu ça lış ma da Do kuz Ey lül Üni ver si -
te si Ana to mi Ana bi lim Da lı ko lek si yo nun da bu lu nan 80 kal ka ne us (40 sağ, 40 sol) ke mi ği kul la nıl mış tır.
Ke mik le rin uzun lu ğu 0,01mm has sa si ye tin de ki kum pas ile, ka lın lı ğı da di ji tal kum pas ile öl çül müş tür.
Sus ten ta cu lum ta li’ nin iç kö şe si de kalkaneusun üst yi i ze yin den alı nan di ji tal fo toğ raf lar la, gö rün tü araç -
la rı prog ra mı kul la nı la rak öl çül müş tür. BBuull  gguu  llaarr::  Ke mik le rin %38.7’sin de, or ta ve ön yüz le ri ara sın da bir
sul kus (ön kal ka ne al oluk) tes pit edil miş tir. Bu sul kus kemiklerin %61.3’ün de tes pit edil me miş tir. Sul kus
bu lu nan ke mik ler de, kal ka ne o ku bo id ek le min ar ka sın da or ta la ma 13.3 mm olan, sul ku sun  or ta sın dan
baş la yıp dış yü zü (os te o to mi çiz gi si) bo yun ca de vam eden çap raz bir hat bu lun muş tur. Or ta ve ar ka yüz -
ler ara sın da dört fark lı tip te pos te ri or kal ka ne al oluk tes pit edil miş tir. Bu olu ğun de rin li ği or ta la ma 2.3 mm
idi. Bu oluk la rın %40'ının hu ni, %3.8’inin ters hu ni, %35’inin kum sa a ti, %21.3'ünün de si lin dir şek lin -
de ol du ğu göz len miş tir. Kal ka ne us la rın pos te ri or kal ka ne al oluk la rın da or ta la ma 2.8 fo ra men ol du ğu sap -
tan dı. Bu de lik le rin de %47.5’i olu ğun 1/3 an te ri or par ça sın da yer le şim gös ter mek tey di. Sus ten ta cu lum
ta li’ nin me di al açı lan ma sı or ta la ma 115° ola rak öl çül dü. SSoo  nnuuçç::  Ça lış ma so nuç la rı nın dis tal kal ka ne usda
eks tra ar ti kü ler os te o to mi ya pan ya da kal ka ne us kı rık lan ile uğ ra şan or to pe di ve trav ma to lo ji uz man la rı
için önem li ola ca ğı nı dü şün mek te yiz. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Kal ka ne us; kı rık lar, ke mik; ke mik uzat ma; ana to mi 
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he cal ca ne us or the he el bo ne is pla ced at
the back of the fo ot. The cal ca ne us is the lar -
gest tar sal bo ne and func ti ons as a le ver for

the gas tro so le us comp lex and pro vi des ver ti cal sup-
port for the body we ight and for the la te ral arc of
the fo ot. Cal ca ne al frac tu res may deteriorate the se
func ti ons to so me ex tent ca u sing wal king im pa ir -
ments.1-5

Cal ca ne us is one of the stron gest bo nes of the
fo ot and is used for sex de ter mi na ti on in fo ren sic
medicine and in arc ha e o lo gy.6

The cal ca ne us trans mits most of the body we -
ight from ta lus to the gro und. The sus ten ta cu lum
ta li is the part of the cal ca ne us sup por ting the 
he ad of ta lus.7 Sus ten ta cu lum ta li is kept stab le by
in te ros se o us and del to id li ga ments. Pri mary lon gi -
tu di nal frac tu res of the pos te ri or fa cet may ca u se
da ma ge on this sup por ting struc tu re by cle a ving
the sus ten ta cu lum ta li. Such frac tu res may al so ca -
u se plan tar vas cu lar, ne u ral da ma ges and fle xor
ten don rup tu res.8,9

Su pe ri or sur fa ce of the cal ca ne us, which ar ti -
cu la tes with ta lus, has thre e fa cets. Pos te ri or fa cet
is the lar gest one with a con vex sha pe. Midd le fa -
cet is con ca ve and rests on the sus ten ta cu lum ta li.
Third one, an te ri or fa cet, is con ca ve and ge ne rally
exists conf lu ent with the mid fa cet. An te ri or sur fa -
ce al so ar ti cu la tes with os cu bo i de um.7,10,11 Bet we -
en the midd le and the pos te ri or fa cets li es the
cal ca ne al gro o ve. In this study, the gro o ve bet we -
en the midd le and pos te ri or fa cets of cal ca ne us is
referred as pos te ri or cal ca ne al gro o ve. The pos te ri -
or cal ca ne al gro o ve disp lays a number of nitritional
foramina be lon ging to vas cu lar struc tu res. Cal ca -
ne al frac tu res in vol ving the pos te ri or cal ca ne al gro -
o ve may ca u se mas si ve he morr ha ge du e to rich
vas cu lar supply of this re gi on, however avas cu lar
nec ro sis, that is fre qu ently se en in scap ho id and fe -
mo ral he ad frac tu res is not en co un te red in this re-
gi on. The re fo re, morp ho logy and morp ho metry of
the pos te ri or cal ca ne al gro o ve are of gre at im por -
tan ce in cal ca ne al frac tu res that ac co unt for ap pro -
xi ma tely 2% of all frac tu res.

The re are va ri o us surgical approaches des cri bed
for the cor rec ti on of in cor rect ar ti cu la ti on bet we en

fa cets of cal ca ne us and ta lus, li ke pes-equ i no va rus,
pes-pla no val gus or flat-fo ot. Cal ca ne al-leng the ning
is the most po pu lar one of the se met hods and was
first imp le men ted by Dillwyn Evans on pa ti ents
with pes-pla no val gus fo ot de for mity re sul ting from
po li om ye li tis. Evans no ti ced his pa ti ents’ shor ter
me di al arc com pa red to lon ger la te ral arc and per-
for med cal ca ne al leng the ning to get nor mal hind fo -
ot, mid fo ot and fo re fo ot align ment. In the ori gi nal
pro ce du re of cal ca ne al leng the ning, os te o tomy is
per for med 1.5 cm pro xi mal of and in pa ral lel to the
cal ca ne o cu bo id jo int.12,13 Evans’ cal ca ne al leng the -
ning os te o tomy tech ni qu e is mo di fi ed and po pu la ri -
zed by Mos ca.13 In the sympto ma tic pes-pla no val gus
pa ti ents, Mos ca per for med trans ver se cal ca ne al leng -
the ning os te o tomy from la te ral to wards me di al of
the gro o ve bet we en the an te ri or and the midd le fa -
cets of the sub ta lar jo int.12,13

The gro o ve bet we en an te ri or and midd le fa -
cets that is ob ser ved in so me bo nes was na med as
an te ri or cal ca ne al gro o ve. Ana to mi cal pro per ti es of
the an te ri or fa cets, midd le fa cets, sus ten ta cu lum 
ta li and in te rar ti cu lar gro o ve (an te ri or cal ca ne al
gro o ve) are im por tant to per form cal ca ne al leng th-
e ning ex tra-ar ti cu larly.

Alt ho ugh our study is ant hro po lo gi cal, we as-
ses sed an te ri or-pos te ri or length and me di al-la te ral
width of each cal ca ne us in our col lec ti on to eva lu -
a te whether our results were in accordance with
ot her stu di es.

The re fo re, in the pre sent study, we ai med to
ac comp lish de ta i led morp ho lo gic and morp ho -
met ric me a su re ments of the an te ri or, pos te ri or
and midd le fa cets of the su pe ri or sur fa ce of cal ca -
ne us, sus ten ta cu lum ta li and pos te ri or cal ca ne al
gro o ve.

MA TE RI AL AND MET HODS
We used 40 right and 40 left dry cal ca ne i from the
col lec ti on of De part ment of Ana tomy, Dokuz Eylül
Uni ver sity, İzmir, Tur key. The age and gen der we -
re not as ses sed in this study. The part in front and
be hind sus ten ta cu lum ta li and the me di al-la te ral
dis tan ce in both an te ri or and pos te ri or are as were
me a su red by a ver ni er ca li per (sen si ti ve to 0.01
mm). Me di al-la te ral dis tan ce of the part in front of
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sus ten ta cu lum ta li was na med as an te ri or width,
and the dis tan ce of the part be hind the sus ten ta cu -
lum ta li was called as pos te ri or width. (Fi gu re 1).
From la te ral to me di al, 1/3 an te ri or, 1/3 midd le and
1/3 pos te ri or widths of pos te ri or cal ca ne al gro o ve
(Fi gu re 2) and pos te ri or cal ca ne al gro o ve depth (Fi -
gu re 3) we re me a su red using Mi tu to yo di gi tal ca li -
per, with a sen si ti vity of 0.01 mm.

The ang le bet we en me di al cal ca ne al bor der
and pos te ri or mar gin of the sus ten ta cu lum ta li was
me a su red. Af ter the pho tog raphs of all the cal ca -
ne al bo nes had be en ta ken from the top, the ang le
for med at the in ter sec ti on po int of the sa git tal li ne
along the me di al ed ge of the cal ca ne us and the pos-
te ri or ed ge of the sus ten ta cu lum ta li was me a su red

one by one using UTHS CSA Ima ge To ol Win dows
ver si on 3.00 (Fi gu re 4)

The length and the thick ness of the sus ten ta -
cu lum ta li of each cal ca ne us we re me a su red se pa -
ra tely. In ana to mi cal po si ti on, me di al-la te ral
dis tan ce bet we en the most me di al part of sus ten ta -
cu lum ta li and pos te ri or cal ca ne al gro o ve was me -
a su red. In ad di ton, at the midd le of this dis tan ce
the thick ness bet we en up per and lo wer sur fa ce of
sus ten ta cu lum ta li was me a su red (Fi gu re 4).

An te ri or cal ca ne al gro o ve was in ves ti ga ted be-
t we en fa ci es ar ti cu la ris ta la ris an te ri or (FTA) and
fa ci es ar ti cu la ris ta la ris me di a (FTM). Dis tan ce be-
t we en two fa cets was me a su red in sub jects with
gro o ve. Dis tan ce bet we en trans ver se li ne cros sing
this sul cus and cal ca ne o cu bo id jo int was al so me a -
su red (Fi gu re 3).

In our study, num ber of the fo ra mens in the
pos te ri or cal ca ne al gro o ve and in the si nus tar si re-

Turkiye Klinikleri J Med Sci 2011;31(1) 17

Anatomy Ergür et al

FI GU RE 1: An te ro pos te ri or length and an te ri or and pos te ri or lar gest trans ver -
se length for cal ca ne us. 
APL: An te ro pos te ri or length, ATL: an te ri or trans ver se length, PTL: pos te ri or trans ver se

length.

FI GU RE 2: Length of pos te ri or cal ca ne al gro o ve and width of an te ri or, mid-
d le and pos te ri or 1/3. 
PCGL: Pos te ri or cal ca ne al gro o ve length, PCGW: Pos te ri or cal ca ne al gro o ve width.



gi on was al so eva lu a ted. SPSS 11.0 prog ram was
used for fre qu ency analy sis of the da ta.

Pos te ri or cal ca ne al gro o ve was na med ac cor -
ding to its sha pe: fun nel-shaped (Fi gu re 5A), re ver -
se fun nel-shaped (Fi gu re 5B), sand glass shaped
(Fi gu re 5C) and cylin dial (Fi gu re 5D).

RE SULTS
The mean an te ro pos te ri or length of cal ca ne us was
74.7 mm, an te ri or and pos te ri or trans ver se lengths
we re 32.8 and 32.6 mm res pec ti vely (Tab le 1).

The mean widths of the 1/3 an te ri or, 1/3 mid-
d le and 1/3 pos te ri or parts of pos te ri or cal ca ne al
gro o ve we re 10.8, 6.7 and 8.5 mm, res pec ti vely
(Tab le 2). The mean cal ca ne al gro o ve depth was
2.3 mm (min: 0.5 mm, max: 4.6 mm).

The ang le for med by sus ten ta cu lum ta li and
the sa git tal li ne along the me di al ed ge of the cal ca -
ne us was on ave ra ge 115º (min: 94º, max: 135º).

The mean me di al-la te ral length and thick ness
of sus ten ta cu lum ta li we re fo und as 12.6 and 10.2
mm, res pec ti vely (Tab le 3).

In 38.7% of the cal ca ne us bo nes, we fo und an
an te ri or cal ca ne al gro o ve bet we en FTA and FTM.
The me an width of this gro o ve was 1.8 mm (min:
1.2 mm- max: 2.8 mm). In the sub jects ha ving the
gro o ve bet we en FTA and FTM, the me an dis tan ce
bet we en trans ver se li ne cros sing the gro o ve and
cal ca ne o cu bo id jo int was 13.3 mm (min: 8.9 mm-
max: 17.5 mm).
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FI GU RE 3: Width of anterior calcaneal groove between anterior and middle
facets and depth of posterior calcaneal groove. 
ACGW: Anterior calcaneal groove width, PCGD: Posterior calcaneal groove depth.

FI GU RE 4: The angle between medial calcaneal border and posterior mar-
gin of the sustentaculum tali; The distance between transverse axis through
anterior calcaneal groove and calcaneocuboid joint. 
CCJ: calcaneocuboid joint, ACG: anterior calcaneal groove, STA: Sustentaculum tali

angle.



We de tec ted 2.8 fo ra mina on average in pos te-
ri or cal ca ne al gro o ve and 47.5% of the se we re lo ca -
ted at the 1/3 an te ri or re gi on (Tab le 4). There were
3.5 foramina on average in the si nus tar si.

When the sha pe of the pos te ri or cal ca ne al gro -
o ve taken into consideration, 40% we re de ter mi ned
as a fun nel, 3.8% we re like a re ver se fun nel, 35%
we re sand glass-shaped and 21.3% we re cylindirical.
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FIGURE 5: A: Funnel-shaped calcaneal groove; B: Reverse funnel shaped calcaneal groove; C: Sandglass-shaped calcaneal groove; D: Cylinder-shaped cal-
caneal groove.



DIS CUS SI ON
Koshy et al.8 eva lu a ted bo ny mar kers of cal ca ne -
us. They cal cu la ted ave ra ge me a su re ments of an-
te ro pos te ri or length as 73.6 mm, trans ver se width
as 40.8 mm, length and width of the sus ten ta cu -
lum ta li as 20.7 mm and 10.8 mm, res pec ti vely,
and length, width and depth of the pos te ri or cal-
ca ne al gro o ve as 31.9 mm, 21.1 mm and 3.4 mm,
res pec ti vely. The se frag men tary me a su re ments
were used to es ti ma te the to tal an te ro pos te ri or
length of the cal ca ne us.8 In our study, an te ro pos -
te ri or length of the cal ca ne al bo nes was me a su red
74.7 mm on average, an te ri or trans ver se width as
32.8 on average mm, pos te ri or witdh as 32.6 mm.
The me di al-la te ral length of sus ten ta cu lum ta li
was 12.6 mm on ave ra ge. The su pe ro-in fe ri or
thick ness of cal ca ne us at sus ten ta cu lum ta li was
10.2 mm. The mean widths at 1/3 an te ri or, 1/3
midd le and 1/3 pos te ri or parts of pos te ri or cal ca -

ne al gro o ve we re me a su red as 10.8 mm, 6.7 mm
and 8.5 mm, res pec ti vely. The mean pos te ri or cal-
ca ne al gro o ve depth was 2.3 mm.

The re are va ri o us cor rec ti on met hods for pes-
pla no val gus, pes-equ i no va rus or flat fo ot pat ho lo -
gi es which oc cur du e to sub ta lar dis jo i ning
prob lems. In most of the sub ta lar jo ints, the sul cus
bet we en the an te ri or and midd le cal ca ne al fa cets is
the si te for the ex tra-ar ti cu lar cal ca ne al leng the -
ning os te o tomy. In a study per for med by Ra gab et
al.,13 37% of cal ca ne i were no ted as Type A, in
which the sul cus li ed bet we en the an te ri or and
midd le cal ca ne al fa cets, 12% were cal led as tran si -
ti o nal type, whe re the an te ri or and midd le fa cets
we re uni ted as they we re brid ged over, and in 6%
an te ri or fa cets we re not fo und at all. It is emp ha si -
zed that in the tran si ti o nal types, os te o tomy may
ca u se mi ni mal ar ti cu lar de ge ne ra ti on and in ca ses
wit ho ut an te ri or fa cets, ex tra-ar ti cu lar cal ca ne al
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Calcaneus Min Max Mean Standart deviation

Anterior posterior length 62.2 mm 85.7 mm 74.7 mm 5.8

Anterior transvers length 24.2 mm 42.9mm 32.8 mm 3.8

Posterior transvers length 24.6 mm 44.7 mm 32.6 mm 4.0

TABLE 1: Anterior-posterior length, anterior and posterior lengths of calcaneus.

Min Max Mean Standart deviation

Posterior calcaneal groove anterior 1/3 width 5.7 mm 15.6 mm 10.8 mm 2.5

Posterior calcaneal groove middle 1/3 width 4.0 mm 11.5 mm 6.7 mm 1.8

Posterior calcaneal groove posterior 1/3 width 3.7 mm 16.4 mm 8.5 mm 2.3

TABLE 2: Width of posterior calcaneal groove.

Number of foramina in posterior calcaneal groove  Min Max Mean Standart deviation

1/3 anterior 2 6 3.8 2.1

1/3 middle  1 5 2.4 1.8

1/3 posterior 0 2 1.8 1.0

TABLE 4: Number of foramina in posterior calcaneal groove.

Min Max Mean Standart deviation

Sustentaculum tali thickness 8.1 mm 13.7 mm 10.2 mm 2.2

Sustentaculum tali length 9.8 mm 15.6 mm 12.6 mm 3.7

TABLE 3: Thickness and length sustentaculum tali.



leng the ning may be per for med only if the mid fa -
cet is lo ca ted to wards dis tal part of the cal ca ne -
us.13

Gup ta et al.14 exa mi ned ta lar ar ti cu lar fa cets of
the cal ca ne i and des cri bed fo ur dif fe rent types. In
67% of the ca ses, the re was no fa cet on the sus ten -
ta cu lum ta li which ex ten ded on to the an te ro-me di -
al cor ner of the dis tal part of the cal ca ne us (Type 1).
In 26% of the ca ses, two ar ti cu lar fa cets we re des -
cri bed; one pla ced on the dis tal part of the cal ca ne -
us and the ot her pla ced on the sus ten ta cu lum ta li
(Type 2). In 5% of the ca ses one sing le fa cet was very
well de fi ned on the sus ten ta cu lum ta li (Type 3). In
2% of ca ses, one sing le fa cet was de fi ned ex ten ding
on to the an te ro-me di al cor ner of the dis tal por ti on
of the cal ca ne us and this fa cet de sig na ted con ti nu ity
with the pos te ri or ta lar fa cet of the cal ca ne us (Type
4).14 In our study, we fo und a sul cus bet we en FTA
and FTM in 38.7% of our cal ca ne i. The mean width
of this sul cus was 1.8 mm and was pla ced 13.3 mm a
way from the cal ca ne o cu bo id jo int.

In this study, by eva lu a ting the num ber and
the in ten sity of the vas cu lar fo ra mina of the pos te -
ri or cal ca ne al gro o ve, we tri ed to cla rify the re gi ons

of the gro o ve which might ca u se he avy ble e ding in
cal ca ne al frac tu res. We de tec ted 2.8 foramina on
average in the pos te ri or cal ca ne al gro o ve and
47.5% of the se we re at the 1/3 an te ri or re gi on. Av-
e ra ge 3.5 foramina on average in the si nus tar si.

CONC LU SI ON
An te ri or cal ca ne al gro o ve was iden ti fi ed in 38.7%
of all ca ses. This may be an im por tant fin ding as
cal ca ne al leng the ning os te o tomy is des cri bed ide-
ally to be thro ugh this sul cus.

Anot her im por tant fin ding of this study is that
the dis tan ce bet we en the sul cus and cal ca ne o cu bo -
id jo int was 13.3 mm and the width of the sul cus
was 1.8 mm.

Having the know led ge of the se me a su re ments
is of ut most im por tan ce from a sur gi cal po int of vi -
ew for a pre ci se and cor rect os te o tomy.

Forty seven point five percent of the vas cu lar
fo ra mens are lo ca ted at the 1/3 of an te ri or part of
the pos te ri or cal ca ne al gro o ve. It sho uld be kept in
mind that frac tu res of this re gi on may ca u se exces-
sive he morr ha ge.
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