
Turkiye Klinikleri J Med Sci 2010;30(6) 1993

Gestational Age and
its Relationship with Elbow Width,
Wrist Width and Forearm Length

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Fe tal de ve lop ment has been a sub ject of gre at in te rest from ear li est ti mes to
the pre sent day and can to day ea sily be analy zed using ul tra so und (US) and si mi lar de vi ces. The
lengths or di a me ters of va ri o us fe tal struc tu res are me a su red, and in tra u te ri ne age and de ve lop -
ment can thus be mo ni to red. Our study in ves ti ga tes the va lu e of a se ri es of lengths me a su red in the
up per ex tre mity in the mo ni to ring of in tra u te ri ne age and de ve lop ment. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::
We me a su red the fo re arm length, hand length, wrist width and el bow widths of 21 fe tu ses (seven
ma les, 14 fe ma les) es ti ma ted at 17.0-35.8 we eks in tra u te ri ne age ac cor ding to fo ot length and with
no vi sib le ab nor ma li ti es. The se we re com pa red to each other and analyzed with respect to gen der.
Me a su re ments we re ta ken using di vi ders and a ver ni er di gi tal ca li per. RRee  ssuullttss:: No differences were
de ter mi ned between the groups statistically for the parameters measured and when they were com-
pared for gender. El bow and wrist widths and hand, fo re arm and fo ot lengths ob ta i ned from fe tu -
ses and the ra ti os of some of the se me a su re ments de mons tra ted con si de rab le cor re la ti on (si mi la rity)
with me a su re ments and pro por ti ons on the op po si te si de of the body and with in tra u te ri ne age.
CCoonncc  lluu  ssii  oonn::  Me a su rab le wrist and el bow widths and fo re arm, hand and fo ot length in who le or
frag men ted fe tu ses we re de ter mi ned to be in di vi du ally va lu ab le in di ag no sing ges ta ti o nal age. It was
al so conc lu ded that el bow and wrist width to fo re arm length ra ti os on the sa me si de we re impor-
tant in mo ni to ring in tra u te ri ne ex tre mity de ve lop ment. 

KKeeyy  WWoorrddss::  Ges ta ti o nal age; fe tal de ve lop ment; fo re arm; hand; wrist; el bow      

ÖÖZZEETT  AAmmaaçç::  İlk za man lar dan gü nü mü ze me rak uyan dı ran fe tal ge li şim bu gün ul tra so nog ra fi (US)
ve ben ze ri ci haz la rın sağ la mış ol du ğu ola nak lar la ra hat lık la de ğer len di ri le bil mek te dir. Bu nun için
bir ta kım fe tal ya pı la rın uzun luk la rı ya da çev re le ri öl çül mek te dir. Böy le ce in tra u te rin yaş ve ge li -
şim ta kip edi le bil mek te dir. Ça lış ma mız da üst ex tre mi te de öl çü len bir ta kım uzun luk la rın in tra u -
te rin yaş ve ge li şi min ta ki bin de ki de ğe ri sor gu lan dı. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  İntra u te rin yaş la rı ayak
uzun luk la rı na gö re 17.9-35.8 haf ta lar ile iliş ki len di ri len 21 adet (yedi er kek, 14 ka dın) gö rü nür ano -
ma li si ola ma yan fe tu sun; ön kol uzun lu ğu, el uzun lu ğu, el bi le ği ge niş li ği ve dir sek ge niş li ği öl çül -
dü. Top lam da ve cin si yet ay rı mı ya pı la rak bir bir le ri ile kar şı laş tı rıl dı lar. Öl çüm ler açı öl çer ve
ver ni er di ji tal kum pas kul la nı la rak ya pıl mış tır. BBuull  gguu  llaarr::  Top lam da ve cin si yet ay rı mı ya pı la rak el -
de edi len ve ri le rin is ta tis tik sel de ğer len dir me le rin de grup la rın bir bir le rin den fark sız ol duk la rı gö -
rül dü. Fe tus la rın öl çüm le el de edi len dir sek ve el bi lek ge niş lik le ri ile el, ön kol ve ayak uzun luk la rı
de ğer le ri ve bun la rın ba zı la rı nın oran la rı kar şı vü cut ya rı sın da ki öl çüm ve oran lar la ve in tra u te rin
yaş la bü yük ben zer lik gös te ri yor du. SSoo  nnuuçç::  Bu ça lış ma da bü tün ya da par ça lar ha lin de abor tus edi -
len fe tus lar da öl çü le bi le cek el bi le ği ve dir sek ge niş li ği ile ön kol, el ve ayak uzun luk la rı nın ges tas -
yo nel yaş ta yi nin de ay rı ay rı de ğer li ol du ğu gö rül müş tür. Ay rı ca dir sek ve el bi le ği ge niş lik le ri nin
ay nı ta raf ön kol uzun lu ğu na oran la rı nın ekstremitelerin in tra u te rin ge li şi m ta ki bin de an lam lı ol -
du ğu so nu cu na va rıl mış tır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ges tas yo nel yaş; fe tal ge li şim; ön kol; el; el bi le ği; dir sek             
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e tal growth has be en the sub ject of great in-
te rest from ear li est ti mes to the pre sent day.
Fe tal struc tu res can now be exa mi ned thanks

to mo dern tech no logy, and the pre-birth fe tus can
be analy zed. The analy sis of fe tal struc tu res pro vi -
des in for ma ti on abo ut fe tal growth and growth 
res tric ti on, ges ta ti o nal age and du ra ti on, and con-
ge ni tal mal for ma ti ons.1-5

Mo rin et al. re port that 40% of preg nant wo -
men eit her do not know the ir last mens tru al pe ri -
od (LMP), or el se the da te they pro vi de is
un re li ab le.6 If the preg nancy his tory pro vi ded by
the mot her lacks de fi ni te da ting, then ges ta ti o nal
age can be es ti ma ted using ul tra so und (US) and fe -
tal struc tu re analy sis. Crown-rump length, fo ot
length (FL), fe mur length, ab do mi nal cir cum fe -
ren ce (AC), he ad cir cum fe ren ce and bi pa ri e tal di-
a me ter (BPD) me a su re ment and es ti ma ted fe tal
we ight cal cu la ti on are pro ce du res of ten per for med
for this pur po se using US. In ad di ti on, the in tra u -
te ri ne de ve lop ment of the fe tus can be mo ni to red
with US per for med at spe ci fic ti mes du ring preg-
nancy.1,6-12 Per for med in lar ge num bers, the se
analy ses cons ti tu te re fe ren ce charts for dif fe rent
ge ne tic gro ups.13-17

So me re se arc hers ha ve sug ges ted that in ad di -
ti on to the abo ve analy ses, pa ra me ters such as
trans ver se ce re bel lar di a me ter, na sal bo ne length,
kid ney length, sac ral length and sca pu la length al -
so pro vi de use ful re sults.8,12,18-22 Gott li eb and Ga lan
sug gest that in spe ci fic cli ni cal si tu a ti ons such as fe -
tal he ad and ab do men oli gohy dram ni os, the he ad
may be ex po sed to com pres si on, and BPD and AC
me a su re ment may be dif fi cult.10 Leh ti nen sta tes
that le gal abor ti ons ha ve in cre a sed, and be ca u se of
the tech ni qu es emp lo yed when the fe tus or emb ryo
is abor ted physi cal in teg rity may be lost. He sta tes
that fo ot length is im por tant in such fe tu ses and
that this is cor re la ted to mens tru al age.23

In ad di ti on to the pa ra me ters used in mo ni to -
ring in tra u te ri ne age and fe tal de ve lop ment, cer ta -
in lengths in the up per ex tre mity are al so
con si de red to cons ti tu te va lu ab le da ta. We ai med
to test whet her si mi lar me a su re ments in the up per
ex tre mity co uld me et the se ne eds when the fe tus

or emb ryo is not intact, in the sa me way as Leh ti -
nen’s pro po sed fo ot length. 

MA TE RI AL AND MET HODS
Fe tu ses, with no vi sib le ex ter nal ab nor ma li ti es, at
17.9-35.8 ges ta ti o nal we eks we re aged using FL and
pro ces sed with 10% for mal dehy de we re used.2,5,9

Ca ses with no ex ter nal pat ho logy or ab nor ma lity
we re ob ta i ned from Trab zon Ma ter nity and Chil-
dren’s Hos pi tal bet we en 1992 and 1998. Writ ten
con sent from the fa mi li es and the ap pro val of the
Et hics Bo ard of the Ka ra de niz Tech ni cal Uni ver -
sity Fa culty of Me di ci ne we re ob ta i ned pri or to the
com men ce ment of the study.

The fol lo wing me a su re ments we re ta ken on
the who le body wit ho ut dis sec ti on, and the pa ra -
me ters were ob ta i ned using di vi ders and a ver ni er
di gi tal ca li per: 

FL (Fo ot length): me a su red from the he el to
the tip of the lon gest to e using a di vi der and a ver -
ni er di gi tal ca li per.23

HL (hand length): The dis tan ce bet we en the
most dis tal skin fold in the wrist to the dis tal ed ge
of the lon gest fin ger (using a di vi der and a ver ni er
di gi tal ca li per).

WW (wrist width): Lengths of the trans ver se
li ne pas sing from the le vel of the most dis tal wrist
skin fold (using a di vi der and a ver ni er di gi tal ca li -
per).

EW (El bow width): Length of the trans ver se
li ne pas sing over the medial lateral epicendyle and
(with the arm in ex ten si on) (using a di vi der and a
ver ni er di gi tal ca li per).

FaL (Fo re arm length): The li ne jo i ning the two
trans ver se li nes me a su ring wrist and el bow width.

EW/FaL ra ti o (El bow width/Fo re arm length):
The va lu e ob ta i ned from pro por ti o nal me a su re -
ment of the two me a su re ments in the sa me ex tre -
mity.

WW/FaL ra ti o (wrist width/Fo re arm length):
The va lu e ob ta i ned from pro por ti o nal me a su re -
ment of the two me a su re ments in the sa me ex tre -
mity. 
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Each me a su re ment was re pe a ted fi ve ti mes,
and arith me ti cal me ans and stan dard de vi a ti ons
we re cal cu la ted using SPSS. Nor mal dis tri bu ti on of
da ta was con fir med using the Kol mo go rov-Smir -
nov test. Si mi la ri ti es bet we en gro ups we re de ter -
mi ned using the Mann-Whit ney U test and
Stu dent’s t test. Cor re la ti on bet we en pa ra me ters
was analy zed using Pe ar son’s and Spe ar man’s cor-
re la ti on tests.  

RE SULTS
Me a su re ments we re ta ken from both up per and lo -
wer ex tre mi ti es of 21 fe tu ses (seven ma les, 14 fe-
ma les) aged at bet we en 17.9 and 35.8 ges ta ti o nal
we eks using FL me a su re ment. No dif fe ren ce was
de ter mi ned in any pa ra me ters bet we en the left and
right si des. Va lu es me a su red by gen der for right-
left ex tre mi ti es we re cal cu la ted as arith me tic me -
ans and stan dard de vi a ti on (Tab le 1). 

FL, HL, FaL, WW and EW me a su red for right
and left ex tre mi ti es we re com pa red and al so on the
ba sis of gen der (Tab le 2). The re was no dif fe ren ce
bet we en the se va lu es me a su red for the dif fe rent
ex tre mi ti es in eit her ca se (p> 0.05).

A sig ni fi cant cor re la ti on was de ter mi ned bet -
we en all va lu es ob ta i ned from fe tus me a su re ment
and bet we en ges ta ti o nal ages cal cu la ted using the -
se va lu es (Tab les 3 a, b). 

WW, EW and FaL va lu es ob ta i ned from fe tal
me a su re ment we re used to ob ta in ra ti os in the
form of EW/FaL and WW/FaL, and ra ti o va lu es
we re ob ta i ned for both up per ex tre mi ti es. The re
was a high cor re la ti on of EW/FaL and WW/FaL ra -
ti o va lu es with the ra ti o va lu es on the op po si te si -
de (Tab le 4). 

DIS CUS SI ON 
On days 22-26 of emb ryo lo gi cal de ve lop ment, ex-
tre mity buds ap pe ar as small swel lings in the ven-
tro la te ral body wall. In this pro cess, the up per
ex tre mity de ve lops first, with a 2-day dif fe ren ce.24

Pre na tal US analy sis of fe tal struc tu res and bo ne
de ve lop ment pro vi des in for ma ti on abo ut fe tal de-
ve lop ment.25 Stu di es ha ve re com men ded the use of
ten den ci es and equ a ti ons es tab lis hed with US me -
a su re ments from gro ups with dif fe rent ge ne tic ori-
gins in or der to in ves ti ga te the se gro ups. Mun sick
com pa red the ex tre mity lengths of black and whi -
te 9-20 we ek fe tu ses and de ter mi ned no sig ni fi cant
dif fe ren ce bet we en the ra ces.26 In ad di ti on, re se -
arch with ma le and fe ma le fe tu ses ha ve de ter mi -
ned no sig ni fi cant gen der-ba sed dif fe ren ces.27

Our study de ter mi ned a sig ni fi cant cor re la ti on
in the right and left ex tre mi ti es with fo re arm and
hand length and wrist and el bow width, and bet -
we en fo ot pa ra me ters of the right-left lo wer ex tre -
mi ti es of fe tu ses aged bet we en 17.9 and 35.8
ges ta ti o nal we eks (Tab le 3a) (p< 0.001). The fact
and the re is a cor re la ti on among the se struc tu res is
in accordance with si mi lar stu di es in the li te ra tu -
re.23,27

The gro ups we re si mi lar in terms of lengths
me a su red on the right and left si des (Tab le 2). They
we re al so si mi lar in terms of lengths di vi ded ac-
cording to gen der on the right and left si des. This
fin ding suggests that any me a su re ment of length
from any up per ex tre mity will be ade qu a te for in-
tra u te ri ne in ves ti ga ti on; to put it anot her way, me -
a su re ments may be ma de in any of the ex tre mi ti es.
Me a su re ments for eit her si de will pro du ce va lu ab -
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SEX EW WW FaL HL FL

Left Right Left Right Left Right Left Right Left Right

Male 18.21 ± 5.69 19.24 ± 5.07 13.94 ± 4.70 14.5 ± 4.62 50.73 ± 15.12 52.40 ± 15.81 41.47 ± 11.36 42.45 ± 11.27 51.81 ± 13.50 52.03 ± 14.20

Female 19.25 ± 6.38 18.67 ± 6.59 16.06 ± 5.28 15.56 ± 5.46 53.80 ± 10.91 52.57 ± 11.25 43.65 ± 11.31 44.33 ± 10.48 54.56  ± 12.82 55.27 ± 13.25

Total 18.87 ± 5.99 18.85 ± 6.02 15.27 ± 5.05 15.25 ± 5.10 52.66 ± 12.30 52.52 ± 12.40 42.92 ± 11.09 43.70 ± 10.50 54.14 ± 13.30 48.42 ± 28.26

TABLE 1: Mean values and standard deviation of lengths measured in the extremities.

Total n= 21 (7 male, 14 female).

EW: Elbow width, WW: Wrist width, FaL: Forearm length, HL: Hand length, FL: Foot length.



le da ta for com pa ring whet her or not ex tre mity de-
ve lop ments are si mi lar. 

In ad di ti on, the fe tu ses used in our study for
length me a su re ments and with a cal cu la ted ges ta -
ti o nal age of 17.9-35.8 we eks ex hi bi ted a high cor-
re la ti on bet we en the right and left si des. The
hig hest va lu es ob ta i ned at cor re la ti on analy sis we -
re bet we en right and left EW, right and left WW
and right and left FaL (Tab le 3a). It is the re fo re pos-
sib le for right or left si de me a su re ment to rep la ce
one anot her du ring in tra u te ri ne analy sis. Cor re la -
ti on va lu es al so sho wed that the se me a su re ments
per for med on both si des would af ford the op por -
tu nity to com pa re whet her the ex tre mity de ve lop -
ment was si mi lar and the early de ter mi na ti on of
ano ma li es or si mi lar de ve lop men tal de fects.  

Right EW de mons tra ted the hig hest cor re la ti -
on with left EW (r= 0.999 p< 0.0005). The cor re la -
ti on le vels then were as fol lo wed: right WW, left
WW, left HL, right HL, left FL, right FL, right FaL
and left FaL. A si mi lar se qu en ce app li ed to left EW.
Fol lo wing mu tu al com pa ri son, this ex hi bi ted a gre -
at si mi la rity to the se qu en ce fol lo wing right EW.
All cor re la ti on va lu es de ter mi ned fol lo wing pa irs
analy sis we re hig her in width-width and length-
length pa i rings in the right and left up per ex tre -
mity, with lo wer va lu es in width-length matc hing.
The re was a high cor re la ti on bet we en all the pa i -
rings in the analy ses in this se ri es (Tab le 3a). 

In ad di ti on, a high cor re la ti on was de ter mi ned
at analy sis of EW and WW to FaL ra ti os. Analy sis
of EW and WW to FaL ra ti os de ter mi ned a high
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Measured length/p value Male-Female Total

Left Right Left-Right 

EW 0.800 0.661 0.992

WW 0.554 0.930 0.987

FaL 0.499 0.792 0.971

HL 0.709 0.765 0.816

FL 0.552 0.296 0.416

TABLE 2: EW, WW, FaL, HL and FL values 
measured for the right and left extremities compared 

in all patients and with respect to gender.

All p values >0.05.
EW: Elbow width, WW: Wrist width, FaL: Forearm length, HL: Hand length, FL: Foot
length.

Correlation value (r) Compared measurements

1 FaL right FaL left

0.999 EW right EW left

0.999 WW right WW left

0.987 FL right FL left

0.979 HL right HL left

0.975 HL left FL right

0.973 HL right FL right

0.965 FaL right FL right

0.964 HL left FL left

0.963 HL right FL left

0.963 WW left HL left

0.96 FaL right FL left

0.958 FaL left FL right

0.957 WW right HL left

0.955 FaL left FL left

0.947 WW left EW left

0.946 WW left FL right

0.946 WW left FL left

0.945 FaL right HL right

0.945 WW left HL right

0.943 FaL left HL right

0.942 EW right WW right

0.941 WW right EW left

0.941 WW right FL left

0.94 WW right FL right

0.939 HL left EW right

0.939 HL left EW left

0.938 FaL right HL left

0.938 WW right HL right

0.934 HL right EW left

0.933 FaL left HL left

0.931 EW right HL right

0.928 FL left EW left

0.924 EW right FL left

0.911 EW left FL right

0.911 EW right FL right

0.903 WW right FaL right

0.902 WW left FaL left

0.895 WW right FaL left

0.895 FaL right WW left

0.889 FaL right EW left

0.887 FaL left EW left

0.883 EW right FaL right

0.874 EW right FaL left

TABLE 3a: Correlation between measurements.

p< 0.0005 for all va lu es.
EW: El bow width, FaL: Fo re arm length, FL: Fo ot length, HL: Hand length, WW: Wrist width.



cor re la ti on bet we en right and left EW/FaL-
EW/FaL and WW/FaL- WW/FaL ra ti os. We con si -
de red that analy sis of the ra ti o bet we en the two

me a su re ments ob ta i ned co uld pro vi de mo re va lu -
ab le conc lu si ons than me a su ring the length or
width of an or gan or ex tre mity in mo ni to ring in tra -
u te ri ne de ve lop ment (Tab le 4).

In conc lu si on, we suppose that:

1. EW and WW va lu es me a su red in the up per
ex tre mity are as va lu ab le as pre vi o usly known and
used fe tal pa ra me ters, 

2. They ha ve a high cor re la ti on with known
pa ra me ters,

3. The se me a su re ments per for med in the up -
per ex tre mity can be used for es ti ma ting the age of
abor ted fe tu ses with im pa i red physi cal in teg rity,
and,

4. EW/FaL and WW/FaL ra ti os can be of va lue
in mo ni to ring in tra u te ri ne de ve lop ment.
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Correlation value (r) Calculated age and 

compared measurements

0.977 HL left

0.974 HL right

0.964 FaL right

0.958 FaL left

0.955 WW left

0.951 WW right

0.929 EW left

0.926 EW right

TABLE 3b: Correlation between values obtained by
measurement and gestational age.

p< 0.0005 for all values.
EW: Elbow width, FaL: Forearm length, FL: Foot length, HL: Hand length, WW: Wrist width.

EW Left/FaL Left WW Left/ FaL Left EW Right/FaL Right WW Right/Fal Right

EW Left/FaL Left - 0.743 0.992 0.679

WW Left/ FaL Left 0.743 - 0.704 0.993

EW Right/FaL Left 0.992 0.774 - 0.693

WW Right/Fal Right 0.679 0.993 0.693 -

TABLE 4: Correlation between elbow width and wrist width /forearm length.

For all r values p< 0.0005

EW: Elbow width, FaL: Forearm length, FL: Foot length, HL: Hand length, WW: Wrist width.
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