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SUMMARY: It was aimed in this study that the morphometric development of the hand in human fetuses throughout the fetal
period be radiologically investigated and the clinical importance of this period be evaluated. Atotal of 50 fetuses teithatpathology
or anomaly, and the ages of which varied between 20-40 gestational weeks were incorporated into the study. The fetusegedresep
groups according to gestational weeks, trimesters and months. After the general external measurements of the fetusemaare perfo
mammography and hand radiographies of the fetuses were shot in the way that their hands would be in a pronational posdials, Aft
the morphometric measurements of the hands were performed with the help of a digital caliper through the hand radiograptees tha
shot. The averages and standard deviations of the measured parameters were determined according to gestational weeksdtrimester
months. There was a significant correlation between the measured parameters and the gestational age (p<0.001). Addisisnally, it
observed that there was some difference among the groups in the comparison of the measured parameters involving tnmoegters and
(p<0.05). We are of the opinion that in evaluating the clinical studies regarding the morphometric development of theiphadtttire
fetal period and in determining the pathologies and variations related to the fetal hand development, the data obtaituety iwitire
of use to the clinicians engaged in gynecology, and forensic medicine as well as those involved in this field.
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INTRODUCTION

The fetal period that lasts from the 9th week o$everal syndromes (Sadler; Williamas al). Thus, it is
gestation up until the delivery is the phase during which thmportant to perform an ultrasonographic evaluation of fetal
fetus rapidly grows and the organs are formed (Sadler, 199@nds and feet for the antenatal diagnoses of gestations with
Williams et al, 1995). The prenatal analysis of the fetal bonddgh risk, since hand and foot anomalies often accompany
through ultrasonography provides information as to the fettdtal trisomy syndromes. The most frequently observed digit
growth and gestational age (Taeusch, 1991). The developmenpmaly is polydactyly, which occurs in Trisomy 13
of the skeletal system, as in other systems, takes place isyadrome. Again, ultrasonographically, some findings, such
certain order (Moore & Persaud, 2008). While the uppes limb reduction and club or rocker-bottom feet are seen in
extremities begin to develop between 26th -27th days dfisomy 18 syndrome (Hatet al, 1998). Separately, it is
gestation, the hands and fingernails begin to develop withémphasized that the findings, such as the shortness and curling
the 21st and 24th weeks of gestation (Matasl, 2006; in the mid-phalanx of the 5th digit during the prenatal period,
Sadler). The malformations seen in the extremities during thee specific findings for Down’s syndrome (Hatal; Kjaer
fetal period take shape in the form of external images ef al, 1998). Again, hand radiographies are used for
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determining the body height and age as well as evaluatingngenital adrenal hyperplasia (CAH), state that 2D:4D digit
the development and the maturation of the skeletal systeatio on the left hand of male patients was smaller , whereas
during the postnatal period (Kjaer & Kjaer, 1998)this ratio was smaller on the right hand of female patients
Furthermore, in the assay of the bone age of the children ageten compared with the patients who had no congenital
between 3-19 (Martiet al, 2011). adrenal hyperplasia. Buakt al. (2003) in a similar study
they conducted, compared 2D:4D digit ratio in male and
There are a number of ultrasonographic studigemale patients with CAH and found that 2D:4D digit ratio
conducted to determine the delay of fetal development, fef@oved to be smaller in male patients. Separately, it is pointed
weight and fetal age and to evaluate the fetal extremitgut that 2D:4D digit ratio did not differ in females in terms of
development during the gestational period (Sibdll, 1994; sexual orientation, whereas this ratio differed in males in terms
Hataet al; Czerwinskiet al, 2004). Martiret al. examined of sexual orientation (between homosexuals and
the thickness, width, length and medullar diameter dfeterosexuals) (Mannirgt al, 2007).
metacarpal bones in the children aged between 3-19. They
state the fact that the data they obtained as the result of the In our study, different from the others, we aimed to
study will be the basis for the studies to be conducted emliologically investigate the development of hand during the
regards bone development as well as the management of lieral period between 20-40 weeks in human fetuses as well
monal therapy in children. Kjaer & Kjaer conducted as evaluating its clinical importance.
radiological study regarding the hand development during the
fetal period between 10th-23rd gestational weeks. They state
that the data they obtained as the result of their study will BPATERIAL AND METHOD
of use in terms of evaluating the pathologies related to hand
development. Kjaeet al. evaluated the hand development
and maturation in the patients with Trisomy-21 during the The study comprised of 100 fetuses hand (50 fetuses:
fetal period. As the result of their evaluation, they emphasi28 males, 27 females) at a gestational age of 20-40 weeks;
the fact that the hand length was normal, the third digit wélse fetuses were obtained from the prenatal period or after
short and that the mid-phalanx of the fifth digit had ossifiedbortion. In order to use the fetuses as experimental materials,
late in terms of development. Uluutkt al. (2010) as the the signed consents were obtained from the families and the
result of the study they conducted, state that hand length isssdoerimental procedures were ethically approved by the
importance in the assay of gestational age. official laws and regulations of Turkish Ministry of Health.
The fetuses with external pathology or anomalies and those
In humans, the features specific to an individual, suatases with anomalies (omphalocel, gastroschisis, diaphragm
as the proportion of each limb and its shape, actually contdirrnia, Meckel diverticulum, colon malposition, renal
important information about that individual. As the result oagenesis, ectopic kidneys, agenesis of external genitalia, etc.)
extensive literature studies, it is reported that by obtainingere also not studied.
information from the digit proportion of a certain individual,
several important information may be revealed with respect Gestational ages of the fetuses were determined using
to the life, health and personal preferences of that individuedown-rump length (CRL), bi-parietal diameter (BPD), head
(Malaset al; Schwerdtfegeet al, 2010). Therefore, several circumference (HC), femur length (FL) and foot length
scientific studies have been conducted on the ratio of indé@oore & Persaud). Fetuses were assigned to one of three
finger to the ring finger (2D:4D) (Mala al; Schwerdtfeger groups according to their gestational ages: Group | (2nd
et al). According to the result of the study conducted otrimester, 20-25 weeks), Group 2 (3rd trimester, 26-37 weeks)
surgeons; it is stated that 2D:4D digit ratio in male surgeoasid Group 3 (term, 38-40 weeks). Fetuses were also divided
proved to be significantly lower than that in the control groupnto 6 groups according to their gestational age in months;
whereas this ratio was not different between the femaletuses aged 20, 21-24, 25-28, 29-32, 33-36, and 37-40 weeks
surgeons and the control group (Jogtel, 2014). In some were assigned to 5, 6, 7, 8, 9, and 10-months groups,
conducted studies, it is also reported that the bomespectively.
development during the fetal period is associated with
hormones and that this association indicated to several Afterwards, the mammographies and radiographies
diseases (Manningf al, 1998; Robinson & Manning, 2000). of the hands of fetuses were shot in the way that they would
Robinson & Manning expresses the fact that estrogen showslin a pronational position (Fig. 1). The radiographies that
a positive correlation, whereas testosterone showed a negatirare shot were placed on the negatoscope, and the
correlation in 2D:4D digit ratio. Browet al.. (2002) in their morphometric measurements were performed with the help
study conducted on the 2D:4D digit ratio in the patients witbf a digital caliper by starting from the radial part of the hand.
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Morphometric Measurements Performed: of the proximal region of the mid-phalanx belonging to the 2nd digit.
2nd Mid-Phalanx Distal Width (MPnDW): The transverse width of

1st Metacarpal Length (MiL): The vertical distance between thig€ distal region of the mid-phalanx belonging to the 2nd digit.
starting point and the end point of the metacarpal bone. 2nd Distal Phalanx Length (DPIIL): The vertical distance between

1st Metacarpal Proximal Width (MiPW): The transverse width of th€ Starting pointand the end point of the distal phalanx belonging to
proximal region of 1st metacarpal bone. the 2nd digit.

1st Metacarpal Distal Width (MiDW): The transverse width of the&2nd Distal Phalanx Proximal Width (DP1IIPW): The transverse width
distal region of 1st metacarpal bone. of the proximal region of the distal phalanx belonging to the 2nd

2nd Metacarpal Length (MiiL): The vertical distance between thgigit. . ) ) ) )
starting point and the end point of 2nd metacarpal bone. 2nd Distal Phalanx Distal Width (DP1DW): The transverse width of

2nd Metacarpal Proximal Widt(MilPW): The transverse width of the distal region of the distal phalanx belonging to the 2nd digit.
the proximal region of 2nd metacarpal bone. 3rd Proximal Phalanx Length (PPniL): The vertical distance between

2nd Metacarpal Distal Width (MiDW): The transverse width of thdh€ Starting pointand the end point of the proximal phalanx belonging
distal region of 2nd metacarpal bone. to the 3rd digit.

3rd Metacarpal Length (MiliL): The vertical distance between thard Proximal Phalanx Proximal Width (PPIiPW): The transverse
starting point and the end point of 3rd metacarpal bone. width of the proximal region of the proximal phalanx belonging to

3rd Metacarpal Proximal Width (MiPW): The transverse width of€ 3rd digit. _ , ,
the proximal region of 3rd metacarpal bone. 3rd Prox_lmal Phglanx Distal Wld_th (PPIDW): The tra_nsverse width
3rd Metacarpal Distal Width (MiDW): The transverse width of thé(;ifgti?e distal region of the proximal phalanx belonging to the 3rd

distal region of 3rd metacarpal bone.

4th Metacarpal Length (MivL): The vertical distance between thard Mid-_PhaIa'nx Length (MP””T): The ver?ical distance bet\/\_/een
starting point and the end point of 4th metacarpal bone. the starting point and the end point of the mid- phalanx belonging to

4th Metacarpal Proximal Width (MivPW): The transverse width of€ 3d digit. ) _ )
the proximal region of 4th metacarpal bone. 3rd Mid-Phalanx Proximal Width (MP111PW): The transverse width

4th Metacarpal Distal Width (MivDW): The transverse width of th&! the proximal region of the mid- phalanx belonging to the 3rd digit.
distal region of 4th metacarpal bone. 3rd Mid-Phalanx Distal Width (MP111DW): The transverse width of

5th Metacarpal Length (MvL): The vertical distance between thif'® distal region of the mid- phalanx belonging to the 3rd digit.
starting point and the end point of 5th metacarpal bone. 3rd Distal Phalanx Length (DPiiiL): The vertical distance between

5th Metacarpal Proximal Width (MvPW): The transverse width o€ Starting pointand the end point of the distal phalanx belonging to
the proximal region of 5th metacarpal bone. the 3rd digit.

5th Metacarpal Distal Width (MvDW): The transverse width of thes'd Distal Phalanxi@ximal Width (DP11PW): The transverse width
distal region of 5th metacarpal bone. of the proximal region of the distal phalanx belonging to the 3rd digit.
1st Proximal Phalanx Length (PPIL): The vertical distance betwedhd Distal Phalanx Distal Width (DP1iDW): The transverse width of
the starting point and the end point of the proximal phalanx belongifige distal region of the distal phalanx belonging to the 3rd digit.

to the 1st digit. 4th Proximal Phalanx Length (PP1vL): The vertical distance between

1st Proximal Phalanx Proximal Width (PPIPW): The transverse widfi€ Starting pointand the end point of the proximal phalanx belonging

of the proximal region of the proximal phalanx belonging to the 1&p the 4th digit. _ ,
digit. 4th Proximal Phalanx Proximal Width (PPIvPW): The transverse
1st Proximal Phalanx Distal Width (PPIDW): The transverse widtfidth of the proximal region of the proximal phalanx belonging to

of the distal region of the proximal phalanx belonging to the 1&p€ 4th digit.
digit. 9 P P ging 4th Proximal Phalanx Distal Width (PPivDW): The transverse width

1st Distal Phalanx Length (DPIL): The vertical distance between tig5the distal region of the proximal phalanx belonging to the 4th digit.
starting point and the end point of the distal phalanx belonging to t gq M|d-Ph_aIanx Length (MP'_VL): The ve'rtlcal distance betyveen the
1st digit. startl_ng point and the end point of the mid-phalanx belonging to the
1st Distal Phalanx Proximal Width (DPIPW): The transverse widtfith digit. ) , . .

of the proximal region of the distal phalanx belonging to the 14" Mid-Phalanx Proximal Width (MPIvPW): The transverse width
digit. of the proximal region of the mid-phalanx belonging to the 4th digit.

1st Distal Phalanx Distal Width (DP1IDW): The transverse width ofth I\/_Iid-PhaIgnx Distal Width (MPIVDW): T_he transverse \_Ni_dth of
the distal region of the distal phalanx belonging to the 1st digit. € distal region of the mld-phalanx. belonging to the 4th digit.

2nd Proximal Phalanx Length (PPiL): The vertical distance betwedf! Pistal Phalanx Length (DPivL): The vertical distance between
the starting point and the end point of the proximal phalanx belongiﬂ%‘; itt?\rtclirigitpomt and the end point of the distal phalanx belonging to
to the 2nd digit. . : . ) .
2nd Proximal Phalanx Proximal Width (PPIIPW): The transversath Distal Phalanx Proximal Width (DP1vPW): The transverse width

width of the proximal region of the proximal phalanx belonging 1of the_proximal regior_1 of the_distal phalanx belonging to the 4t_h digit.
the 2nd digit. 4th Distal Phalanx Distal Width (DPivDW): The transverse width of

2nd Proximal Phalanx Distal Width (PPIDW): The transverse widti{'¢ distal region of the distal phalanx belonging to the 4th digit.
of the distal region of the proximal phalanx belonging to the onpth Proximal Phalanx Length (PPvL): The vertical distance between
digit. the starting point and the end point of the proximal phalanx belonging

2nd Mid-Phalanx Length (MPuL): The vertical distance betweefp the Sth digit.

the starting point and the end point of the mid-phalanx belonging %" Proximal Phalanx Proximal Width (PPvPW): The transverse
the 2nd digit. width of the proximal region of the proximal phalanx belonging to

2nd Mid-Phalanx Proximal Width (MP1IPW): The transverse widtf{n€ 5th digit.
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5th Proximal Phalanx Distal Width (PPvDW): The transverse widtRESULTS
of the distal region of the proximal phalanx belonging to the 5th
digit.

5th Mid-Phalanx Length (MPvL): The vertical distance between the
starting point and the end point of the mid-phalanx belonging to the The general external measurements of the fetuses
5th digit. were erformed in the first place. It was determined in the
5th Mid-Phalanx Proximal Width (MPvPW): The transverse widttmeasurements performed that there was no difference
of the proximal region of the mid-phalanx belonging to the 5th digibetween sexs (p>0.05). Afterwards, the mammographies
5th Mid-Phalanx Distal Width (MPvDW): The transverse width of

the distal region of the mid-phalanx belonging to the 5th digit. j
5th Distal Phalanx Length (DPvL): The vertical distance betweg
the starting point and the end point of the distal phalanx belonging
the 5th digit.
5th Distal Phalanx Proximal Width (DPvPW): The transverse widt
of the proximal region of the distal phalanx belonging to the 5t]
digit.
5th Distal Phalanx Distal Width (DPvDW): The transverse width o
the distal region of the distal phalanx belonging to the 5th digit.
1st Digit Length (DiL): The vertical distance between the startin
point and the end point of the 1st digit.
2nd Digit Length (DiiL): The vertical distance between the startin
point and the end point of the 2nd digit.
3rd Digit Length (DiiL): The vertical distance between the startin
point and the end point of the 3rd digit.
4th Digit Length (DivL): The vertical distance between the startin
point and the end point of the 4th digit.
5th Digit Length (DvL): The vertical distance between the startin
point and the end point of the 5th digit.
Hand Length (HL): The vertical distance between the transverse a
passing through the point at which the bones of the forearm end g
the transverse axis passing through the extreme point of the 3rd d
(Malaset al).
Hand Width (HW): The widest transversing distance between 2
and 5th digits (Malast al).

Hand Index: [(hand width/hand length) x 100] (Ma¢asl).
2D:4D Index: [(length of 2nd digit /length of 4th digit) x 100] (Ma-
laset al).

Statistical Analysis.By utilizing the SPSS statistical program,
the averages and standard deviations of the paramet
according to sexs, gestational age and groups were ascertai
The significance level in the statistical analysis was taken
p<0.05. The parametric values given in accordance with t
groups were shown with the averagstandard deviation. In
the comparison of the groups, non-parametric tests were ur~~
due to the scarcity of the number of cases in some grou **
Firstly, the Kruskall-Wallis variance analysis was performec '* -
As the result of this analysis, the groups regarded as signific.* | //_/—";
were compared in groups of twos by means of Mann-Whitn¢ *’
U test. The levels of significance were assessed through ™ | __——— e
Bonferroni Correction. The relationships between th '® o
parameters taken and the gestational age (week) we *
determined through the use of Pearson correlation test. In= |
inter-sex comparison of the parametric data, the Student- *
test (in total for all the cases) and Mann-Whitney U test (withi **

each group while comparing separately) were utilized. Tt s 6 7 e 9 101112131415 16 1718 1920 21

values, p obtained were given in the findings section and unaer
the tables involved. Fig. 2. The correlation of 2D:4D index with the hand index and the

gestational age.

Fig. 1. The hand radiography taken from 26 week old female fetus.

====2D:4D index
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and radiographies of the hands of fetuses were Hm % %2323 53829 9I%8 R85 S A
shot in the way that they would be in a pronational ST T T T e daaa @@ oo oo o
position (Fig. 1). According to the image results
in the radiographies that were shot; it was Fn RIS 238088283588 2%203%
observed that the carpal bones had not developed R
completely throughout the fetal period; yet, the
metacarpal bone and phalanxes were seen to have E SRRRESEAARERE2SST 8L 3G S
developed (Fig. 1). The radiographies shot later
on were placed on the negatoscope, and the
morphometric measurements were performed 23 8522338 ¥ 5882875933283 ¢4
with the help of a digital caliper by starting from T Tooaagaaaanaaoaannan
the radial part of the hand. The averages and stan- e e o
dard deviations of the morphometric @ 282820 IR ERY 2058
measurements were determined according to
weeks, trimesters and months. (Table 1A, 1B, 1C, e e e oo e e oo
1D, Table 2A, 2B, 2C, 2D, 2E and Table 3A, 3B, | R R B B IO I - = BB B Bt B e S B
3C, 3D, 3E). In the comparison of these
parameters in terms of trimester and monthly
groups, it was observed that there was some |28 # 2828328288508 885897
. S|l — —~ = & A4 A A AN en oononoononoonoon <t < <
difference between the groups (p<0.05, Table 1A,
1B, 1C, 1D, Table 2A, 2B, 2C, 2D, 2E and Table - g o e e
; ; 3 832833 8EHEEERAKTEAE =T Rawea =
3A, 3B, 3C, 3D, 3E). Separately, in the right-left 2 nw e el e M6 oSS S
comparison and in the comparison of sexs with -
respect to these parameters, it was determined th% 2let b e e 0 0 o < M on 0 O < O O ®
e L. . = |8 oy O n NN oy OO —= AN o™ S~ o~ A [=))
there was no statistical difference (p>0.05, Table}, (= 2 2 3 d @ addd cddd mamem S5 9 5 <
1A, 1B, 1C, 1D, Table 2A, 2B, 2C, 2D, 2E and §
Table 3A, 3B, 3C, 3D, 3E). It was ascertained = ||~~~ _
that there was a significant correlation betweenS |2 2 S -2 3 T 322232 e a5 e - =
the measured parameters and the gestational age
(p<0.001). In addition, 2D:4D index was reviewed S demssssgsgos 22239829282
in our study (Table 4A, 4B). It was determined § |36 ¢ 6 € & F ~ x & s S S ZZ Zdda ¥
that 2D:4D index in female fetuses proved to be @
higher than that in male ones; yet, no difference & T 8 ERAEER Q8882882283 8
was detected between the sexs (p>0.05, Table 4AL | 3|~ — — @ @l a al i al 0 i d 0 0 & F & F %
4B). As for 2D:4D index, it was determined that £
there was some difference between the groups ir}% TR EE R R R TR
the comparison of trimester (except for the 2_ e R A R R B N L R B R B T T
comparison between 3rd and 4th trimester groups)s
and monthly groups (p<0.05, Table 4A, 4B). S e 8829 z28= 38 § g § 2 8 § a8 § a
Separately, it was ascertained that the length of2 CEErmEEeEeff s s s
2nd digit had developed more rapidly up until 30th 2
week, whereas starting from the succeeding weeks E TRRYIF IR ILESYLRIaAR_RT YR
up until the delivery, the length of 4th digit had g
developed more rapidly (Fig. 2, Table 4A, 4B). It GE)
was determined that there was no significants |z/l8 t 522 828353528 m3% a7 224098
correlation between 2D:4D index and the s |7|— — @@ om0 ono0osssS
gestational age (p>0.001, Fig. 2). In addition, the%
hand index was reviewed in ourstudy(TabIe4A,°E’ 22588888280 0888828 8483 “;’ §
4B). It was observed that the hand index in female o coT T Eemn e e EREEe®ee ==
fetuses proved to be higher than that in male onesi- - -
. . Z|F N o0 &N O O T O < VO o I T A T A O AT Ao
yet, no difference was detected between the sexst
(p>0.05, Table 4A, 4B). As for the hand index, € |,
; G 38R S VI LSK/EAIRS AT 8LRa R
some difference between the groups wasg | =
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A Radiological investigation on the hand development in human fetuses throughout the fetal period and an evaluation

performed in terms of its clinical importandet. J. Morphol., 34(4)1539-1552, 2016.

RAZIYE, D.; CEREN, U.; KADIR, D.; OSMAN, S. & MEHMEDALI, M.
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A Radiological investigation on the hand development in human fetuses throughout the fetal period and an evaluation

performed in terms of its clinical importandet. J. Morphol., 34(4).539-1552, 2016.
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A Radiological investigation on the hand development in human fetuses throughout the fetal period and an evaluation

performed in terms of its clinical importandet. J. Morphol., 34(4)1539-1552, 2016.

RAZIYE, D.; CEREN, U.; KADIR, D.; OSMAN, S. & MEHMEDALI, M.
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L determined in the comparison of trimesteaimed to investigate the development of
5‘33 mSRaga and monthly groups (p<0.05, Table 4A,hand in human fetuses over the radiological
g 4B). Besides, in the hand index, it wasmages as well as evaluating its importance
2
oy be © v e~ o < determined that the hand width hadn terms of clinics.
Sl I 0 © o0 ®© 2 ~ .
= g NS IICH R developed more rapidly than the hand
A length throughout the fetal period (Fig. 2, In our study, the morphometric
S22k axrdy Table 4A, 4B). A significant correlation measurements regarding length and
was determined between the hand indegroximal and distal regional widths of
s B2 =223 20aq and the gestational age (p<0.001, Fig. 2)netacarpal bones were performed in the
ITESE8ES first place (Table 1A, 1B, 1C, 1D, Table
£ 2A, 2B, 2C, 2D, 2E and Table 3A, 3B, 3C,
g =354 2%¢€ 4 DISCUSSION AND CONCLUSION 3D, 3E). It was determined that there was
a a significant correlation between the
5 e w2 %F a2 measured parameters and the gestational
T FEE=== The shape of hands and digits reflecage  (p<0.001). Separately, it was
E b oo on oo < the developmental characteristics of an indetermined at the end of the fetal period
3 = s - . .
°c=ggscz= E dividual during the prenatal and postnatathat MilL had the longest and MiL had the
) . Pperiods (Mala®t al). Separately, the pre- shortest lengths (Table 1A). It was also
2 S g o v aq|@ natal analysis of fetal bones throughascertained that the metacarpal lengths
= 2~ 03332393 3% . . . . X
c =¥ & 2 & &« &= ultrasonography provides information as tahroughout the fetal period were longer in
S| |= . : ;
€2 2 fetal growth and gestational age (Manningemale fetuses; yet, no difference was
L LI I A et al, 1998; Robinson & Manning). For determined between the sexs (p>0.05,
2 |82 €& 4 &< 2 this reason, several ultrasonographid@able 2A, 2B, Table 3A, 3B). In our study,
= R N S - Rt = . .
= ~ |2 studies have been conducted on th#& was observed that the measurements of
o] E . . .
Q s - 2 development of fetal extremity (Budorick the proximal and distal widths of 2nd
Q 2 Lcen N n O o oon |+ .
< £3g4 & 4 2 4 3 T etal, 1998; Malagtal). The development metacarpal bone had the highest value
8 . = = 2 of the skeletal system, as in other systemgTable 1A). Separately, the distal widths of
% = o v e % o takes place within a certain order (Moorethe metacarpal bones were determined to
§§ il 33# %3 3|§ &Persaud). The malformations seen duringe higher than the proximal ones (Table
PRESaTe FEJ the fetal period take shape in the form ofLA). When we had a look at the studies
S - £ the external images of a number ofconducted previously, we could not come
a9 2. @9 2% 9 9 < syndromes (Sadler; Williamet al). across any study regarding the
2 2% F 8 &Ea S8 Therefore, it is important to perform anmorphometric development of metacarpal
° |E @ ultrasonographic evaluation over the fetabones during the fetal period. Czerwinski
c |& o . . . .
© n § § § § 8 hand and foot for the antenatal diagnosigt al. in a study they conducted, examined
2 g 24 & 93238 ofgestations with high risk, since hand andhe ossification of metacarpal and
> &% PO = ~~~|0 . .
@ £ foot anomalies often accompany fetalphalangeal bones in human fetuses. As the
> s L . . ...|2 trisomysyndromes (Hatt al). result of the study, they state the fact that
EIREEREREE R R ossification started to occur in the distal
@)= S When the previous studies phalanxes in both sexs, starting from the
—_ = o g
3|~ ~ @ « w2 conducted on the development of fetal han&th month onwards, whereas this process
© = PR s 3S S e .
S| |18F F% &2 34 e werereviewed, no study investigating thestarted to occur in the metacarpal bones in
< “F e =2 Z2Zly  hand development during the fetal periodhe 9th month. Martiet al. in their study
= x X : .
g N & through radiological methods was found.conducted on 231 healthy children aged
c | g 123334 & The studies conducted on the fetal periothetween 3-19, measured the thicknesses,
? S~ - a2 wereconcerned with either the histologicaWwidths and lengths of metacarpal bones.
= 2 .
<] 5 o development of hand or the morphometricThey express that the parameters they
€ .z 02232232 2 handmeasurements performed on cadavebtained as the result of the study proved
o s B I FEIA . . . . . . . .
O °% - 252 a2 fetuses (Czerwinslet al; Kjaer & Kjaer;  to be comparatively higher in male children
fos) T Malaset al). Besides, there were also someccording to the bone age. They also point
= =|< studies conducted on adults and Trisomyeut that the results of their study will be
g€ €< € g|Ww . . . . . .
2 g S £ 5% § 2|2 21patients (Kjaeet al; Martinet al). In  the basis for the forthcoming studies to be
S |5 EEEEEFQ ,
S s e G e oo S ’;‘1 our study, different from the other ones, weconducted on the development of the
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skeletal system and that it will also be effective on theeasured the 3rd metacarpal and 3rd digit proximal phalanx
management of the hormonal therapy to be performed mngths. They emphasize that the data obtained as the result
children (Martinet al). Kjaer & Kjaer in a study they of the study are significant factors in determining hand length
conducted on 144 fetuses that underwent a change betwaad in the identification of the fetal age, in addition to which
10th -23rd weeks, measured the length of the 3rd metacariady state that this will be beneficial in the development of
length as well as the length of the proximal phalanx of thtbe skeletal system and in determining the pathological ca-
3rd digit. They emphasize the fact that the data they obtainsek. Kjaeet al.. as the result of the study they conducted on
as the result of their study were important factors in tH&5 fetuses with Down syndrome, report that the 3rd
evalaution of hand length and in the assay of fetal agmetacarpal and 3rd digit-proximal phalanx lengths proved
Besides, they also state that this will be beneficial in the be shorter than those of the normal fetuses, whereas the
development of the skeletal system as well as th®nd length proved to be normal. Gatral. (1974) in a
identification of pathological cases. Kja#mal. as the result study they conducted on 66 embryos, the CRL of which
of the study they conducted on 25 fetuses with Dowwaried between 15-75 mm, report that the hand development
syndrome, report that the 3rd metacarpal and 3rd digit male fetuses were more rapid and that there was a
proximal phalanx lengths proved to be shorter than thosegtétistical difference between the sexs. In the embryos, the
the normal fetuses, whereas the hand length proved to®RL of which were 31-75 mm, however, the development
normal. Our study, different from the others, covers a broaderboth sexs is said to be similar and there is no difference
part of the fetal period and yields morphometric resultsetween the sexs. What distinguishes our study from others
comprising all the metacarpal bones. We are of the opinigthat all the morphometric data pertaining to digits and
that the data of the results of our study will be of use iphalanxes were obtained by using the radiological imaging
evaluating the development of the skeletal system throughaméthod. As was seen in the study results of Metlas. the
the fetal period, determining pathological cases and Brd digit was observed as the longest one in our study, as
identifying the fetal age and sex. well. While in the result of the study by Maleisal.. the 1st
digit was the shortest one, in our study did the 5th digit prove

In our study, later on, the morphometricto be the shortest one. We considered the fact that this
measurements were performed with respect to the digiitcome was due to the direct measurement of the bone
lengths as well as the proximal, middle and distal phalastructure in the radiographies during the measurement
lengths of each digit, and the widths pertaining to thgrocess as well as the differences in the digit development
proximal and distal regions of each phalanx (Table 1A, 1Bhat were likely to show up during the fetal period.
1C, 1D, Table 2A, 2B, 2C, 2D, 2E and Table 3A, 3B, 3C,
3D, 3E). It was determined that there was a significant In our study, we picked the parameters pertaining to
correlation between the measured parameters and trend length and width (Table 1D, 2E and 3E). We ascertained
gestational age (p<0.001). At the end of the fetal period,that there was a significant correlation between the measured
was ascertained that the 3rd digit was the longest and frerameters and the gestational age (p<0.001). Again, during
5th digit was the shortest of all (Table 1A, 1B, 1C, 1D, Tabléne study, we observed that hand width developed more
2A, 2B, 2C, 2D, 2E and Table 3A, 3B, 3C, 3D, 3E)rapidly than hand length (Fig. 2). Separately, we determined
Separately, it was determined that the data of the proxinthht hand width in female fetuses was larger during the fetal
phalanx had the highest value, whereas the data of the digtatiod when compared with that in male fetuses; yet, this
phalanx had the lowest value (Table 1A, 1B, 1C, 1D, Tableas statistically insignificant (p>0.05, Table 4A, 4B). As
2A, 2B, 2C, 2D, 2E and Table 3A, 3B, 3C, 3D, 3E). It wafor the comparison between hand length and hand width in
also seen that the data of digit lengths and the morphometaoms of trimesters and months, we observed some difference
data pertaining to phalanxes proved to be higher in femaenong all groups (p<0.05, Table 2E, 3E). When we reviewed
fetuses; yet, no difference was detected between the séhes former studies, we came across a study conducted on
(p>0.05, Table 2B, 2C, 2D, 2E and Table 3B, 3C, 3D, 3E¢adaver fetuses by Malas al.. Malaset al. state as the
Malaset al. as the result of the macroscopic study thesesult of their study that the hand length and width are
conducted on cadaver fetuses, state the fact that the 3rd digitrelated with the gestational age. Besides, in the
was the longest and the 1st digit was the shortest onesamparison of hand length and width in terms of trimesters,
terms of length at the end of the fetal period. They also poswme difference between the groups are mentioned. As for
out that there was no difference between digit lengths the comparison between months; they state that there was
terms of sex. Again, as the result of the study, they note tlsatme difference among the other groups, except for the
there is a significant correlation between digit lengths anmkriod between 8th-9th and 9th -10th months. Our study
the gestational age. Kjaer & Kjaer in a study they conducteesults, no matter how different it is in terms of the results
on 144 fetuses that changed between 10th-23rd weeliad parameter values seen in the study results of Malas
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al.. is still in concordance with their study in terms of théo a statistical significance. In the studies conducted on
fetal development. We identified this outcome with thadults, however, 2D:4D index is emphasized to be higher in
number of fetuses used in the study and the different materigdmales (Manningt al, 2007; Joycet al; Manninget al,
used in the measurement process. Separately, we interpret@tl4; Gorkeet al; Ransoret al). Our study results are in
the study results as follows: The fetal hand length and widtloncordance with the other study results. We identify this
develops evenly between the sexs. outcome with the fact that the 2nd digit develops more
rapidly than the 4th digit both during the fetal period and
In our study, the hand index rate was examined latdre adulthood in females in particular. The malformations
on. The hand index was determined to have been correlase@n in the extremities during the fetal period could be the
with the fetal age throughout the fetal period (p<0.001, Figrecursors of several syndromes (Sadler; Williatres.).
2). In addition, the hand index was ascertained to be higher
in female fetuses than in male ones; yet, this was statistically =~ Hence, itis important to perform an ultrasonographic
insignificant (p>0.05, Table 4A, B). Separately, as for thevaluation of fetal hand and foot for the antenatal diagnosis
hand index; in the comparison of the periods between thégestations with high risk, since hand and foot anomalies
trimesters and months, some difference was identified amoofjen accompany fetal trisomy syndromes. It is highlighted
all groups (p<0.05, Table 2E, 3E). When we reviewed tthat the findings, such as the shortness and curling in the
former studies, we came across a study conducted on thiel-phalanx of the 5th digit during the prenatal period, are
hand index pertaining to hand development throughout tepecific findings for Down syndrome (Hataal; Kjaeret
fetal period by Malat al. Malaset al. as the result of al.). In addition, itis stated that the bone development during
their study, report that the hand index was correlated withe fetal period is associated with the hormones and that
the fetal age and that there was no difference between this association is the indicator of some diseases (Manning
sexs. Additionally, in their study, they state the fact that al, 1998; Robinson & Manning). According to the study
except for the period between 7th, 8th, 9th and 10th monthesults performed, itis reported that estrogen shows a positive
there was some difference among the other groups. Our studyrelation, whereas testosterone shows a negative
results show the same outcome as the results in edds correlation in 2D:4D digit ratio (Robinson & Manning).
study in terms of the correlation with the fetal age and th&esides, 2D:4D digit ratio in the patients with congenital
indifference between the sexs. On the other hand, in thdrenal hyperplasia was smaller on the left hand of males
comparison of the periods between trimesters and monthsd on the right hand of females when compared with nor-
some difference is observed in some of the groups. Weal patients (Browet al).
identified these results with the number of fetuses used in
the study and the different materials used in the measurement ~ Our study comprises detailed information about the
process. Separately, we interpreted the study resultsradiologically morphometric development of the hand that
follows: The fetal hand length and width throughout the fdias never been performed in former studies. We regard our
tal period may develop at different rates. study as a precursor, one which is beneficial in evaluating
the development of fetal skeletal system as well as
We reviewed 2D:4D index in our study, as well. Waletermining, at an early stage, the pathologies and anomalies
observed that 2D:4D index was not correlated with the fetas regards the development of fetal skeletal system.
age throughout the fetal period (p>0.001, Fig. 2). Moreover,
we determined that 2D:4D index was higher in female fetuses  In conclusion; we are of the opinion that the
throughout the fetal period but this did not indicate to anyorphometric data obtained in our study will be of use to the
statistical significance (p>0.05, Table 4A, 4B). In our studynvolved clinicians engaged in gynecology, radiology,
we ascertained that the 2nd digit had developed more rapigigthology, forensic medicine and perinatology in terms of
up until the 30th week, whereas during the period that lastedaluating the development of hand and the skeletal system
from the 30th week until the delivery, the 4th digit was seehroughout the fetal period, determining the pathologies and
to have developed more rapidly (Fig. 2). When we reviewedriations related to the development of the fetal hand and the
the former studies concerning 2D:4D index, we came acrasieletal system, and also in identifying the fetal age and sex.
a study conducted on human fetuses by Metas. as well
as other studies conducted on adults (Gatkal, 2015; ACKNOWLEDGEMENTS
Manninget al, 2014; Manninget al, 2007; Ransost al.,
2015). Malaset al. in their study, examined 2D:4D index We would like to express our sincere thanks to the
throughout the fetal period and ascertained that 2D:4D ind&amilies who have donated the fetuses to our study as well
was not correlated with the fetal age. Separately, they statelsparta Maternity and Paediatric Hospital that has been a
that this index is higher in female fetuses but does not indicatediator for the fetus donations.
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RAZIYE, D.; CEREN, U.; KADIR, D.; OSMAN, S. & MEHMED ALI, M.  Investigacion radioldgica sobre el desarrollo de la mano
en fetos humanos a lo largo del periodo fetal y una evaluacion realizada en términos de su importancia clinica en elelesaaolio
Int. J. Morphol., 34(4)1539-1552, 2016.

RESUMEN: Se investigo radiolégicamente el desarrollo morfométrico de la mano en fetos humanos a lo largo del periodo fetal
y se evalud la importancia clinica de este periodo. La muestra consistié en 50 fetos de 20 a 40 semanas de gestao@ia, esitepadol
o anomalia. Los fetos se dividieron en grupos segln las semanas, trimestres y meses de gestacion. Después de lastenedgciones ex
generales de los fetos se realizaron mamografias y radiografias de mano de los fetos en posicion de pronacion. Posisriormente,
mediciones morfométricas de las manos se realizaron en las radiografias con la ayuda de un calibre digital. Hubo «ma correlaci
significativa entre los parametros medidos y la edad gestacional (p <0,001). Adicionalmente, se observé que hubo unardiferencia
los grupos en la comparacion de los parametros medidos segun los trimestres y meses (p <0,05). Consideramos que al evaluar los
estudios clinicos sobre el desarrollo morfométrico de la mano a lo largo del periodo fetal y la determinacion de patviagiasesv
relacionadas con el desarrollo de ésta, seran de utilidad para los clinicos intervinientes en las areas de ginecologidorensdici

PALABRAS CLAVE: Feto; Mano; Desarrollo fetal; Morfometria; Radiologia.
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